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Spider assemblages (Arachnida: Araneae) as indicators
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ABSTRACT. Oligotrophic moors (originally kettle-hole mires) and fens in north-east Germany are
classified into six different stages of degradation based on physico-chemical soil parameters.
Spiders were pitfall trapped at five sampling plots in moors from each stage of degradation. This
paper aims to determine whether spider assemblages vary according to the stage of moor degrada-
tion. The data were analyzed using Kruskal-Wallis and Nemenyi-Nuy tests, and also Detrended
Correspondence Analysis (DECORANA) and Discriminant Function Analysis (DFA). Only the
lowest and the highest stages of degradation can be discriminated via spider assemblages by means of
DECORANA. Medium stages cannot be distinguished properly because eurytopic species occur
both at earlier and at later stages of the moor degradation. However, when comparing the ecological
groups and preferred habitat types of species, discrimination between all stages of degradation is
possible by performing a Kruskal-Wallis test. The abundance of forest species was shown to
increase following the stages of degradation, i.e., the more degraded the moor, the greater the
abundance of forest species. The abundance of species typical for oligotrophic moors, or those
classified as even less hygrophilic, was highest at the medium stages of degradation (D2 and D3).
DFA revealed that all stages of degradation can be discriminated based on the spider assemblages
present. Therefore, spider assemblages may be used as indicators for degraded moors.

PE3IOME. Hcxost 3 pU3MKO-XUMHUYECKUX [TapaMETPOB MMOYBBI, ONUTOTpodHEIe GonoTa (B mep-
Byto ouepenp kettle-hole 6ooTa) m Tonm ceBepo-BocTouHOH ['epmanny KiaccupUIUPOBAaHBI HA
mecTh cTamuil nerpananud. [laykm coOupannch MOYBCHHBIMH JIOBYIIKAMH Ha IATH Y4acTKax
COOTBETCTBCHHO KaXIOH M3 CTaimii jAerpaganuu 6oxoTa. Llens maHHOW pabOTBI — OMPEEIUTH,
BapbUPYIOT JIM COCTaB COOONIECTB NayKOB B 3aBHCUMOCTH OT CTa U1 Jierpajanuu 6onora. JlaHHbIe
MpoaHa u3upoBanbl Mpu momoru TectoB Kruskal-Wallis u Nemenyi-Nuy, a Takke METOIOMH
rinaBHbIX KoMrnoHeHT (DECORANA) u auckpumuHantHoro ananuza Gynkumii (DFA). Tomnbko
CaMyI0 PaHHIOIO U CaMyl0 TO3JIHIOI CTaJAWU JAETPAaJalliil MOKHO Pa3IHYUTh NMPHU MTOMOIIH
DECORANA. Cpennue craguu Aerpagallidl YeTKO HE PAa3JICISAIOTCS H3-3a IPUCYTCTBHS IBPHUTOII-
HBIX BUA0B. OTHAKO, KOT/Ia CPABHUBAJIMCH SKOJIOTHUCCKUE TPYIIIBI U MTPEIIIOYHTACMBIC MECTOOOH-
TaHVsI BUJIOB, Pa3JIMYCHHE BCEX CTAIMN ObLIIO BO3MOXHO mpu oMoty tecta Kruskal-Wallis. Beuto
MIOKA3aHO, YTO YUCICHHOCTD JICCHBIX BHJIOB YBEIIMUUBACTCS C YBEINUYCHHEM CTEIICHHU JIeTPaIalivy,
TO €CTh, 4eM OoJiee AerpaaAupOBaHO 0OJIO0TO, TEM BBIIIE YHCICHHOCTD JIECHBIX BUI0B. YHCIEHHOCTH
BHJOB THIIUYHBIX IS OJUTOTPOGHBIX OOJIOT WM TeX, KOTOPBIE KIACCH(DUIUPYIOTCS KaK THAPO-
¢ubHBIC, OBl HanOONBIICH Ha cpenHuid ctaausax aerpaganuu (D2 u D3). Meton DFA BeisiBu,
YTO BCE CTAJUH JIETPAAIlH MOTYT OBITh JUCKPUMHUHUPOBAHBI HCXOS U3 CTPYKTYPHI COOOIIECTB
naykoB. [ToaToMy cooOriecTBa maykoB MOTYT OBITH HCIIOJIB30BaHBI B KAUECTBE HHANKATOPOB LIS
OTIe/IeNICHHs CTAINH Jierpajayu 6ooTa.
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Introduction

