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Abstract 

Thc soil biologie<!l status assessmenl of different land-lIse types is jusl <11 Ihr bcginn ing. Thi s paper 
will contributc 10 an cVrl luati oll of so ilmoniloring sitcs. A matrix indicating thc eco logical rcquircmcnls 
(p H-ranges, soi l organi c curban, and so il humidity) 01' lUlllbricid speeies was dcvclopcd that logclhcr 
wirh th c popu lati on parameters enablcs easy dete rmination or Ih c lumbricid dcnsily at a s ile. S ix ty­
cight s iles were includcd inlo (his evalua ti on. Abundance, biomass anel species divcrsity 01' luillbricids 
wcrc cvaluat cd. Thc goa l 01' thc projcct is to dc"c lop a habital c lassi li cmi on for Cemral Gcrrnany, 
which is a low precip ilalion areH. Thercfore. a malrix with ecolog ical rC'luircmcnts of lum bricid spcc ies 
was dcvclopcd. 

Keywords : Bi odi ve rsi ty, lumbrici d population, habita t c lass ifica tion , pH~rangcs, soi l 
organic carbon 

Zusammenfassun g 

Bewertung der Artcndivcrsitiit von LUl11bricidcn auf BodcndaucrbeobachtungsOiichcn 
in Sachsen-Anh alt - Die bodenbiologische Zustandsbcwertung unterschiedlich genutzter 
Flächen befindet s ich ers t im Anfang. In vo rli egender Arbeit wird e in Be itrag für eine 
derartige Bewertung von Bodendauerbeobachtungsflächen ge leistet. Es wurde eine Mat rix 
m it öko logisch en A ns prüchen (pl-I ~Wcrtc und Corl>~Geha lt des Bodens, Bodenfc uchte) 
von Lumbricidenartell erstel lt , di e zusammen mit den Populationskennwcrtcn e ine ein fache 
Bewertungsmöglichk ei t des Lumbric idellvo rkoml1lcns eines Standortes e rlaubt. In die 
Bewertung wurden die Ergebnisse von 68 FUichen einbezogen. Zie l der Arbeit war es, e ine 
Standortklass ifikation rür den mitteldeutschen Raum, der durch niedrige N iede rschlags ~ 

mengen geprägt ist, zu e rste ll en. 

I. Introduction 

Thc monitoring 01' soil-monitoring sites contributes to survcy the long-term changes in 
thc soil stalUs and fUllc ti on as defincd by the German so il protection la\\' (ßBodSchG). 
Lumbricids havc provcd to be a particularly sui table indicator taxocoenosis (G RAEFE 1995). 
As objects of research they are important e lements of thc nutrient cycle in the so il and can 
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bc cons idercd as ind icator organisl11s sland ing fa r so il quali ty. 

Us ing exclusively habitat criteria (e .g. c limate, pH~value, wate r cantent , litter laycr ete.) 
for the classification in order to ll1aintain homogeneolls habitat types, to which the anima] 
cOl11l11unitics are ass igncd, has al ready beeil attcmptcd vc ry carly in thc hislOry of rield 
ccology (BROCK~'lANN-J EJ{OSCII & RÜBEL 1912). 1I is in general not clear how to survcy an 
in tacl and an unba lanced ccosys tem. Dca li ng w ith thi s assessmc11l meth od need s a 
bioindication that enables 10 keep campIere ecosysICIl1S under surveillance. By adefin ite 
aC lua l-value idea für typ ical specics communit ies, thc foundations are la id for thc evaluation 
01' afTected systems (LENNARTZ & Ross-NICKOLL 1999). T hc asscssment of soil -bio logica l 
parameters is just at the bcginn illg, tho ugh many soi l-bio logica l methods are recol11mended 
for appl ication to soi l-monitor ing si tes. This concerns, according to BECK et al. (2001), 
particularly the stat us assessment of sites lInder different land use (fields, g rassland, 
foresI). This project aimed a t de vc lop ing a habitat c lass ificat ion for Cent ral Germany, 
a low-precipita tion area ( I). For thi s purpose a matrix w itll ccological rcquircl1lcnts 01' 
IUlllbricid species was de ve lopcd (2) helping to ach ieve an easy assessmenl o f IlIl11bricid 
parameters togethcr w ith thc population incidcnce at a s ite (3). 

2. Ma terials a lld Mcthods 

2. 1. MOlli torin g s itcs 

The abu ndance and the biomass were determined on 68 soil-monitoring sites differcntly 
used ( Fields n = 2: 01' these S/C (si lt/clay)-soil 22, sandy soil 6; grassland n = 15; forest 
n = 20: ofthese 14 dec iduous/mixed forests, 6 conifcrous fo rests; mine spoiln = 5 01' these 
2 fields, 3 forests) . Thc age of minc spoil ranges f'rom 10 to 30 ycars after reculti vatioll. 

The long-te rm so il research sitcs were sc lected according to the soil representation of 
Saxony-Anha lt . Four so il groups take abotlt 75 % of the country area. T here are a lluv ial 
so ils (with 27. 1 %), Chernozems (2 1.3 %), Brown So il Podzols alld Brown Podzolic Soils 
(15.9 %) and Luvisole and A lbeluvisole ( 12.2 %) (STRING & W ELLER 1997). The greatest 
po rt ion ofthese soi ls have a s ilty/clay texture . Oll lyon fields is the texture of so il importam 
for occurrence of lumbricid s pec ies . Thcrefore, the re was on ly a d ifferentiat ion 01' so il 
texture on fjelds. The climate of' Saxony-Anhalt is innuenced by the Harz lllountains. The 
domina ting port ion of llloniloring sites are there fore low-precipitat ioll areas with about 
450 111m per year. Thc feclcral slate of Saxolly-Anhalt is cha racterised by a high 
anthropogenic input in the past, ma inly produced by permanent emission of po llutants by 
industry, energy prov idcrs , llllln ic ipa l refuse , and trarfic. Eigh t of the 68 studied soil­
monitoring sites s howed very high amounts of' heavy Illcla ls (accord ing 10 the German 
soil protec lion law- BBodSchG). 

