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ABSTRACT 

Insect pollination services are highly valued for the critical role they play in the 

propagation of flowering plants and production of commercial crops. Unfortunately, 

these species and many wild plants and crops are suffering due to declines in insect 

pollinator populations worldwide. Habitat destruction and fragmentation, climate 

change, land use change and pesticides are some of the many threats pollinators 

face in our times. Studies of how domestic pollinators have responded on 

commercial farms are abundant, but little is known of the fate of wild populations. 

An elevation gradient offers the possibility of a space-for-time approach. By 

observing plant-pollinator interactions along an elevation gradient where the 

climate conditions vary (temperatures decrease with elevation) I have recorded 

changes in plant-pollinator interactions and how they are affected by local climate 

conditions (temperature and humidity). By studying pollination in the wild it may 

be possible to discern how domestic relatives of plants and pollinators would fare in 

variable climate conditions. This project surveyed the variation in the size and 

structure of the pollinator community of wild raspberry (Rubus idaeus) in Norefjell, 

SE-Norway, along an elevation gradient from ~200-860 m a.s.l. I show that 

bumblebees (Bombus) are the main pollinators to raspberry, of which Bombus 

pratorum is the most frequent visitor. I also show that local weather and seasonality 

all have an effect on bumblebee and blackfly visitation rates, with bumblebee 

visitation expected to be at its highest when temperature of the study system is 

17.2°C. If the temperature is any higher, then bumblebees are expected to make less 

visits, thus a warming climate would hinder plant pollination and bumblebee 

productivity. Humidity has a negative effect on blackflies, even though blackfly 

visitation frequency remains stable throughout the system. The raspberry plants in 

this study received sufficient pollination but decreased in weight along the 

elevation. It is possible that unaccounted for abiotic factors are driving this 

decreasing weight. 
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1. INTRODUCTION 

 

Sinc crops are cultivated in ideal climates and soil conditions it can be difficult to 

determine how they would fare in response to a changing climate. In such a case their 

wild relatives, distributed in a broader area and more variable climate, can be observed to 

make inferences as to how the cultivated relatives would behave in natural conditions. 

Similarly, the activity of pollinators on agricultural sites in a uniform environment may 

differ considerably from the activity of wild pollinators to wild flowering plants, which 

could fluctuate based on the location along the climate gradient.  

 

According to FAO statistics, Norway produced ~2.5 tons of raspberries, a crop that 

mainly utilizes bumblebee (Bombus) and honeybee (Apis mellifera) for pollination 

services (Wilmer 1994a; Saez et al. 2014a; Nielsen et al. - in review a). In this study I 

focus on populations of wild raspberry (Rubus ideaus L.) along an altitudinal gradient to 

determine if there is any significant relationship between elevation, climate conditions, 

and the composition of the pollinator community, pollinator activity, as well as the seed 

set of the raspberry plants, as the season progresses. I also account for the discrete abiotic 

conditions at different elevations to compare pollinator demographics and behavior at 

concurrent times.  

 

The services of pollinators are vital to wild ecosystems and commercial agriculture. 

Entomophilous flora, plants and crops that depend on pollination, rely or favor this 

process for sexual reproduction. Insects, primarily bees, are responsible for most of the 

pollination services for wild and domestic plants (Potts et al. 2010a).  In exchange for the 

delivery of pollen, pollinators are rewarded with nectar or pollen themselves. This 

mutualism is fundamental for the success of both pollinator and plant species (Landry et 

al. 2010). The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 

Services (IPBES) estimated in its 2017 Report on Pollination and food production, that 

the annual value of worldwide crops that are directly affected by pollinators is $235 

billion - $577 billion, and that 75% of the world’s food crops and 87.5% of wild 
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flowering plants depend at least to some extent on animal pollination (Ollerton et al. 

2011). Additionally, in the last 50 years, agricultural production dependent on animal 

pollination services has increased by 300%. The future expansion of the human 

population and consequently growth in food production will also only increase the value 

of pollinator services (Potts et al. 2010b).  

 

Although globally domestic honeybees are used for agricultural pollination, a survey of 

worldwide crop systems found that in only 14% of those systems did fruit set 

significantly increase with honeybee visitation. In contrast, the introduction of wild 

insects improved fruit production in all systems, pollinating crops twice as effectively 

(Garibaldi et al. 2013a).  

 

Pollination is the transfer of pollen (microgametophytes) from the stamen of a flower of 

an individual plant to a stigma (female reproductive organ) of a flower on another 

individual plant, or even among flowers on a single plant, or within one individual 

flower. In 87.5% of all flowering plant species it is animals that transfer pollen grains 

from the stamen to the stigma (Ollerton et al. 2011b). Self-compatible plants can 

reproduce autogamously (pollen from a flower is transferred to a stigma on the same 

flower) or geitonogamously (pollen from a flower is transferred to a stigma on another 

flower on the same plant), though, in contrast with a cross-pollinated individual, this 

may, depending on the species, result in a less viable and smaller seed set (Totland et al. 

2013a). Seed and fruit set production is limited by the amount of pollen delivered to the 

stigmas but also by abiotic factors such as temperature, soil composition, sunlight 

exposure, humidity and water availability (Burd 1994; Knight et al. 2005).  It is not 

always known if pollen acquisition (top down) or resource availability (bottom up) is the 

main limiter of fruit production and the degree to which each influences fruit set quality 

could differ among species and localities (Larson and Barrett 2000; Ashman et al 2004).  

 

Among insect pollinators, population trends in bumblebees are the best documented, with 

evidence of declines in diversity in Belgium and the United Kingdom (Goulson et al. 

2008). According to the 2014 European Redlist for bees, 0.4% of species are Critically 
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Endangered, 2.4% are Endangered, 1.2% are Vulnerable, and 5.2% are Near Threatened. 

The report notes that 56.4% of bee species were Data Deficient and could not be 

assessed, indicating the possibility that these species may also be threatened (Nieto et al. 

2014). Studies of insect pollinators in the U.K. and Netherlands have also found 29% 

fewer hoverfly species in surveys conducted after 1980 as compared to before 1980. The 

sudden decline in species richness and density of pollinators is likely to blame for an 

increase in pollen limitation on the seed production of many wild plant species, 

preventing the regeneration of these plants and thereby limiting the available pollen and 

nectar for pollinators during the next growth cycle (Biesmeijer et al. 2006).  

