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Abstract. Successional processes are an important element of commercial-forest ecosystems. They can be
followed by studying the species composition of various animal groups, e.g. millipedes. Over the vegetation
periods 2009 and 2010, we pitfall-trapped millipedes and centipedes (Myriapoda: Diplopoda, Chilopoda) on
21 Western German (North Rhine-Westphalian) deciduous and coniferous forest as well as fallow-ground sites
of increasing age (1-165yr) and determined them to the species and sex. Diplopoda (2009 1B517
individuals) outnumbered the trapped Chilopoda (20092@%0: 111 individuals) by far while the general
catching results approximately doubled from 2009 to 2010. Indirect gradient analysis (CA) revealed that the
influence of the habitat type on the formation of diplopod assemblages exceeded the influence of the suc-
cessional stage. Although no clear trend in individual-count development over time occurred in most species
detectedJulus scandinaviugLatzel, 1884) significantly increased in numbers with ageing of the decicuous
(beech) forests. In conclusiod, scandinaviusnay be a suitable bioindicator of deciduous-forest succession.
More data are necessary to transfer our results into a mathematical function describing the course of increasing
J. scandinaviusibundance.

1 Introduction Koivula, 2011), especially by showing a characteristic in-
crease of the mean individual biomass over time (Szyszko,

Due to anthropogenous changes, e.g. in Germany, primevat983; Schwerk and Szyszko, 2007; Schreiner, 2011),
beech forests retreated while monocultures strongly in-data on millipedes and centipedes (Myriapoda: Diplopoda,
creased (Pott, 1995). Today's commercial forests thus mainly=hilopoda) over the run of succession are scarce. In post-
undergo successional processes as a complete ecosystefiining primary succession (Dunger and Voegttler, 2009)
This is accompanied by numerous changes in the numbe®S wc_ellas on floodplains (Zulka, 199.1), only one true pioneer
and composition of various animal groups of this ecosystersPecies (Chilopodd:amyctes emarginatusiewport, 1844)

(Szyszko, 1983; Scheu and Schulz, 1996). Many alteration¥/as identified in nearly 50yr of observation. Millipedes

can be followed on the species level of, e.g. Carabidae an@nd centipedes seem to generally need a rather long time
Diplopoda (Neumann, 1971; Schwerk, 2008). for site immigration (Dunger and Voigthder, 1990, 2009;
In contrast to ground beetles (Carabidae), which are useBalkenhol et al., 2006; Voiginder and Balkenhol, 2006),

ful bioindicators for the state of succession (Schwerk, 2008:2fter which only saprophagous millipede species show &
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10 A. Schreiner et al.: Millipede and centipede assemblages in secondary succession

Table 1. Study sites and number of Myriapoda individuals over the vegetation periods 2009 and 2010: (a) beech, (b) Douglas fir, (c) spruce,
and (d) fallow ground.

(a) Beech
Site Agein Size Byplants Ordinance Groups No.  No.
2009 (yr) (ha) Survey Map 2009 2010
B1 1 0.5 Few larch & cherry 4609 Diplopoda 100 297
Chilopoda 9 12
B2 1 0.9 5% cherry 4602 Diplopoda 11 12
Chilopoda 2 4
B3 3 0.5 None 4513 Diplopoda 180 418
Chilopoda 5 11
B4 4 0.4 None 4604 Diplopoda 77 111
Chilopoda 0 3
B5 13 1.6 None 4513 Diplopoda 39 49
Chilopoda 4 4
B6 20 0.8 None 4609 Diplopoda 62 113
Chilopoda 0 4
B7 26 1.8 10% larch 4609 Diplopoda 82 162
Chilopoda 0 4
B8 28 0.6 Few larch & cherry 460D Diplopoda 71 200
Chilopoda 1 7
B9 52 2.2 10% larch 4609 Diplopoda 35 151
Chilopoda 1 5
B10 78 2.5 10% oak 4609 Diplopoda 64 253
Chilopoda 1 7
B11 146 1.0 10-yr-old beech 46Q9 Diplopoda 250 258
Chilopoda 1 5
B12 146 4.0 None 4609 Diplopoda 147 134
Chilopoda 3 6
B13 152 3.5 10% oak 460D Diplopoda 70 105
Chilopoda 2 1
B14 165 3.1 None 4609 Diplopoda 61 327
Chilopoda 1 10
Total Diplopoda 1249 2590

