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Abstract

Climate warming and advanced snowmelt can simultaneously affect plant communities.
However, the process of seasonal vegetative development under warming and early snowmelt
conditions remains unclear, especially given that disturbance can amplify or dampen the
effect of warming. This study addressed these issues using a 3-year experiment in a
productive grassland in a cool temperate region. Three experimental conditions were
established in the grassland: warming and early snowmelt using open-top chambers (OTCs),
early snow removal and ambient temperature (SRs), and natural snowmelt and ambient
temperature (CONTSs). Half of the area of all plots was plowed to disturb soil conditions.
Average temperature and snowmelt were 1.37°C higher and 16-26 days earlier in OTCs
relative to CONTSs, respectively. Vegetation censuses during the 1-4 week intervals showed
earlier increases in species richness and vegetation cover after snowmelt in OTCs than
CONTs and SRs. Differences in species richness and plant cover among treatments were
substantially diminished in plowed areas. Aboveground biomass showed little difference
among treatments at the end of the growing season, while richness remained higher in OTCs.
These results indicate that early snow removal did not alter grassland vegetation. The effect of
OTCs can thus be due to either warming or a combination of early snowmelt and warming.
Although climate change is predicted to have strong impacts on arctic and alpine ecosystems,

this study suggests that the warming may also have important impacts in temperate regions.

Key words: cool temperate; diversity; Miscanthus sinensis; open-top chamber; productivity;

snow removal
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Introduction

One possible consequence of global warming is earlier snowmelt (Barnett et al. 2005; IPCC
2013), which leads to an extended growing season for vegetation (Galen & Stanton 1995;
Carbognani et al. 2012). Effects of global warming and early snowmelt increase the growth
and reproduction of plants that experience warm temperatures and long-growing seasons
(Henry & Molau 1997; Totland & Altalo 2002; Semenchuk et al. 2013). However, early
snowmelt can expose vegetation to the risk of frost damage (Bannister et al. 2005; Gu et al.
2008; Inouye 2008) and disrupt plant—pollinator relationships (Kudo et al. 2004, 2008;
Hegland et al. 2009). Therefore, the balance between positive and negative effects of warming
and early snowmelt can result in optimal performance of plants under intermediate timing of
snowmelt (Hiilber et al. 2011).

A large number of experimental studies have examined the effect of warming on
plant communities using open-top chambers (OTCs; Elmendorf et al. 2012). A potential
problem of OTCs is that warming and early snowmelt often occur simultaneously when snow
accumulation in OTCs is reduced (Aerts et al. 2004; Baptist et al. 2010). The effects of
snowmelt timing have also been examined using snow manipulation experiments, in which
the removal or addition of snow causing earlier and later snowmelt significantly altered
community composition, species hierarchy, phenology, and the growth and reproduction of
individual species (Wipf & Rixen 2010; Semenchuk et al. 2013; Rumpf et al. 2014). Although
assessing warming and snowmelt timing independently in field studies is difficult, a field

experiment with a combination of warming by OTCs and snow manipulation should allow
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one to evaluate the relative effects of both factors on vegetation development (Aerts et al.
2004, 2006).

Previous studies have focused on the effects of climate change on arctic and alpine
ecosystems, which are characterized by low temperatures, a short-growing season, low
productivity, low species diversity, and sparse plant density, and such ecosystems are
expected to be very sensitive to climate change (Henry & Molau 1997; Arft et al. 1999;
Elmendorf et al. 2012). As warming has relaxed the severe environmental conditions in cold
biomes, the abundance of some plants, especially graminoids and shrubs, has increased,
causing a loss of species diversity (Klein et al. 2004; Walker et al. 2006). In contrast, little
research has investigated plant communities with high productivity, high plant density, high
species diversity, and a long growing season in temperate regions. Moreover, communities
disturbed by human impacts are expected to be more vulnerable to warming than undisturbed,
natural communities (Grime et al. 2000). Anthropogenic disturbances are more frequent in
low-altitude and temperate regions than in arctic and alpine regions (Hannah et al. 1995).
Therefore, climate change may have major impacts on low-altitude and temperate regions.

