
OPTIMAL BEE HIVE DESIGN FOR HOT
ARID CLIMATES (THERMOREGULATION).

Item Type text; Dissertation-Reproduction (electronic)

Authors GLAIIM, MURTADHA KAREEM.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:40:58

Link to Item http://hdl.handle.net/10150/188049

http://hdl.handle.net/10150/188049


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced in to the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete con tinuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand corner of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again-beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

Uni~ 
MicrOfilms 

International 
300 N. Zeeb Road 
Ann Arbor, MI48106 



I I 

I I 

I 

II 

II 



8526313 

Glaiim, Murtadha Kareem 

OPTIMAL BEE HIVE DESIGN FOR HOT ARID CLIMATES 

The University of Arizona 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, MI4B106 

PH.D. 1985 





PLEASE NOTE: 

In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check maik_v'_. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Glossy photographs or pages ~ 

Colored illustrations, paper or print~ 
Photographs with dark background v/ 
Illustrations are poor copy __ 

Pages with black marks, not original copy __ 

Print shows through as there is text on both sides of page __ 

Indistinct, broken or small print on several pages V 

Print exceeds margin requirements __ 

Tightly bound copy with print lost in spine __ 

Computer printout pages with indistinct print __ 

11. Page(s) lacking when material received, and not available from school or 
author. 

12. Page(s) seem to be missing in numbering only as text follows. 

13. Two pages numbered . Text follows. 

14. Curling and wrinkled pages __ 

15. Other ______________________________________________________ __ 

University 
Microfilms 

International 



II 

II 

II 

II 

l I 

l I 

l I 

l I 

l I 

l I 

l I 



OPTIMAL BEE HIVE 

DESIGN FOR HOT ARID 

CLIMATES 

by 

Murtadha Kareem Glaiim 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF ENTOMOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 985 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by r~urtadha Kareem Glaiim 
~~~~~~~~~~~-----------------------

entitled OPTIMAL BEE HIVE DESIGN FOR HOT ARID CLI~ATES 
--~~~~~~~~~~~~~~~~~~~~~~~-----------------

and recommend that it be accepted as fulfilling the dissertation requirement 

Date / / . 

iV'7/B:5-
Date I ; 

J? /? ;7 /-1 ';1 
Date > / 

fht/ys-
Date ! 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 

Da?/ 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of the 
Library. 

Brief quotations from this dissertation are allowable 
without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript in 
whole or in part may be granted by the head of the major 
department or the Dean of the Graduate College when in his or 
her judgment the proposed use of the material is in the 
interests of scholarship. In all other instances, however, 
permission must be obtained from the author. 



ACKNOWLEDGMENTS 

I am sincerely grateful to my major professor, Dr. 

Robert L. Smith, and my dissertation director, Dr. Stephen L. 

Buchmann, for their invaluable counsel throughout the course 

of this work. 

I am indebted to Dr. George Ware (Agricultural 

Experiment Station) and Dr. Lee Stith and Dr. Merle Jensen 

(Department of Plant Sciences) for serving on my graduate 

committee and reviewing the manuscript. 

I greatly appreciate the invaluable assistance of the 

scientists and staff of the USDA-ARS Carl Hayden Bee Research 

Center in Tucson, Arizona. Without the facilities furnished 

by this center, this study could not have been conducted. I 

wish to make a special acknowledgment to Dr. Gordon Waller, 

Mr. Joseph Martin, Mr. Johncie Pierce, Mr. Kevin Taylor, and 

Mr. Charles Shipman. 

Finally, I am greatly indebted to my wife, Kawkeb, for 

her patience, inspiration, and encouragement. 

iii 



TABLE OF CONTENTS 

Page 

LIST OF TABLES . iv 

LIST OF ILLUSTRATIONS . . vii 

ABSTRACT · xi i 

CHAPTER 

1 EFFECTS OF SHADING AND VENTILATION 
THERMOREGULATION BY HONEY BEE (APIS MELLIFERA 
COLONIES IN TUCSON, ARIZONA. 

Introduction . 

Literature Review. 

Insect Thermoregulation 
Apicultural Management 
to Optimize Honey Bee 
Colony Thermoregulation 
Effects of Environmental 
and within Colony Conditions 
on Honey Bee Activities. 

Materials and Methods 

ON 
L. ) 

1 

1 

5 

5 

· 14 

· 16 

.24 

Study Period and Location . . 24 
Honey Bee Colonies and Hives .24 
Treatments. .27 
Parameters Used to Determine 
the Efficacy of Different Treatments .. 30 
Statistical Analysis of Data. .34 

iv 



TABLE OF CONTENTS--Continued 

Results and Discussion. 

Temperatures of Empty and 
Bee-Occupied Hives . 
Types and Amounts of Loads 
Carried by Foraging Honey Bees 
Honey Bee Flight Activity 
at the Hive Entrance . 
Sealed Brood Area . 
Colony Weight Gain . 

Conclusions 

CHAPTER 

2 THERMODYNAMICS OF ADOBE, PERLITE CONCRETE, 
AND WOODEN BEE HIVES: EFFECT OF PAINTING 
AND SHADING . 

Introduction 

Literature Review. 

Heat Flow into Hives 
Ways to Reduce Solar Heat Gain 

Materials and Methods . 

Study Location and Dates 
Treatments . 
Temperature Measurements 
Calculation of Temperature 
Areas under the Curves 

Results. 

Hive Cover Outside Surface 
Temperatures . 
Differences Between Outside 
and Inside Surface Temperatures 
of Hive Covers. 

v 

Page 

. 36 

.36 

.49 

.64 
. 69 

.79 

.84 

.89 

.S9 

92 

92 
.100 

.105 

.105 

.105 

.10S 

.110 

. 111 

.111 

.119 



TABLE OF CONTENTS--Continued 

Inside Hive Air Temperatures. 

Discussion . 

Hive Cover Surface Temperatures 
Differences Between Outside and 
Inside Surface Temperatures of 
Hive Covers 
Hive Inside Air Temperatures 

Conclusions 

REFERENCES CITED . 

vi 

Page 

.126 

138 

138 

. 140 
.141 

.143 

.147 



LIST OF ILLUSTRATIONS 

Figure 

1. Maximum and minimum daily ambient temperatures at 
Campbell Avenue Farm, about 1.5 Km. from present 

Page 

study location during period of this study . . 25 

2. Photograph showing shaded and unshaded colonies at 
Carl Hayden Bee Research Center, Tucson, Arizona, 
1983. .29 

3. Photograph showing an upper vent on 
cover of a ventilated hive. The vent is 
means of a metal plate to prevent 
entering the hive. 

the outer 
covered by 
rain from 

4. Photograph showing the Gary flight cone in place 

.29 

to count departing bees at the hive entrance. .32 

5. Photograph showing a wire grid used to measure 
sealed brood area. . 32 

6. Mean temperature of air inside empty, one-story 
hives located in different conditions of shading 
and ventilation. .37 

7. Mean 
to 

brood nest temperature of colonies subjected 
different conditions of shading and 

ventilation. 39 

8. Mean temperature of air, ambient and in shade. 42 

9. Mean amounts of nectar and water (microliter) per 
colony carried by 20 bees during one visit at 1400 
hours. . 53 

10. Mean arcsin transformations of numbers of nectar-
carrying bees at 1400 hours. . 59 

11. Mean arcsin transformations of number of water-
carrying bees at 1400 hours. . 60 

12. Mean arcsin transformations of number of empty 
bees at 1400 hours. . 61 

vii 



Figure 

13. 

14. 

LIST OF ILLUSTRATIONS--Continued 

Mean arcsin transformations of number of 
carrying bees at 1400 hours. 

Percent volume of nectar of the total 
(nectar or waterO carried into the hives 
bees per colony at 1400 hours. 

pollen-

liquid 
by 20 

15. Mean number of departing foragers at 0900 hours of 
colonies representing different conditions of 

viii 

Page 

62 

. 63 

shading and ventilation. . 70 

16. Mean number of departing foragers at 1100 hours of 
colonies representing different conditions of 
shading and ventilation. . 71 

17. Mean number of departing foragers at 1400 hours of 
colonies representing different conditions of 
shading and ventilation. . 72 

18. Mean number of departing foragers at 0900. 1100. 
and 1400 hours collectively of colonies 
representing different conditions of shading and 
ventilation. . 73 

19. Mean square root of sealed brood area losses of 
colonies representing different treatments. .75 

20. Mean gain and loss in colony weight representing 
different treatments. .SO 

21. Average hourly temperatures of outside surfaces of 
covers of unpainted. unshaded empty hives on July 
4. 5. and 12 (1982). .112 

22. Average hourly temperature of outside surfaces of 
covers of unpainted. shaded empty hives on July 9. 
10. and 11 (1982). .113 



LIST OF ILLUSTRATIONS--Continued 

Figure 

23. Average hourly temperature of outside surfaces of 
covers of white-painted, unshaded empty hives on 

ix 

Page 

July 30, 31, and August 1 (1982). 114 

24. Average hourly temperature of outside surfaces of 
covers of white-painted, shaded empty hives on 
August 3, 4, and 5 (1982). .115 

25. Average hourly temperature of outside cover 
surface of white-painted, unshaded empty hives on 
December 17, 21, and 22 (1982). 116 

26. Average hourly temperature of outside cover 
surfaces of black-painte~ and unshaded empty hives 
on January 4, 6. and 7 (1983). .117 

27. Average temperature difference between outside and 
inside surface temperatures of covers of unpainted 
and unshaded empty hives on July 4, 5, and 12 
(1982). 120 

28. Average temperature difference between outside and 
inside surface temperatures of covers of unpainted 
and shaded empty hives on July 9, 10, and 11 
(1982). 121 

29. Average temperature difference betw~~n outside and 
inside surface temperatures of covers of white
painted and unshaded empty hives on July 30, 31, 
and August 1 (1982). . 122 

30. Average temperature difference between outside and 
inside surface temperatures of covers of white
painted and shaded empty hives on August 3, 4, and 
5 (1982). .123 

31. Average 
inside 
painted 
21, and 

temperature difference between outside and 
surface temperatures of covers of white

and unshaded empty hives on December 17, 
22 (1982). 124 



LIST OF ILLUSTRATIONS--Continued 

Figure 

32. Average temperature difference between outside and 
inside surface temperatures of covers of black
~ainted and unshaded empty hives on January 4, 6, 

x 

Page 

and 7 (1983). 125 

33. Average hourly temperature of inside air of 
unpainted, unshaded empty hives on July 4, 5, and 
12 (1982). 129 

34. Average hourly temperature of inside 
unpainted, shaded empty hives on July 9, 
11 (1982). 

air of 
10, and 

35. Average hourly temperature of inside air of white
painted, unshaded empty hives on July 30, 31 and 

130 

August 1 (1982). .131 

36. Average hourly temperature of inside air of white
painted, shaded empty hives on August 3, 4, and 5 
(1982). 132 

37. Average hourly temperature of inside air of white
painted, unshaded empty hives on December 17, 21, 
and 22 (1982). .133 

38. Average hourly temperature of inside air of black
painted, unshaded empty hives on January 4, 6, and 
7 (1983). 134 

39. Average areas under the curves (OC.hour) of 
temperatures of inside air of empty hives between 
0700 and 1700 hours. .136 

40. Average areas under the curves (OC.hour) of 
temperatures of inside air of empty hives between 
1200 and 1600 hours in summer and 0700 and 1100 
hours in winter. .137 



LIST OF TABLES 

Table 

1. Different aspects of ambient temperatures (OC) 
during study period at the University of Arizona 
Campbell Avenue Farm located about one and half 

Page 

Kilometers from study location. .26 

2. Mean arcsin transformations of numbers of foraging 
honey bees carrying nectar, water, pollen, and 
with empty crops. Also presented is the percent 
volume of nectar of the total volume of liquid 
(nectar and water brought into the hives at 1400 
hours. 

3. Mean number of outgoing honey bees from colonies 
under different conditions of shaidng and 

. 50 

ventilation, and at different hours of the day. .65 

4. Thermal conductivity of adobe, perlite concrete, 
and white pine. 

5. Physical dimensions and properties of experimental 

103 

hives. .107 

6. 

7. 

Maximum temperatures 
surfaces. 

COC) of outside 

Maximum temperatures COC) of inside hives. 

xi 

cover 
118 

.135 



ABSTRACT 

Effect of shading, ventilation, and a combination of 

these for cooling honey bee, APis mellifera L., hives during 

summer months were studied under field conditions at Tucson, 

Arizona. Mean brood nest temperatures during day hours, 0800 

to 2000 hrs, were significantly lower in shaded and 

ventilated colonies than those of all other treatments. 

Neither shading alone nor ventilation alone had signi~icant 

effect on brood nest temperatures compared with control 

treatment. 

Nectar and pollen carrier proportions were 

significantly larger in shaded colonies than those of 

unshaded colonies at 1400 hrs. Ventilation had insignificant 

effect on nectar carrier proportions in both locations, 

whereas it significantly decreased and increased pollen 

carrier proportions in shaded and unshaded colonies, 

respectively. Mean volumes of nectar, however, were not 

significantly different from each other in all treatments. 

Proportions of water carriers and water volumes were 

significantly smaller in shaded colonies without significant 

difference between means of ventilation and no ventilation 

than those of unshaded colonies with ventilation had 

significantly smaller means. 

xii 



xiii 

All treatments were not significantly different from 

each other regarding mean numbers of departing bees at 0900, 

1100, and 1400 hrs and mean sealed brood areas. Mean colony 

weight of control colonies differed 'insignificantly from 

those of all other treatments. 

In another study, empty bee hives made of pine wood, 

perlite concrete, and sun-dried adobe and subjected to 

different combinations of shaeting and painting were tested to 

determine the effect of these materials thermal properties in 

cooling and heating the hives during summer and winter, 

respectively. The walls of the wooden hive were 1.9 cm-thick 

while those of the other two hives were 5.0 cm-thick. Under 

all treatment conditions, the areas under the curves for 

inside air temperatures of the wooden hive were larger than 

those of the other two hives for a 10-hour period, from 0700 

to 1700 hrs. The calculated "temperature areas" for the other 

two hives were very close to each other. 

Shading, was more effective than white paint in reducing 

hive temperatures in summer. Hives painted black during 

winter had remarkably higher temperatures than white-painted 

hives. 



CHAPTER 1 

EFFECTS OF SHADING AND VENTILATION ON 

THERMOREGULATION BY HONEY BEE (APIS MELLIFERA L.) 

COLONIES IN TUCSON, ARIZONA 

Introduction 

If food (nectar and pollen) is available, European 

honey l)ee, Api s me 11 i fera L., colonies have demonstrated 

their ability to colonize different regions of the world 

where ambient temperatures are severe. Its colonies are 

found in arctic, temperate, tropical, and hot desert 

climates. Individual honey bees can fly at low ambient 

temperatures (about 10 0 e) and at ambient temperatures as high 

as 46°C (Ribbands, 1953; Heinrich, 1979a; Cooper et al., 

1985) . 

Whatever the ambient temperature range, honey bee 

colonies must maintain their brood nest temperatures in the 

range of 34-36°C for normal brood rearing and emergency 

(Lindauer, 1955; Fukuda and Sakagami, 1968; Heinrich, 1985). 

The ability of honey bee colonies to maintain such a narrow 

limit of internal temperature is due to their advanced 

mechanisms of temperature regulation, considered to be the 

most precise among those of other social insects (Seeley and 

1 
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Heinrich, 1981). 

Hmvever, honey bee colonies living in hot climates 

cannot maintain normal internal temperatures without paying a 

"price". The latter increases proportionally to the increase 

of surrounding temperatures. Lensky (1958) stated, "it seems 

likely that continuous overheating during the hot and 

nectarless months may lead to a waste of bees' 

excessive hive ventilation and water collection, 

energy on 

in order to 

keep the temperature of the brood nest from rising." Seeley 

and Heinrich (1981) reported that long-term excesses of just 

1-2°e above the upper limit of brood nest temperature, 36°e, 

would highly disrupt brood nest metamorphosis. Farrar (1968) 

reported that when mean colony temperature rises above 37-

38°e, eggs and small larvae desiccat, older larvae crawl from 

the cells, and under the most severe conditions mortality of 

the sealed brood and adult bees occurs. 

In nature, honey bee mitigates colony heating during 

summer by practicing both long-term and short-term mechanisms 

of nest thermoregulation. The former are achieved by nest 

location, architecture, and design while short-term 

mechanisms include behavioral and physiological responses 

such as fanning and water evaporation to adjust minute-by-

minute changes in temperatures (Seeley and Heinrich, 1981). 

Man-kept honey bee colonies, however, do not have all the 
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same options as their counterparts in natural colonies. It is 

the beekeeper rather than the bee colony who decides the 

colony location, the hive design and size, the hive entrance 

area and direction, the location of honey stores, the 

distributiop of brood combs, etc. Under such conditions, the 

success of honey bee cqlonies to withstand heating during 

summer months depends on the practices employed by the 

beekeeper. If the beekeeper fails to offer his colonies what 

they need for long-term mechanisms of thermoregulation, the 

colonies may not be able to maintain appropriate internal 

temperatures even though they employ different short-term 

temperature regulation mechanisms. For instance, in Iraq 

where maximum ambient temperatures might reach 50°C during 

summer months, honey bee colonies occupying modern hives 

directly exposed to sunlight usually abscond to well

sheltered sites (personal observations). 

Many studies have considered the conditions that can 

help man-kept colonies withstand hot climates. These studies 

have examined shading, ventilation, painting, liberal 

"supering", kinds of hive materials, etc. Shading has been 

found to be an important factor in protecting honey bee 

colonies from overheating and enabling them to be more 

productive, especially in extremely hot climates (Lensky, 

1964 b; Owens 1959). The effect of ventilation, however, has 



not firmly been proven, for it depends on many factors 

including vent location and size, wind speed, space amount, 

and colony population size (Chadwick,' 1922 and 1931; 

Hazelhoff, 1953; Simpson, 1961; and Lensky and Seifet, 1980). 

None of the previous studies had examined the effect of 

simultaneous application of both shading and ventilation· and 

the efficacy of interaction this combination might have on 

honey bee colonies. Also, there has been no previous studies 

on the effects of these two factors under the hot conditions 

in the Southwestern Deserts of the United States of America, 

except that conducted by Owens (1959) who used colony honey 

production as the only parameter to judge the effect of 

shading on honey bee colonies. 

The objective of this study was to fill the above

mentioned gap. The effects of shading alone, ventilation 

alone, and the combination of shading and ventilation were 

examined against control colonies that received neither one 

of these two factors. The judgment on the effect of each of 

these treatments was based on different colony activities 

