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ABSTRACT 

Colony establishment is a critical stage for the bumblebee queen at which both she and her 

future colony depend on the resource availability of the surrounding landscape. However, large-

scale movement patterns of bumblebees are hard to study. 

On the Canary Island Tenerife eight Bombus canariensis queens were radio-tracked over three 

weeks in the spring to study queen behavior, flight distances, and habitat use. 

The queens only foraged briefly (≤16.3% of known observation time) and mostly neglected nest 

site searching which might be a result of negative effects of the radio transmitters. The maximum 

flight distances were short (between 79.8 and 511.2m) probably influenced by the heterogeneous 

structure of the landscape. Landcover types providing floral resources and shelter (e.g. from wind or 

predators) were visited more than expected by random habitat use while the most cultivated areas 

(e.g. crop fields) were visited less than expected by random. Queens would return to certain patches 

indicating patch fidelity which was associated with both foraging and resting behavior. 

Distribution pattern of resources in the landscape is essential to colony success especially during 

colony-establishment and, thus, knowledge on landscape-scale behavior of bumblebee queens could 

help improve conservation efforts aimed at species threatened by e.g. increased cultivation or 

invasive competitors. 

 

Keywords: Bombus canariensis, queen behavior, flight distance, habitat use, patch fidelity, 

conservation 
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INTRODUCTION 

Bumblebees are important pollinators of wild flowers and crops. Their large body size makes 

them reliable pollinators at low temperatures (Stone and Willmer 1989; Corbet et al. 1993) and they 

are therefore widely used to enhance pollination of field, fruit, and seed crops (Goulson 2003a). 

Furthermore, their large flight distances may facilitate gene flow between distant wild flower 

patches in fragmented landscapes and might prevent inbreeding in plant populations (Schulke and 

Waser 2001; Osborne et al. 2008a). A wide range of plant species depend on the pollination 

services of bumblebees and, thus, their conservation is not only important for the plants they visit 

but for the stability of the pollination networks they are part of (Goulson et al. 2008). 

 

Bumblebees depend on their surrounding landscape for floral resources, and nest and 

hibernation sites. They are able to fly several kilometers to forage (e.g. Chapman et al. 2003) and 

even though it is more costly than feeding close to the nest, it decreases the risk of intra-colony 

competition between workers and of attracting predators to the nest (Dramstad 1996; Osborne et al. 

1999). The homing distance of bumblebees (the maximum distance from which an individual is 

able to return to its nest (Southwick and Buchmann 1995)), is even longer, about 10km (Goulson 

and Stout 2001). 

Within the colony, workers communicate which flower species are rewarding but each forager 

has to make its own experiences regarding the locations of these species (Dornhaus and Chittka 

1999). To avoid the risks associated with visiting new patches (such as predation, low rewards, or 

getting lost), each individual establishes traplines which are routes followed again and again to visit 

the same patches of flowers, even when other patches nearby are equally rewarding (Thomson et al. 

1982; Osborne et al. 1999; Osborne and Williams 2001). As long as resources requirements are met, 

foragers will exhibit this high degree of patch fidelity (Osborne and Williams 2001). 
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The behaviors of individual bumblebees depend on their cast and their role in the colony. Some 

workers mainly forage, while others nurse the broods in the nest, though they are able to switch 

tasks if necessary (Cartar 1992). Males quickly leave the nest to mate (Alford 1975), while young 

queens may return to their maternal nests between foraging and mating, before finally leaving to 

hibernate and establish their own nests (Alford 1975). 

Colony-establishment is a critical stage in the life cycle of the queens (Goulson 2010). In the 

period between emerging from hibernation and having an established colony (with workers taking 

over foraging activities), the queens have to find suitable nest sites and forage to support their own 

metabolism, egg development, nest establishment (including pollen and nectar storages), and larval 

development once the eggs hatch (Alford 1975). Thus, the entire future of the colony depends on 

the queen and her ability to gather resources in the surrounding landscape. When the workers are 

ready to take over foraging activities and help caring for the larvae in the nest (Alford 1975) the 

performance of the single individual becomes less important to colony survival. 

 

Several methods have been used to investigate how bumblebees use their surrounding 

landscape, including mark‒re-observation (Dramstad 1996; Walther-Hellwig and Frankl 2000; 

Kreyer et al. 2004; Osborne et al. 2008a; Wolf and Moritz 2008), genetic microsatellite analysis 

(Chapman et al. 2003; Darvill et al. 2004; Knight et al. 2005; Lepais et al. 2010), pollen load 

analysis (Osborne et al. 2008a), harmonic radar tracking (Osborne et al. 1999), and radio-tracking 

(Hagen et al. 2011). Each method has its own limitations, e.g. in mark‒re-observation studies the 

likelihood of seeing a marked individual decreases with distance from the nest (Goulson 2010), 

while the results of harmonic radar studies are limited by the range of the radar (Osborne et al. 

1999). Most of these landscape-scale studies have exclusively been done on workers, investigating 

e.g. flight distance (e.g. Chapman et al. 2003; Wolf and Mouritz 2008; Hagen et al. 2011), 
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traplining (Osborne et al. 1999), patch fidelity (Dramstad 1996), and landscape barriers (Kreyer et 

al. 2004). Queens are a well-studied cast especially in terms of behavior within the nest, such as 

colony initiation (e.g. Alford 1975; Heinrich 1979; Goulson 2010) and reproductive strategies (e.g. 

Duchateau and Velthius 1988; Bourke and Ratnieks 2001). However, only few have studied queens 

on a landscape scale (e.g. Bowers 1985; Suzuki et al. 2007; Lepais et al. 2010; Hagen et al. 2011) 

even though this behavior is particularly important during the critical stage of colony-establishment. 

Studies of behavioral activities outside the nest have mainly focused on foraging by workers, 

nest site searching by queens, and mate searching by males. An activity such as resting is mostly 

neglected in the literature, aside for observations of foraging individuals surprised by bad weather 

or of queens found sun basking on vegetation or rocks in the early spring (Sladen 1912; Alford 

1975). However, when Hagen et al. (2011) used radio transmitters to track a young Bombus 

hortorum queen, it rested 40% of the time even though weather conditions were good. 

Radio-tracking is a novel tool for studying bee movement that has only recently become 

available due to the challenges involved in making this equipment small and light enough to be 

carried by such small animals. Thus, the method has only been used once before on bumblebees, i.e. 

by Hagen et al. (2011). With the opportunity to follow individuals continuously for long periods, 

important information can be gained about patch fidelity, traplining, landscape barriers, and 

individual behaviors related to e.g. body size or foraging experience (such as flower choice, patch 

choice, or foraging bout duration). It can also be used to gather more information about different 

behaviors in casts and life cycle stages. 

 

Islands are unique in their species-poor communities and their high numbers of endemic species 

that are especially vulnerable to extinctions (Whittaker and Fernández-Palacios 2007). The lack of 

species allows for the establishment of novel interactions, and island pollination networks often 
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contain endemic super generalists with unusually high linkage levels (Olesen et al. 2002). Bombus 

canariensis is an important endemic pollinator in the Canaries, present on five of the seven islands 

(Arechavaleta et al. 2010). It visits at least 88 plant species, many of these being endemic (Hohman 

et al. 1993; Arechavaleta et al. 2010). However, in spite of its importance, B. canariensis is not a 

well-studied species. Its closest relative is the common European bumblebee Bombus terrestris 

(Erlandsson 1979; Coppée 2010). 

Bombus canariensis might be under pressure of agricultural intensification as is the case for 

many bumblebee species in Western Europe and North America (Goulson et al. 2008). In cultivated 

areas many crops are unsuitable as forage for bumblebees, and the ones that are suitable are often 

not available continuously throughout the season. Furthermore, the removal of hedgerows and 

undisturbed set-aside fields limits the number of suitable nest and hibernation sites (Goulson et al. 

