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Thc forcst floor is an important comparttncnt in soil proccsscs and nutricnt cycling. T l ~ c  dccomposcr comn~unitics in four 
Norway sprucc (Piceo ahies (L.) Karst) forcsts and in two Scots pinc (Pirtrrs si1vestri.r L.) forcsts wcrc studicd. Thc numbcr of 
earthworm individuals (0 ... 88) and spccics (0 ... 5) was variablc in forcst floor of studicd conifcrous forcsts. 0...2X cartllworm 
individuals pcr 1 ni2 and 0...3 spccics was found in mincral soil of studicd conifcr forcsts and 104 t7  individuals pcr I m2 and 7 
spccics, as cxccption, in thc sprucc forcst with abundant grass laycr. In sprucc forcsts thc total numbcr of carthworm individuals 
was 15 ... 124 pcr I nit and tllc total tlutnbcr of spccics was 2...8. in pinc forcsts - 0...8 individuals pcr I n12 and 0...2 spccics was 
found. Tllc mcan microbial activity in t l ~ c  forcst floor of sprucc forcsts was 4.636*1,04 OD/g. in pinc forcsts 3,094+0,69 ODig. 
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Introduction 

Litter deconlposition is a key process in all terres- 
trial ecosystems because it controls nutrient availabil- 
ity and hence primary production (Rutigliano et al., 
1996). Litter quality is therefore an important factor in 
the transfer of energy and plant nutrients to forest soils. 
The abundance and conlposition of soil organisms in 
forest floor and upper soil layer may also influence the 
rate of decomposition, and subsequently the release of 
mineral nutrients. In the same time, the community struc- 
ture and composition of soil and litter organisnis is af- 
fected by tree species (Saetre, 1998). The community 
of decomposers consists of micro-organisms and soil 
faunal organisms; soil fauna are known to be responsi- 
ble for as much as 30% of the N and C mineralisation 
(Gorres et al, 1998). Earthworms have frequently been 
considered as one of the most important faunal decom- 
posers in soil because of their effects on soil structure 
formation and on nutrient cycling. 

The aim of  the present study is to describe the 
structure of earthworm community and the microbial 
activity in spruce and pine forests in Estonia, and to 

examine the influence of characteristics of forest floor 
on the parameters of earthworm comn~unities. 

Materials and methods 

The structure and the relationships of  the main 
decomposer, microbial and earthworm communities in 
four Norway spruce (Picea abies (L.) Karst) forests and 
in two Scots pine (Pinus silvestris L.) forests were stud- 
ied. Characteristics of stands and soil are given in ta- 
ble 1, descriptions of study areas are published in L6h- 
]nus et al. (1995). The study areas were selected accord- 
ing to the results of our earlier studies on long-term 
decomposition of fine roots (L6hmus et al, 1995). The 
forest floor and soil samples for chemical and microbio- 
logical analysis were collected in May and June, on the 
quadrates 50 x 50 cm or on the rings 0 104 mm. The 
thickness of forest floor layer was measured. The 
number of sample areas was 10.. .25, depending on the 
variability of samples (the mean error of thickness of 
forest floor does not exceed 10%). The sarnples were 
cleaned, sorted, weighed and dried at 75OC. The oven- 
dry weight and moisture content in all salnples, and 
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organic matter content (in muffel oven at 360°C), nitro- 
gen concentration (by Kjehldal method) and soluble 
phosphorus concentration (by lactate method) in a com- 
posite sample were determined. Soil samples were tak- 
en on the same quadrates or the rings, in the upper soil 
layer 0...15 cm. In all samples moisture content, in a 
co~nposite sample organic matter content (in muffel 
oven at 360°C), nitrogen concentration (by the Kjeldahl 
method) and soluble phosphorus concentration (by lac- 
tate method) were determined. 