 

The most impactful drivers of global pollinator declines are land use changes and 

consequent habitat fragmentation and loss, pests and diseases, increased pesticide 

application, decreased resource diversity, and climate change (Potts et al. 2010c).  Since 

the 1880s, due to anthropogenic influence, the Earth’s average surface temperature has 

increased by more than 0.83°C, and by 2100 mean annual temperatures are expected to 

further increase anywhere from 0.28°C to 4.8°C, with a likely increase of 1.5°C (Stocker 

et al. 2013). The rapid shift in global temperatures requires pollinator species to adapt to 

phenological shifts in themselves and their environment. Migrating plant and animal 

species are traveling towards the poles to chase the cooler climates they are equipped for 

(Chen et al. 2011). Bumblebee species, uniquely, lag behind or fail to expand northwards 

into cooler areas while experiencing range losses in the south, a phenomenon unrelated to 

land use changes and pesticides. Unlike butterflies, which originated in tropical 

conditions, bumblebees lack ancestral tolerances to warm environments. In North 

America and Europe, bumblebee species in southern ranges sought cooler refugia at 

higher elevations, as east-west oriented mountain ranges are perpendicular to pole-ward 

migration, facilitating these upslope shifts. The mean elevation of observed southern 

range bumblebee species has risen by approximately 300 meters since 1974 (Kerr et al. 

2015a). Plants have also migrated towards the poles and upslope as global temperatures 

have increased (Chen et al. 2011b). With bumblebees constrained in an increasingly 

compressed range, the plants they rely on for food and provide pollination services for 

may migrate past them, and the species may overlap, partially if at all, in ranges that are 
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less than optimal for mutualistic interactions (Polce et al. 2014a). Observed spatial 

mismatches have, to my knowledge, not been observed but predictor models forecast 

mismatches between areas of high suitability for plants and high pollinator availability 

(Hegland et al. 2009a).    

 

Climate change has observably triggered phenological asynchronicity in plants and 

pollinators (Gilman et al 2011). Despite knowing that climate change affects the 

phenology of plants and pollinators today, it is still unclear how the relationship between 

the two will be influenced in future conditions (Hegland et al. 2009b). The onset of 

flowering due to increased warming has advanced in the last 20-50 years for many plants, 

linearly, with entomophilous plants reacting more intensely than their wind-pollinating 

counterparts (Fitter & Fitter 2002; Miller-Rushing et al. 2007). Other abiotic factors that 

can quicken flowering include precipitation patterns, soil humidity and timing of 

snowmelt, of which all are aspects of climate change (Inouye et al. 2008; Price & Waser 

1998).  

 

The timing of bee appearance is similarly related with early spring weather conditions. 

Honeybee queens and workers overwinter as adults and appear in rapid response to 

warming temperatures (Gordo & Sanz 2006). In bumblebees, in which only the queens 

overwinter, an advance of approximately two weeks in their appearance from 2001 to 

2007 was likely caused by increasing soil temperatures that prompted the termination of 

the queens’ hibernation (Alford 1969; Hegland et al. 2009c). A simulation by Memmott 

et al. (2007) modelled the effects of global warming on a highly resolved plant-pollinator 

network and found that depending on the extent of seasonal timing shifts in flower 

production and pollinator activity, 17-50% of the pollinator species suffered from 

perturbations to the food supply as a consequence of temporal mismatch. Specialized 

pollinators were most likely to be left without food plants while generalist pollinators 

also bore losses to their diet.   

 

Phenological and spatial mismatches can initiate a cascade of negative effects. As 

pollinators struggle to find and outcross pollen, the reproductive success of plants will 
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suffer, producing fewer new individuals resulting in fewer flowers with pollen and nectar 

of a lower availability or quality for their insect visitors, which will result in fewer 

pollinators for the next season, and so forth (Hegland et al. 2009d). This is an example of 

an “extinction vortex,” a term coined by Gilpin & Soulé (1986), described as “a mutual 

reinforcement occurring among biotic and abiotic processes that drives population size 

downward to extinction” (Brook et al. 2008). This would be detrimental in northern 

ecosystems such as Norway where insect pollination is the only means of pollination via 

animal visitation; almost 80% of seed-producing wild plant species in Norway depend 

insect pollination (Totland et al. 2013b).  

By examining pollinator activity and seed set along an elevation gradient, where the 

abiotic factors will be different at the discrete altitudes, I have investigated at concurrent 

times how this plant - insect relationship plays out in different environments, and at 

distinctive points in the respective seasons. Here I will test the following hypotheses 

about pollination activity along an altitudinal and climatic gradient: (1) Demographics of 

the pollinator community differ at different elevations (climatic conditions). (2) As 

insects respond to environmental cues, the time of season will have an effect on 

pollinator activity. (3) Temperature and humidity (local weather) have an effect on flower 

visitation rates. (4) Flowers with lower visitation frequency will have lower seed set 

(reduced fruit size) than their more visited counterparts. 
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2. MATERIALS AND METHODS 

 

2.1 STUDY SYSTEM 

I conducted the fieldwork along the elevation gradient from Norefjell Golfklubb (208 

m a.s.l.) to Norefjell Skisenter (856 m a.s.l.) in Noresund, SE-Norway.  Norefjell is a 

mountain range in the Scandes Mountain system that stretches between Eggedal in 

the west and Hallingdal in the east.  I observed flower visits to and measured fruit 

weight of wild raspberry (Rubus ideaus) in 12 study plots evenly distributed among 

four sites (Low, MidLow, MidHigh and High) approximately 200 m apart in elevation 

(Table 1; Figure 1). I selected the plots at each elevation with at least 100 m apart. 

My study plots were placed at open, sun-exposed habitats, i.e. in forest clear cuts, 

along roads, pistes, pipelines or power lines. 

 

2.2 STUDY SPECIES 

Rubus ideaus is a temperate perennial plant species with biennial shoots i.e. it has 

shoots with a 2-year life cycle during which each shoot elongates, breaks bud 

dormancy, flowers and develops fruits (Sønsteby & Heide 2008a). The flowers 

appear primarily on second year canes and are hermaphroditic and self-fertile, able 

to fruit without animal visitors. There is however adaptation for insect pollination, 

as the stigmas are receptive before their own flower’s anthers dehisce.  

Phenotypically generalist, the flowers are arranged in an open bowl array where 

five small white petals surround the many stamens that bear large quantities of 

highly accessible pollen, and the stamens in turn encircle the many stigmas. Pat 

Willmer coins R. ideaus a “cornucopia generalist” as the flowers offer pollinators 

easy access to high volumes (10-50 ml) and sugar concentrations (37-59% of 1.9-

6.7 mg) of exposed nectar that is resistant to evaporating on warm days (Willmer et 

al. 1994b; Willmer 2011a).  
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Figure 1: The study system at Norefjell. The elevations of the four sites (Low, MidLow, MidHigh and High) are averaged from the elevations of the three plots 

at each site (see table 1). Image taken from https://www.freemaptools,.com/elevation-finder.html.
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Flowering in R. ideaus is continuous and consecutive, with only some buds flowering 

at the same time. Unlike annuals, perennials are able to reproduce in subsequent 

years when conditions are more favorable by timing their reproduction and are less 

reliant on pollination for the population to survive until next season (Friedman & 

Rubin 2015). Rubus ideaus produces compound fruits, berries comprised of an 

aggregate of drupelets developed from the free pistils of the flower. If pollination is 

limited R. ideaus is capable of self-pollination, but this results in asymmetric and 

lower quality fruits with fewer drupelets, while insect-pollinated counterparts can 

produce fruits that are more symmetric and with 50% greater weight (Willmer et al. 

