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Po l len we ight s of the honeybee (Api s melli fe ra) 

r e turnin g to the hive were measured to acqu i r e an index 

ba s ic to the pollen brought into the honeybee hiv e . Polle n 

we i ghts were ob tained from the la s t week of June to the 

seco nd week in Oc tober 1971. 

Po llen collection by honeybees on the Northwestern 

secti on of the Highland Rim is collected throughout the 

day but reaches a peak at approximately 1:00 PM Centra l 

St andard Time. The weather conditions in late Ju ly an <l early 

August influenced foraging and caused a decrease in pollen 

loads returned to the hive. The number of bees entering the 

trap was decreased during the month of August thus indicating 

tha t fewer bees were in the field during peak foraging time s 

thr oughout the day. The last trap period in August showed 

an increase in pollen collection. The increase in pollen 

collection was evident until termination of the study which 

was caused by cold weather. 

The mean weight of pollen for the entire study was 10.2 

mi l ligrams per foraging honeybee returning to the hive wit h 

po l len loads. The mean percentage of the pollen load per 

body weight was 10 percent with a range of Oto 35 per cent . 

Br ight clear days allowed greater foraging and greater 

pollen collections. Bees seem to prefer the brighter colored 

pollen to the darker colored pollens. When the brighter 

co l ored pollens were collected , the mean pollen weight was 



heavier . 

Results of behavio ral tests with honeybee s in an 

iso lated condi tion suggested that lowered temperature s for 

exte nded periods altered the normal reactions of the honeybee 

which resulted in either limited movement or de a th. 
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CHAPTER T 

INT RODUCT I ON 

The hon eybee (Api s mellifera) 1s gener ally regarded as 

one of the most important pollinators in the United State s 

(Roo t 1966). Although several other species of insects are 

considered as pollinators and pollen collectors. Pollen is 

a necessity for flower reproduction as well as a food source 

for honeybee brood rearing and colony maintenance. Variables . 

such as weather, seasons, abundance of flowers, location and 

the foragers involved in collecting pollen play significant 

roles in pollen collection. Taking all of the mentioned 

var i ables into consideration, an estimation can be made as 

to the amount of pollen carried by individual honeybees. 

The bumble bee (Bombus ~-) is considered second to the 

honeybee as a major pollen consumer. When the honeybee's 

foraging activity was at its greatest, the bumble bee 

activity was at its lowest (Holmes 1964). Competition 

therefore was of little importance to the foraging honeybee. 

Weather, on the other hand, greatly influences the foraging 

ac tivity of the honeybee as well as the pollen loads being 

returned to the hive (Root 1966). 

Geographically, Montgomery county, Tennessee is located 

1n an important physiographical region, the Highland Rim. 

Peak perfo rm ance per i ods in poll en collection were de t e rm ined 
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for thi s location as well as the peak in time of collections. 

The objectives of th is study were to determine: 1) the 

mean body weig hts of pol le n and non -poll en carriers ; 2) the 

time of day when pollen collection is great est on the North­

weste rn se c tion of the Highl and Rim; 3) the time when honeybe es 

are foragi ng he aviest; 4) pollen collect i on as influenc ed 

by weather conditions; and 5) the mean weight of pol len 

pe r indi v idual hone ybee. 



CHAPTE R I I 

LITERATURE REVIEW 

Apis mellifera, the honeybee is one of the most studied 

i ns ects today and has been since 15000 B.C. The apicultural 

interest in the constitution of pollen is: the chief source 

of protein, minerals and special biological products in the 

honeybee diet, and its part in the determination of the brood­

rearing cycle (Root 1966). 

Todd and Bretherick (1942) stated that air dried pollen 

colle cted by bees had a water content of 7.01 to 16.23 

percent, with a mean of 11.16 percent. Water thus makes up 

a large but variable part of pollen. 

Protein is the most important constituent of pollen 

from the standpoint of the honeybee colony. Analyses by 

Todd and Bretherick (1942) shows that bee-collected pollens 

have a wide range in protein values 7.02 to 29.87 percent, 

with a mean of 21.60 percent. Pollens also contain fats 

(1.50 to 23.60 percent), ash (2.80 to 10.60 percent) and 

sugar values, but most pollen are low in starch (0.8 to 11 

percent). 

Hodges (1967) showed that the single hair in the floor 

of the corbicula is necessary for carrying pollen on the 

worker bee leg. A hair was removed from the left leg, 

· h leg of the worker bee remained while the hair on the rig t 



in ac t. The s e marke d bees r e turned to th h . d e 1ve an were 
tr apped . The ha ir s haft i n the corbi cula is r elat i ve to the 

amount of pollen ca rried by individual bees s ince the load on 

the left l eg was significantly smaller than the right leg . 

Parker (19 26 ) stated that the single hair is utili zed as 

a p i n through the middle of the load to act as a stabili ze r 

on the le g . Jay (1969) removed different legs on the worker 

be e . This in turn affected the poll en loads carried. His 

results showed that after the right front leg had been 

r emoved, usually one or other cobicula held only a small 

amount of pollen. When pollen was observed in both corbicula 

the left one held the larger amount. After the right middle 

leg was removed, pollen was found either in trace amount~ 

in both corbiculae or in small amounts in the left leg only. 

Howeve r, leg removal did not effect nectar collections. He 

conc luded that it is doubtful whether leg amputation affected 

the pollen collectors' attempts to collect pollen on t heir 

next trip, because nectar gatherers with one leg amput a ted 

collected nectar in large amounts on their first trip after 

amputation. Pollen collecting bees whose hind leg had been 

removed gradually switched to nectar collecting. This could 

have been due to the failure of the crop they were working. 

The amount of pollen carried varies with location, time 

of year , time of day, climatic conditions, age of individual 

bees, and age of the colony (Root 1966 ). Fukuda, Mariya, and 

Sekiguch i (1969 ) found that the mean weight of crop content s 

· 15 O Apparently the load i s of 640 pol l en farag e rs 1s • mg. 



s 
less than i11 t he case of ne c t ar forag er s and tho se wit h a 

nea rl y empt y c rop con s ti tut e a consider able pr opo rtion . lie 

fu1 ·the r demons t ra t ed that numerou s pollen f ora ge r s ha ve a 

c r op conte nt nearl y equal to t he maximum crop weight i n 

ne c tar fo r age rs . Th i s fact suggest s the occurance of 

fo ra gers whi c h practice both pollen and nectar foragings in 

one an <l th e sa me t rip . 

J ayco x (19 70a) fo und that foraging bees select the more 

attrac t ive and productive f lowers fr om among tho se availabl e 

at the same time . Pe rcival (1947) showed that poll en is 

collected in grea t est quantity f rom the bees' main nec t ar 

source . Jayc:"o·x (1970a) examined be es foraging on soybeans 

and fo und tha t 55 to 100 percent of the bees were carrying 

some pol len on their legs, during daily samples. 

