
Worker honeybee with ferrous metal tag glued to abdomen. Pollen load is visible on hind leg. 

A new tagging and magnetic recapture 
system permits large-scale studies of the 
factors that apparently attract bees and 
regulate their distribution and foraging 
activities. These data may confirm or dis- 
prove many theories proposed from less 
detailed past research, and hopefully, 
lead to new concepts concerning pollina- 
tion. The net result may be greater control 
over the foraging activities of honeybees 
and greater efficiency of utilization for 
pollination purposes and honey produc- 
tion. 

UCH OF CALIFORNIA’S AGRICUL- M TURE depends upon the pollinat- 
ing activities of honeybees. Each year 
approximately $300,000,000 worth of 
California orchard and field crops re- 
quire bee pollination. 

The need for honeybees is increasing 
because of the expanding acreage of 
many agricultural crops requiring insect 
pollination. An acute shortage of hees 
for pollinating the increased almond 
acreage is developihg into a major prob- 
lem. A further complication is the rec?uc- 
tion of native populations of other insect 
pollinators in many areas hecause of crr- 
tain cultural practices and pesticide 
usage. Another problem with native pol- 
linators is that they frequently are not 
available at the time they are needed. 

In general, the honeybee is the pri- 
mary insect pollinator because econom- 

ical methods have been developed over 
the years for the propagation of bees in 
adequate populations to do the pollina- 
tion job. Furthermore, these populations 
are easily distributed to areas where and 
when they are needed. 

Even though honeybees are known to 
be essential pollinators, the research job 
of demonstrating, defining, and enhanc- 
ing honeybee pollination efficiency is 
not an easy one. In a typical production 
area, there may be literally hundreds of 
beehives near the area that needs pol- 
lination. Yet, insufficient bee populations 
may actually reach the target field. 
Research on pollination problems neces- 
sarily involves determining the quantity 
of bee foraging activity in the target 
areas, as affected by: (1) the distance 
bees must fly to reach the areas; and 
(2 )  the numbers of hives necessary to 
provide an adequate population of for- 
agers. 

How much bee activity is needed for 
effective pollination? Measuring pollina- 
tion quantitatively is not so straightfor- 
ward as, for example, determining fertil- 
izer rates-primarily because it is not 
possible to control the quantity or quality 
of foraging activities of bees in specific 
treatment plots within a field or orchard. 
Bees range far and wide and tend to be 
distributed according to the distribution 
of available nectar and pollen. Honey- 
bees have been known to fly more than 
five miles to reach food. This extreme 
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range was observed where hives were 
placed in desert conditions and no other 
food was available. Yet the typical flight 
range is probably much shorter in most 
agricultural areas. The major problem in 
evaluating honeybee pollination eeective- 
ness is determining the foraging range 
and distribution patterns of bees as a 
means of establishing where the “pollina- 
tion treatment” is “applied.” To compli- 
cate matters further, the numbers of 
foraging bees per area, and the duration 
of activity, also must be known in order 
to establish the quantitative aspects of 
the “pollination treatment.” 

New method 
During the past year a new method to 

trace the foraging activities of honeybees 
has been developed so that foraging dis- 
tribution maps can be prepared. Bees are 
captured individually while foraging in 
the field. In most cases, an insect net is 
used. However, when bees are sampled 
from trees, a portable vacuum cleaner 
with a long pick-up arm is used. Cap- 
tured bees are anesthetized by exposing 
them to carbon dioxide for approximately 
10 seconds. This treatment immobilizes 
the bee and permits the operator to 
handle it without getting stung. 

While the bee is anesthetized, a tiny 
metal identification tag (3/32 inch di- 
ameter; 1/10,000 inch thick, and 10 mg 
weight) is attached to its abdomen (dor- 
sally) by a special elastic glue (photo 1) .  
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The ferrous metal tags are numbered by 
color codes or by tiny numbered plastic 
discs glued piggy-back on the metal discs. 
After each bee is tagged at  specific 
sample plots within the target field crops, 
it is released immediately. After a few 
moments it revives and within an hour 
the bee normally has returned to its hive, 
usually within a four mile radius (50 
square mile area).  The tagged bee must 
be recaptured at its hive before a flight 
distribution map can be prepared. 

In previous methods of mapping forag- 
ing distribution, all hives within the area 

had to be opened and searched visually 
for marked bees, sometimes identified by 
tiny paint marks or plastic labels glued 
to the body. This extremely unpleasant 
task frequently required the examination 
of hundreds of hives, each of which usu- 
ally contains between 20,000 and 50,000 
worker bees. Besides receiving a few 
stings during the operation, a researcher 
can find such a task t,o be extremely time- 
consuming. Many of the marked worker 
bees actually died of old age before they 
could be located. The recapture success 
was too low to make the method feasible. 

Magnetic honeybee trap (photo to left) contains four 1-02 horseshoe 
magnets, shown in position a t  hive entrance. ”Escape” screens on 
either side are spaced %-inch from hive wall and permit bees to exit. 
Returning tagged foragers are diverted to the trap, and enter directly 

In  the new method, tagged bees return 
to their hive where they must crawl 
under a magnetic trap attached to the 
hive entrance (see photos). At this 
point the magnet attracts the tag and 
jerks its captive bee off its feet. Both tag 
and bee are stuck fast to the magnet until 
the bee can twist free from the tag. Then 
the bee continues its normal activities 
and the tag remains on the magnet as evi- 
dence of recapture. The system allows 
thousands of bees, tagged in many areas, 
to be identified when their tags are col- 
lected automatically at hundreds of hives 
within several miles of the initial bee c a p  
ture area. These tags accumulate on the 
traps for the duration of the experiment, 
and hives do not have to be opened, un- 
less other data are needed on the condi- 
tion of the colonies. 