2. 2. Lumbricids 

The Illonitoring was done in 8 - 10 sampie areas (sec tor: 0.125 m2) each of each pe rmanent 
plot outside the core area (50 x 50 111). The IUl11bricids were co llected by hand from thc 
organic layer and expcllcd by forma ldehyde so lution (0.2 %) from the mineral so il (D IN 
ISO-rules 11 268-3). T he 11ll11bricid density can rathe r cOl11plete ly be est imated by a 
eombinalion of co llect ing by hand and expelling lInder cons ideratioll of the d iapause. In 
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thc fields the lumbricids were surveycd by diggi ng down to a dcpth of 30 CI11 anel subsequelll 
appl icat ioll 01' formaldehyde. Ident ification keys accord ing 10 G R/\FF ( 1953) anel Sn, ls & 
G ERAIHJ ( 1985) were used. Hcavy metals were mcasured in so il sampIes (four replica ti oll s 
per 1110n iloring SiIC) according to DI N 38414- 7, pl-1-ranges (according to VDL UFA­
instruc lions), and Co,g-COI1lent (accord ing DI N ISO-rulcs 10694). 

Variance analysis with the Tukey test and corrclati on analysis (Pearson) with the stati sti c 
program SPSS 10.0 for Windows were app lied to r thc slatistical interpretation. 

3. Rcsults and Discllssion 

3. 1 Soil chcmical parameters 

Thc results show a strong 10 very strong ac idic so il rcaclion at thc fores t sites. T hrec 01' 

them even have pH -va lues bel ow 3. Significant difTcrl:nces coul d not be seen with regard 
10 the pH -va lues and Corg-content betwccn d iffe rent land-use types . The hig hcst hcavy 
metal contents were asslll11cd on all uvial s ites. There fare, contami nated sites were espec ia lly 
cons idered far 11ll11bric id occurrcnce (Tab. 1, Tab. 3). Thc findings indicate so far that the 
contamination is st rongly linkeel with the so il propcrt ies which, on the other hand, depended 
o n the sedimentat ion eonditions anel eonsequcntly on the terra in. Due to the miero-site 
variab il ity 01' so il-i nhabiting spec ies, Ihere should be no cause for concern , if partly high 
pollUlant conccnlrations were founel in nood areas on some s iles (ANACKER ct a l. 2003). 

Tab. I So il chemical parameters of 68 so ilmo nitoring si t~s in different land use 

Land usc typc " pH Co,!: I [cavy IlIcwl co ntcn lmglkg DS so il (rcsu lls with · arc 
(C,CI,) SOC hi ghcr lhalilimilS lo r hcavy !Helals for so iltCXl\lrc s il t/clay 

(%) accordi ng 10 the so i[ protcc lion law in Gcrmany) 

Cd Zn Pb N; C, Cu 

Field. total 28 6.3 1.66 03 63 .0 28 .4 15.3 21.3 19.8 

F;cld (SIe) 22 6.6 1.85 03 71.1 JO.3 18.1 23 .7 23.2 

Field ($) 6 5.4 0.94 0.2 33.2 2 1.6 5.0 t2 .5 7.3 

Grassland. lolal 15 5.9 5.96 1.4· 198.3· 79.6· 20.3 38.8 39.7 

Grass!. wi lhoul alluv. 10 6.0 6.36 0.4 54.7 42. 1 13.5 26.6 16. 1 

Alluv ial grasslandll 5 5.7 4.80 3A· 456.7· 147.2· 32.4 60.9· 82.2· 

Forcs!. Iota) 20 3.9 4.72 U · 156.4· 11 7. 1· 17.7 24.4 3 1.6 

Dcc. lor. , 100al 14 4.4 4.76 1.9· 2 1 2.!~ · 141.2· 23.7 32. 1 40.7· 

Dcc. for.. willlOUI alluv. 10 4.0 4.30 0.3 55.6 70.8· IU 12.8 11.2 

Allu vial lo rest 1) 4 5.4 5.80 6.0· 605 ,7· 317.2· 55.2· 80.1 · 114.4· 

Cuni/erous for. 6 3.0 4.64 0. 1 24.7 60.9 3.8 6.5 103 

M inc spo il 5 6.7 1.17 0.1 3 1.6 10.0 15.2 17.3 8. 1 

1) Habilats w ilh vcry hig h heavy mela) con h:nt s, lIlainly Cd, Zn, Pb, and Cu 
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3.2. Occurcncc of lumbricids 

This sliITImarising paper is bascd Oll thc bulky d<l la material from 68 soil monitoring 
si tcs. It is arranged according to the average occurrcnce dependent Oll thc cu h iva tioll . 
Dctai lcd data with respect 10 thc habi tats of so il lllonilOring Si lCS can bc laken rrol11 
GurrEcK ( 1997) and TISCHER (2003). 

15 spccics frolll scven genera werc Illonitorcd allogclhcr. Thc most frequent spccies 
were LlfIlIbriclis ferrestris (Linnaeus 1758) (4 1 limes). Apo,.rectodeo caligil10sa (Savigny 
1826) (39 limes), Aporreclodea rosea (Sav igny 1826) (37 limes), Allolobophara chlororica 
(Savigny 1826) ( 17 li mes), Lumbriells rllb e l/lls (Hoffme islcr 1843) (18 limes), and 
Dendrobael1C1 oc/aee/ra (Savigny 1826) (18 limes). Thc following pH-rangcs aJ1(1 indi vidual 
weights for thc various specics on the soil monit oring SilCS can bc detcrmincd in thc 
habi laIs (Tab. 2). 