To assess the combined effects of warming, snowmelt, and soil disturbance on the
development of vegetation, I conducted a 3-year experiment in a productive grassland
community dominated by Japanese pampas grass (Miscanthus sinensis) in a cool temperate,
montane region. The region experiences cold temperatures and continuous snow cover during
periods from early December to early April in every year (Yasunari & Ueno 1987). The
objectives of this study were to compare the timing and magnitude of vegetation growth

among three experimental conditions (warming and early snowmelt using OTCs; early snow
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removal and ambient temperature; natural snowmelt and ambient temperature) and to
investigate whether soil disturbance amplifies or dampens the effects of warming and early

snowmelt.

Materials and methods

Study site

The study site was located at the Sugadaira Montane Research Center, University of Tsukuba
(36° 31’ N, 138° 21’ E), at an altitude of about 1,300 m on the Sugadaira plateau, Ueda-shi,
Nagano Prefecture, central Japan. The annual mean air-temperature at the site was 6.5°C and
the average monthly air-temperature ranged from 19.4°C in August to —5.6°C in February,
whereas the mean annual rainfall was 1,226 mm and the annual mean of maximum snow
depth was 102 cm for the years 1971-2006.

A field experiment was conducted in a semi-natural grassland in the Sugadaira
Montane Research Center during 2011-2013. The dominant plant within the grassland is
Japanese pampas grass (Miscanthus sinensis), which is typical for mountainous areas in Japan.
Every autumn, the facility manager harvests all of the aboveground plant parts, to maintain
grassland vegetation by preventing vegetative succession to forest and to provide the litters to
farmers for composts. More than 100 plant species, including seedlings of tree species, have

been observed in the grassland.

Field experiment

This study established three experimental conditions in the grassland: warming and
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early snowmelt using open-top chambers (hereafter OTCs), early snow removal and ambient
temperature (hereafter SRs), and natural snowmelt and ambient temperature (hereafter
CONTs). The experimental design was not a factorial design due to the lack of an
experimental condition with warming and natural snowmelt. To assess the effect of soil
disturbance, a plowing treatment was assigned as a factorial design among the three
conditions. Five OTC plots and five CONT plots were established in the grassland in
November 2010. Five SRs plots, in which snow was removed according to snowmelt in OTCs,
were added in November 2011. Each plot had an area of 1 m x 1 m, and half of the area of all
plots was plowed in November 2012 to disturb the vegetation. Therefore, this study examined
two experimental conditions in 2011 (OTCs and CONTs), three in 2012 (OTCs, SRs,
CONTs), and six in 2013 (OTCs, SRs, and CONTs, with and without plowing). Open-top
chambers were produced using stainless steel frames and corrugated, acrylic-transparent
panels of 2 m height and 1 m width that surrounded all lateral sides (Plate 1). The 2-m height
of panels was adopted to surround the maximum height of the vegetation that exceeds two
meter in mid-September. The top and a region 10 cm above ground were opened in each OTC.
OTCs remained on plots throughout the experimental period.

A temperature logger (Thermocron iButtons, DS1921G; Maxim Integrated Products,
Sunnyvale, CA, USA) was installed at 1 m height in the center of each OTC and CONT plot
by attaching an iButton to a standing pole., Each iButton was covered by a plastic cup to
shade direct sunlight without preventing air circulation. Air temperatures were recorded in 1-h
intervals from 1 January 2011 to 11 November 2012, and 2-h intervals (0, 2, 4, 6, 8, 10, 12,

14, 18, 20, and 22) from 29 November 2012 to 30 June 2013. Data errors for each plot caused
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by logger malfunction and operator mistakes were discarded, and the average hourly
temperatures of the five plots for each treatment were used for analyses. In total, 18,396
average temperature values were obtained for each of OTCs and CONTSs and 929 erroneous
values were discarded. The date of snowmelt in 2011, 2012, and 2013, and snow depth at
intervals of 1-10 days (from 28 January 2011 to 29 April 2012, and from 21 December 2012
to 19 April 2013) were recorded for each plot.