Temperature is one variable that is considered to 

gre atl y in f luence the collection of nectar and pollen. Warm 

days and cool nights seem to be ideal for weight gain s within 

the colony (Jaycox 1970a ) . Moffett and Parker (1953) found 

tha t 79 percent of the colony's weight gain in July and 

Augus t t ook place when maximum temperatures reached 85 to 

99 degre es Fahr enheit. In 1944, Johnson reported heavy 

we i ght ga ins in the colony during July and August when tem­

pe r atures reached 80 to 100 degrees F. Jaycox (1970a) in 

his stud y on soybeans found that gains in weight were greater 

whe n temperatures wer e 80 degrees F. or above. Temper atu re 

d the metabol ism of th e honeybee . can speed up or slow own 

f d tha t bees were active in the fi el d Jayc ox (1970b) oun 
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from 8 :00 AM to about 4:00 PM Cent ral St andard Time . He 

s howed that f oraging was greatest dur i ng the midday hour s 

and declined steadi l y to 4 : 00 PM when forag i ng was almost nil . 

Inc r eased f or agi ng at midday was attributed to an int er act ion 

invo l ving temperature, moisture, plants and bees. 

Pellett (1947), as stated by Jaycox (1970b) reported 

that bees were active from 9:00 AM until sunset in Tennessee 

and from early morning until noon or 1:00 PM in North 

Carolina . The differences could easily be the result of 

local conditions or limited observation. Jay (1969) showed 

that honeybees collected pollen in large amounts and foraged 

heaviest from 1:00 PM to 4:00 PM during the month of August. 

The cause could be attributed to the difference in geographi­

cal locations, local conditions or as suggested by Jaycox 

(197 0b) limited observations. 

Pollen collection takes place throughout the day if 

weather conditions permit (Percival 1947). She observed 

that the rhythm of pollen collection during the day is a 

cur re with maximum values between 12 noon and 1:30 PM GMT 

and ~hat after 5:30 PM the curve falls rapidly to zero. 

Holmes (1964) recorded that honeybee numbers increased 

1 durl·ng early afternoon hours and diminished progressive y 

steadily during late afternoon. 

Casteel ( l912) found that bees were little affected 

· 11 loads in later foraging activities. by the loss of their po en 

McDonald (1967) observed that even though the pollen loads 

to the hive the honeybees went were emp t i ed a t the entrance 
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on to seek out a ce ll and go through the pollen-depositing 

activity as if they s t il l car r ie d pollen lo ads . Fr ee (1953) 

found tha t re mo ving pollen loads f rom bees decr eased their 

tendency to co llect pol l en . 

Be havio r of the hone ybee is easi l y affec t ed when tl1 e 

be es ' activity dep ar t s f rom the normal . We athe r is an 

importan t i nf l uenc e i n honeybee behavior whil e man i s 

pr obably the other greatest factor causing a var iat i on in 

the temp e ramen t of the honeybee (Root 196 6) . The honeybee 

colony is a soc ial organi zation and as such i s subject to s ome 

demo r ali zation when it is disturbed (Taber 1963 ) . 

Smo ke has been used for a number of years by api ­

cu lturi s ts to calm bees. Newton (1968) showed that smoke causes 

engorging behavior by honeybees in which they fill the 

hone ysac with cured honey. Free (1968) conducted a similar 

study and obt a ined s imilar results. No literature could 

be found concerning the effects of temperature on honeybees 

i n an isolated condition. 



CHAPTER III 

METHODS AND MATERIALS 

Li ve Trapp i ng Methods 

Two d i f f e rent types of hives were used during the st udy . 

The s tandard wood box hive consisting of 10 Langstroth f rames 

per unit with 2 sections of brood chambers and at least z 

sections of shallow supers. The brood chambers were 24.10 

cm deep by 50.80cm long by 43.10cm wide. The standard 

wood box hive was estimated to contain not less than 20,000 

honeybees and probably not more than 60,000. 

The wood trap that was inserted into the original 

opening of the standard hive measured 39.40cm long by 13.90cm 

wide by 1.90cm deep. The trap was inserted into the original 

opening of the standard hive at least 2 days before the 

trapping period began. The portion of the original entrance 

to the hive not enclosed by the trap was shut off by a wood 

strip to insure that the bees would use the trap. A wood 

plunger the size of the inside of the trap was utili zed to 

stop the bees from entering the trap from the inside of the 

hive and to ensure that only foraging bees would be in the 

tr ap during the collection periods. 

Two minute waiting periods were allowed from the time 

of the insertion of the wood plunger into the trap unt il the 

time the trap was closed from the outside by a plastic 



ol l cc t ing con t ai ne r. After th 1 · e P ast1c container wa s 

co nn ec t ed with t he trap the p lunger was remov ed and bees wer e 

forced into the plast i c cont ainer . Th 1 · e p ast1 c co ll ecting 

container was then sealed and taken t h o t e laboratory and 

placed i n a cold room at 2 degrees Centigrade. 

The second type of hive used in the test was the 

observation hive which measured 53.30cm long by 8.90cm wide 

by 50.80cm deep. A 6.40cm hole was drilled on top of eac h 

hi ve to allow a place for the attachment of an aluminum 

ent rance pipe which was utilized to trap the bees. The same 

tr ap ping technique was employed with this hive as the 

s tandard wood box hive . 

Laboratory Measurements 

The honeybees were allowed to remain in the cold room 

wh ich maintained an average 2 degree Centigrade. It was 

previously determined that the activity range of the Apis 

mellifera was 10 degrees Centigrade t o 35 degrees Centigrade 

(Spencer 1956) . By utilizing this chilling technique, none 

of the bees had to be sacrificed for the test. After 2 

hours of cold treatment, the bees were separated into groups 

of pollen and non-pollen carriers while still in the cold 

room. A random sampling of 20 bees per grouping was made. 

The pollen carrying bees had their pollen removed and kept 

in alignment with each bee body. 

Weig hing was completed on a Mettler Gram Atic balance 

and weights were measured to the nearest 1000 of a gram. 

Honey bee s were weighed immediately after removal fr om the 
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co ld r oom . After approximately 20 mi nu tes t he bees be came 

ac tive and wit hin 1 hour they were t otally act i ve . The 20 

mi nute period al l owe d enough time to weigh all 20 bees on an 

i ndivid ua l basis . All bees were return ed to the ent rance of 

the hi ve and no fatality was obs erved in any of the returned 

bees . 

Pollen wa s also weighed on an individual basi s and re ­

co rded against the body weight of the carrying bee. Color 

of individual poll en pellets wa s also recorded but no assay 

wa s made to determine the sour ce of the pollen . Pollen was 

plac ed into light and dark ca t egori es. Pollen pel l ets were 

removed fr om the legs of t he bees with a probe and forc ep s . 

Po l le n pelle t s were we i ghed immediately upon removal f rom t he 

cold r oom . 

Collec t ions we r e made at 3 different times throughout 

the day during the month of July 1971 to determine which 

time of day honeybees would be foraging heaviest and which 

time they would be returning with the heaviest loads of 

poll en at this loc~tion on the Highland Rim . 

