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Abstract

In recent years the public discussion has been focused increasingly on possible unhealthy effects
of high-frequency electromagnetic fields (particularly of mobile-phones) on human beings.
Whereas thermal effects of this radiation could be explained very well, non-thermal effects could
hardly be clarified. In our last works, we pointed out that — from view of Educational Informatics
— honey bees are suitable bioindicators to serve as a model of a living being to study learning
processes especially in this aspect.

In this paper, we describe a first pilot study, which explores the non-thermal influence of high-
frequency electromagnetic fields. Therefore we observe the behaviour of honey bees (apis mel-
lifera carnica) by exposing them to the radiation of DECT-phones. In this study four respectively
eight bee-colonies were used as experimental group and were irradiated, whereas the same num-
bers of comparable bee-colonies was field-free. The observed parameters were the building be-
haviour of the bees within the beehive, its weight and especially the bees’ returning behaviour.

Key words
Electromagnetic exposure, non-thermal, bioindicator, honey bees, learning process, changing
behaviour

Introduction

The modern media together with the increasing use of mobile computing in education produce,
among other things, an increasing public debate about possible side effects of electromagnetic
exposition on human beings. In recent years further studies were initiated to examine the effect of
high-frequency electromagnetic radiation on living organisms and cells. But up to now there ex-
ists no adequate model of effect with specific relation to learning processes to explain the differ-
ent, especially non-thermal effects. In this context we only want to mention the resonant stimulus
of living organisms, especially of their brain, by high-frequency electromagnetic fields of mobile
phones. This could be observed as alterations in the learning behaviour of the organism.

Because studies using human beings are banned in this field, adequate bioindicators should be
used to evaluate a possible model. Therefore it is necessary that the brainstructure of the bioindi-
cator is similar in important aspects to that of human beings and that it could be resonantly stimu-
lated by the frequency of mobile phones because of its size. Consequently it is necessary to find a
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suitable bioindicator to verify a respective model of explanation of the effect of high-frequency
electromagnetic fields on human beings, especially on the human brainstructure.

To determine a possible bioindicator for an experimental physical interpretation of the model, we
use topical studies about the learning process of honey bees (in a first step). In our model we as-
sume that the knowledge of the honey bees’ surrounding determine their actions. Thereby we
suppose that this knowledge is caused by the information processing in the way described by the
process of superation (Stever, 2002). This interpretation is supported by results of neurobiologi-
cal research. Tt shows that the alterations of the honey bees’ actions are combined with modifica-
tions in certain areas of their brain, especially in such areas called mushroom bodies (Withers et
al, 1993; Faber & Menzel, 2001). Therefore we want to consider these mushroom bodies as rep-
resentations of internal models, which were the results of honey bees’ learning processes. These
internal models represent parts of the surrounding. In addition, Menzel points out, that the asso-
ciative brainstructure of bees is similar to the brainstructure of human beings: The memory of
both passes through sequences, which differ in their susceptibility of problems and in the amount
of participating brain areas (Menzel, 1993).

Summing up, these results show that honey bees are suitable for studying the neuronal basics of
learning and memory. Furthermore honey bees turn out to be permissible and suitable bioindica-
tors to develop adequate models of explanation for the effect of high-frequency electromagnetic
fields on human beings, especially on the structure of their brain. Observations of honey bees also
make it possible to develop corresponding theoretically guided models of effect, which are based
on the theory of supersigns.

Methods

Physical design.

To study non-thermal influences of high-frequency radiation on the learning behaviour of honey-
bees, these insects (resp. their brains) had to be stimulated non-thermally (Stever & Kuhn, 2004).
For that, we used the basis stations of cordless DECT mobile phones (Digital European Cordless
Telecommunications). These stations send out continually electromagnefic radiation with a send-
ing frequency fs = 1900 MHz. So they also irradiate when the mobile phone is out of order or is
not in use. The average transmitting power Ps amounts to 10 mW, the peak power is 250 mW.
The sending signal is frequency modulated and pulsed with a pulsing frequency 7, of 100 Hz. The
station was put at the bottom of a bechive, right under the honeycombs (Fig. 1).

