Response of the small hive beetle (Aethina tumida) to red light.
Paul Spiller 2019

Red light response
We have all seen small hive beetles (Aethina tumida) scurry away from the frame tops and move
down into the darker regions when opening a Langstroth bee hive. It is generally assumed that
they are moving away from the introduced sunlight. A similar response is seen if we remove a
super full of bees and place it on an upturned cover. The SHB tend to move down in the super
and congregate in dark corners in the cover and among the frames.
We are told that bees visual response is shifted toward the UV - they do not respond to red light
(or perceive it as “black”). There is any amount of evidence demonstrating this “red invisibility” for
any practical understanding. I was intrigued by this phenomenon and wished to see for myself
how the bees responded to red light, so I set up a simple experiment:
A “red LED” light source was constructed using 4 LED’s that would emit light at a
predominant chromatic wavelength of 635nm (RED). At night I opened a hive that had a
glass inner cover, and shone the red light into the hive. There were many bees covering
the frame tops and, as expected, they showed no response to the red light.
I then wondered what eﬀect the same red light would have on SHB, envisaging some sort of
resulting control mechanism for SHB using red lights so that there would be no collateral eﬀect on
the bees. (I now believe that bees are not adversely aﬀected by white light in any case; there are
many available photos of bee colonies in the open, therefore my reasoning leading to the possible
use of red light may be incorrect) So another simple experiment:
About 20 SHB were placed in a glass tube about 5 cm diameter and 20 cm long with
opaque tape wrapped around the tube leaving only 3.5 cm at one end clear. At the clear
end I placed some comb containing pollen and honey.
The tube with the SHB beetles were kept in the dark for a few hours. I then suddenly
illuminated the clear end with the red light (where the SHB were observed feeding on the
comb) expecting them to scurry away to the dark end of the tube. This did not happen they appeared not to respond at all - there was certainly no “scurrying”. I abandoned the
experiment at that point thinking that maybe the red light was not bright enough but any
more power meant more batteries and any control method would become impractical.
I discovered that another fellow beekeeper was undertaking his own “red light” SHB experiments
but in a far more directed sense. He was also using red LED’s, but more of them by placing 40
LED’s on both sides of the queen excluder such that everything in the hive was bathed in a
(stronger) red light. His initial observations were inconclusive and did not indicate any eﬀect on
the number of beetles in the hive. He repeated the experiment with brighter LED’s giving much
more intense red light. Again, no obvious eﬀect - beetles remained even though the red glow
could be seen from the hive some 80 meters away.
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These experiments may be a bit simplistic and better lab type conditions and experimentation
should be undertaken. However, they do indicate that a “red light” approach to SHB control may
not work.
There are studies that have investigated the “influence of light on small hive beetle behaviour”

1

“Small hive beetles orient towards natural light (Lundie, 1940; Schmolke, 1974), and their
response to light changes both within and between developmental stages. Adults are
positively phototactic when they emerge from the soil but then become negatively
phototactic as they grow older (Lundie, 1940; Schmolke, 1974). Larvae show a reverse
pattern; younger larvae are negatively phototactic, while wandering larvae move towards
light (Schmolke, 1974).”
We may have also irrationally assumed that the SHB does not have its visual responses shifted
toward the UV (as with most insects). Perhaps they, like the bees, do not see red at all. Even if
white light is used, the beetles olfactory response may be more significant to that of light. Another
study discusses the SHB response to volatiles and references the use of red light during
experiments 2 .
“…. However, fluorescent light conditions stimulated beetles to fly, requiring longer
bioassay times. Under red light, beetles responded faster by walking to the odour source,
thus, requiring shorter bioassay times. Therefore, bioassays using the olfactometer were
conducted in the dark using a 40-watt red light bulb”
And with experiments investigating bee and SHB interactions 3
“Conduct the trials under red light conditions to take into
account usual SHB flight activity after dusk (Neumann et al.,
2012).”
These seems to strongly imply that the beetles have little or no response to red light.
Insect light response may lead to several diﬀerent reactions 4
“When insects are exposed to light they may go toward or away from the source of
illuminations (positive or negative phototaxis), they may increase or decrease the rate of
their general activity, they may change their posture or move only part of the body
(Bertholf 1940).”
So any assumption that the SHB may be deterred by a red light, if it has any response at all, may
be incorrect. This reference further discusses the relationship between insects and light in some
detail for those interested.
The “moving from the light” response seen on opening a hive may not be because of light only,
especially if only the older SHB are negative phototactic. Perhaps they are also simply displaying
a “flee from danger” response to a rapidly changing set of circumstances.
It would seem that this little “bug” is a complicated little pest.
Another red light SHB control mechanism is available - that of an outer “red acrylic sheet” and an
inner “polycarbonate sheet” separated by a small (approx 20mm) air gap, the whole construct
being used as a hive cover. The red acrylic sheet only allows mostly “red” visible wavelengths to
pass through the air gap and the polycarbonate clear sheet into the hive. However, both
“common” acrylic and polycarbonate will also be transparent to “near infrared” wavelengths from
around 700 to 2200 nm. Sunlight radiation energy received at near ground peaks in the visible
and “near infrared” wavelengths, and so the frames inside the hive will be heated by this radiation.
(see discussion on “hive temperature eﬀects” below).
However, glass, acrylic and polycarbonate can be manufactured to be selectively transparent or
opaque at diﬀerent wavelengths - it is only the more common grades being discussed here. I
would suggest that special grades will be significantly more expensive and may make any
solution possible but impractical.
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Apart from the fact that it would be only eﬀective during daylight hours, the observations and
research references discussed above would raise doubts as to this “red covers” eﬀectiveness as
an SHB control.

