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THE HAONEY BIE
(Apie melidifice)

Ipbroduction: The study of weteboliew im the higher forms of life hes
beon carried on for many yours snd much hos been found out that hes
been of greot ilsportence in understending the wey thiangs live and grow,
It bas Deoom only in the lust few yeers thet sttentiom hes Deen given to
this phase of the work in insects, The extensive work thet has been
carried on comcerning meteaboliss in wen end snimels is the busls for
the more receut resesrches on the lower forws inecluding the miere-

organisns, Before this work could be carried out on the suell forme it
ves first necesssry to develop speciel techunigue sad instrusents whigh
would seourately moasure their respirstion, The busie of wetabolism i
the cheulcal bresking down of food material by the body and the use of
the food in carrying oa body sctivity. Lost organisus hove adjusted
thelir mode of living to the extent that their diet is gonfined to &

ratheor restricted food renge, Guch is the cese in the sulmals concerned
ia this puper,

in the selection of homey bous es subject for metabolism studies,
the selegtion was mede in light of thelir ecounomde isportance aund not
bocause of the fact thaet bess would be good materiel on which to work,
Actually, bees, due to their gregericus instiancts, sre unmusuclly
difficult to handle in the wenner celled for in this type of research.
Gince this work is some of the first elong this lines; the results aand
songlusions can not be teken se st sll conclusive Dut rether es a bLasie
for future study as better techalque is t_iwolapld.

The greater pert of this study hes bDeen carried om in 2 miere-
resplironeter modificd after Thunberg 1905 and Trendleuburg 1909, The
apperetus vas designed for the study of tissue respiretion end can be
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oqually adapted for work with suell orgeniems, The inetrument is
volumetric in nsture and consiste of two smell respiratory chambers of
equal eapmecity comnsctod together tiwru stop-cocks by u fine ecapillary
tube, In the capilliary is placed a drop of oil end sny change in the
capusity of either chember is reed on & scale along the length of the
capillary tube by observing the sovewent of the oll drop,

In wetabolisn studies we are interested in the use of food end the
eliuinetion of body wastes, These wastes ere carbdon dioxide, water audv
nitrogenous products., In the study of the bees, we noed gounsider only
the corbom dioxide snd water becsuce the honey bee subsists om & diet
placet exclusively of homey, lomey is a wixture of the siuple sugers
of the formula CgH)205. One gram moleculs of this suger requires §
molecules of oxygen for its conbustion snd is wetaboliasm gives off &
molecules of carbon dioxide snd 6 parts of weter, GSince o molecule of
one ges io equivalent to o wolecule of any other ges, bDoth Seien at the
gewe tempersture and pressure, in the burniug of honey equal volumes of
oxyuen and of carbon dioxide are involvad, In the light of this
chenically established fect, n wetabolie relotionmship hes been eo-
teblished Letween the oxygen inteke snd the cerbon dioxide outgoe. This
relationship is the velue for cerbon dioxide, divided by the value for
oxygen, tho resulting ratis being called the respiretory gquetient or
Ry o Theoreticslly this osn be cniculated for the metaboliam of carbo-
hydratos; fate and proteins, The 3, Q. of earbohydrates should be (1),
protein (0,8), end fats (0,7), These ratios have Deen Dorne out in
experinents on men nnd esnimels and heve established the fact that nothing
iz grined or lost in the body without o compensating foree of snergy to
belanece,
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The sessuremcut of oxygea consunption was done by ebsorbdiag the
COg im Z0d end recording the loss im volume, OCwrbom dioxide is
wessured by using sulphuric¢ scid in the cheubors sand ocbevrving the
difference betwoon oxygen used snd cerbon dioxide givea off, For good
reedings with the volusetric uppuratus = water bath wves counstrueted
vhich held constant tempersture thrucut the experiments, The instru-
monts required sbout one hour to sdjust for teuporsturej therefore, all
readings were bogun at the end of one hour,

Bees differ from other insects in that they do not hiberaste during
eold wenther but i neteand form e cluster within their hive., The temperature
of this cluster mever fells below 14 U, sny time during the year. Juf-
ficient heet is genmeranted within the cluster to uwaintein this teuporature
by the comsusnption of honey snd Dy body sctivity. In view of this fuct
soverel temperatures for csxperinents wvere selected tast would correspond
with known bive tewperstures, The following temperstures were used,

0 €; 14% cluster tempersture; 21% rooa tempereture; 26°C; 34% brood

reuring teupersiure,

Life [storyr The honey bee belongs %o s group of iusects that heve |/
oonplete meteuorphosis in thelr development, iIn this type of develop~
went there ere four distinet steges inm the life of the orgsnism; necmely,
OgE or cubryonic stage, larval or feeding m-. pupa or period of trens-
forustion.end aduit stege. OLue to spesial cure during the leorval develop.
went in the sancer end kinds of food supplied, there is a wrorom' in
tine of development for gueen,; worker and drome, The number of deys re-
quired for develo meant belng 16, 21 end 24 deys respectively, the exact
length of time depending somewhat on the hive tempersture, GSince this
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paper desls only with the worker bee; the worker life history will be
sonsidered more in detail, The eubryonie stege of the worker re-
quires three days, At the end of this time the tiny larva breaks the
delicate ogg shell and lies free in the bottom of the comb oell,
Surse bees imuediately supply it with = quantity of special food ob-

" talned from the salivery glands of their own bodies, ia excess of
food is gemerally provided und oftem this floats the suell larva,