Chilopoda 30 83

(b) Douglas fir

Site Agein Size Byplants Ordinance Groups No. No.
2009 (yr) (ha) Survey Map 2009 2010
D1 1 0.2 None 4513 Diplopoda 9 4
Chilopoda (0 2
D2 3 0.2 None 4513 Diplopoda 35 196
Chilopoda (08 6
D3 10 0.4 None 4513 Diplopoda 26 49
Chilopoda 0 6
D4 30 0.5 None 4513 Diplopoda 36 56
Chilopoda 1 6
Total Diplopoda 106 343
Chilopoda 1 20
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(c) Spruce
Site Agein Size Byplants Ordinance Groups No.  No.
2009 (yr) (ha) Survey Map 2009 2010
S1 36 0.4 None 4609 Diplopoda 33 64
Chilopoda 3 0
Total Diplopoda 33 64
Chilopoda 3 0
(d) Fallow ground
Site Agein Size Byplants Ordinance Groups No. No.
2009 (yr) (ha) Survey Map 2009 2010
F1 23 1.4 None 4602 Diplopoda 184 97
Chilopoda 2 2
F2 30 1.9 None 4509 Diplopoda 87 323
Chilopoda 1 6
Total Diplopoda 271 420
Chilopoda 3 8
Total Diplopoda 1659 3417
(a)—(d) Chilopoda 37 111

* 1 of 3 traps lost.

succession-related development (Dunger and \dmigkbr,  Effects may also be expected with regard to the sex distriby
2009). Topp et al. (1992) observed a frequent mix of synan-+ion in different forest types. Our work, next to contributing
thropic or eurytopic woodland Diplopoda (elgolydesmus to an overview of the millipede and centipede inventory of
denticulatus Julus scandinaviysCraspedosoma rawlinsi  North Rhine-Westphalia (Decker et al., 2009; Hannig et al.
andAllajulus nitidug while their putative role as indicators 2009; Decker and Hannig, 2008, 2009, 2010, 2011), sha
of succession-related parameters remained equivocal (Scheherefore help to identify possible bioindicators of succes
and Schulz, 1996; Dunger and Voigtider, 2009). Whereas sion in the subphylum of Myriapoda.
“even soil invertebrates of similar trophic groups appear to
respond very dferently to successional chandéScheu and
Schulz, 1996), hyriapods are good indicators of biological
soil quality and are reliable and easy to us@unger and  |n Western German forests (Ruhr valley between Herdeck
Voigtlander, 2009). and Hattingen, North Rhine-Westphalia)ffdient succes-
In the present study we report on the species compositio’ional stages were represented by 21 study sites of variah
and abundance of Diplopoda and Chilopoda over the run ofge (14 beech stands: 1-165 yr, 4 Douglas-fir stands: 1-30 y
succession in Western German (North Rhine-Westphalian) spruce stand: 36 yr, and 2 fallow-ground sites: 23 and 30y
beech and coniferous forests (Douglas fir, spruce) as comaple 1); all but the fallow-ground sites based on loam soi
pared to fallow ground. Overall, soils were “rich” and pre- and had a history of forestry. They were studied over 2 com
dominantly consisted of loam. For the studied area, groundplete vegetation periods (April-October each in 2009 an
beetle data were elaborated showing a constant size distribip010). Millipedes and centipedes (Myriapoda: Diplopoda
tion of Carabidae, thus indicating rather modesfedences  Chilopoda) were collected by pitfall traps (Barber, 1931) and

2 Materials and methods

in degradation (Schreiner and Schwerk, 2011; Schreiner egccasional manual sampling (in order to complete the species

al., 2011). The basic aim of this paper is to analyze the im-inventory), and determined to the species. In 2009 only, an
pact of the diferent habitat types and age of the forest standsmals were determined to their sexes in order to study chang
on myriapod assemblages. We predict a dominant influencen activity densities between males and females. For reaso
of the habitat types. Moreover, we assume a change in thef comparability, only the ground-trapping results were fur-

le
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abundance of certain myriapod species with increasing agéner analyzed and used as the data base for our Tables and

of the forest stands. We will especially focus on the posi-Figures.
tive relationship between the age of plantations duldis-
scandinaviusiumbers brought forward by Topp et al. (1998).
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Figure 1. Indirect gradient analysis (CA): biplot of species and study sites. Complete digayamd detail of left part of the diagra(th).

