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Abstract 

Global annual average temperature has increased since the industrial revolution and is 

predicted to continue to increase in the future resulting in altered species distributions. 

Alpine ecosystems are particularly vulnerable to long-term changes in climate because 

warmer temperatures may facilitate species migration from lower elevations that may 

outcompete the current species distribution.   

 I used time-lapse cameras to investigate how flower visiting insects at Finse, Norway, 

respond to changes in temperature using an elevation gradient. I recorded number, 

duration, and taxa of insects visiting Silene acaulis. I measured floral traits to see if these 

changed with elevation, and if they could explain patterns in insect visits. I also collected 

capsules and looked for evidence of seed predation. 

 I found that flower visiting insects were more abundant and had longer visits at higher 

elevations, while there was a more diverse flower visiting insect community at lower 

elevations. Flies represented the greatest proportion of insect visits at both elevations, with 

the flowers at high elevation being almost exclusively visited by flies. Butterflies were more 

common at lower elevations. There were no significant differences in plant traits of S. 

acaulis between the two elevations, and plant traits were unable to explain the pattern of 

insect visits. No predation of capsules or seeds was observed. There was, however, a large 

difference in production of capsules, with the low elevation site producing more capsules 

despite receiving fewer insect visits. Taken together, this suggests S. acaulis may act as an 

important refuge for insects in the extreme environment of high elevation alpine 

ecosystems.  
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Introduction:  
Anthropogenic climate change is expected to impact ecosystems worldwide by altering 

species interactions through changes in temperature and precipitation. Since the industrial 

revolution, global annual average temperature has increased by approximately 1°C, and is 

projected to continue to increase in the coming decades (IPCC, 2019). Temperature change 

is happening particularly fast at higher altitudes and latitudes (IPCC, 2018). Alpine 

ecosystems cover around 15% of the land surface area (Bliss, 1971), and are among the 

ecosystems that are most affected by climate change and climate variability (Inouye, 2020). 

Temperature is an important driver in biological processes, such as productivity (Ernakovich 

et al., 2014) and decomposition (Kirschbaum, 1995). Since alpine ecosystems are limited by 

temperature, changes to temperature will therefore affect the seasonal patterns that 

characterize these systems (Ernakovich et al., 2014). Temperature is an important driver in 

biological processes, such as productivity (Ernakovich et al., 2014) and decomposition 

(Kirschbaum, 1995) Elevated temperature can also lead to changes in the phenological traits 

of plants, such as flowering and leaf budding (Arft et al., 1999), as well as insect activity (Roy 

& Sparks, 2000).  

There are three primary ways of investigating the effect of temperature change on alpine 

ecosystems. Open top chambers (OTC) are used to raise temperatures in a small area 

(Klanderud, 2005). Elevation gradients represent a change in temperature through their 

elevation difference, and lastly, time series studies of the same area over time can be used 

with natural temperature change. All methods have advantages and disadvantages. For 

instance, OTCs affect other factors such as humidity and wind. Elevation gradients need 

more than one elevation, and by choosing at least two sites, factors like species composition 

of the community might change. Time series require regular monitoring over long periods of 

time, especially in alpine ecosystems where climatic factors can vary between years. 

 

Climate and biotic interactions are the main drivers of alpine plant diversity (Ohler et al., 

2020), which in turn affects the insect diversity. Since insects have important roles as 

pollinators and herbivores on plants, the activity and distribution of insects can also affect 

plant diversity. Both insect development (Wu et al., 2015) and flight (Taylor, 1963) are 

linked to temperature. An increase in temperature can therefore lead to a rapid loss of both 

plant and insect diversity in alpine ecosystems, at least in the short term (Walker et al., 

2006). Alpine ecosystems contain plants that endure stressful conditions in exchange for 

being poor competitors (Grime, 2006). This makes them vulnerable to climate change, as 

warmer climate introduces new, more competitive, plant species from lower elevations into 

the community by prolonging the growth season (Ernakovich et al., 2014). When new plant 

species migrate to higher elevations, insect species that are dependent on the migrating 

plants can also establish at new elevations. Insects are an important part of this community, 

and their interactions with plants are vital for an ecosystem. In addition to responding to 

community changes, insects also respond to the traits of the plants, and pollinators have 
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been shown to respond positively to flower size (Thompson, 2001) and flower density 

(Thomson, 1981). With new plant species, factors like these are expected to change, and 

any changes in this community are likely to affect both plants and insects.  

 

Totland (1994) found that abiotic factors such as wind, light, and temperature are important 

determinants of insect activity in alpine ecosystems. Therefore, changes to abiotic factors 

can alter the development, distribution and behavior of alpine insects. Due to challenging 

abiotic conditions, insect diversity and abundance decreases with increasing elevation and 

latitudes (Gillespie et al., 2020). This suggests that lower temperatures negatively affect 

insect diversity. Pollinator diversity also decreases with increasing elevation. Despite this, 

some species of flies, bumblebees, moths, and butterflies survive at high elevations (Inouye, 

2020). At lower elevations, insects perform important ecosystems services, and arthropods 

have recently been recognized as far more important in arctic and alpine ecosystems than 

previously thought (Hodkinson & Coulson, 2004), fulfilling important roles as pollinators, 

decomposers, and serve as a food source for other animals. 

 

Flies are the most numerous insect and are likely key pollinators in alpine ecosystems, 

however bumblebees and butterflies are also present (Bergman et al., 1996; Totland, 1993). 

The role of bumblebees and butterflies as pollinators appears to be highly dependent on 

favorable conditions, as increased activity has been shown to positively correlate with 

increasing air temperature and solar radiation (Bergman et al., 1996). Importantly, a 

pollinator community dominated by one insect order is less functionally diverse and more 

vulnerable to change than more diverse communities. Species migrating to higher altitudes 

could therefore theoretically lead to a more diverse and robust community. 