The observation h i ves were used to conduct the behavior 

por ti on of the s tudy. One brood chamber without brood was 

placed in t he observation hive and then placed in the cold 

room at 2 de gree s Cent i grade and allowed to remain t he r e fo r 

4 hours . Bes were then removed and a llowed to warm at r oom 

temperature . Obs e rvat i on s of all activit i es were recorded 

during the recovery period at room temperature. 

One monthly collection was made at the beginning of the 
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tudy (mo nth o f J u ly) then 

two 6 day s tud ies per month 
u. uall y on alte rn ate weeks wi thin the 

month. All time s wer e 
Central Daylig ht Savings Time (CDT). 

All collections were 
made wi thin ~1 5 minutes of the c 11 • 

0 ect1on time . 

The bee yard was on the camp f . 
us o Austin Peay State 

University , Montg omery County , Clarksville 
' Tennessee. All 

hi ves were kept in one area whe r e each hi· ve 
had approximately 

an eq ual amount of s unshine and shade. 

Worker bees we r e supplied by local beekeepers and queen 

bees were ordered f rom the Walter T. Kelley Company, Clarkson, 

Kentucky . 

Weathe r i nformati on for the tes t period was obtained 

f r om t he United States Air Force Weather Detachment locat ed 

at Fort Campbe ll, Kentucky . 

Cl oud cove r or s ky conditions are recorded in four 

basic ways by the United States Air Foree weather stations: 

1) Clear , Z)Broken, 3) Scattered, and 4) Overcast with each 

ha v ing a certain formula to de s ignate the amount within each 

category . The f our categories are used to indicate the 

we a ther condi t ions on collection days . The term "Clear" 

re presents days tha t ar e sunny with high temperatures (above 

26 degrees Cen t igr ade) . "Broken" refers to conditions i n 

which some clouds are present that do not affect sunsh i ne or 

bri ghtness of day t o any great extent , and for all pract ica l 

pur oses it is considered on th e same basis as a clear day . 

"Sc1ttered " indicates the presence of several c louds wi th 

i nt e r mi tt ent sunshi ne although the day remains relativel y 
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hright. "Overcast" i a complete blocki ng out of sunshine . 

This grouping inc1udes ha zy days, cloudy days, and rainy 

days. 

Terminology 

Pollen ca rriers - bees returning from the field with 

pollen loads on their legs. 

Non -pollen carriers - bees returning fr om the field 

without pol len loads on their legs. In this group, the 

inclusion of some younger bees which still had not started 

their foragi ng duty is possible. 



CHAPTER IV 

RES ULTS 

Foraging Activity 

A total of 8,976 bees were captured throughout the 

study period which was conducted from June 29, 1971 to 

October 2 , 1971. No measures were taken to prevent 

recaptures . The possibility of the same indiv idual bee 

being retrapped several times did exist. A test was 

employed to determine the time of day when bees were carrying 

the heavie st pollen loads. Samples were taken three times 

daily during the month of July as shown in Figure 1. This 

figure illustrates the mean body weights throughout the 

month and also the mean pollen weights. The three times 

utilized were 10:30AM, 2 :00PM and 6:00PM CDT. The 6:00PM 

catch was eliminated since a high number of bees were 

returning to the hive without pollen or the pollen loads 

were sma l ler than the other 2 collection periods. 

No significant difference appeared between the 10:30AM 

and 2:00PM collections when considering the mean pollen 

weig ht per bee per day. However, the 2 :00PM collection 

had the highest percentage (74%) of bees in the field as 

as compar ed to the 10:30AM collections (63%) • Again the 

d greater Percentage of bees returning 
2:00PM collection ha a 

to the hive with pollen when compared to the 10:30AM 
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the month of July 1971. 
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L·ollrction. Sjmilar result s were shown hy llolmcs 
0964

) , 

.Ja y ( 196
9) , .Jayco x ( l 970 a&b) , Pellett (1949) , and Percival 

( 1 9 49 ) . Although all these authors ex cept Pel let t (l9
49

) 

shows a rapid decre ase i n f oraging in lat e afternoon, th is 

decline may be due to lo ca tion . H f d 
e oun that bee s fo r age 

until dusk i n Tennessee . This location on the Highland Rim 

agrees mo r e with Pellett's results. The bees we r e observed 

foragi ng until sunset even though the l oads of pollen wer e 

defi nit e l y smaller in the latter part of the day. The peak 

of f or ag ing activity is during the mid-day hour. 

Figure 2 gives a daily account of the 2 :00 PM CDT collect­

i ons throughout the study including the average daily body 

weights and average daily pollen weights. On a mean basis 

th e body weights throughout the study did not differ 

gr ea tl y . We lls and Giacchine (1968) stated that nectar 

ca r riers can carry loads of nectar up to 90 percent of 

their body weights depending on the size of the bee and size 

of the honey-sac. In effect they are say ing the heavier bee s 

h · 1 d f ctar Although this are carrying the eav1er oa so ne . 

could not be determined in the results conducted in this 

h body weights varied a great deal survey it was evident tat 

among individual honeybees indicating that a variation of 

ne c tar was being car ried. 
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~eather 

Tahle I s how s t he weather ad bf ay e ore the weekly 
tr ap pe r io d , the trap days t hemsel ves , anrl thP day after 

the weekly trap per i od . The ef f ect of we ather conditions 

on the colle ction of pol len i s pr i mar 1· 1y a manifestation of 
the i nfluence of weather on the act 1·v1·ty f h o t e f l ying bee 
as a whole (Pe rcival 1949) . 

Foraging wa s greatest when the temperature was above 

26 degrees C. and the cloud cover ranged from clear to scat ­

tered . Increased pollen collection by the honeybee on 

warm , c lear days may be attributed to the fact that flowers 

were open and available to the bees. Tripping of the 

an t hers t o release pollen grains by the honeybee may have 

been easier when the prevailing weather was clear, warm, 

and sunny. Cloud cover considered as scattered seemed to 

have no effect on pollen collection. These days were 

usually bright, clouds were usually high in the sky and 

temperatures were above 26 degrees C. 

Overcast weather resulted in a smaller percentage of 

be es foraging during this type of weather. The percentage 

of bees foraging and returning with pollen during overcast 

days seldom rose above 30 percent as shown in Figure 3. 

Heavily overcast days usually resulted in lower temperatures, 

ra i n , and lower amounts of pollen collected (Fig. ·3). · On 

two different occasions throughout the study (July 9 afld ll) 

t he honeybees collected pollen above the 30% level during 

over cas t sky conditions as shown in Table 1 and Figure 3 · 
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T BLE l . l WEATHER CO DIT IO S O COLLECTION DAY S DAY S 
PRECE DI GAD FOLLOWING COLLECTION DAYS fOR 
THE MO TH OF JULY . 

Date Temp . degrees Prec i p . 1n Wind Cl oud 
Centigrade Inches Velocity Cover 
MA X:. ~ I~ . ~EA~ ZP~ (rn:eh) 

July 
29 . 5 21 26 . 5 29 . 5 . 15 l * 08 Clear-Scat. 

2 28 26 . 5 27 28 00 08 Clear -Over . 