Three traps were placed in each site by keeping a distance Collected Myriapoda were stored in commercial EtOH

of 5-10 m between individual traps. Boundatjeets were

70 %v/v before determination.

avoided by placing the traps at least 20 m away from the site’s Indirect gradient analysis (correspondence analysis, CA)
was carried out using the CANOCO for Windows soft-

ware package, version 4.5 (ter Braak, 1987; ter Braak and

edges (den Boer, 1977).
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50 Due to the small number of Chilopoda caught we focused
. o) on Diplopoda for further analyses: in the correspondence
g 40 o analysis (CA, Fig. 1), the first and second ordination axes
=30 SIS together explained 52.7 % of the total variance (first axis
T 20 31.5%, second axis: 21.2 %). The first axis, with the fallow-
§ % g o e ground sites located on the right-hand side clearly separated
< 10 o o from the forest stands, indicates an important influence of the
0 & QO(? o 0 habitat type on the dominance of certain diplopod species.
hd ' ' ' ' E.g.Cylindroiulus caeruleocinctudVood, 1864), which was
0 50 100 150 200 found on open land only, is located on the far right-hand side

of the diagram, whered&s. punctatugLeach, 1815) andl-
lajulus nitidus(Verhodt, 1891), which were hardly found on
Figure 2. Relationship between age of the beech stands and numOPen land, are located on the left-hand side. The second ar-
ber of J. scandinaviusndividuals (combined 2009 and 2010)= dination axis, however, shows recognizable separation with
0.949,p < 0.001. regard to the stage of succession, with the youngest beech
stand and the coniferous stands located in the top part of
the diagram. AccordinghyA. nitidus which was not found in
Smilauer, 2002), to describe patterns of faunal change and tgoniferous forests, is located on the bottom of the diagran
get information about determining factors. Detrended correC, punctatuson the top.Julus scandinaviug_atzel, 1884) ,
spondence analysis (DCA) was performed in advance to seknown for its dfinity to aged plantations, appears in a central
lect the appropriate statistical model (ter Braak and Prenticeposition along the second axis.
1988). Hence, CA was done using scaling on inter-sample As is depicted in Table 2 there was no obvious trend in
distances and Hill's scaling. Dominance values of all diplo- most of Diplopoda species over the run of beech succes
pod species on our study sites were used. Species data wesgn in 2009 and 2010, respectively. However, with regard
not transformed. None of the species or samples was delete@ J. scandinaviusmumbers a significant increase was ob-
or weighted. Biplots on species and samples were creategerved while forest stands grew older (2010 data0.775,
under species-weight-range adjustment in a way to leave 1¢ < 0.01). This relationship was even more pronounced when
species with the largest impact on the results for display (telcombining both years of observation= 0.949, p < 0.001,
Braak andSmilauer, 2002). Fig. 2). Results were confirmed by looking at the domi-
Possible correlations between selected parameters (nunrance of). scandinaviusn beech stands in 2010 £ 0.656,
ber of individuals, maléemale ratio) and age of the stands p < 0.05) as well as 2009 and 2010 combined=(0.932,
were tested using the Spearman rank correlatiorfficent p < 0.001, data not shown).
(Sachs, 1984) as calculated using the SPSS 9.0 software |n analogy to Table 2, Table 3 shows the situation in conif-
package. Diplopod-sex distribution between forest types wagrous forests (Douglas fir, spruce) and on fallow ground.

Age (Years)

analyzed employing the? test (Sachs, 1984). Here, no clear trend was recognized with regard ftecént
stages of succession, this includes the datd.@tandinav-
3 Results ius.

Finally, when analyzing the sex distribution of millipedes

A total of 5224 Myriapoda (5076 Diplopoda and 148 in 2009 (data not shown) we detected a significafiedénce
Chilopoda) were found in pitfall traps in beech (14 sites) andbetween fallow ground and coniferous forests with regard
coniferous forest stands (5 sites) as well as on fallow groundo sex dominancey€ test: p < 0.01). In coniferous forests
(2 sites) in 2009 and 2010 (Table 1a—d). The numbers of in-more male than female animals were trapped while female
dividuals collected on some study sitesteted from occa- dominated over males on open land. In our deciduous site
sional vandalism (e.g. 2009: site B9; 2010: sites B6 and F1)beech), however, findings were equivocal.
or loss of traps (as indicated in Table 1). In addition, 41 ani-
mals (32 Diplopoda, 9 Chilopoda) were caught manually on
site B10 in autumn 2009. Except for one chilopod species4 Discussion
(Geophilus electricydinnaeus, 1758) all hand-caught myr-
iapod species also occurred in ground traps. Since we did not follow succession in several forest stands

Generally, catching results approximately doubled in 2010over a long time but usedftiérent stands of variable age over
as compared to 2009 while Diplopoda were caught fara 2-yr observation period, we had to check for site compara
more frequently than Chilopoda in every site and year (Ta-bility beforehand. Although we could not trace all geological
ble 1a—d). Strong fluctuation of individual counts occurred or botanical prerequisites in great detail — some sites wer
between the sites (no overall trend, large standard deviationslso frequently used for recreational purposes in our densely
data not shown). populated area — all our forest sites at least had, next to the

[

0]
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Table 2. Number of Diplopoda individuals by species in beech habitats (B sites);2000.

