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Abstract 

Microclimatic gradients have a large influence on population growth rates of species and limit 

their distributions. Assessing changes in plant functional traits along microclimatic gradients 

is useful for understanding the drivers of climate responses in species and the mechanisms 

related to such responses. For instance, changes along climatic gradients may relate to 

temperature, moisture, or to associated drivers such as light or competition, and they may be 

caused by limitations in growth, reproduction or survival, which again reflected in changes in 

the functional traits. To understand, how microclimate along elevation and forest gradient 

affect plant functional traits, we selected a slow colonizing forest herb Anemone nemorosa as 

a model plant. This thesis combines observational and semi-experimental approaches to 

answer the following questions: (1) How is growing degree hours and light can be affected 

along the elevation and forest gradient as well as competition treatment? (2) Does competition 

along elevation and forest gradient have an effect on the performance of A. nemorosa? (3) Do 

microclimatic factors (light and temperature) have an effect on the functional traits of A. 

nemorosa along different elevations. We measured plant functional traits of A. nemorosa and 

microclimate and soil variables from three different elevations and along the forest gradients 

in deciduous forests in Central Norway. We used linear mixed effect model to find the 

answers to all our research questions.  

We found that GDH and mean light intensity decreased towards the interior of the forest. We 

observed higher GDH in plots without other competitors compared to those that had other 

competitors within the plots. Plant height and leaf dry matter content increased at higher 

elevation and towards forest interior and when competitors were removed, while plant 

biomass and specific leaf area decreased at higher along elevation and towards forest interior 

and when competitors had been removed. GDH negatively affected plant height and LDMC 

but positively affected SLA and plant biomass. Surprisingly, the light did affect to functional 

traits of A. nemorosa. We conclude that taller Anemone with lower SLA, higher LDMC, and 

lower plant biomass was present at a higher elevation performed better and seems to adapted 

in higher elevation. Likewise, increased Anemone height at forest interior indicated positive 

adaptive strategies under canopy. Likewise,  shorter Anemone with higher specific leaf area, 

in competition plots, indicated weak competitors’ forest outside, at forest edge and near to 

forest edge.  

Key words: Anemone nemerosa, functional trait, competition treatment, plant performance. 
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1. Introduction 

Climate change is considered one of the major threats to biological diversity. The global 

annual temperature has increased by approximately 0.85°C over the past century. The 

temperature is projected to increase by 2 to 4 °C until the 21st century (Stocker et al., 2013). 

The rapid increase in temperature due to elevated level of CO2 affects the environment, and 

influence species distribution and community composition (Gaston, 2003),  and vital 

population phenomena in terms of individual’s growth, survival, births, deaths, immigration 

and, emigration (Ehrlén and Morris, 2015). 

The distribution of plant communities is affected by both regional climatic conditions and 

local microclimatic conditions. The microclimate experienced by the living organisms of a 

particular place is light, temperature, soil moisture, radiation, and wind. (Bramer et al., 2018). 

Plant exposure to microclimatic variation differ from temporally and spatially. For example, 

at the daytime, leaves, and stem can experience higher temperature than the temperature of 

the air surrounding these tissues, especially when wind speed is not high (Bramer et al., 2018; 

Chen et al., 1999; De Frenne et al., 2013a). Forests play a crucial role in facilitating the 

microclimate experienced by understory plants by lowering air and soil temperatures, 

irradiance, and evapotranspiration (De Frenne et al., 2010). Therefore, “increases in forest 

cover over large spatial and temporal scales can slow the 1thermophilization of understory 

plant communities during periods of climate warming” ( sensu De Frenne et al., 2013a; 

Lemke et al., 2015).  

Forest gradient or plot distance or plot position will be interchangeable words used throughout 

this research study, which means the distance from the outer edge of the forest to forest 

interior. The study of forest gradient encompasses a highly variable environment. Along the 

forest gradient, the presence of small or large canopy openings greatly affects the features of 

the understory microenvironment (Antos, 2002; De Frenne et al., 2013b). Because different 

tree species (overstory) intercept variable amounts of light intensity and creates an understory  

layer with much higher resource levels such as light and temperature (Antos, 2002). 

Consequently, forest understory plants tend to form a distinct group of species associated with 

that type of habitat (Antos, 2002). These forest species are probably poor competitors in more 

open habitats and normally demonstrate features typical of stress-tolerant species, such as 

 
1 According to (Stevens et al., 2015) “Climate change is likely to shift plant communities towards species from 

warmer regions, a process termed ‘thermophilization”.  
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naturally slow growth rates, and conservative patterns of resource allocation (Antos, 2002). 

Here the focused species, Anemone nemorosa, is commonly distributed throughout the 

temperate deciduous forest in my all studied sites and exhibits shade tolerance adaptation to 

low light condition (De Frenne et al., 2012). 

Light is a key factor that is essential for regeneration, growth, and development (Valladares 

and Niinemets, 2008). Plants can respond by changing their physiological and morphological 

traits in response to change in light. For instance, under shading, most plant species in open 

habitats elongate their stem and petioles, bend their leaves upwards, or reduce branching to 

attain light (Givnish, 1988; Gommers et al., 2013; Griffith and Sultan, 2005). Conversely, if 

plants  grows faster than surrounding plants then these plants adopt as shade-tolerant (e.g. 

some herbaceous plants from forest understories), and increase their specific leaf area (SLA), 

to optimize carbon gain (Givnish, 1988; Gommers et al., 2013; Griffith and Sultan, 2005).  