The lowering of the ground water table pri-
marily due to anthropogenic influence, means
that oligotrophic moors and fens in Germany
have undergone a rapid succession [Overbeck,
1975; Gottlich, 1990; Succow & Joosten, 2001].
Grasses outcompete peat mosses and therefore
moss associations are replaced by wet mead-
ows or shrubby sites. In the course of eutrophi-
cation, the latter are further replaced by woods
of pine, birch or alder [Sukopp, 1959/60]. This
process is called moor degradation, though for
along time no precise definition of what consti-
tutes a degraded moor has been provided. The
moors considered in this paper actually are, or
formerly were oligotrophic moors; both kettle-
hole mires (= Kesselmoore in German) and fens
were studied, some of which were degraded
[Sukopp, 1959/60; Succow & Joosten, 2002].

Generally, the degradation of oligotrophic
kettle-hole mire and fen is caused by the lowering
of the ground-water table and the subsequent
contact of the peat with oxygen and leads to peat
mineralization [Succow & Joosten, 2001]. This
process can be enhanced by human activity (e.g.,
by drainage or by deposition of nutrients), but can
also occur in a natural succession series, i.e., when
the moor surface reaches its maximum height
above the groundwater table (c. 10 m) caused by
the limited capillary power of the peat moss. The
moor degradation is characterized by directional
changes of vegetation and physico-chemical
parameters which permits assignment of the
kettle-hole mires to six stages of degradation.

Here, I regard ‘the degradation of moors’ as
a non-reversible process induced (naturally or
through anthropogenic influence) by external
factors. This process concerns the changing of
water regime, microclimatic factors, physical
and chemical parameters of the peat, as well as
the quantitative and qualitative composition of
phyto- and zoocoenoses.

Spiders respond to changes in abiotic condi-
tions of moors in a very subtle way. In an 11
year study, Platen [1989] showed that if moors
were drained or the groundwater table was sink-

ing in their surroundings, the moor changed, for
instance, to a wet meadow and the typical ani-
mal dwellers of Sphagnum-dominated sites were
replaced by those typical for the replacing hab-
itat. A similar process was observed when the
moor was replaced by wet woods[Platen, 1991].

The goals of this paper are: (1) to relate
spider species to ‘ecological groups’ and ‘pre-
ferred habitat types’ from field data; (2) to
define different stages of degradation of moors
in north-east Germany by the use of measured
physico-chemical soil parameters; (3) to relate
spider assemblages to the defined degradation
stages by means of statistical analyses; and (4)
to demonstrate that moor degradation may be
described through changes in observed spider
assemblages, as quantified using various statisti-
cal analyses (Kruskal-Wallis test, classification
and ordination techniques) in an objective way.

Material and methods

Definition of the stages of degradation
The stages of degradation are primarily defined
by rising pH-values, electric conductivity and a
degree of humification from stage 1 to stage 9 (see
Table 1). Nutrients seem to be less suitable for
defining the stages of degradation. Physico-chemi-
cal soil data were taken from Linder [1995] and
Rowinsky [1998].
Degradation stage 0 (D0): no degradation.
Degradation stage 1 (D1): very little degradation.
Degradation stage 2 (D2): slight degradation.
Degradation stage 3 (D3): medium degradation.
Degradation stage 4 (D4): strong degradation.
Degradation stage 5 (D5): total degradation.

Data collection

Spiders were collected by pitfall trapping [Bar-
ber, 1931] at 29 sampling plots in 19 moors in north-
cast Germany. Each plot covered an area of 0.2-2 ha
and was assigned to a defined degradation stage.
The locations, site names (abbreviations), as well as
the number of species and individuals collected, are
listed in Table 2.

In each moor, six pitfall traps (each with an
upper diameter of 7.5 cm) were operated in a line
from 1 April — 31 October (1982—1998). The pitfall
traps were one-third filled with 4% formalin, to
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Table 1.
Mean values of soil physical and chemical data at the sites investigated: pH = soil acidity, ec = electric
conductivity, Ca®* = calcium, Mg* = magnesium, SO,> = sulfate, CI- = chloride, NO_~ = nitrate, NH,* =
ammonium, PO - = phosphate, DoH = degree of humification (after von Post), D = stage of degradation.
No data for DO exist.
Tabnuua 1.
CpefHue 3HaveHUst MOYBEHHbIX (PU3NYECKMX M XMMUYECKNX XapaKTEPUCTMK UCCNEefoBaHHbIX MecT: pH =
NOYBEHHAsA KUCMOTHOCTb, €C = 3MeKTponpoBoaMMocTb, Ca* = kanbuuii, Mg* = markuin, SO =
cynbdart, Cl- = xnop, NO,~ = Hutpat, NH," = ammuak, PO,* = docdaT, DoH = yposeHb rymmnamnsaumum
(no von Post), D = ctagus gerpagaunn. JaHHbix ana DO HeT.