The station was placed within the beehive, so the honey bees have been able to touch the sending
aerial all the time.

Subjects and location.

The experiment was carried out on the premises of the "DLR Fachzentrum fiir Bienen und Im-
kerei" in Mayen by students of Environmental Sciences at the University of Koblenz-
Landaw/Campus Landau.

Subject was to study the behaviour of exposed and non-exposed honey bees concerning finding
back home to the beehive and building honeycombs.
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Fig. 1: Position of the DECT-station within a beehive.

Procedure.

Sight registration of returning behaviour to the beehive:

To study the returning behaviour eight mini-hives — each with colonies of about 8.000 individuals
— were set up in a row. A block of four colonies were equipped with DECT-stations on the bot-
tom of their hive. At the entrance of each hive a transparent 10 cm plastic tube with a diameter of
4 cm was mounted to gather single bees and watching them later entering the hive. At the begin-
ning of each study-sequence 25 bees of one colony were gathered in their tubes, stunned in a
cooling box and got marked with a marker dot on the thorax. At a distance of about 800 m to the
hive all marked bees were set free simultaneously and got timed from that moment. The returning
bees were intercepted at the bee hive's entrance and the refurning time was noted down. The ob-
servation time lasted 45 minutes, bees that came back afterwards were disregarded. Within every
study-sequence the groups of exposed and non-exposed honeybees were paired (at least one
group of exposed and non-exposed colonies) and observed simultaneously.

Building behaviour:

To study the building bebaviour of the bees, two variables were examined: the change of the hon-
eycomb area, which was documented by photographs, and the development of the honeycomb
weight. Sixteen mini-hive colonies, eight neighbouring hives with DECT-stations, were set up in
a row. At the beginning of the experiment the empty frames for the honeycombs were weighed,
then the hives got filled with bees (400 g) and 250 ml food. The bees were fed two times more-
over while running the experiment. The front- and backside of the frames, six in each hive, with
the developing honeycombs were photographed every day at the same time, also the frames got
weighed.

Other data:

To register the returning behaviour of the bees automatically four standard hives, two of them
with DECT-stations, were equipped with beescan-units. Because of technical problems and in-
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completeness, the data couldn't be taken into account. The collected weather data were incom-
plete, too.

Results

Because of the explorative character of this study we refrain from a differentiated statistical
analysis, but exemplary the most obvious differences between exposed and non-exposed colonies
about honeycomb weight and returning times will be represented graphicaily.

The development of honeycomb area and weight will be compared by averages of exposed and
non-exposed colonies and shown in two diagrams, too.

The first two diagrams (Fig. 2 and Fig. 3) show the distribution of the averaged entire weight to
single honeycombs of the respective experimental group. In the course of the experiment three
exposed colonies and one non-exposed colony broke down. To compute the average weight of
the honeycombs over all analyzed colonies their weight was used at the time of the breakdown.
While the weight of the frames for the honeycombs was similar at the beginning, the average
total weights of the honeycombs, which were built by non-exposed bees, came to 1326 g while
the average honeycomb weight of the exposed bees amount 1045 g. The difference of 281 g cor-
responds to 21.1%.

Averaged honeycomb weight Averaged honeycomb weight
of non-exposed colonies on 08/07/05 of exposed colonies on 08/07/05
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Fig. 2: Honeycomb Weight of non-exposed bees  Fig. 3: Honeycomb Weight of exposed bees

Fig. 4 and Fig. 5 show the progression of honeycomb weight and area during the experiment.
Right after the moment of the breakdown the data of the collapsed colonies were taken into ac-
count as constants. The area of the honeycombs couldn't be measured directly, so the photographs
were analyzed with the graphic tool "Imagel" (Rasband, 2005). With this sofiware the area of the
honeycombs could be marked by framing the section on the photos. Then the mean for front- and
backside could be calculated to minimize errors determining the areas.

During the process of the experiment it became clear that both weight and area were developed
better by non-exposed honey bees. Although this has to be interpreted as a tendency or a trend, a
Mann-Whitney U-Test, which was done for descriptive reasons, never showed a difference (5%-
level) between exposed and non-exposed colonies.

