Acta Soc. Zool. Bohem. 74: 75-83, 2010
ISSN 1211-376X

Effect of flood and drought on epedaphic communities of springtails
(Collembola) in floodplain forests in south-western Germany

Michael Thomas Marx", Anna-Katharina WiLp? and Gerhard EisengEis®)

Institute of Zoology, Department of Soil Zoology and Ecology, Johannes Gutenberg University Mainz,
Becherweg 13, D-55128 Mainz, Germany;
e-mail: " marxmI@students.uni-mainz.de; 2 annawild@students.uni-mainz.de; * geisenbe@uni-mainz.de

Received 10 August 2009; accepted 26 November 2010
Published 20 December 2010

Abstract. Between 2000 and 2005 the epedaphic collembolan community on different islands and in different
riverbank habitats of the nature protection area “Inselrhein near Mainz”, Germany, were investigated. Altogether
53,915 individuals belonging to 11 families and 43 species were caught using pitfall traps. In contrast to the periodic
flooding in spring 2001 and 2002 the extremely dry and hot summer of 2003 caused an immediate decrease in
the number of species and average numbers of individuals. The mesophilic and more xerotolerant species, like
Pogonognathellus flavescens (Tullberg, 1871), Orchesella cincta (Linnaeus, 1758) and Orchesella villosa (Geoffroy,
1762), showed a rapid recovery. These species are better adapted to drought conditions and in the absence of the
other species rapidly increased in abundance. The species composition of the communities on the islands and
riverbanks were clearly different before the extreme drought in 2003. After this event the communities were very
similar. Compared to the effects of periodic spring floods the extreme summer drought in 2003 had a greater and
longer lasting effect on the whole collembolan community.

Key words. Soil zoology, ecology, long-term drought, periodic flooding, recovery time, Collembola, Germany,
Palaearctic Region.

INTRODUCTION

Floodplains are amongst the most diverse terrestrial habitats as the changing moisture conditions
result in a wide variety of ecological niches. The nature protection area “Inselrhein near Mainz”
includes some islands and riverbanks with fragmented softwood and hardwood floodplain forests
and is categorized as an environmental zone that is very vulnerable to climate change. This region,
where the highest temperatures are currently recorded in Germany, is expected to show the strongest
warming in the future (Schroter et al. 2005). It is also predicted that there will be an increase in
the incidence of extreme droughts and aperiodic flooding in Middle Europe during the vegetation
period in summer (Christensen & Christensen 2002, Schér et al. 2004, Gerstengarbe & Werner
2005, Jentsch et al. 2009). It is likely that a increase in periods of severe drought could result in
a loss of the natural character of the remaining floodplain forest sites in this region. Therefore, the
effects of the extreme hot and dry summer of 2003 upon the epedaphic collembolan community
in different floodplain forests in the area of reserve were measured. June and August of summer
2003 were characterised by long-lasting high-pressure weather conditions. Consequently there
were a greater number of hours of sunshine and greatly reduced amount of rainfall that year. In
Germany this summer was the sunniest since 1951 and fifth driest since 1901.

Collembola are a key group, because they have a very flexible reaction to disturbances (Russell
et al. 2002). Some details of how Collembola respond to inundation in European riparian habitats
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are reported by Rusek (1984), Deharveng & Lek (1995), Carnogursky (1998), Sterzynska & Ehrns-
berger (1999), Russell et al. (2004) and Russell & Griegel (2006). In addition, some studies record
the influence of altered precipitation and drought on collembolan communities (Alvarez et al.
1999, Pflug & Wolters 2001, Lindberg & Bengtsson 2005), but little is known about the effects
of a severe drought on the collembolan community in floodplain forests.

MATERIAL AND METHODS

The study area “Inselrhein near Mainz” is part of the Northern Upper Rhine rift and a nature protection area, number
6013-401 (EU directive NATURA 2000). The climate in this region is described as warm and relatively dry (average tem-
perature 10 °C; average precipitation about 500 mm). Altogether 11 study sites (5 islands and 6 riverbanks) were sampled
in order to evaluate the effects of floods or droughts (Fig. 1). Most of them have not been managed for at least 40 years
and are subjected to flooding when the river Rhine occasionally floods from late autumn to spring. The sites are covered
with softwood (Salicetum albae and Salicetum albae cornetosum with Populus * canadensis) and hardwood (Querco
Ulmetum and Carici Tilietum) floodplain forests (Table 1). In the vegetation period from May to October, between 2000
and 2005 pitfall traps were used (@ funnel: 8 cm; @ inner hole: 3 cm) to catch different invertebrate groups. The killing
agent was formalin (2-4%) in 2000 and 2001 and ethanol (80%) in the following four years. Pitfall traps were replaced
every two weeks and arthropods present in the traps were sorted in the laboratory under a stereo-microscope at up to 40x
magnification. Collembola were determined to species using a phase-contrast microscope (Leica Microscope DML) at
up to 1000x magnification. Because of the different numbers of traps and sample periods (due to floods and droughts