3 29 16 . 5 22 .5 28.5 00 02 Clear- Sca t . 

4 29.5 20 25 29.5 00 08 Overcast 

s 30 20 .5 2 5. S 28.5 00 08 Clear-Sc at. 

6 30 17 24 28.S .39 02 Scattered 

7 30 23 . 5 26.5 29 00 03 Clear-Scat. 

8* 32 21. 5 27 31. 5 00 08 Clear-Scat. 

33 . S 19 26.S 33.S 00 01 Overcast 
9 

33 . S 21. S 28 33.S 00 08 Clear 
10 

20 25 28.S .69 04 Overcast 
11 29 . 5 

25 28. 5 00 03 Clear 
12 29 21 

26 30.5 . 2 5 06 Overcast 

13 32 19.S 

26 .04 05 Overcast 

14 26 21. 5 24 

20 . 7 3 16 Overcast 

15* 24 19 21. 5 

28 00 00 Clear 

16 28 . 5 15.5 22 

00 06 Clear 

17 30 19 . 5 25 30 

00 11 overcast 

18 29 . 5 26 27 29.5 

.10 12 Overcast 

20 . 5 24 . 5 26. 5 
19 28 Scat t ered 

00 08 

20 24 19 21. 5 24 

*Day before and day after 
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T HLE l . ~/ TllE R C. O DITIO S O C.O 
1 RECE DJ G A D FOL LOW! ' Ll.ECT 10 DAYS , DAYS 
TllE O TH OF AUGUST . G COLLECTION DAY S FOR 

Date Temp . deg r ee s Precip . in Wind 
Cen t igrade Inches 

Cloud 

MAX . MI MEAN 2PM 
Velocity Cover 

Au gust 
3* 24 .5 21 23 21. 5 2 . 5 7 04 Overcast 

4 27 21. 5 24 .5 27 . 21 06 Scattered 

5 26 21. 5 23.5 25.5 .94 00 Clear 

6 26 . 5 23 . 5 25 26 00 04 Overcast 

7 2 7 . 5 24 26 .5 27 00 05 Scattered 

8* 29 . 5 21 25. 5 29.5 00 02 Clear 

9 31. 5 22 .s 27 31. 5 .41 01 Scattered 

10 29 .5 2 2 . 5 26 29 . 5 . 99 00 Scattered 

17 30 25 27.5 29 00 08 Clear 

18 27 . 5 24 26 27 00 05 Scattered 

19 31. 5 25 28 . 5 31. 5 00 06 Clear 

20 30 .5 25 27 . 5 30. 5 00 06 Clear 

21 30 2 5. 5 2 7. 5 29 . 7 3 08 Overcast 

22 24 .5 21 22.5 22 .70 03 Overcast 

23 29 22 .5 25.5 27.5 00 03 Clear 

24 31 23 .5 27 .5 30 00 06 Scattered 

25 31 24 27 .5 30 00 06 Clear 

26 28.5 21. 5 25 24 .67 06 Clear-Over. 

27 21 24 ,5 00 09 Clear 

24 . 5 18 

28 * 21. 5 25 .5 00 04 Clear 

25.5 18 
22.s 00 06 Clear 

29 22 .5 25 26 , 5 



T BLE 1 . z (co nt i nued ) 

:rn 

31 

29 

2 8 . S 

2S 

23 . S 

2 7 . S 

26 

28.S 

28.5 

Toa y before and day after 

00 

. 61 

06 

04 

20 

Clear 

Scattered 



T RLF. J . 3 

Date Temp. 

WEATHER CO DITIO S O COLLECTION DAYS DAYS 
PR CEDI GAD FOLLOWING COLLECTION DAYS FOR 
THE MO TH OF SEPTEMB ER . 

degrees 

21 

Pr ecip . i n Wind Cloud Cen tigrade I nches Veloc i t y MIN . Cover MAX . ~EAN 2Pij 
September 

21. 5 24.5 27 .87 Scattered 
1 27 

04 
2 27 22 .5 25 27 .06 10 Clear-Scat. 
3 26 . 5 21 24 26.5 . 85 06 Clear-Sc at. 
4* 30 20.5 25 30 00 00 Clear-Scat. 

12 * 24.5 17.5 20.5 24.5 00 11 Clear-Scat. 
13 27 16.5 21. 5 27 00 07 Clear 

14 31 18.5 25 31 00 07 Clear 

15 2 9. 5 18.5 24 29.5 .01 04 Scattered 

16 24 16.5 20 24 00 00 Clear-Scat 

17 26 17.5 21. 5 26 00 06 Sea ttered 

18 23.5 17. 5 20.5 23.5 00 07 Overcast 

19* 25.5 21 23 .5 25.5 T 03 Overcast 

*Day before and day after 



TRL[l. 4 

oa te T mp. 

WEATIIJ:R CO DITIONS ON COLLECTlON DAYS , DAYS 
PRECE DI GAD FOLLOWING COLLECTION DAYS FOR 
TH E MO TH OF OCTOBE R. 

degrees 

22 

Precip . in Wind Cloud Centi grade Inches Velocity Cover MAX . MI MEAN 2PM 
er 

29 .S 19 24 29 . S 00 04 Clear 

2 24 20 21. S 24 00 10 Clear 

3 19.S 13 16 19 . S 00 04 Cl ear 

4 24 18 20 . S 24 . 86 00 Overcast 

5 24 18 20.S 24 00 02 Overcas t 

6 24 16 . S 20 24 00 10 Clear 

7 19 . S 10. S 15 19.S 00 04 Clear 

8* 21. S 10 . S 16 . S 21. 5 T 12 Overcast 

*Day be fore and day after 
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On hath days temper ur es we r e ve h 

. h ld ry i gh (above 29 degrees C.) 
wh1c cou account fo r pollen 

collections to nearly equ a l 
the pollen co ll ec t i ons on cle d 

ar ays. Table II i s an 
indicator of the resul ts as part i all . 

Y di scussed above . The 

comparison s shown in t his tabl e i ndicat e that the mean 

i s not signifi c antly di ffe rent · i n the c l ear, cl ear to 

scatte r ed , and scattered skies b ut a di ff erence do es occur 

when eac h of t he above mentioned means · is compared with the 

ove r cast sky . The s tudent t test was employed to determine 

th e co nfidence leve l. Significant difference was then 

de t e rmined base d on the 95 percent confidence level. 

Collec tions made during rain showed that very little or 

no po llen wa s colle c ted. No bright colored pollen was col­

lected dur i ng the rain. 

