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ARTICLE INFO ABSTRACT

Article history: Sphagnum riparium (Angstrém) is a rare constituent of modern peatland plant communities and is also very
Received 7 October 2017 ) rarely found as a subfossil in peat archives. We present new data on the occurrence of Sphagnum riparium mac-
Received in revised form 5 April 2018 rofossils in three Northern Hemisphere peatlands from Yellowknife (NW Canada), Abisko (N Sweden), and the
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Available online 26 April 2018 Northern Ural Mountains (NW Russia). Sphagnum riparium macrofossils were present in transitional phases be-

tween rich fen and oligotrophic bog. Sphagnum riparium was a dominant species in the three sites and was found
in combination with Sphagnum angustifolium, Drepanocladus sp., and vascular plants including Andromeda

I;fa{r::;iirofossils polifolia, Chamedaphne calyculata and Oxycoccus palustris. Testate amoebae indicate that the species occurred in
Testate amoebae wet to moderately wet conditions (water-table depth inferred from a testate amoeba transfer function model
Plant succession ranged between 25 and 0 cm under the peatland surface). The wet-indicator taxa Archerella flavum and
Palaeoecology Hyalosphenia papilio dominated the testate amoeba communities in peat horizons containing Sphagnum riparium.
P?atjfofff}ing species The presence of Sphagnum riparium macrofossils in peat profiles in the Northern Hemisphere can be interpreted
Biodiversity conservation as an indication of wet minerotrophic conditions, often corresponding to a rise in water-level and establishment

of a wet habitat. Sphagnum riparium is a transient species in these peatlands and is replaced by communities
dominated by more acidophilic species such as Sphagnum angustifolium, Sphagnum russowii, and Sphagnum
fuscum. Our data show that although Sphagnum riparium is a transient peat-forming species, it is widespread
in sub-arctic and boreal environments. The subfossil occurrence of Sphagnum riparium in the Northern Hemi-
sphere may indicate that its range has increased during the Late Holocene. The conservation of Sphagnum
riparium in peatlands depends on the existence of relatively short-lived transitional communities which poten-
tially can be artificially created.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction University of Leeds Peat Club, 2017). Peatlands represent an important
archive of past environmental conditions enabling reconstructions of

Sphagnum mosses are among the most common plant species in local vegetation communities over millennia (Overbeck, 1975; Barber,
northern bogs and poor fens where they are commonly the main con- 1981). Sphagnum mosses are particularly common in oligotrophic
tributors to peat-formation (Crum, 1992; Halsey et al., 2000; peatlands and their fossil remains can be identified to the species level
due to their distinctive morphological features (Holzer, 2010; Lange,

1982; Mauquoy and van Geel, 2007). The present-day ecological prefer-
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Sphagnum cuspidatum, Sphagnum majus and Sphagnum balticum (Barber
et al.,, 2003; Valiranta et al., 2012; Gatka et al.,, 2017b, 2017c), whereas
others are indicative of drier habitats, including peat hummaocks (e.g.
Sphagnum fuscum, Sphagnum capillifolium (Kuhry, 2008; Holzer, 2010;
Valiranta et al., 2012; Gatka et al., 2017b, 2017c)). Furthermore, some
more minerotrophic Sphagnum species and/or species with broad eco-
logical tolerances e.g. Sphagnum papillosum, Sphagnum fallax and Sphag-
num magellanicum can occur in various habitats; where they are found
above peat layers formed by typical oligotrophic species e.g. Sphagnum
fuscum and Sphagnum austinii, they may indicate hydrological distur-
bance in the peatland catchment such as deforestation, moderate nutri-
ent input from agriculture, or deposition of dust on the peatland (e.g.
van Geel and Middeldorp, 1988; McClymont et al., 2008; Gatka and
Lamentowicz, 2014; Gatka et al,, 2015; Swindles et al.,, 2015a).

Detailed palaeoecological studies provide information on the past
distribution of peat forming vegetation, temporal patterns of vegetation
change, and likely drivers of change (Overbeck, 1975; Barber, 1981;
Zoltai, 1993; Halsey et al., 2000; Gajewski et al., 2001; Swindles et al.,
2015a). This information is useful for environmental protection efforts
as it provides insight into present ecosystem states and can be used to
define restoration targets and trajectories of change following distur-
bance (Chambers et al., 2013; McCarroll et al., 2016; Swindles et al.,
2016; Gatka et al., 2017a). Moreover, data on the past occurrence of
Sphagnum species can potentially contribute to our understanding of
Sphagnum refugia during the Quaternary which is currently based
mostly on DNA analysis (e.g. Szévenyi et al., 2006; Kyrkjeeide et al.,
2012, 2014).

Sphagnum riparium (Angstrom) is a very rare subfossil in peat ar-
chives and is also a rare constituent in modern plant communities.
This species belongs to section Cuspidata and its distribution is de-
scribed as circumpolar, sub-arctic to northern with slightly continental
tendencies (Daniels and Eddy, 1985; Crum, 1992; Smith, 2004;
McQueen and Andrus, 2007; Hoélzer, 2010; Laine et al,, 2011). It occurs
as far north as 77°04'N in the Wedel Jarlsberg Land, Spitsbergen, in
the Arctic Svalbard Archipelago (Wojtun, 2007), is found mostly in
minerotrophic conditions, and forms loose carpets in moist conditions,
such as lake margins, open hollows in poor-fens, and among rushes on
moderately-nutrient rich ground (Daniels and Eddy, 1985; Smith,
2004; McQueen and Andrus, 2007; Holzer, 2010; Laine et al., 2011;
Graham et al,, 2016).

