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1 | INTRODUCTION
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Abstract

In central Ontario, Canadian Shield rock barrens are a dominant geographic feature
supporting at-risk reptiles near their northern range limit. To better understand the
characteristics of the organic soil that make Canadian Shield rock barrens suitable tur-
tle nesting habitat, we measured moisture retention and evaporative potential and
calculated the thermal properties of lichen (Cladonia) mats and moss (Sphaghum and
Polytrichum) cushions, as well as their underlying mineral-organic soils. The upper soil
profile consisted almost entirely of low density (14-49 kg m™3), high porosity (72-
98%) organic matter (loss on ignition [LOI] of 84-99%), which transitioned rapidly
to comparatively high density (304-815 kg m™3) mineral-organic soil (LOI of 10-
85%). In contrast to Sphagnum and Cladonia, under laboratory conditions, Polytrichum
was able to maintain an evaporation rate well above the open-water potential for sev-
eral days during a drying experiment. Overall, contrasts in composition and water
retention between soil layers are likely to dampen diurnal temperature fluctuations.
However, differences in potential water loss between species will have a direct
impact on soil thermal dynamics, particularly if substantial water loss occurs in the
mineral-organic layer. Because soil depth and temperature regulation by moisture
content and soil composition are an important component of nesting habitat, this
research provides evidence for the need to conserve moss/lichen-dominated habitats
within turtle species' home ranges. Understanding the ecohydrological controls and
limits to how these key moss/lichen species develop and influence primary peat for-

mation represents a critical research need for habitat restoration strategies.
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& Nagle, 2011), where they use a variety of habitats for mating,
nesting, foraging, basking, and overwintering (e.g., Beaudry,

The majority of reptile species in Canada exist near the northern limit
of their species' range, where their tolerance to environmental change
and disturbance is low (Garcia-Ramos & Kirkpatrick, 1997). Moreover,
many reptile populations in Canada occur in regions undergoing
substantial anthropogenic landscape change and development
pressure (Walton & Villeneuve, 1999; Lesbarréres et al., 2014). Many

reptile species require extensive home ranges (e.g., Congdon, Kinney,

DeMaynaider, & Hunter, 2009; Steen et al., 2012). For example, many
species of freshwater turtle, such as the Blanding's turtle (Emydoidea
blandingii), spotted turtle (Clemmys guttata), and midland painted turtle
(Chrysemys picta marginata), use moss- and lichen-dominated open
rock habitat to carry out critical life functions such as nesting (Litzgus
& Brooks, 1998; Markle & Chow-Fraser, 2014; Markle, pers. obs.). The

use of moss- and lichen-dominated crevices and depressions by turtles
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for nesting is vital for population persistence in a rock barren land-
scape, and thus, protection of these habitats is necessary. However,
despite this importance, there are no studies that have examined the
moisture and thermal properties of rock barren habitats in the Geor-
gian Bay region dominated by non-vascular ground cover.

The rock barren landscape of the Canadian Shield is characterized
by open granitic rock with lichen mats and moss cushions in shallow
depressions, moss-dominated treed vernal pools in moderate-sized
depressions, and Sphagnum dominated peatlands in larger depressions.
On granite outcrops, lichen- and moss-dominated communities are
thought to represent seral vegetation communities associated with ini-
tial soil development and stabilization of temperature and moisture
conditions (Shure & Ragsdale, 1977). Lichens, for example, are the first
to colonize bare rock because they can withstand high heat and dry
conditions (Keever, Oosting, & Anderson, 1951). Cladonia, a genus of
lichen, contributes decaying organic matter to the developing mat,
which is important for the colonization by Polytrichum species
(Burbanck & Platt, 1964; Shure & Ragsdale, 1977). Unlike Cladonia
species, Polytrichum have specialized internal water transport mecha-
nisms, which allow these mosses to continue photosynthesizing even
at low water content despite their lack of roots (Bayfield, 1973).
Moreover, Polytrichum leaves appress to the stem under dry condi-
tions to limit desiccation (Bayfield, 1973). As decomposition and suc-
cession continue, the soil layer continues to develop, eventually
creating soil deposits of 5 cm to over 20 cm deep, required for spotted
turtles and snapping turtles, respectively, to deposit eggs (Ernst, 1970;
Kolbe & Janzen, 2002). In general, as the soil depths increase, the sub-
surface temperature begins to stabilize, providing potential nest sites
with dampened temperature fluctuations and increased water storage
potential (Shure & Ragsdale, 1977).