1994c; Totland et al. 2013c). Fruit quality is also driven by abiotic factors such as 

temperature, humidity and soil quality (Lautenschlager 1997; Wang & Frei 2011). 

Fruit quality (size and shape) has economic and nutritional value for humans, and 

better fruits will be more attractive to bird and animal foragers that in the wild 

disperse the seeds contained within. 

 

Studies have shown that the most common visitors to R. ideaus, at least on 

commercial raspberry farms, are honeybees and bumblebees, the latter being more 

effective pollinators (Willmer et al. 1994d; Saez et al. 2014b). Bumblebees are more 

effective because they select for younger flowers that contain more pollen, carry 

more pollen on their bodies and deposit more on stigmas, visit flowers more 

frequently than honeybees, and are more likely to move between plant individuals, 

promoting outcrossing (Willmer et al. 1994e). For honeybees and bumblebees, 

pollen is their only source of protein and needed for reproduction of new 

individuals; nectar is their only source of energy. Female worker bees gather pollen 

to rear larvae while all members of the colony consume nectar for energy.  

 

There are 35 species of bumblebees in Norway, of which 28 are social. Social 

bumblebees centralize in communities that are active across the summer as the 

queen remains in the nest after the first workers start to forage.  As bumblebees are 

annual species, climate and nutrient availability are crucial to the size of the 
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bumblebee communities, which scarcely number more than 500 individuals, 

although this number varies among species. For bumblebee communities to persist 

all season, pollen and nectar need to be continuously available. The amount of 

energy required to sustain a bee community increases with the size of the 

community, and so the quality of their habitat is dependent on the size of the area 

and species richness of the plant community (Totland et al. 2013d). 

 

In this study, all flies not belonging to the hoverflies were grouped and are referred 

to as blackflies in this context. Blackflies and hoverflies (Syrphidae) are frequent 

visitors to wild R. ideaus in northern ecosystems. Although blackflies can pollinate, 

they are considered inefficient compared to bees as they lack the hairy coat that 

pollen grains attach to during flower visitation (Willmer 2011b). Hoverflies have 

been shown to be useful pollinators in oilseed rape, improving seed set (Stanley et 

al. 2013). Totland et al. (2013e) suggest that in alpine environments flies may be 

important pollinators as they are abundant and other pollinators may be lacking.  

 
2.3 FLOWER VISITATION OBSERVATIONS 

 
Field observations were conducted from 14 June to 27 July 2016. As flowering 

phenology was strongly affected by elevation, observations of flower visits were at 

first exclusively performed at the bottom of the mountain and the higher elevations 

were included as flowering initiated.  The observations finished when the plants at 

the top of the mountain had stopped flowering and began developing fruits. We 

were three observers and in total made 750 10-min observations of R. ideaus (Table 

1). I observed different plots at random times of the day and as several field workers 

were involved I randomized the identity and schedule of the observer using a 

custom-made computer program to prevent observer bias.  

 

Estimates of flower visits were conducted on a set of flowers selected at each 

observation period. The set of flowers was divided into three sections and the 

number of flowers in each section was counted and recorded. I then counted the 

number of times an insect landed on a flower in a specific section. This was done to 
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generate a more detailed dataset taking into account variation among subsets of 

flowers within the observational unit (the set of flowers observed).  I marked each 

insect in discrete categories depending on its species or species group. It should be 

noted that I observed visits, not the number of individuals, so one individual could 

visit the same, or another, flower several times and I would then record a visit each 

time it landed.  

  

2.4 ABIOTIC FACTORS 

I placed weather loggers at each of the four sites to record temperature and 

humidity every hour throughout the season. I attached each logger to a stake and 

covered the unit with aluminum foil and placed it in a semi-shaded area so as to 

prevent surface heat from skewing the measurements.  

 

For each observation period I subjectively categorized the weather into three 

discrete phases: Sunny, Cloudy, and Rainy. If there were more clouds in the sky than 

open sky during the observation, then I resolved to label the weather Cloudy, if 

fewer clouds, Sunny. Rainy describes all precipitation from light showers to 

moderate rain. In the case of heavy rain we did not make observations.  

 

2.5 FRUIT MEASUREMENT  

 Once raspberry plants stopped flowering and finished producing fruits, 30-40 

berries were picked at random from the focal patches where flower visits had been 

recorded at each of the 12 plots. The berries were packed in plastic containers and 

frozen until they were ready to be weighed. I weighed the berries on a scale to 

determine if there was a difference in fruit weight along the elevation.  

 

2.6 STATISITICAL METHODS 

 
In order to retain as much information as possible from the original dataset, I used 

flower visits as a response variable and the number of flowers observed as an offset 

variable in my models (Reitan & Nielsen 2016a). Offset variables are necessary to 
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use when comparing counts made on different numbers of flowers, as was the case 

in this study. Since bumblebees, and blackflies performed the majority of visits to R. 

ideaus, I selected for two models to explain the variation of flower visits by those 

groups separately.  

 

To explain visits I used a generalized linear mixed model (GLMM) approach 

including fixed and random factors. The fixed factors allow inference into the 

difference between factor levels (environmental variables) while the random factors 

account for spatial and temporal structure derived from the study design. 

 

For the analyses of flower visits I used counts of flower visits as my response 

variable and the GLMM therefore included a Poisson error distribution (Reitan & 

Nielsen 2016b). To assess whether weather variables had contrasting effects on 

different locations and on different points in time, we included in the model 

selection procedure interactions between the weather variables (temperature and 

humidity on different spatial scales), spatial (plot elevation) and temporal (day, time 

of day) random factors. In addition, I included interactions between time of day and 

large-scale spatial (elevation) and temporal (day of season [as a random factor]) 

variables to assess whether diurnal patterns of flower visitation varied among plots 

or the days throughout the season. 