Temperature is one of the crucial factors which affects plant physiology and determines plant 

performance. It also strongly influences the geographical and altitudinal distribution of plants 

(Walther et al., 2005). Therefore, change in distribution of the plant species indicates change 

in the temperature pattern among others of certain geographical landscape. For instance, 

Parmesan and Yohe, (2003) reported increased numbers of species along an elevation gradient 

over the time which indicates an upward shift of species. Study of plant distribution, their 

functional traits, and growth along an elevational gradients gives clear picture of the impact of 

microclimate (Parmesan and Yohe, 2003). Because lower and upper elevation are 

distuinguished by  their biotic and abiotic characteristics. Lower elevation most often has 

higher temperature, different atmospheric humidity while high altitude is characterised by 

lower  temperature, high solar radiation, quick change in temperature, and low partial pressure 

of air. Changes in any one of these factors (e.g. temperature, solar radiation, atmospheric 

pressure, and transpiration rate) affect plant performance which reflected in values of plant 

functional traits (PFT). Yüksek et al., (2013) stated that plant height, SLA, plant biomass, leaf 

dry matter content, plant structure, and physiology have been detected to change along 

elevational gradients. In addition to varying with elevation, climate significantly affects soil 

properties such as organic matter, soil pH, soil moisture, nitrogen, phosphorous changing with 

chemical, physical, and biological processes. 

Plant functional traits (PFT) are any morphological, physiological, or phenological structures 

that can be measured at individual level without interaction with environment or any other 

organizational level (sensu Violle et al., 2007). According to Reich et al., (2003) and Violle et 
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al., (2007) functional traits are defined as morphological, physiological and phenological 

properties which indirectly influences on fitness of individuals by its effects on the 

performance in terms of growth, survival, and reproduction of plants. In my study PFT are 

used to study of single species A. nemorosa in responses to environamnetal variation. 

Broadly, PFT are used to examine the possible changes in their structure in response to 

climate change or the mode of land use (Poorter, 2007; Poorter et al., 2018). Therefore, study 

of PFT can answer how plant traits are related with environmental factors and where a species 

can grow and establish successfully. For instance, plant’s performance depends on its 

height/size and leaf traits. So, these traits can be used to find the variation in plant function 

and diversity.  

SLA is one of the most useful and informative functional traits and is calculated as the one-

sided leaf surface area per unit dry weight. It is an indicator of eco-physiological 

characteristics such as relative growth rate, stress tolerance, and leaf longevity (Lavorel and 

Garnier, 2002). A higher SLA means reduced leaf density, or reduced leaf thickness or 

combination of both. It shows a trade-off between acquisition of resource and their 

conservation, which has a strong correlation with leaf life span, growth rate, and competitive 

ability (Wright et al., 2004). SLA strongly correlates with light, temperature and resources 

availability which is heterogeneous along elevational gradients. SLA generally decreases with 

increasing altitude, which may indicate responses of plants to decreased temperature, 

increased light, or changes in resources availability (Poorter et al., 2009; J F Scheepens et al., 

2010). Leaf Dry Matter Content (LDMC), the ratio of leaf dry mass to fresh mass, is also 

associated with growth and survival of plants. According to Poorter and De Jong, (1999) both 

SLA and LDMC, as mentioned earlier, they are highly correlated. Both these traits are 

involved in trade-offs between rapid biomass production (high SLA, low LDMC species) and 

efficient conservation of nutrients (low SLA, high LDMC species). Since SLA and LDMC are 

good indicator traits of resource-use strategies, these can be utilized to study the variation in 

resource use strategy of plant species along the environmental gradients. (Westoby, 1998)  

Plant height is also a central functional trait because it is associated with competition for light 

and helps explaining how a species lives, grows, and reproduces. There is a strong association 

between plant height and other plant traits such as biomass and leaf dry matter content 

(LDMC), leaf area ratio, and leaf nitrogen per area (Falster and Westoby, 2003). Plant height 

decrease with increasing altitude since it allows the plants to reduce reproductive investment 

Moles et al., (2009). Additionally, plants are shorter at higher elevation due to high radiation, 
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low-temperature, high wind, and aridity. It is caused due to lower competition for light and 

poorer soil condition. Furthermore, another reason for decreasing plant height with increasing 

altitude is reduction of carbon gain (Moser et al., 2007).  

Competition is an important ecological phenomenon regulating plant communities, along 

resources availability (Navas and Violle, 2009). The effects of competition is widespread and 

can investigate between coexisting species by studying their performance via their functional 

traits. Light is a limiting-factors for forest understory herbs and shade-tolerant forest herb 

species are less sensitive to shading by their neighbours (Zhang et al., 2016). Because shade 

tolerance species can allocate their maximum resource resources to defence in compare to 

growth (Zhang et al., 2016). Therefore, they are less vulnerable to than light-demanding 

species in defensive terms. Studies has shown that shade-tolerant species are likely to 

maximize their survival and growth via elongation of height, branches and leaves which help 

to capture maximum light resources (Liu et al., 2016). This study will reveal the effect of 

competition with other species in Anemone’s functional traits along forest gradient, and 

elevation gradient where the resources (light and temperature) is a limiting factor. 

Forest herbs are especially at risk of climate change for several reason (De Frenne et al., 2012, 

2011a). For instance, firstly many forest herbs have different biological traits which can limit 

migrating (dispersal ability) in response to changing climate. Because different traits respond 

differently in n response to changing climate.  Secondly, due to fragmentation and partial 

connectivity of forest areas and due to different human activity in agriculture, roads, and 

development may increase the threats from natural climate change. Furthermore, the 

geographical/environmental distributions of a few forest herbs may still be affected by past 

climate change by which they quickly response to modern climate change (Bellemare and 

Moeller, 2015). However, many forest herbs are not able to quickly trace suitable 

environmental conditions, therefore, their existance may mainly depend on the conservation 

of existing forest habitats within their real distribution range (De Frenne et al., 2011a; Honnay 

et al., 2002; Vanneste et al., 2017).  

