The importance of gradual changes and landscape heter ogeneity for animal diversity in
mirerestoration management

W.C.E.P. Verberk, G.A. van Duinen, & H. Esselink

Bargerveen Foundation / Department of Animal Ecgl@nd Ecophysiology, Radboud
University Nijmegen, P.O. Box 9010, NL-6500 GL Negen, The Netherlands

E-mail: w.verberk@science.ru.nl, g.vanduinen@saemicnl, h.esselink@science.ru.nl

Abstract

Raised bog restoration measures focus on restoonditions forSphagnum growth, which is

a necessary prerequisite for the restoration afethibog ecosystems. Therefore, current
restoration plans frequently involve the constctof dams, intended to retain rain water
and decrease fluctuations in the water table.

To assess the effects of restoration measures watiagnvertebrates, a comparative study
was carried out between rewetted and non-rewe#isgéd bog remnants in the Netherlands
and Estonian intact raised bogs as a referencs.stiny showed that degraded bog remnants
may still harbour relic populations of rare and releteristic aquatic macroinvertebrates. The
comparative study indicated that large scale remgetimeasures may jeopardize the
persistence of these relic populations, by caugihgapid changes (shock effects) species are
unable to cope with, and (8)milar changes over a large scale leading to a lossradtiaa
between patches (loss of heterogeneity) and coesdguo a loss of species.

As recolonisation may be low, especially for tharetcteristic species, emphasis must be put
on the conservation of existing nature values. é&tasbn measures should therefore aim at
both a gradual improvement of growth conditions fofhagnum and increasing the
heterogeneity of the landscape. The study in intacded bogs in Estonia show that
minerotrophic transitions harbour many characteristpecies. Because influence of
calcareous groundwater can also stimufgdieagnum growth, these goals can be reconciled
when measures aim at improving the regional hydmpldhis requires more attention to the
landscape scale in bog restoration projects.

Relic populationsin degraded bogs

Raised bogs are threatened ecosystems, especiallyestern Europe (Joosten & Clarke
2002) and temperate North America (Poulin & Pellé&2001), due to drainage, afforestation,
peat extraction and increased atmospheric nitratgposition. AsSphagnum growth is a
necessary prerequisite for the restoration of dalseg ecosystems, restoration measures in
degraded bogs focus on creating suitable hydradbgionditions for re-colonisation and
growth of Sohagnum by blocking drainage ditches and building dameetain rain water and
decrease fluctuations of the water table (e.g.,hRfmt et al. 2003, Smolder®t al. 2003,
Vasanderet al. 2003). Recovery of characteristic fauna is oftessuaned to follow
automatically in course of time. Although animasd especially invertebrates, make up an
important part of the total species diversity, tigkly little attention has been paid to how
restoration measures affect the fauna (Longcor&,2@a8n Duineret al. 2003, Desrochers &
Van Duinen 2006, Van Kleet al. 2006).

To study whether raised bog restoration measutesbiltate fauna diversity, we studied the
aquatic invertebrate assemblages in degraded bogargs in the Netherlands. Study sites
were divided in two groups: (1) sites in bog rentaahat where rewetted 1 to 29 years ago
(rewetted sites) and (2) sites in non-rewetted Buiog remnants (remnant sites). These
remnant sites were water bodies in bog remnantshihd not been subject to large-scale
restoration measures, but remained after endingdimer use of bogs before 1950, e.g.
abandoned water-filled hand peat cuttings and kemaused in buckwheat culture. The



comparison between the rewetted and non-rewettedhsites showed that the cumulative
species richness was lower at rewetted sites thaorarewetted sites, both for characteristic
species and total species richness (Figure 1; ViaineD et al. 2003). This indicates that
degraded bog remnants, with little or no botanwaue, can still harbour many animal
species, including characteristic and rare species.

Effects of rewetting measures

Since most restoration projects do not include aitoang programme for invertebrates, their
effect on the fauna, whether positive or negatvegeénerally unknown. Our comparative
study between the rewetted and remnant (non-retettees showed considerable differences
in the macroinvertebrate species assemblage (FR)ui®urface water quality and vegetation
composition could not explain the observed diffeemn in aquatic macroinvertebrate
assemblages between these two groups (Van Detredn2003). In addition, the variation in
species composition between sites (Beta diversitgs much lower in rewetted sites,
suggesting that rewetting measures have a homaggm#fect.