This food is given the first three deys of larvel life snfter which »
mixture of pollen and honey ere sdded to the diet, The larvel growth
is very repid and full growth is sttained by the end of six days of
feoding, Yhen the larva is fully grown the cell contalning the larva
is senled over with a porous capping. 7The lerva then spins s very thin
cogoon after which the last larvel skin is cest, A peried of rest now
follows during which time the larvel tissues ere torn down end replaced
by those of the sdult bee, This process requires twelve deys for com-
pistion, At the end of the twenty one dayes the fully grown adult chews
its way thru the capping and cuerges as en adult worker, The life of
the worker depends on the sctivity of the iadividusl end lessts from a
fow woeks in the working seasson to a muaber of months in the loas aoe

tive season,

Luviromuent of the hive: Through thelr gregarious hebits, beos have
developed a restricted type of houe enviromsent espeeinlly relative to
their teupersture requirements, Ascording to Shul!, individusl bece
have a oritical temperature of «1,5%C, A bes becomes helpless st 7 o
8°C and only moderately setive in temperstures from 8 to 14%C. Accorde
ing %o Phillips the lowest ulnimus temperature weintained im the hive
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is sbout 14°C, As soom es the bive tempersture spprosches 14~ the
beos form & ba.l or eluster. the tempersture of which seldon fells
below 14° and genorally incresses us the outeide temperature falis,
This condition of cluster fornmtion end temperature waigtenesnce
weons thet the bees remsin sctive tiwruout the yenr, consuming hoaey
in sufficient gquantity to produce hest for the cluster temperature
contrel, Undoubtedly wetebolism during the winter is reduced to e
pinisun by netural heat conservation im the cluster and for the con-
servation of the food supply,

The second chrrecteristic hive teuperuture is thet temperature
sainteined in the brood mest during the poriod of reering of young
bees, rhillipe gives 34°C es the normel brood reering temperature,

Experimentsl tesperstures: The temperatures snowa to exist in the
bive snd seversl other tenperatures were selected =s o basis for our

wetabolism studies, The following Contigrade temperatures have been
¢onsidered: 0,3; 14,03 231,03 36,05 34.,0; 36,0, The teuperature of
0,39 is of course far below What a bee would wermsl.y huve to cope
with, At this temperature bees were wotionless with cold end re-
meined 20 thruout the experiment, As wight be expected the rate of
sotabolisn was very low, After about olix hours they sessed to becowe
mwmmuummmmmymmm
ings could be taken over a mumber of hours time, iost of the readings
st this temperature were cerried over s poriod of 24 heurs, a few for
even & longer time, After the firet six hours, readings were quite
uniform but they fell slightly towsrds the end of the peried, lo exe
povinent was sarried on sufficiently long to kill the bees at this




temporature, Dees recovered after exposure for 36 hours,

A1l of the higher temperstures required the development of sjeeiel
techaique relative to the time of exposure and to the number of indie
vidunls thet could be used in the inetrusents for each experiuent,

This chenge in technigue wee required because b the higher teupora-
tures the bees were very active, exhausting the oxyges im the chambers
very repidly, This setivity eleo detercined the life of the bee im the
experiment, A% 34° and 36° many of the bees died from exhaustion or
stervation before the experiment wes complete.

Lxperiuentel tempersture goubrol: Tue use of the voluwetric amiore-
respirometer rogquired the use of u constant temporsiture control thruout

the experiments, This condition wes provided for by the use of a water
bath having a teaperature control, The instrusents were plaged below
the surfece of the water in the beth with only the ends of the side wrue
extending above the surfece of the water, This arrungenont pleced the
working parts of the microrespiroucter usder constent temperature cone-
trol, yet left the interior of the apparatus sxposed to stmospherie
pressure as long as the stop-cocks were opemed to the outside,

The apperatus for teupersture coutrol used in these experiments
is figured ia the diegren on figure 1y peage 7, Two twenty-gallon jars
were pluced side by side and each was provided with sbout four ianches
of Lusuleting materisl on the sides aud bottem, lach jur was fitted
with a copper cooling coil made frowm fifteen foet of one-fourth inch
tublng, The two coils were comnooted by wesns of rubber tublng., The
wator wes cireulated thru the coils by carrying o stress of weter froa
e faucet up imto am overehead jer, The water flowed by gravity from
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this jer through the colls and ocut through the over flow inte the sink,
The faucet could be so regulated that the water circulsted thrcugh the
goils et & uniforn rate, The first jer through which it circulated was
saluteined =6 an ige wvater bath, Ice wes sdded from tm to tiue o
off set that =elted by the cooling coil, Uster pussing in the colils of
this jar beccue ice cold and eutoring the second jar in this condition
at & uniform rate, served to koop the watesr bDath of the seoond jar st
sny desired coustanmt tempersture, below that of rowm temperature, For
tenporatures higher than those norwal in the ieboratory a heeting unit
wes edded to the second Jer, Excess heat from this unit was earried off
by the weter in the cooling ceils. A stirring peddle ia eech jer,
driven by ¢ suall eleoctris motor, kot the wvuter in congtant wotiom at
ell tises, The sbove wrangemeut gave satisfactory temperature control
for the tempersture renge used ia these experiments,

Bigestion in tbe honey bee: Aceording to Philiipes (1934) the pover of
digestion in becs liecs within a very restricted renge., In & sories of

experiments he fod chanically pure foods and found that beos could
digost ocertein foods while other focds caused syperent sterveition, ile
ettributed this faot to the luck of certeaia emnsyues for the hydrolyeis
of those foods on which the boes lnd starved, Of the siuple sugars he
found the bees ecoculd utilize dextross and levulose, the two comion Cobe
ponente of boney, They were unable to utilise mannose or galsctose,
0f the pentose sugars they could not use such as xylose and ars-

Binoss.
uf the sugars eumposed of two edmple hexose sugars, they are sble

to use cane suger end gpltoge, They were unsble to live on lagtose or
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Figure 2




wilk sugar, dylag es fast os though etarved. A rare sugar, frehalose,
found in fungl end cortain nennes of the old world, wes as readily
digested es cane suger,

Of the trisecesrides the bevs thwrived on mele:itoss und starved on
ruffinose. Yelezitose is a rere puger which has Deen found recently ia 4§ ;
cortain honey dews. All of it probably is derived from comiferous trees. =
" hmong other carbohydrates tested the foliowing wers Ffound not
evallable to the boes: dexitrins, soversl sterches, soluble stareh,
ioulin, glycogen and other complex carbohydrates,

For the digestion of carbohydrates there are perhaps two ensyuss
which moke them sveileble, nmmely, imverisse snd seltage. '

