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Abstract 

Insect pollinators are highly valued for their contribution to wild plant reproduction and food 

production through crop pollination. There is accumulating evidence for a global decline in 

important pollinator populations due to several challenges, such as habitat destruction, 

pesticide use and climate change, increasing temperatures in particular. Many bee species are 

in decline all over Europe, and it is crucial to gain more insight into how these pollinators will 

respond to increasing temperatures. Here I look at pollinator visits to domestic raspberry 

(Rubus idaeus) flowers and wildflowers in two Norwegian farms in SE Norway to assess 

pollinator communities, diversity and use generalized mixed models to study if (and how) 

temperature affects flower visits. I also investigate how farming practice (the use of “growing 

tunnels”) might affect pollinator visits to the focal crop. I show that honeybees (Apis 

mellifera) are the main pollinator to domestic raspberry while bumblebees (Bombus) only 

occur in very low numbers, probably due to competition with the honeybees. Honeybee 

visitation rate to flowers is affected by the mean temperature of the area and showed an 

optimum at 24.1oC, which was higher than daily mean temperature. Honeybees in SE Norway 

will, thus, in theory benefit from rising temperatures, but other aspects of climate change 

might have negative effects on the pollinators, e.g. increased temperature variability, which 

makes it hard to draw explicit conclusions. Farming practice (i.e. the use of growing tunnels) 

did not have any effect on honeybee visits to the focal crop. The domestic raspberry plants 

investigated in this study was sufficiently pollinated by honeybees but the system may be 

considered vulnerable due to very low pollinator diversity. 
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1 Introduction 

Insect pollinators are important for the pollination of entomophilous plants and crops, and 

thus provide a valuable ecosystem service to both wild ecosystems and food production. The 

pollination service that insect pollinators offer has been valued to approximately €153 billion 

every year (Gallai et al. 2009), while a recent estimate by the Intergovernmental Science-

Policy Platform on Biodiversity and Ecosystem Services (IPBES) has shown the value to be 

closer to 235 – 577 billion USD (~€213 – €522 billion) every year (IPBES 2016). Valuing 

this ecosystem service is not a new concept, and dates back to the 1940s (Melathopoulos et al. 

2015). While the methods have greatly improved since then, it is still very challenging and 

faced with numerous limitations, which in turn can result in inaccurate estimates 

(Melathopoulos et al. 2015). Most modern estimates depend on a “dependency ratio”, or in 

other words, how much the plants depend on pollination. How these ratios are obtained can 

create uncertainties, and the products of pollination included in the studies can vary. For 

example, the estimate of Gallai et al. (2009) only included human food, and not the 

production of food for animals and biofuel. It should be a goal to improve these methods, as 

valuing pollinator services is a very important aspect for describing how crucial animal 

pollinators are. What is certain is that the value of pollinators in relation to food production 

will increase in the future, because of the rapidly increasing global human population. Not 

only are plant-pollinator interactions important for domestic plants and food production, but 

they are also very important for wildflowers and for maintaining biodiversity (Potts et al. 

2010a), especially since 87.5% of all angiosperms globally are pollinated by animals 

(Ollerton et al. 2011). Of the total number of crops used for human consumption, 70% depend 

on pollination (Klein et al. 2007), and 84% of the crops cultivated in Europe depend (at least 

to some extent) on pollinators, of which bees are most important (Williams 1994).  

In Europe, honeybee (Apis mellifera L.) colony numbers have shown an overall decline of 

16% over the period 1985-2005, with the most severe decline in Central Europe (25%) and 

only increasing in the Mediterranean countries (13%) and in Finland (Potts et al. 2010b). 

Despite this clear decline, honeybees have the status “data deficient” on the European Red 

List because it is not always clear if the numbers refer to managed hives or wild colonies 

(Nieto et al. 2014). Bumblebees (Bombus) on the other hand, are a well-studied bee group and 

only 8.8% (6) of the 68 European species have the status “data deficient”. Of all the European 

bumblebee species, 23.6% has status as threatened with extinction and 45.6% are in decline, 
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showing a significant overall decline for this group (Nieto et al. 2014). This negative trend is 

not homogenous for all of Europe however. The decline in biodiversity of pollinators in 

North-West Europe has actually slowed down after 1990, which is encouraging for the 

management of pollinators in this area (Carvalheiro et al. 2013). 

Knowledge concerning pollinators in Norway has improved over the last years and the recent 

Norwegian Red List (Henriksen et al. 2015) has some changes in the status of pollinators 

from the previous Norwegian Red List (Kålås et al. 2010). Of all the bee species in Norway, 

28% is on the current Norwegian Red List, which is a change from 32% in the previous 

Norwegian Red List. However, this does not mean that all is well as the reduction is primarily 

a result of better knowledge on the subject as well as better interpretations of current data, and 

only two of the species have an increasing population. Additionally, eight bee species have 

received a more severe status and are categorized as more threatened now than in 2010 

(Henriksen and Hilmo 2015). Even with better data on bee populations, knowledge is still 

limited on how plants, pollinators and the interactions between the two will be affected by 

climate change (Hegland et al. 2009), and how important climate change is compared to other 

environmental drivers. There are also very few studies on interactions between different 

negative impact factors on pollinators (Schweiger et al. 2010, Gonzalez-Varo et al. 2013). It 

can therefore be hard to predict how well bee and other pollinator populations will do in the 

future, as well as the negative effect this might have on entomophilous crops and wildflower 

communities (Totland et al. 2013). 

Honeybees have been considered the most important pollinator for managed crops, with good 

reason. They have several physiological and behavioral characteristics that make them very 

efficient generalist pollinators, such as a medium sized body and tongue length, highly 

eusocial behavior and easy manageable hives. Even so, wild bees such as bumblebees can be 

more efficient pollinators, as they are better adapted to their local climate and native flora, can 

carry more pollen and often do better in harsher climate conditions and in early spring, 

especially for certain species such as lowbush blueberry (Vaccinium angustifolium Aiton 

1789) (Stubbs and Drummond 2001). A study on raspberry pollination in Scotland showed 

that bumblebees were the most important pollinators for this plant as they contributed 60% of 

all visits, could carry more pollen, worked more hours and were active in poorer weather 

(Willmer et al. 1994). A study from 2013 showed that fruit set and yield was higher in a wide 

variety of different crops when the flowers were visited by wild insect pollinators compared 
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to honeybees, and that pollination by honeybees was a supplement rather than a substitute for 

wild insect pollination (Garibaldi et al. 2013). In light of this, it is therefore important that all 

bees equally, and not only domestic honeybees, are considered when studying pollination of 

crops and considering management and conservation for pollinators. 

The reason for the observed decline in important pollinator populations can be attributed to 

various factors. Pollinators face numerous challenges that are a threat to them and the service 

they provide, which is especially true for species already struggling. The most important 

factor is land-use changes, such as habitat destruction/fragmentation and intensive agriculture. 

Agriculture can also be a threat because of intensive use of pesticides. Other factors are alien 

invasive species, diseases and pests (such as the Varroa mites for honeybees) and last but not 

least climate change (Hegland et al. 2009) (See (IPBES 2016) and (Potts et al. 2010a) for a 

full review). As a side-note, the number of beekeepers in Europe has also decreased, probably 

due to socioeconomic factors, and the decline in honeybees can be linked to the decrease of 

beekeepers (Potts et al. 2010b). All of these factors will not operate in a vacuum and the 

interactions between factors should also be considered, such as climate change and invasive 

species, where the resulting combination can be significantly harmful for native specialist 

species (Schweiger et al. 2010, Gonzalez-Varo et al. 2013). It is clear that the observed 

reduction in interaction between plants and pollinators can have severe economic and 

ecological consequences. 