Fig. 1. Position of the different study sites in the nature protection area “Inselrhein near Mainz” in south-western Ger-
many. | — Riidesheimer Aue, 2 — [lmenaue, 3 — Fulder Aue West, 4 — Fulder Aue Ost, 5 — Winkeler Aue, 6 — Gaulsheim,
7 — Geisenheim, 8 — Ingelheim Ufer, 9 — Ingelheim Grof3e Heide, 10 — Erbach, 11 — Mombach.
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Table 1. Sampling period in days and number of pitfall traps used each year (vegetation period). Shorter sampling periods
are due to flood* and drought** events. Abbreviations: softwood floodplain (sf), hardwood floodplain (hf)

sites abbr. sampling period (days) / number of pitfall traps

2000 2001 2002 2003 2004 2005
isles
Fulder Aue West FuW / sf 114*/5 169/3 169/4 85%* /3 135/3 169/3
Fulder Aue Ost FuO / hf 114%/ 5 169 /3 169 /4 85%* /3 135/3 169/3
Winkeler Aue WA / sf 114*/5 169/3 169/4 85%* /3 135/3 169/3
Tlmenaue Ilm / sf - - 169 /4 - - -
Riidesheimer Aue Riid / sf - - 169/4 - - -
riverbanks
Ingelheim Ufer Ing / sf 113*/5 126*/3 167 /4 85** /3 141/3 167/3
Ingelheim GroBe Heide GH / sf - 126*/3 165/4 85%* /3 141/3 167/3
Gaulsheim Gau / sf - - 165/4 85** /3 141/3 167/3
Mombach Mom / sf - - 128* /4 85%* /3 141/3 167/3
Geisenheim Gei / hf - - 169/4 - - -
Erbach Erb / hf - - 169 /4 - - -

during the vegetation period, Table 1) the average number of individuals per trap per day was calculated. Furthermore
a cluster analysis (after Ward (log transformed); Euclidian distances) of the collembolan communities was used to show
differences between islands and riverbanks over the period 2002 to 2005.

RESULTS

Over the whole sampling period 53,915 individuals belonging to 11 families and 43 species were
caught (Table 2). The spring floods in the years 2001 and 2002 resulted in a decrease in individual
numbers and slight increase in the total number of species (Fig. 2). In winter 2002/2003 the last
complete flooding of this region occurred. During the extreme summer 2003 and in the following
two years the water level of the river Rhine decreased significantly (Fig. 3).

This extreme and long-term drought had a strong effect on the collembolan community. Total
number of species and numbers of individuals decreased remarkable at all study sites compared
with preceding years. There was an especially marked decreare in the numbers of individuals
of the hygrotolerant Isotomurus palustris (Miiller, 1776), Isotomurus plumosus Bagnall, 1940
and nearly all symphypleonid species. In 2004 and 2005 the collembolan community recovered
slowly but did not reach the values recorded in the years 2000 to 2002. However, some species
like Orchesella cincta, Orchesella villosa and Pogonognathellus flavescens made a fast recovery
at nearly all the sites studied. The numbers of Isotomurus palustris also increased, but only at the
riverbank site near Ingelheim (Ing).

Figure 4 indicates there were different clusters of island and riverbank sites from 2002 to 2005.
During the vegetation period in 2002 a clear differentiation between islands and riverbank sites
is obvious, whereas in the following 3 years the communities are more similar.