Proteins svalleble as food for beds come alumost eutirely from
pollen grains, These grains must firet De cruehed by the mandibles of
the worker or nurse bees before the comtents are svailable to either
the adult or young bees, According teo ‘eterson (1912) and Omodgress
(1925) the ventriculus comtsins the emsyue Lyresine. raviowsy end
Zerin (1023) found pepein, trypsinm end ghymosin in the veatrisulus,
ell bedng well known enzymes of proteids,

Although fet is present i n the tissoue of both developing sad
adult boos; as far as is known, fat il not utilised by the bees in the
digestive progess. In the case of the developing bees much of the fat
18 used up during cetasorphosis. Fat is apparestly mot absorbed in
the alinentary canal,

Allsentery sasel of fhe edulf Bee: The snslomicel structures of the
honey bee that have to do with sssimilation of food and the. elimi-

nation of body wastes ere figured om puge 9, figure 3. The food is
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wrapped nud golled together withia the body cavity. Their function is
that of collegting the body westes end exereting theu into the alie
wentary canal, 7The posterior eud of the sual. intestine iv enlurged
0 form the sse-llke rectun, Gome ubsorption may teke pluce im the
reotumn, but ite principsl funetion im the cese of the honey beeo ie o
store foces et times for seversl mouths, Cince the bee voids its
feces only when in flight, it is probable that the rectum contains sume
feves at all times, exmcept lumediately after flight, DBees taken from ‘
the winter oiuster for experinentetion undoubtedly conteined consider-
oble feces. & fuot which would sceount for a second varistion in
wolght for boes used at this tiuwe of yeur, The welght depended on the
relative notivity of the cluster end the time intervening since the

lest flight,

Uoney a8 & fopd: The grester part of the food used by the honey bee
consists of homey, GCiunce the wmetabolic rete is depoudent oa this
source of emergy, o brief revicw of the chemical couposition of hosey
is inoluded in this aper,

Honey is 51.3 percent carbohydrute, 0,4 pereent protein, 0.0 pere
sent fat, 17.79 percent weter, snd the remsining .61 percent is sineral
snd undeteormined mestter, According to Fhiliips, = bee can use sll the
carbohydrete comtent of homey except dexirin, The preotein content of
honey alone is certainly mot sufficlent to supply the needs for tissue
replzceutmt, Undoubtedly sdditiomel protela is secured from pollen
grains which are rich in protein, As yot it is wot knowa vhet the
protein requirenent otu;oboomymto. Fat sceus to play mo
role in the honey bee's digestion,

e —

e et
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Ghewigsl saelysig. Browne gives the chomicel enmlysis of honoy us

foliowss
tater 17,79 percent
Sucerose 0 ¢
levulose .50 *
Jextrose 3.4 "
sextrin T
Lpin 0.8 *

Undetermined "™ -

The undetermined metter is wede up of irom, linme, sodium, sulpbur,
negnesis, potassium, Langunesod phospihoric seids polien grein albusea,
srouatic bodies, and verious stber bodies of indefinite and unkaown
chnragter,

Shermen gives the ash constituents as follows:

SCeleium 0.004 perveeat
Hagnesiwm 0.018 ™
“otessiun 0,386 "
Sodlua o001 *
Phosphorus 0,019 ¢
Chlorine 008 -
Sulplmayr o000 *
iron 0007 *
muﬁmﬁmﬁ.ﬂudhﬂyu’.ﬂ calories per grum,

Bees foeding on honey alone have s diet of 98,39 percest curbo-
hydrate and weter, The vater does mot enter inte the digestive rocess
choulcally, so the metubolism of sugars ouly will be cousidered, Ao-
mumxmmmtommtmutum

SCUTH DAKOTA STATE COLLEGE LIBRARY
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exidetion of = typical suger,
Galoulstions of moleculsr weights ere as foll.ows:

Luger ST carbon-dioxide Iater
Garbon 6 x 12 = 72 - 6x13= 72 Snibeiinal
Hydrogen 12 x 1 = 12 VRSO 12x1% 13
Oxygen 6 x 16 = _9§ 2 x26™ 208 12x16" 192 6 x16* 96
180 192 254 108

dince one gram of honey furmishes 3,26 gelories, 150 grams will
furnish 586.8 enloriss of heut, The factor for conversion of oxygen
into liters is 0,06997 and for carbon-dioxide 0,5089,

192 wolecules of oxygen x 0,6997 = 134,34 liters.

264 wolegules of carbom-dioxide x 0,5089 = 134,34 liters,

Asoording to the proviocus equation, the wmetabolisw of 130 grems of
suger produced 586,50 cnlories end in so doing used 134,34 liters of
oxygen, nnd gave off 134,34 liters of carbon-~dioxide., Iach liter of
oxygen thea produced 4.368 calories of heat,

The wetabolic retio kuown ss the respiretory gquotient is besed on
the sbove fectors., Ia this retio the swount of cerbon-dioxide climie-
noted is divided by the smount of oxygen consused, In the above re-
sction 6 wolegules of each gus entered into the reeetion and siuce a
wolecule of one gas equals = molecule of sny other gas under constant

teuperature and pressure, this retioc is established.

222 or 234,34 Mters = 1.00
‘@ 134,34 liters

in the case of carbohydrates, the respirstory quotiemt would
theoretically be one (1). if the chamical progess weut to coupletion,
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A similer analysis reletive to the chemical broaking up cnn be
spplied to the fols and proteins, in vwhich the respirstoery quotioents
work ouf theoretically to be less tham ome (1),

Beseription of tiwe instruments: The instrument used ulmost exelusive-

1y in those expericents is known es the Thunberg microrespirometer, =
Several modificetions to Thunberg's originel design have boen unde,

The espiliery tube of his imstrusent. imstend of belng streight, wes

bont alightly down in the center, Recont cxperimsents have shown the

stroight capiliery tube o be equally satisfastory. Trendeleaberg

sdded & pide aru to onch respiratory chember in order thet the guses

wight be enalysed or exchenged without altering the instrument during

ol eaperiment, Mundswentelly, hovever,; the cpperatus le livtle differe

ent from the original design. The firet use of the apperetus wes for

wessuring the almute gas exchenge Detween Algme and » suall Seee

Anesone, later workers have sdapled ite use to other flelds require

ing wioro messurements of gsses; Trendeleaberg for suall inverteurates.