 

There are examples of how species of butterflies have migrated to higher elevations as 

temperatures in alpine ecosystems have increased (Konvicka et al., 2003), and it is expected 

that more taxa will migrate upslope in the future. This creates a potential for insect species 

that currently occupy alpine zones to be outcompeted from their historical distributions and 

either be forced upslope or driven to extinction. This will alter insect communities and shift 

species distributions in space and time (Shah et al., 2020), leading to new insect 

communities that have different adaptations to temperature and other abiotic factors. Such 

changes could have ripple effects throughout the ecosystems (Sorte et al., 2010), as plants 

may lose important pollinators or gain new herbivores. (Kenis et al., 2009). Changes in insect 

distribution can also introduce more complex and specialized plant-insect interactions 

between species, making generalist species less common, negatively affecting both insects 

and plants. 

 

In addition to introducing new insect species, temperature can also have an effect on plant 

traits via plasticity or the formation of local ecotypes (Billings, 1973). For example, plant size 
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typically decreases as elevation increases (Halbritter et al., 2018; Maad et al., 2013), while 

flower size tends to increase (Herrera, 2004; Kudo & Molau, 1999). However, Fabbro & 

Körner (2004) found no difference in flower area or flower biomass along an elevation 

gradient, although they did note that plants at higher elevations put relatively more 

resources into flowers than plants at lower elevations. One reason plants may put relatively 

more resources into flowers at high elevation is that there are less overall resources 

available (Hemborg & Karlsson, 1998) and fewer pollinators (Lara‐Romero et al., 2016; Maad 

et al., 2013). Studies have shown that insects prefer larger flowers (Maad et al., 2013; Ohara 

& Higashi, 1994; Thompson, 2001), and that plants that offer more floral resources are more 

likely to be visited by an insect (Carvalheiro et al., 2014). Flowers are also a way for plants to 

select for different pollinators, as they can act as either barriers or attractors (Junker et al., 

2015) through their shape, size and/or color. Large and complex flowers can select for larger 

and long-tonged pollinators, such as certain bumblebees (Maad et al., 2013). In alpine 

communities however, most pollinators are small and not specialized (Totland, 1993), as 

reflected by the small and open flowers dominating these areas.  

The short flowering time of alpine plants results in a large overlap (Kudo & Suzuki, 1999) 

between species and is indicative of a generalist pollinator dominated community. However, 

phenology is advancing in alpine ecosystems due to earlier snowmelt. Hegland et al. (2009) 

found that insect pollinated plants advanced their phenology more than wind pollinated 

plants in response to warming. Rafferty & Ives (2011) suggested that the flowering time of 

insect pollinated plants is more sensitive to warming because it correlates with insect 

responses to warming. This forms an evolutionary push and pull mechanism, where plants 

and insects influence each other. It is unclear if this mechanism between pollinators and 

plants is happening in alpine ecosystems, and whether new species migrations may place 

existing species-specific interactions at risk of being disturbed by climate change (Inouye, 

2020). For example, generalist pollinators might be displaced by new pollinators. However, 

since alpine ecosystems are typically dominated by generalist life history strategies, 

pollinator community turnover may not be harmful for alpine plants. 

Mismatches between plants and their pollinators can also emerge as a result of warming 

temperatures and have negative effects on plant reproduction (Hall et al., 2018). 

Additionally, changes in snowmelt (Inouye et al., 2003), precipitation (Peñuelas et al., 2004), 

or more frequent frost events (Inouye, 2008) can also have strong effects on plant 

reproductive success, and are more likely under new global climate scenarios, resulting in 

negative consequences for long-term population survival. 

 

One alpine plant affected by changing climate is Silene acaulis. Alatalo & Totland (1997) 

showed by use of OTCs that S. acaulis had earlier flowering, faster development of male and 

female flowers, as well as ovules maturing faster with more seeds under warming 

experiments, which is consistent with changes in other species of plants (König et al., 2018; 

Thackeray et al., 2016). Changes in flower and plant traits, as well as development, may also 

affect plant-herbivore interactions. Thackeray et al. (2016) found that sensitivity to changes 
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in climate decreased with increasing trophic level, with insects and plants among the most 

affected groups overall.  

 

S. acaulis is an important species in alpine ecosystems that increases biodiversity by acting 

as a nurse plant (Antonsson et al., 2009). Molenda et al. (2012) found that S. acaulis also 

increases arthropod diversity, which suggest that S. acaulis acts as a foundation species for 

alpine ecosystem functioning with effects across several trophic levels. Therefore, a shift in 

S. acaulis distribution, abundance, or phenology may have large impacts on alpine 

communities as many species depend on it for survival. 

 

The reproductive output of S. acaulis is partially dependent upon the interaction between S. 

acaulis and flower visiting insects. The relationship between number of insect visits and 

seed production has been studied in several plants (Jennersten & Nilsson, 1993), and found 

to have a positive correlation (Stanghellini et al., 1998). When insects visit flowers to feed 

on nectar, they tend to collect pollen as well. This transfer of pollen to other individual 

plants of the same species is what makes pollination so crucial for some plants. More visits 

should lead to more pollen being transferred, resulting in more seeds, up until a threshold. 

To my knowledge, this relationship has not previously been studied in S. acaulis. 

 

Seeds are a common food source and seed predation occurs via several different groups of 

animals, from rodents and birds to insects (Westerman et al., 2003). S. acaulis is a common 

plant in alpine ecosystems with a circumboreal distribution around the northern 

hemisphere (Gussarova et al., 2015). It can produce a large number of capsules each year 

and therefore may serve as a food source for animals living in alpine ecosystems, especially 

since the capsules can stay on the plant throughout the winter and into the next summer. 

However, little is known about the seed predator community for S. acaulis. 

 

Research statement 

To better understand how alpine ecosystems might respond to global warming, I tested how 

changes in temperature affects the distribution of flower visiting insects in an alpine 

ecosystem by using an elevation gradient. I also investigated how the floral traits of S. 

acaulis change along an elevation gradient, and if these differences, if any, could explain 

flower visiting insect distributions. In addition, I tested if a difference in flower visits 

correlated with reproductive output for S. acaulis. Lastly, I investigated which insects or 

animals, if any, predate on S. acaulis seed capsules. 