Fig. 6 - Fig. 9 depict the returning behaviour of a specific sequence of the experiment on
07/07/05, 12:10 to 12:55. All observed honey bees had the same weather conditions. These fig-
ures show that the quantity of returning bees of the non-exposed honey bees was bigger as well as
the returning time of the few returning exposed honey bees was distinctly longer.
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Progression of honeycomb weight Progression of honeycomb area
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Fig. 4: Honeycomb Weight Fig. 5: Honeycomb Area

This observation was done during a sequence of the experiment with the maximum of returning
bees of both exposed and non-exposed colonies. At no time of the experiment more than six ex-
posed bees arrived, several times none came back to the hive within 45 minutes, whereas at every
sequence of the experiment returning non-exposed honey bees could be observed. So the depict
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Outlook
The physical design of this study could be modified in different ways concerning the used power
and frequency. Therefore mostly frequency- and power-ranges of daily life should be interesting.

So
1.

the following physical modifications are conceivable:

Increasing power: ‘

In a worst-case-study the DECT-station should run in active state with maximum sending
power.

. Frequency-modification;

Besides cordless DECT phones, which are mostly used within buildings, other mobile phones
could be used. For example the GSM mobile phones (Global System for Mobile Communica-
tion) send their information with sending frequencies of 900 MHz and 1800 MHz as well as
with a pulsing frequency of 217 Hz. So GSM mobile phones differ from DECT-phones in
their physical characteristics, these phones can also be used in buildings as well as outdoors.
Because GSM technology works with power adjustment depending on the distance between
mobile phone and station, the phone should be used in active process for worst-case-situation.

Further modifications could be done regarding to the position of the beehives and the periods of
exposition. To reduce location-effects the control- and experimental beehives should be posi-
tioned alternately. Furthermore the period of exposition and studying the honeybees® behaviour
could be modified or extended. In order to that different stages of bee development (not only the
adult level) and the influence of exposition in each stage could be observed.
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Changes in honeybee behaviour and
biology under the influence of
cellphone radiations

Ved Parkash Sharma’ and Neelima R. Kumar®*

"Department of Environment end Vocational Studies, and
*Department of Zoology, Panjab University, Chandigarh 160 074, India

Increase in the usage of electronic gadgets has led to
electropollution of the environment. Honeybee behav-
iour and biology has been affected by eleéctresmog
since these insects have wmagnetite in fheir hogdies
which helps them in navigation. There are reporis of
sudden disappearance of bee populations from honey-
bee colonies. The reasom is still not clear. We have
compared the performance of honeybees in cellphone
radiation exposed and waexpesed colomies. A signifi-
cant (p < 0.05) decline in coieny sivength and in the
egg laying rate of the queen was observed. The behav-
iour of exposed foragers was negaiively influenced by
the exposure, there was neither honey nor pollen in
the colony at the end of the experiment.
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of bees with Tittle sign of discasc or infection has been

reporied from the warld over, Bocy simpiy Jeave the hives
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and return’'”, Colony order (CCTY is

the name given to this problem. Bee colony collapse was
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iz an Troent
raction involved
in the influence of electromagnetic radiations pariicularly
due to cellphones on honevhee biology and to work out a
strategy of development with minimal environmenial
implications.

Four colonies of honevbees, 4dpis mellifera L, were
selecied in the aplary of the Zoojogy Department, Panjab
University, Chandigarth. Two colonies T, and T, were
marked as test cclonies. These were provided with
two functional cellphones of GSM 900 MiHz frequency.
The average radiofrequency (R} power density was
8.549 uW/cm® {56.8 V/m, electric field). The cellphones
were placed on the two side walls of the bee hive in call
mode. Electromotive field (EMF) power density was meas-
ured with the help of RF power density meter (Figure 1.

*Bar carraspondence. {e-mail: neelimarkivahon oo jn}
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Blank colony (B) was equipped with dummy cellphones,
while the control colony (C) had no cellphones.

The exposure given was 15 min, twice a day during the
period of peak bee activity (1100 and 1500 b). The ex-
periment was performed twice a week extending over
February to April and covering iwo brood cycles.

The following biological aspects were recorded during
observations.