Climate change is one of the important challenges that pollinators face. Through climate 

change, temperatures are expected to increase globally, and how this will impact plant-

pollinator interactions is still not fully understood (Memmott et al. 2007, Hegland et al. 2009, 

Kjøhl et al. 2011, Bartomeus et al. 2013). Of the different aspects of climate change, 

increasing mean temperatures and more extreme weather events are considered to have the 

most important effects on plant-pollinator interactions (Kjøhl et al. 2011). Increasing 

temperatures can have several negative effects on plant-pollinator interactions. Phenological 

mismatches are of great concern, but also very hard to study because of several buffering 

effects and the necessary timespan of data required (Hegland et al. 2009, Bartomeus et al. 

2013). Changes in spatial distribution can cause spatial mismatches (Klanderud and Birks 

2003, Feehan et al. 2009, Hegland et al. 2009, Polce et al. 2014), and diurnal activity patterns 

and search behavior can change and weaken pollinator services (Corbet et al. 1993, Willmer 

and Stone 1997). The introduction of invasive species (competitors and pathogens) can also 
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increase as a response to changing climate (Schweiger et al. 2010). Species may also have a 

direct response to increasing temperatures based on their core physiology, for example by 

changing behavior to regulate internal conditions and in essence altering activity patterns. 

How pollinators react to higher temperatures can also depend on latitude. Insects found at 

lower latitudes may be more sensitive to temperature changes because they live in a more 

stable environment and close to their optimal temperature, compared to insects in high 

latitude areas. In temperate regions, insects usually have a broader thermal tolerance than in 

the tropics and live in a cooler climate than their optimal temperature would suggest (Deutsch 

et al. 2008). An increase in temperature could therefore create problems for pollinators at low 

latitude but enhance performance of pollinators at higher latitudes. 

The Intergovernmental Panel on Climate Change (IPCC) delivers reports on climate change 

by use of different models predicting future climate conditions based on different “climate gas 

emission” scenarios of varying degrees of severity, e.g. assuming low, medium or high 

emissions. All assessments for the different emission scenarios project a temperature increase 

over the 21st century, as well as non-uniform changes in precipitation levels. Based on the 

intermediate-high emission scenario (RCP6.0), it is estimated that the mean global surface 

temperature will be 1.4oC – 3.1oC higher by the end of the century (2081 – 2100) relative to 

1986 – 2005. As with precipitation, temperature will have a non-uniform increase and will be 

more pronounced for high latitude areas (IPCC 2014). The likelihood of increasing 

temperatures being the direct cause of death in bees is low because bees have a high upper 

thermal limit. Honeybees, for example, can tolerate temperatures of 50oC for eight hours 

(LT50, 8h) before they die (Kovac et al. 2014). Lethal temperatures induced during a lab 

experiment can reveal important facts about bee physiology, but is less relevant for the study 

of pollination activity where the bees must cope with ambient temperature during their daily 

foraging trips. Insects are usually ectotherms and need ambient temperature above a certain 

threshold to be able to fly. Bumblebees and honeybees are both exceptions in that respect 

because of their endothermic abilities, but bumblebees have better endothermic and 

thermoregulation abilities than honeybees because of their larger body size, and dark hairy 

bodies (Willmer 1983, Underwood 1991). Nevertheless, most insects in temperate regions 

will likely benefit from warmer climate conditions. At the same time, it is not hard to imagine 

a climate that is too warm for certain insects, where time is spent cooling down by seeking 

shade or water, or in general limiting active hours to dusk and dawn.  
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How insects experience ambient temperature is not only determined by their preference, but 

also their sensitivity towards changing temperature (variability). As mentioned, bumblebees 

have good endothermic ability and hairy bodies, which allows for activity during much colder 

periods of the day (and year) and they are essentially less affected and less sensitive to 

temperature than completely ectotherm insects (Willmer 1983, Heinrich and Vogt 1993). 

Creating heat internally can be a solution in a cold climate, albeit at a great metabolic cost, 

but cooling down if it becomes too warm is equally important and costly.  

Bumblebee and honeybee workers have several mechanisms for regulating the nest/hive 

temperature and can cool down the nest/hive if it gets too warm by standing still and beating 

their wings to drive out the warm air, also called “wing fanning” (O'Donnell and Foster 2001, 

Jones and Oldroyd 2007). A different method for cooling down a honeybee hive is through 

“heat shielding”, where honeybee workers absorb the heat (Starks and Gilley 1999). The main 

reason for temperature regulation of the hive is the temperature sensitivity of developing egg 

and larvae (brood) (Starks and Gilley 1999). Bees occupied with these activities are not 

foraging, which in theory reduces the number of foraging bees, which are the active 

pollinators. This might, however, not be the case as a study on bumblebees showed that the 

workers specialize on either thermoregulation of the nest or foraging, as a division strategy 

showed more effective than individuals switching between these activities (Gardner et al. 

2007). 

Food production is becoming increasingly important as the global human population continue 

to increase. In addition the calories gained from eating entomophilous crops such as fruits 

(e.g. apples, raspberry, strawberry), nuts (e.g. almonds) or legumes (e.g. soybean) are 

considered important to a natural healthy human diet due to their content of vitamins and 

micronutrients, according to the World Health Organization (WHO 1990). As stated earlier, a 

loss of pollinators or plant-pollinator interactions is a threat to food production and to the 

economy of farmers who depend on the mutualistic relationship between plants and 

pollinators. A threat to pollinators and plant-pollinator interactions is therefore a direct threat 

to human societies, and crucial to study.  

Norwegian agriculture is relatively small scale compared to other European countries. 

Approximately 3% of the land area is cultivated, compared to approximately 40% of the land 

area of the OECD-countries (NOU 2013). Even so, pollinator dependent agriculture has a 

long tradition in Norway and is both culturally and economically important in many areas. 



6 

 

Raspberry (~2k tons produced in 2013), strawberry (~6k tons produced in 2013) and apples 

(~10k tons produced in 2013) are three popular entomophilous crops in Norway 

(http://faostat.fao.org/) which are dependent on effective pollination. The issue of pollination 

is thus highly relevant for farmers, with farming practices and food production in mind. The 

use of “growing tunnels” is a common farming practice in Norway, as these tunnels protect 

the crop from adverse weather (e.g. heavy rain) and increase the ambient temperature 

resulting in faster growth and earlier flowering.  

In this study, I focus on the temperature sensitivity of important pollinators in Norway by 

looking at flower visitations to domestic raspberry (Rubus idaeus L.) over the main part of its 

flowering season at two typical Norwegian farms. Previous studies have shown that 

honeybees (A. mellifera) and bumblebees (Bombus) are the major visitors to raspberry 

(Willmer et al. 1994, Saez et al. 2014) and that sufficient pollination can increase berry 

weights, compared to berries resulting from unpollinated flowers (Willmer et al. 1994).  

I aim specifically to test the following hypothesis: (1) Honeybees (A. mellifera) and 

bumblebees (Bombus) are the most frequent flower visitors in Norwegian raspberry fields. (2) 

The flower visitor community in raspberry resembles the flower visitor community in wild 

flowers surrounding the raspberry fields. (3) Temperature is affecting flower visitation. (4) 

Farming practice (i.e. use of growing tunnels) affect flower visitation to raspberry. 

