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Assessments of impacts on bumble bee colonies in semi-field and field studies rely heavily on
technician observation (for example flight behaviour, foraging behaviour) and intervention within
the nest (for example determination of production of sexual individuals and quantities of queens
reared). The data are time-consuming to collect and present only snapshots. In addition, we
assume that manipulation of the colonies and confinement of queens will have an impact on
colony development and maintenance.

This presentation comprises a brief overview of some of the technologies that are available to
researchers in the field, and a description of a current project which is targeted at improving
bumble bee studies by novel application of technology.

Workers in the lab are accustomed to constant improvements in analytical techniques and
machinery. In the field however, there have not really been parallel improvements in methods
and apparatus. The driving force for this project is the desire for better data, meaning more
reliable, more objective and more verifiable data. Associated with these benefits is hopefully an
increase in simplicity in field procedures, which enables more work to be done better with more
efficient use of staff.

The key factors enabling these objectives are:- (a) cheap and powerful computer capacity, (b)
availability of a wide range of sensors, (c) simple programming methods, (d) improved battery
technology, and (e) mobile phone technologies. The wide availability of innovative products
provides an opportunity to use equipment for uses other than the design purpose. For example,
the apparatus shown in Figure 1 was designed by Klostermeyer' in 1973 for measuring the
weights of individual bees. This was complex, delicate and expensive.
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Fig, 1. Diagram of electronic recording halance for oltalning a continuous

record of weight changes in nests of Megachile rotundats.
Figure 1

Nowadays it is possible to buy scales which are accurate to 1mg, tough, available off the shelf by
the thousand and very cheap. Such high-quality equipment sells at such low cost because these
scales are essential parts of drug dealers kit; bee researchers can benefit from such ‘technology
transfer’.

A brief review of technologies currently available for bee researches includes:-
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Figure 2
3.
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Bee Counters have been available for years, mostly for honeybee colonies, where the
entrance/exit to the hive is split into a number of passages, and the movements of
individual bees detected, usually by the bee breaking a beam of light. Evans? describes
bee counters as part of an integrated honeybee monitoring system.

Image Recognition — computing power allows large amounts of data to be handled,
enabling many images to be scanned and patterns detected.* This technology will be
familiar to ecotoxicologists as a tool useful for OECD75 studies® , where the computer
identifies brood stages automatically. (Figure 2) One feature of these systems is the
ability to learn, i.e. the more work that is carried out, the more accurate the system
becomes. Such techniques can be used for many purposes, such as identifying pollens or
insect species.
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Camera Technology - image recognition software depends on high quality images.
Taking one example, photographing honeybee brood - when taking a photo of a whole
frame, it can be challenging to get even illumination of different areas of comb, such as
eggs on new wax, and first instar larvae in dark comb surrounded by sealed cells. (Figure
3) A feature common on smart phone cameras (but not so common yet on digital slr's) is
HDR (high dynamic range). This in essence captures three or more images of the same
shot, and merges them in the camera computer, so that every part of the picture has the
optimal exposure. An incidental benefit of digital imaging is the ability to push the
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effective film speed to very high levels before breakdown of the image, permitting
significant depths of field (particularly advantageous when photographing eggs and
young larvae).

Figure 3

4. Bee Tracking In Flight — bees can be tracked in flight using harmonic radar. (Figure 5)
The complexities of the system, however, make it less suitable for ecotoxicology than
pure research.

5. Individual Bee Identification - there are two approaches, both of which require tags to
be attached to individual bees — these are radio frequency identification (rfid) tags
(which are read by a short-distance scanner at for example a hive entrance)® and visual
pattern tags which are read by an image recognition system; the latter is probably the
more flexible system. Both methods identify a bee at a location at a time, but do not
track bee flight.

6. Laser Bee Tracking - an exotic technology tested for military use. Honeybees trained to
associate food with explosives were tracked by scanning laser which detected wing
beats by interferometry. This is a tool with no obvious current ecotox application, but
may have use in future.

Whereas these examples range from mundane to science fiction, they underline the fact that
technology advances and cheapness are providing the opportunity to take new and innovative
approaches to our work. Not only that, but they also open up the possibilities of new and
important endpoints.

Novel Apparatus for Bumble Bee Monitoring

The current project is an attempt to improve bumble bee studies both in the semi-field case and
the open field. Endpoints conventionally assessed in such cases would include production of
young queens; size of young queens; mortality; and flight behaviour.?

Examining these in turn: -

Production of young queens is measured by restricting the exit from the nest so that no young
queens can leave. This prevents the new queens from carrying out their normal behaviour of
leaving the nest to forage and mate. It may be argued that the presence of numerous young
queens restricted to the nest, and the associated levels of pheromone influence the colony
behaviour, thereby creating a situation which is far from the ecotox ideal of being as ‘natural’ as
possible. At a series of inspections each young queen is manually removed by a technician, a
time-consuming and awkward procedure in the field.
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Mortality within the nest box is assessed by opening each nest periodically and counting and
removing dead bees, adults and juvenile. There is no current method of counting dead bees that
are cleaned out of the colony by workers, because the variation in body size precludes the use of
dead bee traps as used for honeybee studies. There is no current method of getting absolute
counts of forager mortality, although comparative counts can be made of dead foragers on fabric
laid in areas cleared of crop.

Flight behaviour is conventionally measured by observation, typically by a technician watching a
nest for ten minutes or more. Relatively low numbers of flights are recorded, and the observation
process may be spread over several hours, with the possibility of variability due to changing
weather conditions, light levels, presentation of nectar and pollen, and the practice of assessing all
control enclosures before the treatment enclosures.