Nesting habitat for at-risk reptiles on the Canadian Shield rock bar-
rens landscape is likely dependent on soil moisture retention and associ-
ated thermal properties of dominant moss and lichens because of
differences in their physiological and phenological adaptations to water
availability. Therefore, the aim of this study was to quantify and compare
some of the hydrological (moisture retention and potential evaporation)
and thermal properties (thermal diffusivity and thermal conductivity) of
moss and lichen species and the underlying soil in shallow soil-filled
depressions in Canadian Shield rock barrens in the eastern Georgian
Bay region. By capturing the range of moisture conditions that mosses
and soil undergo, we can advance our understanding of thermal buffering
properties of different habitats and the importance of moss and lichen

species to provide potential nesting habitat for at-risk turtles.

2 | STUDY AREA AND METHODOLOGY

The research was undertaken in a rock barrens landscape within Carling
Township, Ontario, in the Georgian Bay Biosphere Reserve. The study
area is characterized by granite rock ridges and valleys, where ridges
consist of roughly 60% moss/lichen-dominated shallow depressions
(<0.4 m), 22% sporadic tree cover, 12% open rock, and 4% peatland
(unpublished data). In the study area, Polytrichum species are the dom-
inant genera in shallow bryophyte-dominated depressions. Lichen of

the genera Cladonia are also commonly present in our study area as

relatively small, shallow mats. Sphagnum species tend to become more
abundant as the size/depth of the organic-filled depression increases.

We collected separate samples for moisture retention and poten-
tial evaporation analyses from the rock surface by carefully cutting the
moss using a knife and placing the samples in pre-cut polyvinyl chlo-
ride pipe (0.1 m inside diameter). All cores were taken from the surface
down to bedrock. Total sample depth was limited to 0.15 m as this
represents the 90th percentile of soil depth in lichen mats or moss
cushions in the study area (unpublished data). Cheese cloth was
attached to the bottom of the polyvinyl chloride to secure the sample
and minimize soil loss. For independent moisture retention analysis,
we sampled eight replicates for each of (i) Cladonia rangiferina, (ii)
Polytrichum commune, (iv) Polytrichum strictum, (v) Polytrichum
piliferum, (vi) Sphagnum angustifolium, (vii) Sphagnum papillosum, (viii)
Sphagnum capillifolium, and (ix) underlying mineral-organic soil mix-
ture. Due to the similarities within genus, data were grouped and pre-
sented as Cladonia, Polytrichum, and Sphagnum (see Figure S1). For our
analysis of potential evaporation, we collected an additional eight rep-
licate samples from locations dominated by Sphagnum, Polytrichum,
and Cladonia. Potential evaporation samples included any underlying
mineral-organic soil down to bedrock.

Samples were refrigerated at 4°C for approximately 2 weeks
before laboratory measurements were initiated. All samples were first
saturated for 24 hr and then allowed to freely drain for an additional
24 hr. Moisture retention samples (n = 8 per species) were then placed
on a porous ceramic plate (effective pore size 6.0 um, hydraulic con-
ductivity 3.11 x 10”7 m s™%, and approximate porosity of 50% by vol-
ume) within a sealed plexiglass chamber. Tensions of 10, 20, 30, 40,
50, 75, 100, 150, and 200 mb were applied using a vacuum regulator
(1% accuracy; Model 700-3, Soil Moisture Equipment Corp., Santa
Barbara). The drainage of water stopped once equilibrium within the
samples was achieved, which typically occurred within 24 hr for all
the steps except for the 200-mb step, which took 48 hr to reach equi-
librium. In between each tension step, sample weight and volume
were measured. When volume change was found to be significant
(i.e., significant linear relation between estimated sample volume and
tension), volumetric water content was calculated using regressed vol-
ume; otherwise, average measured volume was used. Following the
final tension step, the moss/lichen portion of samples was removed
from the underlying mineral-organic soil for all samples and weighed
separately. All material was then dried in an oven for 72 hr at 70°C
with the dry mass measured thereafter.