  

http://faostat.fao.org/
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2 Material and methods 

2.1 Study system and farming practice 

The fieldwork was conducted at two Norwegian farms in Vestfold County (SE Norway); one 

close to Horten (Moskvil Farm) and one on Nøtterøy, in Tønsberg (Aarsland Farm). The two 

farms vary slightly with respect to distance to the coast and elevation but have in general a 

very similar layout with rows of raspberry (Rubus idaeus) of the Glen Ample variety grown 

both inside and outside growing tunnels. The tunnels are made of a (semi) transparent tarp 

and the primary function is to protect the berries from rain when picking them, as rain can 

drastically decrease the quality, and thus the value of the berries. 

In addition, raspberry inside tunnels experience higher temperatures and therefore flower 

earlier than those grown outside the tunnels. The first batch of raspberry often fetch the 

highest price on the marked, but setting up tunnels are costly, and most farms have rows of 

raspberry both inside and outside of tunnels. The tunnels are open in both ends and by moving 

the “walls” up and down, the farmer can regulate the temperature inside the tunnels to avoid 

heat stress in the plants. Consequently, this is an excellent system for studying pollination as 

raspberry plants in the same location get different temperature “treatments”. The rows of 

raspberry were approximately 80m – 100m long, with three or four rows of raspberry inside 

each tunnel. Aarsland Farm had in total a 24 000m2 large raspberry field, while Moskvil had 

15 000m2 in total.  

2.2 Study species 

Raspberry belongs to the rose family (Rosaceae) and has simple generalist flowers, with five 

small white petals, and many stigmas and stamens. The nectar is freely exposed and 10 – 50 

ml are often present and can stay liquid even on warm days (Willmer et al. 1994). The fruit 

(the “raspberry”) is an aggregate fruit of numerous drupelets developed from the many free 

pistils in the flower. Flowering in raspberry is continuous and consecutive, where only some 

buds flower at the same time. A single flower is open for about three days. Raspberry can also 

self-pollinate, but selfing results in asymmetric fruits with fewer drupelets, while insect 

pollinated flowers can result in 50% greater fruit weight (Willmer et al. 1994). 
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Raspberry of the variety Glen Ample is originally from Scotland and is well suited to the cool 

Norwegian climate. The plants are perennial with biannual stems; the currently reproducing 

parts of the plant die after each season, but new shoots produced from suckers (root sprouts) 

are ready for flowering the next year (Heide and Sonsteby 2011). Glen Ample raspberry 

plants have a temperature threshold of about 28°C, above which the plants show heat-stress 

symptoms (Nina Heiberg pers comm). Raspberry plants experiencing temperatures higher 

than 28°C become “limp” because of heat stress. Berry weight has been shown to decrease 

significantly for higher, more unfavorable temperatures post flowering (Remberg et al. 2010).  

Both farms had honeybee hives placed close to the raspberry fields, 8 at Aarsland Farm and 

17 at Moskvil farm. Honeybees (Apis mellifera) are the common domestic bees in Europe. 

Farmers use them to increase yield, as they are generalist pollinators occurring in high 

number with the potential of offering a good pollination service. Their generalist 

characteristics and the fact that they are eusocial, which allows for a very large workforce, 

make them well suited for this purpose. The natural distribution of honeybees in northern 

Europe is in an area where July temperatures range from 15 – 20oC, and South-Eastern 

Norway is the border (Pritchard 2006, Kjøhl et al. 2011). As generalist pollinators, with 

medium sized tongues and bodies, honeybees can visit most flowers, even flowers that they 

are not perfectly suited for, but in that case, the flower might not be effectively pollinated. 

Raspberries have, as mentioned above, generalist flowers and will therefore not depend on 

special adaptations in their pollinators. The honeybees are only present at the farm when they 

are needed, in other words when the raspberries have their flowering season. After the 

flowering season of raspberries, the honeybee hives are moved to a later flowering crop or 

common heather (Calluna vulgaris (L.) Hull) in the wild. 
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Wildflowers in natural vegetation surround the raspberry fields provide floral resources for 

other insect pollinators such as bumblebees and flies. Bumblebees (Bombus) are common, 

native bees in Norway and are regarded as highly important pollinators. In Norway, 35 

species of bumblebees exist, both with long and shorter tongues. Bumblebees are very 

different to honeybees in many ways, with their larger and hairy bodies and different social 

structures. In general, bumblebees are better adapted to a northern climate and even though 

they are fewer in number than their (domestic) honeybee cousins, they can be much better 

pollinators and consequently increase seed set to higher levels (Willmer et al. 1994, Garibaldi 

et al. 2013). Most flies are not considered as good pollinators, but can have extremely high 

numbers of individuals and can contribute to pollination. Hoverflies (Syrphidae) can, be 

effective pollinators as has been shown for oilseed rape (Bommarco et al. 2012). 

2.3 Fieldwork 

2.3.1 Domestic raspberry fields 

The main fieldwork was conducted between June 6th and June 24th 2015. This was the peak 

flowering period for raspberry at the Aarsland and Moskvil farms. Data on flower visitations 

were gathered every day, except when it was raining. Data collecting was stopped a bit earlier 

at Moskvil farm (June 20th) because the raspberries were attacked by the disease “root rot” 

(Phytophthora fragariae var. rubi (W.F. Wilcox & J.M. Duncan) W.A. Man in’t Veld), and 

all sampling effort was therefore moved to Aarsland farm. In total, 463 observation periods 

were made in 2015, 70 at Moskvil farm and 393 at Aarsland farm. Data was also collected 

from the Aarsland and Moskvil farms in 2014, as part of a pilot study. Three days were spent 

at each farm (June 3rd, 11th and 19th at Aarsland, June 4th, 12th and 20th at Moskvil), resulting 

in a total of 77 observation periods (43 from Aarsland and 34 from Moskvil). Data from both 

years were included in the statistical analyses.  

Data was collected by observing flower visits by pollinators to a set of flowers. Fifteen 

raspberry plants were selected at each farm, five in the middle of the 80m – 100m long 

tunnels, five in the tunnel openings and five plants from different rows outside of the tunnels. 

Four branches on each plant were permanently marked and visits were observed to all open 

flowers on the marked branches. The pilot study in 2014 had identified four branches as a 

reasonable number based on the expected number of flower visits. The sampling protocol was 
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optimized to observe as many flower visits as possible, and at the same time avoiding too 

many simultaneous visits that could result in some visits being missed in the counting. 

Flowers were observed between 8 am and 8 pm and the order in which the different plants 

were observed was randomized. I noted time of day and day of season for all observations. In 

addition, each plant had a unique number connecting it to a certain location (inside tunnel, 

tunnel opening or outside tunnel; see Figure 1 and 2). All flowers on the four branches were 

counted and then all insect visitors to these flowers were observed for 10 min.  

Flower visitors were identified to species for bees when possible, and other pollinators were 

assigned to manageable taxonomic levels, for example “hoverflies” and “other flies” for flies. 

It is important to note that “visits” were counted and not “individuals”, so a single bee could 

visit several flowers in 10 min and be counted several times.  

2.3.2 Wildflower transects 

Transect walks have been shown to be a good method for estimating plant-pollinator 

interactions (Westphal et al. 2008, Nielsen et al. 2011). To assess flower visitation to the 

wildflower communities surrounding the raspberry farms, ten 10 m long transects were 

observed almost every day (from June 6th to June 24th) at Aarsland farm (Figure 1). Five of 

these transects were situated in wildflower vegetation close to the domestic raspberry plants 

(about 3-4 m away) and the other five transects were placed further away (>100 m). As part of 

the transect walks plant species were identified, and all flowers in the transect were counted. 