Sites pH ec Ca* Mg* 802> CI- NO,- NH PO DoH
wS/em mg/l. mg/ll mg/ll mg/ll mg/l mg/ll mg/l 0-10 cm

Mean D1 53 813 7.9 22 278 104 062 062 035 1.9
Mean D2 5.7 1893 196 39 426 277 078 146 0.19 6.8
Mean D3 6.2 183 13.1 3.2 <30 13.7 140 333 0.28 5
Mean D4 6.3 204.2 231 43 517 230 082 293 018 7.1
Mean D5 6.6 5556 86.0 9.14 1140 313 091 6.39 0.14 8

Table 2.
Locations, site-abbreviations (site name), number of species and individuals caught during the trapping
periods (1 April — 31 October). The last number of the site name indicates the stage of degradation (0—
5). In the column ‘Location’ the locality is given first, the name of the federal county is noted after the
comma. M.-V. = Mecklenburg-Vorpommern.
Tabnuua 2.
MecTononoxeHne, cokpalieHve mecta (HasBaHue), KONMM4ecTBO BMAOB M 0COOEeN, MOMMaHHbIX BO
BpeMsi uccnepoBanuii (c 1 anpens no 31 oktabps). Lindpbl B KOHLIE HABaHU MecT 0603Ha4valoT cTaguto
perpagaumn (0-5). B konoHke «MecTononoxeHve» HasBaHue fNokanuTeTa AaHO B Havane, nocrne
3ansaTon HasBaHue denepanbHoro okpyra. M.-V. = Mecklenburg-Vorpommern.

Location Site name No. of species No. of individuals
Uckermark, Brandenburg PDO 39 343
Mritz, Mecklenb.-V.-Pommern KMO 54 1674
Uckermark, Brandenburg HDO 46 444
Mritz, Mecklenb.-V.-Pommern KBO 57 1247
Mdritz, Mecklenb.-V.-Pommern SBO 90 3093
Grunewald, city of Berlin LLO1 45 1053
Grunewald, city of Berlin PS1 32 399
Schlaubetal, Brandenburg OD1 52 752
Mdritz, Mecklenb.-V.-Pommern KM1 50 994
Grunewald, city of Berlin HKF1 57 1025
Forst Duppel, city of Berlin GF2 89 4244
Spandauer Forst, city of Berlin TB2 72 2943
Forst Kdpenick, city of Berlin LLO2 28 698
Grunewald, city of Berlin BS2 55 670
Grunewald, city of Berlin LLW3 46 2704
Forst Duppel, city of Berlin GF3 80 2253
Uckermark, Brandenburg HD3 59 599
Uckermark, Brandenburg PD3 53 534
Grunewald, city of Berlin PF3 74 1224
Grunewald, city of Berlin TF14 52 631
Grunewald, city of Berlin TF24 45 814
Spandauer Forst, city of Berlin TB4 63 1995
Schwinzer Heide, M.-V. BB4 65 1343
Spandauer Forst, city of Berlin RP4 55 942
Spandauer Forst, city of Berlin RP5 55 1038
Spandauer Forst, city of Berlin TBS 63 954
Grunewald, city of Berlin PF25 89 2375
Grunewald, city of Berlin PF15 81 1309
Spandauer Forst, city of Berlin HL5 120 1324

Totals: 29 298 39618
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which was added a detergent solution (Pril; 50 ml/51
of formalin) to decrease the surface tension. The
traps were emptied every fortnight, all six samples
were placed in a single glass jar. Species were
collected by the following authors: Barndt [unpubl.
data from 1997], Bruhn [1995], Hiebsch [1985],
Platen [1989, 1991, 1996]. Spiders were identified
to species using Locket & Millidge [1951, 1953],
Locket et al. [1974], Roberts [1985, 1987], Wiehle
[1956, 1960] and Heimer & Nentwig [1991].

Ecological groups

Each spider species was related to an eco-
logical group and a preferred habitat type as a
starting point for subsequent analyses. Many of
the ecological field studies had been completed
before this work began so most of the classifica-
tion concerning ecological groups and preferred
habitat types was already established. Conse-
quently, the most relevant data were adopted
from Platen et al. [1999].

