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5 Peatland Fauna

ANDRE DESROCHERS and GERT-JAN VAN DUINEN

5.1 Introduction

Peatlands (especially bogs) are among the last large undisturbed ecosys-
tems in the world, and are home to substantial numbers of animals; how-
ever, bogs have almost completely disappeared from certain areas in west-
ern Europe (Joosten and Clarke 2002) and temperate North America
(Poulin and Pellerin 2001) and basic information on the fauna of bogs is
often lacking. The first descriptions of the invertebrate fauna of European
peatlands were compiled in the first decades of the twentieth century
(Dampf 1924a, b; Harnisch 1925; Goffart 1928; Peus 1932). From the point
of view of vertebrate animals, peatlands remain one of the least studied
terrestrial habitats. Perhaps one of the reasons for the modest interest in
the vertebrate fauna of peatlands is that no vertebrate species is known to
occur only in peatlands, even though certain species are found mostly on
peatlands (see later). In contrast, a large number of invertebrate species
have been reported almost exclusively from peatlands, at least in the
southern part of the distribution area of these species (Dampf 1924a, b;
Harnisch 1925; Goffart 1928; Peus 1932; Petersen 1954; Krogerus 1960;
Spitzer and Jaro_ 1993). Among vertebrates, birds have been well studied
in Fennoscandinavian peatlands since Hakala (1971), and more recently
in eastern Canada (Calmé et al. 2002, and references therein). Peatland
mammals and other vertebrates have been less well studied.

Peatlands cover vast areas of the northern regions, but they are also
found to a lesser extent in populated, southern regions. Peatlands are thus
an increasingly fragmented and distinct habitat as one goes from north to
south and toward populated areas (Fig. 5.1). Not only do boreal peatlands
change in size and isolation in north-south gradients, but they also
change in character (Moore and Bellamy 1974; Pakarinen 1995) and may
differ in terms of predator-prey relationships (Berg et al. 1992). For exam-
ple, pools are less frequent in southern peatlands than in more northern
ones, at least in eastern North America (Couillard and Grondin 1986).
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Fig.5.1. Boreal peatlands are fragmented habitats in the southern end of their distri-
bution. An example from southern Quebec, Canada

Besides purely latitudinal and climatic effects (Jarvinen et al. 1987), the
study of peatland fauna must take into account this fragmentation gradi-
ent, whereby peatlands form the main matrix of entire landscapes to a set
of small, isolated pockets toward the south. Furthermore, the extent of
degradation of peatlands due to human activities (drainage, agriculture,
forestry, peat extraction, and atmospheric pollution) increases from north
to south (Poulin and Pellerin 2001).

In this chapter, we review diversity and distribution patterns of peat-
land fauna, concentrating on Sphagnum-dominated raised bogs. Although
there are reports on the wildlife of peatlands in most of the Holarctic
region, the focus of this chapter will be northwestern Europe and North
America, where our research on peatlands has been conducted. Our focus
is birds and aquatic invertebrates — a reflection of our research interests,
but partly also of the scientific literature on peatland wildlife. We review
both recent and early literature on invertebrates and vertebrates, with an
emphasis on conservation. More specifically, we present an overview of
species diversity, followed by a more detailed discussion of distribution
patterns of particular species or groups in relation to environmental key
factors. We close with a presentation of conservation and restoration
issues specific to peatland fauna.
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5.2 Not One, but Many Wildlife Habitats

Bogs are often regarded as species-poor relative to other habitats, in
regard to both vertebrates and invertebrates, either in Europe (Harnisch
1925; Peus 1932; Bolscher 1988) or in North America (Desrochers 2001;
Mazerolle et al. 2001). Because of their acidity, extremely low nutrient
availability, and wetness, bogs are generally regarded as hostile habitats
for many species and some complete taxonomic groups. Chemical defi-
ciencies almost entirely exclude, for example, lumbricid worms, isopods,
and snails from acidic bogs (Harnisch 1925; Peus 1932; Speight and Black-
ith 1983), and low nutrient availability may exclude animal species that
have high nutrient demands. Those claims of species poorness may be
correct for several taxonomic and functional groups of animals or when
these peatlands are compared with heterogeneous upland habitats such as
mixed forests. However, the variation in wetness (from open water to rela-
tively dry) and the structural diversity of bog vegetation sometimes
makes them more diverse than surrounding habitats (Peus 1932; Stock-
well 1994; Schikora 2002a).

While peatlands are often easy to distinguish and delimit from other
landscape units, their internal diversity is great and provides a wealth of
habitats for a large number of animal species. For example, different bird
assemblages are found depending on the amount of forest cover (Kouki et
al. 1992), and large open areas of peatlands are typically home to water
birds, pipits, and some sparrows, while more generalist species are
encountered along peatland edges. Furthermore, factors such as the nutri-
ent availability and acidity - fens vs. bogs (Smits et al. 2002), presence of
pools (Poulin et al. 1999), and soil drainage (Mazerolle et al. 2001) have
marked effects on amphibians, reptiles, birds, and arthropods alike. On a
smaller scale, arthropod communities differ considerably between dry
hummocks and wet hollows in raised bogs (Géttlich 1980) or even on a
smaller scale in the case of, for example,, testate amoebae (Mitchell et al.
2000a, b). This internal diversity of bogs, as well as gradients to the sur-
rounding landscape, provides a suitable environment for species that need
different sites to complete their lifecycle, such as carabid beetles inhabit-
ing the open bog plateau, which stay in the top of dry hummocks in win-
ter and in damp Sphagnum lawns in summer (Frambs 1994), and golden
plover (Pluvialis apricaria) and black grouse (Tetrao tetrix) breeding in
the central raised bog, but foraging in the more nutrient-rich edges of the
bog landscape (Niewold 1993, 1996; Heckenroth 1994).

As with other systems, the diversity of microhabitats in a peatland gen-
erally increases with its size. This pattern was well illustrated in eastern
North America (Fig. 5.2). Because of this, larger peatlands will tend to be
more species-rich, as reported in Fennoscandinavia (Hakala 1971; Nilsson
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Fig. 5.2. Large eastern North American bogs have more microhabitats (number of
biotopes) than smaller ones (adapted from Calmé and Desrochers 2000)

1986), Maine (Stockwell 1994), and Quebec (Calmé and Desrochers 2000).
However, patterns of species diversity vary greatly among taxonomic
groups, each of which responds to a particular set of environmental gradi-
ents.

5.3 Species Diversity and Distribution

As with other habitats, species diversity patterns in peatlands are shaped
by or result from a combination of intrinsic and extrinsic abiotic and
biotic factors. The importance of the various factors differs between taxo-
nomic and functional groups of animals, but among the most important
intrinsic factors availability of nutrients, vegetation structure, peatland
size (see before), and the presence of pools can be regarded as key. How-
ever, subtler factors also influence species distributions. Among these are
plant species composition (at least the part of it independent from vegeta-
tion structure), interspecific relationships like predation and competition,
and, finally, intraspecific spacing or attraction.

Additionally, peatland species diversity would be impossible to under-
stand without accounting for landscapes in which peatlands are embed-
ded, especially in more southern regions. In this section, we describe
species diversity of peatlands in light of known and likely influences of
intrinsic and extrinsic ecological factors.
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5.3.1 Invertebrates
5.3.1.1 Species Richness

Although raised bogs are often regarded as species-poor systems,
Maavara (1955) found about 800 insect species in Estonian raised bogs
and Valk (1988) gave 1,200 insect species, of which 49 are only found in
bogs in Estonia. In the study of Maavara (1955) the most species rich tax-
onomic groups were Coleoptera (244 species found), Lepidoptera (250
species), Diptera (150 species), Rhynchota (103 species), and
Hymenoptera (70 species). Continued research will have added many
species to these numbers. In the Wagner Natural Area, a boreal spring fen
in central Alberta, 2,181 species of arthropods were found, of which 1,410
were Hymenoptera (Finnamore 1994). From the number of parasitoid
wasps this fen area is estimated to contain about 6,000 species of arthro-
pods, of which Lepidoptera, Diptera, and Hymenoptera are the most
species rich groups. Krogerus (1960) took samples from 38 Fennoscandi-
navian peatlands - including bogs, poor fens, rich fens, and peaty woods —
and found 4,020 insect species and 296 other arthropod species. To these
numbers many species from other arthropod and nonarthropod groups,
like Cladocerans, Rotifers, and unicellular Rhizopods and Ciliates, can be
added. The latter figures largely depend on the taxonomic focus, sampling
methods used in the study, and of course on the characteristics of the
areas studied, especially their heterogeneity.

According to Maavara (1955) the proportion of characteristic species in
raised bogs is quite high, compared with that in other biotopes, showing the
high level of specialization of bog fauna, because of the special environ-
mental conditions in raised bogs. On the other hand, most of the species liv-
ing in bogs, including a number of abundant species, can also live outside
bogs (Maavara 1955) or can be characterized as generalists (Danks and
Rosenberg 1987; Runtz and Peck 1994). For example, New England bogs
and adjacent forests have 22 ant species in common. Two ant species were
only found in bogs and 15 species were only collected from forests.In these
bogs the ant community is dominated by the generalist species
Dolichoderus pustulatus, occurring in a variety of open habitats, and the
specialist Myrmica dobifrons, occurring in boreal bogs and other humid
microsites (Gotelli and Ellison 2002). For spiders in northern and central
European bogs, 80 % of the species (including the four most dominant
species) can be regarded as eurytopic! species (Schikora 2002a).