Brood area: The total area under brood comprising
eggs, larvae and sealed brood was measured in all the
exnerimental colonies with the help of 2 T sg. om azrid

mountzd on & comb framc’,

Oueen prolificacy: This was measured in terms of egg
laying rate of the queen. In order to determine the number
of eggs laid by the queen per day, the total brood area
measured was multiplied by a factor of 4 to calculate the
total number of cells containing the brood (there are 4
cells per sq. cm of comb). This number was divided by 21
(as the average time faken for an egg to change into an
aduft worker is 21 days) to get the egg laying rate of the

Tha gueen prolificacy was caloulatad as:

Total brood area {(em?)x 4
21 '

yunerie were nhearyord

casurcd as number of
per minuic: before
it Pollen foeaping <1
bees returning with
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YSUTE 8N guning CX-
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sed by counti

Figiire 1. Experimental colony showing nlacement of mobile phones
and power density meter,
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Table 1. Changes in foraging behaviour of Apis mellifera exposed to cellphone radiations

Parameter

Conirol (mean 3: 5D)

Treated (15 min exposure) {mean S]j)

Flight activity
{No. of workers bees leaving the hive entrance/min)
Before exposure
During exposure

Returning ability
(No. of worker bees returning to the hive/min)
Before exposure .
Turing exposure

Poller foraging efficiency
(Mo. of worker bees returning with pollen loads/min)
Before exposure
During exposure

35.9+13 (12-61)
37.2112(12-72)

39.6+ 13 (12-61)

341 10 (18-48)
22.8 + 6 (13-34)

36.4+ 11 (21-58)

41.3+11 (14-78) 28.3 1 8 (16-48)
7012 (4-9) 6.3 %2 {4-10)
72%2(4-11) 462 (2-7)

Table 2. Changes in colony status of Apis mellifera exposed to cellphone radiations

Parameter Conirol (mean * SD) Treated (15 min exposure) (mean = SD)
Ree strength
Start 7 frame 7 frame
End 9 frame 5 frame
Brood (cm®)
Total brood
Start 2033.76 £ 182.6 (7-532) 2866.43 % 169.0 (0-574)
End 1975.44 + 138.8 (0-427) 760.19 £ 111.0 (0-348)
Prolificacy (egg laying rate/day)
Start 387.24 545.9
End 37620 144 8
Honey stores (cm®) 3200 400

Pollen stores (cm®)
Start

230.5 £21.60 (198-305)
End 246.7 £ 16.94 (195-289)

218.2 + 17.48 (141-241)
154.7 £ 7.30 (142-168)

number of worker bees returning to the hive per minute:
before exposure and during exposure.

Colony growth: (i) Bee strength: measured as total
number of bee frames per colony. (ii) Honey stores: the
area containing ripe and unripe (sealed and unsealed)
nectar was measured in sq. cm with the help of the grid®.
(iii) Pollen stores: the portion of comb containing cells
filled with stored pollen was measured by the grid
method. It was expressed in sq. cm.

The resuits of the studies carried out on biological and
behavioural aspects of the colonies exposed to cellphone
radiations for a duration of I5min are presented in
Tables 1 and 2. :

It was observed that the fotal bee strength was signifi-
cantly higher in the control colony being nine comb
frames as compared to only five in the treated colony at
the end of the experiment. There were no dead bees in the
vicinity of the hive which is a characteristic of this disorder

CURRENT SCIENCE, VOL. 98, NO. 10, 25 MAY 2010

reported by other workers™®. The area under brood

declined to 760.19 cm® which was significantly less than
the control (1975.44 cmz).

The queen exposed to cellphone radiations produced
fewer eggs/day (144.8) compared to the control (376.2).
It has previously been reported that there is queen loss in
colonies exposed to high voltage transmission lines'' or
exposure of the queen bee to cellphone radiations stimu-
lated her to produce only drones'.

The mumber of returning bees declined. Another impor-
tant finding was that the oumber of bees leaving the hive
also decreased following exposure (Table 1). There was
no immediate exodus of bees as a result of this interfer-
ence, instead the bees became quiet and still or confused
as if unable to decide what to do. Such a response has
however not been reported previously. '

As the total mumber of returning bees decreased
(28.3 bees/min) so did the number of pollen foragers re-
turning io the hive (4.6). This led to decrease in the area
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under pollen stores from 246.7 cm* in control to
154.7 om? in the treated colonies.