Each transect observation consisted of 10 min walking back and forth the transect, counting 

flower visits (spending approximately 1 min walking one way/10 m). An important part of the 

flower visit counting was to note how many times each plant species in that specific transect 

was visited, and by which type of insect (insects other than honeybees and bumblebees were 

identified to manageable taxonomic levels). A total of 203 transect observations were 

conducted at Aarsland Farm in 2015. Due to few wildflowers and limited number of 

fieldworkers available at Moskvil farm, transect walks were conducted only at Aarsland farm.  
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Figure 1: An overview of the fieldwork location at Aarsland farm (Tønsberg, SE Norway) for June 2015. 

Numbers 1 – 15 mark the location of domestic raspberry plants that were observed. Wildflower transects close to 

domestic raspberry are marked with numbers 16 – 20 and red lines, while those further away are marked with 

numbers 21 – 25 and red lines. Weather loggers and their location are marked as L1 – L4, where L3 marks the 

logger placed inside the tunnel and L4 marks the logger close to the honeybee hives. The map was obtained from 

https://www.norgeibilder.no/ and rotated 90o to the left. North is marked with the arrow. 

https://www.norgeibilder.no/


12 

 

Figure 2: An overview of the fieldwork location at Moskvil farm (Horten, SE Norway) for June 2015. Numbers 

1 – 15 mark the location of domestic raspberry plants that were observed. Weather loggers and their location are 

marked as L1 – L4, where L3 marks the logger placed inside the tunnel and L2 marks the logger close to the 

honeybee hives. The map was obtained from https://www.norgeibilder.no/ and rotated 90o to the left. North is 

marked with the arrow.  

2.3.3 Environmental variables 

Weather variables, temperature, relative air humidity and wind speed, were measured with a 

hand held weather recorder (WeatherHawk: SM-28 Skymaster), prior to each 10 min flower 

observation, and wildflower transect walks. In addition, I also included weather variables 

measured at the entire farm scale, by use of four weather loggers placed at different locations 

throughout each farm (one in the middle of one of the tunnels, one outside in a row of 

raspberry, one close to the honeybee hives and one further away, see Figure 1 and 2). The 

loggers (iButton - Hydrochron Temperature/Humidity Loggers from Maxime Integrated) 

measured temperature and relative air humidity every hour. They were mounted on wooden 

poles approximately 30 cm above ground and covered by tinfoil top to protect them from rain 

and direct sunlight. Based on the hourly measures of weather variables I estimated 

temperature and humidity for each point in time by means of linear interpolation between the 

https://www.norgeibilder.no/
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two nearest observation points in time, and the average temperature and humidity over the 

four weather loggers was included in the models. To quantify weather conditions at an even 

larger, regional, scale I also included weather observations (temperature and humidity) from 

the nearest weather station (Stokke station) operated by the Norwegian Meteorological office, 

retrieved through the web service www.eklima.no. 

The overall mean temperature, based on all four loggers for both farms in 2015 in based on 

flower visits on domestic raspberry was 22.3°C. Flower visits were observed between 8 am 

and 8 pm, the active period of bee pollinators, which makes it a daytime temperature estimate. 

Temperatures based on the loggers were on average 2.4°C higher inside the tunnels compared 

to outside the tunnels (Table 1). The mean temperature obtained from the WeatherHawk was 

0.6°C higher than the mean of the four loggers. 

Table 1: An overview of the measured temperatures for observations to domestic raspberry at the Moskvil and 

Aarsland farms in 2015 based on loggers. “Inside tunnel” is based on values from the logger placed inside one of 

the tunnels, while “Outside tunnels” is based on the mean value of the three loggers placed outside of the 

tunnels. “Total” is the mean of all four loggers. 

Area Mean temperature (°C) Temperature range (°C) 

Inside tunnels 24.1 13.62 – 31.51 

Outside tunnels 21.7 12.41 – 28.73 

Total 22.3 12.72 – 28.92 

 

2.3.4 Datasets 

Data collected from the 2014 pilot study conducted at the Moskvil Farm and Aarsland Farms 

(77 observations) were added to the 2015 dataset and included in the analyses resulting in a 

total of 540 observations for 2014 and 2015 combined. Weather logger data were not 

available from 2014, as only the hand held weather recorder (WeatherHawk: SM-28 

Skymaster) was used. Only one branch was selected for each raspberry plant in 2014, 

compared to four branches in 2015, but since exact flower numbers (over which flower visits 

were recorded) were noted in both years, the obtained data were still possible to include in the 

same analysis. Flower visitors were recorded with less taxonomic resolution, such as 

“bumblebees”, and not identified to species in 2014.  

http://www.eklima.no/
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The flower visitation recordings from the wildflower transects at Aarsland farm were 

analyzed separately. Each flower visitor was identified (insects other than honeybees and 

bumblebees were identified with a lower taxonomic resolution) and the plant species it visited 

was recorded. All plant species flowering within the transect were recorded even those that 

did not receive any flower visitors. No wildflower transect observations were performed in 

2014. 

 

2.4 Statistical methods 

A common trend in pollination ecology is to divide the number of pollinator visits by the 

exposure (# flowers) and time spent observing, the result being a frequency. The issues with 

this approach is the loss of information and thereby statistical power and that data obtained 

from differing sampling protocols cannot be treated in the same analysis (Reitan and Nielsen 

2016). To retain as much information from the original dataset as possible, I used number of 

flower visits (counts) as response variable and number of flowers as an offset variable in the 

statistical models. This was also necessary for including the data from 2014, as they were 

obtained from a much smaller exposure.  

I used a Generalized Linear Mixed Models (GLMM) approach to build models containing 

different combinations of fixed and random factors to explain the variation in flower visits to 

raspberry and wild flowers. GLMM is a regression-based analysis including both fixed and 

random variables. “Flower visits” are count data, and therefore Poisson distribution was 

chosen as the “family” in the analysis.  

I used an automated procedure to search through models containing all combinations of 

variables, including relevant interactions, to identify the model best explaining the flower 

visitation data. I included several variables (e.g. weather variables and random factors 

describing the spatial structure of the system) potentially affecting variation in flower visits 

(see Appendix 1). To select the best model, I used the Bayesian Information Criterion (BIC) 

as it is more conservative than the Akaike Information Criterion (AIC) and is a compromise 

between how much of the variation the model explains and how complex it is (where low 

complexity is considered better).  
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All statistical analyses were conducted in R, version 3.3.0 for Windows 10 (R Core Team 

2014).  The R package “lme4” (version 1.1.10) (Bates et al. 2015) was used to generate the 

GLMMs. 

One “best model” was identified for each of the three response variables (number of flower 

visits). The first was on flower visits to domestic raspberry including data from both farms 

both years (2014 and 2015). Due to low bumblebee numbers in domestic raspberry fields, the 

analysis was only performed for honeybees. The second and third models were on honeybee 

and bumblebee visits separately in wildflower transects at Aarsland farm in 2015. Other 

pollinators were only rarely observed and were not included in the analysis. Bumblebee 

numbers for single species were too low for individual statistical analyses and were therefore 

combined to form a single group, called “Bumblebees” (Bombus spp.). Prior to the model 

search, I excluded the least popular flower species so that only the most common and 

popularly visited flowers were retained. This was done because most of the observed plant 

species only received a few visits, and including them in the analyses would make the models 

more complicated without providing any useful information. From the total number of plant 

species recorded during the transect walks (See Appendix 2), four species were retained in the 

analysis for honeybees and six for bumblebees (see Results). The excluded species represent 

only <0.5% of the total visits in the wildflower transects.  
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3 Results 

3.1 Domestic raspberry fields 

The 2014 and 2015 fieldwork on domestic raspberry resulted in a total of 3324 observed 

flower visits, 3208 (96.5%) from the 2015 fieldwork and 116 (3.5%) from the 2014 pilot 

study. An overview of the distribution of flower visitors for these two years is shown in  

Table 2.  