Total activity of microbial community as one of 
essential factors of habitat for earthworms has been 
measured using fluorescein diacetate method that esti- 
mates the activity of dehydrogenase enzymes in a com- 
posite sample (Schniirer and Roswall, 1985). Total ac- 
tivity of microorganisms measured in optical density 
units (OD) characterises metabolic activity of microbial 
co~nmunity and correlates well with CO, evolution from 
soils. The total activity of soil microbes is expressed 
per 1 g of dry soil, but organic matter content has been 
also recommended for normalisation of soil microbio- 
logical parameters, because the microorganisms are 
associated with organic matter of substrate. 

Earthworm communities are characterized by high 
seasonal variability in the number of individuals, they 
were collected in October at the time of lnaxitnutn den- 
sity, greatest activity and lowest variability of individ- 
uals (Nordstrom and Rundgren, 1973). The sa~nples  
were collected from five soil blocks measuring 50 x 50 
x 40 cm, by hand sorting (Satchell, 1967), separately 
from forest floor and soil; the earthworms were washed 
and identified to species. 

For all san~pl ing occasions and earthworm species 
mean numbers of individuals per 1 ni2 and their stand- 
ard errors were calculated. Regression analysis was 
used and the correlation coefficients were established. 
Variables were checked for variance ho~nogeneity. 

Results and discussion 

The stands are characterised by different age 
(43.. . I43 years), site quality class ( I . .  .V) and humus form 
(mull, moder-mull, moder-mor or mor) (Table I). Decom- 
position rate of fine roots was highest in Varska pine 
forest and lowest in Kuusnatnme spruce forest (table 
1). In studied spruce forests, the forest floor layer was 
thickest in Vigala (88,7*4,5 mm, 1 1,4&0,97 kg m-,) study 
area. On the study area Kuusn6mme the forest floor 
layer on the surface of soil is missing but the ground 
vegetation of grasses is abundant. In pine forests, the 

Table 1. Charactcristics of stand and soil on study areas (by 
Ldhmus ct al., 1995). 

S - Picen abies. P - Pirllrs silvestr-is, B - Bellrlcr prrhescerls 

forest floor layer was the thickest in N6va (50,8*2,7 mnl, 
10,3*1,4 kg m-2) (Table 2). All studied forests differed 
by dry matter and organic matter content in forest floor 
(22,E ... 39,194 and 41,6.. .76,8%, respectively) and soil 

Table 2. Cha- 
racteristics of 
forest floor. 

(49,4 ... 96,094 and 0,7 ... 22,294, respectively) (Table 3). 
The mean pH of forest floor and soil was 5,1*0,2 and 
4,7&1,0 in spruce forests, and 3,510.3 and 4,3*0,1 in pine 
forest, respectively. The mean nitrogen content of for- 
est f loor and mineral soil was 1,61*0,22% and 
0,5610,16% in spruce forests and 1,09*0,1694 and 
0,02&0,01% in pine forests. The mean soluble phospho- 
rus content was very variable: from 5,O to 22,7 mg P per 
100 g of dry substrate in forest floor and from 0,4 to 
40,l mg P per 100 g dry substrate in soil of all studied 
forests. 

The activity of microbes was higher in forest floor 
layer as compared to soil on all studied sites (Table 3). 

i 999, voi. 5, NO: 2 ISSN 1392-1 355 u 



T H E  EARTHWORM COMMUNIlltS / / IN CUNIPtKOUS PUKt515 U P  tSIONlA - I V A ~  ti A L . ~  

Table 3. Activity of micro-organisms in the soil and forest of earthworm in different stands was varia- 
floor calculated Per I g of dry soil (Activity 1. ODle) and ble (Table 4).  In spruce ktands the numbers of  individ- 
per organic matter content (Activity 2, ODIOM), and ratios 
of microbial activities in tlie soil and forcst floor and soil on uals and species in the Voore study area were highest 

differcnt sites. (1 16 ... 120 individuals per 1 m2, 8 species). Different 
endogeic and epigeic species of earthworms were found 
on this areas (Allolobophora caligiaosa, A//o/obo[~/~o- 
/.a rosea, Lttrrtbrictts i.ubellus, L~rrrlbr~icirs casianetts. 
Dendr.odr.il~ts r.rrbidrrs. Derrdrol~aenn octaedr.a). Tinim 

Table 4. Number of individuals and species of earthworms in  
the forest floor and in thc soil of study sites, in October 1997. 