 

Based on the literature, I predict that insect activity and diversity will decrease with 

increasing elevation and that S. acaulis will be smaller, but will put more resources into 

reproduction at higher elevation by increasing flower size. I also predict that an increase in 
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insect flower visits will yield an increase in reproductive output in the form of seeds for S. 

acaulis. Lastly, I predict that capsules and seeds of S. acaulis will act as a food source for 

organisms living in alpine ecosystems.  

 

Materials and methods 

Study site 

This study was carried out at Sanddalsnuten near Finse (60°37’N, 7°32’E), from 20.07.2020 

until 15.09.2020 (Figure 1). The sites were located in an alpine landscape, near the summit 

of Sanddalsnuten. The vegetation consisted of  shrub like vegetation , with Dryas octopetala 

covering about 35% of the ground (Klanderud, 2005). In addition to S. acaulis, other species 

included Thalictrum alpinum, Potentilla crantzii, Bistorta vivipara L. and Cerastium alpinum, 

the dwarf shrub Salix reticulata, grasses like Festuca vivipara and Poa alpine and sedges 

Carex vaginata,  C. atrofusca,  C. rupestris  and Luzula spp. as described by Klanderud 

(2005). There were also some lichens and bryophytes growing at the site (Klanderud, 2005). 

The winter at Finse is usually long with snow cover for 8-10 months, and the growing season 

typically lasts 90-120 days (Sjursen & Sømme, 2000). I established two main study 

sites at Sanddalsnuten, one low elevation site, at approximately 1480m, and a high 

elevation site at approximately 1530m. The high site is more exposed to the wind, and there 

is less buildup of snow. As a result, the growing season is about three weeks longer at the 

top of Sanddalsnuten (Birkemoe et al., 2016). 
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Figure 1: Shows the location of Sanddalsnuten, which is located in the southern part of 

Hallingskarvet national park. This summit is just over 1550 meters above sea level. Source: Google 

maps and Norgeskart (2021).  

  

Sanddalsnuten has a long history of temperature manipulation studies. As a result, there are 

several OTCs in the area at different elevations. I decided to use an elevational difference, 

with one high site and one low site. This avoids the problems associated with classical 

methods for observing the effects of temperature change, such as OTCs. Physical objects, 

like OTCs, can be challenging to use when studying insects and their behavior. An OTC 

affects more than just temperature and could help shelter insects from wind. They also 

affect the moisture levels inside the OTC compared to outside. In addition, the OTC itself 

can act as an obstacle for insects, where they struggle to get out or in. My personal 

observations from this fieldwork season confirms that insects sometimes fly straight into the 

OTC or takes shelter within them. By using an elevation difference, I was able to avoid all of 

these interactions the insects possibly could have with the OTC itself. The temperature 

difference between the two sites was 1,1°C in air temperature, and is comparable to reports 

from previous studies using OTCs (Bokhorst et al., 2013). This temperature difference is also 

in line with the global average increase since the industrial revolution, which is 1,2°C 

(Sridhar et al., 2020), giving a realistic temperature difference. 

 

 

Study species  

Silene acaulis 

S. acaulis is a well-studied cushion plant in the alpine landscape. They are found across the 

northern part of the world, from USA (Gehring & Delph, 1999) to Europe, and live to be up 

to 300 years (Roy et al., 2018). Silene forms light green, moss-like cushions with pink 
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flowers (Alatalo & Totland, 1997). Most of the individuals at Finse are female and 

hermaphrodites (Alatalo & Totland, 1997), and male plants are rare. Silene has an important 

role in alpine ecosystems, as it can facilitate other plants (Molenda et al., 2012), leading to 

more diverse communities. S. acaulis is insect pollinated, with visiting flies, bumblebees and 

butterflies (Alatalo & Totland, 1997). 

  

Pollinators  

A study from Totland (1993) found that flies are the most frequently visiting pollinator in 

alpine ecosystems in Norway. Bumblebees and butterflies were less frequent in alpine 

Norwegian areas. A study from Sweden investigated pollinators’ effect on reproduction and 

concluded that insect pollination was crucial for many alpine species (Bergman et al., 1996), 

and that flies and bumblebees were substantially more important than butterflies.   

Seed predators/insect community  

Larvae and adults insects (Molau et al., 1989; Munoz & CAVIERES, 2006), as well as birds and 

mammals feed on seeds. Seed predation can be an important factor in plant reproduction 

(Krushelnycky, 2014), with high seed predation rates influencing community composition in 

plant communities.  As S. acaulis can produce a lot of capsules per individual, it could 

theoretically be an important food source for insects and small mammals. The capsules also 

stay on the plant throughout the winter and into spring and summer, making it easily 

accessible.   

  

Experimental setup Cameras were used to monitor plants and to collect pictures of insect 

visits during the summer season. The cameras used were 

10 Wingscapes TimelapseCam Pro® WCT-00126. They were mounted on a rig of steel pipes 

that consisted of two A- frames as support and one pipe going across horizontally. The 

camera was mounted on the cross section and faced downwards (Figure 2). The camera lens 

was between 45-55 cm away from the ground, which gave good resolution to easily identify 

insects (Figure 3). In order to maximize the potential for successful images of flower visiting 

insects while optimizing the lifetime of the batteries, the cameras were programmed to take 

one picture every minute from 05:00 in the morning until 21:59 in the evening. For further 

settings of the cameras, see Appendix 1. Due to delays, cameras were rigged after the first 

flowering. This is unlikely to be a major issue, as insect visits of S. acaulis have been shown 

to peak in the middle of the season (Hall et al., 2018). Starting August 16th, the cameras 

were programmed to take one picture every fifth minute (Table 1), as the focus was on 

capsules instead of flowers, and I decided that I didn’t need the same frequency of pictures 

to observe predation as I did flower visits.  
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Figure 2: The cameras were mounted to a wooden plate and protected by an improvised housing of 

aluminum foil. The cameras were then mounted to a horizontal bar between a double A-frame. Five 

of these were placed at each site. 