Still, generalist or eurytopic species, even those blown into the bog
from the surrounding landscape, are part of the bog community and

I Eurytopic species are species occurring in various types of biotopes.
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foodweb (Reynolds 1990). A number of the so called eurytopic species
might depend on the combination of the bog and the surrounding
biotopes to complete their life cycle or for persistence of the population.
Valk (1988), for instance, mentions insects coming to raised bogs from
outside when plants, especially heather, are flowering. Some of these
insects, like the fly Tephritis sp., stay for a longer time in the bog, even to
hibernate. Other species may depend on the specific conditions in the lagg
zone that exist as a result of both the adjacent bog plateau and the adjacent
minerotrophic landscape. To understand the importance of peatlands for
animal species and the role of the species in the functioning of peatland
ecosystems, the functions of the distinguished elements of the peatland
ecosystem in the species’ lifecycles and relations with (a)biotic processes
should be analyzed. The lack of these analyses is mainly due to the large
number of species and taxonomic groups, the different stages in the life-
cycle, the use of different parts of the landscape by mobile animals, and
the complex ecological relations, like foodweb relations and competition
(Esselink 2002).

5.3.1.2 Latitudinal Variation and Temperature

When analyzing the effects of environmental factors on peatland fauna
communities, factors operating at different scales should be taken into
account, as well as the biological traits of the species. At both larger and
smaller geographic scales species assemblages of peatlands change from
north to south. Koponen (1994, 2002) and Koponen et al. (2001) studied
spider assemblages along a geographic gradient in northern Europe and
northern America from the arctic or hemiarctic to the hemiboreal or tem-
perate zone and found that about half of the species occur along the whole
gradient, few were only found in more northern peatlands, and a larger
number of species were only found in more southern peatlands. Also
along a shorter gradient in New England, within the relatively small range
of 45-42° N, bog ant species richness declines with increasing latitude
(Gotelli and Ellison 2002).

An important factor determining the occurrence of species along this
north-south gradient is undoubtedly the climate. A species has to be able
to grow during summer and survive in winter. Schifer and Lundstrom
(2001) found a clear pattern in the occurrence of mosquito species in
forested wetlands from northern to southern Sweden that could be related
to the lifecycles and life stage in wintertime of the respective species.
Almost all mosquito species present above the Arctic circle have overwin-
tering eggs and one generation per year (univoltine). In mid and southern
Sweden species with more than one generation per year (multivoltine)
and species with overwintering larvae or females were abundant. Most
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probably, only eggs can survive the harsh, long winters in the north and
because of short summers not more than one generation can develop. The
survival costs of the winter period may explain why the waterstrider
Aquarius najas is wingless in northern Europe while frequently winged in
central and southern Europe. This trend also exists between southern and
central Finland (60-62° N). Overwinter survival in laboratory conditions
was found to be higher in wingless individuals (Ahlroth et al. 1999).

In the southern range of raised bogs a considerable number of species
only occur in raised bogs, whereas they can be regarded as generalist of
eurytopic species in the northern range of their distribution area. These
species are regarded as glacial relicts in the temperate zone. The tempera-
ture regime in raised bogs differs from that in surrounding landscape
types by both lower-temperature and higher-temperature extremes, a
higher chance of ground frost in summer nights, and a lower mean tem-
perature (Peus 1932; Eggelsman 1980). This is due to the efficient absorp-
tion and radiation of long-wavelength radiation by the bog surface, as well
as the high water content (Moore and Bellamy 1974). Furthermore, owing
to the humic substances the bog water is brownish (dystrophic) and tends
to warm up relatively fast, compared with clear water. Relatively high max-
ima are reached, especially between floating Sphagnum (Schmidt 1964).
These characteristics make bog pools warm “islands” in a colder environ-
ment (Sternberg 1993). This could explain the aberrant habitat preference
of the dragonfly species Anax imperator in Estonia, the northern range of
its distribution area. In Estonia, Anax imperator is a thermophilous
species, occupying smaller, dystrophic water bodies in raised bogs, pre-
sumably as these waters warm up fast (Kalkman et al. 2002).

Temperatures on the surface of hummocks in raised bogs can also
reach relatively high temperatures (Norgaard 1951; Schikora 2002a). Nor-
gaard (1951) has shown that two lycosid spider species living in Sphag-
num bogs differ in their temperature tolerance and found a clear relation
between the respective tolerance ranges and the activity of the spiders on,
respectively, the Sphagnum capituli as well as the basking behavior.
Species occupying raised bogs have to cope with, and can benefit from,
both low and high temperatures, either by being in a resistant life stage or
by moving to suitable parts in or outside the bog during unsuitable peri-
ods of time.

5.3.1.3 Environmental Factors

To identify the most important environmental factors in aquatic inverte-
brate assemblages within pristine raised bog systems, Smits et al. (2002)
compared macroinvertebrate assemblages between the various types of
water bodies in the Nigula raised bog system (southwestern Estonia).
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Within this bog system, species assemblages were most different between
the lagg, on the one hand, and the transitional mires and the more
ombrotrophic central bog, on the other hand. This is not surprising, of
course, as these elements of the bog system clearly differ in environmen-
tal conditions, such as pH, nutrient availability, and vegetation composi-
tion and structure. Minerotrophic primary bog lakes also generally differ
from more ombrotrophic water bodies. Within the transitional mires,
variation in macroinvertebrate assemblages was found, related to varia-
tion in the proportions of minerotrophic surface or subsoil water and
ombrotrophic water. Water bodies that are only slightly influenced by
minerotrophic water resemble the species assemblages of the pools and
hollows in the central raised bog. Some species were, however, only found
in the transitional mires and were absent from the central bog, like the
damselfly species Coenagrion johanssoni and the dragonflies Soma-
tochlora arctica and Somatochlora flavomaculata.

Within the Nigula bog, a complex pattern of water flow is present, and
as a consequence so is variation in aquatic macroinvertebrate assem-
blages. In the bog, springs of acidic water are present, giving rise to a water
flow through small brooks and a series of pools are influenced by this flow,
each to a different extent. The water bodies that are, at least for some part
of the year, connected to the bog brooklets or the more diffuse water flow,
being a continuation of the brook, have several species in common with
the most ombrotrophic sites. They are, however, also inhabited by some
species mainly occurring in more minerotrophic or nutrient-rich water
bodies, as in transitional mires or outside raised bog systems. Some of the
central bog pools are not connected to this water flow, but still show simi-
larity in species assemblage with the connected ones. This is probably due
to the presence of subsurface water flows or the presence of fen peat at the
pool bottom, resulting in a higher decomposition of the peat, a higher
nutrient availability, and probably a higher microbial activity. A higher
availability of nutrients in the flowing brooklet and some connected pools
was apparent from the presence of filamentous algae in spring. Apart from
the lagg, herbivorous water beetles in the central raised bog were only
found in these water bodies with algae. The mayfly species Leptophlebia
vespertina was observed emerging in highest numbers from the bog pools
with slightly higher nutrient availability and only in these pools were the
phytophagous larvae of the cranefly species Phalacrocera replicata (Cylin-
drotomidae) found (Smits et al. 2002).

Apart from availability of food in a proper quality and quantity, vegeta-
tion structure, volume of open water, and permanence are important fac-
tors in the occurrence of aquatic macroinvertebrate species (Macan 1954;
Crisp and Heal 1996; Smits et al. 2002; van Duinen et al. 2004a). Several
species, for example, the water beetle Laccophilus poecilus and the bug
Cymatia bonsdorffi,were found only in central bog pools with open water,
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whereas other species, like the typical nonbiting midge Lasiodiamesa sp.,
were only found between fairly dense Sphagnum percolated by slightly
minerotrophic water.

For most terrestrial invertebrate groups the species assemblage differs
between the bog plateau and the lagg zone, as just described for aquatic
invertebrates. Vdisdnen (1992) found the highest species richness of diur-
nal Lepidoptera in the lagg zone of a Finnish raised bog. For these herbi-
vores the availability of host plants having a sufficient nutritional value is
an important factor for both larvae and adults. Also for the (semi)terres-
trial species in the bog system nutrient availability, acidity, and vegetation
structure are important factors. According to Schikora (2002a) light situa-
tion and vegetation structure are the most important factors in the spatial
distribution of spiders in bog complexes and moisture can be of general
importance. For the carnivorous carabid beetles the availability of prey
(e.g., springtails) and the presence of dry hummocks for overwintering
are important, according to Frambs (1994). The presence of dry overwin-
tering sites is important for all (semi)terrestrial invertebrates living in
peatlands with a fluctuating water table, unless they have a resistant life
stage in wintertime.

To understand causal relations behind the observed patterns in species
assemblages and how species cope with the conditions in raised bogs,
research has to be focussed on the “match” between, on the one hand,
species traits, like locomotion, home range, growth rate, and feeding
guilds, and on the other hand traits of their environment, including struc-
tures and processes, like decomposition and bioproduction. This research
should also take into account the effects of competition and predation. An
unknown number of the characteristic aquatic and terrestrial bog inver-
tebrates are potentially able to live outside bogs, as well, but might be
excluded from other types of landscapes, because they are poor competi-
tors. For these species the absence, low abundance, or poor performance
of competitor and predator species in bogs will be an important factor.