Our high-resolution plant macrofossil data supported by the results
of testate amoeba analysis presented here fills a knowledge gap on the
palaeoecology of Sphagnum riparium in the Northern Hemisphere. We
provide three new palaeoecological records containing the presence of
Sphagnum riparium and review all published subfossil data for this spe-
cies (to the best of our knowledge). The main aims of our study are:
(i) to study the past occurrence of Sphagnum riparium in three new
peat records from contrasting climatic settings in the Northern Hemi-
sphere (Yellowknife, NW Canada; Abisko, N Sweden, and Northern
Ural Mountains, NW Russia); and (ii) to compare the current and past
ecology of Sphagnum riparium to better determine the causal factor for
its rarity and hence provide baseline data for its conservation.

2. Study sites

Handle Lake peatland (62°29'26.44"N, 114°23'18.23"W) is a
degrading permafrost peatland in NW Canada near the City of Yellow-
knife (Fig. 1). Arboreal vegetation surrounding the peatland includes
Picea mariana, Betula papyrifera, Betula nana, Rhododendron groenlandi-
cum and Pinus banksiana. The mean annual air temperature in the area
(1981-2010) is —4.1 °C and mean annual precipitation is 291 mm, of
which 40% falls as snow (Environment Canada, 2017).

Crater Pool, Abisko, N Sweden (68°1910.1”N, 19°51/27.2"E) is an in-
tact palsa mire containing permafrost in the Abisko region of sub-arctic
northern Sweden (Fig. 1). Within the site, water-table depth varies from
—5 to 45 cm and pH varies from 3.76-4.77. Common plants include

Sphagnum fuscum, Rubus chamaemorus, Eriophorum vaginatum,
Eriophorum angustifolium and Betula nana. In addition, Sphagnum
balticum, Drepanocladus sp. and Carex rostrata are also present. The cli-
mate of Abisko is considerably milder and drier than other locations at
similar latitudes (Yang et al., 2012). Mean annual precipitation is
332 mm (1981-2010) (Callaghan et al., 2010). For this time period,
mean winter and summer temperatures were - 9.3 °C and 10.1 °C,
respectively.

Banana bog, Northern Ural Mountains, Russia is located on the east-
ern bank of the Bolshaya Porozhnyaya river (60°02’ N 58°59' E) at an al-
titude of 270-280 m a.s.l. in the Pechora-Ilych Nature Reserve (Fig. 1).
The peatland covers an area of 8.9 ha (ca. 600 x 180 m), is banana-
shaped and slightly sloping. It is best classified as an upland Sphag-
num-dominated bog with clear hummock-ridge topography. Scattered
trees are found throughout the mire in low density (10-20%). These in-
clude mostly Betula pubescens, occasional Picea obovata and a small
number of Pinus sylvestris and Pinus sibirica. The herbaceous and low-
shrub layer consists of typical oligotrophic taxa and covers about
20-40% of the mire surface. The layer is dominated by Eriophorum
vaginatum and Carex spp. (Carex globularis, Carex. pauciflora, and Carex
rariflora) with other species including Andromeda polifolia, Vaccinium
uliginosum, Empetrum nigrum, Rubus chamaemorus, Baeothryon
(Trichophorum) alpinum, Dactylorhiza traunsteineri, and Oxycoccus
palustris. The climate of the study area is temperate continental: mean
annual air temperature = —0.4 °C, mean air temperature for January
—15.0to —17.5 °C, and July 15.5 to 16.5 °C; 175-185 days with sub-
zero temperatures and ground snow cover form late October to early
November = 180-190 days; length of the growing season =
140-150 days; average total annual precipitation = 627 mm.

3. Material and methods
3.1. Coring, subsampling, and chronology

The Handle Lake peatland core (BH-HL-15-01) was sampled in Sep-
tember, 2015. A 65-cm deep monolith was extracted. The Crater Pool
(CP) peat profiles were sampled with a Waardenaar peat extractor
(100 cm long, 10 cm x 10 cm) and peat core was recovered at Banana
bog, Ural site, by using a Russian peat corer (50 cm long, 5 cm wide).

Four AMS (Accelerator Mass Spectrometry) radiocarbon dates, on
hand-picked plant macrofossils, were used to determine the time of
Sphagnum riparium occurrence. Radiocarbon dating was undertaken at
the Poznan Radiocarbon Laboratory and the A.E. Lalonde AMS Labora-
tory, University of Ottawa. Radiocarbon dates were calibrated using
OxCal 4.1 (Bronk Ramsey, 2009) and the IntCal13 curve (Reimer et al.,
2013).

3.2. Plant macrofossils

Plant macrofossils were analysed in samples of approximately
5-10 cm?, at 1-cm contiguous intervals in the Canadian and Swedish
peat profiles and in 4-cm intervals in the Russian samples. In total, 35
samples were analysed. The samples were washed and sieved under
warm-water using a 0.20-mm mesh screen. Initially, the entire sample
was analysed with a stereoscopic microscope and the proportion of in-
dividual fossils of vascular plants and mosses to the total number of
plant macrofossils counted was obtained. The fossil carpological re-
mains and vegetative fragments (leaves, rootlets, epidermis) were iden-
tified using identification keys (Smith, 2004; Mauquoy and van Geel,
2007) and recent collection materials in the Department of Biogeogra-
phy and Paleoecology at Adam Mickiewicz University in Poznan. Per-
centage volumes of the different vegetative remains and Sphagnum
sections were estimated to the nearest 5%. The numbers of seeds, fruits,
needles, bud scales and leaves were counted separately. The relative
proportions of taxonomic groups of Sphagnum were estimated on the
basis of the branch leaves, which were investigated under the
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Fig. 1. Map of sites where subfossil Sphagnum riparium remains were discovered in the Northern Hemisphere. New findings presented in this paper (stars): A) Canada, Handle Lake
peatland, B) Sweden, Crater Pool, C) Russia, Banana bog. Published data (triangles): 1. Kuhry (2008), 2. Sannel and Kuhry (2008), 3. Zoltai (1993), 4. Arlen-Pouliot and Bhiry (2005),
Roy (2007), Fillion et al. (2014), 5. Oksanen et al. (2001), 6. Kultti et al. (2004), 7. Routh et al. (2014), 8. Novenko et al. (2009), 9. Oleg Kuznetsov (pers. comm.). Further data are

shown in Table 2.