Tab. 2 Distribut ion 01' thc most frequent lumbricid spccics according to pI-i-ranges, C ... g- and d ay 
conlents (menn v;'llue with standard dev iat ion) 

Spccics Individual- pH-v<lluc Colll -conl . Clay-colll. Number of 
wcighl in g (%) (%) occurcncc 

Epigcic: 
Dendrobaena octaedra 0. 11 =0.04 3.77 ± 0.88 H6 ± 2.17 14. I ± 8.0 18 

Delldrodrillls I'lIbida 0.09 ± 0.03 4.65 ± 1.1 3 5.91 ± 3.83 16.3 ± 7.5 12 

Eiselliel/a felraedra 0.05 ± 0.0 1 6.0 1 ± 0.80 6.39 ± 1.64 20. 1 ± 6.6 4 
(M ichaclscll, 1900) 

LUII/briclfs caS!fIneu.\' 0.13 ± 0.05 5.56 ± 0.98 5. 11 ± 1.89 17.5±5.9 12 

Llllllbriclis fubel/lls 0.50 ± 0.22 4.73 ± 1.31 5.6 1 ± 3.35 20.7 ± 15. 1 18 

Endogcic: 
AI/olobophora chlorotica 0.32 ± 0. 16 6.35 ± 0.79 3.00 ± 2.04 22.4 ± 13. 1 17 

Aporreclodea caliginosa 0.45 ± 0. 14 6. 14 ± 0.75 3.31 ± 3. 16 18.9 ± 11.2 39 

Aporreclodea IIOCII/mo • 1.02 ± 0.23 5.82 ± 0.69 3.04 ± 2.53 13 .8±9.9 9 

Aporreclodeo Iimicola 0. 12 ± 0.02 4.99 ± 0.05 4.68 ± 0.52 23.9 ± 4.6 2 
(Michaciscll, 1890) 

Aporreclodea roseo 0.24 ± 0.08 6.27 ± 0.76 3.42 ± 3.03 2 1. 1 ±9.9 37 

OClolosioll (.:1'{1II(!11II1 1.15 ± 0.44 6.45 ± 0.75 3.19 ± 2.26 20.8 ± 5.0 15 

OClOla.~iol/lyr/{le/l1ll 0.7 1 ± 0.20 5.78 ± 0.68 5.69 ± 4.3 1 17.5 ± 7.0 10 

Anccic: 
AporreCIOd(!a lVI/ga IOl/ga 0.97 ± 0. 15 6.04 ± 0.67 3.35 ± 2.27 19.5 ± 10.2 11 
(Ude, 1885) 

LUlllbriCIIS lel'resll'is 2.96 ± 0.65 6. 17 ± 0.85 3.40 ± 3.08 19.8 = 10.6 41 

• Onc of thc tour phcnolYPcs of Apol'reclodea caligil1vsa accord ing 10 SIMS & GERARD ( 1985) 
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Apart from the listcd s peci cs, a lso Eisel1ia fe tida (Savigny 1826) is prcscnt as an 
accompanying species in one fj e ld. Thc individual wcight of the sing le spec ies is, w ith 
one except ion, independent of thc pl-I· val uc. L. ntbel/lls ex hibits w ith increas ing pl-I·values 
a decreasc in thc indi vid ua l weight (r2 = 0.64 *, P < 0.05, Pearson, n = 15). T he de terminati ve 
Elc tors ror the individua l weigh ts are rather the food s ituation, thc humidity in thc arcas, 
the nutritiona l competi t ion with ot he r species li ving in the so il , and the age 01' the an imals 
(EDWARDS 1983). Sim il ar ev idence can a lso bc g iven ror thc dom inance of thc s pecies . 
A striking pl-I-dependence oeeurs here onl y w ith /J. ocraedra (r2 = 0.57*) a lld L. rubel/lls 
(r2 = 0.43*). With inc reas illg pH·va lues a proportional decrease in the dom inance of both 
specics was detc rmi ncd. Thc other cndogcic anel anccic species exhibit a high variabi li ty 
in the ir dominanee proportion on several so il mon itori ng sites at pH· va lues lligher than 5. 
The area cond it ions (p l-I· va luc, humus eontent , so il hUlll idity, clay eontent) , the kind o f 
eulti vat ion, and the nutr itiona l s itua t ion (a lso thc eOlllpe t ition w ith other spec ics ) a re 
de terlll ining factors for the occurrencc o f thc va rious speeies . The data in Tab. 2 provide 
the basis for developi ng thc mat rix 01' the ccological requ ircments (Tab. 5). 

Thc highest individual numbcrs as weil as thc biomass werc found in thc grass land. 
With rcspeet to the biomass, the fo llowing order of the land use types can be establi shed: 
grassland > fie ld (sandy soi l) > deciduous/mixed forest > mine spoil > fie ld (S/C· soils) > 
coni ferous forest (F ig . 1). 

Lumbric id II lI m be,· a ll d biomass 
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Fig. I Lumbricid number and biomass in different types of land usc (sign ificunce in the Tukey tesl. 
* p < 0.05, number and biolll<lss) 

The highest spec ies di ve rsity (SIlA NNON 1948) is achi cvcd in grass land wi th 1.26 on the 
average fo llowed by fo rest and fi e ld hab itat s and the mine spoi l as we il (F ig. 2) . In the 
fi elds w ith contin uolls ly chang ing condit ions by cultivation and o ther agr icu ltural prae· 
tiees , the la rgest range 01' variati on of thc di vc rs ilY index ean be seen. Fi ve con ifero us 
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rorest hab itat s with pH-valucs < 4 exh ibit thc most unfavourablc soi l cond iti ons causcd 
main ly by law pH-valucs. Thc index is under these circul11stanccs ncarly zero and o Hen 
only the species D. oC/aedra has beeil fo und. 