 

For the fruit weight analyses I employed a linear fixed effect model (lmer) output for 

the fixed effects’ contribution to the variance in berry weight along the elevation. In 

order to determine significance of the fixed effects I produced p-values by putting 

the t-values in a pnorm function. I employed Gaussian error distribution as the 

weights represent continuous values. Several variables were recorded and used to 

explain the observed variation in flower visits and fruit size. I employed automated 

procedure testing all combinations of fixed and random effects to identify the best 

model describing my response variables (visits by flies, visits by bumblebees and 

berry weights) based on the Bayesian Information Criterion (BIC).  
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3. RESULTS

From 14 June – 27 July 2016 I performed a total of 750 10-min observations of 

insect visits to the flowers of wild raspberry (Table 1).  There is an average local 

temperature difference of 4.5°C and an average humidity difference of 17.2% 

between Low and High, affirming a climatic gradient along the elevation. Although 

I began observing Low after the flowers had opened it is the longest season of all 

the sites. When my observations began, only at MidLow did one plot have open 

flowers while the rest of the plots in the system were closed. The seasons at Low 

and MidLow ended within four days of each other. The seasons at MidHigh and 

High (with the exception of plot 11) began concurrently on 28 June and ended in 

mid-to-late July.  

The demographics of the flower visitor community along the elevation are 

organized in Table 2. Of the 5,599 total flower visits observed, bumblebees were 

responsible for the majority (87.37%). Blackflies were the second largest visitor 

group (8.75%), hoverflies the third (2.59%). Only 14 honeybee visits were recorded 

all summer. 

The frequency of visits by only bumblebee species, blackflies and hoverflies are 

arranged in Table 3. Twelve bumblebee species were observed to make visits over 

the summer. Bombus pratorum is the most frequent bumblebee visitor to raspberry

at every site, accounting for 59.64% of visits by any species. The next most common 

visitor is Bobmus lucorum with 11.13% and Bombus hypnorum at 6.00%. From the

bottom to the top B. pratorum and B. lucorum increase in visitation frequency while

B. hypnorum decreases (Figure 2). Blackflies accounted for 9.28% of all visits and

hoverflies for 2.72%. Blackfly and hoverfly visitation frequency remained stable 

along the elevation. The most species were observed at Low and the fewest at 

MidLow.  
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Table 1: Overview of the 10-min observations of flowers of R. ideaus along the elevation gradient. The elevations of the four sites are averaged from the three 

plots within each. The average temperature and humidity for the sites are the mean logger temperatures for each site over the season. The average temperature 

and humidity for the system is an average of all four weather loggers along the gradient over the observation period. The first and last days R. ideaus was 

observed at each plot in 2016 and the length of the observation period. The total number of observations made.  

Site Site Elev. 

m a.s..l 

Avg. 

Temp. 

Avg. 

Hum 

Plot (m a.s.l.) First 

Observation* 

Last 

Observation 

Observation 

Period 

Total 

Observations 

Low 217.03 20.1°C 64.8% 1 207.4 14 - June 12 – July 29 days 71 

2 219.5 14 - June 11 – July 28 days 64 

3 224.2 14 - June 07 – July 24 days 66 

MidLow 411.07 16.0°C 71.1% 4 398.8 21 - June 08 – July 18 days 48 

5 414.3 18 - June 08 – July 21 days 51 

6 420.1 14 - June 08 – July 25 days 48 

MidHigh 609.03 16.9°C 69.2% 7 638.8 28 - June 19 – July 22 days 57 

8 608.5 28 - June 24 – July 27 days 66 

9 579.8 28 - June 27 – July 24 days 78 

High 836.57 15.6°C 82.0% 10 803.7 28 - June 27 – July 27 days 84 

11 843.8 11 - July 24 – July 14 days 33 

12 862.2 28 – June 27 - July 27 days 84 

System -------- 17.2°C 72.4% 1-12 ------ 14 – June 27 - July 44 days 750 

*Besides Low (plots 1,2,3), the first observation date is the first day that flowering itself was observed. The last observation dates correspond with the end of the flowering season at each plot

Table 2: Demographics of species groups observed to visit R. ideaus. Other includes species that couldn’t be identified or were not observed a significant 

number of times. 

Groups Visits % of all visits 

Bumblebees 4892 87.37% 

Blackflies 490 8.75% 

Hoverflies 145 2.59% 

Ants 38 0.68% 

Honeybees 14 0.25% 

Butterflies 6 0.11% 

Other 14 0.25% 

Total 5599 100% 
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Table 3:  The visitation frequency (visits observed per number of flowers observed) and percent of visits of bumblebee and fly species to R. ideaus by site (Low, 

MidLow, MidHigh, High). 

*This B. terrestris complex consists of four indistinguishable species and therefore might, in addition to B. terrestris, be either of the species B.

lucorum, B. cryptarum, or B. magnus. 

Species Low MidLow MidHigh High All sites 

Visitation 

Frequency % of Visits 

Visitation 

Frequency 

% of 

Visits 

Visitation 

Frequency 

% of 

Visits 

Visitation 

Frequency 

% of 

Visits 

% of 

Visits 

Bombus pratorum 0.053 44.52 0.098 58.42 0.211 67.59 0.280 61.45 59.64 

Bombus hypnorum 0.021 17.53 0.008 4.55 0.011 3.56 0.015 3.19 6.00 

Bombus lucorum 0.010 8.17 0.019 11.36 0.025 7.92 0.065 14.27 11.13 

Bombus bohemicus 0.001 0.43 0 0 0 0 0 0 0.076 

Bombus terrestris* 0.002 1.72 0.008 4.55 0.02 6.25 0.016 3.50 4.05 

Bombus pascuorum 0.002 1.94 0.004 2.54 0.018 5.60 0.023 4.98 4.26 

Bombus hyperboreus 0 0 0 0 0 0 0.001 0.13 0.06 

Bombus balteatus 0.0001 0.11 0 0 0.001 0.36 0 0 0.11 

Bombus monticola 0 0 0 0 0 0 0.001 0.13 0.06 

Bombus sylvestris 0.0003 0.22 0 0 0 0 0 0 0.04 

Bombus Iapponicus 0.0001 0.11 0 0 0.001 0.22 0.027 5.92 2.58 

Blackfly 0.023 19.35 0.025 14.97 0.019 6.18 0.023 5.07 9.28 

Hoverfly 0.007 5.91 0.006 3.61 0.007 2.33 0.006 1.35 2.72 
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Figure 2: The visitation frequency of different species (Y-axis) along the elevation of the study system (X-axis). 
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3.1 BUMBLEBEE VISITATION 

I recorded 4892 total bumblebee visits accounting for 87.37% of visits to R. ideaus

throughout the season. The output of the best model to explain bumblebee visits to 

R. ideaus is shown in Table 4. The model output included three fixed effects. The

fixed effects are all significant (p-value <0.05) for explaining bumblebee visits. 

The daily rhythm is illustrative of the oscillation of the time of day from 0000 hours 

to 2400 hours. The relationship between bumblebee visits and days of the season 

is such that the rate of visits to R. ideaus by bumblebees is expected to peak around 

5 and 6 July (Figure 3). 