Map source: https://placeandthings.wordpress.com/africa/the-earths-hemispheres/northern-hemisphere.

microscope on two 22 x 22-mm cover glasses. The identification of
Sphagnum taxa to the species level was performed separately on the
basis of the stem leaves and cross-sections using specialist keys
(Holzer, 2010; Laine et al., 2011), and compared to modern reference
material. We use the nomenclature of Mirek et al. (2002) for vascular
plants and Ochyra et al. (2003) for bryophytes. Plant macrofossil dia-
grams were drafted using C2 software (Juggins, 2003).

3.3. Testate amoebae

Testate amoebae were used to reconstruct the palaeohydrological
conditions of the peatlands (e.g. Booth et al., 2008; Swindles et al.,
20154, 2015b). Testate amoebae were extracted using a modified ver-
sion of Booth et al. (2010). Peat samples, 2 cm? in volume from 1-cm
thick slices, were boiled in water for 15 min to disaggregate the peat.
The peat-water mix was filtered using a 300 pm sieve, the filtrate was
back-sieved at 15 um and then allowed to settle. The 15-300 pm fraction
was then observed under the microscope (200-400 x magnification). A
total of 100 to 200 amoebae per sample were counted and identified to
species level or “type”. The transfer function of Swindles et al. (2015b)
developed for permafrost peatlands in Northern Sweden was used to re-
construct past water-table depths (WTD).

4. Results
4.1. Handle Lake, Canada

Sphagnum riparium macrofossils (branch and stems leaves) were re-
corded in an 11-cm thick peat layer together with Sphagnum
angustifolium (Fig. 2A). The peat layer with Sphagnum riparium was de-
veloped between the layers formed by Sphagnum capillifolium and
Sphagnum fuscum. A peat layer at 43 cm depth in the monolith was
dated to be 3390-3239 cal yr BP. The reduction in their proportion rel-
ative to other plant macrofossils at ~25 cm occurs at about
2755-2378 cal yr BP (Table 1). The most common testate amoebae im-
mediately above this level were the hydrophilous species Archerella
flavum, Hyalosphenia papilio, and Difflugia globulosa. Reconstructed
WTD ranged between about 4 to 0 cm under the peatland surface
(Fig. 3A). The WTD shift from dry to wet and to dry again was
documented.

4.2. Crater Pool, N Sweden
Sphagnum riparium macrofossils (branch and stems leaves) were

found in a 7-cm thick layer (Fig. 2B). In the upper part Drepanocladus
sp. was also present. The peat layer containing Sphagnum riparium
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Fig. 2. Percentage plant macrofossil diagram presenting local vegetation development in
the three peatlands: A) Handle Lake, Canada, B) Crater Pool, Sweden, C) Banana bog,
Russia.

accumulated about 1000 cal yr BP (Table 1). The most common testate
amoebae were hydrophilous Archerella flavum, Hyalosphenia papilio
alongside the xerophilous Nebela militaris. Reconstructed WTD ranged
between about 25 to 12 cm under the peatland surface (Fig. 3B).

4.3. “Banana” bog, Northern Ural Mountains, Russia

Sphagnum riparium macrofossils (only branch leaves) were found in
a 10-cm thick peat layer (Fig. 2C), which accumulated about 3000 cal yr
BP in the lower part of the profile (Table 1). The most common testate
amoebae encountered there were hydrophilous Archerella flavum,
Hyalosphenia papilio and Difflugia globulosa. Reconstructed WTD ranged
between about 11 to 1 cm under the peatland surface (Fig. 3C).

5. Discussion
5.1. Sphagnum riparium macrofossils in Holocene records

Sphagnum riparium is one of the rarest Sphagnum mosses reported
from fossil records. In fact, to our knowledge, there is no record on the
distribution of Sphagnum riparium in peat layers older than the Holo-
cene. The oldest known Sphagnum riparium macrofossil has been
dated to ca. 5900 cal yr BP and was found in the tundra zone in
Russia, Arkhangelsk Region (Kultti et al., 2004, Table 2). The species
has also been found in SW Nunavut, Canada at about 5700 cal yr BP
(Sannel and Kuhry, 2008, Table 2). However, according to Oleg
Kuznetsov (pers. comm.) peat layers containing Sphagnum riparium
from the Preboreal period have been observed in Karelia, Russia. The
data we present here may suggest that the range of S. riparium increased
during the Late Holocene. It can be partly linked to peatland develop-
ment processes (succession from rich fen to oligotrophic bog) that
would have favoured the spread of Sphagnum riparium.

Sphagnum riparium can be considered to be a peat forming species.
However, peat layers formed by this species are usually less than
50 cm thick (e.g. Novenko et al., 2009; Kultti et al., 2004; Kuhry, 2008;
Oksanen et al., 2001; Fillion et al., 2014; Routh et al., 2014). Until now
almost all sites with Sphagnum riparium are located in the sub-arctic
zone; although it is present in contemporary temperate Europe, but
has not been found in the peat archive there (e.g. Holzer, 2010; Smith,
2004; Melosik, 2006; Wojtui et al., 2013).