No. Species Sites
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14

1 Glomeris marginata 26/56 35 66263 2433 2840 §23 314 1824 917 1y127 5473 5024 -8 6/38
Villers (1789)

2 Proteroiulus fuscus —— —— —— —— —— —— —— —— —— —— —— —— —— -1
Am Stein (1857)

3 Allajulus nitidus 2/~ - - - - - 6— —7 - - 369 13 - 31
Verhodf (1891)

4 Cylindroiulus britannicus —— —— 74 —— —— —— —— —— —— —— —— —— —— ——
Verhodf (1891)

5 C. caeruleocinctus —— —— —— —— —— 11 —— - —/- —— —— —— —— -1
Wood (1864)

6 C. punctatus 1/8 24 87114 1 15 -1 -8 -9 36 -2 -3 -1 - 1549
Leach (1815)

7 Julus scandinavius 217 4- 145 1313 3 2/10 16 1512 515 2819 2728 1029 3644 327
Latzel (1884)

8 Megaphyllum projectum 40/135 2- - 2940 Y- 2554 54106 24105 1375 1047 6689 5559 1228 195134
Verhodf (1894)

9 Ophyiulus pilosus 3/8 - -10 62 - 42 - 310 Y11 -6 23/15 v4 44 -3
Newport (1842)

10  Tachypodoiulus niger 21/58 - -13 120 —4— 2321 1516 423 214 1034 1515 133 710 1722
Leach (1814)

11 Unciger foetidus —— —— —— —— —— —— —— —— —— -2 —— —— —— ——
C. L. Koch (1838)

12  Craspedosoma rawlinsi —/1 —— - —— —— —— —— —— -1 11 4/— 3- - -3
Leach (1815)

13 Chordeuma sylvestre —— —— -1 —— —— —— 1/- —— -1 -2 4— 2/— —— 1/-
C. L. Koch (1847)

14  Orthochordeumella pallida 3/- -1 —— 2/— —— -1 —— 13 1/6 -6 -2 43 3- —/11
Rothentiihler (1899)

15  Polydesmus angustus 114 - 38 171 71 - 1/10 47 33 35 2024 g4 711 125
Latzel (1884)

16 P. denticulatus 1/—- —— —— —— 1/- —— -2 - —— 12 3- —4 —— —12
C. L. Koch (1847)

17 P.testaceus - - - - - - - - -1 - - - - -
C. L. Koch (1847)
Undet. Julidae + 2 3- -- -- -- -- - -- - -- - - --
Total 100297 1312 180418 77111 3949 62113 87162 73200 35151 64253 250258 147134 70105 61327

loam-based soil composition, a common history of forestryare also the most important factor influencing the formation
and a similar size distribution in selected carabid specie®f diplopod assemblages. In contrast to the situation in cara-
(Schreiner and Schwerk, 2011; Schreiner et al., 2011). bid beetles on the same study sites (A. Schreiner, unpub-
The fact that our catching results more than doubled fromlished data), the habitat type has even a greater impact on
2009 to 2010 may be attributed to various (yet unexam-diplopod variance than the successional stage of the habitat.
ined) beneficial factorsfiective over the previous years of  Our significant result concerningulus scandinavius
hemimetabolous development. It may also be due to the rainyLatzel, 1884) as a bioindicator of deciduous-forest suc-
2010 summer that possibly led to increased Myriapoda accession confirms findings of Topp et al. (1998), who men-
tivity on the ground. According to our view, it had no rel- tioned already in 1998 that, after planting measures on post-
evant influence on the test statistics. The very low numbeiindustrial soil, a tendency of increasing individual counts was
of centipedes caught may be connected to the artificial for-observed ford. scandinaviuonly. J. scandinaviuglso re-
est structure usually found in commercial forests as Balken-acted positively to introducing forest topsoil (Topp et al.,
hol et al. (2006) observed the absence of stenotopic forest998). According to our data depicted in Fig. 2, however, itis
Chilopoda in stands on recultivated soil. When supplementimpossible to judge on the underlying mathematical function
ing our pitfall-trapping results by occasional manual catchesby which J. scandinaviusnultiplies in ageing forests. Cor-
(which should be intensified and standardized in further stud+esponding to the situation in carabid beetles (Schreiner and
ies) we were able to detect one individual@&ophilus elec-  Schwerk, 2012) and many other biological models (Turchin,
tricus (Linnaeus, 1758) in a 78-yr-old beech stand, which 2003) one could suggest that the underlying curve follows a
was a rare event for North Rhine-Westphalian forests. logistic growth function, but a positive linear relationship be-
In the group of Diplopoda, as was expected, we trappedween the age of beech stands and numbek standinav-
mostly eurytopic forest species. The habitat-type preferencesis individuals seems just as well possible when, e.g. sug-
observed for some species not only match the literature datgesting a positive correlation between diplopod numbers and
very well (Spelda, 1999; Hauser and Vodibler, 2009), they the amount of available carbon. Scheu and Schulz (1998)