This study is focused on A. nemorosa, which is an understory forest herbs particularly 

vulnerable to climate change due to dispersal limitation (De Frenne et al., 2011a).  A. 

nemorosa flowers and photosynthesize at different periods in different parts of Europe, where 

flowering depends largely on light, day length, and temperature (Shirreffs, 1985). In Northern 

parts of Europe, day length is greater in the summer, and the canopy may be more open than 

in the Southern. In the Southern part of Europe, they are mostly limited to the cooler patches. 
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In the Southern part, A. nemorosa starts flowering from March while in the Northern part, it 

flowers from May to June (Shirreffs, 1985). More specifically, in Norway, this species 

behaves differently than in other parts of Europe. In Norway, this species appears in first 

week of May; flowers in beginning of June and seed matured at the end of the June. That is 

because, in Norway, day length are longer, so this species receives higher light and lower 

temperature as the day length increase in summer. We expect that due to availability of longer 

days, longer light availability and lower temperature availability A. nemorosa get higher 

opportunity to grow bigger, perform better and spread at higher elevations. 

1.1 Research Question 

1. Do elevation, forest gradients and competition treatment have an effect on the 

microenvironment (light and GDH)? 

2. Does competition along elevation and forest gradients have an effect on the performance of 

A. nemorosa? 

3. Do microclimatic factors (light and GDH) have an effect on the functional traits of A. 

nemorosa along different elevational gradient? 

1.2 Hypothesis 

We hypothesized that 2plant performance depends on temperature and light availability. 

Higher plant performance in the northern region and higher elevation may be due to lower 

temperature and lower but longer light availability or due to both factors. This is due to 

different day lengths but also due to light availability caused by canopy cover. The 

competition with other co-occurring species can be expected to be decreased performance of  

A. nemerosa by their functional traits.  

 

 

 

 

 
2Plants (A.nemorosa) with taller height, low SLA and high LDMC at higher elevation are supposed to be 
performed better. Likewise, taller plant with high SLA with low LDMC are the favourable traits supposed to 
perform better at forest interior (Pickering and Venn, 2013).  
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2. Materials and Methods  

2.1 Study species: Anemone nemorosa (L.) 

Anemone nemorosa (Ranunculaceae) is common in European forest, from Northern Spain to 

Northern Sweden (67 ºN) and from Ireland to Western Russia in the understory of ancient 

deciduous forest. (De Frenne et al., 2010 and De Frenne et al., 2011). A. nemorosa is a 

perennial, spring flowering hemicryptophytic herbaceous plant, typically growing on nutrient 

rich mildly acidic soil. This species is also found  growing in open areas. Shoots appears 

between March and May, and flowering starts a few weeks after appearance of the shoots. 

The white hermaphroditic flowers of A. nemorosa are often insect pollinated and occasionally 

self-pollinated. The species produces 10-30 achenes per flower, and propagates widely 

clonally with rhizomes (De Frenne et al., 2010). 

2.2 Study Area: 

This research was conducted in three different locations representing three different altitudinal 

belts: at the lowest altitude close to Trondheim Fjord, at mid-altitudinal belt close to Oppdal, 

and at the highest altitude in the Dovre mountains. Within each of these three altitudinal belts, 

three different sites were selected as represented  in Fig 1. and Table 1. 

  

FIGURE 1 THE SAMPLING SITES (LOW ALTITUDE, MID ALTITUDE,  HIGHER ALTITUDE ). 

 

Low altitude       -----

, Mid altitude,    -----

, Higher altitude  ----- 
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TABLE 1 LOCATIONS, LATITUDE, LONGITUDE, ALTITUDE AND MAJOR VEGETATION OF THE RESEARCH SITES 

Location Site No Research site Latitude Longitude 
Altitude 

(m) 
Major Vegetation  

Lowest altitude – 

Trondheim fjord 

1 Vedvik 62.33865 009.04.734 23 

Alnus glutinosa, Sorbus aucuparia, 

Anemone nemorosa and Oxalis 

acetosella 

2 Lauglo 62.33865 009.04.734 43 
Alnus glutonosa, Sorbus aucuparia, 

Anemone nemerosa and Oxalis 

3 Brørskiftberga 62.33865 009.04.734 45 

Alnus glutonosa, Sorbus aucuparia, 

Anemone nemorosa and Oxalis 

acetosella 

Mid-altitude – 

Oppdal 

4 Krokbygda 62.34.485 009.08.672 223 

with Alnus glutonosa, Sorbus aucuparia, 

Anemone nemerosa and Oxalis 

acetosella 

5 Vollan 62.34.293 009.07.960 269 

Betula pubescens, Alnus glutinosa and 

Pinus Sylvestris, Anemone nemerosa and 

Oxalis acetosella 

6 Gravem 
62° 33' 

49.23''  
9° 4' 38.0604'' 269 

Betula pubescens, Alnus glutinosa and 

Pinus Sylvestris, Anemone nemerosa and 

Oxalis acetosella 

Highest altitude – 

Drove  

7 Furans 62.36.271 009.25.629 660 

Betula pubescens, Pinus sylvestris, , 

Sorbus aucuparia, Anemone nemerosa 

and Oxalis acetosella 

8 Furans 62.36.271 009.25.629 660 

Betula pubescens, Pinus sylvestris, , 

Sorbus aucuparia, Anemone nemerosa 

and Oxalis acetosella 

9 Kvammen 62.35.380 009.23.583 663 

Betula pubescens, Pinus sylvestris, , 

Sorbus aucuparia, Anemone nemerosa 

and Oxalis acetosella 
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2.3 Study Design 

All the field work for this research were performed between May and June 2018. At each site, a 

transect was established starting from outside of a forest to 100 meters into the forest. Along this 

transects, six 20x40 cm2 plots were placed so that first plot was established outside of the forest and 

the rest of the five plots were inside the forest in 2m, 5m, 13m, 50m, 100m from the forest edge. In 

each plot at least 5 Anemone were presents. 