Following free drainage, evaporation samples (n = 8 per genus)
were placed in a growth chamber at 20°C at 70% relative humidity.
Samples were air-dried and weighed daily using a digital balance
(0.1-g precision) until they reached constant mass. Four replicate bea-
kers of water of the same cross-sectional area of the samples were
placed in the growth chamber along with the samples to provide a ref-
erence open-water evaporation rate in case of unexpected variations in
chamber temperature and/or humidity. Temperature and humidity var-
iations did not exceed 0.1°C and 2% relative humidity over the course
of 50 days of drying. Following air drying, the samples were divided into
three apparent soil horizons, which loosely correspond with an O, A,
and B/C horizon. The O horizon consisted of the moss/lichen portion

containing live tissue, erect stems, and plant litter. The B/C horizon
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was sampled from the lower 2 cm of the samples and contained pebbles
of parent material. The A horizon at the interface between erect
plant/fungal material and the underlying soil visually contained more
fibrous material and tended to be darker in colour than the underlying
soil. All material was then oven dried for 72 hr at 70°C. Oven dry weight
was used to calculate water content and dry bulk density. Triplicate
subsamples of the moss/lichen (O horizon), interface (A horizon), and
lower soil portions (B/C horizon) were placed in a muffle furnace for
3 hr at 550°C and then weighed to determine loss on ignition
(Hoogsteen, Lantinga, Bakker, Groot, & Tittonell, 2015).

Thermal conductivity (k) of the samples was estimated as a func-
tion of the degree of saturation (S,) based on empirical equations (Cote
& Konrad, 2005) for organic fibrous soils (k = 0.60) and medium/fine

sands (k = 3.55), where

k = (keat - kdw)(ﬁ),

Thermal conductivity of water and mineral and organic solids was
taken to be 0.59, 2.9, and 0.25 W m™* K2, respectively. Thermal dif-
fusivity, calculated as the quotient of thermal conductivity over volu-
metric heat capacity (C,), was calculated on the basis of the
arithmetic average C, of sample constituents, using values of
4.18 x 10° 1.99 x 10% and 2.5 x 10° J m™ K™* for water, mineral,
and organics, respectively.

All statistical analyses were done using Matlab (R2017b; The
Mathworks Inc.). An analysis of variance (ANOVA) was used to test for
significant differences in sample bulk density and loss on ignition. The
Shapiro-Wilk test was used prior to an ANOVA to test the assumption
of normality. Tukey's honestly significant difference was used in post
hoc analyses. Significance was rejected for p values greater than 0.05.
Unless otherwise stated, means and standard deviations are reported.

3 | RESULTS

3.1 | Physical soil properties

Genus had a significant effect on moss/lichen bulk density in the O hori-
zon (ANOVA), F(2, 53) = 32.93, p < 0.001, where Sphagnum samples

WILEY—2°8

tended to have a lower average bulk density of 14 + 11 kg m™> compared
with Polytrichum (26 + 10 kg m™3) and Cladonia (49 + 12 kg m™3; Figure 1
a). All samples were underlain by relatively dense mineral-organic soils
roughly 0.03 m thick (Table 1). The mineral-organic soil in the A-C hori-
zons comprised on average 34 + 9% of total sample depth, where total
soil depth ranged from 0.06 to 0.14 m. The bulk density of the
mineral-organic soil in the A-C horizons was 304 + 115, 769 + 254,
and 815 + 284 kg m™2 for Sphagnum, Polytrichum, and Cladonia, respec-
tively, where the Sphagnum mineral-organic soil bulk density was signif-
icantly different from Polytrichum and Cladonia samples, F(2,21)=13.16,
p = 0.0002 (Figure 1b). Loss on ignition varied markedly with layer, with
values of 95 + 2% for the moss/lichen portion of samples (O horizon) and
31 + 20% for the mineral-organic soil portion (B-C horizon; Figure 2).
Loss on ignition varied significantly based on depth category
(layer), F(2, 213) = 317.6; p < 0.001, where depth-dependence was sig-
nificantly different across sample type (layer x genus), F(2,213) = 13.2;
p < 0.001.

3.2 | Moisture retention

Commensurate with their low bulk density (Figure 1) and high porosity
(Figure 3a) composed of large pore spaces, Sphagnum-only samples on
lost the

(0.76 + 0.11 m® m™3), where average water content in Sphagnum-only

average largest volume of water upon desaturation
samples at all pressure steps was lower compared with the other samples
(Figure 3b). The mineral-organic soil samples initially lost a comparatively
small volume of water upon desaturation (0.17 + 0.09 m® m™®) and
retained a relatively large amount of water over the range of measured
tensions (Figure 3b). Intact samples (i.e., O-C horizons) of Polytrichum
and Cladonia had intermediate water content across the measured soil
water tensions. Volumetric water content during the evaporation exper-
iment showed broadly similar results, with Sphagnum-only samples
retaining the least water and mineral-organic soil-only (i.e., A-C hori-

zons) samples retaining the most water (Figure 4b).