While each ecological group reflects the
abiotic factors, such as light, moisture and tem-
perature at a site, the preferred habitat type is a
vegetation unit, i.e., where the species was
caught most frequently compared to all other
defined habitat types [Martin, 1993; Platen et
al., 1991, 1999]. Three examples are given to
describe the adopted system more precisely.

1. Gnaphosa nigerrima L. Koch, 1877.

In Germany this species is almost exclusive-
ly confined to the Sphagnum-dominated moors
[Blick & Scheidler, 1991; Platen et al., 1991,
1999; Renner, 1992a; Martin, 1993; Friind et
al., 1994; Tolke & Hiebsch 1995; Malt & Sand-
er, 1996; Platen, 1996; Finch, 2001; Otto et al.,
2001; Sacher & Platen, 2001]. For 25 (83.3%)
of the 30 sites in Germany, where data could
unequivocally be related to a defined locality,
the habitat of this species was described as the
peatmoss-carpets. Consequently, the spider was
treated as hygrophilic and as having ‘oligotrophic
moors’ as the preferred habitat type. See Platen
etal.[1999] for a complete description of the key
to ecological groups and preferred habitat types.

2. Trochosa robusta (Simon, 1876).

This species is often mentioned in the liter-
ature [e.g., Ottoet al., 2001] as being extremely
rare in Germany. However, it is rather wide-
spread throughout the country. It has been re-
corded in 12 of the 13 German federal counties
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for which checklists are available [Blick & Sc-
heidler, 1991; Renner, 1992a; Martin, 1993;
Frindet al., 1994; Tolke & Hiebsch, 1995; Malt
& Sander, 1996; Staudt, 1996; Reinke et al.,
1998; Kreuels & Platen, 1999; Platen et al.,
1999; Finch, 2001; Sacher & Platen, 2001].
From the 43 sites where the data are reliable, 30
(69.8%) were referred to as dry grassland, pre-
dominantly on limestone. Thus, this species was
assigned to the ‘xerophilic in dry, open grass-
land’ ecological group and to the preferred hab-
itat type of ‘grassland, growing on limestone’.

3. Histopona torpida (C.L. Koch, 1834).

In the plains and highlands of the southern-
most federal counties of Germany, this species is
rather common in all forest types. It appears in
nine out of the 13 federal counties for which
checklists are available [Blick & Scheidler, 1991;
Renner, 1992b; Martin, 1993; Friindet al., 1994;
Tolke & Hiebsch, 1995; Malt & Sander, 1996;
Staudt, 1996; Kreuels & Platen, 1999; Sacher
& Platen, 2001; Barndt et al., 2002]. For 59
(80.8%) out of 73 sites where the data are
reliable, the habitat for this species is referred
to as moderately moist coniferous and decidu-
ous forests. Thus, the species was assigned to
the ‘in forests with moderate humidity’ ecolog-
ical group and to the preferred habitat type
‘forests and woods with moderate humidity’.

Besides the species for which ecological
groups could clearly be defined from their most
frequent occurrence in defined habitat types,
others show ‘eurytopic’ distributions in open
sites, forests or both. For these species an eco-
logical group and preferred habitat type may
only be fixed statistically, if at all. This holds
for species found in low numbers all over the
country.

Statistical Analyses

To relate a species to particular stages of
degradation, the percentage values of individu-
als of preferred defined habitat types was calcu-
lated [see Platen et al., 1999]. A Kruskal-Wal-
lis-Test [Kohler et al., 1996] was performed
with the sum of individuals from each stage of
degradation to test whether spiders of a certain
preferred habitat type differed between the stages
of degradation. A Nemenyi-Nuy Test [Sachs,
1997] was then performed to test if the differ-
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Fig. 1. Percentage values of spider individuals related to preferred habitat types for each stage of degradation: M —
oligotrophic moor species, W — wetland species, F — forest species, D — dry grassland species, others — species with
other preferred habitat types (not visible, as their percentage values were < 0.5%).

Puc. 1. IIponeHTHBIE 3HAYEHHs SK3EMIUISIPOB TAyKOB OTHOCHTEJIBHO INPEINOYUTAEMbIX MECTOOOMTaHMN [yIst
KaXK/10# cTaguu nerpagauui: M — BUIBI OUroTpoGHbIX 0070T, W — BHJIBI 3200JI0YEHHBIX MECT, F — JiecHbIC BUIBI,
D — BUJBI CyXO0JIBHBIX JIYTOB, IPYTUe — BHUJIbI C IPYTUMHU TPEIOYTEHUAMH (HE3HAUUTEIIbHOE KOJIMYECTBO, TAK KaK

UX IPOIEHTHBIC 3HaueHus Obutu MeHblie 0,5%).

ences between the stages of degradation were
statistically significant.