2008). Another threat to the species could be the recently (first sighted in 2005) introduced 

continental European bumblebee Bombus ruderatus that has so far been found on two of the Canary 

Islands (Tenerife and La Palma) (Pérez and Macías 2011). In other parts of the world, introduced 

non-native bees have caused declines in native bee populations due to competition for floral 

resources and nest sites, and transmission of parasites and pathogens (Goulson 2003b). 

Furthermore, for closely related species, there is a risk of introgression (Goulson et al. 2008). 

 

The aim of the study was to investigate how queens of B. canariensis use their surrounding 

landscape during the critical stage of colony-establishment. This was done using the radio-tracking 

method, focusing on queen behavior, flight distance, and habitat use. These factors may reveal the 

demands of queens to landscape structure and support future conservation of B. canariensis on the 

Canary Islands. 
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MATERIALS AND METHODS 

Study area and study period 

The study was carried out between the 7th and 28th of March 2012 in an agricultural area 2km 

south of Tenerife Norte airport on Tenerife, Canary Islands (28R 368226mE 3149705 mN). The 

study area (of 810144m2) was divided into 129 patches (of 15 to 52,799m2), their limits defined by 

field and forest edges, and roads. 

 

Floral resources –The amounts of floral resources in each patch of the study area were 

estimated as the proportion (in pct.) of flower head coverage to total patch area. Knowledge about 

the identity of plant species and the estimated floral resource levels were then used to place each 

patch into one of four landcover types: (1) ‘B. bituminosa’ (with a Bituminaria bituminosa 

(Fabaceae) flower head coverage of 25% or more), (2) ‘flower’ (all flowering species, with a flower 

head coverage of 5% or more), (3) ‘eucalyptus’ (including eucalyptus forest patches and individual 

eucalyptus trees of the species Eucalyptus globulus) and (4) ‘cultivated’ (including roads and 

cultivated fields with non-flowering crops). The B. bituminosa coverage had its own type of 

landcover since it was a very abundant resource in some patches and since observations of the 

queens throughout the spring made it clear that they would almost exclusively forage on this 

species. However, since B. terrestris (the closest relative to B. canariensis) is a regular pollinator of 

E. globulus in Tasmania (Hingston and McQuillan 1998) it is possible that the queens also fed on 

this species, though the height of the trees made such observations impossible to do from the 

ground. 

 

Restricted access areas – In the study area a military shooting range and a go-cart track 

complicated both resource evaluations and radio-tracking itself. Restricted access to these areas 
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meant that available resources could only be estimated very roughly placing the go-cart track in the 

cultivated landcover category and dividing the shooting range into two patches, one defined as 

flower landcover and the other as eucalyptus landcover. For the radio-tracking, precise locations of 

the queens could not be determined in these areas but the direction and strength of the radio signal 

were used to approximate locations. Thus, these data should only be considered as rough estimates. 

 

Radio-tracking 

Transmitter attachment - Eight B. canariensis queens were caught while searching for nest sites 

on a set-aside field and tagged with radio transmitters (Advanced Telemetry Systems, Isanti MN, 

Model A2412, antennae shortened to 3-4cm) each weighing 200mg. The tag was attached to the 

dorsal side of the abdomen while the queen was constrained in a plastic cylinder with foam at one 

end and mesh at the other. A small hole was cut in the mesh where through the tag could be 

attached (as described in Hagen et al. 2011) using glue for artificial eyelashes (Depend Cosmetics 

AB, Halmstad, Lösögonfranslim) and super glue (Henkel Corporation, Düsseldorf, Loctite Super 

Glue) as adhesives. 

Immediately after being tagged and released, queens would attempt to remove the tag, using 

their legs while somersaulting on the grass, and if the glue had not dried sufficiently they would 

succeed with this approach. It was very idiosyncratic for how long they would struggle like this, 

spanning from only a few seconds to over an hour, before flying away. This behavior was excluded 

from analyses since it was clearly caused by the methodology. 

 

Tracking – The queens were followed by one or two persons equipped with handheld radio 

receivers (Icom Inc., Osaka, Model IC-R10), and the coordinates of each location visited, the time 

spent at location and the behavior of the queens were noted. Each individual was tracked for as 
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many days as possible (between 1 and 7) and for as many hours as possible each day. Tracking time 

depended on the lifetime of the battery in the tag, and on how easily the individual could be 

followed, as queens that flew far away were harder to locate.  

When the queens left a location they often flew high into the air instead of staying near the 

ground where they could more easily have been followed, and it often took a few minutes before the 

origin of the signal could be found again. If a queen was lost for 5 minutes or more, a new tracking 

period was initiated as the individual could have visited other locations in the meantime. Also, 

when the queens were foraging they often visited many flowers within a limited area, and a new 

location was only recorded when they moved more than 2m away from a preceding location. 

 

Effect of transmitters 

To compare transmitter weight to queen weight, mean intertegular span (IT) was found by 

measuring 15 queens caught during the study period. IT was then used to calculate an approximate 

mean wet weight for queens since 405.0)(77.0 weightdryIT =  (Cane 1987) and wet weight is about 

two to three times larger than dry weight (Amin et al. 2007) (see Hagen et al. 2011). 

 

General observations – To investigate the influence of the transmitters on the behavior of 

queens, behavioral differences between tagged queens and other queens in the area were noted 

throughout the experiment. This was mainly done in relation to foraging since untagged individuals 

were mostly observed in the B. bituminosa patches. 

 

Control study – To investigate the influence of the transmitter on foraging efficiency, the mean 

number of flower visits of a tagged queen (called W) was compared to the mean number of visits of 

untagged queens. 
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In the study area, queens (both tagged and untagged) only spend short intervals feeding and 

generally only a few queens were present in a B. bituminosa patch at any given time which made it 

complicated to test the performance of tagged queens compared to untagged queens under the same 

conditions (same patch, same day). However, tracking was also attempted for one individual at 

another site on Tenerife, just outside the village Teno Alto on the northwestern tip of the island. 

Here, a tagged queen (W) foraged for longer periods during the only single day it was successfully 

tracked (on April 9th) and the number of flower visits performed within each of 13 1-minute 

intervals was noted. Meanwhile, the same was done for seven other queens feeding within the same 

patch. Six of these were only followed for one 1-minute interval. The last untagged queen was 

followed for six 1-minute intervals and the mean of these visitation rates was used for further 

analysis. The mean number of flower visits of untagged queens could then be tested against a mean 

value of flower visits by queen W with a one-sample Wilcoxon signed rank test. This non-

parametric test was chosen because the small sample was not normally distributed. 

 

Queen behavior 

The observation time of each queen was divided into known (observed) and unknown behavior 

and the known behavior could then be used to analyze queen behavior. Known behavior consisted 

of foraging, resting on flowers or in shrubs, cleaning, nest site searches (flying slowly, close to the 

ground while investigating small dark areas as described in Lundberg and Svensson 1975), and 

forage patch searches (wide circular flights high above ground were assumed to be consistent with 

searching behavior, most likely for forage patches). Furthermore, the queens spent a large amount 

of the total observation time in eucalyptus trees where it was impossible to observe their behavior. 

Since the signals were mostly stationary in these periods, and since the preference for eucalyptus 

trees did not seem to decline when many trees stopped flowering about halfway during the study 
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period, it was assumed that the time spent in the trees was spent resting. However, this does not 

mean that foraging in the trees could be completely ruled out and as a few untagged B. canariensis 

queens were seen flying from flower to flower, most likely feeding, the time spent in the trees was 

considered as a separate behavioral class in the analysis. 

 

Behavioral periods – The length of time a behavior was performed by the queens varied within 

behavioral classes, and cumulative proportions of periods of resting and foraging that ended 

depending on the time (log10 transformed) were plotted. A linear regression was fitted for each 

behavioral class. In this analysis resting consisted of both directly observed resting and assumed 

resting in the eucalyptus trees. The analysis of behavioral transitions was only done for foraging and 

resting as the other behavioral classes were observed too few times (≤12 periods). 