Spmia' 1 

activities were recorded for forest floor saniples from - ,,Ilmloi,o,,llol.a cal igir losa 
sites Ndva and Viirska. When soil drv weight was used A.r.os - A l l o l o h o ~ ~ h o r t ~  ro.secr 

The highest value was found in the forest floor sample 
from the Vigala site. The greatest difference between the 
soil and litter activities was found at site Nbva due to 
extremely low soil activity. The use of organic matter 

" 

in calculations our results indicate that the ~iiicrobial ac- - A i l O 1 " h O ~ h O r a  chlorotic.n 
L.rrrh - Lurrr i~ric~rrs rrrhellrrs 

tivity was higher in forest floor layer on all sites. When L,c.a,F - Llr r l ,~, r icr r , t  caslar,elrs 

organic matter content of substrate (forest floor, soil) D.rlri1 - Derrd1.odri111.s rtrbitlrrs 

was considered then it was possible to depict differ- D.o'" D e r r t i r o ~ u e r l a  ocloet iru 

ences between and within sites (ratio 1 and ratio 2 in and Frey (1979) have studied tlie earthworms in spruce 
table 3). The low activity of niicrobes in the litter lay- forests in Estonia and for the Voore study site, they 
ers of pine forests (sites Nbva and Varska) indicates have published the number of individuals (50 ... 190 in- 

, 

content in normalisation yielded highest activity values ;, noor 

the effect of  substrate type on litter decomposing mi- dividuals per ni2) and species (7). On tlie study area at 
cro-organisms. Vigala the nuniber of earthworms was low (1 5 . .  . 3 3 )  and 

Earthworm com~iiunity is the most important corn- we found only 3 epigeic species (Dendr.odr.ilus ~.ttDid- 
ponent of soil fauna attending in the regulation of de- us, Lltntbr.icus rrihellrrs, Derrdrobaerln octaedra) and 1 
composition and nutrient cycling (Edwards, Bohlen, endogeic species (Allo1oDophor.a r.osea) in forest floor. 

for soils from sites Vlrska, Kuusnbnime and Vigala. Low I I 

1996). All species are participating in decomposition and On the Putkaste study area, 3 epigeic species (Dertdro- 

(I 

mixing of the organic and inorganic components but drilzrs r.zrDid~is, L ~ l n l l ~ r i c ~ i s  ~.ltOellus, LrrtrzDricus cas- 
their effect on the soil differs (Edwards, 1985). During taneus) in forest floor and 2 endogeic species (Allolo- 
the unfavourable period the anecic earthworms live in Oopl1or.a caligirrosa, Allolol~opltora roses) in mineral 
deep burrows, endogeic live in topsoil, while epigeic soil were found. On the study area at Kuusndmme with 

~ o l l  

earthwornis depend on the humidity of the habitat abundant grass layer, tlie numbers of earthworm indi- 
(Bouche, 1977). The number and species composition viduals and endogeic species were large, and the typ- 

0 0 0 0 0 0 0 
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ical species of grasslands dominated (Al lolobo~~kor~a 
caliginosa, Allofobophor~a chlorotica, AlloloOophora 
rosea, Ltrti~bricus i.ubelltrs). In pine stands the forest 
floor was quite acidic and only few earthworm species 
tolerate such conditions. After Lee (1985), the earth- 
worms are not able to live in ~nediuln with pH<3.5, and 
the pH range 3,5 ... 4.5 is suitable for few epigeic earth- 
worm species (Dendr~odrilzrs ruhidtrs). On the Varska 
study area where the pH of the forest floor and soil were 
low (3,G ... 4,4) no earthworn-ts were found during the 
year. A very small number of earthworms was found in 
forest floor layer (Dendrodrilus ritl~idrrs, Alloloho~~ho- 
ra  caligirlosa) on the N6va study site. 