-
1. 2 SI.cc ics divcrsity 
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Fig. 2 Spccics di vc rsity in di tTcn:nl lypcs oflnnd lI SC (s igniricancc in thc Tukcy lest, .* p < 0.01 , 
"' ** p < 0.00 I) 

Tab. 3 Survcy orlhe average port ion orlbe ccologica l groups in diffe rent hUld usc types (incidcncc in 
per cent , number per 111" :md b io lll ilSS in g/m2) 

Land LlSC type n adult Epigc ic Spcc ics Endogc ic Spcc ics t\ ncc ic Specks 
(%) 

Per- N UIll- ßio- Pcr- Nutn- Bio- Pcr- Num - Hio-
tent her mass cent ber rnass ce nt ber rnass 

Field, total 28 36.8 0 0 0 82.6 29 11.0 17.4 2 6.3 

F;e1d (S /C) 22 39.8 0 0 0 80.8 27 9.7 19.2 3 6.9 

Field (S) 6 25 .6 0 0 0 86.7 34 17.6 13.3 2 4.2 

Grassland. total 15 22 .4 14.7 8 1.3 61.6 33 13.0 23.7 9 23.7 

Grassl. willIOut all. 10 2 1.8 10 5 1. 2 66.2 32 14.0 23.8 8 2 1.5 

All uvial grassland* 5 23 .0 24 .5 12 1. 4 54.2 34 14.0 21.3 10 25.5 

Forest, total 20 42.1 7& .3 13 3.5 17.1 9 2. 8 4.6 2 7.7 

Dcc. für. IOta I 14 40.6 69 .0 15 4.4 24 .5 13 4.0 6.5 3 11.0 

Dcc. für. without all. 10 46.7 77 .2 13 4.1 18.4 10 2.7 4.4 1 1.9 

Alluviall'orcst* 4 25.4 48.6 20 5.1 39.7 2 1 7.1 11.7 9 33.9 

Con ifcro us For. 6 45.5 100 10 1.6 0 0 0 0 0 0 

Minc spoi l 5 17.3 0 0 0 85.6 15 8.3 14.4 2 3.9 

* Habitat s w ith vcry h igh hcavy mctal contcnts, mainl y Cd, Zn, Pb, ami C u 
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Profound differenees bctwccn biotope types werc found concerning the distribution or 
ecological groups. The endogeic species (A. cafiginosa. A. rosea. A. chloroficCl, 0. cyal1elllll) 
dominatc in field and grass land habitats. The anecic species (L. ferreslis, A. fanga) , however, 
appear 1110st ly in g rass land. Epigeic spec ies are exclusive ly founc1 in addition to the other 
two life fonns in gmssland and the foresl habitats . Only epigc ic spec ics wcre collected 
undcr coniferous trccs. In highly contaminated areas (alluvial forest) (Tab.!) the proportion 
of anecic animals with 12 % 01' thc individuals was s lightly higher than in deciduous fores! 
with 4 % (Tab. 3) . The inllucnce 01' pl'l-ranges is assulllcd lligher as the pollution e ffcct by 
heavy Il1ctals. 

Dominating specics in the fjelds are L. ferreslris, A. ca/iginasCl. and A. rosea (Fig. 3). 

&'l I .. ferreSfris 

0 ..J. caligillO.m 

0 , / rosea 

17. 1 • A. c!tlorof;ca 

0 0. ':Wllle llll/ 

t:;] .'1. IOl/ga 
36.9-___ ~~ 

Fie lds, si 1t/day sites = 22 

1.9 10 11.4 
&'l L. lerreSfris 

0 A. caligillo,l"a 

0 A rosea 

• .. / chlorOlica 

74.9 
~ A. laI/ga 

Fields, sandy s ites = 6 

Fig.3 Avcrage spccics dominance (in per cent) in the fields 

Considering thc species range at lhe six sHncly soil siles, the dominance 01' A. caliginosCi 
(75 %) is slriking. OCIO/osioll cyaneulIl (Savigny 1826) was not prcselll at al l. Aporreclodea 
110CIII/"I10 (Evans 1946), the deep-digg ing phellotype 01' A. caligillosa, was found with thc 
exception of 4 s ites main ly in sandy soil. A. IIOCfllma is li sted in Tab. 2 as a separate 
spec ies. It belongs, according (Q S[~'IS & G EIV\KD (1985), (Q one 01' the four phenotypes 01' 

A. caligillosa. 
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Thc 1110s t frequent spccics in thc grass land was A. ca/iginosa with a dominance cf 37 % 
on the average, fo llowed by LlIlJlbricus ferrest r is wilh 2 1 %, A. rosea 14 %, Lumbriclis 
caSf(lIIeus (Savigny 1826) 10 %, A. chlorol ica 6 %, anel 0. cyol1eum 5 %. 

Thc Ihree specics A. calig inosa (77 %, 5 limes). L. ren'es/r is ( 14 %, 3 li mes), allel A. rosea 
(8%, 2 limes) prcvail in thc 5 mi ne-spo il habi tats that were diffcrcn tly lIsee! . A fter afTorestation 
of m ine-spoil so ils with deciduous Irees, D UNGER & WANN ER (200 I) fo und after 4 yca rs 
A. caliginosa, aller eight additionally A. r osea anel OClo/asion 'yrfaelllll ty r taelllll (Savigny 
1826) anel L. m be/lus afi er ten ycars. Apparent ly, A. caliginosa was thc best in rcs ist ing 
thc dry condit ions allel the nut rition shortage in ea rl y times. With entc ring the pre- forest 
statc, L. rube//lls and L. lerreslris prcvail. A deplcted lumbricid fauna consisting l11ercly of 
D. octaedra and A. ca/igillosa developed in case of pl antation with coniferous trces 
(DUNGER 1969). 

Thc ac idoph ili c speeies D.ocraedra, Delldrodrilus rubida ruN da (Gerard 1964), and 
L. mbel/lls dominatc in thc fo res t habit ats. L. lerreslris, A. rosea, A. caliginosa, and 
0. ~)II"laelll11 are present in the so il <'11 pH-va lucs highcr than 4.5. D. oelaet/ra and L. mbelllls, 
as ac ida tolerant specics, are fau nd at pl-l-va lLles 3 (D. oClaedra) and between 4 and 6 
(D. mbida und L. rubelllls), respccti ve ly. Threc of thc alluv ial rorest hab itats are with 7 to 

10 spec ies thc forest arcas with the largest number of specics. 