 

Figure 3: Example of how pictures taken by the cameras appear. A lepidopteran is visiting S. acaulis. 

Table 1: The dates for when cameras were maintained, and when they were active. Each period is 

marked by me switching batteries and memory cards.   

Period  From   Until 

1  06.07.2020  19.07.2020  

2  19.07.2020  01.08.2020  

3  01.08.2020  16.08.2020  

4  16.08.2020  15.09.2020  
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Field observations  

Parallel to the camera observations, field observations of flower visiting insects were 

conducted. The field observations were performed next to the cameras on the same plants. 

Thus, each plant was observed both manually and by camera. The field observations were 

done at distances where all the insects could be observed but not disturbed, approximately 

one meter away from the plant (Figure 4). Each plant was observed for 15 

minutes while taxa of visiting insects were recorded, along their activity and length of 

visit. Field observations were conducted on the 22nd, 23rd, 24th, 25th and 31st of July. Each 

individual plant had 130 minutes of observations. This gives a total of 1300 observation 

minutes, and 1430 total minutes of observed individuals, as plot seven contained two 

individual plants.  

 

Figure 4: Lepidopterans observed visiting S. acaulis during my field observations. 

Temperature measurements  

Tiny tag temperature loggers were used for temperature measurements, and one was 

placed at each camera (see Appendix 2 for which camera had soil and air 

measurements). An additional 14 loggers were placed at other spots at the two sites, for a 

total of 24 temperature loggers. The loggers recorded the temperature every 30th minute 

for the whole field season. I had ten loggers at the low site, and 14 on the high site. Nine of 

the loggers had a probe that measured ground temperature (Figure 5), while the remaining 

15 measured air temperature. Four of the ground temperature loggers were at the low site. 

All loggers were placed by S. acaulis individuals, and the probes were put into the ground 

immediately adjacent to the individuals. The cameras also recorded temperature on each 

picture taken, but it was decided that these data were not as accurate as the loggers, and 

therefore not used. One of the loggers placed with a camera malfunctioned during the field 

season and was excluded from statistical analyses. 
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Figure 5: Tiny tag logger with a probe for soil temperature measurements placed next a S. acaulis 

cushion. 

Plant measurements  

In order to investigate if there are any connections between plant characteristics and insect 

visits, different plant traits were measured. The surface area of each plant was calculated by 

measuring the longest axis and the one orthogonal to the longest axis. Then the percentage 

of missing area for each plant was calculated. This was then used to calculate the surface 

area of each individual plant, and was done for all eleven individuals with camera 

monitoring. The number of flowers was also estimated once during the growing season for 

all eleven plants with camera monitoring. This was used to estimate flower density and to 

investigate if there were any differences between the sites. Different floral traits like petal 

width and length and total flower diameter were also recorded by randomly measuring ten 

flowers from each individual plant with a camera. At the end of the season all of the 

capsules were collected and counted to investigate if there was a relationship between the 

number of insect visits and capsule formation. The capsules were picked by hand and placed 

in a paper bag marked with individual plant identity for storage. The capsules were counted 

in the laboratory.   
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Data handling and statistics  

 

Image handling  

At the end of the field season the cameras had captured roughly 400 000 pictures. Of these, 

about 300 000 were included in the statistical analysis. Each picture was inspected manually 

using a software called VGG image annotator (Dutta & Zisserman, 2019)  and pictures 

capturing insects visiting the flowers of S. acaulis were annotated. When an insect visited a 

plant, the group it belonged to (e.g. butterfly, bumblebee or fly), and how long it stayed was 

recorded.   

 

Statistical analysis  

The temperature at the high and the low site was compared with a t-test. I did this for both 

air temperature and ground temperature. The data was grouped into high and low site and 

then air or soil for both the sites. I then averaged the values for all the groups, so that all the 

loggers for air temperature at the high site ended up as one value and so on for all groups. I 

then used these averages when comparing and doing the t-test.   

An anova was used to investigate if elevation had an effect on insect visits. The insect visits 

were grouped into total visits at high and low, and controlled for differences in flowers and 

size of the different individual S. acaulis by dividing the total number of visits of a plant on 

the size or flowers respectively (see Appendix 3 for the data used in these analysis ). All 

these were then tested using an anova and controlling for flowers turned out to be the best 

alternative. All insect observations were included in most of the test. Only when testing 

relative proportion were bumblebees not calculated due to their low observation count.  

In order to check if traits of S. acaulis changed with the elevation difference, anovas were 

used. All traits were grouped into high and low and tested individually. The different plant 

traits were then put into a generalized linear model (GLM) and tested if they could explain 

insect visits when combined. The first model did not give any significant effects when all 

traits were included. Therefore, an Akaike information criterion (AIC) was used to 

investigate if fewer explanatory variables could explain the difference. The best model from 

the AIC still had no significant traits that could explain the insect visits. 

Lastly, I investigated the effect elevation would have on reproductive output in the form of 

capsules for S. acaulis, by using an anova to test the two elevations against each other. 

Insect visits were then used to explain this difference in capsules, but when insect visits 

were used as an explanatory factor in a GLM neither fly visits or butterfly visits could explain 

the difference in capsules for S. acaulis. 

All statistical analysis were done in RStudio, version 1.1.456.  
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Results 

1. Temperature at the two elevations 

The average soil temperature was 8.1 °C at the low site vs 7.6 °C at the high site and the air 

temperature was 8.8 °C vs 7.6 °C at the two sites respectively. The temperature difference 

was tested with a t-test, and the result was p<0.001 for both air and soil.  

2. Insects at the two elevations 

There was a total of 452 visits at the high site, while there was a total of 322 at the low site 

(Table 2). The mean number of visits per flower at the high site was twice as high as the low 

site (Figure 6). An anova was used to test if elevation had an effect, and elevation had a 

significant effect with a p-value of 0.03, where low elevation had a negative effect on insect 

visits per flower. 