To determine whether the whole spider as-
semblages discriminated between the six stages
of degradation, a Detrended Correspondence
Analysis (DECORANA) was performed includ-
ing all species and sites. The DECORANA was
calculated using the program CANOCO v. 4.0
[Braak & Smilauer, 1998].

In addition, a Discriminant Function Analy-
sis (DFA) was calculated to reveal which spider
species discriminated most between the stages of
degradation [Backhaus ez al., 1996]. The classes
(stages of degradation) were defined ‘a priori’.
The computer program Statistica v. 5.0 was
used for the DFA and the Kruskal-Wallis test.

Results

Number of spider individuals related to
preferred habitat types

As illustrated in Fig. 1, the percentage value
ofindividuals of hygrophilic spider species, which
are typical for open, oligotrophic moors (M),
does not culminate in the stages DO and D1, but

does so in D2. From D3 to D5 the percentage
values decrease continuously. The percentage
value of individuals belonging to forest species
(F) first increases continuously from DO to D4
but then decreases again in D5. The individuals
of wetland species (W) oscillate from one stage
of degradation to another. The percentage value
of individuals of species typical for dry grass-
land (D) remains nearly constant up to D4 and
increases in D5, whereas the proportion of those
belonging to other habitat types is negligible.

Composition of ecological groups vs.
preferred habitat types

The median values of spider individuals
belonging to species typical for dry forests ((x)
f) are significantly lower in DO than in D5 (P <
0.05) (Fig. 2).

The median values of individuals of spider
species typical for moist forests ((h) f) are sig-
nificantly higher in D5 compared to D2, D1 and
DO at the 5% level (Fig. 3).

The median values of spider individuals of
species occurring predominantly in arable land
differ significantly between the six stages of
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Fig. 2. Median values of spider individuals of the ecological group ‘dry forests’.

Puc. 2. Cpennue 3Hau€HUS YUCICHHOCTH MayKOB U3 YKOJIOTHYECKON I'PYTIIBI ‘CyXue jeca’.
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Fig. 3. Median values of spider individuals of the ecological group ‘moist forests’.

Puc. 3. CpenHue 3HaUueHMS YHCIEHHOCTH NAayKOB M3 9KOJIOTHYECKON TPYIIbI ‘BIaKHbIE Jeca’.

degradation. They are significantly lower in
stages DO, D1 and D4 than in D5 with P <0.01
(Fig. 4). As seen in Figs 2-4, except for the
outlier D4 in Fig. 4, the median values rise from
DO to D5 in a curvelinear relationship. Howev-
er, the equation of the graph could not be deter-
mined by performing a Kruskal-Wallis test.

Spatial distribution of spider assemblag-

es over different stages of degradation

As illustrated in Fig. 5, all the sites of differ-
ent degradation stages are shown in a two-
dimensional ordination plot; the species have
been omitted for clarity.
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Fig. 4. Median values of spider individuals of the ecological group ‘arable land’.

Puc. 4. Cpenaye 3Ha4€HUS YHCICHHOCTH MayKOB M3 YKOJIOTHYECKOU TPYINMIBI ‘HaxoTa’.
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Fig. 5. Ordination diagram for both the sampling plots and spider species (not shown) based on the DECORANA.
Abbreviations of the sites as given in Table 2. The different stages of degradation are indicated by the last numbers of

the site labels.

Puc. 5. OpauHannoHHas AMarpamMma JUls HCCIEAOBaHHBIX MECT M BHJOB MayKoB (HE MOKa3aHbI), HOCYUTAHHAS
metogom DECORANA. Cokpartenust mecT kak B Tabaune 2. Pasauunsle cragun qerpaganiny 0003HaYeHbI OCIeTHE
udpoii B abOpeBHaType TOUKH.
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Fig. 6. Ordination diagram for spiders, calculated from the result of a multivariate DFA. Root 1 — first canonical

axis, Root 2 — second canonical axis.

Puc. 6. OpaunannonHas quarpamma Jiis naykos, rocuntannas merojom DFA. Root 1 — nepBas kaHOHUYeCKast

0Chb, Root 2 — BTOpast KAHOHUYECKas OCh.