including empty hive temperatures, brood nest temperatures, 

proportions of nectar, water, and pollen gathering bees, 

flight activity, brood area, and colony weight gain. 
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Literature Review 

Insect Thermoregulation 

Each insect species lives within a range of temperature 

tolerances. The upper lethal limit {lethal thermal maxima) 

for most insects is located between 40 and 50°C. There are, 

however, exceptions where insects can survive at temperatures 

higher than this limit or other insects die at much lower 

temperatures (Bursell, 1964) . Willmer (1982) mentioned that 

excessively high temperatures in insects may cause "a buildup 

of the end-products of metabolism, exhaustion of food 

reserves, inactivation of enzymes and coagulation of 

structural proteins, disruption of biological membrances and 

of the physiological exchanges of ions, water and metabolism 

which depend upon their structural integrity; and, in the 

special case of terrestrial arthropods, changes in the 

permeability of epidermal or cuticular layers and possible 

resultants death from dessication." 

Lensky (1964b) reported that one of the reasons for the 

superiorities of social insects over solitary insects comes 

from the fact that social insects have the ability to 

regulate the temperatures inside their nests to meet the 

requirements of optimum development. In contrast, the brood 

of solitary insects are subjected to the direct effect of the 
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surrounding environment. Lensky (1964a) stated that social 

insects use thermoregulation mainly to insure optimum 

temperatures required for the development of immature stages 

(brood). Thermoregulation as defined by May (1979) is, "the 

maintenance, by active behavioral or physiological responses 

of an organism in its natural environment, of body 

temperature relatively independent of environmental 

temperature, at least during some part of the activity 

cycle." May (1979) stated that many insects have evolved 

mechanisms for thermoregulation rivaling those of 

vertebrates. Referring to the source of heat used to maintain 

body temperature above or below ambient temperature, tl.vO 

terms are used. They are endothermy and ectothermy. The 

former term means that, " f heat that determi nes ' body 

temperature is produced by the animals' own energy 

metabolism." Ectothermy means that, " heat that determines 

body temperature is acquired from the environment b~/ 

radiation, convection, or conduction." An animal is called 

heterothermic when it is endothermic part of the time and 

ectothermic part of the time (Heinrich, 1981). 

Thermoregulation of Flving Honev Bees in Hot 

Environments. Published works on the physiology of insect 

temperature regulation have almost all concentrated on 

thoracic temperature regulation, since it contains not only 
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the muscles producing heat but also the ganglia regulating 

the contraction of these muscles. Also, the power required 

for flight depends on high temperatures within the thoracic 

muscles. Insect head and abdomen, however, contain smaller 

muscle masses that can be used for endothermoregulation 

(Heinrich, 1980a and Casey 19(6). The minimum thoracic 

temperature for continuous flight in honey bees 

mellifera~) is 27°C (Heinrich, 1979 b). He found that honey 

bee thoracic temperature during continuous flight was 

regulated only at high ambient temperatures, from 30-40°C. At 

ambient temperatures from 15-25°C the thoracic temperature is 

not regulated during continuous flight; it increases directly 

with increasing ambient temperature. Although bee thoracic 

temperatures of 46-48°C are near lethal limits (Heinrich, 

1980 b), this insect was found to fly at ambient temperature 

as high as 46°C (Heinrich, 1979a and 1980a; Cooper et al., 

1985). Flight at such high ambient temperatures cannot be 

achieved without efficient cooling mechanisms. 

Heat transfers within insect by both conduction and 

haemol)/mph circulation (Church, 1960a, 1960b; Heinrich, 1971, 

1974b, 1975, 1979a, 1980a, 1980b, There are two kinds of 

structures that hinder the loss of heat from the thorax to 

the surrounding environment. These structures are: 

subcutaneous air sacs slowing heat conduction to the body 
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surface and superficial setae and/or scales interferring with 

convective heat loss (Church 196Gb; Heinrich, 1976) . In 

bumblebees overheating of the thorax is prevented by 

shunting heat from the thorax to the abdomen by haemolymph 

circulation. The aorta in this insect is loop-shaped through 

the thoracic musculature. This feature, unlike a straight 

tube, provides greater surface area for heat exchange and 

consequently greater heat transfer from thoracic muscles to 

the haemolymph. The heated haemolymph enters the head and 

then back to the abdomen. The spareness of insulation on the 

ventral side of abdomen facilitates loss of heat to the 

environment by convection, and during brood incubation heat 

transfers to the brood by conduction (Heinrich, 1976) . In 

honey bees the aorta within the thoracic musculature is not 

looped (Snodgrass, 1956; Heinrich, 1976). The aorta in the 

narrow petiole is greatly enlarged by being convoluted into 

loops, and hence increases the surface area of the vessel 

functioning as a countercurrent heat exchanger to retain heat 

in the thorax. Such an anatomy serves to facilitate the 

insect to fly at lo~v ambient temperatures, but may overheat 

the thorax unless other heat dissipative mechanisms are used 

(Heinrich, 1979a). 

The regulation of head temperature by honey bees is the 

primary mechanism to reduce thoracic temperature that allows 
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these insects to fly at high ambient temperatures. In honey 

bees, unlike bumblebees and sphinx moths, the head rather 

than abdomen serves as a heat sink for excess heat from 

thoracic work (Heinrich, 1979a, 1980a, 1980b; Cooper et al .. 

1985). Heat flows from honey bee thorax to the head by either 

passive conduction or physiologically facilitated blood 

circulation (Heinrich, 1980a). At high ambient temperatures 

(above 35°C) honey bees may regurgitate honey crop contents 

to regulate head temperature through evaporati~e cooling. The 

thoracic temperature is secondarily stabilized as heat flo\vs 

from the thorax to the head by the above methods (Heinrich, 

1979a; Cooper et al., 1985). Cooper et al. (1985) found that 

honey bees could fly for 45 seconds at 40°C ambient 

temperature with no fluid before their body temperature 

increased to 50°C. When pure water or nectar was available 

for evaporative cooling the bees could fly farther (120 

seconds) before their body temperature started increasing. 

Thermoregulation within the Brood Nest. Honey bee brood 

are very stenothermal, i . e. sensitive to temperature 

fluctuations, for they require 32-36°C temperatures to 

survive and 34-36°C as normal "emergency range" (Fukuda and 

Sakagami, 1968). Seeley and Heinrich (1981) reported that 

capped brood reared at 32-36°C emerged normally. All of those 
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reared at 37-39°C died while some died when reared at 37°C. 

Farrar (1968) reported that when temperatures within a honey 

bee colony rises above 37-38°C, eggs and small larvae become 

desiccated, older larvae crawl from the cells, and under the 

most severe conditions there will be mortality of the sealed 

brood and adult bees. Gary (1979) reported that relative 

humidity in the brood rearing area (brood sphere) is fairly 

constant from 34 to 35 percent. Jay (1963) found that the 

growth rate of honey bees is more uniform than other insects 

due to the ability of the bees to maintain homeostasis within 

the brood rearing area. Brood nest temperature, however, may 

fluctuate narrowly or widely depending on different 

architectural and environmental factors including the 

position of the brood within the colony, colony size, and 

extremes of environmental temperature. Minnick and Murphey 

(1974) stated that more populous hives maintained more 

constant temperatures than hives with lower population 

densities. Simpson (1961) concluded that the brood nest 

temperature tends to be steady when eggs are present whereas 

,it fluctuates more in the presence of larvae and even more 

in the presence of sealed brood. While the 

temperatures of brood nest show remarkable independence from 

fluctuating surrounding temperatures, a strong correlation 

between the non-brood areas and ambient temperatures exists. 
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the magnitude of this correlation depends upon the 

number of bees found in the broodless area (Dunham, 1929; 

Mi 1 urn, 

1961) . 

1930; Bodenheimer and Ben-Nerya, 1937; and Simpson, 

Honey bee 2olonies perform precise minute-by-minute 

"sensory measurements" to counter brood nest cooling 

overheating. These measures include: the spreading apart of 

bees from each other on the combs (opposite to clustering on 

combs during winter), the ventilation of hives by wing-

fanning, clustering outside 

evaporation of water (Chadwick, 

the nest entrance. 

1.922, 1931; Park, 

and 

1923; 

Milum, 1930; Dunham, 1931; Reinhardt, 1939; Mitchener, 1940; 

Hazelhoff, 1953; Lindauer, 1955; Simpson, 1961; Hodgson, 

1961; Lensky, 1961, 1964a, 1964b; Smith, 1964; Verma, 1970; 

Jay and Frankson, 1972; Seeley, 1974; and Nunez, 1979). 

Clustering outside the hives by APis mellifera occurs 

when outside temperatures rise to about 34.2°C (Dunham, 

1931). Milum (1930) found that the bees cluster outside the 

hive entrance at temperatures of 35.0 to 36.4°C in the brood 

nest. 

Reinhardt (1939) defined ventilation as, "the rate of 

exchange of air between the inside of the hive and the 

surrounding atmosphere." Ventilation is goverened by the 

number of fanning bees, and the position, number, and size of 
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openings to the colony. Honey bees practice two kinds of 

fanning: communicative fanning and ventilative fanning 

(Hazelhoff, 1953; Simpson, 1961; and Gary, 1979). In 

communicative (orientation) fanning worker bees expose their 

scent gland from which a pheromone is released. The 

ventilative fanning has different functions such as: reducing 

hive temperatures by circulating air through the hive during 

warm weather, hastening evaporation of excess water in 

nectar, expelling odors from the hive, and ridding the hive 

from air contamination such as that caused by smoke or carbon 

dioxide (Hazelhoff, 1953; Beutler, 1951; Simpson, 1961; 

Morse, 1972; Seeley, 1974; and Gary, 1979). Hazelhoff (1953) 

stated that the body position of a ventilative fanning bee is 

slightly curved while the abdomen of orientation fanning bee 

points upwards. Gary (1979) reported that ventilative fanning 

might include the hive entrance and all the bottom board, 

almost to its rear. Fanning bees orient themselves with the 

head towards the inside of the hive, and consequently the air 

current leaves the hive through the entrance. Under extreme 

conditions, a second group of fanners may often be seen 

working simultaneously with the first group. The second group 

occupies the other part of the bottom board, mostly within 

the hive, and their heads are not oriented toward the rear of 

the hive but in the opposite direction. Hence, their fanning 
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activity set up air current into the hive. The activity of 

the two groups speeds the circulation of air which enters the 

hive through one side of the hive entrance, circulates inside 

the hive, and leaves the hive through the another side of the 

entrance~ 

Evaporative cooling is achieved either by spreading 

water onto the combs within the colony or by fluid 

regurgitation, a process called proboscis folding and 

unfolding. When not enough dilute nectar is available upon 

continuous overheating, the bees rapidly leave their hives to 

find water. When no water is available for a period of time 

the bees prefer dilute nectar to concentrated nectar 

(Chadwick, 1931; Lindauer, 1955; Simpson, 1961; and Gary, 

1979). Water, however, is collected not only for temperature 

regulation but also to meet the physiological needs of adult 

bees and larvae (Lensky, 1961; Farrar, 1968). Unlike honey 

and pollen, water is not stored in the comb cells. Small 

'pools' of water can be seen on the depressions between the 

sealed cells. In case of uncapped cells, the water droplets 

are put inside, especially those occupied by eggs and larvae 

(Lindauer, 1955). Division of labor also takes place in the 

process of thermoregulation. Some groups of bees collect 

water while other groups receive it then pass the water to 

other bees who spread the water onto the combs. During 
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overheating, water-carriers become busy in dancing in the 

hives as the nectar and pollen carriers do. When the 

overheating is over, the dancing ceases gradually (Lindauer, 

1955). 

Apicultural Management to Optimize 
Honey Bee Colony Thermoregulation 

Ventilation. Hive ventilation is affected by many 

different factors including the number and position of hive 

openings, the nature of the cavity occupied by the bees, and 

the hive volume (Simpson, 1961). Smith (1964) studied the 

effect of top ventilation on temperatures of empty hives. The 

average daily maximum temperature of hives provided with 

upper vents was 1.3°C lower than that of unventilated hives. 

The upper vent was 116 cm2 in area. Yancey (1979) suggested 

the use of 0.9 cm-th~ck and 1.9 cm-wide strips between supers 

during the summer to aid hive ventilation. Lensky and Seifet 

(1980) stated that the combination of hive ventilation and 

'liberal' supering increased the production of honey although 

this increase was not significant at (p 0.05). This 

combination also reduced hive temperatures and prevented 

colony swarming. Demuth (1921) and Peer (1969) suggested that 

poor ventilation and air drainage of a hive raises the chance 

of swarming. 
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Shading. Shade reduces the radiant heat load from sun. 

sky and ground (albedo) and substitutes shaded area for part 

of the hot ground (Bond et al., 1954). Kelley and Bond (1958) 

stated that the properties of materials affecting their 

efficiency as open shades are: (1) transmissivity and 

reflectivity of upper and lower surfaces for radiant energy 

of all wave lengths, (2) thermal diffusivity, (3) nature of 

the surface for heat transmission by convection, (4) shacle 

solidness or percentage of the area that is open. 

There are two types of artificial shades commonly used 

in beekeeping: shades providing solid shade such as aluminum 

or wood and shades providing partial shade as those made of 

R palm fronds, lath, hay, and woven Saran cloth (Owens, 1959; 

Nye, 1962). Kelley and Bond (1958) stated that effectiveness 

of woven green saranR cloth is affected by two factors: its 

color and its mesh size allowing some sunlight to pass. 

Lensky (1964b) studied in detail the effect of both 

painting and shading on honey bee activities. His colonies 

were housed in three kinds of hives: a hive coated with 

aluminum except for the roof of raw metallic zinc, a hive 

entirely "whitewashed" tvith lime solution, and a hive 

protected with a shelter furnishing shade only when the sun 

was very high. Very high ventilative fanning activity was 

recorded in the hive coated with aluminum paint while fanning 
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activity was lower in the whitewashed 'hive. In the sheltered 

hive fanning activity rose till noon, and then waned till 

1500 hrs. Water carrying activity was much greater in 

aluminum-painted hive than in whitewashed and sheltered 

hives. In Arizona, Owens (1959) placed honey bee colonies 

under e~ther solid aluminum shade, partial shade (75 per cent 

wooden shade fence), or in full sun exposure. The average 

gains of honey per colony were 40.18, 31.60, and 21.56 Kg 

under these shades, respectively. Owens, however, did not 

mention if these data were statistically analyzed. In Utah, 

Nye (1962) concluded that both shading and 'liberal' supering 

significantly increased and decreased honey production and 

brood nest temperature, respectively. In this study, 7 out of 

the 20 colonies involved superseded their queens, and it is 

not known whether these colonies were disregarded from the 

study or not. If not, the above mentioned results should be 

questioned. 

Effects of Environmental and Within Colony 
Conditions on Honey Bee Activities 

Flight Activitv. Productive colonies require sufficient 

amounts of pollen and honey throughout the year in order to 

produce maximum populations at the time of major resource 

flows. Sufficient food stores in a colony makes it relatively 

independent of weather conditions for days or even weeks 
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(Farrar, 1968). Flight activity is often used as an index of 

the economic value and potential ability of colonies used for 

commercial rental pollination, in addition to the size of 

brood area. Flight activity at the hive entrance is also used 

for other purposes such as studying the effect of climatic 

factors, evaluating bee flight in the field, and determining 

the effect of' stimuli such as sounds, 

bees (Gary, 1967a). 

or 'odors on forag i ng 

Many workers have investigated the effect of climatic 

factors on honey bee flight activity. These factors included 

temperature, relative humidity, light, wind, and barometric 

pressure (Park, 1922; Lundie, 1925; Bodenheimer and Ben-

Nerya, 1937; Todd and Bishop, 1940; Jorgensen and Markham. 

1946; Lensky, 1964a; Gary, 1967; Nelson and Jay, 1975; 

Burrill and Kossack, 

1981; Cooper et aI, 

multiple regression 

1971; Szabo, 1980; Burrill and Dietz, 

1985). Burrill and Kossack (1971) using 

analysis demonstrated that the 

combination of climatic factors is more important than any 

single factor on honey bee flight activity. Burrill and Dietz 

(1981) found that air temperature and solar rediation 

intensity are the most important factors among all other 

factors affecting flight activity. Bodenheimer and Ben-Nerya 

(1937) found no flight activity took place at ambient 

temperatures below SoC. They also found the flight activity 
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at ambient temperatures of 35 to 40°C was mainly for water 

collection. 

Aside from weather factors, honey bee flight activity 

is affected by colony strength and food availability in the 

field. Lundie (1925) found that strong colonies started 

flying under lower temperatures compared with weak colonies. 

Gary (1979) reported that when food is available for bees 

during only a certain portion of the day, the bees remain 

idle during other portions of the day when the food is not 

available. Lundie (1925) from a full season's survey showed 

that a heavy nectar flows were the strongest among all other 

external factors affecting flight. Gary et al. (1978) stated 

that there were significantly more foragers in populous than 

in small colonies. 

bees each had 3.1, 

strong colonies with 15 to 20 frames of 

3.9, and 2.3 times as many bees foraging 