Humidity has a negative effect on the expected bumblebee visitation rate; as 

humidity increases bumblebee visits are expected to decrease (Figure 4). 

Temperature (in the model a combination of the linear effect and quadratic term of 

temperature) has a positive effect on expected bumblebee visitation rate and the 

optimum temperature for bumblebee visitation is 17.2°C (Table 4; Figure 5). 

Of the contributing factors to variation in visits of bumblebees to R. ideaus,

seasonality (temporal oscillation) contributed to 61.8% of the variation, humidity 

contributed 3.4% and temperature 2.5%. The plot number factor shows little 

random variation between plots when we account for all variables. The random 

variation is an effect of the set up of the observation method and accounts for 26.3% 

of variation (Table 5).  
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Table 4: Model output of the fixed effects explaining bumblebee visits to the flowers of R. ideaus. 

Seasonal rhythm and diurnal rhythm are a transformation of the date and time to a rhythmic waveform. 

Humidity is the relative humidity at a site (from the logger at that particular elevation) during observation 

times. Temperature
2
 (quadratic term of temperature) and Temperature (the linear effect of temperature) are 

measures of the average temperature of entire study system from all four weather loggers. 

Fixed effects Estimate Std. Error z value p-value 

(Intercept) -21.78 3.58 -6.08 <0.001 

Seasonal Rhythm 1.53 0.27 5.66 <0.001 

Diurnal Rhythm 10.04 0.98 10.27 <0.001 

Humidity -0.02 0.01 -4.05 <0.001 

Temperature
2
 -0.04 0.01 -3.76 <0.001 

Temperature 1.51 0.40 3.78 <0.001 

Table 5:  Percent contribution of factors to the variation in visits. Temporal oscillation is a combination of 

time of year and time of day. Random variation is the variation among observation periods and independent 

unexplained variation. Plot number refers to the random variation between the 12 plots.  

Contributing Factor to Variation % Contribution 

Temporal oscillation 61.8 

Random variation 26.3 

Plot number 5.9 

Humidity 3.4 

Temperature 2.5 

Figure 3: Expected visitation rate of bumblebees every ten minutes to a section of flowers of R. ideaus at 

the entire Norefjell system during the summer of 2016 (Y-axis) plotted against the days of the season (X-

axis). 
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Figure 4: The expected visitation rate of bumblebees every ten minutes to a section of flowers of R. ideaus 

(Y-axis) at different measures of relative humidity (X-axis). The loglink function between the response 

variable and the covariate changes humidity from a linear relationship to a logarithmic one. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5: Expected visitation rate of bumblebees every ten minutes to a section of flowers of R. ideaus (Y-

axis) according to temperature (X-axis). The red line indicates the optimum average temperature for 

bumblebee visits to R. ideaus is 17.20°C. The optimum temperature is the average over the four 

temperature loggers placed at the different elevations (sites) and is therefore the same measure at all 

elevations. 
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3.2 BLACKFLY VISITATION 

I recorded 490 total blackfly visits accounting for 8.75% of visits to R. ideaus 

throughout the season. The selected model to explain blackfly visits selected by my 

model selection procedure included three fixed effects. The fixed effects are all 

significant (p-value <0.05) for explaining bumblebee visits (Table 6). Linear day 

effect shows a linear decrease in expected visitation rate by blackflies throughout 

the season. Going up the elevation, there is an increase in expected visitation rate. As 

the relative humidity increases a linear decrease in flower visitation rate is 

expected. 

Of the contributing factors to variation in visits by flies to R. ideaus, the day of the 

season contributes the most (34.1%) to variation. Seasonality contributes 21.2%, 

elevation 15.2% and humidity 5.5%. The per measurement factor is random 

variation as a consequence of the way my observation periods were structured.  

Table 6: Model output of the fixed effects explaining blackfly visits to the flowers of R. ideaus. Linear day 

effect is the effect on visitation throughout the season. Elevation is the m a.s.l. of each plot. Humidity is the 

local relative humidity at a site at the time of observation. 

Fixed Effects Estimate Std. Error z value p-value 

(Intercept) -2.30 0.51 -4.496 <0.001 

Linear day effect -0.08 0.018 -4.136 <0.001 

Elevation 0.003 0.0007 4.270 <0.001 

Humidity -0.03 0.01 -3.638 <0.001 

Table 7: Percent contribution of factors to the variation in visits. Day of season is a random factor 
related to the difference among days. Seasonality is an oscillating characteristic of a time series in 
which the data experiences regular and predictable changes that recur. Per measurement is random 

variation among separate observation periods. Elevation refers to the m a.s.l. of each plot. 

Contributing Factor to Variation % Contribution 

34.1 

21.2 

15.2 

5.5 

Day of season  

Seasonality 

Elevation 

Humidity 

Per measurement 24.0 
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3.3 HOVERFLY VISITATION 

The liner regression  model explaining hoverfly visits signifies that there is only 

a difference between the flower sections the patch was divided into prior to 

observation, meaning only that the visits are highly variable even at this very 

small scale This lack of explanatory factors is most likely due to the low number 

of hoverfly visits. 

3.4 RASPBERRY PRODUCTION 

The model selection procedure did not include any of the explanatory variables in 

the best model describing the variation in berry weights among the 12 study 

plots. The average berry weight seemed to decrease from the bottom to the top of 

the study system (Table 9; Figure 6), but was not statistically significant. Flower 

visits by either of the insects groups also seemed to have no effect. My best model 

determined there is no explanation for berry weight using bumblebee, blackfly or 

and hoverfly visits.  

Table 9: The plots at which the berries were picked, the elevations of those plots, the number of berries 

picked at each plot and the average weight of those berries.  

Plot m a.s.l. # of Berries 

Picked 

Average Berry Weight (g) Std. Dev. (n-1) 

1 207.4 31 0.71 0.33 

2 219.5 28 0.75 0.25 

3 224.2 37 0.67 0.23 

4 398.8 33 0.60 0.23 

5 414.3 26 0.42 0.21 

6 420.1 41 0.84 0.36 

9 638.8 30 0.53 0.20 

8 608.5 35 0.48 0.26 

7 579.8 31 0.71 0.32 

10 803.7 28 0.54 0.31 

11 843.8 17 0.50 0.19 

12 862.2 25 0.39 0.20 
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Figure 6: The weights of individual raspberry fruits (Y-axis) along the elevation from bottom to top 

(X-axis).  
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4. DISCUSSION

4.1 THE STUDY SYSTEM 

From the lowest elevation of the study system to the top, my recordings show an 

approximate 4°C decrease in the average temperature at time of observation. 