5.3.2 Amphibians and Reptiles

Owing to their acidity, raised bogs are not normally the first habitat to
come to mind when one thinks about an amphibian habitat. Indeed,
amphibians are highly vulnerable to the biogeochemistry of their habitat
because of the osmotic exchanges through their skin, and acidity is often
considered as harmful to their development (Pough 1976; Leuven et al.
1986). However, in recent years, there has been growing evidence of
amphibians not only occurring in peatlands, but also occasionally breed-
ing in associated pools, as evidenced by tadpoles (Mazerolle and Cormier
2003).
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Species commonly found in boreal peatlands of North America include
generalists such as the wood frog (Rana sylvatica), American toad (Bufo
americanus), northern spring peeper (Pseudacris crucifer), green frog
(R. clamitans), leopard frog (R. pipiens), and red-backed salamander
(Plethodon cinereus). Less common North American species include east-
ern gray tree frog (Hyla versicolor), western chorus frog (Pseudacris trise-
riata), and mink frog (R. septentrionalis). Four-toed salamanders (Hemi-
dactylium scutatum) are reputed to occur in peatlands, for they are closely
associated with mosses, particularly Sphagnum (Wood 1955); however,
intensive surveys done recently in bogs in their eastern North American
range have resulted in no reports of the species (Mazerolle 2003), despite
their regional occurrence (Bider and Matte 1994).

Amphibians have complex life cycles (Wilbur 1980), which may lead
them to use peatlands as part of larger sets of habitats during their life-
time (Mazerolle 2001).It has been hypothesized that amphibians retreat to
peatlands as summers advance, because other wetlands may disappear
following dessication. However, one study based on capture rates across
drift fences on peatland edges found no evidence of net movement toward
or from peatlands (Mazerolle, personal communication). Within a peat-
land, pools are clearly an important asset for amphibians. Despite their
low pH, peatland pools harbor a rich invertebrate life (see before) and may
thus provide an important feeding habitat for frogs (e.g., mosquito and
mayfly larvae) and salamanders, at least in certain periods of their life
cycle. Pool size and proximity to areas cut over by the peat industry do
influence the probability of occurrence of species such as the green frog
(Mazerolle and Cormier 2003).

Unlike amphibians, reptiles are seldom encountered in boreal peat-
lands. In northern Europe, the common lizard (Lacerta vivipara) and
common viper (Vipera berus) are frequently seen in peatlands, and are
able to survive and reproduce, according to sightings of pregnant females
and juveniles (H. Strijbosch, unpublished data). However, frogs and toads
are rarely observed in Estonian raised bogs. Our surveys in eastern Cana-
dian peatlands have on a few occasions produced garter and green snakes
(Rochefort, personal communication). However, we are aware of no quan-
titative data on bog reptiles.

5.3.3 Birds

Detailed knowledge of peatland birds in North America is a recent phe-
nomenon. However, Fennoscandinavia has been the stage for quantitative
work on peatland birds since as early as the 1950s (reviewed in Desrochers
2001).In North America, most of the information on peatland birds comes
from Minnesota, Maine, Michigan, and eastern Canada, leaving much to
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be learned about birds of northern peatland landscapes. The pioneering
work by Erskine (1977) provides a notable exception.

5.3.3.1 Avian Diversity Patterns

No bird species are found exclusively in peatlands, either North American
or Eurasian ones. Peatlands are home to well over 100 bird species and
several families of birds in western Europe and North America. Yet, only
mallard and northern harrier (for scientific names not mentioned in the
main text, see Table 5.1) are commonly found both in North American and
Fennoscandinavian peatlands (Table 5.1). Surveys of breeding birds by
Desrochers and colleagues in 120 eastern Canadian bogs from 1993 to
2002 yielded 10,575 birds in point counts, the majority of which belonged
to four species. Those species are (in decreasing order) common yel-
lowthroat, white-throated sparrow, Lincoln’s sparrow, and savannah spar-
rOow.

As in other habitats, some bird species are very abundant, while most
species are only found there occasionally. Certain peatlands in the south
can harbor a large avian diversity, for example, 81 species reported by
Stockwell (1994) in Maine. It would be tempting to explain the increase of
avian diversity in peatlands from north to south (Bostrém and Nilsson
1983; Desrochers 2001) by the location of the northern limit of species
ranges in latitudes where peatlands are found. However, this applies only
to a few species and therefore the latitudinal gradient begs another expla-
nation. Besides diversity, species composition varies greatly among
regions, with land birds predominant in North American peatlands, and
water birds predominant in Eurasian peatlands (Fig. 5.3). The most likely
explanations for such contrast are the presence of a latitudinal gradient in
the abundance of pools (larger in the north), as well as the greater inputs
from surrounding habitats in the south, where peatlands tend to be
smaller and more isolated. Despite the north—south gradient of bird diver-
sity, enough species are retained in this latitudinal gradient to confer a
contrasting, boreal fauna relative to that found in surrounding landscapes
(Calmé et al. 2002). As a result, peatlands are often the most southern loca-
tions for certain species, such as palm warbler (Stockwell 1994).

Outside the breeding season, however, avian diversity patterns change
drastically. In both North America and Europe (and undoubtedly Asia),
peatlands often represent important staging areas for migrants, mostly
shorebirds such as snipes and pectoral sandpipers (Calidris melanotos),
but also ducks and geese that use the pools as staging stops. In winter, a
very small number of birds can be found in peatlands, with grouse, for
example, sharp-tailed grouse (Tympanuchus phasianellus) in North
America, red grouse (Lagopus scoticus) in the UK, and black grouse in
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Fig. 5.3. Avian species groups in peatlands of six geographic regions (see Table 5.1
for data sources)

Fennoscandinavia, being among the most notable species. Snow buntings
can also be seen in most northern peatlands in winter. In regions under
milder winter conditions, such as the UK, geese also widely use peatland
pools.

Avian diversity is somewhat greater in North American peatlands than
in Fennoscandinavian ones. On the basis of the published literature, the
main contrast between Eurasian and North American peatlands in regard
to birds would appear to be the preeminence of shorebirds in Eurasian
peatlands (Hakala 1971; Viisdnen and Jdrvinen 1977), as opposed to
North American peatlands, in which songbirds usually dominate (Calmé
et al. 2002). While most species of shorebirds of western Europe are com-
monly found in peatlands, the only shorebirds to be found regularly in
southern peatlands of North America are Wilson’s snipe (Gallinago deli-
cata) and upland sandpiper (Bartramia longicauda). However, peatlands
of northern North America do have a more complete assemblage of shore-
birds (Morneau 1995), and it is likely that most differences in peatland
bird communities between western Europe and North America come
about from a purely latitudinal effect, with water birds dominant north of
60° N and songbirds to the south.
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5.3.3.2 The Role of Vegetation Structure

While vegetation structure in open peatlands of both continents is some-
what similar, i.e., large expanses of ericaceous shrubs with clumps of
conifers, important differences exist, particularly in composition of tree
species. In North America, black spruce and tamarack are the main tree
species, as opposed to pine Pinus sylvestris in Fennoscandinavian peat-
lands (Chap. 2).

As with other wildlife groups, birds are highly responsive to vegetation
structure. From large open areas found deep inside large peatlands to
forested areas in their periphery, bird assemblages change almost com-
pletely, and it is the wetter and more open areas of peatlands that harbor
most peatland specialists. Interestingly, Niemi (1985) found evidence for
evolutionary convergence between North American (Minnesota) and
Finnish granivorous and insectivorous birds of peatlands. For example,
birds found in shrubby habitats are relatively small, with long legs and
small flight muscles, compared with species more typically found in
forested peatlands.

Vegetation patterns may explain why distributions of bird species in
peatlands are nested subsets, i.e., most of the time, all species in a species-
poor peatland will be found in peatlands with a larger number of species.
In their southern Quebec study area, Calmé and Desrochers (1999)
showed that in 67 peatlands whose bird assemblages were measured
intensively five bird species were found exclusively in peatlands in the
upper 30th percentile range of sizes. Those species were Wilson’s snipe,
upland sandpiper, American bittern (Botaurus lentiginosus), clay-colored
sparrow (Spizella pallida), and field sparrow. Those species were not typi-
cal of peatlands, but rather of large open or biologically-productive areas,
such as fen laggs that appear more frequent in Quebec’s larger peatlands
(Calmé and Desrochers 1999). Nested subsets are not unique to peatlands,
but pertain to a wide variety of systems (Glenn and Nudds 1989; Blake
1991; Cutler 1991; Patterson and Brown 1991; McCoy and Mushinsky 1994;
Bert 2001; Ferndndez-Juricic 2002).

5.3.3.3 Landscape and Spatial Issues

While small-scale differences in vegetation patterns may explain distribu-
tion patterns of peatland species, larger-scale (landscape) factors also play
an important role. In southern Quebec, Calmé and others (Calmé and
Haddad 1996; Calmé and Desrochers 2000) demonstrated the importance
of peatland area and isolation in explaining species occurrence patterns.
Isolation per se may appear as an unlikely cause for bird distribution pat-
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terns, given the high vagility of these organisms. However, despite their
ability to migrate over large distances, birds are apparently inhibited in
their movements during the dispersal periods by small intervening gaps
between their habitat patches (Desrochers and Hannon 1997).

Landscape and spatial issues are further complicated by the fact that
bird territory sizes can easily vary by 1 or 2 orders of magnitude
(0.1-10.0 ha), with obvious consequences for their space needs. Further-
more, recent work on conspecific attraction (Etterson 2003; Green and
Ostling 2003; Wagner and Danchin 2003) suggests that species “real-
estate” needs may be much larger than expected solely from the size of
individual territories. Work by Hokkanen (2004) in the Siikaneva peat-
land, Finland, supports the conspecific attraction hypothesis (Fig. 5.4).