 

 

 

Figure 6: Bar graph showing the number of insect visits observed per flower at Sandalsnuten, Finse, 

with 95% confidence intervals. These observations are based on analyzing photos taken by ten time 

lapse cameras, taking one picture every minute during daytime (05:00 until 21:59), in the period 

19.07.2020 until 01.08.2020. the average elevation in meters above sea level at the high and low site 

were 1534 and 1478 respectively.  

Splitting the insect visits into order made it clear that, flies dominated at both sites, while 

butterflies were more abundant at the low site (Figure 7). The estimated proportions of flies 

at the high site are 0.93, and an anova was used to test the effect of elevation on the 

proportions. For flies the anova gave a negative effect of low elevation of -0.25 and a p-
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value of 0.002. For butterflies, the expected value at the high site was 0.057, and elevation 

low had a positive effect of 0.25, with a p-value of 0.001. Elevation was therefore important 

for the flower visiting insect community, which included more butterflies at lower 

elevations.  

Table 2: The total visits observed by the cameras, split into the different orders. Plants 1 to 5 are at 

the high site, while 6 to 10 are at the low site. Insects not identified at order are categorized as no 

ID. 

 

 

 

Figure 7: Bar graph showing the proportions of different taxa which visited flowers of S. acaulis at 

each site on Sandalsnuten, Finse, with 95% confidence intervals.  
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The average duration of the visit was longer at the high elevation by just over one minute, 

from 3.08 to 4.2 minutes (Figure 8). The anova resulted in a significant effect of elevation on 

length of visit. Elevation had a positive effect on the length of flower visits (p=0.02).  

 

 

Figure 8: Bar graph showing the length of insect visits observed per flower at the two sites on 

Sandalsnuten, Finse, with 95% confidence intervals.  

 

3. Plant traits at the two elevations 

Size of the Silene-cushions varied between the two sites, but there was no significant 

difference between the two elevations (Figure 9). An anova gave an estimated value for the 

high site as 1039 cm2, with a positive effect of 348 cm2 with decreasing elevation (p=0.68). 
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Figure 9: Bar graph showing the size of the cushions at Sandalsnuten, Finse, with 95% confidence 

intervals. These observations are based on analyzing measurements done in the field. 

 

Total number of flowers and flower density were also tested. There was a large but 

nonsignificant difference in total number of flowers in the Silene cushions (Figure 10). An 

anova was used to investigate the relationship between total number of flowers and 

elevation and resulted in a nonsignificant p-value of 0.19 and when this was combined with 

the cushion size, I found that there was no difference in flower density between the two 

sites. The means in both groups were the same, and a simple anova test confirmed that 

there was no practical difference between the two elevations with a p-value of 0.93. 
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Figure 10: Bar graph showing the total number of flowers (left side) and flower density (right side) at 

the two sites on Sandalsnuten, Finse, with 95% confidence intervals.  

 

Petal length, petal width, and total flower diameter was measured and used as an indication 

of flower quality (Figure 11). Petal length had an average length of 4.18 mm at the high site, 

and an estimated value of 3.57mm at the low site. An anova was used to test this 

relationship, and there was a nonsignificant trend with a p-value of 0.15. Petal width was 

almost identical for the high and low elevation, with expected values of 3.02mm and 

3.08mm respectively, although the lower site had a much higher degree of variance. An 

anova test gave a non-significant relationship between petal width and elevation, with a p-

value of 0.84. Total flower diameter gave a similar trend to petal length, where the high site 

was expected to have total diameter of 10.3mm, while the lower have an expected value of 

9.47mm. The same type of anova test was used here to test if this relationship between 

elevation and total flower diameter was significant, and the resulting p-value was 0.13.  
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Figure 11: Bar graph showing the different floral traits at the two sites on Sandalsnuten, Finse, with 

95% confidence intervals.  

4.  Can plant traits explain insect visitations?  

In order to test if any of these flower traits could explain the insect visits, I used a GLM with 

insect visits as response variable, and size, total number of flowers, flower density, flower 

diameter, petal length and petal width as predictor variables. At first, the model yielded no 

significant results (Table 3), therefore I ran the GLM through a step AIC function, removing 

all the explanatory factors. Thus, none of the plant traits I measured could explain why the 

insect visits differed between the two sites.  

Table 3: the output from the glm model trying to predict insect visits based on plant traits.  

 Estimate  Std. error t-value p-value 

Intercept  60.666 158.853 0.382 0.772 

Size  -0.003 0.028 -0.139 0.896 

Total flowers -0.470 0.915 -0.514 0.634 

Flower density 107.906 777.229 0.139 0.896 

Diameter -22.527 56.303 -0.400 0.710 

Petal length 30.937 77.529 0.399 0.710 

Petal width 44.734 65.194 0.686 0.530 

 

 

5. Insect visits and their effect on reproductive output?  

There was a large difference in reproductive output between the two elevations, with the 

high site estimated at 1.8 capsules per plant, while the low site has an estimate of 67 
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capsules per plant (Figure 12). An anova test shows that there is a clear, near significant 

trend of more capsules at the lower site with a p-value of 0.053. In order to investigate if 

insect visits could explain the difference in capsules, I used a GLM. The GLM included 

number of capsules as response variable, and the taxonomic groups flies and butterflies as 

explanatory variables. The results were not significant, meaning that insect visits alone did 

not explain the difference in reproductive output (Table 4). When tested with a GLM, 

neither butterflies nor flies could explain this difference in reproductive output by 

themselves. 

 

Table 4: the output from the glm with insect groups to explain the reproductive output.  