To monitor vegetative development immediately after snowmelt, species
composition and vegetation cover were recorded in each plot at intervals of 1-4 weeks after
snowmelt until mid-June when vegetation cover was approximately 100% (10, 10, and 9
censuses in 2011, 2012, and 2013, respectively). I recorded the number of species that living
individuals (having green tissues) were observed as species richness within each plot. To
estimate vegetation cover, I subdivided each plot into 100 10 cm x 10-cm subplots and
visually evaluated plant cover of each subplot as 1% when plants occupied the whole area of
the subplot or at intervals of 0.1% when plants occupied a partial area. The sum of the total
cover of the 100 subplots was used to estimate vegetation cover in the plot. In 2013, the
monitoring of vegetation was conducted in both plowed and unplowed areas within each plot.
In mid- or late September of each year, when the vegetative height and aboveground biomass
was approximately highest in the growing season, we sampled the aboveground plant parts in
each plot. The sampling of each plot was conducted from a 1 m x 1-m area in 2011, a 20 cm x
I-m area in 2012, and a 20 cm x 1-m area of both plowed and unplowed areas in 2013. All
samples were divided into species and weighed after drying at 70°C over 48 h. After sampling,

all aboveground parts of plants in the plots were removed every year. I assumed that the
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aboveground removal had little effect on seed rain and plant growth because most plants had

withered or nearly ended their reproduction and growth at harvest time.

Analysis

Data analysis was conducted using R (ver. 3.1.0.; R Development Core Team 2014).
Using air temperature data, we compared the average monthly temperatures between CONTSs
and OTCs. We also calculated the difference in temperatures between CONTs and OTCs and
averaged the difference for each hour. The differences were compared to zero using #-tests.

We analyzed repeated measures of species richness (number of species) and vegetation
cover during early vegetative development after snowmelt using a generalized linear
mixed-effects model (GLMM; the glmer function from the Ime4 library in R). Species
richness was analyzed with a Poisson error distribution to fit count data, and vegetation cover
was analyzed with a binomial error distribution to fit proportion data. Models included
warming/snow treatment (CONTs, OTCs, and SRs), plow treatment (plowed and unplowed),
and their interaction as fixed effects. The GLMMs also included date of measurement and
plot identity as random effects to take into account differences in richness and cover between
censuses and temporal pseudoreplication by repeated measurements. All GLMMs were
conducted using maximum likelihood estimation. The p-values for all GLMMs were
calculated from the ImerTest library in R.

The biomass and species richness in September of each year were compared among

treatments using Wilcoxon rank-sum tests.
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Results

Air temperature was significantly elevated in OTCs. During the recording period, the average
monthly temperature was 1.37°C higher in OTCs than in CONTs (Fig. 1a). The difference
was statistically significant (¢-test, = 14.8, p < 0.0001). Warming was observed in the
daytime between 06:00 and 18:00 (Fig. 1b, ¢-test, t = 4.1, p <0.0001). The snowmelt date was
22,26, and 16 days earlier in OTCs than in CONTs in 2011, 2012, and 2013, respectively.
Average winter snow depth was greater in CONTs (55 cm in 2011 and 51 c¢cm in 2012) than in
OTCs (22 cm in 2011 and 21 c¢m in 2012). No snowdrifts were observed in OTCs. Maximum
snow depth reached 89 cm in CONTs and 65 cm in OTCs during the 2011 winter and 97 cm
in CONTs, 66 cm in OTCs, and 92 cm in SRs during the 2012 winter.