 

FIGURE 2 LAYOUT OF FIELD STUDY DESIGN ( 9 SITES WITH 6 EXPERIMENTAL PLOTS IN EACH SITES) 

Each experimental plot of 20x40 cm2 was divided into two half 20x20 cm2 each. In half of the plot, 

all plants, other than A. nemorosa, were removed, whereas the other half was kept intact giving 

opportunity to evaluate the effect of competition from other plant species to the performance of the 

A. nemonorosa plants. We call each ramet of A. nemonorosa a plant in this study, though we are 

aware that they are basically ramets. In each plot the plant height, leaf area leaf dry matter content, 

specific leaf area, and plant biomass were measured for at least 5 individuals of A. nemorosa. In 

addition, the environmental variables, elevation, temperature and light availability were recorded.  
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In order to measure the plant height, leaf area, specific leaf area, and plant biomass, five individual 

plants from each of the competition and non-competition plots were harvested at the base of the 

stem.  These fresh plants were kept in a plastic bag with wet paper in order to avoid desiccation and 

brought to the laboratory immediately after harvesting.  In the lab, plant height, leaf fresh weight, 

and leaf area were measured within 72 hours. Height of the harvested plant was measured (in cm.) 

from the base of the stem to the highest photosynthetic expanded tissues. From each plant, one 

healthy leaf was separated from the plant, and leaf area was scanned by a canon digital scanner. At 

the same time, fresh weight of leaf was measured on a balance. The plant and leaf were put together 

in a paper bag and dried for 72 hours at 60ºC and reweighed separately to calculate dry leaf mass 

and plant biomass. The SLA was obtained by dividing the fresh one-sided leaf area by its oven 

dried mass. Similarly, leaf dry matter content (LDMC), the ratio of the leaf dry mass to fresh mass 

was calculated by dividing fresh weight of leaf (Cornelissen et al., 2003).  

2.4 Soil analysis 

From each of the 54 plots, soil samples were collected from 0-15 cm depth. All soil samples were 

dried in oven for 72 hours at 60 ºC, finely grond and sieved with 2mm sieves.  

FIGURE 3 A SAMPLING PLOT OF 20X40 CM2, DIVIDED INTO TWO HALVES (20X20 

CM2), THE CENTER IS MARKED WITH A METAL STAND 
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FIGURE 4 OVEN DRYING OF SOIL AT 550 ° C FOR 6 HOURS 

Soil pH was measured by dissolving 10 g fine ground soil into 0.001 M CaCl2. 2H2O and then 

measuring  in the supernatant after 30 minutes of settling (McBratney et al., 2000).  

 

FIGURE 5 PREPARATION OF SOIL SAMPLES TO MEASURE PH 

Total soil organic matter (SOM) was measured as loss on ignition at 550 ºC for 6 hours after 

(Konare et al., 2010). 

LOI (% ) = (Weight initial T – Weight ignition T)/ Weight initial T x 100. 
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2.5 Environmental Variables 

Temperature and mean light intensity were calculated from 22.May 12.00 to 13 June 17.00 pm 

when the plants were collected. Data for temperature and light intensity (lux) were recorded using 

waterproof pendent Temperature/Light 64K Data loggers (UA-002-64) (Onset Computer 

Corporation, MA; USA). 108 data loggers (one for each competition and non-competition subplots) 

were placed in the middle of each plot. The sensors of the data loggers were oriented upward to 

capture natural light. 

 

FIGURE 6 DATA LOGGERS WERE PLACED IN SAMPLING PLOTS SENSORS FACING UPWARD 

DIRECTION 

2.6 Growing degree hour and mean light 

Growing degree hours (GDH) is proposed as the standardized protocol, providing adequate 

accuracy and high precision used. Here, Growing Degree Hour (GDH) was used to test the effect of 

total accumulated temperature on the performance on plant height, plant biomass, SLA and LDMC. 

GDH is calculated on the basis of hourly recorded temperature on the Hobo data temperature-light 

loggers (Körner and Hiltbrunner, 2018). GDH was calculated with 5 °C as base temperature 

considered to be minimum temperature required for the sprouting of Anemone (De Frenne et al., 

2010). Mean light was calculated from the recording in the data loggers every hour during the field 

experimental period.  
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2.7 Statistical Analysis 

We performed Liner mixed effect model with lmer () function. Because Linear mixed effect  

models include, a mixture of  both fixed and random effects. (Alain F. Zuur Elena N. Ieno Graham 

M. Smith, 2007; Kuznetsova et al., 2017). The statistical analysis was carried out using a three steps 

approach. All three steps were performed with linear mixed effect model (LME), with two-way 

interactions. Two-way interaction performed to see the interaction effect on response variables with 

each other. In my all models, sites and plots were taken random effect, where plots are nested 

within the sites. The variables I used in different models, were in different scale and varied 

differently. Therefore it was necessary to scale them before modelling, so that a single variable do 

not influence the model more than others due to their large value (Alain F. Zuur Elena N. Ieno 

Graham M. Smith, 2007). 

In the first approach, we tested the effects of altitude, competition treatment and plot distance on 

GDH and mean light intensity. Here I used two separate models for  GDH and mean light. In this 

approach GDH and mean light were treated as response variables while altitude, competition 

treatment, and plot distance and were used as predictor variables. Within this step, soil pH and 

organic matter were taken as covariates (However, these soil pH and organic matter are not my 

primarily interesting factors, but I want to see the effect of their presence).  

In the second step, we tested the effects of geographical variation (altitude, plot position, and 

competition treatment), on the performance of A. nemorosa. Where plant height, plant biomass, 

specific leaf area, and leaf dry matter content considered as the response variable, and soil pH and 

soil organic matter were taken as covariates. Four different models, for each response variables, 

were developed to test the effect of fixed and random variables.  

In the third step the competition treatment, altitude, and plot distance were excluded to see how the 

light and GDH affect plant height, plant biomass, specific leaf area, and leaf dry matter content. In 

this model mean-light and growing degree hours (GDH) are fitted in the same model as they are not 

correlated with each other. In this model four different models for each response variables, were 

approached to see the effect of competition treatment, altitude and plot distance and interaction 

between them. Also in this model soil pH and soil organic matter were considered as covariates. All 

the analyses and data visualization were performed using R version 3.5.3 ( R Core Team, 2019). 