 

Flight distance 

The range of each queen was calculated as the area of a convex polygon which outer limits are 

defined by the peripheral locations of the individual, called a minimum convex polygon (White and 

Garrott 1990). 

A ‘maximum flight distance’, defined as the distance between the two observed locations 

furthest apart, was estimated for each of the eight tracked queens. Furthermore, a ‘field center flight 

distance’, defined as the distance from the center of the field where queens were caught searching 

for nest sites and the point furthest from this center, was calculated and used as an estimate of how 

far queens would have to fly from their future nest to forage. Since queens were not released at this 

center (the field center was defined during data analysis), the ‘field center flight distances’ were in 

some cases longer than the ‘maximum flight distances’. 
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The models proposed by Greenleaf et al. (2007) were used to calculate theoretical homing 

distances (Y) from the measured mean IT of queens, both the maximum (10% of displaced 

individuals return to the nest) and the typical (50% of displaced individuals return to the nest) 

described by )log(366.3363.1log ITY +−=  and )log(242.3643.1log ITY +−= , respectively.  

 

Habitat use 

The use of each queen of the four different landcover types was compared to random use to 

determine preferences of vegetation and their association to behavioral categories. 

Defining the extent of the areas available to each queen is not a straight-forward task. The area 

could be centered at a mean of the recorded locations of a queen (here called ‘mean center’), 

however, this might underestimate the actual range of the individual. On the other hand, the area 

could be centered at the field in which the queen was caught (here called ‘field center’) since she 

was searching for a nest site, and it would be in accordance with the central place foraging behavior 

of bumblebees in a colony (Schoener 1979). However, this might overestimate the extent of the area 

available to a queen that has not yet established a nest. Furthermore, when defining the observed 

use of a landcover type another problem occurs. Is “use” more adequately defined as the number of 

locations registered or as the time spent in each landcover type? To make sure that over- or 

underestimation of available area and definition of use did not influence the final result, four 

different analyses of habitat use were carried out: 

1. Mean center, locations: Available area defined by the mean center and use defined by the 

number of observed locations in each landcover type. 

2. Mean center, time: Available area defined by the mean center and use defined by the time 

spent in each landcover type. 
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3. Field center, locations: Available area defined by the field center and use defined by the 

number of observed locations in each landcover type. 

4. Field center, time: Available area defined by the field center and use defined by the time 

spent in each landcover type. 

For each of the four analyses the available area was defined as circles (with mean or field 

center) with radii of sizes that included all observed locations for each queen. Within these circles a 

number of random locations, equal to the actual number of observed locations, were plotted; this 

procedure was then repeated 1000 times. The mean proportional distribution of the random points 

in each of the four defined landcover types was then compared to the proportional distribution of 

observed use of landcover types (number of locations or time), using one-sample t-tests to decide 

whether some landcovers were used more or less often than expected by random habitat use. 

Finally, the results of the four analyses were compared. 

Ideally, the proportions of observed and random use of landcover types should be compared 

using a chi-squared test for goodness of fit, with associated confidence intervals, to determine if 

habitat use differed from random use and which landcovers were used more or less often than 

expected. However, the relatively small data set resulted in at least one of the four categories 

(defined as landcover types) being assigned an expected value of less than 5, and so the test did not 

fulfill the assumptions of an expected value of ≥5 per category. Alternatively, a multinomial exact 

test could have been used to compare proportions but confidence intervals for exact tests of this 

kind, with that number of categories, have not yet been developed. So, even though the method 

described here was more time consuming to perform, it was regarded as the method that would 

inform the most about the data without violating the assumptions of the statistical tests. 
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Landcover transitions – The proportion of transitions between landcover types and the distances 

travelled between patches were found to determine preferences of destination landcovers. In these 

analyses, consecutive flights within a patch were excluded, resulting in a total of 73 between-patch 

flights for all queens both within and between landcovers. 

A transition matrix with the proportions of transitions between origin and destination landcovers 

was calculated in order to estimate the probabilities of the queens choosing each of the four 

landcover types. 

The distances between observed locations were estimated and the mean flight distance to a 

destination landcover was calculated. An ANOVA test was then used to test if there was a 

difference in the mean distance travelled to the four landcover types and t-tests were used to test 

which of these differed significantly from each other. 

 

Patch fidelity – Preferences for specific patches by each queen was found in order to reveal 

patterns of patch fidelity. In the patch fidelity analyses, consecutive flights within a patch were 

excluded, resulting in a total of 152 patch visits for all queens both within and between landcovers. 

The number of patches available to each queen was limited by a circle with its center at the 

mean center of the observed locations (as it was defined in the first and second analysis of habitat 

use) to ascertain that the available area was not overestimated. Number of patches used by the 

queens during the study period was then compared to the number of available patches of each 

landcover type. 

A preferred patch was then defined as a patch with 10% or more of the total number of patch 

visits for each queen and as a patch where the queen spent 10% or more of its total observation 

time. Due to too few observed locations, queens R, S, T, and U were excluded from this analysis. 
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Data analysis 

ANOVA, t-tests, and Wilcoxon signed rank tests were all done in JMP 9. Distance 

measurements were estimated in ArcGIS 10 and this software was also used to create maps (using 

the Tracking Analyst extension to add tracks between observed locations). The spatial analysis of 

habitat use was also done in ArcGIS 10, using the model builder function to make a model that, for 

each queen and each of the four analyses, could place n random points (tool: Create Random 

Points) in the defined available area, extract information about the placement of each point (tool: 

Spatial Join), and subsequently repeat the procedure 1000 times, placing the results of each run in a 

table column. 

 

RESULTS 

Effect of transmitters 

The mean IT (±SD) of queens in the area was measured to 6.06±0.17mm and the wet weight 

was calculated to 330-490mg. Consequently, the weight of the 200mg transmitters was about 40-

60% of the weight of queens. 

 

General observations – For two weeks leading up to the study period the weather was markedly 

colder (with lower temperatures and more wind) than it was during the study. In this period radio-

tracking was attempted several times with no success. Many of the tagged queens were lost when 

they flew far away without returning and, thus, their behavior could not be observed. The ones that 

stayed, flew to the nearest B. bituminosa patch where they tried to forage, mostly failing (sometimes 

falling to the ground) because of the tag. When they tried to fly they flew much heavier than other 

queens in the area and the tagged queens would soon give up moving and feeding altogether and 

instead rest for long time periods. It should be noted that the untagged queens in the area also 
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seemed to be negatively effected by the weather, though, to a lesser extent. Some of them stayed on 

the ground for long time periods, too affected to even take off when approached. When the weather 

improved, the behavior of the queens also improved notably and the study period was started. The 

tagged queens still had problems with the tag when foraging as the antenna got entangled in the B. 

bituminosa flower heads or in the vegetation in general, but they continued foraging despite these 

difficulties. Even though being able to fly and forage with the transmitters, queens would 

continuously try to remove it, though not as vigorously as when they were first tagged. 

 

Control study – The tagged queen W visited a mean (±SE) of 4.23±0.39 flowers per minute 

while untagged queens visited a mean (±SE) of 5.26±0.29 flower heads per minute. The mean 

number of visits of untagged queens differed significantly from the mean number of visits by queen 

W (Wilcoxon signed rank test: p < 0.0313).  

 

Queen behavior 

Generally, the proportion of known behavior was low, especially for queen O and U (figure 1). 

The distributions of known observation time, illustrated by the columns, show that all but one of the 

queens spent more than 75% of the known observation time resting (including the time spent in the 

eucalyptus). Queen U spent less than half the time resting, and instead a large proportion of its time 

was used grooming. It foraged for 16.3% of the known observation time, which was the highest 

proportion of time dedicated to feeding by any queen. It should be taken into account that the 

known behavior of queen U constituted only 40% of the total observation time and the time 

distribution of behavior might have looked much differently, had activity been observed for the 

entire observation period. Queen M was the only individual registered as searching for a nest site 

(8.0% of known observation time) even though all queens were searching at the time they were 
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caught for tagging (except queen S who had already established a nest). Queen Q was the only 

individual searching for new foraging sites (1.7% of known observation time). Only M, N, Q, and U 

spent more than 5% of the known behavior foraging (10.2%, 7.2%, 5.0%, and 16.3%, respectively). 