3 .3. Assessl11cnt of thc lumbricid occur rcllcc 

Considering thc ways of land L1SC, the assessmcnt is carricd out by thc help of a five­
step c1 ass illca ti on (Tab. 4). Gwn data were combi ned wit h rcsults from the lit craturc. 
BAUCIlH ENSS ( 1997) found similar population data in Bavaria (Gcnnany). He moni to red on 
soil mon ito ring si tes of ri elds (n = 94) 45 organ isms per 1112 and 29 g biomass, in grass land 
(n = 22) 188 organisllls and 134 g/m2 biom<lss. 

Tab.4 Class ificat ion accord ing to thc occurrcnec depcndcnt on thc land lISC type CA = tllltllbcr/m2, 
B = biomass gl( 2) 

Class Fie1d Grass land Dec id . Farest Conif. Forest 

1 A < 30 < 50 < 30 < 10 
very law B < 5 < 25 < 5 < 2 

2 A 30 - 50 5 1 - 100 3 1 - 50 10 - 20 
low B 5 - 15 25 - 50 5 - 15 2 - 4 

3 A 5 1 - 100 10 1 - 150 51 - 100 2 1 - 30 
midd 1e B 15 - 30 50 - 80 15 - 30 4 - 8 

4 A 101 - 150 151 - 200 10 1 - 150 3 1 - 50 
high ß 30 - 60 80 - 1 \0 30 - 50 8 - 12 

5 A > 150 > 200 > 150 > 50 
vcry high ß > 60 > 110 > 50 > 12 
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Class 3 corrcsponds 10 aboul thc mcan va lues of scvcral ways of' land lI SC. Class 1 and 
2 have a vcry low 01' low occurrence of lumbricids . The fields among Ihc soi l 1110niloring 
siles, that are assigned 10 c1ass I 01' abundance or biomass, are those w ith a high cultivation 
intcnsity. Thc mine spoi ls were classified according 10 their exploitation. 

Thc spccies werc classified according to thc ccological rcquirct11cl1ts 01' Ihe lumbricids 
taking into aCCOllllt thc p l-l-values , the humus cOlllcnts, anel thc soil hUlllidity. Thc biological 
habitat class ifi cation of thc lumbriciels is done in a Illultistage proccss whcreby spccial 
attcn tion was paid to accomplish the method chosen. Thc class ifi cation was maele 
acco rding 10 R ÖMBKE ( 1997) with tripartite sca les 01' va lucs (or Ihc nlctors soi l humidity 
( 1-1 ), p l-l- va luc (P), and hum us-C,.>rg-col1tcnt (C). Each f'<lctor was cncodcd by a letter anel 
cach class by a number. A spec ies ean either be characterised by one or by multiple 
combinations. Thc scetl es ofyalues for the soi l humidity were compiled from bibli ographical 
refcrenccs (sec Rö~mKE 1997): 

1-10: dry habitat , 

H I: medium so il humidity, 

1-1 2: high so il humidity. 

The data I"rol11 own inycstigations were ana lyse el (Q group the prc fe rrcd p i-i-ranges of 
the spec ies . ror th is reaso t1 the mean value for cach species was ca lculalcel taking the 
standard crror of cach si te into accollnt where thc spceies occurrcd. Thc p i-i-ranges were 
c1e lined rrom these data as fo ll ows (see Tab. 2): 

PO 

PI 

1'2 

pJ-l -va luc < 3.5 - 4.5 

pH- value 4.6 - 6.5 

p J-l- val uc > 6.5 

In a sil11ila r way Ihe C"rg-Contenls werc classified: 

CO 
CI 

C2 

< 1.0 - 2.3 % 

2.4 - 4.0 % 

> 4.0% 

from Tab. 5 the eco logical distribution of thc lumbricid s pec ies from the matrix can be 
infc rreel. 

Apart fro1l1 the 3 parameters mcntioned aboye, the so il type ami the exploitation werc 
st ill inc ludcd in the assessment of the ecological requ ircmcnts. Thc so il typcs were also 
class ificd by a tri partite sca le of vallIes (sand, 10am/s i1t, clay), they becol11e, howevcr, not 
elircctly integrated into the c lass ificat ion Iike the formcr parameters. Thus Ihere are some 
rcasonablc differences in the habitat classi fi catiol1 mael e by the soi l types from Tab. 5: thc 
spccies A. caliginasa, A. rasea, A. fonga, A. ch/orolica are presel1 l in field s (sa nd and 
clay) , in loam/silt so il s thc samc spccies and 0. cyal/el/Ill . 

Further cxceptions must be take n into account fo r some s peeics contingc llt Oll the 
exploitation. 0. 'yrtaellill is prcsent only in grass land anel forest habitats, not in fie lds, 
anel A. fal/ga was nOI found in fo rests. 
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Tab. 5 ivlatr ix 0 1' thc cco logical rcquirclllclll s 01' thc Illrnbricid spccics 

Spccics Soil 1'11- Cml! Coch.: 
humidi l)' value 

Aporreclodea 11 01-111-1 2 PIP2 COC IC2 1-1 01' I CO. 1-I01'2CO. 1-101' I C I. 1-I01'2C I. 1-101' I C2. 
('olig illosa 1101'2C2. 111 PICO. 1-1 1 1'2CO. 1-1 1 I' IC I. 1-1 1 1'2C I. 

1-11 PI C2. 1-11 1'2C2. 1-1 21' I CO. 1-1 21'2CO. 1-1 21'1 C I. 
1-121'2C I. I-121' IC2. 1-1 21'2C2 

Aporl'eclodea 1-1 01-11 PII>2 COC IC2 1-I 01'I CO. I-I 01'2CO.1-I01'I C I.I-I01'2CI. I-I 01'I C2. 
rosea 1-I 01'2C2. I-III'I CO. 1-1 I 1'2CO. I-I II'I CI. 1-II1'2C I. 

1I 11'1 C2. 1-1 I 1'2C2 

Apo,./,eclode(/ 11011 1 PI P2 COC IC2 1101' I CO. 1101'2CO. 1101' I C I. 1-I01'2C I. 1-1 01' I C2. 
IOl/ga 1101'2C2. 111 I' I CO. 1-11 1'2CO. 111 I' I C I. 1-1 1 1'2C I. 