 Estimate Std error t-value  p-value 

intercept 76.427 39.054 1.957 0.086 

fly -0.910 0.514 -1.768 0.115 

butterfly 1.158 1.459 0.794 0.450 

 

 

 

 

Figure 12: Bar graph showing the number of capsules at the two sites on Sandalsnuten, Finse, with a 

95% confidence interval.  
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6. Are there any animals that feed on the capsules of Silene acaulis 

No insects or vertebrates that feed on capsules of S. acaulis were observed on the images. A 

couple of snails were however observed at the capsules for a longer than normal period of 

time at the low site. 

 

 

Discussion 

Do insects respond to elevation? 

Here, I explored the potential effects of global climate change on plant-insect interactions in 

alpine ecosystems through the use of an elevational gradient. The mean summer air and soil 

temperatures at my low elevation site were significantly warmer than the high elevation site 

(1.1°C; 0.5°C). In contrast to my predictions, there were significantly more insect visits to 

flowers at the high elevation site. Flies were the most abundant insect visitor at both sites; 

however, the relative proportion of butterflies was greater at the low elevation site. The 

duration of insect visit was significantly longer (1min and 7sec) at the high site than the low 

site.   

  

There were twice as many insect visits per flower at the high site, compared to the low site, 

and 40% more visits in total, despite the fact that the high site had lower temperature and is 

more exposed to wind than the low site. Since insects are ectotherms and therefore 

maintain body temperature from their environment, their activity and metabolism are 

greatly linked to their surroundings (Mellanby, 1939). Flying behavior is also sensitive to 

wind (Møller, 2019), with higher wind speeds resulting in lower insect activity. Considering 

that the abiotic factors are more favorable at lower elevations, and that insect therefore 

should have a higher activity at the lower site, these results are unexpected.  

 

Although there were more total insect visits at the high site, not all taxa were equally 

represented. Gillespie et al. (2020) found that diversity of insects should decrease with 

increasing elevation. This is supported by my results, which show a relatively more diverse 

community at the low site, due to a greater number of butterfly visits to S. acaulis. Although 

some butterflies depend on and use wind for migration and dispersal (Robbins & Small Jr, 

1981), the butterflies found at Finse are not wind dispersed and therefore should not favor 

wind exposure. In addition, I found flies to be more abundant at the high elevation site, 

despite the warmer and more favorable conditions lower down the mountain slope.  

 

My results do not agree with previous insect visitation studies completed at Finse. Totland 

(1993) studied two south facing mountains 2,5 km apart with an elevation difference of 
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about 200m, including Sandalsnuten, the same general area as my high elevation site. In 

contrast to my results, he found that S. acaulis had more total insect visits at the low 

elevation site. Totland (1993) also noted that the insect community at Finse is less diverse 

than other alpine areas, because Finse lacks bees, except for Bombus spp. The Bombus spp. 

that are present, together with syrphids, are in low abundance. Nonetheless, there is still a 

large difference in composition between high elevation and low elevation insect 

communities.  

 

Similar to my results, Totland (1993) also found that flies were the most dominant flower 

visiting insect, regardless of elevation. However, an additional difference between Totland’s 

results and mine is a lack of Lepidopteran visits overall in his study. While I did not observe 

many Lepidopteran at my high elevation site, there were significantly more Lepidoptera at 

my low elevation site. One explanation for this difference could be methodological. Totland 

collected data using field observations, while I used time interval cameras. However, I also 

observed several butterflies during my field observations, at both the high and low elevation 

site. On the other hand, given that Totland carried out his study almost 30 years ago, it 

could also be that climate change has already affected these ecosystems, by allowing new 

flower visiting insects like Lepidopteran to move upwards. If so, then new species and 

interactions are already establishing in these alpine ecosystems. However, alpine 

ecosystems experience large fluctuations in insect population sizes between years, and 

more research is needed to conclude exactly which mechanisms are driving the increase in 

Lepidoptera distribution.  

 

Do plants respond to elevation? 

There were no significant differences in plant traits between the high and low elevation 

sites. The prediction that traits of S. acaulis would change with increasing elevation was not 

met. Flower traits were not significantly different between the two sites, although this may 

be due to the relatively small elevation difference between my sites. Future investigations 

should consider investigating flower traits across a broader elevational gradient. The total 

number of flowers was greatest at the low site, and plants were larger in size, but average 

flower density was the same for both sites. Thus, none of the plant traits explain the 

difference in insect visits between the two elevations.  

 

Current literature suggests that relative resource allocation to reproduction increases with 

elevation for alpine plants (Herrera, 2004; Kawano & Masuda, 1980). Zygomorphic flowers 

are rare, as pollinators are a less common resource for plants as elevation increases. Just 

10% of flowers at Finse are categorized as zygomorphic, and mostly pollinated by 

bumblebees (Totland, 1993). Most flowers in alpine regions are simple, as they have to be 

able to be pollinated by the diversity of pollinators available. Flower size is important, as this 

is one of the main ways for plants to attract pollinators, and larger flowers signals more 

potential rewards for the pollinators. However, if temperature increases and insects 
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become more available at higher elevations, plants may not need to allocate as many 

resources to flowers at higher elevations. This could lead to increased energy for growth 

and competition.  

The plants at the high site had a small but non-significant increase in some floral traits. This 

increase was expected and could also partly explain the difference in insect visits. As the 

higher site had slightly larger flowers, it could be expected that these plants would also 

attract and receive more visits from insects (Ohara & Higashi, 1994). Although I did not find 

a significant correlation between floral traits and the number of insect visits, this may be a 

result of the low number of plants investigated.  

In addition, alpine plants are generally smaller at higher elevations (Maad et al., 2013) 

because growing seasons are short and resources less abundant. Thus, a greater proportion 

of available plant resources are put into reproduction, compared to low elevation plants. A 

warmed climate in the future may alter these allocation ratios resulting in a shift in plant 

reproduction.  

 

Can community change with elevation? 