The eigenvalues are 0.396 for the first axis
and 0.274 for the second axis. The cumulative
percentage variance is 12.7,22.3,31.2 and 37.4
in order of axis 1 to 4. Roughly speaking, that
means slightly more than one third of the total
variance is explained by the first four axes.

All low degraded sites (DO to D2) can be
found in the left part of the diagram with the sites
of DO plotted closely together in the upper left
side. The D1 sites are scattered all along the
second axis, which means that they don’t share
many species. This is true for sites D3 to DS, but
they differ in that they tend to drift to the right,
i.e., ‘thedrier side’ ofthe diagram, if one suppos-
es that a moisture gradient runs parallel to the
first axis.

Unfortunately, no measurements of mois-
ture, light or temperature were taken at any of
the sites, so a Canonical Correspondence Anal-
ysis (CCA) could not be performed with these
abiotic factors. Consequently, the description
of the abiotic gradients have to be done only on
the basis of site knowledge.

The D2 sites are restricted to the lower part
of the left side. The open sites (e.g., GF2,
HKF1, GF3, PS1) as well as the slightly shady
sites (e.g., OD1, TF24, TBS, BS2) are plotted

close together. A light gradient may be assumed
to be present along the second axis. The sites of
D3 are scattered all over the sheet. They are
present near the DO sites at the top, also in the
middle near the D4 sites and at the bottom
between a D2 and a D5 site. Their distribution
is somewhat unclear.

The interpretation of moisture and light gra-
dient results from measurements, which were
taken at some of the sites [Platen, 1989, 1991].

Species discriminating between the stag-
es of degradation

To recognize which species are best able to
discriminate between the six stages of degrada-
tion, a Discriminant Function Analysis (DFA)
was performed. The DFA is presented in a
canonical way (Fig. 6), including 21 species.
The results can also be seen in Tables 3 and 4.

As illustrated in Fig. 6, all stages of degra-
dation are well separated from each other. In
particular, species from the sites of stages D5,
D2, D4 and DO are plotted close together and,
regarding them as a whole group, they are clear-
ly separated from groups of other stages. Only
species of D1 are tending slightly towards the
direction of D2.
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Table 3.

Preferred habitat types (PH) and characteristic statistical values of the DFA calculated for spiders: 2 =

oligotrophic moors, 4 = wet meadows, 6 = wet forests*, 7 = moist forests**, 8 = dry forests, 9c = dry forest
margins, 15 = arable land.

Tabnuua 3.

MpegnoynTaemble TUMNbl MecToobuTanui (PH) 1 xapakTepHble CTaTUCTUYECKUE 3HAYEHUSA NOACUYUTaH-

Hble meTogom DFA ansa naykos: 2 = onurotpodHbele 6onoTa, 4 = cbipble nyra, 6 = cblpble neca, 7 =

BnaxHble neca, 8 = cyxue neca, 9¢ = Kkpas cyxux rnecos, 15 = naxora.

Species pH Wilk’s A Partial A
Ceratinella brevis (Wider, 1834) 7 0.000088 0.847029
Pirata piraticus (Clerck, 1757) 2 0.000106 0.709295
Pachygnatha clercki Sundevall, 1823 4 0.000107 0.696839
Pardosa pullata (Clerck, 1757) 2 0.000111 0.673764
Euryopis flavomaculata (C.L. Koch, 1836) 9c 0.000124 0.604177
Trochosa terricola Thorell, 1856 8 0.000124 0.601626
Pachygnatha listeri Sundevall, 1830 6 0.000132 0.566539
Oedothorax retusus (Westring, 1851) 2 0.000144 0.521173
Walckenaeria kochi (O. Pickard-Cambridge, 1872) 2 0.000147 0.508885
Pardosa lugubris (Walckenaer, 1802) 7 0.000160 0.469456
Oedothorax gibbosus (Blackwall, 1841) 2 0.000170 0.440407
Agroeca brunnea (Blackwall, 1833) 8 0.000173 0.432314
Erigone atra Blackwall, 1833 15 0.000177 0.639563
Walckenaeria alticeps (Denis, 1952) 2 0.000195 0.384721
Pardosa prativaga (L. Koch, 1870) 4 0.000199 0.375704
Pirata tenuitarsis Simon, 1876 2 0.000247 0.303506
Agyneta cauta (O. Pickard-Cambridge, 1902) 2 0.000307 0.244046
Centromerus sylvaticus (Blackwall, 1841) 7 0.000308 0.242903
Pirata latitans (Blackwall, 1841) 2 0.000330 0.227012
Lepthyphantes mengei Kulczynski, 1887 2 0.000343 0.218183
Trochosa spinipalpis (F.O. Pickard-Cambridge, 1895) 2 0.000356 0.210556

*=Wet forests are those of alder, where the water, as a rule, stands above the soil surface for several weeks; cf. moist

forests.