Conversely, the humidity of the system increases roughly 20% from the bottom 

to top (Table 1). This clearly shows that my study system represents a real 

climate gradient. Bumblebee visitation, which dominated R. ideaus with 87.37% 

of visits, increases and becomes more variable with elevation (Appendix II). 

Blackfly visitation frequency along the system, accounting for 8.75% of all visits 

to raspberry, is shown to be variable among the plots within the sites but is 

relatively stable along the elevation gradient (Appendix II). There was a tendency 

for the raspberries to be heavier towards the bottom of the elevation gradient, 

although the negative relationship with elevation was not statistically significant. 

4.2 THE POLLINATOR COMMUNITY ALONG THE ELEVATION 

My first hypothesis was that the pollinator community would change along the 

elevation (climatic gradient). 

In terms of species groups the visitation frequency for bumblebees increase overall 

while remaining stable for blackflies and hoverflies along the elevation. The most 

numerous bumblebee species, Bombus pratorum, rises from 0.053 to 0.28 visits per

flower observed from Low to High. B. pratorum also accounted for 59.64% of all

visits in the entire study system. Among the bumblebees, certain species such as B. 

terrestris and B. pascuorum also increased as a percentage of all visitors while

others such as B. hypnorum decreased with elevation (Table 3, Figure 2). The
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pollinator community does change, not only between the species groups but among 

the species of bumblebees as well.  

It should be noted that I did not select for a model explaining what is driving 

visitation frequencies of individual species. However, in the selected model for 

bumblebees overall, elevation does not appear to have an effect (Table 4). Since I 

conducted my observations as flowers opened it could be there were not enough 

observations made while the season was open along the entire elevation; there is 

not enough occurring elsewhere at the same time to compare to the high numbers of 

visits at the top. Elevation may be masked by temperature, which was deemed 

significant.  Along the gradient, temperature decreases and the optimum 

temperature for visitation (17.2°C) for expected bumblebee visitation is crossed. 

Elevation could also be obscured by the seasonal effect that was shown to 

contribute 61.8% to the variation. Along the gradient the season begins at later 

dates. It could be B. pratorum is following the flowers of R. ideaus as they open. 

Ødegaard et al. (2017a) describe B. pratorum as “perhaps particularly fond of 

raspberry,” and my observations certainly support that statement.  

4.2a Conclusion 

Along the elevation some bumblebee species increase in visitation frequency and 

share of the pollinator community while others decrease; blackfly and hoverfly 

visitation frequencies remain steady but constitute a smaller percentage of the 

overall pollinator community. Therefore, I accept my first hypothesis that the 

structure of the pollinator community will change along the elevation (climatic) 

gradient. 

4.3 SEASONALITY AND POLLINATOR ACTIVITY 

My second hypothesis was that the time of the season would drive pollinator 

activity.  
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Seasonality appears to contribute the most variation to bumblebee visits in this 

system. Since seasonality describes recurring annual changes, the frequency of 

visitation could be dependent on when bumblebees typically appear. Although it 

varies among species, bumblebees are typically out early in the spring and have a 

rapid life cycle. Bumblebee queens overwinter and time their emergence with 

spring temperature cues; the first brood typically emerges in early summer to 

forage for nectar and pollen in order to propagate the colony (APHA 2017a). 

Although B. pratorum similarly emerges in early May, in favorable conditions in

southern Norway it may produce two generations. Instead of preparing to hibernate 

for winter the queen will attempt to build another colony (Ødegaard et al. 2017b). 

Considering B. pratorum’s predilection for raspberry and the availability of the plant 

at the study system, this could possibly explain why they were seen all summer and 

at all elevations. 

Rubus ideaus flowers were open and food was available from 28 June to 8 July at all

elevations along the study system. In the model the optimal expected activity days, 5 

and 6 July, fall within this time frame and could be considered early summer days. 

The Animal and Plant Health Agency (APHA 2017b) designates these early summer 

days as the time for foragers to acquire resources for queens to lay eggs and fortify 

the nest. After these days the queens may no longer leave the hive. So, it is possible 

that visitation peaks during these days as hives are at their maximum and new 

queens and drones appear to prepare for overwintering. Seasonality is a well-

established phenomenon of bumblebee population dynamics (Pyke et al. 2011; 

Banks et al. 2016), so it is important to also focus on the other drivers of activity

(humidity, temperature) during this particular observation period.  

4.3a Conclusion 

Seasonality contributed greatly to the variation in visitation in both bumblebees and 

blackflies. Bumblebee activity is also expected rise during the season and maximize 
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in early June. Therefore I accept my second hypothesis; seasonality has an effect on 

pollinator activity. 

4.4 LOCAL WEATHER AND POLLINATOR ACTIVITY 

My third hypothesis was that the local weather (temperature, humidity) would have 

an effect on flower visitation rates. 

4.4a Temperature and Bumblebee Activity 

My model determines there is an effect of temperature on the visitation rate of 

Bombus spp. to flowers of R. ideaus. As the temperature approached 17.2°C from

colder and warmer temperatures, the visitation rate of Bombus spp. showed an

increase towards this optimum. The optimum temperature was the average over the 

four temperature loggers placed at the different elevations (sites) and is therefore 

the same measure at all elevations. Still, the expected optimum visitation frequency 

varied among the sites. From Low and MidLow, with 0.01 and 0.17 bumblebee visits 

per observed flower per 10 minutes, respectively, to MidHigh and High, with 

frequencies of 0.32 and 0.43, respectively (Appendix III). From Low to High, the 

local temperature decreases from an average 20.1°C to 15.6°C during observation 

(Table 1). However, despite the average temperature being below the predicted 

optimal temperature, High still experienced the most visits by far. Since the best 

temperature measure was the average over the entire system it seems that the 

bumblebees react to the temperature of the entire study system rather than more 

local observations (the nearest logger or the handheld recorder). This is in 

accordance with other studies showing that visitation frequencies are affected by 

weather conditions at broader spatial scales (Rinvoll 2016a; Nielsen et al. 2016 - in

review b). It should be noted that observations at the top were done later in the

season (following flowering), when the overall temperature was higher in the area 

as such, thereby masking the effect of the elevation gradient. 
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The increase in visitation frequency by bumblebees at the higher and cooler 

elevations can be an example of the way this species is migrating up elevations to 

seek cooler foraging conditions. The migration of bumblebees up mountains is 

facilitated by East-West oriented mountain ranges such as Norefjell, where this 

study took place (Kerr et al. 2015b). As the migration to cooler temperatures follows 

a North-South direction, East-West oriented mountains are perpendicular to, and 

intersect with those migration routes. Insect species can find the cooler 

temperatures they began migrating for at higher elevations. Plant species also 

migrate upslope due to climate warming, seeking to establish themselves in cooler, 

currently alpine, environments. Woody plants establishing themselves over open, 

bushy areas where bumblebees typically forage and nest is potentially detrimental 

and may be driving these insects further up the mountain into their preferred open 

areas (Kerr at al. 2015c). In my study, the highest plot that received the most visits 

was in an open area along a ski run, right at the upper limit of where raspberry was 

growing, just past the tree line. It should be mentioned that patches of R. ideaus 

were scarcer at this level and may have only received so many visits because 

foraging options were limited. 