Vegetation structure generally follows predictable trends from the edge
toward the center, especially in large peatlands (Poulin et al. 1999). Thus,
because of their association with vegetation structure (see before), bird
assemblages are expected to change predictably along the same gradient.
The latter prediction has been supported with Finnish peatlands, with yel-
low wagtails and whinchats associated with peatland edges, in contrast to
meadow pipits and wood sandpipers (Sammalisto 1957; Hakala 1971). In
eastern Canada, savannah and Lincoln’s sparrows are associated with the
interior of large peatlands, whereas palm warblers and common yel-
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Fig. 5.4. Clumped distribution of meadow pipits and their habitat in Siikaneva Peat-
land, Finland. Open circles peatland outside vegetation parameters suitable for pip-
its, closed circles peatland with suitable vegetation for pipits, squares areas used by
pipits. Spatial autocorrelation of occurrence within habitat, measured by Moran’s I,
was significantly positive with distance lags less than 200 m. (Data courtesy of Reijo
Hokkanen, University of Helsinki)
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Table 5.2. Population densities of breeding songbirds in eastern Canadian bogs
(adapted from Delage et al. 2000)

Interior Edge
Song sparrow 0.45 (0.45) 0.76 (0.55)
White-throated sparrow 0.74 (0.42) 2.39 (1.21)
Lincoln’s sparrow 3,992 (1.27) 2.94 (0.93)
Savannah sparrow 3.662 (1.4) 1.30 (0.65)
Hermit thrush 1.26 (1.07) 0.99 (0.68)
Yellow-rumped warbler 0.00 - 0.45 (0.45)
Palm warbler 2.27 (0.88) 4.322 (1.40)
Nashville warbler 0.00 - 0.86 (0.59)
Common yellowthroat 3.88 (1.42) 12.442 (2.69)
Magnolia warbler 0.00 - 0.39 (0.28)

The numbers are pairs per 10 ha, followed by standard errors of the mean (n=20
peatlands).
2 Associations

lowthroats are found disproportionately along peatland-forest edges
(Table 5.2). Hakala (1971) noted that the degree to which species were
associated with edges was itself associated with species’ propensity to use
pools or isolated trees. Besides vegetation structure, potentially lower
exposure to upland predators may lead some species of birds to breed in
wet and open, central parts of bogs (Berg et al. 1992).

5.3.4 Mammals

North American boreal peatlands are home to a variety of rodents, such as
lemmings (Synaptomys sp.), shrews (Sorex sp.), and voles (Clethrionomys
sp., Microtus sp.),as well as moose (Alces alces),lynx (Lynx sp.), black bear
(Ursus americanus), and (in winter) deer (Odocoileus virginianus). In
Europe, peatlands are used frequently by elk (Cervus elaphus), wolf (Canis
lupus), fox (Vulpes vulpes), beaver (Castor fiber), river otter (Lutra lutra),
muskrat (Ondatra zibethica), raccoon dog (Nyctereutes procyonoides),
badger (Meles meles), pine marten (Martes martes), polecat (Mustela puto-
rius), roe deer (Capreolus capreolus), and wild boar (Sus scrofa). Most of
the latter species are absent from central ombrotrophic parts of peatlands.
In fact, beaver, otter, muskrat, raccoon dog, badger, marten, and wild boar
likely occur only on the edges of bogs.

While large mammals are sometimes found in peatlands, the bulk of
species and populations are composed of small species. Mazerolle et al.
(2001) found that five species accounted for 91 % of all captures of small
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Fig. 5.5. Relative abundance of six N= 12 18 4 19 27
groups of (from top to bottom) Chi- 100%
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mammals made in eastern Canadian bogs: masked shrew (Sorex
cinereus), meadow jumping mouse (Sorex cinereus), meadow vole (Micro-
tus pennsylvanicus), pygmy shrew (Sorex minutus), and Arctic shrew
(Sorex arcticus). Remarkably, the latter set of species include only one
species known as bog specialists (Arctic shrew). Other bog specialists
such as northern bog lemming (Synaptomys borealis) and southern bog
lemming (Synaptomys cooper; Banfield 1977; Nordquist 1992) were not
found in the surveys made by Mazerolle et al. (2001), despite the large
sampling effort. The use of peatlands by small mammals appears highly
dependent on soil moisture (Mazerolle et al.2001). Drier sites seem to host
more species than wet sites, and mostly generalists are also abundant in
surrounding areas. Thus, peatland edges are expected to have a richer
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mammalian fauna than areas located well inside peatlands. However, the
interior of peatlands may be of greater relative importance to peatland
specialists such as the masked shrew, but that remains unsupported by
data. Of 15 small-mammal species encountered in eastern Canadian bogs,
only two are known to exhibit a preference for bogs: the Arctic shrew and
the southern bog lemming (Mazerolle et al. 2001)

5.4 Conservation Issues

Our knowledge of population trends of most faunal taxa, let alone their
demographic dependency on peatlands, is little. Birds are arguably the
best monitored faunal taxon in that respect. From the North American
Breeding Bird Survey (Sauer et al. 2003), we know that among the 20 most
common bird species found in eastern North American peatlands, none
have experienced severe declines since the early 1960s. However, nine
common peatland birds have their geographic range primarily in peat-
land-rich Canada (Dunn et al. 1999; flagged species in Table 5.1). Peatlands
in northern Canada may be essential to maintain large numbers of the lat-
ter nine species. Further south, peatlands may help maintain regionally
uncommon species such as upland sandpiper and palm warbler in North
America, or golden plover, common crane, black grouse and several drag-
onfly and butterfly species in parts of western Europe. For many of these
species the conservation of only the central ombrotrophic parts of peat-
lands will not suffice to maintain or restore their populations, as they need
gradients to the more minerotrophic parts of the bog landscape as well at
least in part of their lifecycle (Heckenroth 1994).

The conservation of peatland fauna is probably not a pressing issue yet
as far as global populations are concerned. However, peatland fauna is
under pressure at the regional and local levels, particularly in populated
areas, and there is associated pressure on land for urban sprawl, agricul-
ture, forestry, or peat-extraction purposes. In fact, the majority of peat-
lands have disappeared in most of Europe as a result of these activities,
while sizeable portions of this habitat remain untouched in North Amer-
ica (Joosten and Clarke 2002). Nutrient enrichment of originally nutrient-
poor peatlands, owing to increased atmospheric nitrogen deposition, has
affected plant and animal communities (Limpens et al. 2003, Chap. 10;
Tomassen et al. 2004; van Duinen et al. 2004b).
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5.4.1 Urban Sprawl

Urbanization generally has an irreversible impact on peatlands, bringing
profound and lasting changes in wildlife communities. From the stand-
points of habitat and species conservation, the conversion of peatlands by
urban sprawl is clearly a net loss and does not require much ecological
analysis, apart from the fact that those losses are particularly important
for southern temperate areas, because of their proximity to towns. The
loss of peatlands through urban sprawl therefore adds to the vulnerability
of species dependent on wetlands which reach their northern range limit
in the southernmost peatland regions. If we take into account the high
species diversity of vertebrates and, especially, invertebrates in peatlands
(see previous sections), there is clearly a case for conservation of peat-
lands near populated areas, as part of larger wetland conservation strate-
gies. Additionally, most states of North America and western Europe do
have plans for conserving regional biodiversity and wetlands in particular
(e.g., Ramsar convention).

5.4.2 Agriculture and Forestry

Peatland losses through agriculture and forestry, especially in western
Europe, have clearly contributed to endangering peatland species
(Chap.16).1It can be argued that replacement habitats such as pastures and
crops in Europe have been hosting wildlife communities for decades, if
not centuries. However, today, the role of agricultural land as viable
replacement habitats is increasingly questionable because of recent
changes in agricultural practices, fueled by subsidies that have simplified
those ecosystems and led to the decline of flagship bird species such as
skylark and barn swallow (Hirundo rustica; Gregory et al. 2003).
Converting peatlands into agricultural land generally has irreversible
effects on the land, its vegetation, and its associated fauna (Poulin and Pel-
lerin 2001). In continental Europe, and to some extent in the UK, agricul-
ture has been responsible for large peatland losses (Joosten and Clarke
2002; Gregory et al. 2003). Forestry practices also have implications for
peatland fauna. The most important of those is drainage of forested peat-
lands, which owes its existence to the fact that water-logged soils of forests
on peat are improper for tree growth (Pdivinen 1999). To what extent for-
est drainage per se affects birds and medium-to-large mammals is
unclear, and remains little studied to date. Clearly, vegetation changes
through drainage will affect the nesting habitat for birds, especially those
nesting on the ground, such as most game species. Drainage may also
change food (browse) availability for large mammals. Unlike most birds

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD




Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD

88 H. Rydin, U. Gunnarsson, and S. Sundberg

and medium-to-large mammals, small mammals and amphibians should
be significantly affected by forest drainage (Mazerolle 2001). Unlike agri-
cultural practices, changes to peatlands brought by forestry drainage may
have the potential to be reversed in part, by restoring a high water table if
drainage channels are blocked, although we know of no studies demon-
strating such a reversal.

One major northern forestry practice, clear cutting, has an additional,
intriguing impact on wildlife. Clear cutting is obviously not designed to a
create wildlife habitat, but ironically, by raising the water table and open-
ing the vegetation cover, it has the potential to attract animal species typ-
ical of peatlands. For example, in eastern North America, birds such as
Lincoln’s sparrow and palm warbler will often invade clear-cuts during
the period in which vegetation structure is open. But, whether clear-cuts
constitute high-quality or suboptimal habitats remain unknown, because
of the lack of data on reproduction.

5.4.3 Nutrient Enrichment

Owing to agriculture and industry, the atmospheric deposition of nitro-
gen, sulfur, and phosphorus has increased in the southern range of origi-
nally extremely nutrient poor bogs. In northwestern European raised
bogs the increased nutrient deposition has resulted in the invasion of
birch (Betula spp.) and purple moor grass (Molinia caerulea). These
effects have been reported from several European countries (Risager 1998;
Limpens et al. 2003; Tomassen et al. 2004). These changes in the vegetation
composition and its structure may affect the faunal species assemblages,
for example, ground-breeding birds, because of their frequent reliance on
ground vegetation for nest-site selection (Larison et al. 2001). The
increased nutrient availability has resulted in an increase of the nutrient
content of plant material. This will have consequences for the herbivorous
and detritivorous invertebrates that eat this material, but also species at
higher trophic levels, such as carnivorous aquatic beetles (Dytiscidae), are
affected (van Duinen et al. 2004b).