Table 2: The distribution of flower visits to domestic raspberry among farms and years in the study area in 

South-east Norway, with main pollinator groups indicated. The 2014 data is the result from a limited pilot study, 

which explains the large difference in flower visits between the two years. 

Year Farm Flower visits Honeybees Bumblebees Flies 

2015 Moskvil 288 246 (85.4%) 26 (9.0%) 16 (5.6%) 

2015 Aarsland 2920 2852 (97.9%) 50 (1.7%) 12 (0.4%) 

2014 Moskvil 44 37 (84.1%) 2 (4.5%) 5 (11.4%) 

2014 Aarsland 72 53 (73.6%) 19 (26.4%) 0 (0%) 

 Total 3324 3188 (96.1%) 97 (2.9%) 33 (1%) 

 

Honeybees contributed most to the flower visits in 2014 and 2015 to domestic raspberry 

across both years (96.1%). During the 2015 fieldwork each raspberry flower was on average 

visited 1.168 times per 10 min by honeybees, while bumblebees and flies visited 0.031 and 

0.017 times per 10 min, respectively. 

The model selection procedure on honeybee visits to domestic raspberry resulted in a model 

with four “fixed effects” (explanatory variables; Table 3), and four “random effects”. The 

fixed effects are “day” (day of season as a linear effect), “temperature” and “temperature2” 

(temperature as a quadratic term based on the mean value of the four loggers for both farms) 

and “relative air humidity” (obtained by the nearest weather station run by the Norwegian 

Meteorological office). Farming practice (i.e. use of growing tunnels) did not end up in the 

model. The random effects are “ID” (a unique identification for each measurement, indicating 

unexplained variation in measurements), “section” (each tunnel, including the middle and 
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opening, and each row outside tunnels was assigned to a “section”), “day*section” 

(interaction between “day” and “section”, showing there was higher or lower activity than 

expected in certain sections in certain days) and “dayfactor” (day as factor, in addition to the 

same variable as a linear effect, indicating that some days had higher activity than others). 

Table 3: Model output of the best model listing the fixed effects explaining the flower visits of honeybees to 

domestic raspberry from the Moskvil and Aarsland farms in 2014 and 2015. The temperature measures (as a 

quadratic term, giving the unimodal relationship between temperature and flowering visitation) included in the 

best model was the average over four temperature loggers placed throughout the farm, while the best relative air 

humidity measure was obtained from the nearest weather station run by the Norwegian Meteorological office. 

 Estimate  Std. Error  z value Pr(>|z|) 

(Intercept) -2.889447 0.584024  -4.947 7.52e-07 

Day 0.060362 0.018780 3.214 0.00131 

Temperature 0.101914 0.018583 5.484 4.15e-08 

Temperature2 -0.029667 0.004889   -6.068 1.29e-09 

Relative air humidity     -0.013749 0.004835 -2.843 0.00446 

 

The relationship between temperature and flower visits by honeybees followed a unimodal 

curve, with a maximum at approximately 24.1°C (Figure 3). Temperature explained 19.61% 

(based on temperature contributions of both “temperature” and “temperature2“) of the total 

variation in flower visits. Relative air humidity was also included in the best model showing a 

decrease in flower visits with increased air humidity, and explained 2.88% of the total 

variation. There was no variation in numbers of flower visits among flowers growing in the 

open, in tunnel openings and in the middle of tunnels. Day of season was also included in the 

best model, showing an increase in flower visits as the flowering season developed, and 

explained 10.80% of the total variation. 
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Figure 3. Estimated visitation frequency (number of visits per flower per 10 min of observation) for June 24th 

for honeybees in relation to observed temperature. Since the number of flower visits increased linearly 

throughout the flowering season the peak of the curve (estimate of number of visits per flower per 10 min) would 

be lower at an earlier time and higher at a later time during the season, but the optimum temperature remains the 

same. The red vertical bar indicates the optimal temperature (~24.1°C) for flower visits by honeybees while the 

blue vertical bar (~22.3°C) indicate the observed average temperature in this system. 
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3.2 Wildflower transects 

The wildflower transects at Aarsland farm resulted in a total of 1483 observed flower visits. 

The ten transects had different species composition and altogether 29 different species of 

flowering plants were observed during the fieldwork, many identified to species level (See 

Appendix 2). Most of the observed flower visits (1432) were to four species (Table 4), 

namely “wild” raspberry (Rubus idaeus, 893 flower visits), red campion (Silene dioica (L.) 

Clairv, 198 flower visits), white clover (Trifolium repens L., 187 flower visits), and rose 

(Rosa L. sp., 154 flower visits). 

Table 4: An overview of visits and visitation rate (per flower per 10 min) listed for bumblebees and honeybees 

to the most common plant species in the wild flower transects at Aarsland farm in 2015. 

Flower species Number of 

flowers 

Total visits Bumblebee visits Honeybees visits 

Rubus idaeus 7608 893 (0.117) 272 (0.0358) 618 (0.0812) 

Silene dioica 21892 198 (0.009) 185 (0.0085) 5 (0.0002) 

Trifolium repens 5094 187 (0.037) 160 (0.0314) 25 (0.0049) 

Rosa sp. 510 154 (0.302) 150 (0.2941) 4 (0.0078) 

 

Some plant species present in fewer numbers were still visited relatively often if visits per 

flower is considered, such as figwort (Scrophularia nodosa L.) with a total of five flower 

visits observed to 29 flowers in total (0.172 visits per flower) and common dandelion 

(Taraxacum officinale (L.) Weber ex F.H. Wigg) with ten flower visits observed to 118 

flowers in total (0.085 visits per flower). However, due to the low number of visits these 

species were not included in the statistical analysis.  

Out of the 1483 observed flower visits, 660 (44.5%) were attributed to honeybees, 779 

(52.5%) to bumblebees, 29 (2%) to flies, nine (0.6%) to butterflies and six (0.4%) to “others” 

(solitary bees and beetles) (Figure 4). Table 4 suggests that honeybees and bumblebees have a 

different flower preference. Of the bumblebees observed in the wildflower transects, seven 

were identified to species. Other bumblebees not identified to species in field were combined 

in a separate category called “Bombus spp.”. The three most common bumblebee species 

observed were the tree bumblebee (B. hypnorum L.; 258 observations), white-tailed 
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bumblebee and the similar looking buff-tailed bumblebee (B. lucorum L. and B. terrestris L.; 

227 observation), and the red-tailed bumblebee (B. lapidarius L.; 185 observations).  

Figure 4: The percentage of flower visits conducted by honeybees (blue), bumblebees (red) and other insects 

(green) to wildflowers in transects at Aarsland farm in 2015.  

 

The model selection procedure on honeybee visits to wildflowers resulted in a model with 

seven “fixed effects” (explanatory variables; Table 5), and two “random effects”. The fixed 

effects are “day2” (day of season as a quadratic term), “temperature” and “temperature2” 

(temperature as a quadratic term based on the mean value of the four loggers for both farms), 

“wind speed” (obtained by the nearest weather station run by the Norwegian Meteorological 

office) and “flower” (plant species). The two random effects are “ID2” (an identification for 

wildflower data, indicating variation in data for the combination of flower type and 

measurement) and “sections” (position of transects in relation to the raspberry fields, near or 

further away). The variable “flower” contains four species, where white clover (Trifolium 

repens) is the control (the estimate for white clover is set to zero and the estimates for other 

plant species are related to this). 