Further, to get the data visualization between response and predictor we used ggplot2, and effect 

plots. 
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3 Results 

3.1 Effect of competition treatment and plot distance on growing degree hour (GDH) 

and light 

Growing degree hours were negatively affected by plot distance from the forest edge, and soil pH, 

(Table 2, figure 7a and 7b). Results show that the mean light intensity is significantly different 

between competition and non-competition plots (Table 2). The mean value of light is higher in non-

competition (Figure 8). 

Table 2 Results from linear mixed-effects models testing the effect of altitude, plot distance and 

competition on growing degree hours and mean light. 

 

 

Response Parameters Estimate Df t-value Pr(>|t|) 

GDH Intercept 8134.25±954.10 200.97 8.53 p<0.001 

 Plot distance -354.60±88.52 43.47 -4.006 p<0.001 

 Altitude -117.69±206.15 7.91 -0.57 0.583 

Competition VS non-

Competition 

63.49±27.13 447.93 2.34 p<0.05 

Soil pH -740.17±216.13 220.59 -3.42 p<0.001 

Organic matter -73.48±56.55 102.08 -1.29 0.197 

Plot distance: altitude 26.20±91.884 42.36 0.285 0.776 

Plot distance : Competition 

Vs non-Competition 

-16.82±27.63 448.84 -0.615 0.484 

Altitude: Competition Vs 

non-Competition 

88.22±26.92 447.18 3.27 P<0.01 

 

Mean 

Light 

Intercept 44746.6±9815 127.1 4.56 p<0.001 

 Plot distance -2101.62±859.65 51.61 -2.44 P<0.05 

 Altitude -502.19±1062.27 65.74 -0..47 0.637 

 Competition vs Non-

Competition 

1986.31±339.85 448.66 5.845 p<0.001 

Soil pH -

8361.20±2269.43 

132.18 -3.684 p<0.001 

Organic matter -766.31±485.10 66.60 -1.58 0.118 

Plot distance: Altitude 351.52±877.88 

 

47.63 0.400 0.690 

Plot distance: Competition Vs 

non-competition 

-1616.74±342.56 449.18 -4.72 p<0.001 

 Altitude : Competition Vs 

non-competition 

-1135.18±337.19 447.17 -3.367 p<0.001 
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FIGURE 7 GROWING DEGREE HOURS (GDH) ARE NEGATIVELY NEGATIVELY AFFECTED BY (A) 

PLOT DISTANCE (R= -0.37) AND (B) SOIL PH (R= -0.33) 

 

 

FIGURE 8 THE DIFFERENCE IN MEAN LIGHT IN PLOT DISTANCE AND PLOTS WITH AND WITHOUT 

COMPETITION 

 

3.2 Effect of altitude, plot distance and competition treatments on traits of A. nemorosa 

Plant height was positively affected by distance to edge, altitude, and competition treatment (Table 

3, Figure 9,10,and 11). There was further a positive interaction between altitude and competition. 

Plant biomass was negatively affected by plot distance, altitude, and organic matter (Table 3). 

Likewise, plot distance, altitude and competition, and the interaction of altitude and competition 

negatively affected SLA and positively affected leaf dry matter content (LDMC) (Table 3). Average 
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plant height and LDMC were greater in non-competition subplots, whereas SLA and plant biomass 

were higher in competition plots (Figure 10 a,b,c,d). 

TABLE 3 RESULTS FROM LINEAR MIXED-EFFECTS MODELS TESTING THE EFFECT OF ALTITUDE, 

PLOT DISTANCE AND COMPETITION ON DIFFERENT FUNCTIONAL TRAITS OF ANEMONE NEMOROSA. 

Response Parameters Estimate± SE Df t-

value 

Pr (>|t|) 

Plant 

height 

Intercept 10.764±0.598 23.57 17.98 p<0.001 

 
Plot distance 

 

0.167±0.029 50.10 5.71 p<0.001 

 Altitude 0.230±0.437 7.05 5.10 p<0.01 

  
Competition vs non-

competition 

 

0.692±0.026 445.49 26.40 p<0.001 

 
Soil pH 

 

0.013±0.098 46.29 0.14 0.888 

 
Organic matter -0.021±0.021 37.13 -0.99 0.327 

 

 Plot distance: Altitude 

 

0.026±0.027 32.97 0.95 0.344 

 
Plot distance: 

Competition Vs non-

Competition 

 

0.035±0.026 448.13 1.33 0.182 

 Altitude: Competition Vs 

non -Competition 

 

0.109±0.026 440.71 4.19 p<0.001 

Plant 

Biomass 

Intercept 0.1015±0.0093 15.99 10.90 p<0.001 

 
Plot distance 

 

-0.001.535±0.000397 71.4 -3.85 p<0.001 

 
Altitude 

 

-0.03606±0.00765 6.97 -4.71 p<0.01 

 
Competition Vs non-

Competition 

 

-0.00920±0.000432 453.056 -21.32 p<0.001 

 
Soil pH 

 

-0.00197   ±0.00130   47.88 -1.506 0.138 

  
Organic matter 

 

-0.0002714±0.000283 40.71 0.957 0.344 

 
Plot distance: altitude 

 

-0.0000542±30.000577 37.66 -0.15 0.880 

 
Plot distance: 

competition Vs non-

Competition 

 

-0.001301±0.0004347 457.01 -2.99 p<0.01 
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Altitude: Competition vs 

Non-competition 

 

0.0001897±0.0004300 447.83 0.441 0.659 

SLA Intercept 27.4502±1.145 21.66 23.97 p<0.001 

 Plot distance 

 

-0.331±0.054 66.62 -6.023 p<0.001 

 Altitude -4.517±0.862 7.05 -5.239 p<0.01 

 