A comparative study on aquatic oligochaetes, dragonflies, chirono-
mids, bugs, and beetles between pristine raised bogs in Estonia (low depo-
sition level) and degraded and rewetted raised bog remnants in the
Netherlands (high deposition level) showed clear differences in the
species assemblages. Compared with pristine ombrotrophic sites (central
raised bog), the relative abundance of species preferring ombrotrophic
conditions is generally low in both the degraded and the rewetted bog
sites in the Netherlands. The species assemblages in Dutch bogs are dom-
inated by species that in Estonian bogs prefer the transitional mire or lagg
that naturally have higher nutrient availability (van Duinen et al. 2004b).
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Regarding the oligochaetes, in the Estonian ombrotrophic water bodies
only the enchytraeid Cognettia sphagnetorum was found. In both
degraded and rewetted sites in the Netherlands Cognettia sphagnetorum
is always accompanied by Nais variabilis, whose occurrence in Estonian
bogs is limited to the lagg and transitional mire. For dragonflies the same
type of changes in species assemblage was found. In Estonian bogs, Leuc-
orrhinia dubia is the most abundant dragonfly larva in spring in the
ombrotrophic sites, whereas larvae of Leucorrhinia rubicunda are only
found in transitional mires. In the Netherlands, however, Leucorrhinia
rubicunda is the most abundant species found in spring in both degraded
and rewetted sites, whereas Leucorrhinia dubia is fairly rare. These shifts
in species dominance were found for bugs, beetles, and chironomids as
well (van Duinen et al. 2004b). To understand the mechanisms behind
these shifts, differences in species traits and demands have to be eluci-
dated. Structural aspects of the biotopes might be involved, but many of
these shifts are likely related to nutritional requirements of the species
involved. Species ability to build up biomass using decomposing organic
matter, bacteria, fungi, algae, or microinvertebrates with a low nutrient
content (Elser et al. 2000) will play an important role in the species com-
position of the macroinvertebrate assemblage.

5.4.4 Peat Harvest

The effects of peat harvesting on peatland fauna depend on the manner in
which the peat is extracted. In western Europe, the first peat harvesting
activities were small scale and started in small peatlands and on the edges
of larger peatlands. Large-scale industrial peat harvesting leaves hardly
any room for animals. As a consequence of the disappearance of the vari-
ous habitats of pristine peatlands (first laggs and edges of bogs, later more
central bog ecotopes) a number of characteristic faunal species have
declined or disappeared. In degraded bogs, characteristic species can still
be present, but the species dominant in natural bogs have declined and
other species have increased, as has been shown for spiders (Koponen
1979), carabid beetles (Frambs 1990), and aquatic macroinvertebrates
(van Duinen et al. 2003a, 2004b), for example. Human activities have also
resulted in new habitats within the mire landscape. Dehydration and min-
eralization of peat and the inlet of minerotrophic or nutrient-rich water
have changed water and soil qualities (Lamers 2001), water tables, and
vegetation composition and structure. As a result, species that do not
occur under ombrotrophic (i.e., acidic, nutrient-poor) conditions were
able to establish themselves in bog remnants (Gottlich 1980; Wheeler and
Shaw 1995; Irmler et al. 1998). For some of these species, the original habi-
tats have been degraded or have disappeared as a result of cultivation,

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD




Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD

90 H. Rydin, U. Gunnarsson, and S. Sundberg

making remaining peatland areas nowadays a refugium for species that
were originally not dependent on peatlands (Akkermann 1982). Changes
within peatlands may also translate into intraspecific patterns. Mazerolle
(2001) found that near drainage for peat mining, leopard frogs were larger
than individuals occurring in undisturbed peatlands. He suggested that
this size difference resulted from the higher resistance of larger animals to
dessication, although he could not rule out the possibility that growth
near drained areas was promoted by a greater abundance of food.

Certain bird species seem particularly affected by peat harvesting.
Palm warblers have never been observed in sites previously harvested,
either by block cutting or vacuum, even after 15 years. By contrast, gener-
alist bird species do invade postharvest peatlands, such as mourning dove,
American goldfinch and killdeer (Charadrius vociferus), in North Amer-
ica. However, a study by Haddad et al. (2000) suggested that nest predation
is much greater in remaining natural parts of five harvested peatlands,
compared with nine unharvested peatlands of Quebec (63 vs. 8% of
nests). However, nest predation risk was not associated with actual prox-
imity of harvest operations, nor with distance to peatland edge. The
results by Haddad et al. (2000) are in accordance with those of Berg et al.
(1992) in Swedish peatlands. The latter two studies were based on artificial
nests with quail (Coturnix sp.) eggs and may only provide a coarse assess-
ment of true nest predation (Faaborg 2004).

5.4.5 Peatland Restoration

The effects of peat extraction may be reversed at least in part through eco-
logical restoration. Peatland restoration has proven successful at reestab-
lishing a cover of Sphagnum mosses in several cases in Canada (Lavoie
and Rochefort 1996) and Europe (Smolders et al. 2003; Chap. 17). The
return of associated fauna remains uncertain, both for invertebrates
(Mossakowski and Frambs 2003; van Duinen et al. 2003a) and for birds
(Bolscher 1995; Desrochers et al. 1998). As opposed to vacuum-harvested
sites, peatlands exploited through labor-intensive cutting of peat blocks
tend to be recolonized rapidly (less than 20 years) by plant (Smart et al.
1989) and bird (Desrochers et al. 1998) species typical of untouched peat-
lands. However, for aquatic macroinvertebrates, like midges, beetles, and
caddisflies, large-scale rewetting projects in bog remnants with either
abandoned hand peat cuttings or industrial harvested peat fields all
resulted in a fairly similar species assemblage (van Duinen et al. 2003a),
including only a part of the species spectrum of a pristine raised bog (van
Duinen et al. 2002). Compared with rewetted bog remnants, water bodies
in bog remnants that had not been rewetted, like water-filled hand peat
cuttings and trenches, have a relatively high cumulative species richness,
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Fig. 5.6. Cumulative species richness curves for all species and for characteristic
species of microinvertebrates (left) and macroinvertebrates (right) in rewetted and
not rewetted remnant sites in Dutch bog reserves. The curves are composed of aver-
ages of 250 random sorts of the sampling sites. (From van Duinen et al. 2003a and
unpublished data)

including a considerable number of characteristic macroinvertebrate
species, that are not found in rewetted sites (Fig. 5.6). No relation was
found between the success of restoration in terms of vegetation develop-
ment and the number of characteristic macroinvertebrate species. So far,
rewetting measures in Dutch raised bog remnants have resulted in a habi-
tat for a limited number of faunal species, including only part of the char-
acteristic raised bog species. Currently, a considerable number of charac-
teristic and rare species are still dependent on bog remnants that have not
been rewetted and that have been degraded by small-scale block peat cut-
ting for their survival in raised bog areas, and in the Netherlands as a
whole (van Duinen et al. 2003b).

It is unclear whether the return of animal species in restored areas will
be complete in the long term. A prerequisite for the establishment of a
more complete species spectrum is the conservation and restoration of
the heterogeneity in environmental conditions, because different animal
species have different demands and many species need a combination of
conditions, as described in previous paragraphs. Furthermore, species
should be able to reach the restored sites. Dispersal ability of the species as
well as the proximity of source populations (in remaining, unharvested,
peatlands) play important roles in recolonization. On the time scale of
30 years, the total number of characteristic aquatic macroinvertebrate
species per site tend to increase with the time elapsed after rewetting, but
this increase is slow (van Duinen et al. 2003b). Wheeler and Shaw (1995)
assumed that a conservationally worthwhile, more or less balanced inver-
tebrate community could reassemble in rewetted peat works within
50-70 years, depending on the proximity of potentially recolonizing
species. Biggs et al. (2001) found that the restoration of the river Cole (UK)
was successful because its upper reaches and stagnant water bodies along
the river harbored many species that were able to recolonize the river after
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restoration. Likewise, Schikora (2002b) explained the rapid colonization
by hygrophilous spider species of a rewetted bog by the vicinity of a vital
population, next to the ability of dispersal by “ballooning.” This stresses
the importance of the conservation of current refugia in both relatively
untouched and degraded bog remnants until rewetted sites have been
recolonized by the species in question. Measures to conserve the current
refugia, including rewetting, have to be taken with great care, including
monitoring, in order to prevent decline of relict populations of rare and
characteristic species (Verberk et al. 2001; van Duinen et al. 2003a).

Aquatic microinvertebrates (Rotifera, Copepoda, and Cladocera) how-
ever, seem to recover quickly after rewetting (van Duinen et al. 2003a). The
difference in cumulative species richness and the number of characteris-
tic species between rewetted and remnant sites found for aquatic
macroinvertebrates was not found for microinvertebrates (Fig. 5.6). Like-
wise, Buttler et al. (1996) showed that the testate amoebae fauna of raised
bogs can recover rapidly and fully, regardless of the initial condition of the
cutover surface. As microinvertebrates like Rotifera and Cladocera are
easily spread by wind or animal vectors (Cédceres and Soluk 2002; Cohen
and Shurin 2003), have a short life cycle, and have parthenogenetic repro-
duction (Nogrady et al. 1993) they can colonize water bodies quickly after
rewetting measures are taken. Probably, the first microinvertebrate species
colonizing the newly created water bodies have a higher chance to suc-
cessfully establish a population, as local biotic interactions (like competi-
tion and predation) may play a dominant role in structuring the plankton
species assemblage by preventing invasion of new species once the com-
munity is saturated (Cohen and Shurin 2003). The local or regional
species pool probably has an important influence on the final composition
of the aquatic microinvertebrate community of rewetted bog remnants
(Zhuge and van Duinen, unpublished data). Thus, the effects of restora-
tion measures on microinvertebrates might be different from that on
macroinvertebrates, which disperse less easily or might even be unable to
fly, have a more complex life cycle, and make higher demands on their
environment.