Plants and insects both respond directly to temperature, and the insect community at low 

elevation was more diverse. In addition, changes to the plant community can further affect 

insects. As temperature increases, it is possible that both plant and insect species from 

lower elevations will migrate upwards. New pollinators from lower elevations can then 

establish and outcompete the existing pollinator community. This does not necessarily 

affect the plants negatively, as most alpine flowers are adapted to generalist pollinators 

(Totland, 1993). Therefore, the new pollinators may still be able to function as successful 

pollinators for the present plants. This also applies to S. acaulis, which has round and open 

flowers. However, pollinating insects may spend some portion of their life cycle as 

herbivores, directly damaging plants. This can lead to other important plant-insect or insect-

insect interactions like herbivory (Rasmann et al., 2014) or predator/parasitoid-prey (Durant 

et al., 2007; Harrington et al., 1999) being shifted and has the potential to be harmful for 

the ecosystem.  

 

The current diversity of alpine ecosystems is likely to be lost due to climate warming (Randin 

et al., 2009). One of the possible ways this can happen is when trees and shrubs move 

upwards, shrinking the habitat, and potentially leading to fewer pollinating insects (Inouye, 

2020). Another way this might happen is through a change in plant or insect community via 

upslope migration. Inouye (2020) suggest that 50% of current European alpine species might 

lose 80% of their habitat by 2070. Differences in pollinator communities can be an 

important driver of plant-pollinator relationships. A diverse pollinator community likely has 

species that differ in their contribution when pollinating plants, and a diverse pollinator 

community could therefore be important for plant reproduction (Albrecht et al., 2012; 

Woodcock et al., 2019). This suggests that a higher diversity of pollinators may lead to 

higher plant reproductive success. It may also be that diverse communities of flowers better 
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sustain the pollinators (Blüthgen & Klein, 2011). If the diversity of pollinators is lost, then 

plant reproduction might also be negatively affected.  An increase in temperature might 

allow species from lower elevations to establish and compete with current alpine 

communities. This can potentially be harmful for the current community, if species 

important for their survival are outcompeted.  

 

The migration of species to higher elevations may have already happened at Finse, with 

butterflies more abundant in my study than in previous studies. There are other examples of 

species migrating upslope as well. Steinbauer et al. (2018) revisited old sites of alpine 

studies to examine the change in the plant communities over the last hundred years and 

found that many of the areas had shown an increase in biodiversity, rather than a decrease. 

They called this an extinction debt, which means that the species that were historically 

present at these areas are long lived enough that they persist for some time before they are 

outcompeted. When I compare my results with Totland (1993), it suggests that butterflies 

have moved upwards, and that historically native species are now competing with new 

species. The review by Steinbauer et al. (2018) shows that long time series studies are 

required to determine what impact this will have on the alpine ecosystem, although further 

research is needed in order to conclude what the effects of the new interactions are. 

 

In addition to the extinction debt, species interacting in a plant-pollinator relationship have 

vastly different life history and dispersal abilities. While plants can live for hundreds of years 

(Morris & Doak, 1998) and are sessile, insects are short-lived, and mobile. This can lead to 

asynchronous range shifts (Richman et al., 2020), which can make important species-specific 

interactions disappear or end up out of sync. In a long-term perspective, alpine plants and 

insects both face the risk of extinction, unless they are able to adapt to and interact with 

new species.  

 

Another important limitation in alpine communities is the length of the growing season. 

While plants that flower early risk the flowers freezing at night, late flowering on the other 

hand is associated with the risk of not being able to mature seeds and capsules before 

winter. Ongoing climate change might shift the start and end of the seasons. In addition to 

increasing the risk of early flowers freezing, it can also lead to a trophic mismatch between 

insects and plants. S. acaulis’s flowers last for about 6-7 days (Fabbro & Körner, 2004), 

which is a short period for insects to visit. A mismatch here between pollinators and 

flowering could have large consequences for the reproductive output of S. acaulis.   

 

Do insect visits explain reproductive output in the form of capsules? 

There was a large, significant difference in the number of seed capsules produced by plants 

between the two sites. However, in contrast with my predictions, plants receiving fewer 

insect visits produced more seed capsules.  
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It is important to note that I did not measure successful pollination, only visitation rate. 

Visitation rate can be a good indicator of successful pollination (Vázquez et al., 2005) when 

combined with estimates of seed production. Based on the assumption that the individual 

plants at both the high and low elevation sites have the same threshold of visits needed to 

reproduce, plants at the high elevation site should have produced at least equal numbers of 

seed capsules as the low elevation site, since they received more visits. Instead, plants at 

the low elevation site produced on average 37 times more seed capsules than plants at the 

high elevation site. Although there was a more diverse flower visiting insect community at 

the low elevation site, and more diverse insect communities have been shown to positively 

affect reproductive output in plants (Senapathi et al., 2021; Woodcock et al., 2019), this was 

not supported by my analysis. None of the individual taxa and their visits could explain the 

difference in capsules between the two sites.  

 

Limited resources may explain the difference in plant reproductive output. It is possible that 

plants at the high elevation sites had fewer overall resources and that abiotic factors such as 

temperature and precipitation affected reproduction (Bisi et al., 2016). However, my sites 

were located relatively close to each other on the same mountain slope with about 1°C 

difference in air temperature, making it less likely that differences in resource availability 

would lead to such a large difference in reproductive output. I did not take soil samples 

from my sites to compare the resources and nutrients available, but Hågvar & Klanderud 

(2009) found that the soil at Finse is generally nutrient poor. Even though seed production 

can be limited by low temperatures in alpine ecosystems (Totland, 2001), other factors like 

pollen limitation (García-Camacho & Totland, 2009) are important for seed production as 

well. Some cushion plants even increase their seed production with increasing elevation 

(Chen et al., 2017), although this was not the case for my study.  