In the study grassland, all aboveground plant parts naturally withered during winter,
whereas plants germinated from seeds or regrew from roots in every spring after snowmelt.
Consequently the number of species and vegetation cover in all plots gradually increased with
the progress of growing seasons. The combination of warming and early snowmelt led to
earlier development of vegetation in OTCs than in CONTs. Species richness (number of
species) was significantly higher in OTCs than in CONTs in the 3 years (Table 1A, Fig. 2a—d).
Vegetation cover was also significantly higher in OTCs than in CONTs during the period
between snowmelt and early June in 2012 and 2013 (Table 1B, Fig. 2e-h). Differences in
vegetation cover between OTCs and CONTs disappeared by mid-June in 2011 and 2013, but
remained in 2012 (Fig. 2). In contrast, temporal patterns of vegetation development were very
similar between CONTs and SRs (Fig. 2). Therefore, no significant differences in species

richness and vegetation cover were observed between CONTs and SRs in 2012 and 2013
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(Table 1). When including accumulative temperature after snowmelt as a fixed effect, few
significant differences in species richness and vegetation cover were detected between OTCs
and CONTs and between SRs and CONTs (ESMI, 2), except species richness in 2013
between OTCs and CONTSs and vegetation cover in 2012 between SRs and CONTs.
Accumulative temperature had significant effects on richness and cover in the 3 years
(ESM2).

Vegetation development was substantially diminished in plowed areas of the plots
(Fig. 2d, h). The effects of plowing on species richness and vegetation cover were statistically
significant in 2013 (Table 1). Moreover, a significant interaction was noted between the SR
treatment and plowing on species richness (Table 1). In the models including accumulative
temperature as a fixed effect, the effects of plowing, the interaction between the SR treatment
and plowing on species richness, and the interaction between the OTC treatment and plowing
on vegetation cover were all significant (ESM2).

Biomass and species richness tended to be highest in OTCs compared to SRs and
CONTs in mid- or late September of each year, when vegetative height and aboveground
biomass were approximately highest during the growing season. These differences were
statistically significant for biomass between OTCs and SRs in 2012 and for species richness
between OTCs and CONTs in 2011, between OTCs and SRs in 2012, and between OTCs and

CONTs in unplowed areas in 2013 (p < 0.05, Wilcoxon rank-sum tests; Fig. 3).

Discussion
This study demonstrated the combined effects of snowmelt timing and warming on grassland

10
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vegetation in a cool temperate region. Early snowmelt enhanced vegetative growth when
accompanied by warming (OTCs), but not under natural low air-temperatures (SRs). However,
late snowmelt resulted in rapid vegetative growth under natural warm air-temperatures
(CONT3s). In general, early snowmelt leads to a prolonged growing season, and vegetation
development is enhanced by the accompanying warm temperatures after snowmelt.
Compared to CONTs, OTCs had higher temperatures (average 1.37°C higher) and
earlier snowmelt (1626 days earlier). OTCs had 3.8 more species and 14.8% more vegetation
cover than CONTSs throughout the early growing seasons (from March to June after
snowmelt). The increased vegetation development in OTCs was maintained until the end of
the growing season (4.8 more species and 14.4% increase in biomass by September). The
strong response of the grassland community to experimental warming was likely to have been
caused by the characteristics of a cold and productive ecosystem. A meta-analysis of
experimental warming at 32 research sites showed a greater positive response to warming in
colder ecosystems (Rustad et al. 2001). The grassland studied here was exposed to generally
low temperatures ranging from an average of 19.4°C in August to —5.6°C in February.
Hudson and Henry (2010) suggested that plant communities dominated by unproductive and
conservative species have a high resistance (low response) to climate change. In contrast, the
grassland studied here was dominated by the pampass grass, M. sinensis, which has high
productivity even in high-stress environments (Stewart et al. 2009). Therefore, productive
communities in cold temperate regions should show the same or even larger responses to
warming compared to arctic and alpine communities. A decrease in species diversity under
warming has often been observed in arctic regions, mostly due to a decrease in the abundance