3.3 | Evaporative loss

Following free drainage, Polytrichum samples had the highest evapora-

tion rates at roughly twice the open-water evaporation rate (Figure 4a),
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TABLE 1 Basic properties (+SD) for the moss/lichen O horizon and
the mineral/organic A-C soil horizons of samples from the evapora-
tion experiment (n = 8 per genus)

Polytrichum Cladonia Sphagnum
Horizon o A-C o A-C o A-C
Depth (mm) 78(34) 30(8) 46(6) 27(8) 79(21) 21
(15)
Coarse grain size (%)* N/A 48 (10) N/A  49(8) N/A 52 (3)
Medium/fine grain N/A 29 (6) N/A  29(5) N/A 24 (2)

size (%)?

Note. N/A: not applicable.

?Based on soil sieving of the mineral-organic soil layer with coarse corre-
sponding to particle size greater than 0.5 mm and medium/fine greater
than 0.125 mm.
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FIGURE 2 Distribution of loss on ignition for the moss/lichen O
horizon, A horizon, and B-C soil horizon from evaporation
experiment samples (n = 8 per genus) for Sphagnum, Polytrichum, and
Cladonia

where the daily open-water evaporation rate in the growth chamber
was 2.44 + 0.54 mm d™! with a mean daily value ranging from 1.9 to
3.3 mm d™1. The evaporation rate relative to the open-water rate for

non-Polytrichum samples tended to decrease immediately, whereas

Polytrichum was able to maintain relatively constant evaporation for
at least several days. After roughly 10 days, intact (i.e., O-C horizon)
Sphagnum and Cladonia samples had the highest evaporation rates,
though all samples were evaporating at much less than the open-water
potential rate. Meanwhile, Sphagnum-only samples reached residual
water content after ~10 days, compared with roughly 20, 40, and
40 days for intact samples of Polytrichum, Sphagnum, and Cladonia,
respectively, and ~35 days for the mineral-organic soil-only samples.
Throughout the drying experiment, intact Sphagnum samples main-
tained the highest average volumetric water content, relative to other
intact samples differing by as much as 0.10 and 0.15 m® m™ compared

with Cladonia and Polytrichum samples, respectively (Figure 4b).

3.4 | Thermal properties

Overall, the estimated thermal conductivity (Figure 5a) and thermal
diffusivity (Figure 5b) of the moss/lichen portion of samples are char-
acteristically lower compared with the mineral-organic portion of
samples. Estimated thermal conductivity of moss/lichen versus
mineral-organic soil samples is broadly similar at their respective
residual water content (when degree of saturation = O; Table 1) but
tend to diverge with increasing degree of saturation (Figure 5a). The
Sphagnum samples, for example, have very high porosity (98 + 1;
Figure 3a), so thermal conductivity at saturation is very close to that
of water (0.58 + 0.01 W m™* K™%). The coefficient of variation for esti-
mated thermal conductivity is much higher for the mineral-organic soil
portion (10.2%) compared with the moss/lichen portion (2.4%)
because of the difference in range of organic matter content
(Figure 2). Over a wide range of water content, the estimated thermal
diffusivity of the moss/lichen portion of samples is fairly constant at
roughly 0.01 m? d™*. Except at a very low degree of saturation, esti-
mated thermal diffusivity of the mineral-organic soil is higher than
the moss/lichen portion by a factor of 1.5-3. With a convex shape,
the moss/lich soil portion reaches its maximum estimated thermal dif-
fusivity at a degree of saturation of zero. Conversely, the estimated

thermal diffusivity for the mineral-organic soil portion takes on a
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concave shape and thus attains its maximum value at degree of satu-

ration between roughly 0.1-0.2 (Figure 5b).