To set targets for conservation and restoration of raised bogs and to
provide knowledge about how to reach those targets, reference data on
intact bogs are necessary. Most of the reports on the intact raised bog
fauna (compiled in the first decades of the twentieth century; Harnisch
1925; Peus 1932) do not give detailed information about the environmen-
tal conditions under which species and species assemblages were found.
Moreover, at that time, many bogs were already to some extent degraded.
However, knowledge about the environmental factors structuring faunal
species assemblages is necessary to understand why species can or cannot
establish themselves and survive in raised bogs under restoration and to
give useful recommendations for restoration management. In this respect,

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD




Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD

The Role of Sphagnum in Peatland Development and Persistence 93

palaeoecological research can provide useful information (Lavoie et al.
1997; Whitehouse 2004), although research on the actual occurrence and
habitat demands of species is necessary, as well.

5.5 Conclusions

Like this chapter, most peatland wildlife studies to date have focused on
species occurrence patterns, with little to say about the productivity, let
alone the viability, of populations and only limited, correlative informa-
tion about the environmental factors that limit or facilitate the occurrence
of species. Besides this, the function of animal species in peatland systems
is hardly known. The impact of beavers’ activities on peatland hydrology,
the effects of selective grazing by large herbivores, and the indispensabil-
ity of insects in the survival of carnivorous plants can be easily imagined.
However, also, for example, microscopic rotifers in Sphagnum mats seem
to be important in bog ecosystems, as components in the phosphorus and
nitrogen cycles (Bledzki and Ellison 1998, 2002). We would like to end by
reiterating a message that is increasingly voiced in reviews such as this
one, i.e., the need to move forward by favoring long-term and process
studies over short-term and pattern studies. Of course, pattern studies
exploring the distribution of species are an essential first step in our
understanding of the role of peatlands for their associated fauna. How-
ever, they are of little use when it comes to teasing out minor roles that
peatlands may play, such as staging areas, movement corridors, and com-
plementary feeding grounds, from major roles such as population refugia
and reproductive habitat. There will always be room for further ecological
studies of fauna, and the study of peatlands is no exception. But better
knowledge of the “functional ecology” of peatland fauna is needed here,
particularly reproductive activity, dispersal, and nutritional ecology -
three key factors for invertebrates and vertebrates alike. With such infor-
mation, not only will we be more effective with “decision makers” and
practitioners in conservation and restoration management, but, perhaps
more importantly, we may help the greater public appreciate how fascinat-
ing peatlands are.

Acknowledgements. We thank Sophie Calmé, Valérie Delage, Bruno Drolet,
Stéphanie Haddad, Marc Mazerolle, and Monique Poulin for their seminal work as
graduate students in the studies on vertebrates in North American peatlands. With-
out the assistance of several colleagues, undergraduate students, and volunteers, as
well as local staff members, and discussions with Hans Esselink, Rob Leuven, Hein
van Kleef, Gerard van der Velde, Wilco Verberk, and other colleagues the research on
aquatic invertebrates in Dutch and Estonian bogs would not have achieved the

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD




Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD

94 H. Rydin, U. Gunnarsson, and S. Sundberg

results presented here. Research by A.D. was made possible by the funding of NSERC
(Canada) and the peat industry, through the Canadian Sphagnum Peat Moss Associ-
ation. The Dutch Ministry of Agriculture, Nature, and Food quality funded the
research of G.J.vD.

References

Ahlroth P, Alatalo RV, Hyvidrinen E, Suhonen ] (1999) Geographical variation in wing
polymorphism of the waterstrider Aquarius najas (Heteroptera, Gerridae). ] Evol
Biol 12:156-160

Akkermann R (1982) Méglichkeiten und Zielsetzungen fiir eine Regeneration von
Hochmooren - zoologisch betrachtet. In: Akkermann R (ed) Regeneration von
Hochmooren Informationen zu Naturschutz und Landschaftspflege in Nord-
westdeutschland, Band 3. BSH, Wardenburg, pp 151-163

Banfield AWF (1977) Les mammiféres du Canada, 2nd edn. Musées nationaux du
Canada, Ottawa

Berg A, Nilsson SG, Bostrém U (1992) Predation on artificial wader nests on large
and small bogs along a South-North gradient. Ornis Scand 23:13-16

Bert DG (2001) A multiscale analysis of nested species subsets of forest birds in agri-
cultural landscapes near Ottawa, Canada. Thesis, Carleton University, Ottawa

Bider R, Matte S (1994) Atlas des amphibiens et des reptiles du Québec. Société d’his-
toire naturelle de la vallée du Saint-Laurent & Gouvernement du Québec, Min-
istere de ’environnement et de la faune, Direction de la faune et des habitats,
Sainte-Anne-de-Bellevue

Biggs J, Fox G, Whitfield M, Williams P, Sear D, Bray S (2001) River restoration - Is it
worth it? Freshwater Biol Assoc Newsl 14:1-3

Blake JG (1991) Nested subsets and the distribution of birds on isolated woodlots.
Conserv Biol 5:58-66

Bledzki LA, Ellison AM (1998) Population growth and production of Habrotrocha
rosa Donner (Rotifera: Bdelloidea) and its contribution to the nutrient supply of
its host, the northern pitcher plant, Sarracenia purpurea L. (Sarraceniaceae).
Hydrobiologia 385:193-200

Bledzki LA, Ellison AM (2002) Nutrients regeneration by rotifers in New England
(USA) bogs. Verh Int Ver Theor Angew Limnol 28:1328-1331

Bolscher B (1995) Niche requirements of birds in raised bogs: habitat attributes in
relation to bog restoration. In: Wheeler BD, Shaw SC, Fojt W], Robertson RA (eds)
Restoration of temperate wetlands. Wiley, New York, pp 359-378

Bolscher B (1988) On habitat selection of bird species in northwest German raised
bogs - a contribution to landscape evaluation (in German). Braunschw Naturkd
Schr 3:29-119

Bostrom U, Nilsson SG (1983) Latitudinal gradients and local variations in species
richness and structure of bird communities on raised peat-bogs in Sweden. Ornis
Scand 14:213-226

Brewer R (1967) Bird populations of bogs. Wilson Bull 79:371-396

Buttler A, Warner BG, Grosvernier P, Matthey Y (1996) Vertical patterns of testate
amoebae (Protozoa: Rhizopoda) and peat-forming vegetation on cutover bogs in
the Jura, Switzerland. New Phytol 134:371-382

Céceres CE, Soluk DA (2002) Blowing in the wind: a field test of overland dispersal
and colonization by aquatic invertebrates. Oecologia 131:402-408

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD




Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD

The Role of Sphagnum in Peatland Development and Persistence 95

Calmé S, Desrochers A (1999) Nested bird and micro-habitat assemblages in a peat-
land archipelago. Oecologia 118:361-370

Calmé S, Desrochers A (2000) Biogeographic aspects of the distribution of bird
species breeding in Québec’s peatlands. ] Biogeogr 27:725-732

Calmé S, Haddad S (1996) Peatlands: a new habitat for the upland sandpiper, Bar-
tramia longicauda, in eastern Canada. Can Field-Nat 110:326-330

Calmé S, Desrochers A, Savard J-PL (2002) Regional significance of peatlands for
avifaunal diversity in southern Québec. Biol Conserv 107:273-281

Cohen GM, Shurin JB (2003) Scale-dependence and mechanisms of dispersal in
freshwater zooplankton. Oikos 103:603-617

Couillard L, Grondin P (1986) La végétation des milieux humides du Québec. Gou-
vernement du Québec, Quebec

Crisp DT, Heal OW (1996) Diversity and distribution of aquatic meso- and micro-
fauna in mires. In: Standen V, Tallis JH, Meade R (eds) Patterned mires and mire
pools - Origin and development; flora and fauna - proceedings. University of
Durham, Durham, pp 163-168

Cutler A (1991) Nested faunas and extinctions in fragmented habitats. Conserv Biol
5:496-505

Dampf A (1924a) Zur Kenntnis der estlindischen Hochmoorfauna 1 (in German).
Beitr Kund Estlands 10:33-49

Dampf A (1924b) Zur Kenntnis der estlindischen Hochmoorfauna 2 (in German).
LUSi aruanded 31:17-71

Danks HV, Rosenberg DM (1987) Aquatic insects of peatlands and marshes in
Canada: synthesis of information and identification of needs for research. Mem
Entomol Soc Can 140:163-174

Delage V, Fortin M-]J, Desrochers A (2000) Effets de lisiere et d’isolement des habitats
d’oiseaux chanteurs dans les tourbiéres exploitées. Ecoscience 7:149-156

Desrochers A (2001) Les oiseaux: diversité et répartition. In: Payette S, Rochefort L
(eds) Ecologie des tourbiéres du Québec-Labrador. Les Presses de I'Université
Laval, Sainte-Foy, pp 159-173

Desrochers A, Hannon SJ (1997) Gap crossing decisions by dispersing forest song-
birds. Conserv Biol 11:1204-1210