As usual in such research procedures, 
the quantity of information may not be 
apparent at first. The initial capture 
point of the bees helps determine which 
crops they prefer. I t  may also reveal im- 
portant differences in the attractiveness 
of various varieties of the same crop. 
Furthermore, the initial capture location 
pinpoints the bees’ preferred foraging 
area, reveals the distance that bees can 
be attracted to various crops, and docu- 
ments the time of foraging activity- 
which may be related to transient 
weather variables or  other time-related 
events. When the recapture location be- 
comes known, it is possible to construct 
detailed maps of “bee traffic” from 
apiaries to foraging areas or fields that 
need pollinating. 

One of the most valuable kinds of data 
made possible by the magnetic recapture 
method concerns an analysis of the ge- 
netic bias in bee colonies, as it affects 
their foraging behavior. The ability to 

below the magnets. Tagged bee is approaching magnetic trap at hive 
entrance (photo to right). Previously recaptured tags are visible on the 
1-02 horseshoe magnets. 
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trace large numbers of foraging bees to 
their respective hives makes it possible 
to associate various genetic stock with its 
performance characteristics. Several re- 
search workers have demonstrated dur- 
ing the past decade that honeybees can 
be selected for crop preference, and this 
trait can be enhanced by controlled 
breeding procedures. Several thousand 
experimental hives throughout California 
are being stocked this year with a new 
hybrid bee, called Hy-Queen, that is 
being tested for its performance in gath- 
ering pollen on such crops as alfalfa. 

The ability to associate foraging bees 
with their parent colonies also provides 
a powerful tool for detecting colonies that 
may contain other genetically-carried 
traits affecting foraging behavior and 
pollination efficiency. For example, the 
selection of breeding stock for increasing 
the pollination efficiency of almonds 
could take place as follows. Hundreds of 
bees would be placed near almonds. 
Thousands of bees foraging on almonds 
would be tagged and released. Hives con- 
taining significantly higher recapture 
frequencies would be selected for further 
breeding procedures that would enhance 
the tendency of bees to forage on al- 
monds. Later, the same stock could be 
tested on other crops to determine 
whether the increased efficiency is lim- 
ited to almonds. 

During the past year the magnetic re- 
capture system has been used to trace 
the flight distribution and range of 
honeybees on many orchard and field 

crops. One of the most interesting devel- 
opments appears to be the inclination of 
honeybees to forage on a great diversity 
of plant species, even when productive 
food sources may be closer than some of 
the other plants visited. Another observa- 
tion was that foraging bees seem to 
respond to various levels of competi- 
tion from bees originating from other 
apiaries, and to adjust their foraging ter- 
ritory to minimize competition. For ex- 
ample, when small groups of hives were 
dispersed within field crops, the effective 
foraging range frequently was restricted 
to less than perhaps 200 yards on that 
particular crop. Yet, the same bees might 
have flown a half mile or more had they 
not encountered competition from other 
nearby apiaries. 

These studies suggest that it may be 
possible to control the foraging range of 
bees to a greater extent through manipu- 
lating inter-apiary competition (by dis- 
tributing apiaries more strategically). It 
may also be possible to attain higher de- 
grees of isolation for various seed crops 
that should be grown in relatively con- 
centrated areas, where soil and weather 
characteristics are favorable. It is not 
always convenient or economical to space 
these fields far apart to prevent undesir- 
able cross-pollination between varieties 
in different fields. 

Norman E .  Gary is Associate Professor 
of Entomology and Associate Apiculturist 
in the Experiment Station, Department 
of Entomology, University of California, 
Davis. 

Possible flight patterns of honeybees from eight apiaries to 12 sample points within a "target" 
crop. Multiple sample points reflect interapiary competition by revealing the comparative visita- 
tion frequency at the sample paints. 
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ETTUCE CROPS in the central coastal L district of California may follow 
each other in rapid succession on the 
same land with only a short period be- 
tween the harvest of one crop and plant- 
ing of another. Some growers in this 
area use soil fumigation after a-series of 
5 to 6 lettuce crops to improve yields and 
quality. The effectiveness of such fumi- 
gation has been attributed to such fac- 
tors as nutrient release and the control 
of unidentified pathogens but specific 
data has been lacking. 

During the past four years, preplant 
soil fumigation trials were conducted in 
fields infested with stunt nematode, Ty- 
lenchorhynchus brevidens, and with 
spiral nematode, Rotylenchw robustw, 
and in one field containing no significant 
nematode pathogens. In two experiments 
fumigants were injected by tractor-drawn 
equipment in a solid (overall) treatment 
with chisel shanks 12 inches apart set to 
deliver the chemical 8 inches deep in the 
soil. In two other experiments the fumi- 
gants were injected 6 inches deep and 
12 inches apart by handgun in raised 
beds. Application rates were based on the 
actual area treated. All harvesting was 
done by commercial picking crews. 

First experiment 
The first experiment in 1967 for con- 

trol of stunt nematode was made in allu- 
vial soil of the Pajaro Valley where a 
nematode population of about 100 per 
100 ml of soil was found. Plot size was 
18 x 100 ft, and fumigants were applied 
in an overall treatment using tractor- 
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