A de crease in collection is evident (Fig. 3) beginning 

with t he 17 th of July and ending the 27th of August . The 

period of J ul y 17 through July 20 encountered a great deal 

of envi r onmental influences. During this period the 

observati on h i ves were exposed to high winds and heavy rain 

at night . On t wo occasions, the high winds blew the obser­

vation hives ove r and broke the glass which allowed comb s 

t o become drenched with rain water. Secondly, during th i s 

period , in truders har rassed the hives continuousl y and 3 of 

the S hi ves eventually resulted in swarming. 
The se event s 

und oub t edly r e sulted i n the lower readin gs during t hat t i me 

per iod of t he t es t. 
r ain defi ni t el y hamp ered 

Pre c i p itation i n the fo r m of 



TABL E Il . INFL UENCES OF CLO UD COVER ON PO LL EN WE I GHTS .* 

Clo ud Mean Standard Numb e r 
Co ver Pollen Deviation Sample 

Weight(mg) Days 

Clear 9.6 3. 2 15 
Clea r - Scat. 9.5 3.9 6 
Sca tt e red 9.2 5 . 7 11 
Ove r c ast 6.3 4 . 1 9 

ComEarisons: 

Clear to Scat. 9 . 6/9.2 15/11 
Cl e ar to Clear-

Scat. 9.6/9.5 15/6 
Clear to Over. 9 . 6/6.3 15/9 
Clear-Scat. to 

Overcast 9.5/6.3 9/6 
Scat. to Over. 9.2/6.3 11/9 

student t test 

Degrees Co nfid e n ce 
Freedom Le ve l 

24 10% 

9 10 % 
22 99+ % 

13 99+ % 
18 99+ % 

Sign ifican 
Dif fe r ence 

Xo 

Xo 
Yes 

Yes 
Yes 

~ V, 
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collcc ions of po l le n. 

Coll ec tions during heavy rain 
revea l d th a t he bee 

were remaining in the hive and not 
fo r ag in g . Ra in, th day · 

previous to collections , seeme<l 
to have no e f fect if the f 11 · 

o owing day had high temp eratures 
and sky conditions we r e clear to scatt d 

ere • An excepti on 
is the month of August when the flowers were 

not availabl e. 
Rainy days followed by days with overcast skies resulted in 

a smaller amount of bees returning to the hive with poll en 

loads as well as fewer bees foraging in the field. 

Wind on clear days with high temperatures did not 

indicat e an effect on pollen collections. However, wind 

ac companied by overcast skies prevented pollen collection 

and foragin g. Wind and rain completely stopped foraging. 

Only 6 times throughout the test did the winds rise above 

10mph vel ocity . On all 6 occasions the daily mean temperature 

was below 26 degrees C. and collections were smaller than 

normal fo r days of similar conditions without wind. The 

highest wind reading was 16mph, however, this occured during 

the week of July 15-20 when storms and rain were prevalent 

in this area. High winds on one day followed by calm days 

the next did not appear to have an effect on pollen col-

lections on the calm days. 

dec reased during the month of October, As temperatur es 

f b were observed to leav e 
the bees fo ra ged less. Very ew ees 

the hive when temperatures dropped below 15 degree s C. 
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Pollen Collections 

Pollen collec tions t k 1 
a e p ace throughout the day if 

eather conditions permit. Th 
e greatest amount of poll en is 

collec t ed a t the time at which the maJ·or 
nectar crops are 

in f l ower, and that peak days in pollen collection coincide 

with peaks in the flowering of major crops (Percival 
1947

). 

Figure 3 seems to bear this point out as there is a definite 

slack period in flowerin g during the month of August. Per ­

sonal communication with commercial beekeepers report ed 

that this has been obs erved in their bee ya rds for a number 

of yea rs. This lag phase is evidently a time between the 

flowe ring periods. Most of the summer flowers have com­

pleted their flowe ring cycle and the last group of flowers 

in the early fall have not yet come into bloom thus resulting 

in the little or no ·collecting by the honeybees. Bees do 

not forage as heavily during this time and the percentage 

of bees returning to the hive is quite low when compared 

to the normal flowering cycle. 

Figure 4 illustrates the mean pollen weight per trap 

period . The he avies t pollen weights were obtained simply 

by going through the recorded data and picking out the 

heaviest pollen weight collected per day and then getting 

d The lightest weight pollens the mean for the trap perio • 

Average pollen weights were obtained i n the same manner. 

the t otal pollen collecte were dete rm ined by 

for the trap period. then obtaining a mean 

d for the day 

influence the amount of pollen 
Al though various facto rs 
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ollcctcd, f-ig . 4 indic ate s th . 
a t increases and dec r eases 

appea r in th e t hr ee weight classes 
simultaneously. Peak 

colle c tions of pollen in this surv 
ey were taken during 

earl y J uly and the complete month of S 
, eptember (Fig. S) . 

The heaviest amount of pollen a s 
shown in Fig . 3, was 

collected during the trap pe riod f 4 g o - Augus t . However, 

this is actually the beginning of the dear th period for 

po ll en collection and no explanat 1· 0 n can be provided as to 

why the bees col l ec ted he av ier loads on th is one par ticular 

day . 

Pollen and Body Wei gh t s 

The body weights of pollen carriers and non-poll en 

carriers var i ed greatly in tests of individual bees. Of 

the tota l 8,796 honeybees trapped and observed, 1,05 2 were 

randomly sel ec t ed and classified as pollen carriers. The mean 

body weig ht of th i s group of foraging bees was 89.3mg 

conside r ing the entire test period at the 2:00PM CDT col­

lection hour. Extr emes of 63 . 0mg (li ghtest) and 135.1mg 

(heaviest) we r e also experienced. The average amount of 

pollen collected by the pollen carriers wa s 10. 20mg for 

the entire time peri od. 

f or t he non-pollen carriers had a mean Body weigh t s 

of 92 . 3mg for the ent i re test period. 
The total r ando m 

as non -po ll en carr i ers was 1 ,5(,4 • 
selection of bees measured 

f non- po ll en carrie r s varied more 
Extremes in body weight o 

Lig htest bees measured 63.0mg 
than the pollen carriers . 
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hile t he hea vies t meas ur ed ho_neybee 
was 156 . 8mg . The 

heavies t ex tr eme s of the 
non -poll en carr ie r s were trapped 

31 

at t he end of the nec tar f low. 

lo cal bee ke epers revea led that h 
Personal communicati on with 

t e nectar flow for this 

a r ea i n Tennessee ends during the latter part of June and 

not late r than mid July for this are a on 
the Highland Rim. 

Table I I I gives the mean body and 
pollen weights and 

the stand ard deviation of the mean per All trap period. 

we i ght s a re in milligrams . The mean body weight of bees 

returning to the hive without pollen (non-pollen carriers) 

were heavier in all trap periods (Fig. 6). In nearly all 

instances the standard deviation is greater for the non-

pollen carriers than it is for the pollen carrier. The 

reaso n for this greater deviation of the mean could 

possibly be due to the inclusion of bees making their 

i ni ti a l flights and not yet productive food gatherers for 

the colony. Bees with empty honeysacs would show a very 

light body weight as compared to the honeybees returning 

to the hive with full loads of nectar thus resulting in a 

wider range of weights. 

b Sl·mi·larity in the body weights of There seems to ea 

both pollen and non-pollen carrying bees as shown on 

. h ur in the same trap Table I II . Decreases in body weig t occ 

· the same tr ap week. we ek as wel l as increases appearing in 

did not seem to f ollow this pattern 
The mean weig ht of pollen 

f oraging conditions. but depended more on 

5 and 6 i llustrate the averag Figu r es 
e body weights pe r 
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T ~ 1 I· T I l . WH.KLY MEA BODY WE IGHTS AND MEAN PO LL EN WEIGHTS 

OF FORAGJ G HONE YB EES . 