 Competition vs non-

Competition 

 

-1.248±0.056 452.69 -

22.282 

p<0.001 

 Soil pH 

 

-0.178±0.182 49.95 0.976 0.333 

 Organic matter 

 

-0.010±0.039 41.85 -0.258 0.797 

 Plot distance: altitude 

 

-0.066±0.050 38.261 -1.325 0.193 

 Plot distance: 

competition Vs non-

Competition 

 

0.057±0.056 456.02 1.014 0.311 

 Altitude: Competition Vs 

Non-Competition 

 

-0.202±0.055 447.87 -3.634 p<0.001 

LDMC Intercept 0.1723±0.00680 13.29 25.34 p<0.001 

 Plot distance 

 

0.00146±0.000255 59.19 5.73 p<0.001 

 Altitude 0.0298±0.00589 7.02 5.070 p<0.01 

 

 Competition Vs non-

competition 

 

0.00765±0.000259 448.43 29.56 p<0.001 

 Soil pH 

 

0.000989±0.000853 44.79 1.16 0.252 

 Organic matter 

 

-0.0000522±0.000186 37.29 -0.28 0.780 

 Plot distance: altitude 

 

0.000352±0.000235 34.10 1.50 0.143 

 Plot distance: 

competition vs non-

Competition 

 

0.00124±0.000260 452.05 4.78 p<0.001 

 Altitude: Competition Vs 

non-Competition 

 

0.000871±0.000257 443.13 3.38 p<0.001 
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3.3 Effect of light and GDH on functional traits of A.nemorosa 

The linear mixed effect model testing the effect of GDH and light on the traits of Anemone showed 

that plant height, plant biomass, SLA and plant biomass were  significantly but negatively affected 

by GDH (Table 4, figure, 12 a,b,c,d). While, Interaction of GDH and  light had only minor but 

positively affected to plant height and plant biomass. 

TABLE 4 RESULTS FROM LINEAR MIXED-EFFECTS MODELS TESTING THE EFFECT OF GDH AND 

LIGHT ON DIFFERENT TRAITS OF ANEMONE NEMEROSA. 

Response Parameters Estimate± SE SE Df t-

value 

Pr(>|t|) 

Plant 

height 

Intercept 11.895 ±1.052 1.052 15.38 11.30 p<0.001 

 
GDH -0.192±0.049 0.049 122.62 -3.84 p<0.001 

 
Mean light 0.0039±0.033 0.033 305.13 0.120 0.904 

 Soil pH -0.2087±0.133 0.133 46..21 -1.56 0.124 
 

Organic matter -0.024±0.027 0.027 39.29 -0.89 0.377 
 

GDH: mean 

light 

0.078±0.029 0.029 143.06 2.69 p<0.01 

Plant 

Biomass 

Intercept 0.085±0.015 0.015 11.60 5.41 p<0.001 

 
GDH 0.0034±0.00063 0.00063 110.85 5.40 p<0.001  
Mean light -0.000449±0.000446 0.000446 267.80 -1.01 0.264  
Soil pH 0.001172±0.00155 0.00155 42.65 0.76 0.641 

 Organic matter -0.000123±0.000320 0.000320 37.55 -0.38 0.730  
GDH: mean 

light 

-0.001110±0.000373 0.000373 104.77 -2.98 p<0.01 

SLA Intercept 25.71±2.044 2.044 13.79 12.58 p<0.001  
GDH 0.2817±0.0926 0.0926 120.59 3.04 p<0.01  
Mean light -0.0504±0.0628 0.0628 296.67 -0.80 0.951 

 Soil pH 0.01250±0.2387 0.2387 45.96 0.52 0.741  
Organic matter 0.0129±0.0497 0.0497 39.69 0.26 0.750  
GDH: mean 

light 

-0.0628±0.0544 0.0544 128.93 -1.15 0.729 

LDMC Intercept 0.1856±0.0129 0.0129 11.76 14.28 p<0.001  
GDH -0.00212±0.000504 0.000504 114.52 -4.21 p<0.001  
Mean light 0.0000481±0.000343 0.000343 287.79 0.14 0.186  
Soil pH 0.001595±0.00129 0.00129 43.28 -1.23 0.297 

 Organic matter -0.000187±0.000269 0.000269 37.43 0.69 0.453  
GDH: mean 

light 

0.000712±0.000296 0.000296 121.24 2.40 p<0.05 
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FIGURE 9 A,B,C,D: THE VARIATION OF LDMC (TOP LEFT), PLANT BIOMASS (TOP RIGHT), (BOTTOM) 

AND SLA (BOTTOM RIGHT) IN RESPONSE TO COMPETITION. 

 

 

FIGURE 10 A,B,C,D: THE VARIATION OF LDMC (TOP LEFT), PLANT BIOMASS (TOP RIGHT), PLANT 

HEIGHT (BOTTOM LEFT) AND SLA (BOTTOM RIGHT) IN RESPONSE TO COMPETITION. 
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FIGURE 10 A, B, C, D: THE VARIATION OF LDMC (TOP LEFT), PLANT BIOMASS (TOP RIGHT) PLANT 

HEIGHT, (BOTTOM LEFT) AND SLA (BOTTOM RIGHT) IN RESPONSE TO ALTITUDE AND 

COMPETITION. 

 

 

FIGURE 11 A, B, C, D: THE EFFECT OF GDH ON LDMC (TOP LEFT), PLANT BIOMASS (TOP RIGHT) , 

PLANT HEIGHT, (BOTTOM LEFT) AND SLA (BOTTOM RIGHT). 
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FIGURE 12 AVAILABILITY OF ORGANIC MATTER IN DIFFERENT ELEVATION.  
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4. Discussion 

4.1 Effects of 3plot position, altitude and competition treatment on GDH and light 

Different factors contributed to generate microclimatic difference along the elevation gradient and 

forest gradient. Our results clearly showed that accumulated temperature during the recorded 

growing season decreased the further away from the forest edge into the forest interior. More 

specifically, our result showed that GDH was strongly but negatively affected by plot distance from 

forest edge (figure 8 a and 8b). That means GDH decreased with increase in distance from the forest 

edge outside of the forest towards the interior of the forest. This is confirming the role of forest, 

mediating the microclimate experienced by understory plants, reducing air and soil temperature (De 

Frenne et al., 2013b). Competition also mattered for GDH but only at some altitude (Table 2). 