Erog oad Ven der Heyde for iusects, llogkins for tadpoles end musele-

tissue; aud Feun for nerve-tissue, This type of apperatus sdapts ite

pelf roudily to the work with bees, purticulerly to the imusture
stages such as oggs lerve and pupa, Giuce the development of indie

viduels is very repid, bourly cheanges sre very iagortent, sad such may

bo obteined by mmking bourly readings over o period of the developuent. r

In ay experisents I used several different instruments, esch hawe
ing o differont cepuneity of the caplllary tube and of the respiratory
chaubers, I found this change of instruments necessery becsuse of the
greatly inercased rete of respiretion of the bees or the higher temper- {

r———p————
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stures., I sleo found it necessery to reduce the mumber of individuals
used in the respective Lustrusents as the teuperature ves reised from
low o high., For example, =u inetrument chbuwber with cspacity for tea
beos at zero degrecs could handle bDut two bess at 34 degrees Jontie
grode,

Ny isstrunents were of two types with reference to the method of
eonnection of the respiretory cheubers with the instrusent, The
smallor instrasent, figure 3, page 17, wee mode with two 21,48 ce.
cupagity cheabers, of as neerly equal capesity es possible, These two
chanbers were connected to the ends of the espilliery tube by e grousd
glase union., Zach time the instrument wes used e paraffin-beegwex
soal wre houted into the ground glass union, which made s permanent
seel for the leongth of the experiment, Litile trouble was experienced
with the bresking of this sesl frem the expension and coutractions
caused by teuwperature changes. The two equal chonbers were consected
thru e tirecsway stop-cook by o capillary tabe having s gapscity of
1,334 cu, wm, per wa, of length. Vithin this capillery tube an =igo-
hol bubble of sbout ome ca, longith wves weinteined, Bagk of the enpils
lary tube wis fitted a milliuetor seale ugainst vhich any wovement of
the aleohol drop could be moted, hort side srus extended upward from
the tiweewwny stopecoeks. To prevent the orgenisus from felling iunte
the solutions used in the chembers, two gleuss supports were uede which
were of as nearly equal weight as possible. One of these supporte wes
used in coch chauber whenever the experiuents were is progress, The
smtire instrusent wes supported in such a way thet the tips of these
8ide nmas extonded sbove the surfece of the water in the weoter bath,
Thile the instrusents were sequiring constant temperature withim this
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vator bath, the stopecocks were turned so thet the interior of the

respiretory chasbers were exposed to stwospherie pressure, A period
of one hour wes required to establish oquilibrius between the instru-
wente =nd the water bath,

The second iustrument differed from the one desoribed sbove in
sapacity end in chanber gounections, The respireiory chaubers were
. large test tubes of 80 eo, eapucity and conncoted with the eapiliary
tube by means of rubber stoppers, The rubber stoppers aade satie-
factory vesals ia wost cases, but required careful technique in adjusie
mont to avoid slipping ceused by the tenperature changes, This instru-
wenty figure 4, pege 18, bad s cepillary tubse of u empagity of 4.9
Ou, i, por ma, of leagih,

A third instrument used t0 some extemt, wes very siwiler to the
one just desoribed except that the c¢epilisry capaciiy wae 9,33 cu, wa,
por ma, of leagth, For these last two instrucents with the larger
sapasity. a high grede petroleun oil wes used as an indicstor bubble
insteed of an sicohol bubble ss im the smsller lustruuest, The ve-
sontial features of the oll used in the capillery tube ws en indicator
bubble wos that it be free flowing with o minlsus resistonse. st the
verious temperstures used,

Leagureuent of Jxygem: The following teshnique wus used ia the
acspurenent of oxygen consuuptions An equal smoynt of 40 persent
potassium hydroxide wans pleced im the witom of eash respirstory
ehauber, The gless support for the orgsnisus was then lowered inte
each ehamber, The desired mumber of beos were confined in one chamber
and the other chamber was left empiy. Both chanbers were attsched to




the instruseat proper end the oonnections unde absolutely tight, Frem
experduent $o exporicent the oyposite chanboers were used for the boes

in order thet eny possible error of capecity amight be offe-set, The
entire instrusent (exeept for the tips of the side mrws) was then subs
merged in the weter bDuth for one hour before closing the chsmbers teo
stapspheris presgurs, /fter the hour had elapsed the stop-ocogks were
turned to conneet the chaubers with the cupilisry tube and the woveaneud
of the oll drop recorded, in this csse may cerbone-dioxide given off was
ebsorbed in the potassiun hydroxide, The slight redustion im pressure
within the chembers, eltho couputable, wog considered of no importance for
experinents of short durstion, Siange the prevsure sdjusiuont ils ogual be-
twoen the chenber gomteining the orgemisus aud the opposite euply chmuber,
it is obvious thet the oil bubble will move just oneo-half as fest as it
would oormally wove with one chanber exposed to the atuosphere, UJobe
sequently, «ll rendings in the finel sualysis are multiplied by twe to
give the true wovement of the bubble,

Eeasureseut of Carbon-dioxides Ia Thuaberg's experiment, tie esrbome
dloxide oliminstion is wessured im ean iadirect wethed, In these experie

wents, dilute sulphuric seld was used in the respiratory chaubers instesd
of potessiua hydroxide cs used for the absorption of earboun-dioxide, The
eulphurie agid sbeorbs neither oxygen wor carbon-dioxide., Since the grees
wore st equal pressure, the difference botwoen the oxygea sonsuuption and
the carbonedioxide elisdnation was read Dy the wovement of the oil bubble,
in cuse the oxygem consumed wos grester than the carbon~dioxide given off,
the movement wes tovard the orgoniss cheuber; or if the oxygesn counsuaption
ves less; the movenent wens towerd the blemk chember, imowing the differs
enoe Detwoen the two gases, =snd the suwount of oxygen consusmption frem
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provious experiments, the carbon-dioxide eliminction wes determined,