5.2. Sphagnum riparium in palaeoecological interpretations and implica-
tions for conservation

Sphagnum riparium can be considered to be an indicator of wet and
minerotrophic habitats in palaeoecological records. According to the
testate amoeba-based water-table reconstructions, Sphagnum riparium
grew in moderately wet to wet habitats, with a water-table ranging be-
tween 25 and 0 cm under the surface, but mostly in those with a water-
table ranging between 10 and 0 cm (Fig. 3). Our results and previously
published work show that Sphagnum riparium macrofossils were usu-
ally found in peat profiles indicating transition phases between rich
fen and bog (Table 2). The wet and minerotrophic habitat of Sphagnum
riparium in the past is supported by the common presence of Sphagnum
riparium macrofossils alongside Sphagnum angustifolium, Sphagnum

lindbergii, Sphagnum jensenii/balticum, and Warnstorfia fluitans
Table 1
Radiocarbon dates from analysed sites.
Site/depth [cm] Material Lab. code - C14 date Age [cal yr BP]
number [BP] (95.4%)
Canada, Handle Lake 24-25  Sphagnum fuscum stems UOC-1944 2530 + 30 BP  2755-2378
Canada, Handle Lake 44-44  Sphagnum cf. capilifolium stems + 1 needle of Picea mariana + 1 fragm. needle of Pinus sp. ~ UOC-1945 3113 £ 30 3390-3292
Sweden, Crater Pool 21-22  Sphagnum riparium stems with leaves Poz-80223 1110 & 30BP  1072-937
Russia, Banana bog 184 15 fruits of Carex cf. rostrata Poz-51259 2965 + 30 BP  3217-3005
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Fig. 3. Percentage testate amoeba diagrams alongside Sphagnum riparium abundance and reconstructed water tables in the three peatlands: A) Handle Lake, Canada, B) Crater Pool,

Sweden, C) Banana bog, Russia.

(Table 2). These moss species usually grow in wet and relatively
minerotrophic habitats (Crum, 1992; Daniels and Eddy, 1985; Holzer,
2010; Laine et al., 2011; Smith, 2004). In some sites, the peatland devel-
opment pathway followed a gradual succession from wet fen to rela-
tively dry bog (hummocks) conditions with a shift in dominance
towards Sphagnum species such as Sphagnum fuscum (e.g. Kuhry,
2008, Sannel & Kuhry, 2008; our site in Canada). The disappearance of
Sphagnum riparium at our study sites and at other sites described in
the literature were thus likely caused by an autogenic trophic shift

and succession towards more acidophilic conditions favourable to spe-
cies such as Sphagnum fuscum, Sphagnum angustifolium and Sphagnum
russowii. Once the peatlands reach the ombrotrophic phase in their de-
velopment, the growth of S. riparium is likely limited by the increasing
nutrient-limitation to which other species are better adapted. Further-
more, in the sub-arctic region, Sphagnum riparium is considered to be
a typical collapse scar species (Zoltai, 1993; Oksanen et al., 2001;
Kuhry, 2008) that can appear in the wet (and relatively nutrient-rich)
depressions after permafrost degradation. According to Zoltai (1993)
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Table 2
Subfossil Sphagnum riparium in the Northern Hemisphere.

Site description (location, please look at Fig. 1) Age of the peat layer with

Sphagnum riparium

Plant composition

Reference

A) Canada, Handle Lake, BHHL-01, NW Canada near Between 2500 and 3200 cal ~Sphagnum angustifolium, S. capillifolium, Chamedaphne calyculata, This study

the City of Yellowknife yr BP

B) Sweden, Crater Pool, Abisko region ca. 1000 cal yr BP

C) Russia, the upper Peczora River region, Banana ca. 3100 cal yr BP
bog

1. Canada, The Herchmer palsa, the Hudson Bay
Lowlands of northeastern Manitoba along the
railroad between Gillam and Churchill

2. Canada, Nunavut and Saskatchewan, peatlands

ca. 2250-800 cal yr BP and

ca. 5700-4800 cal yr BP

Andromeda glaucophyla, Oxycoccus palustris

Sphagnum russowii, Drepanocladus sp., Betula nana This study
Sphagnum cf. girgensohnii This study
Sphagnum jensenii/balticum, Sphagnum lindbergii, Sphagnum Kuhry, 2008

ca. 500 cal yr BP to AD 1960 magellanicum, Picea and Larix (needles) and Ericaceous (including
Oxycoccus and Chamaedaphne (leaves))
Sphagnum lindbergii, Sphagnum cuspidatum, Sphagnum teres,

Sannel and Kuhry,

located close to Ennadai Lake and Selwyn Lake Sphagnum balticum, Calliergon stramineum 2008
3. Canada, northwestern Alberta ca. 4440-3800 cal yr BP, ca.  Sphagnum angustifolium, Chamaedaphne calyculata, Eriophorum  Zoltai, 1993
1530-1180 cal yr BP, ca. brachyantherum

1230-790 cal yr BP
4. Canada, northern Québec, peatland located near  ca. 500 cal yr BP to present

Whapmagoostui-Kuujjuarapik

5. Russia, Rogovaya River peat plateau ca. 3400 to ca. 2300 cal yr

Sphagnum lindbergii, Calliergon stramineum, Drepanocladus
exannulatus/fluitans

Sphagnum lindbergii, Sphagnum balticum, Warnstorfia cf. fluitans,

Roy, 2007;
Arlen-Pouliot and
Bhiry, 2005; Fillion
et al, 2014
Oksanen et al., 2001

BP Warnstorfia cf. exannulata, Carex sp.