The honey storing ability declined due to loss of re-
turning bees and at the end of the experiment there was
- neither honey, nor pollen or brood and bees in the colony
resulting in complete loss of the colony. Similar condi-
tions Have been observed by other workers in case of
honeybees under the influence of high tension lines™ .
Bee hives located near high voltage power lines in fields
as low as 4 Kv/m produced less honey and had high mor-
tality rates. It was also observed that colonies exposed to
strong electric fields produce less honey'®. The present
study therefore suggests ihat colony collapse does occur
as a result of exposure to cellphone radiations.

Reports of such a colony collapse in nature in develop-
ing countries like India where electromagnetic radiation
(EMR) based iechnologies are comparatively new are
absent. It is possible that the elecirosmog that prevails in
the advanced countries of the world has not yet affected
these countries, We are fortunate that the waming bells
have been sounded and it is for us to timely plan strate-
gies to save not only the bees but life from the ill effects
of such EMR.
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Impact of tuna longline fishery on the
sea turtles of Indian seas

Sijo P. Varghese®, S. Varghese and
V. S. Somvanshi

Fishery Survey of India, Botawala Chambers, Sir P.M. Road,
Mumbai 400 001, India

Longline fishery is exerting an impact on the sea turtle
populations of the seas around India, as in the case of
many longline fisheries operating in other parts of the
world. During the tuna longline survey conducted by
four research vessels of Fishery Sorvey of India, 87
sea turtles were caught incidentally from the Arabian
Sea, Bay of Bengal and Andaman and Nicobar waters
of the Indian exclusive economic zone (EEZ) during
200508, registering an overall hooking rate of (0.108
turtles per 1000 hooks operated. There were marked
differences in the hooking rates of turtles recorded
from these three regions of the Indian EEZ, the
maximum hooking rate being recorded from the Bay
of Bengal (0.302), followed by the Arabian Sea (0.068)
and Andaman and Nicobar waters (0.008). The species
of sea turtles recorded in the bycatch, in order of
abundance, were olive ridley (Lepidochelys olivacen),
green (Chelonia mydas) and hawksbill (Erefmochelys
imbricatq) turtles. This study provides quantitative
data on the magnitnde of sea turtle incidental cateh of
the tuna longline fishery in the Indian EEZ.

Keywords: Arabian Sea, Andaman and Nicobar waters,
Bay of Bengal, hooking rate, longline.

SEA turtles are among the most extraordinary, charismatic
and fascinating creatures, and are some of the world’s
greatest nomads, someiimes navigating thousands of
miles between feeding and nesting grounds. Six of the

*For commespondence. (e-mail; varghesefsi@hotmail.com)
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Attachment 17

Natural Diversity Data Base Area - Watertown Map
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NOTE: This map shows general locations

of State and Federat Listed Species and
Significant Natural Communitles, Information
on listed species is collected and compiled

by the Matural Diversity Data Base (NDDB)
from a number of data sources . Exact
locations of species have been buffered to
produce the general locations. Exact locations
of species and communities occur somewhare
in the shaded areas, not necessarily In the
center.
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This map is intended for use as a /
preliminary screening tool for conducting a
Natural Diversity Dala Base Review Request.
To use the map, locate the project boundaries
and any additional affected areas. If the
project is within a shaded area; or over-
lapping a lake, pond or wetland that has
shading; or upstream or downstream (by

less than 1/2 mlle) from a shaded area, the
project may have a potentlal conflict with a
listed species. For more information, complete
a Request for Natural Diversity Data Base
State Listed Species Review form
{DEP-APP-007), and submit i to the NDDB
along with the required maps and infermation.
More detailed instructions are provided with
the request form on our website,
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This file hag PDF Layers. Look for the Layers |
tab on the left. Expand the layers and use
the "eye" icons to change visibility.

QUESTIONS: Department of Energy and
Environmental Protection (DEEP)

79 Elm St., Hartford CT 06106

Phone (860) 424-3011
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