on almond in orchards as small colonies with 1 to 7 frames of 

bees each. 

During a single trip a bee might collect only pollen or 

both pollen and nectar. Gary (1979) reported that of a total 

of more than 13,000 bees observed, 25 percent collected 

pollen only, 58 percent collected nectar only, and 17 percent 

collected both nectar and pollen on the same trip. Gary 

(1979) reported that at ambient temperature above 43°C pollen 

and nectar foraging may cease, but water foraging continues. 
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Cooper et al (1985) found that the proportion of bees 

carrying pollen rapidly decreased or stopped at ambient 

temperatures above 40°C. 

Brood Amount. The amount of brood in honey bee colonies 

is affected by different factors such as colony size, queens' 

egg-laying capacity, supply of both pollen and 

temperature, and available comb space and 

honey, hive 

its position 

(Ribbands, 1953; Farrar, 1968). The range of nest 

temperatures required for brood rearing was mentioned above. 

Brood rearing rate is not always steadily dependent on 

colony size. Farrar (1968) reported that the ratio between 

sealed brood and colony size decreased 10 to 14 per cent for 

each increase of 10,000 adult bees, whereas the rate of egg 

laying increases steadily until 

population of 40,000 adult bees. 

the colony reaches a 

Farrar (1968) added that a 

large colony produces more brood than a small colony, yet has 

a higher proportion of its bees available for gathering 

pollen and nectar. McLellan (1978) stated that in Scotland, a 

significant positive correlation was found between brood 

rearing and colony size until June when brood amounts began 

to decline. Merrill (1924 a) found that queen honey bees 

maintained a higher daily average of egg laying in presence 

of an increased numbers of bees. 
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Pollen is the major protein source for cieveloping honey 

bee larvae. O'Neal and Waller (1985) mentioned that major 

brood production peaks in Tucson area, Arizona occur within 

two major periods of pollen influx, February through June and 

August through October. Taber. (1978) and Waller et al (1981) 

found that drone brood appeared when the pollen harvest is 

sUfficient and disappeared when the pollen income is scarce 

in spring. Jeffree anci Allen (1957) stated that the curve of 

stored pollen throughout the year in Scotland is 

approximately similar to that of the brood production curve. 

Todd and Bishop (1940) stated that in fruit orchards, 

colonies with brood brought into the hive about twice as much 

pollen as other colonies of equal bee force but without brood 

to feed. Cale (1967) found that pollen collection and egg

laying ability of the queen had highly significant 

correlations of r=O.66, 0.58, and 0.81 in three apiaries 

under test. Todd and Reed (1970) stated that the amount of 

pollen collected/colony was found to be closely correlated 

with the amount of brood (r = 0.598). Al-Tikrite et al (1972) 

concluded that there was a significant correlation between 

the amount of uncapped brood and the amount of pollen 

collected. Free (1960) stated that absence of queen, with or 

without brood, increased and decreased nectar and pollen 

collection, respectively. 
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The effect of nectar availability on the rate of brood 

rearing is controversial. Merrill (1924a) stated that because 

weak colonies do not attain their maximum size until after 

the beginning of a honey flow, many beekeepers believe that 

there is a direct effect of nectar collection on brood 

rearing Merrill (1924a) added that this was true with small 

colonies with no significant stores, but in populous colonies 

brood rearing was reduced during nectar flows. Nolan (1925) 

showed that brood rearing was maintained during subsequent 

major nectar flows and decreased at the end of them. Ribbands 

(1953) quoting Taranov stated that Italian races benefitted 

from nectar flows and increased their brood. Caucasian races 

filled brood nest frames with nectar, hence lessened the egg

laying rate as would happen when no sufficient empty combs 

are available. 

Honev Yield. The sugar and water content of floral 

nectars differ according to plant source species 

surrounding environmental conditions (temperature 

and 

and 

relative humidity). Lensky (1964a) considered foraging bees 

that had less than 10 percent total dissolved solids in their 

honey stomachs as water carriers rather than nectar· carriers. 

Most floral nectars have greater than 15 percent of total 

dissolved solids. 

Gary (1979) reported that nu~se bees use fresh nectar, 
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when it is available, in the preparation of brood food. Thus, 

the need for water increases during the early spring, and 

water carriers increase their activity before honeyflows 

start. When fresh nectar becomes abundant later, water 

collection practically ceases. Lensl<y (1964b) found that 

water was carried into the hive during morning and afternoon 

hours to cool the open brood, 

hive. 

for feeding and/or cooling the 

Kenoyer (1917) analyzed the relation between ambient 

temperatures and honey yields for all single days recorded in 

the period between 1885 and 1914 in southwestern Iowa. These 

data showed that days of ambient temperatures ranged from 

26.7 to 32.2 °C were the best for honey production. Ambient 

temperatures higher than 37.8 °C highly reduced honey 

production. High external temperatures might have affected 

nectar production, bee flight activity, and brood nest 

temperature. Hambleton (1925) mentioned four major factors 

influencing honey production. These factors are: "surplus" 

population of bees exceeding the needs of colony maintenance, 

a predominance of the "storing instinct", and swarming 

control, availability of honey plants live under optimum 

conditions, and weather appropriate for flight activity. 

Hambleton (1925) stated that if anyone of these factors is 

reduced to zero, the honey production will be zero. Farrar 
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(1937) found that a correlation coefficient between colony 

population and honey production to be 0.9292. He stated, "the 

production per unit of bees substantially increases, on the 

average, as the population increases." A colony with 60,000 

bees might produce 1.54 times as much honey as four colonies 

of 15,000 bees each; a colony of 45,000 population might 

produce 1.48 times as much honey as three colonies of 15,000 

bees each, and a colony of 30,000 bees might produce 1.36 

times more honey than two colonies of 15,000 bees each. 



Material and Methods 

study Period and Location 

The study was carried out at the USDA-ARS Carl 

Hayden Bee Research Center, Tucson, Arizona. This center is 

located one and half km from the University of Arizona 

Campbell Avenue Farm. The latter is at an elevation of 710.2 

m, and located at 32°17' latitude and 110°57' W longitude 

(United states Department of Commerce, 1983). 

The study was carried out from June 21, 1983 (when 

treatments were implemented) to September 21, 1983 during the 

hotest ambient temperatures at this location (June is 

typically the driest hottest month). Figure 1 presents both 

maximum and minimum ambient temperatures at the farm, and 

table 1 shows different aspects of these environmental 

conditions. 

Honey Bee Colonies and Hives 

Twenty-eight mated Italian honey bee colonies, Apis 

mellifera liguistica, were used for this study. These 

colonies were headed by sister queens and were nearly equal 

in strength based on whole hive weight, brood area, and adult 

bee population. During the study period some of these 

colonies lost their queens either by supersedure or might 
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Figure 1. Maximum and minimum daily ambient temperatures 
at Campbell Avenue Farm, about 1 1/2 Km. from present 
study location during period of this study. (Reference: 
U.S. Department of Commerce, 1983). 
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Table 1. Different aspects of ambient temperatures (OC) 
during study period at the University of Arizona Campbell 
Avenue F~ym located about one and half kilometers from study 
location. 

t'lonth 

temp. 

June 
(21 to 

July 

August 
Sept. 
( 1 to 

Average Average Highest Average Lowest 
ambient maximum maximum minimum minimum 

Numbers 
of days 

temp. temp. temp. temp. max. temp. 
above 35°C 

26.6 37.3 39.4 16.0 13.9 10 
30) 

30.1 38.6 45.0 21. 6 16.1 29 

28.8 36.4 40.0 21. 1 17.2 21 
29.8 37.7 42.2 21. 9 20.0 18 

21) 

1/ Reference: united States Department of Commerce (1983). 



have been crushed accidently. All of these queen-superseded 

colonies were eliminated from the study although some of them 

had naturally requeened. 

The hives occupied by the study colonies were of 

Langstroth type, wooden, and painted white. Each hive was 

composed of the following parts: a bottom board, two brood 

chambers, one shallow honey super, and a "Ca l·i forn i a type" 

flat outer cover (hive lid). Each one of the brood chambers 

and supers was occupied by nine frames. The entrance was 0.95 

cm.-deep along the width of the lower brood chamber. All 

holes or cracks on the hives were covered by means of silver 

duct tape. 

Treatments 

Four combinations (treatments) of shading and 

ventilation were studied. These combinations included: 

shading + ventilation, shading + no ventilation, no shading + 

ventilation, and no shading + no ventilation (control). 

Although these combinations had equal numbers of colonies at 

the begining of the study (seven colonies each) they included 

different numbers of colonies at the end of study because of 

the loss of some queens. The final numbers were 7, 4, 6, and 

3 of these treatments, respectively. 

Shadinq. A shade screen 3.6 m wide, 12.2 m long, and 
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2.1 m high was oriented east and west. The shade was 

supported by a framework of steel pipes and covered by a 

woven-green saranR cloth giving 94 percent shade. The cloth 

extended down each end of the framework to protect the 

colonies from direct sunlight during early and late hours of 

the day. The cloth, however, 

colonies during all but one hour, 

provided shading for the 

1800 to 1900 hrs, when the 

sun was very low. Colonies received no shading were placed 

outdoor in full sun light (Figure 2). 

ventilation. All colonies, whether receiving 

ventilation or no ventilation, were housed in the same kind 

of hives as described above. The only difference is that the 

outer cover of each ventilated hive had a 37.5 x 2 cm. 

rectangular vent (Figure 3) serving as an upper ventiduct 

beside the regular entrance of the hive. The upper ventiduct 

was tested to determine if it aided colonies in ridding hot 

air more efficiently than unventilated colonies. The cover 

vent was covered by a wire screen to prevent bees from using 

it as an entrance. A metal plate was installed above this 

vent to allow air but no rain to pass. 

Also four empty hives (devoid of bees and frames) 

representing the four combinations of shading and ventilation 

were located beside the bee-occupied hives to measure 

differences of temperatures inside these hives. 



Figure 2. Photograph showing shaded and unshaded 
colonies at Carl Hayden Bee Research center, 
Tucson, Arizona, 1983. 

Figure 3. Photograph showing an upper vent on the 
outer cover of a ventilated hive. The vent is 
covered by means of a metal plate to prevent rain 
from entering the hive. 
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Parameters Used to Determine the 
Efficacy of Different Treatments 

Temperature Measurements of Colonv Brood Nests. 

30 

Emptv 

Hives. and Ambient Air. Colony brood nest temperatures were 

measured by means of copper-constantan thermocouples used 

with a digital thermocouple thermometer (BAT 12, Bailey 

Instruments, Inc. New Jersey). Two small holes were made on 

two opposite walls of the lower brood chamber of each hive. A 

metal wire was inserted in one of the holes and pulled 

parallel to the midrib of the central frame and, then, 

inserted outward in the opposite hole. Then, the wire was 

attached to a nail fixed beside each one of the holes. After 

that, a thermocouple wire was entered through one of the 

holes, and the probe was attached, but not contacted, to the 

metal wire by means of a fine metal wire at the center of the 

brood chamber. 

Temperatures of inside air in empty hives received the 

same conditions of shading and/or ventilation, and were 

measured by implenting the same procedures. Ambient air 

temperatures were measured by a thermocouple whose probe was 

fixed inside a standard weather shelter located at the same 

bee yard. The weather shelter was one meter above the ground. 

Under shade air temperatures were measured by means of a 

thermocouple hung under the shade. 
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The measurements of all mentioned above temperatures 

were carried out on hourly basis from 0800 to 2000 hrs, and 

during many days of study period. 

Flight Activity at the Hive Entrance. A screen-wire 

cone developed by Gary (1967a) was used to evaluate flight 

activity of honey bees at each of the experimental hive 

entrances. Numbers of departing bees were counted during 

several days at 0900, 1100, and 1400 hrs. The cone was placed 

over each hive entrance for 30 seconds (Figure 4). Departing 

bees were trapped inside the cone whose upper opening had 

been closed by means of a piece of duct tape. The cone, with 

the bees inside, was then pulled away from the hive for about 

one meter and wrapped by a black velvet cloth. The upper 

opening was then open, and the escaping bees were counted. 

The objective of counting outgoing bees at these above 

mentioned periods was to determine the effect of 

interactions, if any, between different times of the day and 

the different treatments on bees' flight activity. 

Kinds of Loads Carried by Incoming Bees. Incoming 

foraging bees were caught at the hottest time, 1400 hrs, 

during many days in order to determine the efficacy of 

different treatments in cooling bee hives. Supposedly 

colonies suffering overheating bring in more water and less 



Figure 4. Photograph showing the 
Gary flight cone in place to count 
departing bees at the hive entrance. 

~;~". 
• 1 ",'-1 

,,,,,l' .' 
"":I~~;"-~:.~~J,.~, 

__ . 41 
:;-:'.'~ 

Figure 5. 
grid used 
area. 

5:-. 

Photograph showing a wire 
to measure sealed brood 

W 
N 



33 

nectar and pollen. 

To collect incoming foragers, a trap designed by 

Erickson et al (1975) was placed at hive entrances until no 

fewer than 20 bees are caught. Foraging bees entering this 

dummy trap could not enter inside the hive. After trapping 

the above mentioned number of bees, the trap was removed, and 

the bees were taken out and placed inside a marked plastic 

bag by means of a battery-operated vacuum aspirator. 

The bags were then placed immediately inside a metal 

box containing carbon dioxide (dry ice). After sampling all 

colonies, the bags were put inside a deep-freeze whose inside 

temperature was -20°C for later dissection. 

Twenty bees per colony were dissected, and honey 

stomach contents were collected by means of volumetric 

capillary pipets. Honey stomach content volumes were recorded 

and their sugar concentrations were determined by means of a 

hand refractometer. Honey stomach contents of 10 percent and 

more sugar concentration were considered nectar (Lensky, 

1964a) while those of lower sugar concentration were 

considered to be pure water. In the latter case the contents 

were considered contaminated water, for departing foragers 

take some carbohydrates, as honey or partly processed nectar, 

from their colonies for flight energy ( Park, 

1951). 

1925; Beutler, 
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Numbers of bees that had empty honey stomachs and those 

carrying pollen were also recorded. 

Brood Area. Sealed brood areas (worker cells) were 

measured in all colonies one day before implementing the 

treatments (initial brood areas) and at different days of 

study period. A one-inch square mesh wire grid was placed on 

the brood frame after the latter had been gently shaken and 

brushed of adult bees (Figure 5). The sealed brood area was 

measured by counting the square inches that were filled with 

sealed brood. Partially filled areas were estimated. 

Whole Hhive Weight. All hives with their all contents 

were weighed one day before implementing the treatments 

(initial whole hive weights) and at different days during 

study period by means of a movable scale. 

statistical Analysis of Data 

Analysis of variance (ANOVA) was carried out to 

determine group means, and the Duncan multiple range test was 

computed to separate means that were significantly different 

at the 0.05 level of probability. Since more than one factor 

were tested simultaneously, analysis of factorial experiments 

was followed (Little and Hills, 1978). 

When dealing with ratios of numbers of bees that 

carried nectar, water, pollen, or nothing, the ANOVA was 
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performed on the arcsin transformation of data. 

Although the colonies representing different treatments 

were selected to be as similar as possible regarding their 

whole weights and brood areas, some variations were found 

within and between treatment colonies. For this reason, the 

ANOVA of these two parameters was based on the gain and loss 

of weights and brood areas rather than on their absolute 

values. The values of gain and loss were calculated by 

substracting the value at each certain measurement from the 

value of the initial (before-study) measurement. Moreover, 

and concerning the brood areas, 

square roots of gains and losses. 

the ANOVA was based on the 
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Results and Discussion 

Temperatures of Empty and Bee-Occupied Hives 

Temperatures of Empty Hives. Figure 6 presents average 

temperatures of air inside empty hives representing different 

conditions of shading and ventilation. Mean temperatures at 

all hours, from 0800 to 2000 hrs, of all days involved were 

35.2 ~ 3.6, 35.4 ~ 3.9, 

hives receiving shading 

37.3 ~ 4.2, and 37.6 ~ 4.6 °C 

+ ventilation, shading only 

of 

ventilation only, and no shading and no ventilation (control 

treatment), respectively. The average ambient temperatures 

was 36.2 ~ 3.8°C. 

The averages of these hives' temperatures at the peak 

of ambient temperature, 40.1°C at 1400 hrs, were 39.4, 39.8, 

42.6, and 43.1°C, respectively. 

Figure 6 shows three unusual results: 1. the 

temperatures of all treatments increased and decreased 

following each increase and decrease of ambient temperatures. 

The only exception of this correlation was the increase of 

temperatures of hives located under shade, either ventilated 

or unventilated, at 1800 hrs. This happened because the sun 

at this hour was low and its light directly hit the hives 

through the northern, open side of the shade. 

2. Although these temperature data have not been 
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statistically analyzed because of lack of replications, it is 

very clear that these temperatures can be categorized into 

two distinctive groups: a group represents temperatures of 