Queens R and S were not observed to forage at all but they were also two of the four least 

monitored individuals, and had the observation time been longer, foraging might have been 

observed. 

 

Behavioral periods – The length of time a behavior (resting or foraging) was performed varied 

within behavioral classes (figure 2). Generally, resting periods were longer than the foraging 

periods. According to the linear regression equations, 50% of the resting periods had ended after 

10.2min while 50% of the foraging periods had ended after only 1.4min. 

 

Flight distance 

The flight patterns of the eight tracked queens are shown in figure 3. The range of the queens, 

defined as the area of minimum convex polygons (table 1), differed markedly between individuals 

from 2689.5m2 (queen T) to 62322.5m2 (queen M). The same pattern was observed for the 

maximum flight distances (table 1) where queen T had the shortest (79.8) and queen M had the 

longest (511.2m) distance. The field center distances were less variable, ranging from 111.3m to 

400.2m (for queen T and S, respectively). Based on the models of Greenleaf et al. (2007) a typical 

homing distance of 7.82km and a maximum homing distance of 18.62km were calculated from the 

mean IT (±SD) of 6.06±0.17mm. 
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Habitat use 

In table 2, the areas and number of patches of each of the four landcover types is shown. With 

only one exception in the four analyses, the use of all landcovers for all queens differed 

significantly from random use (appendix I). The non-significant exception was the flower landcover 

in the fourth analyses (field center, time). Due to individual preferences habitat use varied but there 

were emergent patterns (figure 4), the clearest one being that the cultivated landcover was used less 

than expected by random. Furthermore, in all four analyses, most queens used the B. bituminosa 

and eucalyptus landcovers more than expected. For the flower landcover the mean center analyses 

produced no clear conclusion about the general use of the landcover type while the field center 

analyses had most queens using it less than expected by random. Thus, it is hard to make an overall 

conclusion about the use of the flower landcover. 

The queens mainly foraged in the B. bituminosa landcover while the three other landcover types 

were mostly used for resting (figure 6). In the flower landcover the queens had the most diverse 

behavior with five of the six behavioral categories being represented. The problem with observing 

queens in the eucalyptus landcover probably greatly influenced the pattern of behavior shown in 

figure 6 and more behavioral classes would most likely have been represented had actual 

observations been possible. 

 

Landcover transitions – The transition matrix (table 3) shows the frequency of transitions from 

each origin landcover. Within-landcover transition was only the most common one in the flower 

landcover. When departing from a B. bituminosa patch the most likely destination was the flower 

landcover with 54.6% and the eucalyptus with 40.9% likelihood. The most likely destination from 

an eucalyptus patch was the B. bituminosa landcover (50%). The cultivated landcover was mostly 

avoided, as seen by very few transitions to and from its patches. 
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The calculated mean transition distances with standard errors for each destination landcover are 

shown in figure 5. The means of the four landcover types differed significantly (F-ratio = 4.6054; df 

= 3; p < 0.0055) with the t-tests showing the mean distance travelled to the eucalyptus landcover 

(84.0±10.8m) to be significantly larger than the mean distances travelled to the B. bituminosa 

(35.4±9.6m) and flower (42.0±7.4m) landcovers (see table 4). 

 

Patch fidelity – Table 5 shows how only a few of the available patches were visited during the 

study period and that the four queens with the longest observation times would return to the same 

patches multiple times in three of the four landcover types. 

The id-numbers of the patches that fulfilled the definition of preferred patches can be seen in 

table 6 and figure 7. Each of the four queens had three preferred patches in two to three landcover 

types. Queen O was the only one without any preferred patch in the B. bituminosa landcover. 

Queens N and Q shared a preference for flower patch f23, and Q also shared its preference for the 

eucalyptus patch e17 with queen O. 

 

Individual behavior 

For a few of the queens a unique individual behavior was noted that should be considered when 

evaluating the results. 

After two days of tracking queen S it was discovered that she already had an established nest 

and as she did not exit the nest again, no further tracking was done. At this point at least one worker 

was seen entering and leaving the nest. Queen Q did many circular flights high above ground, 

probably searching for new forage patches. Queen M was the only individual to search for a nest 

site while carrying the tag and did so three times for a total of 45 minutes. 
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DISCUSSION 

Eight B. canariensis queens were successfully tracked with radio transmitters; however, there 

was a significant effect of transmitters on flower visitation rate. Queens spent most of their time 

resting and only devoted little time to other behaviors, such as foraging and nest site searching. The 

longest maximum flight distance was 511.2m while the calculated maximum homing distance, 

based on the mean IT, was 18.62km. Queens used B. bituminosa and eucalyptus landcovers more 

than expected by random habitat use while the cultivated habitat was used less than expected. Some 

patches of B. bituminosa, eucalyptus, and flower landcovers were visited repeatedly by the same 

queens. 

 

Effect of transmitters 

Benefits and limitations of radio-tracking of bumblebees – Radio-tracking offers a unique 

opportunity to study bumblebees on a landscape scale, investigating factors that have previously 

been hard to study for long continuous periods (e.g. flight patterns and habitat use). However, there 

may be several biases related to the method that are extremely hard, if not impossible, to mitigate or 

circumvent. Generally, radio-tracking is relatively expensive and labor intensive which naturally 

leads to small sample sizes that might obscure the actual pattern of behavior. Reception of radio 

signals may also be reduced in certain landcover types, where tagged individuals perform specific 

behaviors, which affects total observation time and observed behaviors. Furthermore, the added 

weight and drag of the tag may influence cost of flight. In general, for radio-tracked vertebrates, the 

rule of thumb for acceptable weight of a tag is less than 5% of total body weight (Kenward 2001). 

In the present study, this rule was clearly violated (as transmitter weight was about 40-60% of 

queen weight), but it was done under the assumption that bees are unique in their ability to carry 

large amounts of forage (up to about 100% of their body weight) (Free 1955; Heinrich1979). The 
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added weight of the tag also reduces the amount of pollen and nectar an individual can carry, which 

will reduce foraging bout duration (as seen for radar tags in Osborne et al. 1999) and, in the long-

term, individual fitness. 

In the following discussion, the effects of tags are mostly ignored but an overview of the 

analyses that may have been affected is presented in table 7. 

 

Control study – There was a significant effect of the transmitter on flower visitation rate. This 

result should be viewed carefully because of the small sample size, especially considering the high 

degree of individuality exhibited by bumblebees due to differences in past experiences (Thomson 

and Chittka 2004). However, Hagen et al. (2011) investigated (1) the effect of the same kind of 

radio transmitter as in this study and (2) used B. terrestris workers (the closest relative of B. 

canariensis) and found tagged individuals to have a significantly lower visitation rate and a 

significantly higher flower handling time than non-tagged ones. Thus, the tag seems to reduce 

foraging efficiency and thereby increase the amount of time an individual needs to stay in a patch to 

fill its crop. Tagged individuals might switch to a more efficient foraging strategy extracting more 

resources from each flower and thereby conserve energy by visiting fewer flowers. Osborne et al. 

(1999) used harmonic radar to map the flight tracks of B. terrestris workers carrying a 12mg radar 

transponder (weighing 6-7% of the body weight of the bumblebees), which is a device that can 

utilize the energy of a received radar signal to emit a signal of its own, thereby eliminating the need 

for a battery power-source (Riley et al. 1996; Osborne et al. 1999). Even with this light-weight tag 

they found an increase in foraging bout duration, attributing it to impeded access to certain flowers. 

However, in spite of that, tagged bumblebees collected nectar loads up to about 50% of their body 

weight. Riley et al. (1996) concluded that the drag caused by a structurally similar radar transponder 

was minimal compared to the overall drag of the bumblebee body. However, even though 
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bumblebees are adapted to carrying heavy loads of nectar and pollen, the position of this load is 

probably important and small changes in drag and centre of gravity might have a large influence on 

flight efficiency. It should also be noted that radar transponders are fitted to the thorax and not the 

abdomen and consequently, might influence flight and flower handling differently than radio 

transmitters. 