This comparative research provides a strong inidicahat there may be risks involved in the
restoration of remnants where rare and charadtespecies are still present. This indication
was confirmed in a study were aquatic invertebrate® studied in theame area before and
after measures took effect (Verbestkal. 2006a). These risks are twofold: ¢Bpid changes
causing a disturbance (shock effects) species taope with, and (23imilar changes over a
large scale leading to a loss of variation betwgatches (loss of heterogeneity) and
consequently to a loss of species. In a subseciedy, we showed habitat heterogeneity to
be a driver of bog biodiversity (Verber& al. 2006b). These risks are enhanced for
characteristic species as they generally occueeithlow densities, or very locally, or both
(thus contributing to the need to take restorati@asures) and because characteristic species
usually depend on specific patches.

Recolonisation

In order to inhabit restored areas, species elthee to persist in the area during the process
of degradation and restoration, or they have tmlogtse the restored area from source
populations. Mazerollest al. (2006) concluded that some aquatic invertebratecispe
including bog-associated species, readily colomaa-made bog pools created in a Canadian
raised bog that had been mined for peat and wheraquatic invertebrates could have
persisted. This conclusion is apparently validagile aquatic beetle species of the genera
Acilius, Colymbetes, Dytiscus and others found in the man-made bog pools in €anlaut
probably not for more sedentary aquatic invertagsatsuch as smaller water beetles,
caddisflies, damselflies and aquatic oligochaé¥es (Duinenet al. 2007).

Aquatic macroinvertebrate species which are chariagtt for raised bogs usually have slow
growth and high tolerances to drought and acidbye to their high tolerance they have been
able to persist in the degraded bog remnants byiveng the slow process of degradation.
However, many of these bog characteristic specimgep to be unable to cope with rewetting
of the sites, most likely because the processwétteng is much more rapid, large scaled and
lowers habitat diversity.

Recolonisation is thought to be low, as many cHharatic species are incapable or not
inclined to disperse over long distances. For exangome beetles have reduced flight
muscles or non-functional wings, having establistineit current distribution in historic times
when more marshland existed (Jackson 1955). Thandis between remaining bog habitats
has increased. This may have reduced colonisaies of bog-associated macroinvertebrates
even further. In our comparative study, many rar@ eharacteristic species were still absent
in rewetted sites after 30 years, even though sogwpulations were present nearby,



sometimes even in the same bog remnant. This maytiieuted to the above mentioned low
dispersal capacity of characteristic species, mrenalarming- to an incomplete restoration of
the conditions needed by these species.

In contrast to aquatic macroinvertebrates, spegssemblage and species richness of micro-
crustaceans and rotifers (including bog-associafesgties) did not differ between rewetted
and non-rewetted sites in Dutch bog remnants (Eigdir Van Duinenet al. 2006). As
microinvertebrates have a less complex lifecydleytmay have less strict demands on their
environment (regarding e.g. vegetation structur@nlmnation of habitat elements). In
addition, high (passive) dispersal rate of micrastaceans and rotifers (easy dispersal by
wind and animal vectors; Caceres & Soluk 2002, @o&eShurin 2003), may explain this
difference in the response of macroinvertebratesnaigroinvertebrates.

Importance of landscape heter ogeneity

Intact bog landscapes have a high landscape hetezitg with transitional mire and lagg
zones (Wheeler & Proctor 2000, Schouten 2002). Eviémn the raised bog centre, there is
much variation between bog pools in terms of sim @epth, vegetation structure, water flow
and nutrient availability (Smitet al. 2002). Our study on aquatic macroinvertebratethén
Estonian raised bog system Nigula showed that tb#t¥ences, both within the landscape
and within the raised bog centre, were exploitedH®y species present. Characteristic bog
species did not occur just anywhere in the bog, dhawed distinct distribution patterns.
Certain characteristic species preferred locatianth either lower or higher nutrient
concentrations (Smitgt al. 2002). Minerotrophic, hydrologically stable trarmmns supported
many characteristic species (Figure 4). A study Dutch degraded bog remnant showed that
several characteristic species selectively repredum temporary pools and others in
permanent pools (Van Duineh al. 2004). Even though the average number of spe@es p
water body was lower in Estonia than in the Dutdyg wemnants, the Estonian species
accumulation curve was more steep than the cunveefeetted sites, indicating a higher
diversity (heterogeneity) in intact raised bog syt (Van Duinemt al. 2002).