6. Russia, district of the Arkhangelsk Region ca. 5900-4500 cal yr BP

Sphagnum balticum, Sphagnum annulatum, Warnstorfia fluitans,

Kultti et al., 2004

Scheuchzeria palustris

7. Russia, west of the Ural Mountains, near the vil-
lage of Seida
8. Russia, the Tver' region, Staroselsky Moch' mire

ca. 800 cal yr to present

Sphagnum lindbergii, Sphagnum jensenii, Sphagnum fallax
Drepanocladus cf. fluitans, Calliergon sp.
Not older than 200 cal yr BP  Sphagnum girgensohnii, Sphagnum nemoreum, Sphagnum

Routh et al,, 2014

Novenko et al., 2009

squarrosum

9. Russia, Karelia Preboreal period

Lack of data

Oleg Kuznetsov (pers.
comm.)

Sphagnum riparium is commonly a pioneer species in peatlands that ex-
perience a rise in water-table.

The present-day habitat of Sphagnum riparium confirms our
palaeoecological reconstructions. This species has been documented in
the Northern Hemisphere habitats where water tables were shallow.
Gignac et al. (1991) found that in western Canada, its maximum abun-
dance was when the water-table was near the surface and pH was about
5.6.In the western Siberian arctic zone (Yamal Peninsula), it forms loose
mats in hollows in hummocky sedge-Sphagnum mires, and is often as-
sociated with Sphagnum fimbriatum and Sphagnum girgensohnii
(Czernyadjeva, 2001). In the Biatlowieza Forest (Poland), it is found in
mesotrophic spruce forest within hollows containing stagnant water
(Melosik, 2006). In Scandinavia, it forms loose carpets in moist condi-
tions such as fens and along streams, ditches and lake shores and with
Sphagnum lindbergii, Sphagnum teres, Sphagnum angustifolium (Laine
et al,, 2011). In Schwarzwald (SW Germany), it grows in the wet
edges of oligotrophic peatlands alongside Sphagnum squarrosum, Sphag-
num fallax and Sphagnum girgensohnii (Holzer, 2010). Sphagnum
riparium is considered to be a highly productive species, and can accel-
erate the terrestrialisation of ditches in drained sites, creating suitable
microhabitats for other species to colonise (Kangas et al., 2014). Sphag-
num riparium may thus represent a key species for recolonising dis-
turbed peatlands. It may be favoured in northern regions experiencing
rapid climate warming leading to permafrost degradation and else-
where in cases where formerly ombrotrophic peatlands are
transforming into wetter, more minerotrophic ecosystems due to peat
extraction or hydrological changes (Vitt et al., 1994; Jorgenson et al.,
2001; Swindles et al., 2015c¢).

6. Summary

1. The presence of Sphagnum riparium macrofossils in peat profiles can
be interpreted as an indication of wet minerotrophic conditions,
often corresponding to an increase in water level and establishment
of a wet habitat.

2. Sphagnum riparium is a peat forming species in the sub-arctic and bo-
real zone, however peat layers dominated by its macrofossils are not
thick (usually <50 cm).

3. The subfossil occurrence of Sphagnum riparium in the Northern
Hemisphere may indicate that the range of this species increased
during the Late Holocene.

4. The reconstructed environment of Sphagnum riparium in the Holo-
cene is consistent with the modern ecology of this species in the
Northern Hemisphere.

Acknowledgements

AMS dating of one sample was funded by the National Science Cen-
tre in Poland (project: DEC-2013/09/B/ST10/01589, primary investiga-
tor M.G.). Funding was provided by the Geological Survey of Canada
(Environmental Geoscience Program; activity lead ].M.G.) and Polar
Knowledge Canada (Project 1516-149, primary investigators ].M.G.,
RT.P.). G.T.S. acknowledges the Worldwide University Network
(WUN) for funding fieldwork in Abisko (Project: Arctic Environments,
Vulnerabilities and Opportunities). The work was partly supported by
the Russian Science Foundation (grant 14-50-00029 for Yu.M.) and
Russian Foundation for Basic Research (grant 17-04-00320 for A.N.T.).
E.A.D.M. acknowledges funding by the Scientific & Technological Coop-
eration Program Switzerland-Russia faculty exchange project (grant
IZIR Z3 128338 Q4655). We thank Adam Hélzer for help in the identifi-
cation of mosses species and the valuable review, that allowed us im-
prove manuscript. We are grateful for the support of Nicole Couture
(Geological Survey of Canada) for providing comments to improve the
paper and of Clare Miller (Queen's University) and Lisa Neville (Geolog-
ical Survey of Canada) for assistance in collection of the Handle Lake
peatland material.

References

Arlen-Pouliot, Y., Bhiry, N., 2005. Palaeoecology of a palsa and a filled thermokarst pond in
a permafrost peatland, subarctic Québec, Canada. The Holocene 15, 408-419.

Barber, K.E., 1981. Peat Stratigraphy and Climatic Change. A Palaeoecological Test of the
Theory of Cyclic Bog Regeneration. A. A. Balkema, Rotterdam, NL.

Barber, K.E., Chambers, F.M., Maddy, D., 2003. Holocene palaeoclimates from peat stratig-
raphy: Macrofossil proxy climate records from three oceanic raised bogs in England
and Ireland. Quat. Sci. Rev. 22, 521-539.

Booth, R.K,, Sullivan, M.E., Sousa, V.A., 2008. Ecology of testate amoebae in a North Caro-
lina pocosin and their potential use as environmental and paleoenvironmental indi-
cators. Ecoscience 15, 277-289.


http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0005
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0005
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0010
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0010
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0015
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0015
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0015
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0020
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0020
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0020

M. Gatka et al. / Review of Palaeobotany and Palynology 254 (2018) 1-7 7

Booth, RK., Lamentowicz, M., Charman, D.J., 2010. Preparation and analysis of testate
amoebae in peatland paleoenvironmental studies. Mires Peat 7, 1-7.

Bronk Ramsey, C., 2009. Bayesian analysis of radiocarbon dates. Radiocarbon 51, 337-360.