Due to their stout hairy bodies and endothermic ability, warming themselves up 

before flights, bumblebees are able to forage in lower ambient temperatures than 

other bee species can cope (Heinrich et al. 1993). Like other social bees, they also 

raise their thoracic temperatures when feeding on food with high sugar 

concentrations (Nieh et al. 2006).  In contrast to my results, Willmer (1983a) 

observed that bumblebee activity was negatively driven by temperature but 

positively driven by reward while Rinvoll (2016b – Master thesis) found a weak 

positive relationship between flower visits by bumblebees and temperature. Some 

bumblebees such as B. pratorum are known to forage early in the morning, when

nectar availability is highest and temperatures are low (Willmer 1983b). Since R. 

ideaus contains highly concentrated nectar rewards it may have helped facilitate the

increased foraging activity at the top, despite a temperature below the modeled 

optimum.  
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4.4b Humidity and Bumblebee Activity 

Humidity increases along the elevation and has a negative effect on expected 

bumblebee activity. However, bumblebee visits are observed to increase along the 

gradient (Appendix III).  This could be a statistical artifact stemming from the 

correlation between elevation and humidity. In this case, it was the local humidity 

that played a role, which is a different measure  than the humidity for the overall 

system (as for temperature). High humidity levels are associated with precipitation, 

which puts bumblebees off from foraging. More interestingly, foraging rates of B. 

terrestris are positively correlated with humidity, which can be a result of nectar 

secretion rates being higher and nectar evaporation rates being lower in very humid 

conditions. It was also been shown that pollen is preferably collected when 

humidity is low and conditions are dry and sunny (Peat & Goulson 2005). It seems, 

in my system, that the reward could be worth the risk when humidity is high. 

4.4c Temperature/Humidity and Blackfly Activity 

Blackflies, the second most common visitor to R. ideaus after bumblebees, were

found not to have a relationship with temperature. It has been previously found that 

the foraging activity of flies is dependent on temperature, as they need to achieve a 

certain thoracic temperature and do not have the ability to warm their bodies 

(Inouye et al. 2015a). However, the model did find a negative effect of humidity on 

blackflies. Instead of searching for a reward, blackfly visitation to flowers can just be 

an attempt to take refuge in a microclimate that flowers provide that is similar to 

the ambient humidity (Inouye et al. 2015b).  Despite the negative relationship with 

humidity and the higher humidity levels at the top, the visitation frequency of 

blackflies remained relatively the same throughout the study system and along the 

elevation gradient (Table 3). Blackflies are a ubiquitous group species that are 

common to alpine environments (Totland et al. 2013f). In my system the flies are 
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seen all along the gradient and are variable within the elevations but not between 

(Appendix II). 

4.4d Temperature/Humidity and Hoverfly Activity 

I found no significant effect of weather on hoverfly activity (Table 8). This was most 

likely due to the low number of hoverfly visits recorded. 

4.4e Conclusion 

There was an effect of temperature and humidity on bumblebees and an effect of 

humidity on blackflies. Due to the lack of hoverfly visits it is impossible to say if 

there is an effect of local weather on these insects. However, the effect of 

temperature and humidity on bumblebees and blackflies gives my third hypothesis 

support. 

4.5 RASPBERRY PRODUCTION 

My fourth hypothesis was that berry weight (seed set) would increase with 

more visits. 

The fruits of R. ideaus weighed less from the bottom to the top of the mountain 

despite the increase in bumblebee visitation along this gradient. So, despite 

increased visitation by effective pollinators, the seed set was reduced. Seed set in R. 

ideaus is highly correlated with fruit quality (Saez et al. 2014c).  A reason for this 

decrease in seed set could be that even at the lowest elevation, the lowest visitation 

frequency was sufficient for pollination and any visitation beyond that would have 

an insignificant or even a detrimental effect (damage to flowers with too many 

visitors (Saez et al. 2014d)). The best statistical model designated temperature, 

humidity, bumblebee, blackfly and hoverfly visits as insignificant to fruit weight. 

Although there is decrease in fruit weight the variation in weights is such 
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that nothing could be determined to be the driving factor. If further pollination has 

no additional positive effect on fruit quality, then perhaps unaccounted for abiotic 

factors such as the soil condition or snow damage or a shorter alpine warm season 

is affecting the plants directly and could be limiting fruit production.   

4.5e Conclusion 

Although I am unable to account for abiotic factors such as snowmelt and soil 

condition, based on these results I must accept the fourth hypothesis that increased 

visitation will not yield fruits of a greater weight.  

4.6 COMPARISON WITH DOMESTIC PRODUCTION 

In Rinvoll’s (2016c – Master thesis) study of domestic raspberry adjacent to wild 

relatives, it was found that bumblebees preferred to visit wild plant species, 

including wild raspberry, rather than the domestic crop. It is possible that 

honeybees, which visit very frequently and faithfully the same plant species on a 

foraging trip, depleted the resources of the domestic crop, putting the bumblebees 

off (Rinvoll 2016d – Master thesis; Grüter et al. 2011). Bumblebees require energy 

for foraging trips to be worthwhile, and in homogeneous environments where 

honeybees have hegemony on visitation and resources, there is no incentive to visit 

those flowers (Nielsen et al. 2016 – in review c). Garibaldi et al. (2013b) found that

by introducing or retaining wild, heterogeneous plant species around a domestic 

system, one could help retain surrounding bumblebees and coax them to visit the 

domestic crops, which enhances crop production. This is because although 

honeybees visit more flowers more consistently in shorter periods of time, 

bumblebees are better equipped to carry and deposit pollen, having already proven 

more effective for raspberry pollination (Willmer et al. 1994f).  

Rinvoll (2016e – Master thesis) found honeybees had a temperature optimum of 

24°C and only a weak positive linear temperature effect for bumblebees, whereas I 

29



did find a strong nonlinear temperature effect with an optimum of 17.2 °C on 

bumblebee visitation. Despite the domestic crops in Rinvoll’s study being almost 

solely visited by honeybees, bumblebees were still the most important pollinators in 

the wild populations. My study also found that bumblebees dominated visits to 

flowers of wild raspberry. 

Based on the results of my study, bumblebees could potentially be useful for 

cultivating raspberry in cooler climates, where honeybees and other bees may not 

be able to forage; raspberry plants can suffer negative heat stress effects so it may 

be necessary in the future.  