According, to my observation at different altitude, and site, forest was affected by the different 

factors. Overall, the lower elevation had low GDH, maybe because our sampling plots were very 

close to the ocean and cooler air from the ocean might have had cooling effect on the surrounding 

forest. In the mid-elevation, forests were quite open and in open forest, data loggers were more 

exposed to light and could have caused the logger chambers to be heated, might cause increased 

GDH. Secondly, these forests were steeper and south-east facing. These slopes most likely receive 

and accumulate higher light and temperature in the forest. In highest elevation (670m) the lowest 

GDH was recorded as expected (Körner, 2007).  

Likewise, in my study mean-light intensity was negatively affected by plot distance, and 

competition from co-occurring species, (Table 1, figure 8). That means it is quite interesting that 

mean light intensity was quite higher outside of the forest and near to forest edge. Similarly, there 

was effect of competition for light. It is clear from (figure 8) that mean light value is lower in 

competition plots. Because light intensity reduces both due to overstory canopy trees inner side of 

the forest and co-occurring herbaceous species in competition plots. The effect of the competition 

from the herbaceous layer, however, decreased when moving into the forest interior. Similarly, the 

effect of competition also decreased along elevation. 

4.2 Effect of elevation gradient on A. nemorosa trait 

I expected the A. nemorosa show higher performance at higher elevation and our results indicated 

that Anemone attained greater height at higher elevation (Figure 11c). The greater height at higher 

elevation might be Anemone strategy to receive higher light than neighbouring species. Even though 

 
3 Plot position, plot distance and forest gradient are interchangeable word are used throughout the work. 
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it is widely recognized that plant height decreases as elevation increases, especially at tree lines. 

Vellend and Geber, (2005) also reported  Urtica dioica, a forest understory slow colonizing herb, 

which attained a greater plant is due to higher resource availability such as soil phosphorus and due 

to open canopies. Similarly, De Frenne et al., (2011a) reported taller plant at higher latitude and 

explained that increased plant height could be a higher resource acquisitive strategy of plants.  Xu et 

al., (2017) also reported  taller and wider plants at higher altitudes and suggested that severe human 

disturbance had  negative effect on the growth of the plant height at a lower elevation. Previous 

studies suggested that different factors determine the plant height along elevation gradients. For 

instance, Mao et al., (2018) reported that water availability is one of the key limiting factors for 

plant height at a species level because higher precipitation positively affects the  plant height. 

However we did not consider presence of soil moisture or precipitation or other edaphic factors 

(Soil N,P) which may be  another reason to  contribute Anemone’s height  along elevation gradient 

(Junker and Larue-Kontić, 2018).  

plant biomass can be used as an alternative for plant response to harsh condition in high elevation 

(Ma et al., 2010). Because plant biomass is an important approach for understanding the response 

of individuals to local climate change along an elevation gradient (Ma et al., 2010). In my study I 

found decreased plant biomass with increased plant height at higher elevation which was quite 

surprising (Figure 11 b). My result about plant height and biomass is contradictory to several 

studies. However, the reason of decreased plant biomass in my sampling plots may be presence of 

lower amount of nutrients contents in plant tissues (He et al., 2017) which is indicated by (Figure 

13) presence of  the lowest organic matter at higher altitude. Similarly, at higher altitudes taller 

plants may produce smaller and thinner leaves which could be a reason for the reduced biomass. 

However, (Yüksek, (2009); and Yüksek et al.,( 2010)  reported greater herbaceous biomass at 

higher altitude, but in low nutrient condition. Furthermore, He et al., (2017), reported that, at higher 

elevation the reduced temperature  and short growing season length limit the individual plant 

biomass which might be a reason of negative correlation between plant height and plant biomass in 

my study.  

SLA was negatively affected by the elevation gradient. Hence, lower elevations had higher SLA 

than higher elevations (Figure11 d). Our results supported the finding from many other studies 

(Ackerly et al., 2002; Milla and Reich, 2011; Scheepens et al., 2010) indicating a response to 

decreasing temperature and increasing radiation, temperature, irradiance and water availability 

(Poorter et al., 2009). The availability of low organic matter, at higher elevation (Figure 13), may be 

a cause of producing leaf with lower SLA which is also supported by Bangroo et al., (2017). Shi et 
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al., (2018) also reported the positive correlation of soil organic matter and SLA. However, my 

results do not indicate any direct effect of organic matter on SLA. Furthermore, leaves with low 

SLA have higher LDMC which is beneficial to resist physical hazards such as e.g. herbivory, wind 

and hail. Which may be favourable traits of A.nemorosa to adapt in higher elevation. Therefore, it is 

clear that, taller A. nemorosa with lower SLA and high LDMC support the hypothesis that 

A.nemorosa  perform better at elevation. 

4.3 Effect of forest gradients on A. nemorosa traits 

I expected the A. nemorosa show higher performance at forest interior. Because Anemone prefer to 

grow in forest canopy, cooler temperature and lower light available condition. Our results indicated 

that taller plants were outside of the forest with lower SLA (Figure 10 c, d) that is because outside 

of the forest, light intensity was higher. But at forest edge and near to forest edge plants were short 

with higher SLA because light intensity decreased at forest edge and neat to forest edge. Higher 

SLA under low light availability enhance light capturing capacity for higher photosynthesis (Liu et 

al., 2016). 