both unshaded treatments and another 
I 

group includes 

temperatures of both treatments under shade. The first group 

of temperatures is clearly higher than the second group 

except at 1900 and 2000 hrs, and this might have partly been 

due to the increase of temperatures of hives under shade at 

1800 hrs as was explained in point 1. 

In anyone of these two groups the temperatures of 

ventilated hives are only slightly lower than those of 

unventilated hives except at 0800, 0900, and 2000 hrs when 

temperatures of unventilated hives became slightly lower than 

those of ventilated hives. 

3. from the observations mentioned in point 2 it can 

easily be concluded that shading rather than ventilation was 

responsible for decreasing hive temperatures although 

ventilation lead to slight decrease at most hours involved. 

Comparison between these results and those of previous 

studies will be discussed latter. 

Temperatures of Colonv Brood Nests. Figure 7 presents 

mean temperatures of brood nests of colonies representing 

different treatments. Mean temperatures and their confidence· 

limits (P < 0.05) at all hours and days when mean ambient 
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temperatures was 35.77°C were 35.24 (35.17 to 35.31), 35.41 

(35.32 to 35.49), 35.41 (35.34 to 35.48), and 35.40°C (35.30 

to 35.51) of shaded + ventilated, shaded only, ventilated 

only, and control (unshaded and unventilated) colonies, 

respectively. At 1400 hrs when mean ambient temperatures 

reached its maximum, 39.42°C, mean temperatures of brood 

nests were 35.36, 35.57, 35.78, and 35.83°C of the above 

mentioned treatments, respectively. 

The analysis of variance at the 5 percent level showed 

that mean colony temperatures receiving both shading and 

ventilation were significantly lower than those receiving 

the other three treatments. Interactions between treatments 

and hours were also insignificant. It can be concluded that 

neither shading nor ventilation alone could lead to 

significant cooling in the colonies compared with control 

treatments. Significant decreases in temperature could only 

be achieved by applying both shading and ventilation 

simultaneously. 

The increase and decrease of brood· nest temperatures of 

colonies located in full sun, either ventilated or 

unventilated, followed the same trend of ambient temperature 

increase and decrease as occurred in empty hives. But,· brood 

nest temperatures of colonies located under shade, either 

ventilated or unventilated, did not follow this pattern of 
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increase and decrease. They reached their peaks at 1200 hrs 

when the ambient temperature was 37.90°C rather than at 1400 

hrs when the ambient temperature was at its maximum, 39.42°C. 

Also, brood nest temperatures of colonies located in the 

shade were higher at 1000 hrs than those temperatures 

recorded at 1100 and 1300 hrs. Although the ambient 

temperatures at the last three hours were 34:73, 36.16, and 

38.17°C, respectively. The possible interpretation of this 

phenomenon could be as follows: the increase and decrease of 

air temperatures under the shade cloth had no direct effect 

on the pattern of temperature fluctuation inside the brood 

nests, for the air temperatures under shade cloth followed 

the same trend of ambient air fluctuations (Figure 8 ). The 

increase of shade air temperatures might have had indirect 

effect on the fluctuations of brood nest temperatures. At 

0900 hrs the brood nest temperatures of all colonies 

representing all treatments were very close to that required 

for brood development and survival, 35.0°C. Later, at 1000 

hrs, brood nest temperatures of all colonies went up higher 

than the optimum temperature. At such a situation the bees 

normally tend to decrease this excess of heat. But, the 

colonies under shade had better opportunities over those 

located in the sun to do so. Shaded colonies, whether 

ventilated or unventilated, could replace the hot air inside 
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their brood nests with cooler air available under the shade 

through fanning. But. the air under full sun is hot. and it 

makes no change when bees use it to replace the air inside 

the hives. 

ventilation 

Furthermore. colonies received both shading and 

had extra advantage over their adjacent 

counterpart colonies. i.e. only shaded colonies. since former 

colonies could use the upper opening as a ventiduct through 

which hot air passively leaves the hive because of its low 

specific gravity. Only shaded colonies should use the hive 

entrance to expell hot air by fanning which needs more 

energy. For this reason. brood nest temperatures in colonies 

under shade rather than those under sun went down as shown at 

1100 hrs. Having their temperatures decreased to a level 

close to that of optimum temperature. the colonies under 

shade reduced their temperature regulation activities. But. 

because of the rise of ambient temperature. and consequently 

the rise of shade air temperature. their nest temperatures 

went up again as shown at 1200 hrs. The bees. again. resumed 

their temperature regulation activities and decreased nest 

temperatures toward the level of optimum temperature as shown 

at 1300 hrs. 

Although. average ambient temperatures fluctuated 

between 29.25°C (at 0800 hrs) and 39.42°C (at 1400 hrs) the 

average of brood nest temperatures in colonies of all 
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treatments and at all hours never went down below 34.65°C and 

did not exceed 35.90°C. This shows how bees under different 

favorable and unfavorable conditions are able to maintain 

somewhat constant temperatures in their brood nests by 

performing different temperature regulation activities 

including ventilative fanning, evaporation of water, the 

spread of bees from each other on the combs, and the 

clustering of bees outside the hive entrance ( Hazelhoff, 

1953; Lindauer, 1955; Lensky, 1961, 1964a, 1964b; Smith, 

1964; and Nunez, 1979.) The result of this study are in 

disagreement with those found by Lensky (1964 a) who stated 

that brood nest temperatures reached their peak soon after 

peak ambient temperatures. Lensky referred this to the 

presence of honey stores found around brood rearing area. My 

conclusion is that sunlight hits the hive upon all its 

sides, depending on the suns' angle, and not only through the 

lateral sides where honey stores are found. Furthermore, 

honey stores do nothing to retard hot ambient air entering 

the hive through its entrance. 

Why did shading rather than ventilation cause the large 

decrease in empty hive temperatures, and why did only the 

combination of these factors produce a significant decrease 

in the temperatures of bee-occupied hives? Concerning empty 

hives, heating or cooling of air inside the hives is done 
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passively. The differences between temperatures inside hives 

located in the shade and these in the sun depend on a variety 

of factors including ambient temperatures, effectiveness of 

shade, and hive construction material. Bond et al (1954) 

stated that shade reduces insolation and substitutes shaded 

area for part of the hot ground. These authors added that 

shades closed on one or more sides, unlike flat (open) 

shades, not only protect objects located under the shade but 

also alter air temperature, humidity, and wind velocity. 

The upper vent. wheather in shade or sun, might serve 

to evacuate hot air. but this depends largely on the motion 

of wind. Hazelhoff (1953) found that during calm weather a 

stream enters the hive through the entrance and always leaves 

through an upper opening, (the hot air has lower specific 

gravity compared with the cold air). During windy weather, 

the upper vent does not always serve as a departure site 

since air currents change direction frequently. Having this 

property, the ventilated hives had lower temperatures 

compared with unventilated ones. The height and width of hive 

entrances might affect the efficacy of top ventilation. Smith 

(1964) found that deep entrance, 5 cm. high, increased hive 

temperature, because it allowed too much hot air to enter the 

hive. He concluded that small entrance, 0.8 cm. high, and top 

ventilation up to 116 square cm. produced substantial 
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benefits. The average daily maximum temperature of ventilated 

hives was 1.3 °c less than that of unventilated hives. 

Chadwick (1922) compared hives of 0.9 cm.-high entrances with 

others of 2.2 cm.-high entrances. He found some undesirable 

effect on hive temperature when the entrance is higher 

because of excessive hot air entry. 

In occupied hives, cooling or heating is not passive. 

Bees play an active role in adjusting temperatures to levels 

appropriate for their development and survival. However, the 

bees have limits to overcome overheating, and these limits 

are affected positively or negatively by different factors 

such as colony size, brood area, availability of water, hive 

material and design, and ambient temperatures. 

The success of the combination of shading and 

ventilation might have happened because of the synergism of 

shading and ventilation. The failure of each one of these 

factors to reduce the temperatures of brood nest 

significantly, might have been due to the following factors: 

1. the average maximum ambient temperatures was not 

that extreme, about 40°C at 1400 hrs. The effect of shading 

could have been higher if this study had been carried out in 

regions of higher ambient temperature. 

or Iraq) . Nye (1962), however, 

(e.g. Yuma, Arizona 

reported shading had 

significantly decreased brood nest temperatures in Utah where 
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average ambient maximum temperatures were fairly mild, 32.0, 

33.9, and 31.1°C in June, July, and August, respectively. The 

conclusion pl~esented by Nye is questionable, for he presented 

data indicating that unshaded and "liberal-supered" colonies 

had lower, rather than higher, average temperatures than 

those of shaded and liberal-supered colonies, 35.06 and 

35.2SoC, respectively. Nye (196~), also, indicated that some 

of his study colony queens were superseded, and he failed to 

mention if these colonies were discarded from the study. 

Queen supercedure affects colony population, and the size of 

population affects the ability of the colony to regulate its 

temperature. Minnik and Murphey (1974) reported that large 

colony populations were more effective in maintaining 

constant temperatures than small populations. 

_ 2. the deep shade (e.g.94%), and its outside surface 

color, 

et al 

green, might have influenced its effectiveness. Bond 

(1954) found that the effectiveness of woven green 

Saran shade cloth ranked below aluminum, partly because of an 

amount of sun light passes through the weave openings. These 

authors recommended that outside surface of any shade should 

be white-painted while its underside surface shquld be dark -

or black-colored. They stated that white color is highly 

reflective (low absorptive) to short wave length radiation 

and highly emissive to long wave radiation. A black-colored 
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shade 

material, for this color is less reflective than white color. 

3. an upper vent in the presence of fanning bees at the 

hive entrance during calm weather, does not always serve as a 

site for hot air departure. Hazelhoff (1953) found that when 

the entire entrance was occupied by fanning bees air always 

enters the hive through the upper vent. When only half or 

third of the entrance is occupied by bees, the rest of the 

entrance allows air to enter the hive, and normal rising air 

currents in the hive leave through the upper vent. 

Demuth (1921) and Peer (1969) defended the use of upper 

ventilation to reduce colony temperatures. They suggested, 

but without presenting data, that the outer cover of one of 

the supers be moved backward or forward, and that holes 

(about 2.5 cm. in diameter) be drilled in each super, and 

that supers not be placed flush but staggered. Lensky and 

Seifet (1980) increased ventilation by removing the entrance 

clift, replacing the regular inner cover with a wire-screen 

cover, and raising the outer cover on the top of the hive 

body by four rods, 5 cm. each. This type of ventilation 

beside liberal supering of the colonies reduced the brood 

nest temperatures by 1.5 to 2.0°C at 0800, 1300, and 1700 

hrs. Top ventilation carried out by these researchers was 

much more greater than that used in the present study, and 
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the size of upper ventilation might have affected its 

influence. 

4. although colonies located in full sun were able 

to maintain temperatures close to those maintained by 

colonies located under shade, they might have expanded more 

energy as it will be discussed later. 

Types and Amounts of Loads 
Carried by Foraging Honey Bees 

Table 2 presents mean arcsin transformations of numbers 

of honey bees carried either nectar, water, or nothing in 

their honey stomachs, and pollen on their corbiculae at 1400 

hrs during 14 days when average ambient temperatures ranged 

32.2 to 41.8°C and averaged 38.0°C. This table also presents 

mean percent nectar volumes of the whole liquid volumes 

(nectar or water) brought into the hives. 

Mean arcsin transformations of numbers of nectar 

foragers of all days were 44.72, 41.38, 39.16, and 36.48 per 

colony of colonies that received shading and ventilation, 

shading only, ventilation only, and no shading and no 

ventilation. respectively. There were no significant 

differences (P 0.05) among the following treatments: 

shading + ventilation and shading only; shading only and 

ventilation only; ventilation only and control (no shading 

and no ventilation). Therefore the number of nectar foragers 



Table 2. Mean arcsin transformations of numbers of foraging honey 
bees carrying nectar, water, pollen, and with empty crops. Also 
presented is the percent volume of nectar of the total volume ~7 
liquid (nectar and water) brought into the hives at 1400 hours. 

Mean arcsin transformation of honey bee foragers' numbers21 
Mean percent volume 
of nectar of the total 

Number Liguid foragers Pollen volume of liquid (nectar 
of Unsuccessful foragers and water}3~rought into 

Treatment colonies Nectar Water bees the hives. 

Shading + 7 44.72(a}41 35.l9(c) 20.65(b} 30.51(b) 51.2(a) 
ventilation (42.53 ~o (32.00 to (18 46 to (29.66 to (46.2 to 56.1) 

46.9l}5 37.38} 22.84) 31.36} 

Shading 4 41.38(ab) 35.06(c) 24.34 (a) 32.64(a) 46.9(a} 
only (38.48 to (32.16 to (21.44 to (31.52 to (40.3 to 53.4) 

44.28) 37.96) 27.24) 33.76) 

Ventilation 6 39.l6(bc} 41. 72(b} l8.35(bc) 27.95(c} 36.9(b} 
only (36.79 to (39.35 to (15.98 to (27.03 to (31.5 to 42.2) 

41.53} 44.09} 20.72) 28.86} 

Control 3 36.48(c} 46.75(a} l5.l0(c) 23.04(d} 33.8 (b) 
(no shading + (33.13 to (43.40 to (11.75 to (21. 74 to (26.2 to 41.3) 
no ventilation} 39.83} 50.l0} l8.45} 24.33} 

l/Twenty foraging honey bees were trapped and then tested at the entrance· of each colony. 
2/This test was carried out on the following daysl June 3; July 8, 14, 15, 18, 19, 20, 27, 28; August 3, 4, 5, 

II, and 18 when ambient temperatures ranged between 32.0 and 4l.8°C and averaged 38.0°C. 
3/Foragers subjected to this test were the same foragers subjected to the test of foragers' numbers; but only 

on the following days: July 19, 20, and 28; August 3, 4, 5, II, and 18 when ambient temperatures ranged 
between 32.2 and 40.5°C and averaged 37.4°c. 

4/a, b, c, and d indicate sIgnificant differences between means in descending order (p < 0.05). 
5/Values in parentheses refer to confidence limits of means {P < O,05}. 
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of shaded + ventilated colonies is significantly larger than 

those of all colonies located under full sun, and the number 

of colonies that received neither shading nor ventilation is 

significantly lower than those of all colonies located under 

shade. 

Mean arcsin transformations of numbers of honey bees 

that carried water were 35.19, 35.06, 41.72, and 46.75 per 

colony of the above mentioned treatments, respectively. 

Accordingly, the treatments can be categorized, in descending 

order, into three different groups (P 0.05): group 1 

includes unshaded + unventilated colonies, group 2 includes 

unshaded + ventilated colonies, and group 3 includes both 

treatments under shade. 

Mean arcsin transformations of numbers of empty honey 

bees were 20.65, 24.34, 18.35, and 15.10 per colony of the 

four treatments, respectively. The ANOVA (P < 0.05) showed 

that the number of shaded + unventilated colonies was 

significantly higher than all other treatment numbers. 

However, there was no significant difference between numbers 

representing the following treatments: shading + ventilation 

and ventilation only, ventilation only and control. 

The same bees sampled for honey stomach content were 

also sampled for pollen. The arcsin transformations of pollen 

foragers of the above mentioned treatments were 30.51, 32.64, 



52 

27.95, and 23.04 per colony, respectively. The ANOVA (P 

0.05) showed that these differ significantly, and the 

treatments, according to these numbers, can be grouped in 

descending order as follows: shading only, shading + 

ventilation, ventilation only, and control. 

The mean percent of nectar volumes of the total honey 

stomach contents (nectar and water) were 51.2, 46.9, 36.9, 

and 33.8 of the above mentioned treatments~ respectively 

(Table 2 ). Treatments of shading + ventilation and shading 

only, were not significantly different, but both had 

significantly larger percentages than those of both 

treatments of ventilation only and the control which were 

not significantly different, (P < 0.05) .. The interaction of 

dates x treatments was not significant at that level. 

Figure 9 however, presents a striking phenomenon. 

Although both mean numbers of nectar foragers and mean 

percents of nectar volumes of the total volume of honey 

stomachs at 1400 hrs. were significantly higher in colonies 

that were shaded than in those under full sun, the mean 

volumes of 

significantly 

nectar brought 

different P 

to the 

< 0.05, 

colonies 

in all 

were not 

treatments. 

However, the volumes of water followed the same trend of mean 

water carriers. They were significantly lower in both 

treatments under shade (without significant difference 
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between them) than the two treatments in the sun (where 

control colonies brought significantly more water 

ventilated colonies). 

than 

The means and confidence limits for nectar volumes 

brought by 20 bees per colony, and during one visit at 1400 

hrs were 153.7 (133.2 to 174.2)~ 129.1 (101.9 to 156.3), 

125.0 (102.8 to 147.2), and 147.2 (115.8 to 178.6) 

microliters in shaded and ventilated colonies ,shaded only 

colonies ventilated only colonies, and controls respectively. 

The means of water volumes were 146.5 (126.0 to 167.0), 146.2 

(119.0 to 173.4), 213.8 (191.6 to 236.0), and 288.3 (256.9 to 

319.7) microliters of the above mentioned treatments, 

respectively. 

These data demonstrate that shaded colonies whether 

'ventilated or unventilated, had more nectar and pollen 