 

Queen behavior 

The B. canariensis queens spent most of the known behavior resting and devoted very little time 

to foraging and nest site searching. This is surprising seeing as previous observations of queens in 

the spring suggest that they should be occupied by foraging, to increase ovary development and egg 

production, or searching for nest sites (Alford 1975). Since the queens mostly chose to rest outside 

B. bituminosa patches (figure 6), where they are harder to detect, it would have been difficult to 

observe this behavior without the use of radio transmitters which would explain why it is mostly 

overlooked in the literature. 

Only one queen continued its search for nest sites, while foraging intensity of all queens was 

low. They fed during very short time intervals (figure 2) and only for a small proportion of known 

behavior (at the most for 16.3% (queen U)). There are at least five scenarios explaining this 

foraging pattern: 

1. Queens foraged during periods where their radio signal was not received or when their 

location was known but the individual could not be observed (unknown behavior). This 

scenario seems unlikely since the proportion of time performing foraging did not increase 

with an increase in daily observation time (table 1 and figure 1) or with an increase in the 

proportion of known behavior to total observation time (figure 1). Furthermore, during 
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periods of unknown behavior, the signal often came from dense shrubs (such as non-

flowering Rubus sp.) without any food resources. 

2. Queens foraged more than might be concluded from the results because they were foraging 

in the canopies of tall eucalyptus trees. As previously explained, the height of the eucalyptus 

trees made it impossible to make direct observations of the behavior of individuals in the 

trees. 

3. Long periods of resting are normal for queens in this period. No one has ever really looked 

at resting behavior of queens, probably because of the difficulties involved in following 

individuals for long, uninterrupted periods under natural conditions. However, it is possible 

that long periods of resting are normal for queens at this stage. 

4. Queens only foraged briefly, and were starving because of the radio transmitter that made 

flight more costly and impeded efficient flower handling. Only one of the queens continued 

nest site searching after being tagged and only for 8.0% of the known observation time. 

Such an overall sudden halt in nest searching behavior, in addition to the reduced foraging 

efficiency observed in Hagen et al. (2011), supports this scenario of suboptimal 

performance. Queens in the spring are most likely under severe energetic and temporal 

stress, and the addition of a tag may have a much greater influence on their behavior than it 

has on young queens in late summer, or on workers. Furthermore, even though the weather 

was generally good during the study period, the study area was unusually dry (due to a very 

dry winter season) which could have further increased the stress experienced by tagged 

queens. If the tag seriously influenced the behavior observed in this study, it is difficult to 

draw any conclusions about queen behavior under natural conditions. 

5. Queens only foraged briefly because their main goal was to establish a nest and the tag 

impeded nest site searching. In the study of Hagen et al. (2011) the best tracked individual 
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(a young B. hortorum queen) spent 40% of the total observation time foraging and, thus, 

would seem to have performed better than any of the B. canariensis queens. This difference 

could be explained by species-specific differences or external factors such as temperature 

and wind. However, another explanation could be a difference in life cycle stages. Young 

queens are building up their fat storages in preparation of hibernation (Alford 1975) while 

colony-establishing queens may, at least during some periods, be less concerned with 

foraging and more with finding suitable sites for their nests. The sudden halt in nest site 

searching by tagged queens could have been caused by the increase in flight cost and, 

consequently, the B. canariensis queens might simply have been resting while waiting for 

better conditions. Meanwhile, they only foraged briefly to sustain their metabolism. 

The added costs of the tag in scenarios 4 and 5 could mimic the costs associated with the sudden 

drops in temperature that often occur during spring and, thus, queens might be adapted to such 

increases in energy requirements that force them to rest for days, conserving their energy until they 

can resume foraging and nest site searching. 

 

Flight distance 

The observed flight distances of tracked queens ranged from 79.8m to 511.2m (maximum flight 

distances of queens T and M, respectively) while the calculated maximum homing distance, based 

on the mean IT, was 18.62km. 

Flight distances of bumblebees are influenced by species-specific differences, behavioral 

differences between casts and life cycle stages, and landscape composition. Several methods for 

estimating flight distances, of mostly workers, have been applied yielding highly variable results 

from about 300m to 2800m (Osborne et al. 1999; Walther-Hellwig and Frankl 2000; Chapman et al. 

2003; Darvill et al. 2004; Knight et al. 2005; Osborne et al. 2008a; Wolf and Moritz 2008; Hagen et 
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al. 2011; Carvell et al. 2012) in agricultural and urban landscapes. Furthermore, many of these 

studies have most likely underestimated flight distances either because of small sampling areas of 

mark‒re-observation studies (Dramstad 1996) or because the density of individuals from the same 

colony decreases with increasing distance from the colony (Goulson 2010), which influences the 

results of both microsatellite and mark‒re-observation studies. Since a radio signal can be received 

at larger distances than a marked bumblebee can be spotted, radio-tracking studies are not as 

affected by this bias. Taking all this into consideration the flight distances observed for B. 

canariensis queens were low compared to other studies. 

 

Flight distances of workers are likely to be longer than those of queens based on behavioral 

differences. When outside the nest, workers are exclusively involved in harvesting and returning as 

much forage to the colony as possible while avoiding intra-colony competition (Dramstad 1996). 

This may result in long flight distances, especially in species with large colony sizes (Goulson 

2010). Queens, in the spring, that do not yet have a colony, or are the sole provider of a newly 

established colony, do not have the same concern and may therefore also be less inclined to fly far 

in their search for forage. Thus, it is not surprising that the observed flight distances of B. 

canariensis queens are generally short compared to those of workers. Furthermore, considering that 

the model of Greenleaf et al. (2007) is based on body size and that B. canariensis queens are 

generally large (Erlandsson 1979), it is also not surprising that the calculated homing distance is 

long. However, homing distance is positively correlated with flight distance and there may be a 

considerable difference between the distances queens are theoretically able to fly, because of their 

large body size (which they may benefit from during long-distance dispersal from their maternal 

nest), and their actual flight distances during colony-establishment. Thus, the use of the model of 

Greenleaf et al. (2007) for determining queen homing ability is questionable. 
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In one of the few studies of queen flight distance Hagen et al. (2011) found a young B. hortorum 

queen to fly 1.3km which is much longer than what was observed for the B. canariensis queens. 

Young queens forage to fill up their fat storages and also mate and search for suitable hibernation 

sites (Free and Butler 1959; Alford 1975). These behaviors are very different from those of colony-

establishing queens and might be the reasons for the longer flight distance. 

 

Finally, the short flight distances of the B. canariensis queens were probably influenced by the 

distribution of resources. The study area was a heterogeneous landscape with many B. bituminosa 

patches close to a large undisturbed field with many abandoned mice nests, which should make it an 

ideal area for underground-nesting queens (B. canariensis nests underground, see appendix II). A 

rewarding patch close to the nest site can reduce the duration of foraging bouts which will in turn 

reduce the cost of colony establishment and the risks associated with foraging (such as predation or 

getting lost (Osborne and Williams 2001)). In a highly cultivated landscape, with large fields 

without floral resources, queens could be forced to fly longer between nest sites and foraging 

patches. A preference for nest sites near high–resource patches is supported by previous 

observations of colony-establishing queens (Lundberg and Svensson 1975; Bowers 1985). Once 

workers are ready to take over resource gathering, the importance of a nearby forage patch may 

decrease as the necessity of avoiding intra-colony competition increases. Still, the choice of nest site 

by the queen may greatly influence the overall foraging success of workers in a nest (Goulson 2010) 

especially late in the season when the high number of workers increases demands for available 

resources. 
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Habitat use 

The resource-poor cultivated landcover was rarely used while the B. bituminosa and eucalyptus 

landcovers were favored by most queens. The preference for the B. bituminosa landcover suggests 

that habitat use was resource dependent. However, preferences might also have been influenced by 

how well landcovers provided protection from wind or predators. The preference of the eucalyptus 

landcover by many of the queens could be explained by such factors. It could also be related to the 

height of the trees that would make them easier to spot from the ground (e.g. when the queens took 

off from B. bituminosa patches to find a place to rest). This would explain why queens flew farther 

to reach patches of eucalyptus landcover than they would for the flower landcover, even though 

both landcover types were mainly used for resting (figure 6). Alternatively, queens were foraging in 

the eucalyptus trees which, unfortunately, could not be ruled out. 