Hive temperature eﬀects of the “red cover” approach
Even if it is accepted that these red light covers may work - and anything is worth a try, there is
that question on what eﬀect it may have on the internal heat mechanisms in a working hive,
especially in mid summer. To get some idea of what eﬀect it may have, I constructed one of these
covers and ran some simple experiments to understand what eﬀect it may have.
I set a single super, full of drawn comb frames, with a standard metal baseboard (including
a normal hive entrance) with the red acrylic / polycarbonate sheet cover in full sunlight
over a number of days. No bees of course - but with a recording temperature
measurement device inside the hive between frames (shaded from any direct light) and
another device beneath the hive to measure ambient temperature.
I repeated the test three times with diﬀerent cover combination to highlight any diﬀerences and
included the results of previous temperature measurements using a “normal” hive with bees:

Figure 1
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Figure 2

Figure 3
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Figure 4

Observations
I was only focussed on any extra heating eﬀect of the “red light” cover as compared with other
cover types, not on the reasons for the internal temperature decrease rates with respect to the
ambient. There is scope for further investigation of the whole temperature dynamics of a hive in
further experimentation.
Figure 1 (red cover as discussed above)

• The internal temperature rose about 30% above ambient. I suggest that this significant

increase in heating is predominately because of the near infrared radiation being passed
through the cover. Only the red wavelengths of visible light are passing through, the rest of the
visible spectrum being largely absorbed by the cover. It was observed that the red acrylic
sheet was warm to the touch. (Note that the solar radiation reaching us at this time of the year
is significantly less than mid summer and is reaching us at a much less acute angle.)

• The internal temperature fell rapidly to that of ambient overnight. I suggest that the internal hive
heat is being lost mainly through a combination of conduction through the super walls and the
metal base, and the air interaction at the entrance.

Figure 2 (normal cover)

• This cover consists of a “common” framed masonite sheet inner cover with a sheet metal cover
over the top in contact with the masonite. The whole cover fits on top of the super leaving
about 20mm air gap between the masonite and the frame tops.

• The internal temperature rose around 10% above ambient. No solar radiation is being passed

to the internal frames, therefore this heat rise must be because of the conduction through both
the cover and hive walls. The metal sheet cover will absorb much of the radiation and heat up,
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passing some of this heat through the thin masonite (compressed board) by conduction into the
hive.

• As with figure 1, the internal temperature fell rapidly to ambient overnight. I suggest for the

same reasons but including loss of heat through the poor insulating cover to the outside air.

Figure 3 (telescopic cover)

• This cover consists of an acrylic inner cover covering the complete inner super area, and a

plywood (8 mm) outer telescopic cover spaced such that a “dead air” gap about 20mm exists
between it and the acrylic inner cover.

• The internal temperature rose less than 4% above ambient. Again, no solar radiation is being

passed and any heat rise being because of conduction through the cover and hive walls. The
cover combination, especially with a “dead air” gap between inner and outer materials would
significantly increase the insulation rating of the cover.

• As with the others, the inner temperature fell rapidly. As the cover construct provides better

insulation than that in figure 2, the heat loss could reasonably be expected to be slower - this
eﬀect may be evident in the graph showing a greater “lag” between internal and ambient
temperature fall.