Callaghan, T.V., Bergholm, F., Christensen, T.R., Jonasson, C., Kokfelt, U., Johansson, M.,
2010. A new climate era in the sub-Arctic: accelerating climate changes and multiple
impacts. Geophys. Res. Lett. 37, L14705.

Chambers, F.M.,, Cloutman, E.W., Daniell, ] R.G., Mauquoy, D., Jones, P.S., 2013. Long-term
ecological study (palaeoecology) to chronicle habitat degradation and inform conser-
vation ecology: an exemplar from the Brecon Beacons, South Wales. Biodivers.
Conserv. 22, 719-736.

Crum, H., 1992. A Focus on Peatlands and Peat Mosses. University of Michigan Press, Ann
Arbor, ML

Czernyadjeva, L.V., 2001. Moos flora of Yamal Peninsula (West Siberian Arctic). Arctoa 10,
121-150.

Daniels, R.E., Eddy, A., 1985. Handbook of European Sphagna. Natural Environment Re-
search Council, Institute of Terrestrial Ecology, Huntington (262 pp.).

Environment Canada, 2017. Historical climate data. http://climate.weather.gc.ca (16 May
2017).

Fillion, M.-C., Bhiry, N., Touazi, M., 2014. Differential development of two palsa fields in a
peatland located near Whapmagoostui-Kuujjuarapik, northern Québec, Canada. Arct.
Antarct. Alp. Res. 46, 40-54.

Gajewski, K., Viau, A., Sawada, M., Atkinson, D., Wilson, S., 2001. Sphagnum peatland dis-
tribution in North America and Eurasia during the past 21,000 years. Global
Biogeochem. Cy. 15, 297-310.

Gatka, M., Lamentowicz, M., 2014. Sphagnum succession in a Baltic bog in central-eastern
Europe over the last 6200 years and paleoecology of Sphagnum contortum. Bryologist
117, 22-36.

Gatka, M., Miotk-Szpiganowicz, G., Marczewska, M., Barabach, ]., van der Knaap, W.O.,
Lamentowicz, M., 2015. Palaeoenvironmental changes in Central Europe (NE
Poland) during the last 6200 years reconstructed from a high resolution multi-
proxy peat archive. The Holocene 25, 421-434.

Gatka, M., Tantau, I, Feurdean, A., 2017a. Plant succession in a peatland in the Eastern
Carpathian Mts. (CE Europe) during the last 10,200 years: implications for peatland
development and palaeoclimatic research. Rev. Palaeobot. Palynol. 244, 203-216.

Gatka, M., Tobolski, K., Gérska, A., Lamentowicz, M., 2017b. Resilience of plant and testate
amoeba communities after climatic and anthropogenic disturbances in a Baltic bog in
Northern Poland: implications for ecological restoration. The Holocene 27, 130-141.

Gatka, M., Tobolski, K., Lamentowicz, L., Ersek, V., Jassey, V.E]J., van der Knaap, W.O.,
Lamentowicz, M., 2017c. Unveiling exceptional Baltic bog ecohydrology, autogenic
succession and climate change during the last 2000 years in CE Europe using replicate
cores, multi-proxy data and functional traits of testate amoebae. Quat. Sci. Rev. 156,
90-106.

van Geel, B., Middeldorp, A.A., 1988. Vegetational history of Carbury Bog (Co. Kildare,
Ireland) during the last 850 years and a test of the temperature indicator value of
2H/1H measurements of peat samples in relation to historical sources and meteoro-
logical data. New Phytol. 109, 377-392.

Gignac, L.D,, Vitt, D.H,, Zoltai, S.C., Bayley, S.E., 1991. Bryophyte response surfaces along
climatic, chemical, and physical gradients in peatlands of western Canada. Nova
Hedwigia 53, 27-71.

Graham, J.A., Hartsock, J.A., Vitt, D.H., Wieder, R.K,, Gibson, ].J., 2016. Linkages between
spatiotemporal patterns of environmental factors and distribution of plant assem-
blages across a boreal peatland complex. Boreas 45, 207-219.

Halsey, L., Vitt, D.H., Gignac, L.G., 2000. Sphagnum-dominated peatlands in North America
since the last glacial maximum: their occurrence and extent. Bryologist 103,
334-352.

Holzer, A., 2010. Die Torfmoose Siidwestdeutschlands und der Nachbargebiete.
Weissdorn - Verlag Jena, Jena.

Jorgenson, M.T., Racine, CH., Walters, ].C., Osterkamp, T.E., 2001. Permafrost degradation
and ecological changes associated with a warming climate in central Alaska. Clim.
Chang. 48, 551-579.

Juggins, S., 2003. C2 User guide. Software for Ecological and Palaeoecological Data Analy-
sis and Visualisation. University of Newcastle, Newcastle upon Tyne.

Kangas, L., Maanavilja, L., Hajek, T., Juurola, E., Chimner, R.A., Mehtitalo, L., Tuittila, E.S.,
2014. Photosynthetic traits of Sphagnum and feather moss species in undrained,
drained and rewetted boreal spruce swamp forests. Ecol. Evol. 4, 381-396.

Kuhry, P., 2008. Palsa and peat plateau development in the Hudson Bay Lowlands,
Canada: timing, pathways and causes. Boreas 37, 316-327.

Kultti, S., Oksanen, P., Vdliranta, M., 2004. Holocene tree line, permafrost, and climate dy-
namics in the Nenets Region, East European Arctic. Can. J. Earth Sci. 4, 1141-1158.

Kyrkjeeide, M.O., Hassel, K., Flatberg, K.I, Stengien, H.K., 2012. The rare peat moss Sphag-
num wulfianum (Sphagnaceae) did not survive the last glacial period in northern
European refugia. Am. J. Bot. 99, 677-689.