1-11 I' I C2. 1-11 1'2C2 

A/l%bopltora 1-1 11-1 2 PI !>2 COC IC2 1-1 II'I CO. 1-1 I 1'2CO. 1-11 PI C I. 1-1 I 1'2CI. 1-1 I I'I C2. 
chiorDrica 1-I11'2C2. 1-121'I CO. 1-I 21'2CO. 1-121'1 C I. 1-121'2C I. 

H2P I C2. 1-12P2C2 

/Jpo/'/'ecrodea 112 POP I C2 1121'0C2.1 121'1 C2 
Iimicola 

DelldrobaellCl 1-11 PO C IC2 1-1 I I'OC I. 111 I'OC2 
oc/acdra 

Delldmdritus 111 POI' l C IC2 I I I I'OC I. 1-1 I I'OC2. 1-11 I'I C I. 1-11 I'I C2 
rubida 

Eiselliella 1-1 2 1' 11'2 C2 J-I2P I C2. 1-12P2C2 
tetraedra 

Lumbric//s 11111 2 1'1 C IC2 1III' IC I.IIII' IC2. 1121'I C I.I1 21'I C2 
caSf(lIleus 

Llllllbric/ls 1-1 111 2 POP 1 C IC2 1-11 I'OC I. 1111'OC2. 1-1 I I'I C I. 1-11 I'I C2. 1-1 2 I'OC I. 
rubellws 1121'0C2. 1-1 21' 1C I. 1-1 21'1 C2 

LIIIJ/briclIs 1-101-11 P1P2 COC IC2 1-101' ICO. I-101'2CO. 1-I01'I C I. 1-I 01'2C I. 1-I 01'1C2, 
fel'l'es(ris 1-I 01'2C2. 1-111' I CO. 1-1 11'2CO, 1-111'1 C I. 1-11 1'2C I, 

1-I11'1 C2. 1-I11'2C2 

OClolasion 11 01-11 1> 1112 COC IC2 1-1 01'1 CO. 1-I01'2CO. 1-I01'I C I. I-101'2C I.I-III'I CO. 
cyal/e/fll/ 1-1 I 1'2CO. 1-I11' 1C I. I-111'2C I. 1-I01' IC2. 1-I01'2C2. 

1III'I C2. 1-111'2C2 

OClolasioll 111 112 PI P2 COC IC2 IIII'I CO. 1-11 1'2CO. 11 1 I'I C I. 1-I11'2C I. 1-11 I' IC2. 
'yrtaelllil 1-1 11'2C2. 1-1 21'1 CO. 1-1 21'2CO, 1-121' 1C I. 1-121'2C I. 

1121'I C2, 1-121'2C2 
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A s im ple eva lua tio n approach is prov ic1ed ror Ihc rcspccl ive ha bitat by means 01' Ihc 
ma trix re nec t ing the ecologica l requircmcnts an el thc es t illl Jted populat ion parameters. 
For sevcral rcasons, thc specics, rele rred to the des ircd-va luc, may nO I be prcsenl. These 
reasons lllay bc: vcry low p H-val ucs, contaJl1 ina ti oll wi lh poll utants, intensive exploitation, 
impropcr applica lion 0 1' pes l icieles . Hu t a lso a long- term drought (as in summer 2003) 
lllight be the reason for low population paramctcrs. 

Tab. 6 reveals, ror eX<l mplc, thc cOlllplcte aSSCSSll1cnt 01' the lumbr ic id occurrence in thc 
fi e ld habitats. The setli ng 01' thc des ircd-valuc was dOllC by thc forma l cOll1parison betwecn 
Ihe parti cula r habitat and the species code: in case 01' thc samc codc for both 01' thcll1 thc 
rcspec ti vc spccics sho uld occm in thi s habi lat undcr natu ral cond it io ns. For Ihc q ual1\i­
ficat ion o f differcnees bctween the aClUal- and the clesired-val ll c, thc !lumber 01' spccies , 
absent in this habita t, is indicated in per cent 01' the total J1l1mber 01' all spccics. Species, 
additi ona lly oeeurri ng in this habi tat, wcre not takcn into aCCOLlnt. 

T hc classi fi ca tion is applied to thc cvaluation of Ihe popula t ion paramcters biomass 
anel lumbricid number per 1111 (Tab. 4). T hc spccies divc rs ity was incl udcd CIS addit ional 
paramcte r. The val ues 0 1' biodivers ilY should be preferrcd to quant itative pa rameters like 
abundance in thc asscss l11cnl of habitats. Repealcd sU lll pl ing Illay reduce Ihe delicit in the 
great var ialion 01' the abundance. 

Frolll Tab. 6 is apparell l that 9 01' thc 1ll0n itored sitcs (1llarked) with 3 01' 4 minus s igns do 
not correspond to the ecological habitat requirements of the lumbr ic ids . For thi s sevcral 
explanat ions can be given: 

Soillllonitoring si te 30, 32, 34 - l. 34 - 2,35,39,46,47,50 - I: intensive cultivation 
with negative elTects Oll specics d ivc rsity. biollli:lSS, and abundancc 

Soil Illonitoring sitc 46: high copper amounts in thc so il 

Soillllonitoring s ite 34 - 2: so il stilltoo dry at thc time o rthe in ves tigation (after the 
dry summer 2003). 