If bumblebees suffered from predators in the study area it would be advantageous to choose to 

rest outside forage patches even though this increases flight costs. Predators are likely to be 

attracted to high-reward flower patches where insects aggregate to feed and, thus, bumblebees 

might benefit from limiting all non-feeding behaviors to areas where insect (and thereby predator) 

abundance is low. The magnitude of predation on foraging bumblebees is influenced by number of 

local predators (Goulson 2010), and the importance of predation may vary from negligible (e.g. 

Pyke 1978; Zimmerman 1982) to significant (e.g. Rodd et al. 1980; Goldblatt and Fell 1987; Dukas 

2005). Predation is likely to affect bumblebee behavior on Tenerife since species belonging to some 

of the most common groups of bumblebee predators, including orb-weaving spiders (Howell and 

Ellender 1984), crab spiders (Morse 1979), beewolves (Dukas 2005), and shrikes (Alford 1975), are 

present on the island (Arechavaleta et al. 2010). 
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Patch fidelity – Bombus canariensis queens preferred to return to previously visited patches 

(table 5). The preference for specific B. bituminosa patches is expected as long as the resource 

requirements of the queens were fulfilled. Only queen Q preformed high circular flights, assumed to 

be searches for new forage patches, which suggests that its preferred patch (patch b2, table 6) did 

not meet its resource requirements anymore. However, the generally low levels of foraging by the 

queens make it hard to draw firm conclusions about patch quality in the study area. 

Even though patch fidelity, and associated traplining behavior, is mostly described in relation to 

foraging behavior (e.g. Thomson et al. 1982; Osborne et al. 1999), the results of this study suggest 

that it is also associated with resting behavior, at least for queens. Males establishing patrolling 

routes, in their search for queens to mate with, also show fidelity unrelated to foraging (Goulson 

2010). Tracked B. canariensis queens preferred at least one patch of both eucalyptus and flower 

landcovers which were landcover types mainly used for resting. The risk of elevated levels of 

predation, while resting in unknown patches, could explain the adaptive advantage of patch fidelity. 

The possibility remains that queens simply chose to rest in the patch closest to the B. bituminosa 

patch where they preferred to forage, but as seen in figure 7 that was not always the case. 

 

Radio-tracking and conservation of B. canariensis 

Knowledge of bumblebee flight distances and patterns is important in order to determine how 

management options are best implemented on a landscape scale to conserve both bumblebees and 

the plants they visit (Dramstad 1996; Goulson et al. 2002; Chapman et al. 2003; Carvell et al. 

2012). Radio-tracking could be an important tool for determining how such actions are best applied. 

In the present study, the short flight distances of B. canariensis queens suggest a preference for nest 

sites close to high resource patches so that queens can save energy for colony establishment. This 



 31 

would mean that enhancement of floral resources close to suitable nest sites might greatly enhance 

colony success, and thereby, species conservation of B. canariensis on the Canary Islands. 

 

Agricultural and urban landscapes – It is possible that increased cultivation has resulted in a 

decline of B. canariensis similar to that in e.g. many European species. However, the landscape 

(mountains) of the islands has prevented a high degree of cultivation. According to Rasmont (1995) 

a similar situation occurs in European mountain regions and the Mediterranean, where declines in 

bumblebee populations are not as severe as in the cultivated plains of Western Europe. The Canary 

Islands are also highly urbanized and such habitats have actually been shown to support large 

populations of bumblebees (Chapman et al. 2003) with gardens often containing rich, diverse and 

continuous floral resources (Goulson et al. 2002; Chapman et al. 2003) and supporting high nest 

densities (Osborne et al. 2008b). This could have helped sustain the B. canariensis populations on 

the islands. 

 

Introduction of Bombus ruderatus – The recently introduced B. ruderatus is a long–tongued 

bumblebee species (mean proboscis length of worker: 11.6mm (Goulson et al. 2005)) while B. 

canariensis is short tongued (mean proboscis length of worker: 8mm (Olesen 1985)). Thus, the two 

may not compete for the same floral resources. Instead, B. ruderatus might compete with other 

long-tongued pollinators on the islands. The possibility of a competitive overlap in foraging will, 

however, depend on the spatio-temporal flower availability. During this study B. ruderatus queens 

were also seen foraging on B. bituminosa, the species preferred by the B. canariensis queens. 

Furthermore, B. ruderatus nests underground (Benton 2006), the same as B. canariensis (appendix 

II), and so competition for nest sites is likely. A shortage of floral resources and nest sites during the 
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sensitive phase of colony establishment could seriously influence the number of successful 

colonies, and thereby also the effective population size of B. canariensis. 

More knowledge of the biology of B. canariensis, and the distribution, flight patterns, and 

flower choice of both species on the islands is needed before the full ramifications of this recent 

introduction can be evaluated. Microsatellite studies might be useful for monitoring changes in 

effective population sizes and nest densities, while radio-tracking could reveal competitive overlaps 

in habitat use, patch choice, and behavior between the species. 

 

Further radio-tracking of bumblebees 

Aside from technical improvements of transmitters and hand-held receivers, a few adjustments 

might improve the results gained from bumblebee radio-tracking. 

First, it is important to consider which individuals and species might respond best to the added 

stress of the tag. Here, queens were used because their large body size was expected to minimize 

the negative effects of the added weight of the tag. However, when comparing their behavior to that 

of the bumblebees of Hagen et al. (2011) it turns out that it might have been misguided. Queens 

may be more sensitive to excess weight than workers because they are already heavier per volume 

due to large fat reserves in their abdomen (Cumber 1949). Furthermore, the queens in the early 

spring, that do not yet have established nests, might be under pressure for continuously gathering 

resources, whereas workers can overcome stressful conditions by using the resources stored in the 

colony. When considering this, in addition to the fact that experiments on queens at this stage need 

to be done in the early spring where resource levels are often variable, they might not be the best 

subjects for radio-tracking studies. Better results may be achieved studying workers later in the 

season when weather is more stable and floral resource levels are higher. 
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Second, it is important to consider the range at which the radio signal is received. At best 

signals were picked up at a distance of about 200m from the tagged individuals (depending on 

where the queens were situated) during the present study which would mean that at any point a 

ground area of 0.126km2 (πr2) could be covered. Considering that bumblebees have been found to 

forage at distances of up to 2500m from the nest in agricultural landscapes (Hagen et al. 2011), a 

study of flight distance of workers would mean potentially having to search an area of 19.6km2, 

which is more than 150 times the size of the area covered when using a handheld receiver. This also 

highlights the importance of choosing a study site where it is easy to get around on foot. 

Fortunately, bumblebees regularly return to their nests and exhibit high levels of forage patch 

fidelity (Osborne et al. 1999) which makes them easier to rediscover if the radio signal is lost. 

However, one would not have this advantage if the objective was to track dispersing queens. 

Generally, alternative tracking methods, such as more powerful receivers mounted on masts or 

airplanes (as used in Hagen et al. 2011), might be a useful supplement to handheld receivers. 

Finally, considering the limitations of the method (see table 7), future radio-tracking studies 

might benefit from focusing more on comparative studies of individual, colony-specific, or species-

specific choices (such as patch fidelity or temporal behavior), rather than trying to extrapolate 

information about general bumblebee behavior from flight distances and individual behavior where 

the exact effects of the transmitters are unknown. However, either way, larger sample sizes are 

needed to minimize effects of individual experiences. 