DISCUSSION

The decrease in the numbers of individuals in 2001 and 2002 was caused by periodic spring flo-
ods. Because flooding is regarded as a normal event at floodplain forest sites, it is assumed that
the soil fauna at these sites is well adapted to these conditions. Collembolan communities react
to changes in habitat conditions more by an adjustment of dominance than in the appearance or
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Fig. 2. Average number of individuals of Collembola (caught per trap per day) and total number of species at the different
sites over the whole sampling period (Abbreviations see Table 1). Only sites for which there were at least four years of
results are included (Islands: black labels and solid lines; Riverbanks: white labels and dashed lines).

disappearance of species (Dunger 1968). This is confirmed by the relatively constant total number
of species from 2000 to 2002. The collembolan communities at nearly all sites studied recovered
rapidly. Especially the hygrotolerant Isofomurus, which were most abundant immediately after the
flooding in May and June, followed by more mesophilic and ubiquitous species like Orchesella
villosa, Pogonognathellus flavescens and Tomocerus vulgaris (Tullberg, 1871). The latter species
occurred most frequently in the traps later in July and August. Thus, it is likely they probably
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Water level of the river Rhine from 2000 to 2005 (water gauge: Oestrich/AWinkel)
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Fig. 3. Water level in the river Rhine (water gauge Oestrich/Winkel) from 2000 to 2005. Floods occurred in spring 2001,
2002 and winter 2002/2003. The extreme drought in 2003 resulted in a very low water level of nearly 50 cm (data are
kindly provided by Wasser- und Schifffahrtsdirektion Stidwest).

survive periodic spring floods in the egg stage. That dormant eggs are a pre-adaptation for suriving
inundation has been demonstrated for several species of Collembola (Tamm 1984, 1986, Gauer
1997, Camogursky 1998, Russell et al. 2002, 2004, Marx 2008).

Compared to periodic floods the long-term drought of 2003 had a greater negative effect on the
collembolan community. Both the numbers of individuals and species decreased markedly and the
numbers had not reached pre drought levels when the study ended in 2005. Only some mesophilic
and more xerotolerant species recovered faster. They are better adapted to survive drought condi-
tions and exploited new resources in the absence of interspecific competition. Possible adaptations
for reducing the rate of water loss are cuticle surface structures like ornamentation, scales and
dense hairs (King et al. 1990), a dormant or quiescent state (Testerink 1983) or anhydrobiotic
life stages (Massoud et al. 1968). The existence of seepage water at Ingelheim resulted in the fast
recovery of Isotomurus palustris. Because of the low lying nature of this study site it is influenced
by the groundwater table and mainly dominated by hygrotolerant species.

The extreme conditions in the summer of 2003 also had a strong effect on the community
structure on the islands and riverbanks. In 2002 the collembolan communities on the islands were
dominated by hygrotolerant species, particularly Tomocerus vulgaris. This species is widely dis-
tributed in forest litter in damp habitats. Otherwise, mesophilic species dominated at the riverbank
sites. The communities on the islands and riverbanks in the year 2002 were different, whereas
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Fig. 4. Cluster analysis (Ward method; Euclidian distances) of the collembolan communities at the different study sites
(Islands: in black; Riverbanks: in grey) from 2002 to 2005 (Abbreviations see Table 1).
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after the drought in 2003 they are more similar. This was mainly caused by the absence of the
hygrotolerant Isotomurus species in the spring and early summer months from 2003 to 2005 and
the decrease in the numbers of individuals of Tomocerus vulgaris on the islands.

Compared to the effect of periodic spring floods the long-term drought in 2003 had a greater
effect on the collembolan community in the floodplain forest studied. The collembolan commu-
nity had not recovered even two years after this extreme event. An increase in the incidence of
long-term heat-waves and aperiodic summer flooding in the future could result in a loss of many
collembolan species and a dramatic decrease in their activity and abundance.

Acknowledgements

The study was financially supported by the Centre of Environmental Research and the Feldbausch foundation of the
Johannes Guttenberg University of Mainz. The samples were kindly provided by the Department of Ecology (Prof. Dr.
A. Seitz) of the Johannes Gutenberg-University of Mainz.

REFERENCES

ALvARez T., FrRampTON G. K. & Gourson D. 1999: The effects of drought upon epigeal Collembola from arable soils.
Agricultural and Forest Entomology 1: 243-248.

CARNOGURSKY J. 1998: Influence of the simulated flood on the collembolan communities in the former seasonally flooded
Danubian forest near the Gab¢ikovo waterwork (Slovakia). Pp.: 13—18. In: PizL V. & Tajovsky K. (eds.): Soil Zoological
Problems in Central Europe. Proceedings of the 4" Central European Workshop on Soil Zoology, Ceské Budéjovice,
April 23-24, 1997. Ceské Budgjovice: Institute of Soil Biology, 283 pp.

CHRISTENSEN J. H. & CHRISTENSEN O. B. 2002: Severe summertime flooding in Europe. Nature 421: 805-806.