Although domestic field crops are usually grown on flat landscapes with uniform 

conditions, the activity observed in my study shows that bumblebees can be very 

flexible in the natural, fluctuating conditions they typically forage.   

4.7 CLIMATE CHANGE and the FUTURE 

As the global climate continues to warm it will be difficult keep pollination activity 

at an optimum, especially at northern latitudes where the pollinator community is 

adapted to variable, though harsh climate conditions. Bumblebees in this study 

exhibited an optimal expected visitation rate at 17.2°C (Figure 5). This optimal 

temperature is also the same as the average temperature of the entire system over 

the season (Table 1).  So, in warmer conditions in a system such as this, one can 

expect the visitation rate to be lower. As honeybee stocks used for domestic crop 

production are declining, at least in Europe, it becomes increasingly important that 

we do not depend on just one species for agricultural pollination (Potts et al. 

2010d). Indeed, the global supply of domesticated honeybees cannot keep up with 

the agricultural demand for pollination services (Aizen & Harder 2009).  If one were 

to introduce wild plants to attract bumblebees to an area surrounding a domestic 

crop in the hopes of a spillover effect, it would be unfortunate if those bumblebees 

were not suited for the climate conditions or suffered from temporal mismatch with 

crop flowering.  Already, the range of tolerable conditions for bumblebees is 
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narrowing and advances in flowering and bee appearance are not aligning due to 

changes in environmental cues. Climate change is also expected to create fewer, but 

more substantial precipitation events (Trenberth 2011). In the study system there 

was a lot of intermittent rain, but if I went out after a moderate shower I could see 

bumblebees foraging again. If precipitation events become too extreme and last for 

longer periods, it could put bumblebees off from making a foraging trip at all in a 

single day. As rainfall events become more concentrated, the days without rainfall 

could lead to a drought, which would be devastating for plants, wild and domestic. 

Conversely, these intense precipitation events can cause flooding that would be 

similarly damaging to floral life. 

As climates warm I continue to expect bumblebees to migrate into cooler alpine 

environments. However, the soil conditions, vegetative growth and timing, and 

environmental cues at these altitudes can differ from what the species are used to 

(Kudo 1993). Whether bumblebees can find success in these areas is a gamble. 

5. CONCLUSION

The results of this study demonstrate a relationship between local weather, 

seasonality, and pollinator activity. The elevation gradient doubles as a climate 

gradient and drives changes not only in pollinator visitation rates but the members 

of the pollinator community. Some species of bumblebees were observed to 

decrease or increase (substantially in the case of B. pratorum) along the elevation. 

Bumblebee visitation is expected to be highest when it is 17.2°C, and humidity has a 

negative effect on bumblebee visitation but the increase in nectar rewards during 

humid conditions could be driving foraging regardless. In contrast, blackflies and 

hoverflies remained consistent visitors throughout the system. Raspberries, despite 

receiving adequate visits, decreased in weight along the elevation. 

As mean annual temperatures increase with climate change, visitation activity can 

be expected to change. That change could be a decrease in visitation frequency, 
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meaning fewer resources for the pollinators and lower seed sets for plants. Warmer 

weather could alter the relationship bumblebees and flies have with seasonal timing 

as well, resulting in temporal mismatches. These interactions that our environment 

and our food supply rely so heavily on are precariously placed, and as the 

environment continues to change, the consequences could be disastrous.  
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APPENDIX I 
 
A list of covariates used for the model selection procedure.  
 

Fixed effects  

Categorical elevation A categorical classification of the four sites, Low, MidLow, MidHigh and 

High. Used this to distinguish which plots I was looking at. Each site had 

one weather logger to measure temperature and humidity, so it made sense 

to divide them as such. 

Elevation in meters A measure, in m a.s.l., of the 12 plots.  

Open or closed A description of whether the observed plot was in an open (sunny) or 

closed (shady) area.  

Patch size A measure, in square meters, of the area of an observed patch.  

Local logger temperature A measure in Celsius of the temperature of the individual sites at time of 

observation.  

Mean logger temperature The temperature of whole study system at the time of observation.  

Handheld logger 

temperature 

The temperature at the patch right before an observation recorded using a 

handheld weather logger. 

Local logger humidity A measure of the relative humidity of the individual sites at the time of 

observation.  

Mean logger humidity The relative humidity of the whole study system at the time of observation. 

Used to determine if the humidity of the study system explains pollinator 

activity. 

Handheld logger humidity The relative humidity at the patch right before an observation recorded 

using a handheld weather logger. 

Wind  The wind speed (meters per second) was measured with a handheld logger 

before each observation session. As wind fluctuated from one moment to 

the next it did not have an effect, despite being included in the model. 

Weather A categorical descriptor of the weather at the time of observation. Used as a 

proxy for light exposure as Rainy would have the least light, Cloudy the 

next least and Sunny the most. 

Linear day The time of day from 0000 to 2400. 

Linear time Time as an increasing unit. 

Seasonal rhythm The season as an oscillation of yearly time 

Diurnal rhythm The day as an oscillation of time from 0000 to 2400 

Random Effects The random effects create unexplained variation as a consequence of the 

way my observation methods were organized.  

Site ID The four sites: Low, MidLow, MidHigh and High. 

Plot number The 12 plots along the elevation. 

Observer The ID of the person doing the observations.  

Time factor The random variation between patches at the different times. 

Section ID An observed patch would be organized into three sections (A, B and C) 

with each section containing a chosen number of flowers to observe. This 

method made it easier to make visit observations. 

Interactions I looked at interactions between the linear day, elevation in m a.s.l., the 

categorical elevation, local logger temperature, mean logger temperature, 

local logger humidity, mean logger humidity and site ID. 
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APPENDIX II 

The frequency (visits per observed flower per 10 minutes) of bumblebees (Y) 
plotted along the elevation gradient (X). 

The frequency (visits per observed flower per 10 minutes) of blackflies (Y) 
plotted along the elevation gradient (X).
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APPENDIX III 

The number of flowers observed and the number of visits by each species group 
observed at each site. The visitation frequency (visits per observed flower per 10 
minutes) of species groups by site (Low, MidLow, MidHigh, High). 

Site Flowers 

Observed 

Bumblebees 

Observed 

Bee Visitation 

Frequency 

Blackflies 

Observed 

Blackfly 

Visitation 

Frequency 

Hoverflies 

Observed 

Hoverfly 

Visitation 

Frequency 

Low 7868 767 0.01 180 0.02 55 0.01 

MidLow 4386 740 0.17 146 0.03 27 0.01 

MidHigh 4416 1393 0.32 85 0.02 33 0.01 

High 4893 2086 0.43 113 0.02 30 0.01 
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