carriers and fewer of water carriers than those of colonies 

located in the sun, whether ventilated or unventilated. 

Percent volume of nectar of the total volume of liquid 

brought into the hives followed the same trend. However, 

ventilated colonies in both locations had larger numbers of 

nectar carriers and larger percent volume of nectar than 

their neighboring unventilated colonies although the 

differences were not significant. Also, ventilated colonies 

located under shade had almost the same number of water 
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carriers as did their adjacent unventilated colonies while 

ventilated colonies located under sun had significantly fewer 

water carriers than adjacent unventilated colonies. But, it 

seems that although colonies in the sun recruited more bees 

to bring more water, they were able to bring in same 

quantities of nectar with fewer nectar foragers. Nectar 

foraging bees of colonies in the sun might have tried to 

compensate their fewer numbers by gathering more nectar per 

individual than those bees of colonies located in the shade. 

Unfortunately, the weights of pollen pellets were not 

tested to find out whether pollen foragers of colonies 

located in the sun had followed the same trend as they did 

when collecting nectar. 

Why had these differences occured? It seems that these 

differences were results of the temperatures inside the hives 

of different treatments. It was previously shown, when 

discussing brood nest temperatures, that the temperatures of 

colonies that received the combination of shading and 

ventilation were significantly lower than those of all other 

treatments. Also, figure 7 shows that brood nest 

temperatures of only shaded colonies were lower, although 

insignificantly, than those of both treatments located in the 

sun at 1400 hrs. And, among the later two treatments the 

brood nest temperatures of ventilated colonies were lower 
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than those of unventilated colonies. 

It has been known that evaporative cooling is one of 

the mechanisms used by honey bee colonies to cool their nests 

when exposed to high ambient temperatures. Honey bees spread 

droplets of water on the combs and use fanning to evaporate 

these droplets. The bees also regurgitate droplets of water 

on their proboscides for the same reason. ( Chadwick, 1922; 

Park, 1923; Lindauer, 1955; and Nunez, 1979). Flying honey 

bees use evaporative cooling as a main mechanism for cooling, 

too. They regurgitate droplets of water leading to cool their 

head regions and consequently their thoraces when flying at 

high ambient temperatures ( Heinrich, 1979a, 1980a, 1980b; 

Cooper et aI, 1985). Gary (1979) reported that nectar and 

pollen collection may stop at ambient temperature above 43°C 

while water collection continues. 

Lensky (1964b) stated that water was carried into the 

hive during morning and hot afternoon hours for the needs of 

open brood feeding and hive cooling, respectively. Moffett et 

al (1977 and 1979 ) found that a waterer placed inside hive 

during summer months in Arizona maintained favorable 

temperature in the brood rearing area. This water was used by 

the colony for evaporative cooling. Atwal and Sharma ·(1970) 

stated that in the plains of Punjap, India, introduced honey 

bee colonies (Apis mellifera) were subjected to some 
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practices such as installing coolers, putting wet pads over 

the top cover, and sprinkling water near the hives. These 

treatments helped colonies to survive at high ambient 

temperatures, often reaching about 47°C. Hamilton (1960) 

recommended sprinkling colonies exposed to hot weather while 

being transported. He stated this practice decreased a van 

temperature from 32.2°C to the 20's °c. Lensky (1964b) found 

that water carrying activity was much greater in aluminum

painted hive than in whitewashed and sheltered hives, for the 

temperatures of the aluminum-painted hive was higher than 

those of the other two hives. 

Cooper et al (1985) found that the proportion of bees 

carrying pollen decreased at ambient temperature above 40°C 

Gary (1979) reported that bee colonies reduced their pollen 

collection when ambient temperature exceeds 35°C. But, why 

did colonies that received only shading have significantly 

larger numbers of pollen foragers than the colonies that had 

a combination of both shading and ventilation? The possible 

explanation for this is that the former colonies had less 

pollen store before starting the study. 

spending more energies to collect water by the colones 

located in the sun, especially by those that were 

unventilated, might have been the "price" these colonies paid 

to maintain their brood nest temperatures. 
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Why did fewer bees return to their hives with empty 

honey stomachs in colonies located in the sun. especially 

unventilated colonies, compared with those of colonies 

located under shade? The reason for this might have been that 

water for cooling these colonies was of a great demand. 

because their brood nest temperatures were higher. Water was 

available all the time since all colonies were surrounded by 

a residential area, and water was also available. in the 

beeyard. Colonies located under shade were seeking more 

nectar and pollen than water (Table 2). The availability of 

nectar and pollen is not high during most of the days as it 

will be discussed later. Thus, colonies located in the sun 

had necessarily better opportunity to return with loaded 

honey stomachs. 

Figures 10, 11, 12, and 13 present the fluctuations 

of numbers of nectar, water, unsuccessful. and pollen 

carriers, respectively. Figure 14 shows the increase and 

decrease trends of percent nectar volume of the whole volume 

of liquid brought to the colonies by nectar and water 

carriers. These figures demonstrate that temperature is not 

the only factor affecting the kinds of loads the bees 

carried. For example, the ambient temperature on July.27 was 

lower than that on August 11, 32.8 and 33.9°C. respectively. 

But. the number of bees that collected nectar and pollen in 
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all treatments were much more lower on 27 July than those on 

11 August while the numbers of water carriers were much 

higher on the former than on the latter. If the temperature 

was only the factor that determines the kinds of loads sought 

by the bees, these numbers would have been reversed for the 

two days. Moffett et al (1981) studied nectar flow in a 

Tucson apiary, Arizona for six years and found that a small 

nectar flow usually lasted for about a month and started the 

last of July. O'Neal and Waller (1985) stated that a second 

influx of pollen occurs in August through October in the 

Tucson, Arizona area. Lundie (1925) stated that a heavy flow 

of nectar was the most effective among all other external 

factors affecting the magnitude of honey bee flight. 

The decrease of proportion of water collecting bees and 

the increase of percent nectar volume at the last two 

measurements when the nectar flow was in progress may have 

been due to the fact that honey bee colonies rely on nectar 

(especially dilute), to cool hives by evaporation, (Chadwick, 

1931; Lindauer, 1955; Simpson, 1961; Gary, 1979). 

Honey Bee Flight Activity 
at the Hive Entrance 

Table 3 presents mean numbers of outgoing honey bees 

of different treatments at 0900, 1100, and 1400 hrs. These 

measurements were carried out on 11 different days. The 
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Table 3. Mean number of outgoing honey bees from colonies 
under different conditions ~~27hading and ventilation, and at 
different hours of the day. 

Number 
HQYI:?I of 

Treatment colonies 0900 1100 1400 Grand means 

Shading 4' 7 32.57 28.18 19.74 26.83 (n.s.) 51 
·ventilation (25.44 to 28.21) 

Shading 4 30.98 26.45 18.73 25.39 (n. s. ) 
only (23.56 to 27.22) 

Ventilation 6 31.97 28.38 23.20 27.85 (n. s. ) 
only (26.35 to 29.35) 

Control 3 30.24 27.73 22.58 26.85 (n. s. ) 
(no shadi.ng . (24.73 to 28.96) 
no ventilation) 

Grand means 31.72 27.83 21.00 
(a) (b) (c) 

(30.30 (26.41 (19.58 
to to to 

33.14) 29.25) 22.42) 

110utgoing honey bees were counted during 30 seconds at each 
hive entrance 
2/This test was carried out on the following days: July 3. 4. 
13. 16. 17.26.30.31: August 1. 10. and 13 (1983). 
3/Ambient temperatures averaged 31.9. 35.6. and 39.4°C at 
0900. 1100. and 1400 hours respectively. 
4/n.s. indicated no significant differences occurred between 
means involved. Means that are marked a. b. and c differ 
significantly from each other in descending order. 
Interaction between hours and treatment is not significant. 
The ANOVA was done at confidence of 95%. 
5/Values between brackets refer to mean confidence limits. 
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average number of departing honey bees at these hours and on 

all days was 26.83, 25.39, 27.85, and 26.85 bees per colony 

per 30 sec. of shaded + ventilated, shaded only, ventilated 

only, and control colonies, respectively. All differences 

between these means are not significant (P < 0.05). Numbers 

of departing honey bees in all treatments and at all days 

averaged 31.72, 27.83, and 21.00 bees per colony per 30 

seconds at 0900, 1100 and 1400 hrs, respectively. These means 

differ from each other significantly at the 0.05 level of 

probability. Flights/time were the highest at 0900 hrs, 

intermediate at 1100 hrs, and the lowest at 1400 hrs. The 

interaction between treatments and hours was insignificant (P 

< 0.05) (i.e. all treatments differed insignificantly at each 

hour). 

The significant differences between the numbers at 

different hours might have been due to the differences in 

ambient temperatures. The latter averaged 31.9, 35.6, and 

39.4°C at 0900, 1100, and 1400 hrs, respectively. Temperature 

and solar radiation intensity were found to be the most 

effective climatic factors affecting honey bee flight 

activity <Szabo, 1980; Burrill and Dietz, 1981). Bodenheimer 

and Ben-Nerya (1937) studied honey bee flight activity for 12 

consecutive months in an apiary near Jurusalem, and found 

that the numbers of flights as percentage of total flight 
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3, and 40 at ambient temperatures that 

ranged below 8, 9-16, 17-33, 34, and 35-40°C, respectively. 

These workers called the flight activity at the last range of 

temperatures "abnormal flight activity", for this activity 

increased due to water collection required for cooling Gary 

(1967) studied honey bee flight·activity at two areas of 

different ambient temperatures in California. He found that 

flight activity in mild and hot climates took bell and U 

shapes, respectively during morning, noon, and afternoon 

hours. 

However, flight activity in response to temperature 

changes from season to season. Nelson and Jay (1968) found 

that flight activity of winter bees was greater at lower 

temperatures and reduced at higher temperatures. Flight 

activity of summer bees took opposite trend. These authors 

reported that Maurizio concluded that seasonal differences in 

flight activity in response to temperature might relate to 

seasonal physiological differences occur between winter and 

summer bees. 

Why did neither shading nor ventilation nor the 

combination of the two have a significant effect to raise the 

numbers of outgoing honey bees compared with control 

treatment at anyone of the three hours? The possible reason 

for this is that the adult bee population sizes were similar 
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in colonies of different treatments. Previous investigations 

have found positive correlation between colony population 

size and total numbers of outgoing bees. Gary et al (1978) 

studied the effect of colony population on foraging bee 

numbers in three almond orchards. They found that there were 

significantly more foragers in populous colonies than in 

small colonies. strong colonies with 15 to 21 frames of bees 

each had 3.1, 3.9, and 2.3 times as many bees foraging in 

orchards I, II, and III, respectively, as small colonies with 

one to seven frames of bees each. Farrar (1968) reported that 

a large colony produces more brood than a small colony, yet 

has a higher proportion of its bees available for pollen and 

nectar collection. Lundie (1925) found that colony condition 

was an important factor on flight activity. strong colonies 

started flying under lower temperature as compared with weak 

colonies. 

Non-significant differences found between brood areas 

of colonies representing different treatments in this study 

support the assumption that adult populations were similar. 

This subject will be discussed later. 

The significant differences found in the present study 

between proportions of bees that carried nectar, 

water,pollen, and unsuccessful bees, as were shown above, 

might not conflict with the insignificant differences between 
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total numbers of departing bees. Bees that stop foraging for 

a specific kind of food may switch their foraging for other 

kind(s). For instance, Free (1967) found that queenlessness 

and presence or absence of brood increased and decreased 

nectar and pollen collection, respectively, but did not 

affect the number of foragers. In the present study aithough 

the proportions of nectar and pollen foragers were higher in 

colonies located in shade, colonies in sun had a higher 

proportions of water carriers at 1400 hrs and they might have 

had similar proportions of nectar and pollen carriers at 0900 

and 1100 hrs, for the ambient temperatures were not that 

extreme. That is, any gap some treatments had in proportions 

of one or more kinds of loads was balanced by higher 

proportions of other load foragers. 

Figure 15, 16, 17, and 18 presents fluctuation trends 

of departing bees numbers at 0900, 1100, 1400 hrs, and at all 

these hours collectively. The figures show how these numbers 

increased and decreased almost· simultaneously on the 

different days involved. 

Sealed Brood Area 

Initial square roots of sealed brood areas (i.e. those 

measured one day before applying treatments) averaged 62.77 ~ 

2.88, 62.23 ~ 2.42, 65.05 ~ 2.94, and 64.84 ~ 2.84 square 

centimeters in colonies that received shading + ventilation, 
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control, 

respectively. These means and their standard deviations 

indicate similarity of initial sealed brood areas of 

different colonies. 

Figure 19 presents losses of sealed brood areas at 

different intervals of study. Mean square roots and 

confidence limits of means at all intervals were 14.53 (12.60 

to 16.46), 15.22 (12.67 to 17.77) , 14.69 (12.61 to 16.77), 

and 11.56 (8.62 to 14.50) cm2 of the above mentioned 

treatments, respectively. The ANOVA (P < 0.05) showed no 

significant differences occured between these means. The 

interaction between treatments and dates was also not 

significant. 

It was mentioned above that all means of numbers of 

pollen carriers counted at 1400 hrs were significantly 

different from each other. One would expect that these 

significant differences should reflect significant 

differences in brood areas, since pollen is the chief source 

of all food stuffs required by the bees except carbohydrates 

and water ( Haydak, 1935 and 1970; Haydak and Tanquary, 1943; 

Todd and Bishop, 1941). 

O'Neal and Waller (1985) stated that major brood 

production peaks occur within two major periods of pollen 

influx in the Tucson area where the present study was 
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conducted. Taber (1978) and Waller et al. (1981) found that 

appearance and disappearance of drone brood took place at 

sufficient and scarce income of pollen, respectively. Jeffree 

and Allen (1957) stated that the curve of pollen income 

throughout the year in Scotland was approximately simillar to 

that of brood production curve. Todd and Bishop (1940) found 

that in fruit orchards, colonies with brood brought about 

twice as much pollen as other colonies that had equal adult 

population but had no brood to feed. Cale (1967) found highly 

a significant correlation between pollen collection and queen 

egg-laying ability, 0.66, 0.58, and 0.81 in three bee pards. 

Todd and Reed (1970) found that the income of pollen was 

closely correlated with the amount of brood. These authors, 

however, added that maximum pollen yields were obtained from 

colonies with approximately 5160 89. 2 cm . of sealed and 

unseale~ brood; colonies with more than this level of brood 

gathered no more pollen while those bellow this level 

gathered significantly less pollen. AI-Tikriti et al. (1972) 

found a significant correlation between the sealed brood area 

and the amount of pollen collected. 

However, the proportions of pollen foragers were 

examined at only one hour of each day involved in the present 

study. These proportions might not be significantly different 

if these foragers were counted at other day hours. 
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The effect of nectar flow and the amounts of nectar 

brought by colonies of different treatment on the rate of 

brood rearing is controversial. Merrill (1924a) opposed the 

idea saying that nectar flow leads to high brood production. 

He stated that only small colonies with small amount of 

stores rather than normal colonies benefit from nectar flow 

to increase their brood rearing rate. Nolan (1925), on the 

other hand, found that brood rearing was well maintained 

during significant nectar flow and diminished from the end of 

it; in September a minor peak of brood rearing was associated 

with a minor peak of nectar flow. Gordon Waller believes that 

slight rather than heavy nectar income stimulates brood 

rearing. During heavy flow of nectar the latter is placed in 

brood nest frames and later moved upward. During light nectar 

income the bees deposit the nectar directly in frames located 

above the brood chamber. Nectar placed in brood nest frames 

would reduce the space required for brood rearing. 

In the present study the reduction of sealed brood of 

all treatments was the lowest, on August 18 when the 

proportions of nectar and pollen carriers were at their 

maxima in all treatments. This might indicate that the 

commencement of nectar flow increased brood production. 

However, it seems that brood decreased when bees delivered 

more nectar, for brood areas and colony weights decreased and 
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increased, respectively in late September (Figures 19 and 

20) . 

3. If it is a correct assumption that the 

nonsignificant differences between numbers of departing bees 

indicates nonsignificant differences between adult bee 

populations, then one would expect nonsignificant differences 

between sealed brood areas. 

Merrill (1924b) found that queen honeybees maintained a 

higher daily average of egg laying in the presence of an 

increased number of bees. Other investigators concluded that 

brood rearing rate is not always steadily dependent on colony 

size. Ribbands (1953) reported t~at, "in small colonies, or 

in. large colonies c3rly in the season, the rate of brood 

rearing might be directly proportional to colony size, but at 