4.4 Effect of competition on A. nemorosa traits 

Plant competition are useful tools to explore the role of competition  and its effects on the 

performance of competitors. Each individual, in a plant community either reduces the local 

resources which is called (competitive effect) and reduces resources tolerates by others (competitive 

response). Competition depressed individual performance can be evaluated with the trait-based 

performance (Navas and Violle, 2009). Here, I identified the effect of competition on functional 

traits of A.nemorosa in response to the elevation and forest gradient. My result clearly showed that 

there was direct effect of competition on A. nemorosa traits. From the (Table 3 and Figure 10), it is 

clear that, A. nemorosa were short in height than co-exist species at competition plots, but 

surprisingly, plant biomass was greater at competition plots; perhaps Anemone might produce 

produced bigger and heavier leaf. Therefore, A. nemorosa produced leaf with higher SLA in 

competition plots (Table3, figure11). Furthermore, there was strong competition outside of the 

forest than forest interior. That means due to strong competition, plant height was shorter at 

outside of the forest in competition plots. Likewise, as we got the opposite trend of plant height 

with plant biomass at higher elevation, similar trend exists in competition treatment along forest 

interior. Furthermore, in non-competition plots lower plant biomass with taller plant height may 

be due to the presence of lower amount of nutrients contents in plant tissues, or in non-competition 

plots taller plant might produce the small leaves which could be a reason to decreased biomass.  
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Another reason might be that; plant grew bigger in non-competition plots due to absence of other 

species and  A. nemorosa might acquire higher amount of light and other soil resources (Soil N, 

or soil moisture). There was strong effect of interaction between altitude and competition 

treatment on A. nemorosa traits. Due to the interaction effect plant height were short in 

competition plots at elevation, but conversely, plant biomass and SLA were higher at competition 

plots. Therefore, my findings indicate that, A. nemorosa were superior competitors than coexisting 

species at higher elevation. Similarly, my findings demonstrated that, A. nemorosa were weak 

competitors at forest outside, forest edge and near to forest edge. But higher SLA at forest edge 

and near to forest edge indicate the well adaptive strategies of A. nemorosa in low light condition. 

4.5 Effect of GDH and light on A. nemorosa traits 

My third research question aimed to evaluate if microclimate (GDH and light) affects the functional 

traits of A. nemorosa along different elevation gradient. I clearly showed that GDH is negatively 

related to plant height and LDMC while GDH is positively related to plant biomass and SLA. Light 

had no direct effect on ant traits of A. nemorosa. That means plant height and LDMC found to be 

reduced when accumulated temperature increased. However, previous studies (De Frenne et al., 

2011a) showed that increased temperature advanced the regeneration and accelerated growth and 

height of two forest herbs A. nemorosa and M. effusum at higher latitude and in open top chamber 

experiment. Here, my results are the contrary of (De Frenne et al., 2011a) finding. Therefore, it is 

difficult to say how GDH affect to plant height but according to my results it is clear that A. 

nemorosa prefer to grow in lower temperature at higher elevation. However, the interaction of GDH 

and light, positively affected plant height and LDMC. While the interaction GDH and light 

negatively affected to SLA and plant biomass. Here I can argue that interaction of GDH and light 

and longer photoperiod in the growing season probably contributed to the plant height of A. 

nemorosa. 

Rosbakh et al., (2015) reported similar findings, which also support my findings. They measured 

SLA of 29 grasslands species along the temperature gradient in Bavarian Alps and demonstrated a 

SLA–temperature relationship at the population (intraspecific), species (interspecific) and 

community level. Rosbakh et al., (2015) reported that 14 % of the studied species significantly 

reduced SLA along the temperature gradient. However, other study showed (Diaz et al., 1998; Diaz 

and Cabido, 1997) that temperature may not directly affect  SLA but  when it interacts with other 

factors such as soil fertility, soil moisture, disturbance and land-use types, it affects plant traits like 

plant height SLA and  LDMC. Another example is; organic matter increases along the altitudinal 
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gradient but due to low temperature and high precipitation, their decomposition rate become slow 

and their availability become lower for plant (Yüksek, 2009; Yüksek et al., 2010). In this way 

temperature indirectly affect the plant traits via reducing soil nutrients. However, my result showed 

that lower organic matter (figure 13) and lower temperature in higher altitude could be a reason to 

produce lower SLA at higher elevation (Yüksek et al., 2010). Plants usually produce a leaf with 

higher SLA in low light intensity Reich et al., (2003), which is contrary to my results because in my 

study higher SLA were develop at low altitudes where the mean light intensity was lower than that 

at higher altitude.  

5. Conclusion:  

The output of this study clearly showed, that Anemone’s functional traits responded differently in 

different elevation and forest gradient and competition treatment. My result indicated that, Anemone 

functional traits are good indicator of detecting the impact of changing microenvironment in 

response to plant performance along elevation and forest gradient. At higher elevation, presence of 

taller anemone, indicates that they are adopting at higher elevation and performed better. At higher 

elevation, Presence of taller plant indicates the superior competitors for light acquisition than co-

occurring species. A.nemorosa produce leaf with lower SLA leaf at higher elevation which indicates 

the well adaptive strategy in harsh environmental condition (like strong wind, irradiance and low 

temperature). Higher SLA near to forest edge, help plants to increase the efficiency of light 

capturing and maximize carbon gain in low light condition. Similarly, SLA and LDMC are 

associated with many critical aspects of plant growth and survival and involved in trade-off between 

LDMC production. Therefore, lower SLA produced with higher LDMC, which is also a favourable 

trait in higher elevation against the speedy wind and resource-poor condition. My results 

demonstrated that Competition has an effect on the traits of A. nemorosa. Forest outside and near to 

forest edge, there was strongest effect of competition. It seems that outside of the forest and near to 

forest edge A. nemorosa were weak competitors than co-occurring species, While, inner side of the 

forest competition effect became less. Overall, GDH affected to A.nemorosa traits but surprisingly 

direct light had no effect on any trait of A.nemorosa.  
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