DEHARVENG L. & LEK S. 1995: High diversity and community permeability: the riparian Collembola (Insecta) of a Pyrenean
massif. Hydrobiologia 312: 59-74.

DunGer W. 1968: Die Entwicklung der Bodenfauna auf rekultivierten Kippen und Halden des Braunkohletagebaus.
Abhandlungen und Berichte des Naturkundemuseums Gorlitz 43: 1-256.

GAUER U. 1997: Collembola in Central Amazon inundation forests — strategies for surviving floods. Pedobiologia 41:
69-73.

GERSTENGARBE F.-W. & WERNER P. C. 2005: Das NRW-Klima im Jahr 2055. Landesanstalt fiir Okologie, Bodenordnung
und Forsten — Mitteilungen 2005(2): 15-18.

JENTSCHA., KREYLING J., BOETTCHER-TRESCHKOW J. & BEIERKUHNLEIN C. 2009: Beyond gradual warming: Extreme weather
events alter flower phenology of European grassland and heath species. Global Change Biology 15: 837-849.

KNG P E., PuGH P. J. A, Forpy M. R., LovE N. & WHEELER S. A. 1990: A comparison of some environmental adaptations
of the littoral collembolans Anuridella marina (Willem) and Anurida maritima (Guerin). Journal of Natural History
24: 673-688.

LmpBERG N. & BENGTSSON J. 2005: Population responses of oribatid mites and collembolans after drought. Applied Soil
Ecology 28: 163—174.

Marx M. T. 2008: The collembolan population of a river bank reinforcement system in front of a middle Rhine region
floodplain under influence of inundation and extreme drought. Peckiana S: 115-126.

Massoup Z. N., Pomnsot N. & Porvre C. 1968: Contribution a I’étude du comportement constructeur chez les Collemboles.
Revue d’Ecologie ét de Biologie du Sol 5: 283-286.

Pfluc A. & Worters V. 2001: Influence of drought and litter age on Collembola communities. European Journal of Soil
Biology 37: 305-308.

Rusek J. 1984: Zur Bodenfauna in drei Typen von Uberschwemmungswiesen in Siid-Mzhren. Rozpravy Ceskoslovenské
Akademie Véd, Rada Matematickych a Prirodnich Véd 94: 1-126.

RusseLL D. J. & GrieGeL A. 2006: Influence of variable inundation regimes on soil Collembola. Pedobiologia 50:
165-175.

RusseLe D. J., Schick H. & NAnric D. 2002: Reactions of soil Collembolan communities to inundation in floodplain
ecosystems of the upper Rhine Valley. Pp.: 35-70. In: BroLL G., MErRBACH W. & PrEIFFER E. M. (eds.): Wetlands in
Central Europe. Berlin: Springer Verlag, 250 pp.

RusseLL D. J., HautH A. & Fox O. 2004: Community dynamics of soil Collembola in floodplains of the upper Rhine
valley. Pedobiologia 48: 527-536.

SchAr C., VipaLE P. L., LuTHi D., Frer C., HABERLI C., LINIGER M. A. & AppeNzELLER C. 2004: The role of increasing
temperature variability in European summer heatwaves. Nature 427: 332-336.

82



ScHROTER D., ZeBiscH M. & GroTHMANN T. 2005: Climate change in Germany — vulnerability and adaptation of climate-
sensitive sectors. Klimastatusbericht des Deutschen Wetterdienstes 2005: 44-56.

STERZYNSKA M. & EHRNSBERGER R. 1999: Diversity and structure of collembolan communities in wetlands. Pp.: 325-334.
In: Tasovsky K. & PizL V. (eds.): Soil Zoology in Central Europe. Proceedings of the 5" Central European Workshop
on Soil Zoology, Ceské Budéjovice, Czech Republic, April 27-30, 1999. Ceské Bud&jovice: Institute of Soil Biology,
377 pp.

Tamm J. C. 1984: Surviving long submergence in the egg stage — a successful strategy of terrestrial arthropods living on
floodplains (Collembola, Acari, Diptera). Oecologia 61: 417—419.

Tamm J. C. 1986: Temperature-controlled under-water egg dormancy and post-flood hatching in Isotoma viridis
(Collembola) as forms of adaptation to annual long-term flooding. Oecologia 68: 241-245.

TesTerINK G. J. 1983: Metabolic adaptations to seasonal changes in humidity and temperature in litter-inhabiting
Collembola. Oikos 40: 234-240.

&3