the height of the season one would expect that the rate in 

large colonies should not be greatly affected by colony 

size". Farrar (1968) reported that the ratio between sealed 

brood and colony size decreased 10 to 14 percent for each 

increase of 10,000 adult bees. 

Although average brood nest temperatures in colonies 

that received a combination of shading and ventilation were 

significantly lower than those of other colonies representing 

other treatments, all colonies of all treatments were able to 

maintain their brood nest temperature averages in a range 
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that neither went below 34.5°C nor exceeded 36°C. This range 

of temperature was found to be appropriate for normal brood 

rearing ( Free and spencer-Booth. 1958; Jay. 1963; Farrar. 

1968; Fukuda and Sakagami. 1968; Seely and Heinrich. 1981). 

Colony Weight Gain 

Mean initial weights (i.e. measured one day before 

applying treatments) of colonies representing different 

treatments were 71.21 ~ 2.40. 74.84 ~ 4.27. 72.04 + 4.53. and 

70.46 + 3.67 Kg. of colonies that received shading + 

ventilation. shading only. ventilation only. and the 

controls. respectively. 

Figure 20 presents mean colony gains and losses at 

different intervals after applying the treatments. The grand 

means of gains and their confidence limits of whole period of 

study were - 7.48 (-6.50 to -8.46). -6.01 (-4.71 to -7.31). -

8.42 (-7.36 to -9.48). and -8.01 (-6.51 to -9.51) Kg. of the 

above mentioned treatments. respectively. The ANOVA (P < 

0.05) showed that there was only one significant difference. 

that is between mean of colonies that received shading only 

(with lowest loss of weight) and that of ventilated colonies 

(with highest loss of weight). The other two means were 

intermediate and differed insignificantly from each other and 

from the former two means. The interaction between treatments 

and dates was not significant. 



u 
uo 40 0'-' 
Q) 

..... Q) 

.0 J.< 

~ B 
01 

20 ;>..J.< 
..... Q) 
..... e:>. 
01 E 

Q Q) 
u 

0 

;>.. 3
1 c 

0 ..... 0 0 
U 

'"' ~~ -3 
'-' 

III 
III U -6 o.c 

..... 00 ............. 
o Q) -9 ..... :. 
01 
00 

-12 
00 
~ -15 

Q) 
u 
J.< 

"'01 o U 
III 

'" o III 
..... uQ) 
U 0 U 
01 Q) 01 
US""t:I 

..... u 

.-I 01 III 
Po Q) ..... 
PoJ.<.c 
<uu 

21 

JUNE ... 

Gain 

Loss 

I JULY ... 
13 27 11 

AUGUST ... 

Temps. 

22 

Figure 20. Mean gain and loss 
representing different treatments. 

in colony 

INumbers 
involved. 

in parentheses refer to number of 

15 

I SEPTEMBER 

weight 

colonies 

OJ 
o 



81 

The results mentioned above demonstrated that neither 

shading nor ventilation nor their combination significantly 

affected colony weight, since neither one of these treatment 

means of weight gain differed significantly from the mean 

gain of the control. But, when a comparison is made between 

shading only and ventilation only treatments, the former 

treatment had significantly smaller loss in weight than the 

second treatment. 

AS mentioned above, mean volumes of nectar collected at 

1400 hrs under all conditions of shading and ventilation were 

not significantly different, Consequently, it was expected 

that no colony weight gain differences would happen among 

different treatments, for colony conditions at this hour 

represent the most extreme pressure on the colonies. But, it 

seems that the colonies that received shading only collected 

more nectar than those colonies that received ventilation 

only at other day hours. Moffett et al (1981) stated, " 

Weight gains were largely stored honey, although the cappings 

and any other wax removed also would be part of the overall 

weight changes. Likewise, the fluctuation in bees, pollen, 

and brood in the colonies influence seasonal changes." 

The results of present study are in disagreement with 

those of previous studies concluding that shade or 

ventilation increased whole colony or honey weight. The 
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ambient temperatures in Tucson area might not have been high 

enough during the summer of 1983 compared with those of other 

areas and other years. 

In Yuma and Maricopa, Arizona, Owens (1959) stated that 

average gains of honey per colony were 40.18, 31.60, and 

21.56 Kg. of colonies placed under solid aluminum shade, 

partial shade (75 percent wooden shade fence), and in full 

sun exposure. Averages of maximum temperatures at these areas 

were higher .than those at Tucson area where present study was 

conducted. Also, Owens did not mention if he statistically 

analyzed his data. Nye (1962) concluded that placing colonies 

under shade of plastic lumit cloth giving 98 percent shade in 

utah resulted in significant increases in honey weight 

compared with colonies exposed to full sunlight. Nye's study 

was conducted at lower maximum ambient temperatures compared 

with those in the Tucson area, and he did not mention whether 

queen-superseded colonies he found were disregarded from the 

study or not. 

Lensky (1964b) found no significant differences between 

honey yields from colonies housed in aluminum-painted hives 

placed under eucalyptus tree and whitwashed hives placed 

directly in the sun. Lensky and Seifet (1980) found no 

significant increase in honey production when more 

ventilation was made by: removing the entrance clift, 
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replacing the regular inner cover by wire-screen cover, and 

raising the outer cover on the top of the hive body by four 

rods, 5 cm. each, at each corner. Chadwick (1931) and Yancey 

(1979) disagreed and defended the use of extra hive 

ventilation, respectively, but both of them did not present 

any supporting data. 

The present study shows an agreement with that of 

Lensky (1964b) who found that the correlation coefficients 

between honey collection and brood area were 0.601 and 0.007 

in Spring and Summer, respectively. 
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Conclusions 

The results of present study have shown that shading, 

ventilation, and their combination did have beneficial 

effects on honey bee colonies under climatic conditions of 

the Tucson area, Arizona. The advantages of these factors 

were not effective enough to significantly raise the 

productivity in brood area and honey production of the 

colonies over those of control colonies receiving neither 

shading nor ventilation. Honey production and brood area are, 

of course, the criteria beekeepers routinely use to evaluate 

any beekeeping practice whether their goals are honey 

production or colony rental for largescale commercial 

pollination. The present study has shown that shading rather 

ventilation resulted in positive effects at certain times 

measured by colony activities. Furthermore, ventilation, when 

applied to colonies located in the sun. had a detrimental 

effect on colony weight gain when compared with shading, as 

we will see later. 

Diurnal hours temperatures were, lower in empty hives 

located in the shade (whether ventilated or not) than those 

of empty hives located in the sun (whether ventilated or 

not). Ventilation, whether applied in the shade or in the 

sun, did reduce hive temperature, but this reduction is much 
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smaller than that caused by shading. Also, ventilation in 

both locations caused an increase in hive temperatures at 

early and late hours, 0800, 0900, and 2000 hrs. compared with 

unventilated hives. It is well known that shade reduces 

radiant heat load from sun, sky, and ground albedo, hence 

cooling the air entering the empty hives. Upper vents might 

have served as" chimneys" where hot air could leave the 

hives. 

In bee-occupied hives, only the combinations of shading 

and ventilation had significantly decreased colony brood nest 

temperatures compared with all other treatments. It seems 

that there was an synergism between shading and ventilation 

effects to cool the brood rearing area. Brood nest 

temperatures in control colonies, however, differed 

insignificantly from those in colonies receiving only shading 

or ventilation only. 

At 1400 hrs, when ambient temperatures reached their 

peak, the proportion of nectar foraging bees in all colonies 

located in the shade, were significantly ·larger than those in 

control treatment colonies. There was no significant 

difference between nectar forager proportions in colonies 

located in full sun. This demonstrated that shading made the 

difference while ventilation resulted in slight differences 

only. Percent volume of nectar of the total volume of liquid 
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(nectar and water) brought into the hives revealed the same. 

These percents were significantly larger in all shaded 

colonies. without significant differences between them. than 

those of colonies located in full sun. without significant 

differences between them. Proportions of water-foraging bees 

in all colonies located in the shade. differed 

insignificantly from each other. were significantly smaller 

than those of colonies located in the sun. but ventilated 

colonies located in the sun had significantly lower 

proportions than adjacent control colonies. This means that 

unshaded colonies sent more bees to collect water than shaded 

colonies. and ventilation had an effect only when it was 

applied in the sun. Proportions of pollen-foraging bees in 

shaded colonies were significantly larger than those of all 

colonies located in the sun. but ventilation had a 

a significantly negative effect in the shade and 

significantly positive effect in the sun. Thus. commercial 

colonies for pollination should· be shaded for better 

pollination. 

Mean volumes of nectar brought into the hives at 1400 

hrs. were not significantly different from each other. Mean 

volumes of water were significantly smaller in shaded 

colonies. without significant effects of ventilation. than 

those in colonies located in full sun where ventilation had a 
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significant effect in lowering volumes of water brought into 

the hives. 

It seems that although colonies in the sun sent more 

bees than shaded colonies to collect water, their nectar 

gatherers compensate their proportion deficit by collecting 

more nectar per bee. Although empty hives located in the sun 

had higher temperatures, colonies occupying these hives were 

able to counteract overheating and maintain brood nest 

temperatures similar to those of colonies that received 

shading only. The collection of more water used for 

evaporation might have been one of the mechanisms employed 

for temperature regulation. 

Mean numbers of departing bees at 0900, 1100, and 1400 

hrs. were not significantly different from each other in all 

treatments at anyone of these hours. Numbers of flying bees 

in all treatments, however, had significantly decreased from 

0900 hours toward 1400 hrs. It seems colony population sizes 

of all treatments were similar, 

of departing bees. 

for they had similar numbers 

Mean losses in brood area were not significantly 

different for all treatments and at all intervals when the 

brood area measurements were taken. Again, this might 

indicate a similarity in colony population sizes among 

different treatments. 
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Mean colony weight gain and loss in control colonies 

was not significantly different from other treatments. The 

only significant difference was between weight loss of 

ventilated colonies located in the sun and that of 

unventilated colonies located in full shade. The latter 

colonies lost less weight than former treatment. These 

results show that neither treatment had a positive effect on 

colony weight gain when compared with the control treatment. 

The lack of significant differences between colony 

weight gains which are mainly honey weight gains and brood 

areas of different treatments indicates that neither shading 

nor ventilation nor their combination is needed for 

beekeeping practiced under climatic conditions such as that 

of the Tucson area, for ambient temperatures might not be 

that hot. However, if saranR cloth used in the present study 

was painted white on the outside surface, the effect of 

shading would be different. White paint is highly reflective 

to short wave radiation and very good emitter of long wave 

radiation. The dark-painted undersurface has two properties: 

a great emission (undesirable effect) and less reflection 

(desirable effect). The undesirable effect is, however, 

smaller than the desirable effect. 



CHAPTER 2 

THERMODYNAMICS OF ADOBE, PERLITE CONCRETE, 

AND WOODEN BEE HIVES : EFFECT OF PAINTING 

AND SHADING 

Introduction 

In nature, nest site location, combs arrangement and 

architecture,and thermoregulation (fanning, evaporative 

cooling) are evolutionary adaptations used by honey bee, Apis 

mellifera L., colonies to withstand overheating or chilling 

in summer and winter, respectively <Seeley and Heinrich, 

1981). Managed wooden Langstroth type housed colonies kept by 

man, however, have no opportunity to modify hive 

architecture,since it is the beekeeper who chooses hive 

materials, size and location. Thus, it is the beekeeper's 

responsibility to furnish these colonies with the appropriate 

type of hives to overcome unfavorable climatic conditions, 

and therefore produce more bees per unit time which in turn 

result in greater honey production and pollination. 

In modern beekeeping, soft woods, especially pine, 

(Pinus spp), is the material commonly used in hive 

construction. Wooden hives are easily built and transported 

from place to place. Migratory beekeeping is one of the most 

89 
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important practices used to enhance honey production and to 

make the bees widely available for rental pollination of 

commercial agricultural crops. 

In primitive beekeeping, on the other h'and, wood is not 

often used in hive construction, especially in regions where 

this material is expensive, such as Middle East countries. In 

the latter areas sun-dried adobe, tree branches, (especially 

pomegranate), and reeds are typically used in building 

conical or cylindrical, non-movable-frame primitive hives 

(personal observations). 

Despite their above mentioned desirable properties in 

modern beekeeping, wooden hives cannot provide honey bee 

colonies with enough protection from overheating unless one 

or more ~f the following measures are carried out: white 

painting, shading, ventilation, and liberal "supering" 

(Lensky, 1958 and 1964, Lensky and Seifet, 1980; Owens, 1959; 

Nye, 1962; Smith, 1964). One of the factors limiting the 

usefulness of modern, Langstroth type wooden hives is its 

wall thickness, of about two cm., making the walls more 

conductive and less insulative. Thi.cker walls have more 

thermal resistance and this is also true for wooden hives 

(Fine et al., 1977; NAHB Research Foundation, Inc., 19(9). 

This is why adobe houses are built having at least 30 cm. 

thick walls (Jones, 1956). If wooden hives are built of 
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thicker walls, however, they may not be usable for migratory 

but only permanent apiary beekeeping. For beekeeping where 

wood is not readily available,. cheap materials such as sun

dried adobe might give the same thermal properties as using 

more expensive thick-walled wood. Other materials with known 

high thermal resistance values, such as perlite concrete 

(Noyes Data Corporation, 1979), might be used. The latter, 

although more expensive than adobe, is easier to 'make and can 

be used for longer period since it is not fragile and not 

adversely affected by erosion from rain or wind. 

The objective of this study was therefore to test the 

thermal responses of hives made of exotic non-traditional 

materials against those of modern, Langstroth wooden hives, 

because of the lack of information on the former materials in 

the apicu~tural literature. The parameters used in this study 

included inside air, exterior and interior wall surface 

temperatures. These measurements were conducted under summer 

and winter climates and, also, under different combinations 

of painting and shading in Tucson, Pima County, Arizona. 
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Literature Review 

Heat Flow into Hives 

Heat transmission from a one region to another is 

dependent on the temperature gradient (difference) between 

these regions, (i.e.from a region of high temperature to a 

region of lower temperature). The three modes by which heat 

is transferred are conduction, radiation, and convection. The 

latter mode (convection) depends not only upon temperature 

differences but also on mass transfer as well. 

The net rate of heat flow to or from a body, Qnet' can 

be calculated by the following equation: 

Qnet Q
s 

+ Q
a 

+ Qt + Q
c + Q

k 
+Q 

r 

where Q
s is the portion of the direct solar radiation 

absorbed, Q
a the portion of direct atmospheric radiation 

absorbed, Qt the portion of terrestrial radiation absorbed, 

Qr the radiation emitted, Qk the net conduction to the body, 

and Q the net convection to the body. The radiation reaching c 

a body on the earth's surface is partially reflected, 

partially absorbed and partially transmitted. Most solid 

materials encountered in practice, however, are opaque and 

transmit no radiation. These materials absorb practically all 

of the radiation in a very thin layer of their surfaces ( 

Kreith, 1966). When a body is struck by near and long infra 
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red wavelengths it receives heat, and consequently increases 

in internal temperature until thermal equilibrium i.s reached, 

that is when heat gain is equal to heat lost (Dale and Giese, 

1953). 

The amount of heat transferred by conduction depends 

upon thermal properties of the materials such as thermal 

conductivity and specific heat. Materials are either 

conductors or insulators when they have high and low thermal 

conductivity values, respectively. Thermal conductivity 

values of both conductors and insulators are affected by many 

factors such as density, water content, and temperature. 

Additionally, in wood even the direction of the fibers plays 

a role in determing thermal conductivity. 

straaten (1967) mentioned that thermal conductivity 

would vary with density, for the latter is a function of 

porosity. That is. the less dense a material the more air is 

found in interstices between the particles, and consequently 

the material has a lower thermal conductivity. Jakob (1953) 

reported that the balsa wood has the lowest conductivity for 

wood, -1 0 -1 (0.068-0.086 W m . C >, while heavy oak wood has the 

highest. In the direction of the 

fibers the conductivity is nearly doubled. MacLean (1941) 

stated that wood thermal conductivity increases linearly with 

the increase of specific gravity. He found that average 
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specific gravity of oven-dried wood of red oak and white 

pine, were 0.67 and 0.40. respectively. The thermal 

conductivity of the first species was more than twice that of 

the second species (0.17 and 0.10 W m- 1 .oc- 1 ), respectively. 

Wong (1964) found that thermal conductivity of thermally 

decomposed white fir wood decreased with density in the same 