11
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and diversity of bryophytes (Wahren et al. 2005; Walker et al. 2006; Carbognarni et al. 2012).
However, no bryophytes were recorded in this study. Warming leads to drought stress,
causing a decrease in productivity (De Boeck et al. 2007) and diversity (Klein et al. 2004;
Yang et al. 2011). Although no data on soil moisture were recorded during the study period, I
recently measured soil moisture after snowmelt in April 2014, and observed no difference
between OTCs and CONTs (R.O. Suzuki unpublished data). Conversely, clear differences
were observed in the structure of local vegetation within hollow areas, in which precipitation
and melted snow tended to accumulate (R.O. Suzuki personal observation), suggesting that
higher soil water content may have had a greater impact on vegetation in the grassland than
drought stress.

The advanced development of vegetation in OTCs was likely due to the combined
effects of warming and early snowmelt. GLMM analyses indicated that the differences in
species richness and vegetation cover between OTCs and CONTs disappeared when
accumulative temperatures after snowmelt were included as a fixed effect, suggesting that
vegetation responded in a similar manner to air temperatures irrespective of the treatment.
Vegetative development might begin when a certain threshold temperature is surpassed
(Rumpf et al. 2014). Therefore, early snowmelt advanced the start of growing seasons and
warm air-temperature allowed plants to grow immediately after snowmelt in OTCs. However,
the degree of enhanced vegetative growth in OTCs diminished over time in terms of biomass
(1.37, 1.30, and 1.20 times larger in OTCs than in CONTs in 2011, 2012, and 2013,
respectively) and plant height (1.14, 1.13, and 1.09 times larger in OTCs than in CONTs in
2011, 2012, and 2013, respectively; R.O. Suzuki unpublished data). A reduction effect on

12
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growth in OTCs has also been observed in arctic and alpine areas, in which the warming
effect on plant growth diminished as plants exhausted stored resources (Arft et al. 1999;
Hudson et al. 2011).

In SRs, early snow removal did not accelerate vegetation development. GLMM
analyses revealed no differences in species richness and vegetation cover between CONTs
and SRs. These results suggest that vegetation development in SRs was delayed until the time
that snowmelt occurred in CONTs. This delayed development is likely to be due to cold
air-temperatures after snow removal. A longer time would have been needed under colder
temperatures to reach a threshold temperature for the initiation of vegetative development. In
contrast, warm air-temperatures after natural snowmelt led to immediate vegetative growth in
CONTs. Therefore, air temperature after snowmelt effectively determined the initiation of
vegetative growth. Another possible explanation for the delayed development observed in
SRs may be that the extra soil water from melted snow could have suppressed plant growth.
Recent measurements of soil moisture immediately after snowmelt in April 2014 showed
significant higher soil water in SRs than OTCs (R.O. Suzuki unpublished data). Furthermore,
species richness and biomass in SRs were also similar to those in CONTs at the end of the
growing season, suggesting that a prolonged growing season by early snow removal did not
enhance vegetation growth throughout the growing season. Compared to the small number of
other experiments involving snow removal, a large amount of evidence indicates that snow
addition reduces plant productivity (Wipf & Rixen 2010), although the response to snow
manipulation is species-dependent (Rumpf et al. 2014). This study demonstrated that snow
removal might have only minor effects on plant productivity and diversity.

13
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The overall effect of soil disturbance (plowing) was a reduction in species richness
and productivity, irrespective of warming and snow removal treatments. As the consequence,
differences in species richness and plant cover among treatments were substantially reduced
in plowed areas. These results are consistent with previous evidence that aboveground
disturbance by grazing dampens the effects of warming (Klein et al. 2004, Post and Pedersen
2008). I also found an interaction effect between plowing and the warming/snowmelt
treatment. Compared to CONTSs, species richness in SRs was higher in unplowed areas, but
lower in plowed areas. The interaction effect might indicate that vegetation in SRs required a
longer period to recover from soil disturbance than that in CONTSs because plants in SRs were
exposed to cold temperatures after snowmelt or that belowground parts were less protected
from cold air-temperatures in plowed areas.