 

CONCLUSION 

The eight radio-tracked B. canariensis queens did not forage far from the field at which they 

were searching for nest sites, suggesting a preference for nearby resources. However, foraging 

intensity was low and most queens completely neglected nest site searching. Instead they spent 
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most of the time resting in shrubs and eucalyptus trees, probably due to negative influences of the 

attached radio transmitters. Habitat use was significantly non-random and might have reflected 

differences in resource availability and protection from wind or predators. Preferences of specific 

patches suggested some level of patch fidelity associated not only with foraging but also resting 

behavior. 

Landscape-scale behavior of queens in the spring reveals their demands to landscape structure 

during the critical stage of colony-establishment. This knowledge, and the use of the radio-tracking 

method, could help improve conservation efforts aimed at bumblebee species threatened by e.g. 

agricultural intensification or introduced competitors. 
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TABLES 

Table 1. Details on the study period, observed locations, flight distances, and range for each queen. 

Queen 
Observation 

days 

Total 
observation 
time (min) 

Daily 
observation time 

(hours/day) 

Recorded points 
for analysis of 

habitat use 

Number of 
tracking 
periods 

Maximum 
flight distance 

(m) 

Field center 
flight distance 

(m) 
Range (m2) 

Mean 
center 

circle (m2) 

Field center 
circle (m2) 

M 7 972 2.31 32 13 511.2 347.5 62322.5 405524.2 377397.8 

N 4 900 3.75 38 12 270.5 243.5 30642.0 128081.7 186045.1 

O 3 693 3.85 42 12 401.1 339.4 49145.5 214634.7 362201.5 

Q 4 1318 5.49 65 25 332.6 182.4 39304.5 106213.5 105503.3 

R 2 286 2.38 8 4 212.9 126.4 14669.5 40742.9 49320.0 

S 2 468 3.90 18 8 429.7 400.2 59815.5 183621.1 502522.5 

T 1 284 4.73 13 3 79.8 111.3 2689.5 5852.5 39553.4 

U 2 242 2.02 15 5 360.0 373.7 14324.5 256857.0 440285.0 

 

 

Table 2. Number of patches and the area of each of the four landcover types. 

Landcover Number of patches Total area (m2) 

B. bitominosa 7 11946.1 

eucalyptus 17 86610.0 

cultivated 43 304263.8 

flower 58 388985.4 

Total 125 791805.3 
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Table 3. Transition matrix with proportions of total number of transitions from origin landcover to 

destination landcovers (columns sum to 1) and the numbers (n) of transitions from each origin 

landcover. 

 origin 

destination B. bituminosa eucalyptus cultivated flower 

B. bituminosa 0.000 0.500 0.000 0.400 

eucalyptus 0.409 0.100 0.500 0.114 

cultivated 0.046 0.100 0.000 0.029 

flower 0.546 0.300 0.500 0.457 

n 22 10 2 35 

 

 

Table 4. Results of the t–tests comparing the means of the distances travelled to the landcover 

types. Asterisks indicate significant p-values. 

  eucalyptus cultivated flower 

t-ratio 3.3616 1.1725 0.5415 

B. bitominosa df 65 65 65 

 p-value 0.0013* 0.2453 0.59 

t-ratio -0.6841 -3.2094 

eucalyptus df 65 65 

 p-value 0.4964 0.0021* 

t-ratio -0.9467 

cultivated df 65 

 p-value 0.3473 

 

 



 43 

Table 5. Number of used and available (in parentheses) patches for each queen of each landcover type. Numbers in bold indicate that one 

or more of the patches in the landcover was visited 4 or more times (excluding within-patch visits). 

 Queen 

 M N O Q R S T U 

B. bituminosa 1 (6) 1 (3) 2 (3) 1 (3) 0 (1) 0 (4) 1 (1) 1 (3) 

eucalyptus 3 (16) 2 (5) 1 (13) 5 (7) 1 (2) 1 (7) 1 (2) 1 (12) 

cultivated 2 (33) 2 (14) 0 (12) 0 (10) 0 (4) 1 (17) 0 (1) 0 (19) 

flower 3 (48) 7 (18) 7 (24) 6 (18) 4 (9) 5 (21) 3 (3) 3 (31) 

 

 

Table 6. Patch id-numbers of preferred patches in each landcover type for each of the four queens included in the analysis. The proportion 

of total observation time spent at each of the preferred patches is noted in parentheses. When more than one id is noted, more than one 

patch of the landcover type was preferred. 

 Queen 

 M N O Q 

B. bituminosa b6 (0.231) b4 (0.176)  b2 (0.209) 

eucalyptus e3 (0.285) e1 (0.183) e17 (0.164) e17 (0.209) 

cultivated     

flower f6 (0.153) f23 (0.244) f22 (0.496) & f4 (0.156) f23 (0.195) 
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Table 7. Possible limitations of the radio-tracking method and the analyses of the present study that 

might have been affected. 

Limits of radio-tracking Factors affected in the field Analyses possibly affected 

Expensive and 

labor intensive 
Sample size All statistical analyses 

Reception of radio signal 
Total observation time  

Observed behaviors 

‘Flight distance’ 

‘Queen behavior’ 

Cost of flight 

‘Flight distance’ 

‘Queen behavior’ 

‘Habitat use’ 
Added weight and/or drag 

Nectar/pollen load ‘Flight distance’ 
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FIGURES 

Figur 1. Proportional time spent in the six behavioral classes by the eight queens: nest site search, 

forage patch search, foraging, cleaning, resting in eucalyptus trees, and resting (outside eucalyptus 

trees). Resting is divided into two categories since behavior in eucalyptus trees could not be 

observed from the ground but was assumed to be time spent resting. Above each column the 

proportions of known behavior to total observation time are noted in parentheses. 
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Figure 2. Cumulative proportions of periods of resting and foraging (y) by all queens plotted 

against log10 to the length of the periods in minutes. The lines show the linear regressions for each 

of the two behavioral classes ( 0614.0log(min)5559.0 −=y  for resting and 

4351.0log(min)461.0 +=y  for foraging). 
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Figure 3. Landcover types (grey tones), observed locations (points), and tracking periods (lines) for 

the eight radio-tracked queens. Patches where access was restricted for the person tracking the 

queens are marked as such. The track lines do not necessarily reflect actual flight tracks. On the 

contrary, queens were often seen flying in weak curves, in circles, or making sharp turns in the air. 
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Figure 4. Number of queens using landcover types significantly more (dark grey columns) or less 

(light grey columns) than expected by random in each of the four analyses of habitat use. 
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Figure 5. Mean distance the queens would fly to a destination landcover type (±SE). Landcover 

types with different letters above their columns are significantly different from each other. 
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Figure 6. Time (minutes) used by the queens on six different behaviors in the four landcover types 

and, above each column, the known behavior to total observation time shown in parentheses. For 

details on behavioral categories, see figure 1. 
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Figure 7. Preferred patches (with patch id-numbers) of the four queens included in the analysis and 

the visits (points) of each individual (excluding within-patch visits). Preferred patches with more 

than one color were preferred by more than one queen. 

 



 52 

APPENDIX I 

The results of the t-tests comparing observed and random use of landcovers of each queen for each of the four analyses of habitat use. 