Standepdisation of wetabolic results: 4.1l tebles and culeulotions of
the metabolic rate in these expurisents have beon reducsed to the
standard tesporeture and pressure of 0 degrevs centigrade and 760 mm,
sereury, The reductions of sll conditions to stendsard conditions is
obviously necessary in order that the verious experisestal results
may be coupered on an equal basis,

Several well known lawe of physics have been isvolved in order to
make these reductions, They ere reviswed Wwriefly below

Boyle's Lew: The density of a gas is directly proportional %o
its pressure st a constant tenpereture, The formula used for this
gorroction is the observed pressure in wma, meroury, divided by 760,
vhere the tenpersture reusins constent,

Charles or Cay-lussae's Law: The volume of = gos is very nearly
oporticnal to its absolute tempersture whem the pressure is keyt
sonstant, Thea the volume is kept constent, the pressure of a gow is
proportionsl to the sbsolute tempersture, It is therefore necessary to
correst for tempersture since the volume of o gus is slways expressed
et & stonderd tempereture of O degrees Cemtigrude. The forumuls for
this correction is s ot s L belag the observed temperature in
degrecs Centigrade S STt e resiprocal of -273 degrees, whieh
is ebeolute sero,

Avegadro®s Law: The nunber of molecules per cublc cemtiseter is
the saue in sll geses st the seme teuporsture and pressure, This law
is the besis for sll cslouletion of the uetabolic ratio known a8 the

respiretory quotient,
The couplete formula for correction of the results obtained from
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the Thunberg apperatus is O v ! 2 VA= cuble millie
760 (1 4 0,00067 &) 47T
seters per hour por ladividual o O dogress Sentigrade nand 760 ma,

meroury. OF is the sbserved Pressure im mm,§ £ is the Jbsorved
Tenpernture in soro degrees Centigrede; ¥ is the Volume of ceplil-

lefy per mm, lengthj R is the Jbsorved Movement of the oil droplet;

L sl i3 e

% is the Mumber of Imdividucls used; T is the Length of Time used ia
experiment in hours,
As en exsmple; & typiesl experiment is showa in detail;
or = 719.0 siliimelers mereury
Z2 = 21,0 degrees cmim
¥ =2 9.33 cubic silllumsters
a @ 97.0 willineters on sesle
X ® & bdewm
$ = 1 |hour
According to formuls: 1 1x 33x9 =

960 x (. 0,0038 % 21) x6x1
267.5 cubie willimeters.

Ueight of Beos yelsbive $o metaboligmy Wost workers in the field of
avtedolisn bese their metsbolie coefficients on the body welght of the

shimcis studied, In the cese of bees it wes found useless to stiempt
uwtuwﬂm.uuutmw-mu-mw
ation of individusls from their true body weight caused by the losd
thet they were carvying. A!uhumvdﬂdumma
thwmaadmhnm"uﬁlonmfun‘tmumw
to rely om the figures a«.muduun—nm-dm for workers,
es & basis for metaboliec csleulmtion. perk (1934) brought up to dete

rmuourhontmmm:uMaﬂDyuMnolnounu-




terminstions found what appesred to be the minimum flying welght of
worker bees, lio concludes thet 32 mgs is the approximste minimum
flying welght of an Itelien worker bee, This figure of 32 uge is the
figure used im nll caleulation in this paper vhere the weight of the
individual or of groups of bees is iavolved,

Souree of becs used in the expeviuents: / woderately strong colomy of
boss was porsencntly ssteblished in the stiic of the laborstory where

Shelr hive couditions were sludler to those of n wellepucked colony
winterdng out of doors, The colony reared brood until December, and
thon completely cecsed brosderenring until the siddle of Lsrch, Broode
reuring wves carvied om vigorousliy during the latter pert of larech but
this wes followed by a broodless period the letter part of April amd
the firet part of lay, The Wroodless period may be expleined by the
leck of pollem im the hive st this time, for brocd-rearing begen soon
efter pollen becuue svdhbl? out of doors, Thruout the year the bevs
necded in the experiments vere teaken from this hive but were not re-
Surned after being used in en experisent, '

Sdnoe the experimeunts were cerried on over sany veeks snd under a
vorioty of setivity conditions within the hive, the results obteined
under verious experisentel conditicns wight be mislesdiag unless they
are oarefully anslyzed and restricted, Therefore; resulis are con-
elusive only for thet period of the yesrly cyele from which the bees
wore taken for the experiments, Omnly by carvying oa experiments for
all tempeoratures tiwruout the yosrly cycle canm sufficisnt data be obe
teined for & complete understanding of homey bee metabolisa, Judging
fron the veristions in experisental results, the writer believes that
‘lﬁ metabolic rate is far from constant thrucut the yearly eyele,




lov Sesperstures: The sim of the oxperisents with low teaperatures wes
%0 plege the bees under such conditions thet their cetabolism would be-
come basal or below Leasal, it 14° Centigrede or highor the fector of
activity is involved bringing ia = great source of error ia results.
There may be » tempersture Detwoeen 0.,3° ¢, and 14° O, et which a besal
condition might be spprosched, but sush o tempersture wes not determined
in these experisents, /% the tenporature of 0,37 Contigrede there was no
poticenble eetivity of the bees after the first three mimutes of ex-
posure, The becs had been token from the winter ¢luster thet hed &
Semperature of not less than 14° Cewtigrade end st 0,3° Centigrade their
motebolism decressed hourly to that showm ia figure 5, page 28, snd
figure 6y pege 27, Duriag the firet gix hours the metebolism deorcased
repidly, but about the sevembh houwr & Very gradual decline wns ostude
lished, The respirstory quoticnt slso deare: ged with the tiune of exe
posure, and sfter five hours this ratio dropped below that of everage
earbohyirate wetebolisnm and approsshed a protein ratio of mnetaubolisum,
This fect suggests thet honey wes W0 longer being wetebolised and that
the bees were oxisting on their body tissues. The uxperiments at low
tenperstures were cerried on over a twenty-four hour period, but the
lost twelve hours of readings are averages and mot hourly re=dings.
These sversges are plotted on Figure 5 as & dotted line, but 1% is
ressonable to believe that metaboliss fells within the range showm by
the dotted lines,