There was found significant linear relationships for 
soil between the number of species and pH (r = 0,86) 
and number of individuals per 1 m2 and pH (r = 0,91), 
respectively. For forest floor significant multiplicative 
relationships between the number of species and pH (r 
= 0,94) and number of individuals per 1 m2 and pH (r = 

0,93) were found. The level of significance p<0,000 1 in 
all cases. The effect of the nitrogen content, organic 
matter content and soluble phosphorus content of for- 
est floor and soil on the earthworm coln~nunity was 
statistically insignificant. 

Conclusions 

I .  The number of earthworm individuals (0 ... 88) 
and species (0.. .5) was variable in forest floor of conif- 
erous forests. The number of earthworm individuals and 
species in mineral soil of all studied forests was 0...28 
and 0.. .3, respectively, and l04*7 individuals per 11i2 and 
7 species, as exception, in the spruce forest with abun- 
dant grass layer. 

2. In spruce forests the number of earthworm indi- 
viduals was 15.. . I24  per 1 m2 and the number of spe- 
cies was 2...8, in pine forests the numbers were: 0 . . .8  
individuals per n12 and 0. .  .2 species. 

3. The mean lnicrobial activity in the forest floor of 
spruce forests was 4,636*1,04 ODIg, that of pine forests 
3,094k0,69 ODlg (or, 2,056*0,26 ODIOM and 1,2 11*0,10 
ODIOM, respectively). The niean ~nicrobial activity in the 
soil of the spruce forests was 1,855*0,55 ODIg and that 
of the pine forests 0,168%0,10 ODlg, (or, 8,4 18*0,82 OD/ 
OM and 10,743*1,89 ODIOM, respectively). 
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4. The significant linear relationships for soil between 
the nuniber of species and pH (r = 0,86) and number of 
individuals per 1 m2 and pH (r = 0,91) in soil, significant 
~nultiplicative relationships between the number of species 
and pH (r = 0,94) and nunlber of individuals per 1 m2 and 
pH (r = 0,93) in forest floor were found 
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CTPYKTYPA M AKTMBHOCTL COOEUECTB MMKPOOPrAHM3MOB M AOMEBbIX 
Y E P B E ~ ~  B XBO~~HLIX JECAX 3CTOHMM 

I/Isyverrbr c o o 6 u e c ~ ~ a  pasnar-a~eneii B ncc~roii rroncTuJrKe u B ryMycenoM roprr3o~~e B eJrbrrriKax cocrlrreax. C~pyrc-rypa 
coo6urecma nomenblx qepneii sanucm OT C ~ O R C T R  ~ r e c ~ ~ o i i  IIO~CTWIKM. B TO me BpeMn, TpannrrucTarr pacniTenbrrocrb TaKxe 

rUlUReT Ira qUCJleFlHOCTb qepneii U pasrroo6pa3u~ U X  BklJlOn. B CJlLIlklKaX, qACJleHIlOCTL LlOWeBblX qepBeii FlaMHOrO BblLUe qehl 

R cocrmrtax, 15 ... 124 PI 0 . 2  ocoGeR H a  1 M?, coorne-rcTncrrrro. qric~ro srrnon T a m e  6br~ro nr,lrue B cnbrrrmax 110 cpanrre~rkifi c 
'IUCJlOM BlinOB B COCHRKaX (2 ... 8 U 0...2, C O O T R ~ T C T B ~ H ~ ! ~ ) .  A~rnnlr0c.r~ coo6urecrna hl~~KpOOp~~lIkl3MOB B eJIblIUKaX BbIWe qeM 

D COCIIRKPX. 

Knmgenbre cnona: ~006Iqe~TRa nomaenirx scpoeii, nccuan noncTrrnrta, aK-runrrocrb hrri~poopr-arrri3hro~, en6 

eponcilc~rur, cocrla ~G~r~~rooerrr~rur .  