Implicationsfor conservation and restoration

The conservation of aquatic macroinvertebratesires|that a temporary or permanent loss of
water types or rapid shifts in the spatial confajion is avoided (as was also emphasised by
Van Duinenet al. 2003). In nature reserves of high ecological vakefirst priority of
restoration management is the conservation of pajulations of characteristic species and
the landscape heterogeneity. A second priority he strengthening of the landscape
heterogeneity by improving the quality of the vasgoparts of the landscape (raised bog
centre, lagg zone, transitional mire) and theingrgons. Improving growing conditions for
Sphagnum species is but a single goal, albeit importantttuslong term for restoring the
acrotelm layer and thereby the internal hydrolo@y theshort term, conservation of the
present nature values and improving their situaiomportant, which is further emphasized
by the low recolonisation observed. Because infleeof calcareous groundwater can also
stimulate Sphagnum growth (Lamerset al. 1999), these goals can be reconciled when
measures aim at improving the regional hydrolodyese management goals can by achieved
by taking measures outside the reserve, for exaregigcing drainage (filling in ditches) and
increasing infiltration (by logging trees). Shoimdernal measures still be necessary, changes
resulting from restoration measures should be sémd reversible, allowing species to
gradually redistribute in response to the changeas Quinenet al. 2004). In addition, phased
implementation of the measures, changing only smpalts at a time may allow local
populations to recover from disturbance or recaderfrom adjacent unchanged locations. In
conclusion, restoration measures should therefionead agradual improvement of growth



conditions forSphagnum and increasing the heterogeneity of the landsc@pis requires
more attention to the landscape scale in bog r@sborprojects.

Tailor-made designs

Bog remnants differ in their geomorphological sgftfiremnant area, peat extraction history,
and therefore require tailor-made designs. Whatllmes inventories are necessary to assess
the present species diversity, key processes isystam functioning and factors limiting
perspectives for restoration? How can informatiamf the different disciplines (hydrology,
biogeochemistry, vegetation and animal ecology)nibegrated for a specific project area to
arrive at the optimal restoration strategy? How gamitoring and interpreting the response
of the species to restoration measures be usedtesl @0 determine the ‘fine-tuning’ of
measures? In the framework of the LIFE Nature Cgapect “Dissemination of ecological
knowledge and practical experiences for sound phgnand management in raised bogs and
sea dunes” two workshops were organised to fatlitsternational exchange of expertise to
help optimising nature conservation and restorati@asures. Based on common sense and
experience the PROMME-approach was adopted by dnigcipants of the workshops as a
useful framework for the set-up of restoration potg. PROMME is meant to check for
pitfalls in the restoration process. This decisgupport system is freely available on the
website of the LIFE Co-op projecttww.barger.science.ru.nl/lifand further described and
illustrated by Brouweet al. (2005).
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Figure 1. Cumulative species richness curves fospdcies and for characteristic species of
macroinvertebrates in rewetted and remnant (noetted) sites in Dutch bog reserves. The
curves are composed of averages of 250 random cfottie sampling sites (Modified from:
Van Duinenet al. 2003).
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Figure 2. Correspondence Analysis plot of sampéitgs based on presence/absence data of
macroinvertebrate species. Significant environmevdaables of surface water quality and
vegetation are shown as lines. Filled circles regme rewetted sites and open squares
represent (non-rewetted) remnant sites in Dutchrbsgrves (From: Van Duinehal. 2003).
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Figure 3. Cumulative species richness cur¢estandard deviation) for all species and for
characteristic microinvertebrate species sampleewetted and remnant sites in Dutch bog
reserves. The curves are composed of averagesOofa2illom sorts of the sampling sites
(From: Van Duineret al. 2006).

Figure 4. Female of the Northern emerafdnatochlora arctica) just after ecdysis. For its
larval development, which can take up to 5 yednis, $pecies typically selects very shallow
puddles, with a slight water flow, resulting in @& moisture conditions. Adults prefer open
areas surrounded by trees. These reproduction svaterusually situated at the edges of the
bog centre within transitional mires (Photo: W.®@.EVerberk).