Figure 7, page 38, gives the average results for the twenty-four
nours of exposurs to = low temperuture, The average OXygen Songuwip-
tion for twenty-nine bees over a total of 194 hours exposure wes 6,89

cuble millineters por hour, The serbonedioxide output was 5.38. The
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avevage respirstory quotiest wes 0,783, elasely spproushing the re-
spiratory quotient of protein metabolisa, The becs dissected after
twenty-four hours of exposure gtill hed & quuutity of honey in Shedr
honey etouache, if digestion did contimue =t this teaperature it

evidently did eo very slowly,

Eimtor gluster temporsture: The sim of the experiments ot 14" Centi-
grade wes to soeure dete us to what the metabolisnm wmight be in the

winter cluster, In the clusier; becs always cppeer quiet 21nd metebow
len 15 ovideubly grestly reduced, Ixporimentally bess did mot resaln
quiet at this tempereture and consuned nlmost ue such oxygen cs they
did st waueh higher temperatures. Tads uey possibly be expleined by the
fact that the boes were sot in thelir normal surroundings, The constant
 exposure to 14° Cemtigrede with the constest rewoval of sll hest gemer-
ated by their ectivity uey have wede then restless, The rojid increcss
is oxyges consuaption from 20,64 cubic willi.sters at 0,3° Centigrade to
265.2 cuble miliimoters st 14° Contigrede is rather striking, At just
vhat Semperature the repid imsresse takes plece hes not been deteruined
bat it is certeinly mot @ gredusl rete of iucrense es the temperature
Lasrecses, The complete dete for results of the experiuents ut 4"
Soumtigrade is shown om Figure 8, pege 20, end Figure 9. pege 30, These
tables ore the results of werking with two different instrucemta, Altho
there mppears & differesce in oxygen gonsusption end cerbon-dioxide out-
sut, the respifstory quotients sre both about 0,94%, or within the range

of carbohydreto metebolliss,
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Table giving the average results of gas oxchanges for e¢leven oxygea

and four carbon dioxide experimentis at 0,3° Centigrade - 760 mm,. =

lour of Aespdra ory Oxygen Carbon
senddan, ~okient ~doxide

2 0.963 29,64 23,56

3 ' 0,989 17,49 16,41

4 0,915 12,76 11,68

s 0,905 10,35 9,27

6 04870 8,29 7.21

v 0,868 8420 7.12

8 0,883 7.9 6,83

9 Ue363 7490 6,82

10 0,853 7.7 6.86

Figuve 6.




nygen consuaption and carbon~dioxide sutput im cuble wiliimeters per
hour per bee at 0,37 0, 760 us, over s period of loug exposure,

Oxygen = 6,69, OJarbon-dioxide » 5,38, Respirutory Juotient = 0,783,

LEXGLR
AVOrage Ou, i,
Late lio, Bees jours ixposure or_hour
Jomunry 4, 1937 3 23 3457
. . " 3 0 6,2
B 3 i 7.78
* i, * 3 a3 7,66
. 4, * 3 % 5,83
b e o 4 23 6.7
* 29, * 3 21 7,27
. 19, 3 21 5,42
Februery 45 ° 3 33 .44
_194 VERAG
21 1,58
- M, 3 21 1.93
- g5 - 4 20 1,98
9 W " 3 19 1,90
E w 4 20 3,44
Ry ° 3 22 0.97
By~ 3 22 0,83
Februsry 1, 3 21 1,87
S o 3 22 1,24
B o 3 20 0.96
omL 3 208 LECE 1,50

Figare 7,
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Oxyges consumption cud carbon.dioxide output im cuble wililueters per
boe st sero degrecs Centigrede -« 760 wam,
Oxygen * 365,20, Carbonedicxide = 248,46, Respiratory (uotiemt= 0,937,

SRYGE |
= Je.Bes  Teestes  Ou . s, ]
Februery 21, 1927 s 15.0 347.5 "
" 2, - 8 14,0 253.8
. ai, " ] 14,5 306.0
Wereh L&y - ] 15,3 199.5
- 14, * ] 14,3 148,28
- 14, " 6 14,3 573,0
. 15, = & 14,0 3C04,0
- 18 ™ é 14,5 73,8
AVERAGE ia,23 265.2
Fobwruary 16, 1927 3 18,0 20,55
b W, = & i4.l 16,938
. A8 - ] 13.4 16,88
..areh Ay * ] L4.C 14,30
. 0, * 6 14,0 235,00
" 2, 6 14,1 6,92
AVERAGE 14,1 16,74

Figure 8,




Oxygon consuuption end carbonedioxide output in oubie millimeters per
bee por hour ot gere degrees Centigrede - T60 ua,
Oxygen = 323.3, Carbonedioxide * 314,6, (lespirstory Quotiesmt *= 0,948,

SRR

February 16, 1937 6 14,0 174,3 B
" W ° 6 14,1 269,1
- 8, " 6 13,4 57,5

Neveh 14y 6 14,3 615,0
. My * 5 14,3 473,0 '.
" e " 6 14,3 244,0
TrT— 6 14,0 4145
. 2% * 6 14,0 132,6

AVERAGE 14,3 322,3

Pebrusry 21, 1937 6 14,0 2040
E 23 ° 3 14,5 19,8
" 2% ° 6 14,0 22,8

Nereh 10, * 5 14,0 649
. s 6 14,1 19,5

AVERAGE 14,1 17,7

mm ’.