This study has several limitations. OTCs have various side effects, such as wind
protection (Marion et al. 1997; Bokhorst et al. 2013). The effects of wind often alter plant
phenology, morphology, and reduce plant growth (Whitehead 1962; Fukuyo et al. 1998).
Although plants can show adaptive responses to wind stress by altering their morphological
and physiological characteristics (Lawton 1982), the morphological and physiological
response to wind decreases at low temperatures, suggesting an interaction effect of wind and
temperature (Hunt and Jaffe 1980). Therefore, an interaction effect of wind shielding and
warming is likely to enhance plant growth in OTCs. In addition, snow depth in OTCs was
lower than in CONTs throughout winter, which may have resulted from the architectural
structure of OTCs that prevent snowfall in the chambers and not due to warming. Differences
in snow depth can cause differences in vegetative development by altering the soil

14
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temperature, soil nutrient availability, and frequency of freeze—thaw events (Decker et al.
2003; Wabhren et al. 2005). However, Wipf et al. (2009) demonstrated that snowmelt timing
had stronger effects on plant phenology and growth than snow depth.

Warming and early snowmelt can alter community structures, such as species
composition (Schob et al. 2009), species hierarchy (Harte & Shaw 1995; Klanderud &
Totland 2005), and species interactions (Klanderud 2005). The short-term response of
vegetation to warming often differs from the long-term response (Arft et al. 1999; Hudson
and Henry 2010). Therefore, the rapid vegetation response observed in OTCs in this study
might result in unpredictable changes in the community structures, such as an increase in
invasive species (Dukes and Mooney 1999) and plant pathogens (Roy et al. 2004), causing a
decline in species diversity during long-term warming. Future studies are required to evaluate
the changes in species composition, species hierarchy, and responses of individual species to
warming and earlier snowmelt during short- and long-term warming.

In conclusion, this study demonstrated that a combination of warming and early
snowmelt largely enhances the development of vegetation, but the response is diminished
when the soil is disturbed. Although climate change has been reported to have a strong impact
on arctic and alpine ecosystems (Aerts et al. 2006; Elmendorf et al. 2012), present data

suggest that the impact may also be substantial in temperate regions.
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Figure legends

Plate 1 Open-top chambers (OTCs) used in this study. OTCs were produced using stainless
steel frames and corrugated, acrylic-transparent panels of 2 m height and 1 m width that
surrounded all lateral sides. The top and a region 10 cm above ground were opened in each

OTC.

Fig. 1 Variations in the average monthly temperatures (a) in control plots (CONTSs; mean,
open circle; SD, dashed line) and warming plots using open-top chambers (OTCs; mean,
closed circle; SD, dotted line) and the differences in temperatures (b) for each hour between

CONTs and OTCs.

Fig. 2 Temporal changes in plant species richness (number of species) and vegetation cover
(%) in 2011, 2012, and 2013 (mean + SD). In 2011, warming plots using open-top chambers
(OTC:s, closed circle) and control plots (CONTSs, open circle) were established. In 2012, plots
with snow removal (SRs, open square) at the time of snowmelt within OTCs were added. In

2013, half of the area of all plots were plowed to disturb the vegetation.

Fig. 3 Above-ground biomass and species richness in three treatments at September of three
years when vegetative height and biomass was approximately highest in a growing season
(mean + SD): OTC, warming plots using open-top chambers; CONT, control plots; SR, plots
with snow removal. Sampling of each plot was performed from a 1 m x 1 m area in 2011, a

20 cm x 1 m area in 2012, and a 20 cm x 1 m area of each plowed and unplowed area in 2013.
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509  Different letters indicate significant differences among treatments (P < 0.05, Wilcoxon rank

510  sum tests).
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Table 1 Results of the generalized linear mixed-effects model testing the effects of treatments and days after snowmelt on plant species richness

(A) and vegetation cover (B) during study periods in 2011, 2012, and 2013. Models included date of measurement and plot identity as random

effects. The bold value indicates statistical significant.