44.5 %

52.5 %

3%

Wildflower transect visits

Honeybees Bumblebees Other
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Table 5: Model output of the best model listing the fixed effects explaining the flower visits of honeybees (A. 

mellifera) on wildflowers in transects at Aarsland farm in 2015. The temperature measure (as a quadratic term, 

giving the unimodal relationship between temperature and flowering visitation) included in the best model was 

the average over four temperature loggers placed throughout the farm, while the best wind measure was obtained 

from the nearest weather station run by the Norwegian Meteorological office. Four flower species are included in 

the model, and white clover (Trifolium repens) was the control (estimate set to zero by definition). 

 Estimate Std. Error z value Pr(>|z|)  

(Intercept) -7.978012   1.090410   -7.317 2.54e-13 

Day2 -0.016953    0.005198   -3.261   0.00111 

Temperature 0.226536 0.038257 5.921 3.19e-09 

Temperature2 -0.027610    0.010697   -2.581   0.00985 

Wind speed -1.556881    0.492911   -3.159   0.00159 

Silene dioica -3.277525    0.713602   -4.593 4.37e-06 

Rosa sp. 0.726305 0.941379 0.772 0.44039 

Rubus idaeus 2.653391 0.580919 4.568 4.93e-06 

 

Temperature affected honeybee flower visits to wildflower transects and explained 35.5% of 

the total variation in this data (based on temperature contributions of both “temperature” and 

“temperature2“). It was estimated that honeybees visiting wildflowers had a temperature 

optimum slightly higher than honeybees on domestic raspberry (26.45oC) but not statistically 

significantly different (most likely due to high variation within the dataset). Flower species 

did also have an effect on flower visiting activity. Honeybees favored “wild” raspberry 

flowers, while the flowers of red campion were the least preferred. Increasing wind reduced 

the flower visit rate. Day2 explained 9.98% of the total variation. Wind speed explained 

7.40% of the total variation and higher wind speeds had a negative effect on flower visitation 

by honeybees. 

The model selection procedure on bumblebee visits to wildflowers resulted in a model with 

four “fixed effects” (explanatory variables; Table 6), and one “random effect”. The random 

effect is “ID2” (an identification for wildflower data, indicating variation in data for the 

combination of flower type and measurement). The variable “flower” contains six species, 
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where common buttercup (Ranunculus acris L.) is the control (the estimate for common 

buttercup is set to zero and the estimates for the other plant species are related to this). 

Table 6: Model output of the best model listing the fixed effects explaining the flower visits of bumblebees 

(Bombus spp.) on wildflowers in transects at Aarsland farm in 2015. Six flower species are included in the 

model, and common buttercup (Ranunculus acris) was the control (estimate set to zero by definition). 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept) -7.9683 1.0783 -7.390 1.47e-13 

Potentilla anserina L. 1.0085 1.5654 0.644 0.519417 

Trifolium repens 3.0458 1.1083 2.748 0.005994 

Silene dioica 0.9552 1.1080 0.862 0.388669 

Rosa sp. 5.4754 1.1690 4.684 2.81e-06 

Rubus idaeus 4.1276 1.1065 3.730 0.000191 

 

Bumblebee flower visits to wildflowers were only explained by flower species, and “rose” 

was the preferred species, while common buttercup was the least preferred (Table 6). No 

weather or temporal (time of day, day of season) related variables were included in the best 

model.  
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4 Discussion 

Honeybees (Apis mellifera) were the most frequent flower visitors to the domestic raspberry 

fields included in this study, while bumblebees (Bombus) were surprisingly rare. This result 

does not support the first hypothesis stating that honeybees and bumblebees are the most 

frequent flower visitors in Norwegian raspberry fields, and differs from what has been seen in 

other studies (Willmer et al. 1994, Garibaldi et al. 2013). Among the flower visitors to the 

wildflowers, on the other hand, both honeybees (44.5%) and bumblebees (52.5%) were 

common. This is very different from the flower visitor community associated with domestic 

raspberries, and does not support the second hypothesis stating that the flower visitor 

community in raspberry resembles the flower visitor community in wild flowers surrounding 

the raspberry fields. Temperature affected flower-visiting activity in honeybees, both for 

domestic raspberry and wildflower transects, but the same temperature dependency was not 

observed for bumblebees and the third hypothesis stating that temperature is affecting flower 

visitation is only partly supported. Farming practice, the use of growing tunnels, had no effect 

on pollinator activity, and the fourth hypothesis stated that farming practice (the use of 

growing tunnels) affect flower visitation to raspberry is therefore not supported.  

4.1 The pollinator community to domestic raspberry 

and adjacent wildflowers 

The low number of bumblebee visits to domestic raspberry (only 2.9%) were surprising based 

on previous studies (60% in Scotland; Willmer et al. 1994) (45% in Argentina; Saez et al. 

2014) and the pilot study conducted at the Aarsland farm in 2014 (26.4%). The sample size 

from 2014 was low, compared to 2015, but served as an indicator suggesting a more diverse 

pollinator community than the one observed in 2015. There are several potential reasons for 

the low number of bumblebees in 2015. First, spring and especially May of 2015 was a very 

cold month in Norway compared to average years (https://www.nrk.no/norge/plaskerekord-

mange-steder-i-mai-1.12388511) (in Norwegian), which could have negatively affected the 

bumblebee queens while establishing nests. This, however, was not supported when looking 

at the wildflower transect data where more than half (52.5%) of the observed visits were by 

bumblebees. 

https://www.nrk.no/norge/plaskerekord-mange-steder-i-mai-1.12388511
https://www.nrk.no/norge/plaskerekord-mange-steder-i-mai-1.12388511
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The difference in bumblebee and honeybee visits between domestic raspberry and the 

wildflower transects may be attributed to the concept of flower constancy. In other words, 

high numbers of bumblebees were active in the wildflowers surrounding the rows of domestic 

raspberry, but did not choose to visit the focal crop. Honeybees were the dominating flower 

visitor to domestic raspberry (96.1%) and also preferred “wild” raspberries over the other 

wild flowers in the transects (93.6% of the visits from honeybees was to wild raspberry giving 

the highest visitation rate per flower (0.0812)). In this context, it is important to note that 

“wild” raspberry not necessarily is different from the domestic variant, but may be plants that 

have “escaped” from the cultivated rows. This result supports the theory of flower constancy 

in honeybees, according to which individual worker bees usually stick to one plant species 

(Free 1963). Bumblebees on the other hand did not avoid “wild” raspberries although they 

had few visits on domestic raspberry, fitting less well with the theory of flower constancy. In 

fact, the highest number of bumblebee visits observed in wildflower transects were to 

raspberries (34.9%) which had the second highest visitation rate per flower (0.0358) (beaten 

only by roses). 

Another possible explanation for the difference in bumblebee visits between domestic 

raspberry and the wildflower transects is competition. Bumblebees compete with honeybees 

for flower resources, but the outcome varies based on landscape type. Introducing honeybee 

hives to heterogeneous landscapes did not lead to a decline in bumblebee density, while 

introducing honeybee hives to homogenous fields reduced bumblebee abundance by 81% due 

to a niche-overlap for these pollinators (Herbertsson et al. 2016). The larger bodied 

bumblebees have a greater energetic demand, compared to the smaller honeybees and if 

honeybees frequently visit a flowering patch, depleting the nectar resources from these 

flowers, it could become too costly for the bumblebees to visit these flowers. As the nectar 

refills, the flowers will be more attractive to honeybees as these pollinators are smaller and 

need less nectar to meet their energetic demands (Torne-Noguera et al. 2016). Extremely 

frequent visits from honeybees (to domestic raspberry in this case) will naturally keep the 

flower resources low.  