Figure 4 (normal hive)

• This hive had a telescopic cover similar to figure 3 but with a plywood inner instead of the
acrylic.

• The readings just below the brood box give a good indication of how expert the bees are at
maintaining an optimum brood area temperature over widely ranging ambient swings.

• Even at the top of the hive (above the top super) the temperature was always maintained well

above average ambient, but much less than the brood temperature. It does make sense that
the bees have no need warm the honey supers and concentrate only on the brood area and so
they do not appear to attempt any heating in the honey areas.

• An interesting observation is that the temperature gradient in the hive is reverse of what one

might expect - warmer toward the bottom and cooler as we move up. I have read that the bees
remove CO2 and other waste gases by fanning stale air toward the entrance from the inside,
which not only makes sense but explains the high heat levels below the brood area. The
mechanisms of ventilation, cooling and waste gas management of the hive is another subject
and one with a number of conflicting theories.

• Of course, the hive heat may be also lost through conduction through the cover and walls as
previously discussed, with the bee supplying the necessary heat to maintain a “liveable”
temperature level within the hive.

Concerns
The red light cover (figure 1) is eﬀectively turning the hive into a “low intensity” wax melter. There
are plenty of wax melter designs available and many use a wood box (about 20mm thick) with an
internal metal or plastic “trough” or container for the wax, covered with a glass or perspex lid
(often double glazed for added insulation). This cover does just that, even including an eﬀective
double glazing.
I say “low intensity” because most of the visible light radiation is absorbed or reflected by the red
acrylic, so it is mainly “near” infrared radiation that passes to heat the internals. As mentioned
before, there is available acrylic / polycarbonate that can be opaque to near infrared, so if these
covers are considered, it may be prudent to make sure these “special” materials are used.
The point being, and I cannot do tests before summer, that with much more intense and direct
solar radiation over summer, one may find either the wax being melted in the hive, or having the
bees work really hard to try to control the temperature, and to cope with wide swings in internal
temperatures as night falls. It can only be a significant burden on the bees.
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I also suggest that, because bees can only reduce temperatures by “evaporative cooling”,
increasing the internal temperature way above ambient may cause issues related to
psychrometric physics and the bees may not be able to manage the temperatures at all.

Some notes on insulation properties of common materials.
Note that this is conduction - not radiation, and is included so that one can get an idea of
insulation comparisons between materials.5
These properties are “thermal conductivity” per unit area defined as “the quantity of heat
transmitted through a unit thickness of a material - in a direction normal to a surface of unit area due to a unit temperature gradient under steady state conditions” and in the units “W/(m K)” .
To get an objective figure for a piece of material, calculations would have to made taking into
account thickness but the figures give a “feeling” for the diﬀerent insulation qualities. (see
reference 5)
A few common materials we use. The lower the value - the better insulator (at 25 C):
Diamond
Air (atmosphere)
Acrylic
Polycarbonate
Aluminium
Copper
Cork
Carbon steel
Felt insulation
Glass window
Hardboard (high density)
Plywood
Polyurethane foam
Rubber
Sawdust
Sheep wool
Softwoods (pine)
Styrofoam
Masonite
Vacuum
Wax
Felt

1000 (out of interest !)
0.0262
0.2
0.19
240
400
0.07
50
0.04
0.96
0.15
0.13
0.03
0.13
0.08
0.039
0.12
0.033
0.12
0
0.084
0.07

• It would seem that acylic and polycarbonate are similar but better insulators than glass.
• Plywood and pine and masonite are similar to each other but marginally better than acrylics.
• Using an air gap is good - Styrofoam is almost as good as air.
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Summary
It is doubtful that using red light mechanisms to control SHB is going to be eﬀective but these
results are not conclusive. Other studies do seem to agree with these findings.
Possibly more experiments could be undertaken to simply use white light, but there may be
problems with the fact that the SHB light response varies across the life cycle. Any “light”
approach to SHB control, especially at night, may even have a negative eﬀect and actually attract
SHB to an illuminated hive. However, that is only my opinion and each beekeeper would have their
own ideas.
If one wishes to use the “red cover” approach, care should be taken to avoid the “wax melter”
scenario. Even so, there may be wide swings in internal temperatures that may adversely aﬀect the
bees hive temperature regulation. It may be possible to overcome the internal heating issue by
carefully selecting the acrylic / polycarbonate grades to prevent “near infrared” transfer but it is
expected that this would significantly increase cost. Using readily commercial grades may
introduce problems and care should be taken.
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