Mon th Mea n Body Mean Body Mean Pollen & Wt . Poll . Wt . Non-Poll . Weight Da t e Ca rriers Car rie r s 

J ul y 
97.9 :5 . 30 99 . 4 :7.60 7 . 1 : 2. 90 2 - 7 
93 .6 ±1 . 50 95.5 ±4 , 54 5. 7 ±6 . 25 9-14 

August 
86 .3 ±6 . 10 90 . 7 ± 3. 80 11. S ±4 , 53 4- 9 
78 . 7 ±o.9o 80 . 6 ±1. 60 7 . 2 ±z . 96 17 - 2 7 

Sep t ern be r 
±4 , 00 88 . 7 ±1 . 20 11. 0 ±z . 66 29 - 3 85.9 
±1. so 90 . 2 ±4 . 80 13 . 0 ±1 . 76 13-18 87 . 4 

October 
±6 . 10 84.6 ±4 , 10 7 . 7 ±4, 00 2 - 7 84 . 4 
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trap period with poll d 

en an without pollen 
respect ively . 

The heavies and lightest body Weights 
were obt ained by 

goin through the collected data and 
se lecting either the 

heav iest or lighte s t bee per day per 
trap period and then 

arriving at a mean for the wee kl y collection . 
Avera ge 

weights were determ ined by the mean of al l 20 bees in the 

rand om selecti on . 

Figu r e S shows an overlap in the st andard devia t i on 

for the f irst thre e weeks of the study. D · ur1ng this time 

the pollen co l l ecting bees were evidently collecting nect ar 

at approxima t e l y the s ame rate as the non-pollen carriers. 

Since t he nectar flow is ending during this time of the 

summe r (af ter mid July) the last nectar is collected by 

bo t h pol len and non-pollen carriers. After the month of 

August the body weights became significantly different 

possibly due to the reinstated flowering plants. This 

would seem to conclude that a portion of the pollen 

collecting bees are collecting pollen and nectar and 

ano ther por t i on (the lightest body weights) are collecting 

only pollen . 

Fr om obs e rva t i ons made during weighing procedures it 

was indicated t hat bees carrying above 10.0mg of pollen 

Olde r be es and perhaps more experienced in were usually 

collecting . 
i s a s ignif icant diffe r ence 

Figure 6 shows tha t there 
l len ca r r iers a t 2:00PM . It 

between body weights of non -po 
. to the hive without 

b s returning shou ld be noted that ee 



pollen have a heavier body w. h e1g t . This would seem to 
indi ate that these bees can and do 11 co ect more ne ctar . 
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' ince these bees a r e not burdened With the 
weight of poll en 

then it would seem l ogical that t h 
ey could fill the honey sac 

to capacity and t here f ore retur t . 
n ° the hive with a heavier 

body weight. Fukuda et al. (1 969 ) d 
- - emonstrated that bees 

do no t a lways collect nectar and/or po ll 
en separa t ely. He 

showed that an individual bee may 11 co ect pollen on one 

trip and the nex t t rip the same bee may collect only nectar 

and the same bee on a third trip may collect both nectar and 

pollen . 

The li ghter bees are possibly those either unsuccessful 

in the ir f ora gi ng attempts or Possibly those being new 

bees on t heir initial flights. The average weight as in 

Figu r e 6 is approximately that of the bees carrying pollen 

as shown in Fi gure 5. Although body weight was not the 

prime obje ct i ve of this study it does show the specificity 

of the fo od collectors. Extremes of body weight were 

greater i n the non -pollen carrying honeybees when compared 

to the pol len carr i ers. 

The mean percent of pollen weight per body weight was 

t · · t ·a er· 1· o·d Figu:re .' 7::shows . that 10 percent fo r t he · en ires u Y P · 

Of the Pol len weight per body weight of the the percentage 
d Extremes of Oto 

honeybee increased throughout the stu Y· 

bee body weight s we r e re corded. The 
35 percent of the 

t o be the brighte r colored 
greatest extremes were found 

pollens. 
were usually the darker 

The lower ex tremes 
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color pollens and often co l lected 
on overcast day s when 

fora ing was al o l ower . 

37 

Colo r of Pollen 

A co lor t es t was d d 
con ucte on the pollen coll ec t ed by 

the honeybees . No assay wa s d 
ma e to de t ermine the or i gin 

of the poll en . The color of the poll ens was placed in 
2 

catego r ie s consisting of bright and dark. The bright 

cat egory of poll en was to include the lighter and brighter 

colors suc h as br i ght yellow, pale yellow, orange, bright 

green and white. The dark pollen consisted largely of a drab 

olive colo r. Since the Trifolium repens (Percival 1949) 

and Trifo l i um hybr i dum (Fukuda et al 1969) have been 

recorded as the sources of which most pollen is collected 

it can be assumed that this made up a greater portion of the 

darker poll ens collected. The clovers were in abundance 

for the greater portion of the summer (Gleason 195 2) and 

bees were observed to forage these flowers throughout 

thei r f l owering period. 

The herbarium at Austin Peay State University has 

something over 800 different species of flowering plants 

li sted and on re fe rence. A study of the Land Between the 

00 dl.fferent flowering species Lakes has produced over 8 

are a estimate that at least another and i nvestiga to rs of the 

20 0 species will be found in that area. 
Similar figures 

t y Tennessee . 
have been estimated for Mont gomery coun ' 

t hat t he br ighte r colored 
On th is basis we can assume 



Poll ns are available to t he h 
oneybee on equal 

t o that o f he darke r pollen. The 

38 

basis 

darker col ored po llens 
ere collected to a greater ex tent 

than the br i ghter poll ens 
during the fi r s t 2 trap wee ks of t he t es t (F ig. 8). This 

coul d be a r e sult of sever al factors: 
First , a great number 

Of cl ove rs avail able per acre in th · 
e immediate vicinity 

of the hive . Since the bees had been transferred from 

anot her a r ea the y were just beginning to become oriented 

i n the area and collected pollen at the closest source. 

Secondl y , rain or overcast skies have allowed collections 

of legumes (Percival 19 49). Overcast skies would usually 

result in lower temperatures and thus possibly forcing 

ne arl y all flower s to be less available during such weather. 

Sunny days did accelerate both the opening of the flowers 

and the foraging activity; therefore bursts of flowering 

coincided with peaks in pollen income (Percival 1949). 

From the third trap week until the end of the study, 

bees collected more of the brighter colored pollens over 

the dark. 