*= CLIpLIe Jieca — JTO Jieca U3 OJIbXH, KOTOPBIC, KaK IMPaBUJIO, 3aJINThI BOJIOM B TEYCHUU HECKOJIBKUX HEACIb; CP.

BJIaXXHBIC JI€ca.

** = Moist forests are the deciduous forests (e.g., consisting of oaks, ash and elm), where water never stands above

the soil surface; cf. wet forests.

** = BriakHble Jieca — 3TO HIMPOKOJIUCTBCHHBIC JIECa (Hanp., us3 zLy6a, KJI€Ha " HCCH?{), KOTOpPBIC HHUKOT1a HE

3aJIMBAIOTCS BOJION; CP. CHIPBIE JIeca.

Table 4.
Median canonical values for the six stages of
degradation in the DFA, calculated for spiders.
Tabnuua 4.
CpepfHuve KaHOHWYEeCKMe 3HaYEeHUs AnNsi LLeCTun cTa-
OV gerpagaumm, nocuumtaHHble metogom DFA
ONS NayKos.

Stages of Group
degradation Root 1 Root 2 Root 3
DO -2.19016  5.90467 -0.91331
D1 -3.14296 -3.86127 -2.23792
D2 -6.02109 -0.50201 -1.20044
D3 -0.74974  1.05005 2.95535
D4 0.47227 -2.73572 2.47682
D5 10.42747 0.04387 -1.32058

The species best able to discriminate be-
tween the stages of degradation is Ceratinella
brevis (Wider, 1834), the least able is Trochosa
spinipalpis (F.O. Pickard-Cambridge, 1895) (Ta-
ble 3). Roughly, one-third of the species includ-

ed in the DFA are those living in forests, more
than half of them are moor species, one-tenth of
the species occur in wet meadows and a single
species is found predominantly in arable land.

The measure to describe the strength of
discrimination is Wilk’s A. In this case, where
the classes are defined ‘a priori’, the species
with the lowest Wilk’s A discriminates most
between the classes. Partial A describes the
proportion of the discrimination power which
contributes to overall discrimination. So, in
contrast to Wilk’s A, the species with the high-
est partial A discriminates best between the
classes.

The median canonical values of the first
three roots (canonical axes) are shown in Table
4. They denote the positive or negative devia-
tion from the overall median value (coordinate
0/0 in Fig. 6).
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Discussion

It is striking that moors of the lowest stages
of degradation obviously do not include most of
the moor species in the true sense. The percent-
age values of the individuals cumulate at stage
D2. This may be because open, undisturbed
moors with distinct tussock and hummock patch-
es may be extremely hot and dry on the tussocks
in summer. As the hummocks are flooded at
least until late spring, pitfall traps can be set
only in the tussocks. Consequently, only a few
moor species with a low abundance are caught
in favour of wetland, eurytopic and dry grass-
land species or even those living predominantly
inthe arable land [Platen, 1995; Schikora, 2003].
With progressing degradation of the surface,
the moor becomes more plain, the hummock
and tussock patches vanish and flooding events
are more seldom because of desiccation [Suc-
cow & Joosten, 2001]. The remaining humidity
of the peat still allows hygrophilc and typical
moor spiders (not the moor specialists, which
have already vanished) to exist and thus these
are caught in the pitfalls. Spiders, and in partic-
ular Lycosidae, e.g., Pardosa sphagnicola Dahl,
1912, Pirata uliginosus (Thorell, 1856), etc.,
are present in huge numbers, even in wet, undis-
turbed moors [Schikora, 2003]. They are able to
exist under these conditions because their off-
spring are not exposed continuously to the wet
surface. In lycosid spiders, the mother carries her
eggs in an egg sac and for a short while after
hatching, the young are carried on her back. In
the case of web-builders, the spiderlings live in
cocoons attached to plants on higher ground.