manner as solid wood. 

Thermal conductivity of perlite, an insulating 

material, was 0.038 W m- 1 . °c- 1 at density of 32.0 Kgm- 3 . It 

is 0.058 at density of 176.0 Kgm- 3 (Noyes Data Corporation, 

1979). The thermal conductivity of vermiculite concrete, 

another insulating material, increased from about 0.116 to 

about 0.289 W m- 1 .oc- 1 . by changing the material density from 

400.4 to 961.0 Kgm- 3 (Mandoval Limited, 1967). 

The thermal properties of adobe are highly dependent 

upon its moisture content. Rogers (1978) found that adobe is 

very hygroscopic, thus the thermal properties are dependent 

upon ambient relative humidity. The thermal conductivity of 

water is almost twenty five times that of the air replaced. 

Moench and Evans (1970) found that soil thermal conductivity 

increases rapidly with increase in water content. The thermal 

conductivity of a sandy loam soil was 0.254 W m- 1 .oc- 1 when 

air-dried. This value rose to 1.090 W m- 1 .oc- 1 at 30 percent 

of saturation. 
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Temperature is another important factor determining the 

thermal properties of different materials. Thermal 

conductivity of "grade-4 expanded vermiculite" changes from 

0.055 W m-1.oc- 1 at -10°C to 0.035 at -121°C. The specific 

heat value rose from 0.84 kJ kg- 1 .oC- 1 at -17°C to 1.00 at 

148 °c ( Grace. W.R. and Co .• 1967). The thermal conductivity 

of water is 0.559 W m- 1 .oc- 1 at 7.8 °c wheras it is 0.687 at 

100 °c (ASHRAE. 1974). Straaten (1967) stated that thermal 

conductivity increases with rising temperature although this 

effect is small over the wide range of temperatures 

encountered in buildings. The effect. however. is more 

pronounced in light-weight materials with a large proportion 

of air in the pores or voids. Straaten (1967) reported a 21 

percent increase in thermal conductivity of polystyrene 

plastic foam when its temperature rose from 5 °c to 48.9 cC. 

Thermal conductivity values were 0.034 and 0.041 W 

at these temperatures. respectively. 

-1 -1 m .oC 

Discrepencies found in literature concerning thermal 

properties of building materials might also be referred to 

experimental and systematic errors when these properties were 

determined (Fine et al. 1977 and Probert and Skeet. 1983) . 

The latter authors concluded. "too often. "textbook" values 

for the true thermal conductivities of (dry) building 

materials. obtained under artificial laboratory conditions. 
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when applied in computer predictions have led to misleading 

building designs being promulgated." 

Heat transfer problems do not require simple 

recognition of modes of heat transfer but also· whether the 

process is steady-state. Steady-state refers to a system 

exposed to a constant rate of heat flow, that is the amount 

of heat flow does not change with time and heat influx and 

efflux are entirely equal at any point of the system 

involved. Unsteady (transient or periodic) state refers to a 

system subjected to heat flow whose rate changes with time, 

and consequently any point in the system has different 

temperatures at different times. Because the change in 

temperature means a change in internal energy, now energy 

storage becomes part of unsteady heat flow, and the heat-

storing capacity of materials becomes a vital factor to 

differentiate between thermal performance of heavy- and 

light- weight building materials (Kreith, 1966 and Straaten, 

1967) . 

The simplest case of one-dimensional heat flow by 

conduction, namely heat conduction through a plain wall under 

steady state condition, can be calculated by applying the 

following equation: 
dT 

- KA ----
dx 
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"This means for dimensional consistency the rate of heat flow 

Qk is expressed in Kcal/hr. 

the temperature gradient 

the area A in square meter. and 

dTldx in elm. The thermal 

conductivity K is a property of the material and indicates 

the quantity of heat that will flow across a unit area if the 

temperature gradient is unity." (Kreith, 1966). Equations for 

unsteady state of heat transfer are beyond the scope of the 

present study. Straaten (1967) said. "all that can be said at 

this stage is that analytical approaches to the problem of 

thermal behaviour of buildings under unsteady heat flow 

conditions become unwidely without introducing 

simplifications. On the other hand. field studies of the 

problem, though apparently straightforward in principle, are 

exceedingly difficult to carry out." 

An example of unsteady state heat transfer is a 

building subjected to fluctuating ambient temperatures and 

solar radiation intensities. According to the above 

definitions, the heat influx and efflux of the present study 

hives were under unsteady state conditions. Although ambient 

temperature goes dOW!l rapidly following sunset, temperatures 

inside a stone building in hot climates remain high for 

several hours. In ~he morning the situation is different, 

for the air inside these buildings is cool for many hours 

whereas the outside air has already become hot. This 
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phenomenon is governed by the "time lag" between the time of 

maximum of surface temperature and heat gain at the outside 

surface of the wall and the time of maximum surface 

temperature and heat loss to the air at the inside surface of 

the wall. Also, the daily variations in temperature and rate 

of heat- flow at the inner surface have smaller magnitudes 

than those at the outside surface, for only a small portion 

of the heat gained at the outside surface during day-time 

hours flows toward the inside air whereas a large portion of 

this heat is stored in the wall and roof materials (Kreith, 

1966 and straaten, 1967). 

Thermal time-lags vary from one material to another. It 

depends on the thermal properties of the wall and its 

thickness. Material "specific heat" is a measure of the 

ability of the material to store heat (Straaten, 1967) Jakob 

(1953) stated that the basic equation of heat storage is: 
t 

Q = 
T 

where Q is the heat energy stored in unit time, in the volume 

v of a medium of density and specific heat Cp when the 

temperature increases by t in 'a time interval T. 

It is well known that both time lag and rate of heat 

flow are caused largely by the resistance to heat flow. 

Thermal resistance, R, is defined as, " a measure of the 

ability of a material or a combination of materials to retard 
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the flow of heat --- All materials having the same R-value, 

regardless of thickness, weight, or appearance, have the same 

insulating value." (NAHB Reaearch Foundation, Inc., (1979). 

Resistance values, for heat transfer by conduction, can 

be calculated as follows: 
L 

R -------
AK 

where L material thickness, A = surface area, and K 

thermal conductivity of the material. The reciprocal of 

thermal resistance is thermal conductance, C which is equal 

to 1/R or AK/L. Therefore, the thermal conductance of a 

material will vary with its thickness whereas the thermal 

conductivity, as previously mentioned, applies only to a unit 

of thickness. (e.g. Kreith, 1966 and Straaten, 1967). 

To assess the quantitative relation between a material 

insulative power, its thermal resistance, and thickness, Fine 

et al. (1977) found that the thermal resistance values of new 

? -
Mexico sun-dried adobe walls were 0.35, 0.56, and 0.74 C.m-W 

1 of walls of 19.05, 30.48, and 40.64 cm. thickness, 

respectively. ASHRAE (1974) reported that R-values of hollow 

clay tile were 0.19 
2 -1 C.m W for 7.62 cm. thickness and 0.59 

2 w-1 C.m for 30.48 em. thickness. Resistance values for 

"plywood" were 2 -1 
0.07 C.m W for 0.63 cm. thicknesses and 

? -1 
0.22 C.m- W for 1.90 cm. thicknesses. Thermal resistance of 
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"mineral fiber", an insulation material, increased from 2.14 

'? -1 
to 5.71 C.m- W when its thickness was increased from 7.6 to 

19.05 cm. 

Ways to Reduce Solar Heat Gain 

Thermal Insulation. Thermal insulating materials used 

for buildings can be any material with a thermal conductivity 

value not exceeding 0.072 W m- 1 .oc- 1 . According to their 

origin, thermal insulators are classified into four groups: 

animal insulators such as wool; mineral insulators such as 

glass wool, asbestos, vermiculite. and perlite; artificial 

insulators such as synthetic rubber and foam plastics; and 

vegetable insulators such as straw. All insulation materials 

are divided into two main groups: conductive and reflective 

materials. The former group rely entirely on their thermal 

conductivity properties to retard heat transfer. Reflective 

insulation materials, such as aluminum foil. depend for their 

thermal insulation properties on their surface 

characteristics, i.e. low absorptivity and high emissivity ( 

Straaten. 1967). 

Perlite is one of the best known insulation materials. 

It is a naturally occuring, siliceous, volcanic glass 

containing between two and five percent water by weight. 

Perlite is composed predominantly of silicon oxide plus small 
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proportions of the aluminum oxide, along wit sodium and 

potassium. This material is used mainly as a roof insulation 

board material. The second largest use is in .lightweight 

insulating concrete where expanded perlite is mixed with 

portlandR cement. Being inorganic, perlite is rot and vermin 

resistant and non-combustible. No degradation occurs with 

perlite and perlite concrete due to tempe~atures under 649°C 

and 260 °c, respectively (Noyes Data Corporation, 1979; 

Probert and Skeet, i983). Thermal conductivity of perlite 

concrete is presented in table 4. 

Although adobe and pine wood are not considered as 

thermal insulation materials defined above, their thermal 

properties retarding heat flow are remarkable as compared 

with other materials used in building construction. Fine et 

al (1977) stated that adobe is a useful insulator and better 

than most other masonry units. Rogers (1978) mentioned that 

adobe has become an important component of passive solar 

designs in the southwestern United states. 

Ponderosa pine wood, (Pinus ponderosa), is a softwood 

belonging to the yellow pine group although a considerable 

proportion of the wood is somewhat similar to white pines in 

appearance and physical properties. The heartwood is light 

reddish brown, and the wide sapwood is nearly white to pale 

yellow. The thermal conductivity of common structural woods 
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is a small fraction of the conductivity of metals with which 

they are often mated with in construction. It is, however, 

about two to four times that of common insulating materials. 

For example, structural softwood lumber has a thermal 

conductivity of about 0.12 W m- 1 .oc- 1 compared with 200.7 for 

aluminum, 46.2 for steel, 1.16. for concrete, and 0.04 for 

mineral wool ( U.S. Department of Agriculture, 1974). Table 4 

presents thermal conductivity values of both adobe and white 

pine wood. 

Painting. Heat flow through a material is directly 

related to the temperature of the materials surface exposed 

to an external heat source. The color of the surface plays an 

important role in the thermal performance of the material. 

Most building materials are good absorbers and poor 

reflectors of thermal radiation, and it is a general rule 

that the darker the surface of the material the more heat it 

will absorb ( Straaten, 1967). 

Bond et al (1957) studied the rate of energy reflected 

and emitted by farm building roofs made of galvanized steel 

of different colors. At 2:30 p.m. the white surfaces in 

shade-east side gave off 581.1 W m- 2 compared with 543.2 from 

unpainted surfaces. This indicates that white surfaces had 

more rapid emission of energy. The inside air temperatures of 

white-painted and unpainted galvanized steel buildings were 
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Table 4. Thermal Conductivity of adobe. perlite concrete, and 
white pine. 

Hive type Geographic 
Origin 

Sun-dried Papago Indian 
adobe Reservation, 

Tucson. Arizona 

Sun-dried Tucson, Arizona 
adobe 

Sun-dried Albuquerque, 
adobe New Mexico 

Perlite 
concrete 

White pine 

White pine 

-----

1730 

320 
to 

640 

432 

512 

Thermal References 
condu~liv!lY 

(W m . C ) 

0.63 Jones. 1956 

0.41 ·Jones.1956 

0.73 Fine et aI, 
1977 

0.07 Noyes Data 
to Corporation 

0.13 1979. 

0.10 ASHRAE 
Handbook 
of Fundame-
ntals,1974. 

0.12 CRC Press. 
1975-1976. 
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38.9 and 54.7 °C, respectively. These authors concluded that 

surfaces painted white had very desirable characteristics in 

building heat load considerations. 

Painting exteriors of concrete structure walls 

and roofs white decreased the maximum inside air temperatures 

during summer by about 3.3 °C as compared with the unpainted 

structures. At ambient temperature of 32.2 °C, a black glass 

panel reached a temperature of 82.2 °c whereas a white panel 

reached a temperature of about 60.0 °C. However, accumulation 

of dirt on light color-painted surfaces will soon render it 

fairly ineffective (Straaten, 1967). 
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Materials and Methods 

study Location and Dates 

This study was carried out at the USDA-ARS Carl Hayden 

Bee Research Center, Tucson, Arizona. All research was 

performed during the summer of 1982 and the winter of 1982 

1983. 

Treatments 

The thermal responses of empty honey bee hives made of 

different materials and subjected to different conditions of 

shading and/or painting were tested during summer and winter 

climates. 

During the summer, temperature measurements were 

carried out when the hives' were unpainted and unshaded, 

unpainted and shaded, painted and unshaded, and painted and 

shaded. The paint used in the summer was white only. During 

winter, however, temperature measurements were taken while 

the hives were white-painted and unshaded, and black-painted 

and unshaded. The paint was of a "Latex" type. This type is 

porous and allow inside moisture to leave the hive through 

its walls. 

Hive Material. Hive materials, represented by one hive 

each, included pine wood, Pinus pondorosa, sun-dried adobe, 
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and perlite concrete. The physical dimensions and properties 

of these hives are presented in table 5. Each hive was 

composed of a bottom board, a hive body, and an outside 

cover. The inside dimensions of all hives met those of a 

Langstroth, typical 10-frame hive. On the other hand, their 

outside dimensions were different. The wall thickness of 

wooden hive was 1.9 cm., as the case in commercial, modern 

wooden hives, while it was 5.0 cm. in both the adobe and 

perlite concrete hives. The fragility of the last two 

materials necessitated the increased wall thickness. 

The perlite concrete hive was made of one part of 

portlandR cement and three parts of loose - fill perlite, by 

volume. The adobe hive was made of soil obtained from an area 

situated 25 km. west of Tucson, Arizona. The soil analysis 

conducted by the Department of Soil, water, and Engineering, 

University of Arizona showed the following type of texture: 

65.5, 20.8, and 13.7 per cent of sand, silt, and clay, 

respectively. The soil was of a sandyloam type. 

Wooden forms were used in building these two hives. 

Painting. Only outside hive surfaces were painted, and 

two coats of paint were applied with complete drying between 

coats. 

Shading. The same screen and percent shade used for 

the study of chapter 1 was used in the present study. 
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Table 5. Physical dimensions and properties of experimental 
hives. 

Hive type 

Measurements Wood Perlite concrete Adobe 

Wall thickness 1.9 5.0 5.0 
(cm. ) 

outside 
dimensions 
(cm. ) 

Length 50.8 57.0 57.0 
Width

11 
40.8 47.0 47.0 

Hight 29.8 36.0 36.0 

Inside 
dimensions 
(cm. ) 

Length 47.0 47.0 47.0 
Width 37.0 37.0 37.0 
Hight 24.1 24.1 24.1 

Outside 
sU~face area 0.9605 1.2846 1.2846 
(m ) 

Inside 
sU~face area 0.7527 0.7527 0.7527 
(m ) 

Hive cavi~y 
volume (m ) 0.0419 0.0419 0.0419 

Hive entrance 
hight (cm) 1.9 1.9 1.9 

Material 
dens!ty 476.25 823.20 1514 
(Kgm ) 

II Outside height includes the heights of bottom board. hive 
body. and hive cover. 



108 

Temperature Measurements 

Temperatures were measured in the following locations 

within each hive: inside air and all outside and inside 

surfaces including hive cover. 

wall. south wall. and the 

west wall. north wall. 

bottom board. Ambient 

temperatures were measured as well. 

east 

air 

At the center of each of the above mentioned hive 

surfaces a very shallow and narrow depression was made. Then 

a copper-constantan thermocouple probe. Bailey Instrument. 

Inc. N. Jersey. was horizontally placed in this depression. 

In order to fix the probe. a very thin layer of moist soil. 

perlite concrete. or pine wood sawdust. each mixed with a 

small amount of epoxy glue. was placed on the probe found on 

the surface of respective hive (following standard procedure 

recommended by John Peck. Environmental Research Laboratory. 

University of Arizona). 

To measure the inside air temperature. a thermocouple 

was inserted through a small hole made in the center of the 

hive cover. The thermocouple probe was at the center of the 

hive cavity. and the hole was then closed by means of a small 

amount of hive material. 

A thermocouple was fixed inside the center of Standard 

meteorological instrument shelter (one m. above the ground) 

placed 10 m. from the hives. To overcome the problem of 
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fluctuating temperature readings made by the thermocouple in 

the weather shelter due to air movement the probe was 

inserted inside a 10 cm long and 0.5 cm in diameter stainless 

steel tube. The latter was open from both ends, and the probe 

was not in physical contact with the tube surface. This 

contact was avoided by filling the tube up to one cm. from 

one of its ends by "epoxy" glue and inserting the probe in 

the center of the glue column before the latter becoming 

solid ( Lloyd Gay, University of Arizona, Personal 

Communication). The temperatures were measured by pluging the 

thermocouple in a digital model BAT - 12 thermocouple 

thermometer manufactured by Baily Instruments Inc, N. Jersey. 

Under all the above conditions of shading and painting, 

temperature measurements were taken on an hourly basis during 

three days. When the hives were in the sun the measurements 

were carried out from 0700 to 2000 hrs. The measurements were 

conducted, however, from 0700 to 1700 hrs when the hives 

were shaded, for the shade did not protect the hives from 

direct sunlight at the period between 1800 to 1900 hrs. 

All measurements taken during rainy days were 

disregarded from later calculation whenever the raining 

started. Later, resumption of measurements during subsequent 

days was not conducted unless the hives were dry, at least on 

their surfaces. Also, all other incomplete measurements, for 
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any reason. were disregarded. 

To prevent the hives from flooding during rainy days. 