The plant community in the wildflower transect was more heterogeneous compared to the 

domestic raspberry monoculture and “wild” raspberries in the wildflower community had a 

much lower density compared to domestic raspberry on the farm. “Wild” raspberry flowers 

were visited less often by honeybees, compared to the domestic raspberry flowers (0.081 vs 
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1.168 per flower per 10 minutes), which may indicate less competition for the “wild” 

raspberries. Even though these numbers are not directly comparable as all flowers in the 

transect were not observed at the same time, they do support the suggestion by Herbertsson et 

al. (2016) that landscape heterogeneity can reduce bumblebee-honeybee competition. 

Due to the high number of flower visits from honeybees, the consequence of low numbers of 

bumblebee visits to domestic raspberry might not be too severe with regard to fruit 

production. A study from Argentina did not find pollen limitation for raspberry flowers, even 

in areas with few total visits per flower per day (~4), but berry size was negatively affected by 

too many visits per day (~140 by A. mellifera) because of pistil damage caused by the insects 

(Saez et al. 2014). Domestic raspberry flowers at the Moskvil and Aarsland farms were in 

2015 on average visited 1.168 times per 10 min, or ~70 visits per flower per day (using an 

assumed daily period of flower visitation of 10 hours as was done in Saez et al. 2014). This is 

approximately half of the maximum number estimated in the study from Argentina and a 

good indicator that the raspberries at the Moskvil and Aarsland farms did not experience too 

much pistil damage from the visits. 

As raspberry flowers are fairly generalist and simple, and are well pollinated by honeybees, it 

is reasonable to assume that the domestic raspberry fields at the Moskvil and Aarsland farms 

are sufficiently pollinated despite the low contribution by bumblebees, which are considered 

better pollinators (Willmer et al. 1994, Garibaldi et al. 2013). Even so, a pollinator 

community with such low diversity should be considered very vulnerable. If domestic 

raspberry depends on honeybee pollination to the extent shown in this study, and something 

were to happen to that one (single) pollinator species, fruit yield could be dramatically 

decreased. Even though bumblebees did not avoid “wild” raspberry flowers and actually 

showed high preference for them in the wildflower community, it is hard to imagine that 

bumblebees alone can compensate for a loss of honeybees (as the system is today). 

Bumblebees had only slightly higher visits per flower per 10 min for raspberry in wildflower 

transects (0.036) compared to domestic raspberry (0.031), approximately ~2 visits to a single 

flower per day on average (using the Saez et al. (2014) definition for daily period of flower 

visitation). This is approximately half of the lowest visitation rate observed by Saez et al. 

(2014) and could be indicative of pollination limitation. 
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4.2 Temperature response in honeybees 

The flower-visiting activity of honeybees in domestic raspberry fields and wildflower 

transects were affected by temperature, and showed a distinct optimum at ~24.1°C (Figure 3). 

Honeybees in wildflower transects showed a slightly, but not statistically significant, different 

temperature optimum (26.45). Mean daytime temperature in June 2015 was ~22.3°C based on 

the loggers (Table 1), i.e. 1.8°C lower than the optimum temperature. In other words, the 

summer 2015 was a bit too cold in SE Norway for honeybees, as they prefer higher 

temperatures than what they experienced during the average daytime (8 am – 8 pm) in June. 

This also reflects the European distribution of honeybees where South-Eastern Norway is on 

the border of the natural distribution of the species (Pritchard 2006, Kjøhl et al. 2011). 

Temperatures are expected to increase the coming years as a consequence of climate change 

and honeybees in SE Norway should in theory do better in the future as the mean daytime 

summer temperatures increase. However, temperatures variance is also expected to increase 

and the combined effect of variance and increasing temperatures can have a huge impact on 

how insects respond to temperature (through behavior and development). A study on the 

ectotherm fruit fly (Drosophila melanogaster) showed that the population growth for this 

species at low temperatures (17°C) increased faster under variable temperatures (+/- 5°C) 

compared to completely constant temperatures. This pattern was reversed at higher 

temperatures (24°C), where population growth was smaller when temperature variance (+/- 

5°C) was introduced, compared to constant temperatures (Bozinovic et al. 2011). Ectotherm 

termites, both workers and larvae, show preference for stable temperatures, and will stay 

away from high temperature variation (Jones and Oldroyd 2007). Honeybees, compared to D. 

melanogaster, are not completely ectotherm and the endothermic ability might, together with 

behavioral flexibility (e.g. wing fanning) make them more robust, also to temperature 

variations. Even so, the combined effect of increasing temperatures and increasing 

temperature variance may pose challenges and be harmful to honeybees in the future.  

To describe pollinator activity, an important part of this study was to measure and analyze 

temperature in different areas and at different spatial scales. The mean temperature based on 

all four loggers at each farm turned out to be the best predictor for the honeybee data in this 

study. In other words, honeybee activity at the Aarsland and Moskvil farms was mostly 
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affected by the general temperature of the area and not one specific temperature (near hive, 

close to raspberry, etc.). 

4.3 Temperature response in bumblebees 

Temperature was not found to have an effect on number of flower visits conducted by 

bumblebees in the wildflower transects, and as such, a temperature optimum for this 

pollinator group could not be found in my data. Bumblebees are considered more robust 

compared to their honeybee cousins, primarily attributed to their larger bodies with good 

endothermic abilities (Heinrich and Vogt 1993).They are better at heating up their bodies, 

which in turn allows for activity much earlier and later in the day (and season) when it is too 

cold for honeybees (Willmer 1983, Stanghellini et al. 2002). This creates a much broader 

activity curve as a response to temperature, which make it harder to detect their optimal 

temperatures (if such exist). 

Willmer (1983) found that bumblebee activity was negatively correlated with both 

temperature and solar radiation, but positively correlated with nectar reward. This was the 

complete opposite of what she found for all other pollinators included in the study (such as 

honeybees and flies) and Willmer (1983) argued that this result could be explained by the 

high endothermic ability and energy costs of bumblebees, which leads to foraging earlier in 

the day when it is colder but nectar is more plentiful.  

Several possible reasons may explain the lack of temperature response in bumblebees in my 

study. Bumblebee activity could not be explained by the current variables included in our 

statistical model. This does not necessarily mean that bumblebees are not affected by 

temperature in their flower visiting behavior, only that temperature dependency was not 

observed in the present study. Measuring and analyzing additional variables (e.g. solar 

radiation and nectar abundance/reward) could therefore be informational. 

A higher number of flower visits conducted by bumblebees, compared to honeybees (who did 

show a temperature optimum), were observed in the wildflower transects, so a low sample 

size in itself does not explain the lack of temperature response in bumblebees. The group 

“bumblebees” used in the statistical analyses included several different species (necessary 

because each individual species had too few observations for statistical analysis), which can 

all have slightly different temperature preferences, based on size, coloration, physiology or 
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behavior as is seen for other bees (Willmer and Stone 1997). This can mask potential species-

specific effects, which in turn reduces the probability of revealing a temperature trend.  

In summary, a larger sample size (to distinguish individual species) and measurement of more 

variables (e.g. solar radiation and nectar reward) and more extreme temperatures could be a 

way to find a possible bumblebee response to temperature (probably described as a gentle 

unimodal curve). It is important to gain more knowledge about temperature response in 

bumblebees in temperate regions to understand how they will react to climate change. 