4 | DISCUSSION

Moss and lichens are non-vascular and thus are unable to regulate
water loss via stomatal control. However, the limited water regulation
of non-vascular species is often counterbalanced by their high desic-
cation tolerance and quick recovery upon rehydration (Lindo &
Gonzalez, 2010; Turetsky, 2003). Furthermore, the organic matter
provided by decomposing moss material below the lichen mat or moss
cushion surface contributes to soil formation directly on rock. The rate
of decomposition and thus net accumulation of soil is directly influ-
enced by temperature and moisture conditions. Depending on the
depression characteristics, the successful establishment of strong
autogenic regulation of ecohydrological function can occur as soil
accumulates as peat, and succession of ground cover species towards
Sphagnum occurs (Waddington et al., 2015). Although Polytrichum and
Cladonia species differ entirely in physical structure, neither is thought
to retain significant amounts of water due to the loose structure of

their respective growth forms. Although moss and lichen likely

facilitate soil development on rock barrens, it is the mineral-organic
soil component which dominates moisture retention, where moisture
retention is thought to be an important feature for turtle nesting hab-
itat in the eastern Georgian Bay rock barrens region. Despite greater
the

moss/lichen can help to conserve water in the underlying soil by act-

water retention in mineral-organic soil, the overlying
ing as a diffusive barrier to water loss.

Nevertheless, moss and lichens are not able to actively regulate
water loss. Although Polytichum are non-vascular, they are able to
conduct water internally through the stem and are able to resist des-
iccation by leaf appressment (Bayfield, 1973). The ability to conduct
water internally is likely the reason why Polytrichum samples were able
to maintain a relatively high rate of evaporation for up to a week
before precipitously declining (Figure 4a). Although this feature is ben-
eficial for maintaining primary production in Polytrichum, the greater
rate of water loss and associated decrease in soil water content
(Figure 4b) is likely to lead to greater temperature fluctuations, as ther-
mal diffusivity in the mineral-organic layer peaks under relatively dry
conditions (Figure 5b). Other studies have found that temperature sta-
bility affects turtle incubation duration (Ashmore & Janzen, 2003), and
so ground cover type might play an important role in nest site suitabil-

ity. Differences in potential evaporation between Cladonia and
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Polytrichum, particularly in a field setting, may also be attributable to
differences in albedo. Qualitatively, Cladonia rangiferina takes on a
white colour, whereas Polytrichum ranges from bright to dark green
depending on the age of leaves and degree of saturation. At the site
scale, Petzold and Rencz (1975) show that there was a noticeable dif-
ference in measured albedo between a Polytrichum and lichen-
dominated site. As a result, we would expect the higher albedo of
lichen to have lower evaporative potential, all else being equal. Con-
versely, Sphagnum albedo can respond to changing water availability,
with increasing albedo (whitening) resulting from desiccation (cf.
Nungesser, 2003).

Although Cladonia samples have a greater ability to conserve
water in a lab setting compared with Polytrichum and Sphagnum, the
importance for turtle nesting habitat will depend on local precipitation
patterns, including average rainfall return intervals and seasonality.
With a typical growing season rainfall return interval of 2.3 days (Envi-
ronment Canada), differences in water storage in the soil underlying
Cladonia and Polytrichum might not be large, where lab-based drying
showed relatively high water content in samples in the first week.
However, under extended drought conditions, the greater water stor-
age (temporally) of soil underlying Cladonia soils might be critical for
successful turtle egg incubation. Although the average depth of
mineral-organic soil for samples collected were similar between
Cladonia and Polytrichum, a broader survey of moss and lichen soil
depths is needed to assess whether a systematic difference exists. In
particular, we limited sampling to locations where total soil depth
was 0.13 m or less. Consequently, with further soil development, the
increase in potential evaporative loss by Polytrichum may be
counterbalanced by increasing soil moisture storage.

The use of lichen-dominated depressions and crevices for nesting
(Litzgus & Brooks, 1998; Markle & Chow-Fraser, 2014) is likely due to
the stabilization of microclimate conditions, such as moisture and tem-
perature, achieved in the underlying soil (Shure & Ragsdale, 1977). The
denser the moss/lichen cushion, the better able these soils are at
retaining water during drought periods when soil tension increases
(Figure 3). Although soil density sampled under Polytrichum and
Cladonia was comparable (Figure 1b), the presence of dense Cladonia
at the surface (Figure 1a) could provide additional protection against
turtle egg desiccation during periods of drought. Cladonia could pro-
vide an important advantage because turtle eggs have been found to
have a greater hatching rate when incubated in moist soils (Packard,
Packard, Miller, & Boardman, 1987) and hatchling size is positively
correlated with soil wetness (Packard, 1999; Packard et al., 1987),
although oversaturation can decrease hatching success (Bodensteiner,
Mitchell, Strickland, & Janzen, 2015). Furthermore, as a result of mois-
ture retention characteristics (Figure 4) and high porosity (Figure 3a),
the moss/lichen overlying soil can serve as an insulator, where low
thermal diffusivity (Figure 5b) can regulate temperature fluctuations
despite the shallow nature of this habitat (Lindo & Gonzalez, 2010;
2003).