4 . Disc lI ssion 

The spce ies s trt/e ture is mai nly in flucneed by thc type of land lI SC , thc intcnsi ty of 
exp loitation, the so il type, thc pl-l -valuc 01' the so il and soil humidity. Thc po llut ion levcl. 
espeeia l1 y by heavy metal s, reduces only in few cases the biomClss and thc spt.:cics di vers ity. 
On ly one speeies, L. lerreslris, was showll to occur on two soil rnon ito ring si tes with high 
cop per content in thc so il (> 60 Illg/kg) (TJscJ!ER & TANNEBEI{(j 2003 ). The highest individual 
nUlllbers as weil as the biomass wcrc found in thc grass land. With respcc t to thc biomass, 
the fo llowing order 01' thc land lISC types can be established : grassland > lickl (sandy soil) 
> dcc iduous/m ixcd forest > m ine spoil > fie ld (S/C-soi ls) > conifc ro lLs forest. Thc grca t 
di fre rences 01' ag ricu ltural so ils bct\Vccll sandy ami S/C-soils cOldd be ex plai ncd by thc 
lower tillage intcns ity in the sandy hnbi tnlS (MAKESCIIIN 1990). T he hig h dominance of 
both spee ies, A. ca!iginosa and A. rosea in agricultura l soils , exhibits obvious ly their 
to lerance towards an intcnsivc soil tillagc (MAKESCI!I N 1990). Tht: areas with ..:1. rosea as 
thc only s pec ics arc cha raetcrised by intens ive cultivation with a h igh proponion of 
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Tab. 6 ASSCSSIll CIl, 01" abscnI spcc ies according 10 ccological requircmcms on rields (in per cent ); the 
difference bet\\'een desired- and <lctual va lue is indicated as we il as thc assessmCIl '* deduccd 
fro m thaI und thc habitat class iri cat ion lor tbc biom ass and the ab undance 01' thc IUlllbricids 

Sites Penn. Proportion 0 1' Biomass Numbcr/nl Spccics TOlal 
abseilt spec ies di\'crsilY 

1'101 glm1 + asscss- asscss-
Number IllClll 1llelll 

spcc ies assess- Biom. asscss- Numbcr asscss 
(%) llle1l1 +class ment +dass lllent 

Sllndy soils 

Erx lcbcn 2 25 + 28.0 (3) + 48 (2) - 0.97 (+) + + - + 

Klossa 17 75 - 19.4 (3) + 104 (4) + 0(-) - ++ -

Krc\'csc 4 75 40.5 (4) + 94 (3) + 0 (-) - ++ -

M icstcrhorst 26 25 + 98.7 (5) + 657 (5) + 0.40(-) + ++ -

QlIcrslcdt 1 50 38.1 (4) + 90 (3) + 0.64 (+) - ++ + 

Se ilst 12 0 + 41.4 (4) + 179 (5) + 1.13 (+) ++++ 

Silly/Clay soils 

n. LJHlrhsl. 34-2 60 4.3 (1) - 21 (1) - 0.34 (-) - - - -
Uarnstiidl 35 411 - 11.9 (2) - 55 (3) + 0.50 (-) - - + 

Hi rn' 30 811 - 2.0 (1) 8 (1) - o (-) - - - -
I3r( ~ckcn 24 25 + 51.1 (4) + 120 (4) + 0.9 1 (+) ++ ++ 

Caltau 33 20 + 6.0 (2) - 12 ( 1) 1.1 0(+) + - - + 

EilcnSlCdl 43 33.3 41.3 (4) + 179 (5) + 1.06(+) - +++ 

Etzt!od· 34- 1 611 - 1. 1 (1) 5 (1) - 0.69 (+) - - - + 

Klcinwallzl. 32 40 - 9.9 (2) - 98 (3) + 0.14 (-) -- + -

Lldcburg 28 25 + 35.4 (4) + 187 (5) + 0.64 (+) ++++ 

Leimbach 36 33.3 54.9 (4) + 256 (5) + 0.45(-) - + + -

I .. ctlcwilz I 511 - 1 60 - 10.3 (2) 9 (1) - 0.57 (+) - - - + 

Ll!ltcwitz [I 50-2 40 36.6 (4 ) + 66 (1) + 0.94 (+) - ++ + 

Lodcrslcbcll 38 50 25 .9 (1) + 78 (1) + 0.40( -) - ++ -

Mi[dcnsce 64 20 + 19.6 (3) + 55 (3) + 1.25 (+) ++++ 

Plölzkau 23 40 - 16.9 (3) + 57 (3 ) + 0.99 (+) - +++ 

""llcben 46 811 - 19.2 (3) + 20 (1) - o (-) - + --

Querlilrl 37 33.3 - 28.4 (3) + 66 (3) + 0.90 (+) - + + + 

Rodcrsdcrf 3 1 50 - 45.9 (4) + 194 (5) + 0.42( -) - ++ -

Schciplitz 39 811 - 0.9 (I) - 2 (1) - 0(- ) ----
Secben 49 0 + 68.0 (5) + 213 (5) + 0.94 (+) ++++ 

Siptcnlc ldc 62 3J.J - 25. 1 (3) + 52 (3 ) + 1.09 (+) - ++ + 

TClIlschl'n L 47 811 - 2.0 (1) - 11 (1) - o (-) - - - -
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* Asscssmcnt: 

- Spce ics being abse ilt: + < 30 % 0 1' thc spccies are abse ilt in thc ha bitat 
- > 30 % 01' thc spec ies are absent in the habitat 

- Classes biom ass ,md abundance: + dass 3 - 5; - d ass I - 2 

- Spcc ics di vcrsit y: + für > 0.5; - 1'01' < 0.5 

cereals and sugar beets in the e rop s ll ccess ion. HE:'vIA NN ( 1994) anel BAUCI! I!ENSS (1998) 
report ed s imilar res liit s. Apa rt fro m th e ex p loitati on o f thc so il, the appl icati o n o f 
agroehcmical s (pesti e ides) and the lIse o f liquid manure (expc lling effeet) playa ro le in 
these processes, too (E RNST 1995). 