2011 2012 2013

(A) species richness Estimate SE P Estimate SE P Estimate SE P
Intercept 1.72 0.23  <0.0001 2.06 0.23 <0.0001 1.42 0.08 <0.0001
Treat. OTC 0.36 0.09 <0.0001 0.26 0.09 0.0051 0.42 0.09 <0.0001
Treat. Snow removal 0.07 0.10 0.4792 0.00 0.10 0.9794
Plow (P) -0.60 0.09 <0.0001
Treat. OTC x P -0.06 0.11 0.6152
Treat. Snow removal x P -0.36 0.13 0.0058
(B) vegetation cover Estimate SE P Estimate SE P Estimate SE P
Intercept -3.78 1.39  0.0067 -3.57 0.94 0.0001 -3.29 1.25 0.0084
Treat. OTC 1.13 0.83 0.1758 2.30 0.72 0.0013 2.58 0.91 0.0046
Treat. Snow removal -1.46 0.85 0.0848 -1.37 1.05 0.1937
Plow (P) -3.38 1.30 0.0093
Treat. OTC x P -2.59 1.46 0.0760
Treat. Snow removal x P -0.45 1.81 0.8021

SE: Standard error of estimate values.
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ESM1 Relationships with accumulative temperatures after snowmelt in OTCs to plant species
richness (number of species) and vegetation cover (%) in 2011, 2012, and 2013 (mean + SD). In
2011, warming plots using open-top chambers (OTCs, closed circle) and control plots (CONTs,
open circle) were established. In 2012, plots with snow removal (SRs, open square) at the time of
snowmelt within OTCs were added. In 2013, half of the area of all plots were plowed to disturb
vegetation.
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ESM2 Results of the generalized linear mixed-effects model testing the effects of treatments and accumulative temperature on plant species
richness (A) and vegetation cover (B) during study periods in 2011, 2012, and 2013. Models included date of measurement and plot identity as
random effects. Accumulative temperature was calculated as summing the average hour temperature in each treatment during a period from the

snowmelt date to the day before the census date.

2011 2012 2013

(A) species richness Estimate SE P Estimate SE P Estimate SE P
Intercept 1.53 0.13  <0.0001 1.74 0.08 <0.0001 2.46 0.46 <0.0001
Accumulative temperature *1 0.08 0.01 <0.0001 0.15 0.01 <0.0001 -0.27 0.07 <0.0001
Treat. OTC 0.12 0.10  0.2430 -0.18 0.09 0.0508 0.88 0.15 <0.0001
Treat. Snow removal -0.12 0.09 0.1963 0.14 0.11 0.1971
Plow (P) -0.60 0.09 <0.0001
Treat. OTC x P -0.06 0.11 0.6151
Treat. Snow removal x P -0.36 0.13 0.0058
(B) vegetation cover Estimate SE P Estimate SE P Estimate SE P
Intercept -8.92 322 0.0057 -13.15 3.10 <0.0001 -6.80 1.50 <0.0001
Accumulative temperature *1 0.93 0.33 0.0042 1.60 0.39 <0.0001 1.36 0.28 <0.0001
Treat. OTC -0.68 1.27  0.5953 -1.93 1.16 0.0952 1.86 1.19 0.1173
Treat. Snow removal -3.32 1.33 0.0124 -2.73 1.66 0.0998
Plow (P) -3.74 1.63 0.0219
Treat. OTC x P -5.41 2.01 0.0072
Treat. Snow removal x P -0.07 2.08 0.9718

*: Estimate values and SE are multiplied by 1000 to be visible values. SE: Standard error of estimate values.
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