Desrochers A, Rochefort L, Savard J-PL (1998) Avian recolonization of eastern Cana-
dian bogs after peat mining. Can J Zool 76:989-997

Dunn EH, Hussell DJT, Welsh DA (1999) Priority-setting tool applied to Canada’s
landbirds based on concern and responsibility for species. Conserv Biol
13:1404-1415

Eggelsman R (1980) Mikroklima der Moore (in German). In: Géttlich K (ed) Moor-
und Torfkunde. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart, pp 224-230

Elser JJ, Fagan WE, Denno RE Dobberfuhl DR, Folarin A, Huberty A, Interlandi S,
Kilham SS, McCauley E, Sculz KL, Sieman EH, Sterner RW (2000) Nutritional
constraints in terrestrial and freshwater food webs. Nature 408:578-580

Erskine AJ (1977) Birds in boreal Canada: communications, densities, and adapta-
tions. Canadian Wildlife Service report series no 41. Canadian Wildlife Service,
Ottawa

Esselink H (2002) Fauna in intact hoogveen en hoogveenrestanten (in Dutch). In:
Schouwenaars JM, Esselink H, Lamers LPM, van der Molen PC (eds) Ontwikkel-
ing en herstel van hoogveensystemen. Expertisecentrum LNV, Ede/Wageningen,
pp 87-113

Etterson MA (2003) Conspecific attraction in loggerhead shrikes: implications for
habitat conservation and reintroduction. Biol Conserv 114:199-205

Faaborg ] (2004) Truly artificial nest studies. Conserv Biol 18:369-370

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD




Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD

96 H. Rydin, U. Gunnarsson, and S. Sundberg

Fernéndez-Juricic E (2002) Nested patterns of species distribution and winter flock
occurrence of insectivorous birds in a fragmented landscape. Ecoscience
9:450-458

Finnamore AT (1994) Hymenoptera of the Wagner natural area, a boreal spring fen
in central Alberta. Mem Entomol Soc Can 169:181-220

Frambs H (1990) Changes in carabid beetle populations on a regenerationg, exca-
vated peat bog in northwest Germany. In: Stork NE (ed) The role of ground bee-
tles in ecological and environmental studies. Intercept, Andover, pp 157-169

Frambs H (1994) The importance of habitat structure and food supply for carabid
beetles (Coleoptera, Carabidae) in peat bogs. Mem Entomol Soc Can 169:145-159

Glenn SM, Nudds TD (1989) Insular biogeography of mammals in Canadian parks.
] Biogeogr 16:261-268

Goffart H (1928) Beitrag zur Kenntnis der Fauna westfilischer Hochmoore (in Ger-
man). Beitr Naturdenkmalpflege 12:137-285

Gotelli NJ, Ellison AM (2002) Biogeography at a regional scale: determinants of ants
species density in New England bogs and forests. Ecology 83:1604-1609

Géttlich K (1980) Moor- und Torfkunde (in German). E. Schweizerbart’sche Verlags-
buchhandlung, Stuttgart

Green JL, Ostling A (2003) Endemics-area relationships: the influence of species
dominance and spatial aggregation. Ecology 84:3090-3097

Gregory RD, Eaton MA, Noble DG, Robinson JA, Parsons M, Baker H, Austin G,
Hilton GM (2003) The state of the UK’s birds 2002. Royal Society for the Protec-
tion of Birds, British Trust for Ornithology, Wildfowl and Wetlands Trust, Joint
Nature Conservation Committee, Sandy, UK

Haddad S, Desrochers A, Savard J-PL (2000) Artificial nest predation in bogs: does
peat harvest increase risk? Ecoscience 7:32-37

Hakala A (1971) A quantitative study of the bird fauna of some open peatlands in
Finland. Ornis Fenn 48:1-11

Harnisch O (1925) Studien zur Okologie und Tiergeographie der Moore (in Ger-
man). Zool Jahrb 51:1-166

Hiyrinen U, Jarvinen O, Kouki ] (1986) The bird sanctuary of Kesonsuo, a raised bog
in North Karelia: its breeding bird assemblages, summer visitors and spring
migrants. Ornis Fenn 63:97-111

Heckenroth H (1994) Zur Fauna der Hochmoore (Kurzfassung) (in German). NNA
Ber 7:48

Hokkanen R (2004) Bird habitats and conspecific relations at Siikaneva mire. Thesis,
University of Helsinki, Helsinki

Irmler U, Miiller K, Eigner J (1998) Das Dosenmoor - Okologie eines regenerieren-
den Hochmoores (in German). Faunistisch-6kologische Arbeitsgemeinschaft,
Kiel

Jarvinen O, Sammalisto L (1976) Regional trends in the avifauna of finnish peatland
bogs. Ann Zool Fenn 13:31-43

Jarvinen O, Kouki J, Hayrinen U (1987) Reversed latitudinal gradients in total den-
sity and species richness of birds breeding on Finnish mires. Ornis Fenn
64:67-73

Joosten H, Clarke D (2002) Wise use of mires and peatlands — Background and prin-
ciples indluding a framework for decision-making. International Mire Conserva-
tion Group, International Peat Society, Greifswald

Kalkman V], van Duinen GA, Esselink H, Kuper JT (2002) New records of Odonata
from Estonia, with notes on breeding in the Baltic sea and on species assemblages
of raised bog systems. Notul Odonatol 5:120-152

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD




Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD

The Role of Sphagnum in Peatland Development and Persistence 97

Koponen S (1979) Differences of spider fauna in natural and man-made habitats in
araised bog. In: Hytteborn H (ed) The use of ecological variables in environmen-
tal monitoring, report PM 1151. The National Swedish Environment Protection
Board,, Stockholm, pp 104-108

Koponen S (1994) Ground-living spiders, opilionods, and pseudoscorpions of peat-
lands in Québec. Mem Entomol Soc Can 169:41-60

Koponen S (2002) Ground-living spiders in bogs in northern Europe. J Arachnol
30:262-267

Koponen S, Relys V, Dapkus D (2001) Changes in structure of ground-living spider
(Araneae) communities on peatbogs along a transect from Lithuania to Lapland.
Norw ] Entomol 48:167-174

Kouki J, Niemi GJ, Rajasdrkkd A (1992) Habitat associations of breeding peatland
passerine species in eastern Finland. Ornis Fenn 69:126-140

Krogerus R (1960) Okologische Studien iiber nordische Moorarthropoden (in Ger-
man). Commentat Biol 21:1-238

Lamers LPM (2001) Tackling biogeochemical questions in peatlands. Thesis, Uni-
versity of Nijmegen, Nijmegen

Larison B, Laymon SA, Williams PL, Smith TB (2001) Avian responses to restoration:
nest-site selection and reproductive success in song sparrows. Auk 118:432-442

Lavoie C, Rochefort L (1996) The natural revegetation of a harvested peatland in
southern Québec: a spatial and dendroecological analysis. Ecoscience 3:101-111

Lavoie C, Elias SA, Filion L (1997) A 7000-year record of insect communities from a
peatland environment, southern Québec. Ecoscience 4:394-403

Leuven RSEW, den Hartog C, Christiaans MMC, Heijligers WHC (1986) Effects of
water acidification on the ditribution pattern and the reproductive success of
amphibians. Experienta 42:495-503

Limpens J, Berendse F, Klees H (2003) N deposition affects N availability in intersti-
tial water, growth of Sphagnum and invasion of vascular plants in bog vegetation.
New Phytol 157:339-347

Maavara V (1955) The Entomofauna of Estonian bogs and its changes in response to
human activity (in Estonian). Thesis, University of Tartu, Tartu

Macan TT (1954) A contribution to the study of the ecology of Corixidae
(Hemiptera). ] Anim Ecol 23:115-141

Mazerolle MJ (2001) Amphibian activity, movement patterns, and body size in frag-
mented peat bogs. ] Herpetol 35:13-20

Mazerolle MJ (2003) Detrimental effects of peat mining on amphibian abundance
and species richness in bogs. Biol Conserv 113:215-223

Mazerolle MJ, Cormier M (2003) Effects of peat mining intensity on green frog
(Rana clamitans) occurrence in bog ponds. Wetlands 23:709-716

Mazerolle MJ, Drolet B, Desrochers A (2001) Small-mammal responses to peat min-
ing of southeastern Canadian bogs. Can J Zool 79:296-302

McCoy ED, Mushinsky HR (1994) Effects of fragmentation on the richness of verte-
brates in the Florida scrub habitat. Ecology 75:446-457

Mitchell EAD, Borcard D, Buttler AJ, Grosvernier P, Gilbert D, Gobat J-M (2000a)
Horizontal distribution patterns of testate amoebae (Protozoa) in a Sphagnum
magellanicum carpet. Microb Ecol 39:290-300

Mitchell EAD, Buttler A, Grosvernier P, Rydin H, Albinsson C, Greenup AL, Heijmans
MMPD, Hoosbeek MR, Saarinen T (2000b) Relationships among testate amoebae
(Protozoa), vegetation and water chemistry in five Sphagnum-dominated peat-
lands in Europe. New Phytol 145:95-106

Monroe BL, Jr., Sibley CG (1993) A World checklist of birds. Yale University Press,
New Haven, CT

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD




Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD

98 H. Rydin, U. Gunnarsson, and S. Sundberg

Moore PD, Bellamy DJ (1974) Peatlands. Elek, London

Morneau F (1995) Les oiseaux des tourbieres. In: Gauthier J, Aubry Y (eds) Les
oiseaux nicheurs du Québec: atlas des oiseaux nicheurs du Québec méridional.
Association québécoise des groupes d’ornithologues, Société québécoise de pro-
tection des oiseaux, Service canadien de la faune, Environnement Canada (région
du Québec), Montreal, p 1206