Web Ecol., 12, 9-17, 2012 www.web-ecol.net/12/9/2012/
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Table 3. Number of Diplopoda individuals by species in coniferous forest habitats (D and S sites) and on fallow ground (F sitg€)12009

No. Species Sites
D1 D2 D3 D4 S1 F1 F2

1 Glomeris marginata 2720 7/140 1633 1418 317 8354 -
Villers (1789)

2 Allajulus nitidus =*/-* /- —/— —— —— 3- ——
Verhodf (1891)

3 Cylindroiulus britannicus — = —/- —/— —— —/— -1 ——
Verhodf (1891)

4 C. caeruleocinctus — = —* - —— —— —— 7220 56207
Wood (1864)

5 C. punctatus /1 17/8 —- —4 4/6 2/2 ——
Leach (1815)

6 Julus scandinavius 514  20°/30 11 2020 914 36 ——
Latzel (1884)

7 Megaphyllum projectum -1 — /- —— -2 7/12 —— 31/95
Verhodt (1894)

8 Ommatoiulus sabulosus — = —*/— —— —— —— —— -1
Linnaeus (1758)

9 Ophyiulus pilosus 2¢/1* /1 1/- 1/~ 1/- 125 —/18
Newport (1842)

10  Tachypodoiulus niger — = —* /- S —12 53 —— -2
Leach (1814)

11  Orthochordeumella pallida — = /1 —1 —- 3- —— ——
Rothentiihler (1899)

12 Polydesmus angustus -4 7/13 34 1/~ 112 2/9 ——
Latzel (1884)

13 P. denticulatus N —/3 —— —— —— —— ——
C. L. Koch (1847)
Undet. Julidae o —* - —— —— —— 7/- ——
Total 9/42 357196 2649 3656 3364 18497 87323

* 1 of 3 traps lost.

eluded to a formation ofcarbon-rich topsoil in later suc- (e.g. Fournier and Loreau, 2001, 2002; Szyszko et al., 2004).

cessional stagésand pointed out a suspected accumulation These changes may even be sex-specific (Szyszko et 3
of soil carbon due to thedtcurrence of woody debris and 2004). Such changes in locomotory behavior may also occu
recalcitrant leaf litter of beech treésand conditioning by  in certain diplopods as our first results are encouraging.

earthworm species of the upper mineral soil. According to In conclusion, Myriapoda catching results in Western Ger
Szyszko et al. (2003), the increase of carbon content in thenan forests on loam soil increased markedly from 2009 t
mineral soil of ageing forests may well be linear. However, 2010 while Diplopoda were caught far more frequently thar

more data (more sites or a prolonged observation period) ar€hilopoda. Generally, the habitat type had a greater impac¢

necessary to elucidate the complex interdependencies of ceon the species variance than the stage of succession. A

tain diplopods and soil quality in deciduous-forest ecosys-though strong fluctuation of abundance of many species o¢

tems. This includes the study of sex-specific features of dif-curred between the sitedulus scandinaviuglLatzel, 1884)
ferent habitat types. In this respect, however, it iiclilt may be a good candidate for a bioindicator of deciduous
to evaluate myriapod-sex data pooled frofietient species, forest succession. More data are needed to confirm and au
because some species are — also a result of this work — highlgnent these results.

habitat-type-specific. Larger numbers of individuals of se-

lected species will be required for proper statistics. _

Pitfall traps may be biased with respect to displaying Acknowledgements. The authprs wish to .thank M. Foellmer,
male-to-female ratios of arthropods. Changes of activity pat->- S2YSZko, and a second reviewer for their valuable comment
terns (as observed by filirent proportions of males and Whl_ch significantly improved the quality of '['hIS paper. Communi-
females in pitfall traps) in relation to the feeding state cation No. 385 of the Laboratory of Evaluation and Assessment o

. : ) 4 Natural Resources, Warsaw University of Life Sciences — SGGW.
have been previously shown forfidirent carabid species
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