4.4 The effect of growing tunnels on pollination 

The use of growing tunnels did not have an effect on honeybee visits to domestic raspberry 

flowers. This means that tunnels did not function as a physical barrier/obstruction for 

important pollinator to the focal crop. Tunnels could in theory have a temperature effect on 

the honeybees, as it was 2.4°C warmer inside the tunnels (Table 1). This, however, was not 

the case as the honeybee activity was best explained by the mean temperature for all four 

loggers (i.e. the mean outside temperature), and not the single logger from inside the tunnel. 

In other words, visits to flowers inside the tunnel were better explained by the temperature 

outside of the tunnels and not the (higher) temperature inside the tunnel. This result suggests 

that the use of growing tunnels (to protect berries from rain during picking) will not disrupt 

plant pollinator interactions.  

However, high temperatures post flowering can negatively affect the size of the raspberry 

fruits (Remberg et al. 2010) and cooling down the tunnels is therefore important. The 

raspberry plants of the Glen Ample variety have a temperature threshold of 28oC (Nina 

Heiberg pers comm) and the raspberry plants in tunnels at the Moskvil and Aarsland farms in 

2015 did on occasion experience temperatures of 30oC but the mean temperature was 24.1oC, 

which is a temperature well below the temperature threshold of the raspberry plants. 

4.5 Recommendations for future work 

Based on experiences during the 2015 season, some recommendations can be made for 

similar future studies. Using the hand held weather recorders before each 10-min observation 

was time consuming, and valuable time could be better spent by removing this from the 

sampling methodology, since stationary weather loggers yielded better results than the hand 
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held weather recorders. Stationary loggers make fieldwork sampling more efficient and 

should be used if possible. 

During the 2015 fieldwork, plants and branches were selected prior to flowering. This was not 

always ideal as certain plants and branches would flower later or not at all, consequently 

reducing potential data collecting (flower visit observations). I will recommend to use a less 

rigid sampling protocol, and select from available open flowers rather than predefined 

branches, as long as the relationship between flower visits and fruit production is not studied 

on a single flower basis. 

Four branches were selected in 2015, but even that resulted in many “0” observations (no 

flower visits during 10 min of observation). If practically possible, exposure (observed 

flowers) should be increased for future studies to avoid large quantities of “0” observations. 

The tradeoff is the precision of the counts when more branches are selected, not because of 

too high pollinator numbers but because of the way branches and flowers are arranged in a 

three dimensional space, it may be difficult to keep track of what flowers are being observed. 

To study bumblebees in more detail, more wildflower transect walks might be necessary to 

reach a large enough sample size (preferably for each of the most common bumblebee 

species).  

Other weather variables than the ones applied in this study could provide even better insight 

in future studies. First, sunlight (solar radiation) is a very different aspect of weather 

compared to air temperature. Solar radiation is only important (as heat) for insect flight if air 

temperature is low (e.g. in alpine and arctic areas), but is important for the production of 

nectar which again could have an effect on preference for flowers and activity levels of 

pollinators (Pleasants 1983). Second, if possible, it might be interesting to weigh the 

honeybee hives through the season to see if the weight (at dawn vs. dusk) could explain how 

much nectar they collect, and this again could be related to temperature or solar radiation. 

Third, measurements of size and weight of the berries could give more insight into tunnel 

temperatures and how this might affect the plants. Pan trapping, dishes of different UV 

reflecting color filled with soap water, is considered a good sampling method to obtain 

numbers of insect diversity (because they are passive collectors of insects and are therefore 

independent of plants, and human counting and classification bias) (Westphal et al. 2008, 

Nielsen et al. 2011), and should be considered for future pollination studies.  
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5 Conclusion 

In summary, honeybees were the primary pollinator to the domestic raspberry fields while 

bumblebees were more common in wildflower communities in the areas surrounding the 

raspberry fields. Low bumblebee numbers in the domestic raspberry fields can be attributed to 

flower constancy and competition. The domestic raspberry was sufficiently pollinated by 

honeybees but the system may be considered vulnerable due to very low diversity in 

pollinator species. Honeybee visits to domestic raspberry were affected by temperature and 

had a higher temperature optimum compared to the mean temperatures of the study area in 

June 2015. This species might therefore benefit from increasing temperatures, but other 

aspects of climate change might have negative effects on the pollinators, e.g. increased 

temperature variability, which makes it hard to draw explicit conclusions. An effect of 

temperature on bumblebee flower visits was not found, which indicates that bumblebees 

respond to other environmental variables (e.g. solar radiation and nectar reward) than those 

measured. Honeybee flower visits were best explained by the mean temperature in the area, 

and farming practice (i.e. growing tunnels) did not have an effect on flower visits to domestic 

raspberry, neither as a physical barrier nor as a result of increased temperatures.  
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Appendix 1 

List of covariates fed in to the model selection procedure. In addition, numerous ecologically 

interesting interactions were also tested, though a limited number of interactions showed out 

in the best models. 

Fixed effects from within farm:  

Day Day in June 

Day2 Day in June2 

Plot type Middle of tunnel, tunnel opening or in the open 

Weather Sunny, partly sunny, overcast 

Mean temperature Mean temperature over four weather loggers 

Mean temperature2 Mean temperature over four weather loggers2 

Mean air humidity Mean air humidity over four weather loggers 

Mean air humidity2 Mean air humidity over four weather loggers2 

Mean humidity sq Square root of mean air humidity 

"sin1", "cos1", "sin2", "cos2", Variables that generates daily rhythms in flower 

visits 

Random effects:  

Year 2015 or 2014 (pilot study) 

Day factor Day of season as factor 

Farm Aarsland or Moskvil 

Section Part of the field (each tunnel (opening and middle)) 

and each row grown in the open was assigned to a 

section 

Bush Each raspberry plant observed 

Observer ID of the person doing the observations 
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Extra climate variables (fixed 

effects): 

Observations describing the day as a whole and the 

observations taken closest in time was used. 

Quadratic terms were also tested for all variables 
From nearest Meteorological 

station 

Temperature  

Precipitation  

Wind speed  

Air pressure     

Dew point temperature  

Air humidity       

Modelled for each farm Estimated values for each farm based on a spatial 

model run by The Norwegian Meteorological 

Office. Quadratic terms were also tested for all 

variables 

Temperature  

Precipitation  

 

 



37 

 

Appendix 2 

Flowering plants observed in transects during 2015 fieldwork: 

Flower species Number of 

flowers 

Number of 

pollinators 

% 

Rubus idaeus 7608 893 0.1174 

Silene dioica 21892 198 0.0090 

Trifolium repens 5094 187 0.0367 

Rosa sp. 510 154 0.3020 

Ranunculus acris 887 16 0.0180 

Taraxacum officinale 118 10 0.0847 

Anthriscus sylvestri 3457 6 0.0017 

Scrophularia nodosa 29 5 0.1724 

Glecoma hederacea 703 4 0.0057 

Galium sp. 113 3 0.0265 

Potentilla anserina 270 3 0.0111 

Vicia cracca 20  1 0.0500 

Geum urbanum 69 1 0.0149 

Brassica napus 150 1 0.0067 

Myosotis sp. 1282 1 0.0009 

Viola sp. 7 0 0 

Vicia sp.  10 0 0 

Veronica sp. 7 0 0 

Erodium cicutarium 8 0 0 

Potentilla argentea 49 0 0 

Geranium sp. 3 0 0 
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Stellaria sp. 153 0 0 

Achillea millefolium 2 0 0 

Leucanthemum vulgare 3 0 0 

Iris sp. 15 0 0 

Lapsana communis 65 0 0 

Unidentified species 34 0 0 

Lamium purpureum 2 0 0 

Unidentified species 2 72 0 0 

 