 

S. acaulis can have both male, female and hermaphrodite individuals, where females are 

reported to produce more seed capsules than hermaphrodites, with about 4,4 times higher 

lifetime reproductive output than hermaphrodites (Morris & Doak, 1998). Most of the 

individuals at Finse are also reported to be females and hermaphrodites, with males being 

rare (Alatalo & Totland, 1997). Therefore, it is possible that I selected female individuals at 

the low site, and hermaphrodites or males at the high site. Although this is unlikely, since 

nearly all individuals observed at the high site also produced a limited number of capsules 

(personal observations), and the difference in reproductive output between the two sites 

was about eight times higher than what Morris & Doak (1998) found. A study by Hermanutz 

& Innes (1994) found that six of their seven study populations of S. acaulis had between 72-

80% female plants, indicating that females generally dominate in a population, making it 

even less likely that I selected no females at the high site. 

 

None of the factors above offer a good explanation for the difference in reproductive 

output. The higher visitation rate, longer visit duration, coupled with lower reproduction 
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suggests that S. acaulis may be acting as a refuge for insects at the high elevation site. 

Alpine ecosystems are highly stressful for insect’s survival, and it has been suggested that 

less stressful microclimatic conditions could be important for insect survival and 

development (Molina-Montenegro et al., 2006). The concept of plants offering insects more 

suitable environments is not uncommon, as ants and trees can have close mutualistic 

relationships (Janzen, 1966). Molina-Montenegro et al. (2006) found that cushion plants in 

the Andes mountains provided less stressful environments for insects, and that insects 

greatly favored cushions over the surrounding environments. Dietrich & Körner (2014) 

showed by using thermal imaging that the flowers of several alpine plants are warmer than 

the air temperature, including S. acaulis. In addition to the flowers being warmer than the 

air, the cushions themselves also physically offer insects shelter from the wind and rain. 

When I did field observations, I noted several insects taking shelter on the cushions, 

especially early in the morning and in cold and windy conditions. Reid & Lortie (2012) also 

showed that cushion plants in general attract and interact with more arthropods than 

surrounding vegetation. At Finse, if insects gain shelter in S. acaulis cushions, that may 

explain the difference in the number and length of insect visits, and the difference in 

reproductive output between the high and low elevation sites. This could also mean that 

cushion plants like S. acaulis are important for insect survival in alpine areas and may even 

help insects from lower elevations establish.  

 

Are there any seed predators that feed on the capsules of S. acaulis? 

Lastly, I investigated the potential seed predator community of S. acaulis capsules. I found 

that there are few to no insects or small vertebrates that are utilizing S. acaulis seed 

capsules as a food source. I observed two snails that may have been feeding on capsules, 

although this is hard to verify through camera images. Nysius groenlandicus, a seed sucking 

insect, is known to feed on seeds of S. acaulis and has previously been reported at Finse, but 

I did not detect it in any of my images. It could be that N. groenlandicus has a small 

population at Finse, and the observations are from 1960s and 70s (Artsdatabanken, 2021), 

making it uncertain if it is still found at Finse today. It could also be that N. groenlandicus is 

nocturnal, in which case my cameras were unable to detect it, as they did not capture 

pictures between 21:59 and 05:00. But experiments from Böcher & Nachman (2001) 

showed that N. groenlandicus preferred temperatures around 30°C, suggesting it is active 

and feeding during summer days. Lundbye et al. (2012) documented that N. groenlandicus, 

which fed on seeds of S. acaulis, reduced the mass of the seed by 3%. Although they did 

mention that the feeding time was short, and that N. groenlandicus could have been starved 

for longer before the experiment started. Importantly, they found that feeding had no effect 

on germination rate, and actually decreased the time to germination for seeds that were fed 

upon, possibly because the hole left by N. groenlandicus increased water uptake in the 

seeds. This suggests that S. acaulis-N. groenlandicus interactions may be important for S. 

acaulis population persistence. 
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Conclusion 

My study suggests that flower visiting insects in alpine areas are using flowering cushion 

plants for shelter, as well as food. This supports the idea that S. acaulis facilitates species 

across trophic levels in alpine ecosystems. This resulted in higher visitation rates and longer 

visit durations at the high elevation site, but did not result in improved pollination and S. 

acaulis reproductive success.  

 

Future research 

Seasons in alpine areas can vary between years making it important to have studies over 

more than one season to understand how variation affects species interactions. As climate 

is expected to continue warming, it is important to have long time series to observe how 

plants and insects respond to these changes. My study serves as an important starting point 

for future work to build on to better understand how changes and variation in climate 

affects alpine ecosystems. My study also shows that S. acaulis can act as a refuge for insects, 

and future research on this is needed to understand how these interactions work and may 

change with climate.  
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Appendix 1 
The cameras had several different options for settings. First, I set the date and time to 

match the actual date and time. I then selected for photo instead of video, and the desired 

interval between the images. After that I selected one time lapse program per day and set 

the start and stop time for this time lapse, which in my case was from 0500-2159. I then said 

no to upgrade the firmware and did not set a security code. Then I set the temperature units 

to be Celsius and said no for ac connected and wifi SD card. After that I named my cameras 

from 1 to 10 and said yes to imprint this info on the pictures. This means that the name, 

date, time, and temperature show up at the bottom of the picture. I skipped doing anything 

to the video settings, as I was just using images. I then set the photo quality to high (10MP) 

and told the camera to not overwrite. Lastly, I selected no when asked to reset to factory 

settings. 

Appendix 2 
Table 5: The different plants with their respective logger for either air or soil temperature. The exact 

coordinates for each plant are also included in WGS 84 format, as well as meters above sea level. 

Plant ID Logger North coordinates East coordinates Meters above sea level 

1 Soil 60.36917 07.31278 1530 

2 Air 60.36947 07.31232 1532 

3 Air 60.36945 07.31261 1542 

4 Soil 60.36914 07.31287 1531 

5 Air 60.36925 07.31286 1535 

6 Air 60.36845 07.31229 1470 

7a Air 60.36873 07.31152 1469 

7b Air 60.36873 07.31152 1469 

8 Air 60.36848 07.31218 1471 

9 Air 60.38680 07.31219 1492 

10 Soil 60.36863 07.31225 1488 
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Appendix 3 
Table 6: the data used for the analysis. 

 



 

 

 