The endogeic, sma lI , s hort-li ved spceies with a highcr reproduction rate than thc aneeie 
spee ies react to favourabl e weather eondit ions with a shon-tenn inc rease 01' to unf~l vourablc 

ones w ith a decrease in the popu la tion. They ean beu er survive intcrferences (e.g. intensive 
ti ll age) than aneeic species beeause they produce more cocoons ror reprodllctio ll P/\OLETI"I 
(2001). Accord ing to PAoLErn (2001), the enelogc ic species A. caliginosa, A. rasea. and 
A. ehlorotica produce 8 - 27 and the anecic spec ies L. ten'eslris ol1 ly 3 - 8 cocoons per 
animal and yea r. The more intens ive the tillagc in an area, thc lower the proporti on 01' 

ancc ic s pecies becausc these s pcc ies reaet, in thc lo ng term, more sens iti ve ly duc to a 
lower reproduction. The anc c ie s pcc ies ha ve , th c re fore , an indi cator rllneti o n for 
interfcrences eaused by an intens ive tillage in an arca (FRA 1'1 ~'1 2000, Hon ... l/\NN ct al. 2003). 

Further habitat in vcstigations are nceded for <t gene ralisation o f habitat clrtss ification 
beeausc the evaluated plots arc la rge ly loeated in Ccntrrtl G ennany, a low-prec ipitation 
a rea . Eithe r a s hortrtge 0 1' a s urpl us o f wate r ertll mo re c frce ti ve ly inOucnce thc soil 
organisms than the soil ty pe or the humus eontent. Establi shing a paramete r hi c rarehy 
Ihrtt should depend on the clIlt iv rtti on could put things right (Hö!,[ 1{ & Ru!' 2003). 

Many aLlthors re fer to the innucncc o f pH-value (SATCI-I ELL 1955 , CU RRY 1998), humus 
content and so il humidity on the oce urrcnce 0 1' IU1l1brieids (SATCll ELL 1983 , L EE 1985, 
OAUGBJ ERG 1988). ß RtON ES et al. ( 1995) investiga tcd 20 soil pa rame te rs and thc ir impact on 
the s ingle lumbricid spec ies . Apart from the three inOucneing paramctc rs mcntioncd above, 
they identified the exchangeabl e cat io ns, espeeia ll y calcium and aluminium, as suppl e­
mcntary dist ingui s hing faetors. 

Oata in the lite rat ure o n va rio ll s lumbric id s pcc ies diffc r strongl y 1'1'0111 each other. 
Comparing, far cxam plc, the ecolog iea l requiremcnts from the developed matri x far the 
speeies A. eh/aroliea w ith the result s 0 1' other sc ienti sts (R Öi\'IB"- E 1997), one can notice 
dilTerences in the class ilicatiol1. According to R Ö:-'Hl KE (1997) thi s spccies meets only the 
hU11lidity dass B2 (high soilmoi sturc) . In thc present in vcstigations, A. ch/orolica occurred 
mainly in fields and other habitats tha t are charae tcri sed by a mcdium so il humidity (B I). 
Thc species Wilh the largest eeolog ica l range, whi ch merely does not oeeur in ve ry ac id 
soils, is A. ealig illosa. Aceording to Rö:-.m ..- E (1997) alld other aLnhars the pH-va lue applies 
only to PI. This has to do with the ranges of e lass i fication. A. calig illosa is al so in very 
young mine spoi ls ( Icss than 10 years) usually the only species appc.aring. The eomparison 
ofthe measured pH-values for the partie lilar lumbric id speeies with data from thc literaturc 
eonscqucntly reveals some d i ffe rences . Aeeording to CURRY (1998), the earthworms are 
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absent in tlcidi c so ils with pH-va lucs [C55 Ihan 3.5 and appea r onl y scarce!y at pl-l-valucs 
< 4.5. Thc [owes! habitat pl-l-va lue \\IC faund in thc prcscnt study was 2.7 rar Cl coniferous 
fores l sitc. Thc only spec ics li ving Ihere was D. ocwedra. 

Rö;..mKE (1997) refcrred in his matrix 10 humus types because hi s hab itat classi lica tion 
was cstablishcd 101' [" rests. In Ihi s paper, such a classificat ion is not prcscnlce! becausc 
Ihere are continuOlls trans itions bCl\VCC Il thc humus types :1m[ Ihi s aS$c$s11l Clll depends 

on subjcctivc views. Thc lIse of C",\:-contents (from thc Ah/Ap-horizon) is falher proposed 
as thc dClcrm incd qualllity 10 bc. Thc C"rg-Contcn IS ca n bc ll sed 1'01' thc eva luation of 
habitat requirc rnent s because thcy <Irc known anel thc investigation of habitats needs a 
eomplex approach. Apart [rom the obliga tOl'Y paramc ters (pl-l-va luc, soi l 1110istu rc, so il 
type/elay content), thc vege tation anel , the re rore, the nutrient suppl y playa decis ive ro lc. 
Thc deeomposit ion rate 0 1' the organ ic substanee is inlluenced by thc so il t~lc t o rs whieh, 
on the othcr hand, is altributed 10 the composition orthe so il fau na. GRAEFE ( 1993) dcvc lopcd 
für thi s thc te rm )}dccomposer cOlllll1uni ti cs« in order to cval uatc thc habi tats . Thi s rnc thod 
can on ly bc rcst ri c tcdly applieel to agricul tural soils. r urthermore, thc abundance of the 
organis l11 s was ignored in classifying thc sevcn decoll1posi lion eOll1l1lunities though it 
can bc an approxi matc charactcris lie 01' the habitat ( I-IOI'ER & RUF 2003). Half"-quant itati ve 
parameters (dominance) should bc pre lcrred to quantitative ones (abundance), whieh arc 
100 variab le in space a nel timc. Morcovcr, they provide sufTicient rc liab le data on ly aftcr 
ex tensive anel rcpcalcd sampling . Since Ihc occurrcnce 0 1' o ne spccics is rc lated to thc 
wholc se ttl emcnt-dcnsity ir applyi ng thc dominance, dcv iat io ll s can bc balanceel anel it 
helps to bettc r und erstand thc role of a single spccics in thc comlTIunity. That I11cans that 
the structurc 01' thc biodivcrsity should be prefcrreel to the quan titative paramcters (ß ECK 
ct a!. 2001 ). Thi s cr iterion mee ls Ihc inc1 us ion 01' spccies di vers ity int o thc habitat 
asscssme nt. 
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