Beam temporebures The metebolisn at 21° Gentigrade was found to be
muwtawnuuwwmtau*mw‘ The coue
m,mt«mwnmtmnm-tm
310, puge 33, end figure 1i, page 34, Altho the oxygen consumption
and garbon-dicxide oubput diffor but little from thet of 14° Cenble
grade, the respiratory quotient is decidediy lower. ie two different
instrusents were used under similer conditions, end e sisiler decresse
was recorded, it eliuinates the likeliheod of experiventel error and
M & possible physiological condition pregsent ot that tine of
mgu:wmrmtmwulatm.;pm-. To check this point
unwwmnmummnommnms
ﬂ‘hm“tmmmmwrywﬂonmuw. L
Mmmplﬂdmdromdﬂaruﬂ“mﬁumw
of 0,93 ., mwsmwmuunm@mmm.nu
& resulting respirstory quotient of 0,915, Thus both sete of experie
wents gave results mich higher then those of April, Two faots were
Wmnmmx-ammwugum.mm
mdwmmmmmymwsmmw
mmtomummmmummu
WMMMIMMNJ#MMMOOWMN&
mm;mmmmtmummumuuu
the sxperiuents,
mmmutmmtmmmuummuw
may offer a possible solution to above resuit, it this time the colomy
hed its suellest musbor of bees, bessuse of the removal of bees for ex-

porinent purposes thruoul the wisler, At this time also the ceolony wes
mmoduup:ayun»uuumrorwtmmmm
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and 1% 4o emtirely possible thet most of tho adult bees wore holiag

with the rearing of the broed, 48 was nentioned previcusly, the food
mnuuymmudmmmnymmunmm
dmmm Food mugt therefore be previously digested by the
surse boss and exereted thru thelr sslivery glemds befors it is glvem
%6 the larves, According to Phillips, the eemposition of this food us
given to the worker larves is me followss '

Croteins it Sugar
Yorkers under ¢ days 53,38 8,38 18,09
Yorkers over 4 days 27,87 3,69 4,93

xtlo-ullhwutmmtpounhmlormdm
ing. mwmommotmuyu:ummumumw
ty of protein natier necessary, o tha pollen must be the Jourze of the
proteine found so sbundently in the lorvee food, Nurse boes must digest
tbpuuhtmumhmmhtothmmmm
dmmwdunm“nmohmm#uunmm
in the ease of the nurse boes, It is eutirely possible thet nurse becs
mmmuwumamlwerm;mtmttmymun
been responsible for the resulilng respiratory quotisnt et thet time,

It is agperent from the experiments cerried om im August when field
NWMMMWQMMﬁmMWMm
mmm--mumurumummmwtw
carbohydrate metubolisa, Tempereture alone was gcertainly not responsi-
ble for the deoreased respiratory quotiemt during April, The above cone
mwamiluuhomhumn-m"“ﬂuw
of the worker bee, Sueh conditions were nmot cousidered in this peper,
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Oxygen consunption and cerbon dioxide output im cuble mililusters per
Bour per bee st zore degrses Coutigrade « 765 ma,
Oxygen = 308,0, Cerbon-dioxide = 275,9, iespiratory quotient « 0,592,

Y

ake

Nerch 34, 1937 & 21,5 383,89
- 3., " é 23.4 337.0
.2 " ] 23,5 287,0
- I‘o » 6 21,0 267.5
R ° ] 21,0 398,5

Apedd 5, 6 21,0 261.0
- ™ » 5 31,0 332,85

AVIRAGE 21.2 306540

Ty S—

Aprdl 7, 1927 S 1.8 21,6
LR . 5 al.3 43.8
i » 5 a1.6 38,23
"1l . 5 31,0 26,0
.18 - S 21,0 39,9
1% » 6 21,0 )
" 13 . 6 21,8 32.3
" 14 . 6 21,0 34,6
" 15, » 6 21,5 9.6
" 15, . é 31,0 35.0
" 16, - 6 0.5 Aed
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Oxygen counsuuption and carbon-dioxide output in cubie aillimeters per

:ht per hour at sero degroes Centigrede ~ 760 um,

Oxygon = 334,0, Carbon-dlomide » 201,7, rfsespirstory (uotieat = 0,874,
Ea
Dete o, Bess Tempersture ____ Ou, mu, per hour
larch 24, 1927 8 31,5 4840
-, " ) 23.4 260,.0
« 25, * 8 28,5 274,0
_-.m, " 5} 21,0 409,0
* % *° é 21,0 437,0
Apedl S5, * ] 21,0 3740
s v 5 21,0 427.0
- " S 30,9 343,0
2380
Apwil 7, 1927 8 3145 6040
o e, " ) 2le2 19,3
® 9, " 5 21,0 56,0
L A & b 5 31,0 45.8
., 5 dl40 45.3
e . * 9 21,0 43,3
=1, " 8 21,8 39,1
i °* 6 21,0 52,5
S . ° ] 31,5 32,7
Bt * 6 21,0 35,3
__— * 6 2.5 34.4
AVERAGE ilel 43,3

-
x i

Figare 11,
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Qwenty-six degrecs centizrnde  wo methods for gas mensureuent wers
used et this teupersture, The results for the Thunberg eppurstus are
given in figure 13, pege 36, Iin these experiments the oxygen cone
sunption wes slightly lower then that fouad for 217 Centigrede. The
posulting oxygen Tactor was 299,99 cuble williweters per dee per hour
end the carbon-dioxide fastor wes 283.8 cuble millimeters, This gave
a respiratory gquotient of 0,94 or well within thet of cerbohydrate
uetab:lisn,

The segoud wethod used was the one kuowm as the "laldens and
Pembreoy Gravisetrie Lethod”., This method involved the wseasurement by
welgik of the curbon-disxide and weter given off from the respiratory
shanber by absorbing thex in sode liwe and sulphurio aeid tubes. The
oxygon fagtor was calsulated by using the welghits of carbon.dioxide,
wator; and the loss in welight of the respirstory chawd v, The ade
vantages of this method were that the readings could be mnde immediste-
1y after the bees wers confined, end thet large numbers of bees gould
be used in onch experiment. Both workers and dromes were used in
meesurewents by this uethed,

The recults obtained for esch are given in figure 13, page 3.
The first hour oxygen factor for worker bees wes 780,0 cuble millimeters
por Dee por hour and that for drounes was 577,0 cubie wiliimeters per bee

por hour, The respiratory quotient in wost of these experiuents wes
grester then one (1), This would suggest elumost couplete carbohydrate
wetabolisn,
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Oaggen consumption und carbonedioxide output im cubie miliimeters per
boe por hour at zero degroes Vemtigrede - 760 um,
Oxygon = 299,35, Cerbonedioxide = 383,37, lespirstory Juotient = 0,94V,

May 8, 1928 5 26,3 288.0
N * ) 35,8 276.0

e = & 36,1 257,0
. * 4 a5.9 319,85

e = “ 25,6 258.0
—— " = 26.1 64,0
e - ® 35,9 283,0
R, * P 26,0 365,0
R, " & “ed 315.,0
A ° 4 28,0 264,56

“ @ - + 6,1 837.5
June 16, " 4 86,0 214,0
Ty * « 86,0 298,0
& 46,0 816,06

8999

25,8 15,98
26,0 19,18
25,9 7.95
35,5 $.93
26,0 20,90

%040 12,76
36,0 14,58

=
&
*
&
4
. 20, » b 26,0 38,30
4
&
.