Behavi or Test 

Of bee activity were conducted to Obse rvations 

Of Cold room temperatures (2 degrees C) de t er mi ne the effects 

on the honeybee. 
11 d to remain 

Study the bees were a owe 1hroughout the 
. number of hours. Visual 

1n the cold room f or a varying 

obse r va t ion s re vealed that bees 
1 t ly immobi­become comp e e 
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minute's when the bees are 
isolat d f rom 

40 

he 
clump (mn ing t oge ther or a cl u tc r). r 1 n c umps the move -
ment occurred at a rapid pace . 

the cold room tempe r at ure s the 
The longer the bees endured 

smaller the clump became . 
The bees hat lumped did so within app . 

rox1mately 4-7 
minutes after the bees were in troduced to the 

lowered 
temperature conditions . Of t z 3 en - small c lumps were evident 
at th e beginning of the test by by the 7 minute point the 

small clump s dispursed and j oined the large clump. 

Some of the bees that left the clump flew for a short 

period and then walked rapidly around the container. Between 

20 and 27 minu tes those bees not in the clumps still had 

nearly normal movement . At approximately 43 minutes the 

oute r portion of the clump began to fall away and therefore 

exposed the warme r bees insi de the clump to the reduced 

temperatures . The bees that dropped from the clump had 

no movement 2 minutes after the drop. Bees still in the 

clump had reasonable mobility and maintained movement for 

approximately another 27-30 minutes. At 70 minutes, move­

ment ceased , leg twitching stopped and abdominal constrictions 

were no longer evident . 

Bees removed f rom the cold room after 70 minutes were 

Within 3-5 minutes the subj ected to room temperatures . 

the first sign of any movement 
abdominal contrac tion was 

within the body . the reafter, leg twitching began 
Sho rtly 

d Wit hin 18 minutes 
and unsteady pace followe . walking at an 

f l ay app arently 
the mobl.le and able to yaw 

bees were totally 
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unharmed hy th~ cold trc tm nt . An increased time in the 

-old room wa~ proport1o na l to the immobility of the bees. 

Tw hours of cold trea tment extended immobility for 20 _25 
minutes dependi ng on the numbe r of bees in the test. 

Ex t ended pe riods of col d treatment showe d that bees 

cou ld wi thstand the treatmen t for a maximum of 8 hours . 

Beyond 8 hours of cold at 2 degrees C. effected the mobility 

of the honeybee to an extent that it became lethal. Although 

bees were able to move when allowed to warm to room tempera­

ture their mobili ty was limited to movement of the legs and 

walking . After 24 hours of the treatment, bees would move 

for a short period then die. No flying or wing flapping was 

ob served after these extended periods of cold treatment. 



CIIAPTE R V 

DISCUSSIO OF RES ULTS 

differe nce 1n the amount of 
po l len carried at the 

diffe rent sampling times cannot bed etermined from the 

graph of Figure 1 . An overlap in the standard deviation 

does indic ate that there i s no significant difference in 

the wei ght of pollen l oads. The 6:00PM CDT could not repre -

se nt the maximum col l ection of pollen s ince the bees on 

se '·eral ins tances had l ittle or no pollen on their corbicula. 

A iecision had to be made as to the time of day that pollen 

would be co llec t ed i n greatest amounts. Calculations showed 

that mo r e bees were in the field foraging at 1:00PM CST and 

t hat mo r e bee s we re returning to the hive with pollen at this 

midday hour . J aycox (1970b) in working with soybeans and 

honeybees , s howed that the percentage of pollen loads in­

cr ~ased f r om 28 percent at 8:45AM CST to 64-67 percent at 

midday ( l:OOCST) i n Urbana, Illinois. Holmes (1964) showed 

h f honeybees are foraging at the t at great es t percent age o 

mi dday hour. h · bees forage heaviest It seems logical tat since 

· collected at that 
at midday the gr ea t e r portion of pollen is 

time . 
h evidence pre­

This phy siog r aphical region, on t e 
· times of the 

sen ted abo ve does not a l ter the coll ec tion 

honeybee . 
does a ll ow the ho neybee to 

This regional loca t ion 



fo r age fnr c t cnJcd pe riods i n 

. I ;i )' r o >- s h o ·c d t ha t f or a g j 11 11 · U 

the la t t er nfternoon hour s . 
r. In r ha na I I I . . 

, I no I s J s ;1 I mo s 1 

11 1 1 ;1 t rl : O OJ> M . Fi g u r c 1 J 
emo ns tra t c s th a t bees.· 

Wt' l'l' o l"t c 11 

C-oJl cc t i nu and r e turn i ng w1· t h ll 
b po en at 6 : 0QllM. Vi sual 

obse r va t ions of bees ent e r ing t he h . 
ive at t i me s l at er than 

6 : oOP 1 wo uld seem t o suggest that f 
oraging is continued until 

so met i me near s unse t at t his location . 
Difference in the 

for agi ng activ ity mig ht be attribut ed to 11-ght 
i ntensi t y , 

loca t ion , e l eva t ion , f lower sour ce or the many wea t her 

[a c t or s pec uli a r to a ce r tai n l oca t 1· on. p 11 ( e ett 1947) found 

a J r ea t dea l of diffe rence in f or aging act i vity . He s t at ed 

th:i.t i n Ten ne sse e ho neybees had a much longer activity 

pe ri od tha n in Nor t h Caro l i na. He f ound tha t i n Tenne ssee 

be es were a c tive in t he f ield fro m 9 : 00AM to suns e t while 

in or t h Ca r ol ina f orag ing activ i t y r an f rom early morning 

un t il noo n or 1: 00PM . Ev idently the activity range of the 

ho neybee he r e on the Hig hland Ri m is much longer than at 

ot he r l ocat ions t hr ougho ut the United Sta tes. 

Figure 2 represents t he total pollen acqu i sition 

th ro ughout t he entire tes t. The sampling of 20 honeybee s 

h the dl.ffer enc e i n body weight t hat per day does nots ow 

b al though the extremes are is pre se nt i n indivi dual ees , 

t he s t anda r d deviation . Body 
ne t evident, the y a re s hown i n 

f influences such as age, 
we i ght s are va r r ied by a number 0 

ne ctar avajl a bi l i ty , wea the r , et c . 
· during t he 

John s on (1944) f ound he avy we ight gains 

Il l inois and simi lar 
t a t Ur bana , mon th s o f July and Aug us 



resul ~ h 

years . This w uld indica 

e hen r cord db 
y .Jaycox (1970b) . 

in recent 
hat flowering 

4 

in Illin i th n in Te nn see . 
occurs later 

p· 

month of ugu t is a lax p riod f 
igure 3 illustrates that the 

or flowering plant s in 
middle Tennessee . Personal communicat1· on 

with l ocal bee-
keepers de notes that observa t · i ons in their bee yards would 
find the be es merely remaining cl ose 

to the hive and mak i ng 
l ittle effort in collec t i ons of polle 

n or ne ctar. This can 
be seen in the results as illustrated b p · Y igure 3. We ather 
conditions did no t i nfluence collect i on during that 

particular mo nth. 