Continues on pages 53 and 54. 

 
   queen 

   M N O 

 
 

landcover 

observed 

frequency 

estimated 

frequency t df p-value 

observed 

frequency 

estimated 

frequency t df p-value 

observed 

frequency 

estimated 

frequency t df p-value 

B. bituminosa 0.375 0.024 -399.3 999 <0.0001* 0.342 0.004 -1076.3 999 <0.0001* 0.095 0.006 -225.6 999 <0.0001* 

eucalyptus 0.313 0.111 -111.7 999 <0.0001* 0.263 0.232 -14.0 999 <0.0001* 0.214 0.225 5.2 999 <0.0001* 

cultivated 0.063 0.363 109.3 999 <0.0001* 0.026 0.309 116.5 999 <0.0001* 0.000 0.186 94.6 999 <0.0001* 
location 

flower 0.250 0.503 90.1 999 <0.0001* 0.368 0.456 33.3 999 <0.0001* 0.690 0.583 -43.8 999 <0.0001* 

B. bituminosa 0.231 0.024 -235.7 999 <0.0001* 0.176 0.004 -547.1 999 <0.0001* 0.009 0.006 -5.4 999 <0.0001* 

eucalyptus 0.512 0.111 -221.9 999 <0.0001* 0.291 0.232 -26.2 999 <0.0001* 0.164 0.225 30.2 999 <0.0001* 

cultivated 0.062 0.363 109.5 999 <0.0001* 0.004 0.309 125.6 999 <0.0001* 0.000 0.186 94.6 999 <0.0001* 

mean center 

time 

flower 0.196 0.503 109.5 999 <0.0001* 0.529 0.456 -27.8 999 <0.0001* 0.827 0.583 -99.5 999 <0.0001* 

  B. bituminosa 0.375 0.013 -600.3 999 <0.0001* 0.342 0.002 -1427.5 999 <0.0001* 0.095 0.010 -175.7 999 <0.0001* 

eucalyptus 0.313 0.222 -39.1 999 <0.0001* 0.263 0.301 16.1 999 <0.0001* 0.214 0.231 8.2 999 <0.0001* 
locations 

cultivated 0.063 0.256 79.4 999 <0.0001* 0.026 0.167 72.3 999 <0.0001* 0.000 0.249 118.6 999 <0.0001* 

 flower 0.250 0.509 95.7 999 <0.0001* 0.368 0.529 62.3 999 <0.0001* 0.690 0.510 -75.4 999 <0.0001* 

 B. bituminosa 0.231 0.013 -361.6 999 <0.0001* 0.176 0.002 -728.8 999 <0.0001* 0.009 0.010 3.4 999 0.0008* 

eucalyptus 0.512 0.222 -124.9 999 <0.0001* 0.291 0.301 4.3 999 <0.0001* 0.164 0.231 33.1 999 <0.0001* 

field center 

time 
cultivated 0.062 0.256 79.7 999 <0.0001* 0.004 0.167 83.7 999 <0.0001* 0.000 0.249 118.6 999 <0.0001* 

  flower 0.196 0.509 115.8 999 <0.0001* 0.529 0.529 0.0 999 0.9995 0.827 0.510 -132.5 999 <0.0001* 
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APPENDIX I 

Results of habitat use analyses, continued from page 52. 

 
 
 

   queen 

   Q R S 

  
landcover 

observed 

frequency 

estimated 

frequency t df p-value 

observed 

frequency 

estimated 

frequency t df p-value 

observed 

frequency 

estimated 

frequency t df p-value 

B. bituminosa 0.290 0.005 -988.7 999 <0.0001* 0.000 0.001 3.3 999 0.0009* 0.000 0.020 19.0 999 <0.0001* 

eucalyptus 0.226 0.336 57.4 999 <0.0001* 0.375 0.074 -104.1 999 <0.0001* 0.444 0.191 -86.7 999 <0.0001* 

cultivated 0.000 0.182 120.8 999 <0.0001* 0.000 0.322 61.7 999 <0.0001* 0.056 0.403 98.1 999 <0.0001* 
location 

flower 0.484 0.478 -3.1 999 0.0021* 0.625 0.604 -3.9 999 0.0001* 0.500 0.385 -31.8 999 <0.0001* 

B. bituminosa 0.209 0.005 -707.8 999 <0.0001* 0.000 0.001 3.3 999 0.0009* 0.000 0.020 19.0 999 <0.0001* 

eucalyptus 0.309 0.336 13.9 999 <0.0001* 0.157 0.074 -28.8 999 <0.0001* 0.529 0.191 -115.5 999 <0.0001* 

cultivated 0.000 0.182 120.8 999 <0.0001* 0.000 0.322 61.7 999 <0.0001* 0.002 0.403 113.2 999 <0.0001* 

mean center 

time 

flower 0.482 0.478 -2.0 999 0.0412* 0.843 0.604 -43.5 999 <0.0001* 0.469 0.385 -23.2 999 <0.0001* 

  B. bituminosa 0.290 0.002 -1615.7 999 <0.0001* 0.000 0.003 4.7 999 <0.0001* 0.000 0.020 19.2 999 <0.0001* 

eucalyptus 0.226 0.252 15.5 999 <0.0001* 0.375 0.081 -96.3 999 <0.0001* 0.444 0.170 -101.6 999 <0.0001* 
locations 

cultivated 0.000 0.164 112.0 999 <0.0001* 0.000 0.270 52.5 999 <0.0001* 0.056 0.300 75.5 999 <0.0001* 

 flower 0.484 0.582 51.8 999 <0.0001* 0.625 0.646 3.8 999 0.0002* 0.500 0.510 2.8 999 0.0057* 

 B. bituminosa 0.209 0.002 -1161.3 999 <0.0001* 0.000 0.003 4.7 999 <0.0001* 0.000 0.020 19.2 999 <0.0001* 

eucalyptus 0.309 0.252 -33.1 999 <0.0001* 0.157 0.081 -24.9 999 <0.0001* 0.529 0.170 -132.8 999 <0.0001* 

field center 

time 
cultivated 0.000 0.164 112.0 999 <0.0001* 0.000 0.270 52.5 999 <0.0001* 0.002 0.300 92.0 999 <0.0001* 

  flower 0.482 0.582 52.9 999 <0.0001* 0.843 0.646 -35.5 999 <0.0001* 0.469 0.510 11.4 999 <0.0001* 
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APPENDIX I 

Results of habitat use analyses, continued from page 53. 

 
 
 

   queen 

   T U 

  
landcover 

observed 

frequency 

estimated 

frequency t df p-value 

observed 

frequency 

estimated 

frequency t df p-value 

B. bituminosa 0.308 0.015 -292.2 999 <0.0001* 0.200 0.002 -579.8 999 <0.0001* 

eucalyptus 0.077 0.025 -38.7 999 <0.0001* 0.333 0.269 -18.0 999 <0.0001* 

cultivated 0.000 0.063 29.4 999 <0.0001* 0.000 0.169 53.9 999 <0.0001* 
location 

flower 0.615 0.898 110.6 999 <0.0001* 0.467 0.559 22.5 999 <0.0001* 

B. bituminosa 0.138 0.015 -123.0 999 <0.0001* 0.161 0.002 -466.1 999 <0.0001* 

eucalyptus 0.380 0.025 -263.0 999 <0.0001* 0.223 0.269 13.1 999 <0.0001* 

cultivated 0.000 0.063 29.4 999 <0.0001* 0.000 0.169 53.9 999 <0.0001* 

mean center 

time 

flower 0.481 0.898 162.9 999 <0.0001* 0.616 0.559 -13.7 999 <0.0001* 

  B. bituminosa 0.308 0.002 -804.7 999 <0.0001* 0.200 0.021 -155.7 999 <0.0001* 

eucalyptus 0.077 0.044 -18.0 999 <0.0001* 0.333 0.201 -39.4 999 <0.0001* 
locations 

cultivated 0.000 0.306 75.1 999 <0.0001* 0.000 0.281 75.8 999 <0.0001* 

 flower 0.615 0.649 7.8 999 <0.0001* 0.467 0.496 7.2 999 <0.0001* 

 B. bituminosa 0.138 0.002 -358.3 999 <0.0001* 0.161 0.021 -121.9 999 <0.0001* 

eucalyptus 0.380 0.044 -182.8 999 <0.0001* 0.223 0.201 -6.5 999 <0.0001* 

field center 

time 
cultivated 0.000 0.306 75.1 999 <0.0001* 0.000 0.281 75.8 999 <0.0001* 

  flower 0.481 0.649 39.4 999 <0.0001* 0.616 0.496 -29.3 999 <0.0001* 

 