Figure 4

To develop alternative approaches to the above, six electronic bumble bee monitoring units
(Figure 4) were built in 2017. They were placed in a field of phacelia adjacent to a semi-field
bumble bee ring test in order to compare novel and conventional methods. Each comprised a
cabinet with two compartments — one for the bumble bee nest (a commercial pollination nest),
and an adjacent compartment into which different technical units can be fitted. The technical
units can be built with different sensors and other functions and simply drop into the cabinet. The
basic functions are (a) detection of every bee entering the nest, (b) detection of every bee leaving
the nest, and (c) photographing every bee entering or leaving the nest. (It should be noted that
the system does not require individual bees to be tagged.)

A key element is the arrangement of passages through which the bees enter and leave. Early trials
used flaps or gates to ensure one-way traffic only. However these were rejected as they tend to
cause congestion and false readings. A better approach was an arrangement of passages which
present large openings and small unobtrusive exits. These have been very successful, particularly
in the case of bees entering the nest; returning foragers fly into the funnel and quickly and
unhesitatingly go through the passage into the nest. The clear passages (acrylic or glass) are
arranged to run side by side so that one camera ‘sees’ both. In use there has been no problem of
blockage with dead bees or debris. Sensors built into the passages detect movement and record
date, time (hours, minutes, seconds) and direction of movement. A miniature camera system (still
in development) records an image and links it to the time log.

The data is stored on a micro-SD card which can be read at any time during the study or removed
at the end of the study. The electronics are designed and built to operate on very small power
demand so that the unit can be left in the field for the duration of the study without changing or
re-charging batteries.
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The units were placed in a field of phacelia adjacent to the cages of a semi-field bumble bee ring
test which was being carried out in a conventional manner, in order to obtain some comparisons.
Typically over a three week period, the data recorded included approximately 4,000 bees leaving
the nest and a slightly lower number entering the nest. The data is downloadable to an Excel file
where it can be easily manipulated as required. For example flights per day can be examined or
flights per hour through the day. (Figure 5)
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Figure 5

Data from a weather station on site can be flowed into the same spreadsheets.

Comparing these data with those from the adjacent ring test, there are 4,000 data points collected
using the electronic monitoring unit, compared with, typically, less than 30 data points recorded
by field technician. While large data sets are not necessarily an improvement, in this case the data
sets can be handled to give a clearer picture of impacts, and more sensitive assessment methods.
By recording and comparing the inward movements and the outward movements of the bees, the
number of bees that leave the colony and do not return can be calculated. This makes possible a
new and significant end point - the mortality of foragers. This endpoint is also of importance in
open field studies.
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The flight activity of workers undergoes a sharp decline at or near the switch point. Although the
method has not been tested yet, it is probable that the extensive data set of flights could be used
to pinpoint the timing of the switch point.

The other function incorporated in the monitoring units was the photographing of every bee
movement. This was to detect queens which were allowed to fly freely, in contrast to being
trapped in the nest by queen excluder. First, however, it was necessary to confirm that queens of
the species (Bombus terrestris subs. terrestris, and B. terrestris subs. audax) used in studies in Europe
are distinguishable from workers and drones by size alone. These species (and Bombus impatiens,
which is provided for commercial pollination in North America) are pollen-storers as opposed to
pocket-builders. It is regarded as a characteristic of pollen-storers that there is no or little overlap
in size between queens and other bees. The chart (Figure 6) shows the size distribution (measured
in milligrams) of all the bees collected from six control colonies at the end of a study. It can be seen
that the masses of drones and workers are very similar, and that the overlap with queens is almost
zero (one small queen can be seen at 350mg.). It therefore is realistic to use a size measurement to
differentiate queens with little chance of mistaken identifications.

Weights of bees - Bombus terrestris audax
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Figure 6

Each photo shows the two parallel passages, in and out, through which all bees pass. When
downloaded, they are conveniently viewed as thumbnails which can be scrolled through for
identification. (Figure7) Queens at 20mm+ long (at lower left) are easily distinguished from drones
and workers at 12 to 14mm long.

Figure 7
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Since the normal behaviour of young queens is to make several return trips to the nest to mate
and feed, before finally leaving, it is simple to calculate how many queens leave the nest each day,
and hence the total number of young queens produced. This method of assessment is non-
invasive, quick, simple and reliable.

The photographic method was developed with a view to writing image recognition software to
automatically scan each photo to identify and calculate the number of young queens. Such a
system can be programmed to recognise and measure such physical characteristics as thorax
diameter, wing length, overall body length and abdomen width. Providing image quality is
adequate, it is capable of counting antennal segments to differentiate between workers and
drones.

In a final trial of the year an add-on weighing module, using the above drug dealer scales, was
used to measure the weights of marked bees entering and leaving, in order to gain information on
pollen and nectar inputs. This may assist in assessing exposure as a precursor to developing
impact assessments.

Summary
The following functions can potentially be incorporated into the apparatus:-

e Download data by phone, bluetooth or wi-fi.

e  Automatically weigh every bee.

e Automatically weigh the nest.

e  Photograph pollen loads.

o Differentiate between workers and drones.

e Trackindividuals by automatic pattern recognition.
The benefits of the apparatus include:-

e Data collection methods are non-intrusive.

e Datarecording is automatic.

e More sensitive assessments can be made.

e  Staff time in the field is reduced.
Useful new endpoints are possible in both semi-field and field studies, for example:-

1. Forager mortality.

2. Pollen collection.

3. Flight behaviour.

4. Timing of switchpoint.
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