Kyrkjeeide, M.O., Stengien, H.K,, Flatberg, K.I., Hassel, K., 2014. Glacial refugia and post-
glacial colonization patterns in European bryophytes. Lindbergia 37, 47-59.

Laine, J., Harju, P., Timonen, T., Laine, A, Tuittila, E.-S., Minkkinen, K., Vasander, H., 2011.
The intricate beauty of Sphagnum mosses — a Finnish guide to identification. Univ.
Hels. Dep. For. Sci. Publ. 2, 1-191.

Lamentowicz, M., Gatka, M., Lamentowicz, t., Obremska, M., Kiihl, N., Liicke, A., Jassey,
V.EJ.,, 2015. Reconstructing climate change and ombrotrophic bog development dur-
ing the last 4000 years in northern Poland using biotic proxies, stable isotopes and
trait-based approach. Palaeogeogr. Palaeoclimatol. Palaeoecol. 418, 261-277.

Lange, B., 1982. Key to northern boreal and arctic species of Sphagnum, based on charac-
teristics of the stem leaves. Lindbergia 8, 1-29.

Mauquoy, D., van Geel, B, 2007. Mire and peat macros. In: Elias, S.A. (Ed.), 2007. Encyclo-
pedia of Quaternary Science. Vol. 3. Elsevier Science, Amsterdam, Netherlands,
pp. 2315-2336.

Mauquoy, D., Yeloff, D., van Geel, B., Charman, D., Blundell, A., 2008. Two decadally re-
solved records from north-west European peat bogs show rapid climate changes as-
sociated with solar variability during the mid-late Holocene. J. Quat. Sci. 23, 745-763.

McCarroll, J., Chambers, F.M., Webb, ].C., Thom, T., 2016. Using palaeoecology to advise
peatland conservation: an example from West Arkengarthdale, Yorkshire, UK.
J. Nat. Conserv. 30, 90-102.

McClymont, E.L., Mauquoy, D., Yeloff, D., Broekens, P., van Geel, B, Charman, DJ., Pancost,
R.D., Chambers, F.P., Evershed, R.P., 2008. The disappearance of Sphagnum imbricatum
from butterburn flow, UK. The Holocene 18, 991-1002.

McQueen, C.B.,, Andrus, R.E., 2007. Sphagnaceae. In: Flora of North America Editorial Com-
mittee (Ed.), Flora of North America north of Mexico. 27. Oxford University Press,
New York and Oxford, pp. 45-101.

Melosik, 1., 2006. Occurrence of peat mosses in the Biatowieza Forest (NE Poland) and
their conservation status. Biodiver. Res. Conserv. 3-4, 272-279.

Mirek, Z., Piekos-Mirkowa, H., Zajac, A., Zajac, M., 2002. Flowering Plants and Pterido-
phytes of Poland. A Checklist. W. Szafer Institute of Botany, Polish Academy, p. 442.

Novenko, E.Yu., Volkova, E.M., Nosova, N.B., Zuganova, L.D., 2009. Late glacial and Holo-
cene landscape dynamics in the southern taiga zone of East European Plain according
to pollen and macrofossil records from the Central Forest State Reserve (Valdai Hills,
Russia). Quat. Int. 207, 93-103.

Ochyra, R,, Zarnowiec, J., Bednarek-Ochyra, H., 2003. Census Catalogue of Polish Mosses.
W. Szafer Institute of Botany, Polish Academy of Sciences, p. 372.

Oksanen, P.O., Kuhry, P., Alekseeva, R.N., 2001. Holocene development of the Rogovaya
River peat plateau, European Russian Arctic. The Holocene 11, 25-40.

Overbeck, F., 1975. Botanisch-geologische Moorkunde, unter besonderer
Berticksichtigung der Moore Nordwestdeutschlands als Quellen zur Vegetations-,
Klima- und Siedlungsgeschichte. Karl Wachholtz Verlag, Neumiinster.

Reimer, PJ., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Bronk Ramsey, C., Buck, C.E.,
Cheng, H., Edwards, R.L., Friedrich, M., Grootes, P.M., Guilderson, T.P., Haflidason, H.,
Hajdas, 1., Hatte, C., Heaton, T.J., Hoffmann, D.L.,, Hogg, A.G., Hughen, KA., Kaiser,
K.F., Kromer, B., Manning, S.W., Niu, M., Reimer, RW., Richards, D.A,, Scott, E.M.,
Southon, ].R,, Staff, RA,, Turney, C.S.M,, van der Plicht, J., 2013. Intcal13 and Marine13
radiocarbon age calibration curves 0-50,000 years cal BP. Radiocarbon 55,
1869-1887.

Routh, J,, Hugelius, G., Kuhry, P., Filley, T., Tillman, P.X,, Becher, M., Crill, P., 2014. Multi-
proxy study of soil organic matter dynamics in permafrost peat deposits reveal vul-
nerability to climate change in the European Russian Arctic. Chem. Geol. 368,
104-117.

Roy, N., 2007. Paléoécologie d'une mare thermokarstique comblée, Whapmagoostui-
Kuujjuarapik, Québec nordique. Mémoire de baccalauréat. 'Université Laval, Québec,
Québec, Canada (31 pp.).

Sannel, A.B.K., Kuhry, P., 2008. Long-term stability of permafrost in subarctic peat pla-
teaus, west-central Canada. The Holocene 18, 589-601.

Smith, AJ.E., 2004. The Moss Flora of Britain and Ireland. Second Edition. Cambridge Uni-
versity Press, Cambridge, p. 1011.

Swindles, G.T., Turner, T.E., Roe, H.M., Hall, V.A, Rea, HAA,, 2015a. Testing the cause of the
Sphagnum austinii (Sull. ex Aust.) decline: multiproxy evidence from a raised bog in
Northern Ireland. Rev. Palaeobot. Palynol. 213, 17-26.