Table I lists the weather dur i ng t he trap days al ong 

with the pr ec ed i ng and f ol lowing days. It has been known 

for a gr eat numbe r of year s that wea ther has a strong in­

fluen ce in t he honeybe e and honey production. Mid July 

(13 , 14 , 1 5, 16 , 1 7 , 18, 1 9, 20, 21 ) provided weather con­

ditions unfavorable fo r f or ag i ng ac t ivi ty. The highest 

wind th r oug hout the test occurred during this time. This 

trap pe r iod was not i ncl ud ed in the selection of trap weeks 

for the study si nce it did have unusu a l circumstances that 

effected the pollen col le c t i ons as well as f oraging. 

An overcast sky was the bigges t f ac tor i n hampering 

Po ] len for day s when prec i pitation occurred 
collection except 

dur i ng or near the tr ap time . 
The cl oud cover classificati on 

l ower temperatures and thus 
of ove r cas t u sually res u l t ed in 

b Collections 
effec t ing col l ec tion of pollen by f oraging ees . 

of bees collecting pollen 
were smaller and t he percentage 



4 

: 6 de rec- . C 1n o v e r c a 

Temper tu r c ch ng e 
w r e usually below 

d ys . Temp ra ures of 26 
deg r ees c 

or aho c have h n demo ns r a ted 
o be effec t i ve in 

ain~ (Jo hn colony 
weight on 1944, Moffett and Parker 

1953, 
Jayco 19 0a) . On a few occasions h 

t e temperatures were 
above 26 de grees C during overcas t d 

ays and bees returning 

wi h pol len were equal to days with no cloud cover. 

1 o s i nifican t differences appeared 1·n clear days or 
sc attered days or days declare d as clear to scattered. 

Tab le II s hows that mean weigh t on th e clear, clear to scat-

tered and sca ttered days did not di.ffer greatly while 

the overcast days dropped significantly and illustrates the 

difference . Weather is shown to be a highly effective 

factor as shown in Table II . Cloud cover such as overcast 

wou ld influence the light source and the light source in 

return would usually result in lower temperatures and this 

would thus effect the fl owers and the bees in a chain like 

reacti on . Hammer (1940) as stated by Devlin (1968), studied 

He 

th e quantitative effect of light duration intensity on 

flo ral iniation by soybean on a photoinductive cycle. 

found tha t at light intesitie s below l00ft-c, no flowers 

are produced . 
· ·ty 1·ncreases the An increase in light intensi 

nunber of fJ0 we rs produced . This varies with type and 

be a Po ssibility to reduce 
speci es of flowers but cou ld 

on overcast <lays. 
foraging and collection of pol len 

11 an d the 
6 dea l with weights of po en 

Fi gure 4 , 5 , and . hts placc<l int o 
b r. ach figure had the we1g 
ees pe r t r ap peri od . L 
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ci hts ( Fi . 5&6) 

1 i 
h , h vy and aver age . 

a r The 1 i ghte s 
pr ohah ly bees without 

nectar in th e 
In Fig . S hi wo uld <le h ncysacs . 

mo nstratc th a t t he 
11 1 I i II h t s l nee - a r c po en co lccto r s onl y b 

and t hat t he heavie s t bee s 
are pol len and nectar carrie rs . The d ' ff 

i er ence in body 
weig ht is even more noticeable when f or . 

. ag ing bees ar e returni ng 
wi ho ut pollen . This would show th t 

a s ome bees are carryi ng 
These r esults suggest that not all only necta r l oads . 

fo r age r s s peciali zed exclusively either in 
nectar or pollen 

fora gin g . Fukuda~ ~- (1969) stated that the proportion 

of be e s specia l izing and those foraging both pollen and nec tar 

i s determined by the kind of pollen source plants on 

which the y are working. He further stated that crop weight 

in polle n fora gers i s even larger in nectar foragers when 

t he so ur ce is white clover. 

The ave r age percentage of pollen carried by individual 

bees was 10 pe r cen t. Although percentages fluctuated with 

envi r onmental conditions an increase in weight of pollen 

i s seen in Figure 7. September was the month when the late 

summer flowers be gan to bloom (probably asters and golden 

rod) a fter the lax flowering period of August. The increase 

in the pe rcenta ge of po llen weight per bee body weight is 

seen in t he f i rst t r ap period in September. In comparis on 

Figu r es and 7 all show a similar increase that 4 , S , 6 , 

begi ns a fte r the mont h of Augu s t • 

J ayco x (1970a ) 

mo r e a ttr ac t iv e and 

. bees sele ct the 
sta te s tha t fo r aging 

f among thos e 
pr oduc tive f lowers rom 
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the dark 
-oJ ored pollens were ga hercd i n abundance 

t the beginning 
he br i ght er color ed of hes udv. 1 houg h 

pollens were 
available the bee we r e not totally f amil iar with the 

foraging 
area since they we r e moved into the new beeyard a few days 

befo r e th e te s t began . Percival (1947) f ound that bees will 

Co llect pollen readily f rom the near es t sourc e of fl ower s . 

This is indicated in Figure 8 . I t is thought that s i nce t he 

number of flower ing species is high in the collection area 

at Aust in Peay State Universi t y campus the bees did have 

equal opportunity to collect f rom both light and dark pollen 

sources. However, after the second trap period the darker 

pollens we re collected in f ewer quantities and the brighter 

pollens to a greater ex t ent. I t seems that the bright pollens 

are more attractive to the bees when a choice between the 

two can be made . No t only is more bright pollen brought 

into the hive but the brighter pollen loads are heavier. 



CHAPTER VI 

SUMMARY 

An investiga ion of Apis mellife ra ----=-=-~ pollen weig hts 

and foraging activ ity was c onducted f rom June 28 to October 

7, 19 71 . During that t ime a total of 8,976 honeybees were 

trapped and observed . Of the total honeybees trapped, 

l , 564 were r andomly se l ect ed and weighed as non-pollen 

ca rri er s and 1 , 052 randomly selected as pollen carriers. 

The pollen car r ie r s had the ir pollen pellets removed and 

weighed individua ll y . These results showed the following: 

( 1) pollen i n this geographical location on the 

No rthweste rn sec tion of the Highland Rim is collected from 

early morning un t i l almost sunset and reaching a peak at 

mid day . 

(2) a gr e a t e r percentage of bees are foraging at 

the mi dday hour. 

(3) pollen c olle c tions show a decrease when the 

bl and an increase when the nectar source is unava ila e 

nectar source is abundant. 

( 4 ) 
of pollen is collected on the greate s t amount 

Compa r ed to overcast cloud cover. clear days when 
more readily 

( 5) the brighter colo red pollens arc 

da rke r colored pollens. 
se lected by honeybees over the 

f polle n pe r bee weight 
(6) the mean pe rcentage 0 



ith a ran of 0- 35 pre nt. 

) ca hr condi ions ar c as·1 1 Y correlated with 

pollen 

( ) 

ollections . 

he v ra g w ' ght of pollen is 10.2mg per bee 

49 

and the a e r ag e body weight fo r pollen carriers is 89,gmg 

while non -pollen carriers averaged 93 . 0mg body we ight. 

( g) worke r bees under isolated condi tions could with-

lo wered t empe ratures f or a short period of time before 
stand 

t emperatures became letha l . 
those 
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