moss/lichen layer potentially losses its ability to dampen diurnal tem-

Turetsky, However, under very dry conditions, the
perature fluctuations in the underlying soil since estimated thermal
diffusivity of the moss/lichen increases dramatically at a low degree
of saturation. The concave shape of the thermal diffusivity versus

degree of saturation curve (Figure 5b) for the mineral-organic soil,

which peaks under dry conditions, suggests that moss/lichen, which
are better able to limit evaporative water loss, would help to maintain
a higher degree of saturation and thus limit diurnal temperature varia-
tions in the soil. Although the thermal properties of moss and lichens
generally reduce temperature amplitude in the underlying soil, a thin-
ner layer of moss or lichen will be less effective at dampening diurnal
soil temperature fluctuations. Therefore, a thicker layer of moss or
lichen may be advantageous for incubating eggs and could be a char-
acteristic selected for by nesting turtles.

In the rock barren landscape of eastern Georgian Bay, a range of
moss/lichen-dominated habitat exists, which may be suitable for tur-
tle nesting (Figure 6). Where soils are thin, limited water storage
results in rapid soil desiccation under warm and dry conditions,
where desiccation leads to increased diurnal temperature fluctua-
tions in the soil. With the development of lichen mats and moss
cushions, thicker soils better resist desiccation, whereas a well-
developed moss/lichen layer provides adequate insulation. From a
nest habitat suitability perspective, once a sufficient depth of soil
exists for a clutch of eggs, additional soil depth is not necessarily
advantageous in and of itself (Figure 6). As habitat transitions to
ephemeral pools and peatlands, while soil is relatively deep and
subsurface temperatures tend to be relatively stable, the increasing
persistence of saturated conditions likely makes peatlands in

particular less suitable as nesting habitat.

Nesting
suitability

persistent saturation

total soil depth

temperature stability

Habitat
characteristics

desiccation potential

Time
i ephemeral
Habitat barren mat  cushion P I peatland
type ki
Dominant| rock  ichen Polytrichum  Polytrichuml  gppagnum
cover Sphagnum
FIGURE 6 Conceptual model illustrating how soil habitat

characteristics are hypothesized to contribute to turtle nesting
suitability (upper panel) in a rock barren landscape. Idealized total soil
depth (O-C horizons), temperature stability, desiccation potential, and
flooding potential (middle panel) based on habitat succession and
dominant cover type (lower panel). On a rock barren landscape, lichen-
dominated depressions serve as nesting habitat for at-risk turtles,
which provide sufficient soil depth, relatively stable temperatures, and
water storage dynamics to provide enough soil moisture without
flooding the nest cavity which could lead to drowning
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Our study supports a crucial link between protecting at-risk species and
understanding their current habitat conditions in order to conserve and
potentially replicate such conditions in nature. The availability of
natural nesting habitat for at-risk turtles is limited by the distribution
of shallow organic soils on rock barren landscapes in central Ontario.
Therefore, the long-term persistence of such critical habitat is impera-
tive for the survival of reptile species at risk. Rock barren soils
underlying lichen mats and moss cushions tend to be shallow, with large
differences in hydrophysical and thermal properties between soil
layers. Moreover, in laboratory experiments, we found differences in
potential evaporation associated with moss and lichen characteristic
of progressive stages of soil development and vegetation succession,
which may contribute to turtle nesting suitability. Our results suggest
that moss characteristics contribute to turtle nest habitat suitability
and can be used in conjunction with other critical landscape features
such as canopy openness and proximity of open-water habitat to
identify potential nesting habitat at-risk reptiles may select.. This study
along with future information gathered to help characterize turtle
nesting habitat in the Georgian Bay rock barrens region has the poten-
tial to ensure the persistence of reptiles at their northern range limit

and the conservation of this relatively pristine landscape.
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