Mossakowski D, Frambs H (2003) Arthropoden intakter Hochmoore und regener-
ierender Abtorfungsflichen (in German). In: Aschemeier C (ed) Naturschutz in
Moor und Heide. Biologische Station Zwillbrock, Vreden, pp 35-41

Niemi GJ (1985) Patterns of morphological evolution in bird genera of New World
and Old World peatlands. Ecology 66:1215-1228

Niewold FJJ (1993) Raamplan voor behoud en herstel van de leefgebieden van
Korhoenders (Tetrao tetrix) in Midden-Brabant (in Dutch). Instituut voor Bos-
en Natuuronderzoek, Wageningen

Niewold FJJ (1996) Das Birkhuhn in den Niederlanden und die problematik des
Wiederaufbaus der Population. NNA Ber 1:11-20

Nilsson SG (1986) Are bird communities in small biotope patches random samples
from communities in large patches? Biol Conserv 38:179-204

Nogrady T, Wallace R, Snell T (eds) (1993) Rotifera - biology, ecology and systemat-
ics. SPB, The Hague

Nordquist GE (1992) Small mammals. In: Wright HE Jr, Coffin B, Aaseng NE (eds)
The patterned peatlands of Minnesota. University of Minnesota Press, Min-
neapolis, MN, pp 85-110

Norgaard E (1951) On the ecology of two lycosid spiders (Pirata piraticus and Lycosa
pullata) from a Danish sphagnum bog. Oikos 3:1-21

Pdivdnen J (1999) Tree stand structure on pristine peatlands and its change after for-
est drainage. Int Peat ] 9:66-72

Pakarinen P (1995) Classification of boreal mires in Finland and Scandinavia: a
review. Vegetatio 118:29-38

Patterson BD, Brown JH (1991) Regionally nested patterns of species composition in
granivorous rodent assemblages. ] Biogeogr 18:395-402

Petersen B (1954) Some trends of speciation in the cold-adapted holarctic fauna.
Zool Bidr Uppsala 30:233-314

Peus F (1932) Die Tierwelt der Moore. Handbuch der Moorkunde III (in German).
Borntriger Verlag, Berlin

Pough FH (1976) Acid precipitation and embryonic mortality of spotted salaman-
ders, Ambystoma maculatum. Science 192:68-70

Poulin M, Pellerin S (2001) La conservation. In: Payette S, Rochefort L (eds) Ecologie
des tourbieres du Québec-Labrador. Les Presses de ’Université Laval, Sainte-Foy,
pp 505-518

Poulin M, Rochefort L, Desrochers A (1999) Conservation of bog plant species
assemblages: assessing the role of natural remnants in mined sites. Appl Veg Sci
2:169-180

Reynolds JD (1990) Ecological relationships of peatland invertebrates. Ecology and
conservation of Irish peatlands. In: Doyle GJ (ed). Royal Irish Academy, Dublin,
pp 135-143

Risager M (1998) Impact of nitrogen on Sphagnum dominated bogs. Thesis, Univer-
sity of Copenhagen, Copenhagen

Runtz MWP, Peck SB (1994) The beetle fauna of a mature Spruce-Sphagnum bog,
Algonquin Park, Ontario; ecological implications of the species composition.
Mem Entomol Soc Can 169:161-171

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD




Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD

The Role of Sphagnum in Peatland Development and Persistence 99

Sammalisto L (1957) The effect of the woodland - open peatland edge on some peat-
land birds in south Finland. Ornis Fenn 34:81-89

Sauer JR, Hines JE, Fallon ] (2003) The North American Breeding Bird Survey, eesults
and analysis 1966-2002. USGS Patuxent Wildlife Research Center, Laurel

Schifer M, Lundstrom JO (2001) Comparison of mosquito (Diptera: Culicidae)
fauna characteristics of forested wetlands in Sweden. Ann Entomol Soc Am
94:576-582

Schikora H-B (2002a) Spinnen (Arachnida, Araneae) nord- und mitteleuropdischer
Regenwassermoore entlang 6kologischer und geographischer Gradienten (in
German). Thesis, University of Bremen, Bremen

Schikora H-B (2002b) Bodenlebende Spinnen als Element der Effizienzkontrolle bei
Revitalisierungsvorhaben: Beispiel Rehberger Sattelmoor (Harz, Niedersachsen)
(in German). Telma 32:175-190

Schmidt E (1964) Biologisch-6kologische Untersuchungen an Hochmoorlibellen
(Odonata) (in German). Z Wiss Zool 169:313-386

Smart PJ, Wheeler BD, Willis A] (1989) Revegetation of peat excavation in a derelict
raised bog. New Phytol 111:733-748

Smits MJA, van Druinen GA, Bosman JG, Brock AMT, Javois J, Kuper JT, Peeters TM],
Peeters MAJ, Esselink H (2002) Species richness in a species poor system: Aquatic
macroinvertebrates of Nigula raba, an intact raised bog system in Estonia. In:
Schmilewski G, Rochefort L (eds) Proceedings of the international peat sympo-
sium. International Peat Society Commission V: peatland restoration, Pirnu,
Estonia, pp 283-291

Smolders AJP, Tomassen HBM, van Mullekom M, Lamers LPM, Roelofs JGM (2003)
Mechanisms involved in the re-establishment of Sphagnum-dominated vegeta-
tion in rewetted bog remnants. Wetlands Ecol Manage 11:403-418

Speight MCD, Blackith RE (1983) The animals. In: Gore AJP (ed) Ecosystems of the
world 4A. Mires: swamp, bog, fen and moor. Elsevier, Amsterdam pp 349-365

Spitzer K, Jaro_ J (1993) Lepidoptera associated with the Cevené Blato bog (Central
Europe): conservation implications. Eur ] Entomol 90:323-336

Sternberg K (1993) Hochmoorschlenken als warme Habitatinseln im kalten Leben-
sraum Hochmoor. Telma 23:125-146

Stockwell SS (1994) Habitat selection and community organization of birds in eight
peatlands of Maine, Thesis, University of Maine, Orono

Tomassen HBM, Smolders AJP, Limpens ], Lamers LPM, Roelofs JGM (2004) Expan-
sion of invasive species on ombrotrophic bogs: desiccation or high N deposition?
J Appl Ecol 41:139-150

Viisdnen R (1992) Distribution and abundance of diurnal Lepidoptera on a raised
bog in southern Finland. Ann Zool Fenn 29:75-92

Viisdnen RA, Jarvinen O (1977) Structure and fluctuation of the breeding bird fauna
of a north Finnish peatland area. Ornis Fenn 54:143-153

Valk KU (1988) Estonian peatlands (in Estonian). Valgus, Tallinn

van Duinen GA, Brock AMT, Kuper ]T, Peeters TMJ, Smits MJA, Verberk WCEP,
Esselink H (2002) Important keys to successful restoration of characteristic
aquatic macroinvertebrate fauna of raised bogs. In: Schmilewski G, Rochefort L
(eds) Proceedings of the international peat symposium. International Peat Soci-
ety Commission V: peatland restoration, Pdrnu, Estonia, pp 292-302

van Duinen GA, Brock AMT, Kuper JT, Peeters TM], Verberk WCEP, Zhuge Y, Esselink
H (2003a) Restoration of degraded raised bogs: do aquatic invertebrates tell a dif-
ferent story? In: Jarvet A, Lode E (eds) Ecohydrological processes in northern
wetlands. Selected papers of the international conference & educational work-
shop, Tallinn, Estonia, pp 255-261

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD




Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD

100 H. Rydin, U. Gunnarsson, and S. Sundberg

van Duinen GA, Brock AMT, Kuper JT, Leuven RSEW, Peeters TM], Roelofs JGM, van
der Velde G, Verberk WCEP, Esselink H. (2003b) Do restoration measures rehabil-
itate fauna diversity in raised bogs? A comparative study on aquatic macroinver-
tebrates. Wetlands Ecol Manage 11:447-459

van Duinen GA, Dees AJ, Esselink H (2004a) Importance of permanent and tempo-
rary water bodies for aquatic beetles in the raised bog remnant Wierdense Veld.
Proc Exp Appl Entomol (NEV) 15:15-20

van Duinen GA, Brock AMT, Kuper JT, Peeters TM], Esselink H (2004b) Do raised
bog restoration measures rehabilitate aquatic fauna diversity? A comparative
study between pristine, degraded, and rewetted raised bogs. In: Pdivinen J (ed)
Wise use of peatlands. Proceedings of the 12th international peat congress, Tam-
pere, Finland, 6-11 June 2004, pp 399-405

Verberk WCEP, van Duinen GA, Peeters TM]J, Esselink H (2001) Importance of vari-
ation in water-types for water beetle fauna (Coleoptera) in Korenburgerveen, a
bog remnant in the Netherlands. Proc Exper Appl Entomol (NEV) 12:121-128

Wagner RH, Danchin E (2003) Conspecific copying: a general mechanism of social
aggregation. Anim Behav 65:405-408

Wheeler BD, Shaw SC (1995) Restoration of damaged peatlands. HMSO, London

Whitehouse NJ (2004) Mire ontogeny, environmental and climatic change inferred
from fossil beetle successions from Hatfield Moors, eastern England. Holocene
14:79-93

Wilbur HM (1980) Complex life cycles. Ann Rev Ecol Syst 11:67-93

Wood JT (1955) The nesting of the Four-toed Salamander, Hemidactylium scutatum
(Schlegel), in Virginia. Am Midl Nat 53:381-389

Ecological Studies Vol 188, page proofs as of 04/21 by Kréner, HD