they were placed directly 

Calculation of Temperature Areas 
under the Curves 

on high bare ground. 

Temperature areas under the curves were' calculated by 

CDC-175. University of Arizona main frame computer. using a 

standard method described by Conte and Boor (1980). 
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Results 

Hive Cover Outside Surface Temperatures 

Figures 21 to 26 present average outside surface 

temperatures of hive covers made of different materials and 

subjected to different combinations of shading and painting 

under summer and winter climates. In the summer when the 

hives were unpainted and unshaded (Figure 21) temperatures of 

the wooden hive covers were lower than those of perlite 

concrete covers at all hours, and than those of adobe covers 

at all hours except those at 0700 to 0900 hrs. Temperatures 
I 

of the adobe covers were lower than those of perlite concrete 

covers at 0700 to 1500 hrs and higher at 1600 to 2000 hrs. 

The trend of differences between these cover. temperatures 

was different, however, at all other conditions of shading 

and painting, and whether the measurements were carried out 

in the summer or winter (Figures 22 to 26 ). The outside 

surface temperatures of the wooden hive cover were higher 

than those of both perlite concrete and adobe ?t all morning 

hours, i. e. from 0700 to 1000 hrs. Furthermore, these 

differences were found even during afternoon hours depending 

on the combination of shading, painting, and climate. The 

temperatures of the wooden hive cover were higher than those 

of the other two covers up to 1000, 1400, 1200, 1400, and 
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Table 6. Maximum temperatures (OC) of outside cover surfaces. 

Condition 
Wood 

Summer climate 
unpainted and 51.0 
unshaded hives 

Upainted and 
shaded hives 45.9 

White-painted 
and un shaded 48.9 
hives 

White-painted 
and shaded 42.0 
hives 

Winter climate 
white-painted 27.5 
and unshaded 
hives 

Black-painted 
and unshaded 
hives 

46.2 

Hive type 

Perlite Adobe 
concrete 

58.0 55.9 

47.0 46.4 

48.7 47.4 

42.4 40.6 

25.2 23.9 

44.3 40.9 

Maximum ambient 
air temperature 

(OC) 

39.3 

41.5 

38.9 

38.0 

22.3 

22.3 
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1500 hrs when the hives were unpainted and shaded, white-

painted and unshaded, white-painted and shaded (all in the 

summer), white-painted and unshaded, and black-painted and 

unshaded (both in the winter), respectively. Under these 

conditions (Figures 22 to 26) the temperatures of perlite 

concrete cover temperatures were higher than those of the 

adobe cover from the beginning of daylight hours until 

afternoon when the adobe cover temperatures became higher. 

The extent of this difference was governed by the 

combinations of shading, painting, and seasonal climate. The 

perlite concrete cover temperatures x were higher than those 

of the adobe cover until 1400, 1500, 1700, 1400, and 1400 

hrs. When the hives were unpainted and shaded, white-painted 

and unshaded, white-painted and shaded (all in the summer), 

white-painted and unshaded, black-painted and unshaded (both 

in the winter), respectively. Table 6 presents maximum 

outside cover temperatures under all conditions. 

Differences Between Outside 
and Inside Surface Tempeatures 
of Hive Covers 

Figures 27 to 32 present differences between outside 

and inside hive cover surface temperatures. These differences 

were calculated by substracting inside surface temperature 

from outside surface temperature of each cover for every 

hour. 
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cove~ had the largest differences under all conditions 

whether these were positive or negative. No consistent 

comparison can be made between the differences of adobe and 

wooden covers under most conditions, 

overlapped each other during the 

for these 

day. There 

differences 

were two 

exceptions, however, at which comparison is possible. When 

the hives were unpainted and unshaded, temperature 

differences of the adobe cover were larger than those of the 

wooden cover whether these differences were positive or 

negative. But these differences showed the opposite trend 

when the hives were white-painted and shaded. 

Under all conditions the temperature differences of the 

perlite cover were much larger than those of adobe and wooden 

covers. The differences of the last two covers were not 

large. 

Inside Hive Air Temperatures 

. Figures 33 to 38 present mean temperatures inside air 

in hives subjected to different conditions. Under all 

conditions, wooden hives started the day with the highest 

temperatures and stayed so fo~ a longer period of time. Later 

the temperatures of this hive became the lowest until all 

measurements ceased. The differences between wooden hive 

temperatures and adobe and perlite concrete hives were. 

noticeably large when compared with temperature differences 
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between the last two hives. 

Under all conditions, except'when hives were white-

painted and shaded in the summer, adobe hive air temperatures 

were higher than those of the concrete hive at the beginning 

of the day, then became lower until the measurements ceased. 

When hives were painted white and shaded in the summer the 

adobe temperatures were lower than those of perlite concrete 

during all measurement periods, i.e. from 0700 to 1700 hrs. 

Table 7 presents maximum air temperatures inside hives 

subjected to different conditions. 

Figure 39 presents areas under the curves of inside air 

temperatures for 10 hours, from 0700 to 1700 hrs. Under all 

conditions the wooden hive had the largest areas. Also, the 

differences between these areas and those of both perlite 

concrete and adobe hives were larger than those between the 

last two hives showing very close area sizes. 

Figure 40 presents areas for inside air temperatures 

during four hours representing highest ambient summer. air 

temperatures, 1200 to 1600 hrs and lowest ambient air 

temperatures during winter measurements, from 0700 to 1100 

hrs. Again, temperature areas for the wooden hive were 

largest under all conditions except when hives were unpainted 

and unshaded in the summer, when the temperature area of this 

hive was the smallest. The area~ of perlite concrete and 
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adobe hive temperatures a~e very similar and no practical 

comparison can be made between them under all conditions 

except that when the hives were white-painted and shaded in 

the summer when the area' of perlite concrete hive 

temperatures was noticably larger than that of adobe hive. 
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Table 7 Maximum temperatures (OC) of inside hives. 

Hive type 
Condition Maximum ambient 

Wood Perlite Adobe air temperature 
concrete (OC) 

Summer climate 
unpainted and 44.8 45.7 45.7 39.3 
unshaded hives 

Upainted and 
shaded hives 41.0 40.6 40.7 41. 1 

\vhi te-painted 
and un shaded 44.5 43.0 43.2 38.9 
hives 

White-painted 
and shaded 36.6 36.5 35.2 38.6 
hives 

winter climate 
white-painted 24.9 23.1 23.4 22.3 
and unshaded 
hives 

Black-painted 
and unshaded 38.4 35.1 34.9 22.3 
hives 
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Discussion 

Hive Cover Surface Temperatures 

Hive covers, like any building roof, is exposed to 

solar radition more than any other hive surface. Molenaar and 

Perry (1939) reported that more than 40 percent of the heat 

entering a typical uninsulated five-room, 

comes through the roof. 

one-story building 

When hives were unpainted I unshaded in the summer, 

hive color played a major role in decreasing or increasing 

cover outside surface temperatures (Figure 21). It is well 

known that when an opaque object is struck directly by solar 

and terrestrial reflected radiation (albedo), part of that 

radiation is reflected and the other part is absorbed 

(Kreith, 1966 and Straaten,1967). Unpainted concrete, adobe, 

and wooden hives were grey, brown, and off-white, 

respectively. It seems that the color of these hives was 

responsible for ranking these hives in descending order 

regarding their exterior surface temperatures. 

Bond et al. (1957) stated that white surfaces had more 

rapid emission of energy, and found that a white-painted 

galvanized steel roof gave off 581.1 W m- 2 compared with 

543.2 from an unpainted surface of the same material. 

Straaten (1967) reported that b-lack and white glass panels 
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reached 82.2 and 60.0 °C. respectively at ambient temperature 

of 32.2 °C. Mitchener (1940) found that unpainted galvanized 

hive covers absorbed as much heat as black-painted covers 

did. 

When the unpainted hives were located in the shade. the 

effect of color was marginal (Figure 22) since the shade 

transmitted only six per cent of incident solar radiation. 

When the hives were all painted-white. whether shaded or 

unshaded. (Figures 23 to 26). the wooden cover rather than 

concrete cover that began with higher exterior surface 

temperatures. It is well known that surfaces painted the same 

color will absorb the same amount of heat. but it is the heat 

capacity of the material involved that determines outside 

surface temperature. Heat capacity values depend on materials 

specific heat. density. volume. and temperature. (Jakob. 

1953). Wooden covers undoubtedly had the lowest heat 

capacity. for it had the lowest density and volume (Table 5). 

For this reason. wooden cover exterior surface became warm 

faster than the other lids during morning and afternoon and 

cool faster in the evening. The analogy for this case might 

be a pail of water and a swimming pool receiving heat from 

one source. Although the water in the pail becomes warm 

faster than that in the swimming pool. it becomes cool fast 

when it looses heat to surrounding environment during evening 
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Differences Between Outside and 
Inside Surface Temperatures 
of Hive Covers 

After heat is absorbed by a structures surface, 
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it is 

transferred by conduction toward the interior as long as 

ambient temperature is higher than the structure. Thermal 

resistance, the reciprocal of thermal conductance, of a 

material determines the amount of heat transferred inward and 

I or outward. Also, thermal resistance determines the time 

lag between outside and inside surface temperatures. The 

greater the thermal resistance value the greater the time 

lag. Fine et al. (1977) concluded that thermal resistance of 

sun-dried adobe bricks increased with their thickness. The R

value of adobe walls increase 0.5 to 0.74 c.m2 w- 1 when its 

thickness increased from 19.05 to 40.69 cm. Jones (1956) 

stated that the thicker the adobe wall the greater time lag 

it has. He stated that adobe houses are cool during the day 

in the summer because its walls are at least 30 cm-thick, 

producing thermal delay of about 4 to 6 hours or more~ 

Thermal resistance values of a material are a function 

of the materials thickness divided by surface area times 

thermal conductivity (Kreith, 1966). Referring to the values 

presented in tables 4 and 5, the thermal resistance of 

perlite concrete cover is larger than those of adobe and 
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wooden covers, and this might explain the slow transfer of 

heat between cover surfaces. 

The thermal resistance values for adobe and wooden 

covers are closer_ to each other, and although the adobe cover 

is thicker than the wooden cover, it has more thermal 

conductivity. This closeness of thermal resistance values 

might explain why the temperature difference between their 

cover surfaces are this close. 

Hive Inside Air Temperatures 

The wooden hive started the day with highest inside 

temperatures for a period of time determined by the 

conditions of shading, painting, and seasonal climate. Inside 

temperatures of the wooden hive were lowest until 

measurements ceased, (Figures 33 to 38). The following factors 

might have been responsible for the observed results: 1. 

wooden hive'wall thickness was 1.9 cm. whereas that of the 

other two hives are 5.0 cm., and this undoubtly increased 

wall conductance although thermal conductivity is lower than 

that of adobe and close to that of concrete; 2. as mentioned 

before, heat capacity of wood is smailer than those of the 

other two materials. It becomes warm faster when it gains 

heat from outside and becomes cool faster when heat flows 

outward. 
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Because' the value of thermal conductivity in adobe is 

larger than that of perlite concrete, and because the hives 

made of these materials had the same wall thicknesses and 

surface areas, it 

temperature would 

hi ve. However, it 

might be expected that adobe inside air 

be higher than that of perlite concrete 

was determined that their inside air 

temperatures were very close to each other (Figures 33 to 

40). This closeness might have been caused by the following 

factors: 1. perlite concrete walls have lower heat capacity, 

and this affected exterior surface temperatures (Figures 21 

to 26); 2. perlite concrete is an insulation material that 

delays heat flow outward and inward because of low thermal 

conductivity and high resistance. Perlite concrete is not a 

massive, heavy- weight material such as adobe, brick, and 

regular concrete that capture some of the heat to warm the 

material and let only a small portion of the heat to pass 

(Straaten, 1967); 3. the unpainted perlite concrete hive was 

a color darker than the adobe hive, and this increased and 

decreased the amount of heat absorbed by these hives, 

respectively; 4. conduction through hive walls was not the 

only route of heat transfer, for the hives were not closed 

boxes but had entrances allowing free convective transfer of 

heat to take place. 
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Conclusions 

The results of the present study have shown that 

regular wooden hives had disadvantages over both perlite 

concrete and adobe hives in the summer. for the area under 

the curve of inside air temperatures of the wooden hive was 

larger than those of other hives whether these areas were 

measured durjng the period confined between 0700 and 1700 hrs 

or during the period representing the hotest time of day. 

i . e . from 1200 to 1600 hrs. Therefore. honey bee colonies 

living in a such wooden hive need to spend more energy than 

their counterparts living in adobe and concrete hives to 

regulate brood nest temperatures. The latter must be in the 

range of 34-36°C for optimal brood development. The only 

exception occurred when the hives were unpainted and 

unshaded. Then the temperature area of the wooden hive was 

the smallest. In the winter the same trend took place whether 

these areas were measured during the period between 0700 and 

1700 hrs or during the coolest period of the day .from 0700 

to 1100 hrs. This is considered as an advantage for the 

wooden hive since it helps honey bee colonies to gain more 

heat during low ambient temperatures in winter. Under all 

conditions tested the inside temperature areas of adobe and 

perlite concrete hives were very close. and no statistical 
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comparisons are required. 

The differences between inside air temperatures of 

different hives might have resulted from the following 

factors: 1. the wall thickness of wooden hive was only 1.9 

cm. whereas it was 5.0 cm.-thick in both perlite concrete and 

adobe hives. It is well known th"at the smaller the thickness 

of a material the smaller the thermal resistance it has. 2. 

the heat capacity of wood is smaller than that of the other 

two materials. Consequently, "it is warmed and cooled faster 

than the other two hive materials. 

Since the darker the surface color of the material the 

more heat it will absorb, cover exterior temperatures of 

unpainted and unshaded concrete; adobe, and wooden hives 

ranked first, second, and third, in descending order, 

respectively. The colors of these hives were, grey, brown, 

and yellowish-white respectivelyx. The effect of color on 

heat absorption was also the reason for the temperature area 

under the curve of the unpainted and un shaded wooden hive to 

be lower than those of other two hives as was mentioned 

above. For all other conditions the outside surface of the 

wooden hive cover began with highest temperatures. for a 

period of time, then became lowest until the measurements 

ceased. The temperatures for perlite concrete and adobe 

covers were closer to each other and differed considerably 
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from the wooden cover. The magnitude difference in heat 

capacity of these hives might have caused these differences, 

for they were painted the same color, and consequently 

absorbed and reflected the same amount of heat. 

Whether they were positive or negative, the differences 

between outside and inside perlite concrete cover temperature 

were much larger than those of the other two hives. The 

differences between the hives resulted from the value of 

thermal resistance each hive had. 

Both shading and painting reduced cover and inside air 

tempeatures. However, shading had more effect, and the 

simultaneous application of these two practices had more 

influence in temperature reduction than anyone of these 

factors alone. Painting the hives black in winter greatly 

increased surface and inside air temperatures compared to 

white painting. 

Because adobe and perlite concrete hives can be used 

only in permanent but not migratory beekeeping (due to their 

great fragility) even by using the same wall thickness used 

in this study, Using thicker walls in these hives to retarded 

heat flow toward the hive cavity during hot periods. Of 

course, thicker walls will also reduce outward heat flow 

during the night, and consequently the hives will have 

undesirable heat loads. In this case honey bees might spend 
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more energy to rid their hives from excesses of heat as 

happens for humans living in adobe houses. This problem might 

be solved by using upper vents open only during evening and 

night. since hot air will passively leave the hives through 

these vents. Holes in the hive lids can be made to serve for 

hot air departure as it was explained in the preceeding 

chapter. On the other hand. adobe and perlite concrete hives 

might not be helpful in the winter since they do not allow 

bee colonies from gaining much heat during day time-as wooden 

hives do. Unlike pelite concrete hives. adobe hives are 

impractical for long-term use since they are very fragile. 

leaving dirt and soil particles to accumulate inside. and are 

easily eroded by rain. Because of their great weight. both 

materials cannot be used to build multi-story hives. 

Painting only the outside surface of the shade with 

white paint might be another factor helping in temperature 

reduction during summer season. 

Finally. th.e above mentioned effects of hive material. 

shading. and painting might be more conspicuous if this study 

was conducted in extremely hot summer climates such as those 

of the middle east. 
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