Swindles, G.T., Amesbury, M., Turner, T.E., Carrivick, ].L, Woulds, C., Raby, C., Mullan, D.,
Roland, T.P., Galloway, ]., Parry, L., Kokfelt, U., Garneau, M., Charman, D.J., Holden, J.,
2015b. Evaluating the use of testate amoebae for palaeohydrological reconstruction
in permafrost peatlands. Palaeogeogr. Palaeoclimatol. Palaeoecol. 424, 111-122.

Swindles, G.T., Morris, P.J., Mullan, D., Watson, E.J., Turner, T.E., Roland, T.P., Amesbury,
MJ., Kokfelt, U., Schoning, K., Pratte, S., Gallego-Sala, A., Charman, D.J., Sanderson,
N., Garneau, M., Carrivick, J.L., Woulds, C,, Holden, ]., Parry, L., Galloway, ].M., 2015c.
The long-term fate of permafrost peatlands under rapid climate warming. Sci. Rep.
5,17,951.

Swindles, G.T., Morris, P.J., Wheeler, J., Smith, M., Bacon, K.L.,, Turner, T.E., Headley, A.,
Galloway, ].M., 2016. Resilience of peatland ecosystem services over millennial time-
scales: evidence from a degraded British bog. J. Ecol. 104, 621-636.

Szévenyi, P., Hock, Z., Urmi, E., Schneller, JJ., 2006. Contrasting phylogeographic patterns
in Sphagnum fimbriatum and Sphagnum squarrosum (Bryophyta, Sphagnopsida) in
Europe. New Phytol. 172, 784-794.

University of Leeds Peat Club, Bacon, K.L.,, Baird, AJ., Blundell, A., Bourgault, M.-A.,
Chapman, P., Dargie, G., Dooling, G.P., Gee, C., Holden, ]., Kelly, T., McKendrick-
Smith, K.A., Morris, P.J., Noble, A., Palmer, S.M., Quillet, Q., Swindles, G.T., Watson,
EJ., Young, D.M,, 2017. Questioning ten common assumptions about peatlands.
Mires Peat 19 (12), 1-23.

Valiranta, M., Blundell, A,, Charman, D.J., Karofeld, E., Korhola, A, Sillasoo, U.-S., Tuittila, E.,
2012. Reconstructing peatland water tables using transfer functions for plant macro-
fossils and testate amoebae: a methodological comparison. Quat. Int. 268, 34-43.

Vitt, D.H., Halsey, LA, Zoltai, S.C., 1994. The Bog landforms of continental western Canada
in relation to climate and permafrost patterns. Arct. Alp. Res. 26, 1-13.

Wojtu, B., 2007. The first documented record of Sphagnum riparium (Bryophyta:
Sphagnaceae) from Spitsbergen. Pol. Polar. Res. 28, 269-276.

Wojtun, B., Sendyk, A., Martyniak, A., 2013. Sphagnum species along environmental gradi-
ents in mires of the Sudety Mountains (SW Poland). Boreal Environ. Res. 18, 74-88.

Yang, Z.L, Hanna, E., Callaghan, T.V., Jonasson, C., 2012. How can meteorological observa-
tions and microclimate simulations improve understanding of 1913-2010 climate
change around Abisko, Swedish Lapland? Meteorol. Appl. 19, 454-463.

Zoltai, S.C., 1993. Development of Permafrost in the Peatlands of Northwestern Alberta.
Canada. Arct. Alp. Res. 25, 240-246.


http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0025
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0025
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0030
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0035
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0035
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0040
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0040
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0040
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0040
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0045
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0045
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0050
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0050
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0055
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0055
http://climate.weather.gc.ca
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0065
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0065
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0065
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0070
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0070
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0070
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0075
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0075
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0075
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0080
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0080
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0080
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0085
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0085
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0085
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0090
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0090
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0090
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0095
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0095
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0095
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0095
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0100
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0100
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0100
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0100
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0105
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0105
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0105
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0110
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0110
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0110
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0115
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0115
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0115
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf5000
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf5000
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0120
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0120
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0120
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0125
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0125
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0130
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0130
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0135
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0135
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0140
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0140
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0145
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0145
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0145
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0150
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0150
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0155
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0155
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0160
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0160
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0160
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0165
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0165
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0170
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0170
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0170
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0175
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0175
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0175
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0180
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0180
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0180
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0185
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0185
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0190
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0190
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0190
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0195
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0195
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0200
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0200
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0205
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0205
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0205
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0205
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0210
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0210
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0215
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0215
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0220
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0220
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0220
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0225
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0225
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0225
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0230
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0230
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0230
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0230
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0235
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0235
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0235
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0240
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0240
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0245
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0245
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0250
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0250
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0250
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0255
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0255
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0260
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0260
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0265
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0265
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0270
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0270
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0270
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0275
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0275
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0280
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0280
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0285
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0285
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0290
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0290
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0295
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0295
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0300
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0300
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0300
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0305
http://refhub.elsevier.com/S0034-6667(17)30229-4/rf0305

	Palaeoecology of Sphagnum riparium (Ångström) in Northern Hemisphere peatlands: Implications for peatland conservation and ...
	1. Introduction
	2. Study sites
	3. Material and methods
	3.1. Coring, subsampling, and chronology
	3.2. Plant macrofossils
	3.3. Testate amoebae

	4. Results
	4.1. Handle Lake, Canada
	4.2. Crater Pool, N Sweden
	4.3. “Banana” bog, Northern Ural Mountains, Russia

	5. Discussion
	5.1. Sphagnum riparium macrofossils in Holocene records
	5.2. Sphagnum riparium in palaeoecological interpretations and implications for conservation

	6. Summary
	Acknowledgements
	References