The results of the DECORANA (where all
species together with their abundances were
included in the analysis) did not reveal clear
differences between the stages of degradation.
This may be because the entire spider assem-
blage is composed of species within all kinds of
ecological groups. Many of them are eurytopic
so that they occur in nearly all of the stages of
degradation. They cause a ‘smear’ in the ordina-
tion diagram so that the sites of some stages are
mixed. Only those of DO are plotted close togeth-
er because of their almost unique species compo-
sition. This may be because three of the plots of
DO are bog-like, rather than kettle-hole mires.
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Medium stages of degradation cannot be
discriminated by entire spider assemblages, as
some species occurred both in undisturbed
moors and in ‘transition coenoses’, i.e., the
species preferring both wet meadows and wet
forests. Furthermore, there are species typical
for an actual stage of degradation (moist for-
ests, pastures, etc.). Extremely degraded sites,
which changed from wet to very dry conditions
(i.e., the site ‘HLS’ in Fig. 6), appear as outliers.
Thus, their spider assemblages differed greatly
from those of other degradation stages.

When the median values of individuals of
species belonging to the same type of preferred
habitats are compared, all stages of degradation
can be properly distinguished in most cases.
Here, only a part of the whole coenosis is con-
sidered, focussing on a single ecological group
and habitat type. In the example given above,
the whole coenosis is considered, including
species of all ecological groups and preferred
habitat types. Thus, at the extremes (DO and
D5) only stenotopic (i.e., specified) species
occur, whereas in the more moderate condi-
tions within the D2 to D4 habitats species of
many ecological groups/preferred habitat types
are present. This causes a ‘smear’ effect which
makes it somewhat difficult to distinguish these
stages of degradation using spider assemblag-
es. Moreover, the absence of typical species of
oligotrophic moors in the more degraded sites
may directly indicate the stage of degradation.
The latter indication is rather subjective, but it
can be more objective provided one counts the
abundance of a species belonging to the defined
ecological group and preferred habitat type. It
should also be noticed that the ecological groups
and preferred habitat types considered are them-
selves based on a subjective evaluation.

Of the different statistical methods used for
discriminating spider assemblages between the
different stages of moor degradation, the simul-
taneous consideration of ecological groups and
preferred habitat types is clearly the best one. It
is possible to visualize the development of the
percentage values of individuals of each eco-
logical group and preferred habitat type. More-
over, it is possible to perform objective statisti-
cal tests to show whether the differences be-
tween the median values of individuals belong-
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ing to a certain ecological group/preferred hab-
itat type are significant.

The results presented by means of classifi-
cation and ordination techniques including all
the species found at the sites, can weakly relate
spiders to the different stages of degradation.
At some sites the animal assemblages showed
distinct differences between the stages of deg-
radation, at other sites they did not. This may
have been due to the following reasons:

(1) Some of the sites were misclassified
concerning their stage of degradation.

(2) The geographical location (i.e., neigh-
bourhood) of the sites had a stronger effect than
the stage of degradation, on the composition of
the coenoses. This has to be considered, at least
for the spider coenoses of the Uckermark-sites
(PD + HD). However, this factor remains hypo-
thetical, as no exact distances between the sites
were surveyed.

(3) Spiders differ from plants in the way they
react to moor degradation. Most animals can
leave sub-optimal environments, whereas plants
cannot. However, they may stay within the de-
graded moor as seeds without germinating.

(4) Regardless of exposure to light, the oc-
currence of most common species in wet places
resulted in a similarity of all zoocoenoses, where-
as less common or rare species, €.g., moor
specialists, distinguished between the different
stages of degradation. This even holds for the
results of the DECORANA used here, when the
abundance values were logarithmically trans-
formed before the analysis.

(5) The moors studied were of different
ages. It was not known when a moor developed
for the first time or when the ‘degradation’
began. Anthropogenic impact on the moors dif-
fered and thus was also responsible for slower
or quicker degradation.

Conclusions

(1) Spider assemblages can be related to the
different stages of degradation; the best way to
do this is to compare the median values ofcertain
ecological groups and preferred habitat types.

(2) Entire spider assemblages only discrimi-
nate between the six stages of degradation at those
sampling plots which are extremely low (DO0) or
very strongly degraded (some plots of D5).
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(3) Medium stages of degradation (D2 and
D3) show the highest abundance of hygrophilic
species preferring the oligotrophic moors.

(4) Spider assemblages can be used as an
indicator system for separating the six stages of
degradation via simultaneous consideration of
ecological groups and preferred habitat types.
Additionally, the presence or absence of certain
‘indicator’ species regarded as specialists for
oligotrophic moors can also be taken in account.

In conclusion, spider assemblages are suit-
able for use as indicators of moor degradation,
depending on the level of interpretation.
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