Oxygen consunption and carbon-dioxide output im cuble m=illimeters por

bee per hour at zerd degress Centlyrede - 760 mas, Haldene sud ‘cmbdrey

PAGI R
%ﬁf. Temp, Ho, Time Orems Oreus OCu.mm,UsOu,ma,003 R4

FRISEEAE Sy S35 R

. Boog Jxyzen o 02 ser bes per bee

Aprdl 3 21,85 200 1 hr, 0,218 0,354 763,0 898,0 LoA79
- 3 21,85 200 24 hr, 0,2186 0,3420 7440 875,0 1,193
-3 25,5 130 1 hr, 0,1596 0,2083¢ .658.0 1233,0 1.397

" 23 26,5 138 1 hr, 0,1606 0,2498 219.0 1008.,0 1,007
"3 26,5 126 24 hr, 0,0089 0.1573 547.0 6350 1,1619
- a 26.0 1‘;7 1 hl'. 001790 C;?m 353.0 ”99 .O 0&937

TOTAL 929 AVIRAGE 780,0 889,0

s

Juss 5 26,0 59 1 hr, 00743 0,1240 881,0 983,0 1.8
w23 25,0 126 3 hr, 0,2383 0,3214 4410 43,0 098
“98 23,0 106 4 hr, 0,3855 0,4421 481,0 54,0 1.2
"2 24,0 69 5 hr, 0,2488 0,3635 505,0 5355 1,08

4"\..':‘ \.\;'u;;» 5" .0 62’“.8

Figure 13,
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Brood réering temperstures Thiriy-four degrees Ceantigrede should be a
temperature norusl to the adult bees, sinee this teuperature is maine
teined in the brood nest thruout the brood reariang eyele, In um attempt
%0 arrive st normal besul metabolism at this teuperature, a series of
sxporinents were conducted om novly emerged sdulis, These bees had
Saken but little food snd were sctive only es they orawled ebout in the
fustrusents, The results of these experiments mre givem by Figure 14,
pege 39. The oxygen comswaption wes 283,3 cuble wili.imeters per bee
por hour, 7This figure is well below that found for setive adults at
sny teupersture sbove 0,37 Centigrade, Oxygen comswsption of 223,23
subde mililusters would seen io be the uearest upprosch to basal me=
tabolism for asotive adulte found in these experiments,

A vardoby of rosults were obtained in the use of ective adulis et
347 Qontigrsde because of the excessive activity of the bees in 2000 oxe
peordnents, In sowe ceses the bees died from over-emertion before the
seoond hour readings could be token, The results obialned et thie
tenperature were arbitrarily divided sccording to thelr apparent ag-
Sivity, PFigure 15, page 40, gives the results for bees whers thelr ag-
“ﬁty socmed to be morual or where they bocsme lunactive bLefore the ax-
porinsul wes completed, The oxygenm comsumption lm this ense wes 578,0
“O’nd.umtm por beo per hour, Figure 16, pago 41, gives the re=
sults where the sctivity seuned to be excessive, The oxygen consumption
s 1718.3 cuble nil dueters per beoe por hour, Beceuse of the wide

verietions in results ns showa in the sbove tadles mo defimite con-
slusion omn Yo mede reletive to the respiratory quotient, It seems to
'buﬁmmmtoromﬂottheupmat. decrensing tovard the
ladter part as death ajprosched some of the bees,




Gl"in consumption of mewly emerged adults, in cubie ailiimeters por
bee por hour ot zero degrees Centigrede - 760 ma,

P
AT ) o, Hovs lemporature Ho, lours Gu, s, per b,
day 5, 1927 i 34,0 3 278.1
"8 - 1 33.8 i 198.4
"% " 1 35,8 1 460.4
"8 = 1 3.0 1 118,0
"6 " L] 11,8 1 423.0
" - * 13.8 i 279.5
"5 4 3.0 i i99.3 |
TUtAL Ld # 433,23 :

Figare 14,




lotabolic results per bee per hour st zerse degrees Centigrade - 760 wm,
Hormal metivity,

- " o4 43,3 403,0 - ol
-y " a 15,0 634,0 " N
-y " 2 iy B 698,0 - - S
578,0
April 19, 1927 + M0 "w.y lormal or lesse
- L — L L 7.6 ” . A
s * 4 34,0 T9.5 " . .
-n - 4 3.0 594 - L
" m = L ] 331.9 §53.0 = " -
AVERAGE 33,3
S ———

Figure 15,




Hotabolie resulte por bee per hour =t sere degrevs Centigrade - 700 am,

High notivity,
T '
=t o, Bees _ Jempersturs _ Oum, per hr \etivity
April 237, leav g 51,8 1738,0 Vory setive
- - 2 35,5 1074,0 . .
-m,y - i 3.8 1713,0 . .
ay & * i 31,5 1980,0 . n
. v 3 33,9 2120,0 . .
ATIRAGE i718,.8

April 21, 1929 a .0 135.12 o -
" o, " 2 M.0 103.0 " .
" mn, - a 4,0 e " ol

AV.Ra02 128.4

—

Figure 18,
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Uxygen consunption ond carbon dioxide output im cubie willimeters per

bee per hour at sero degrees Cemtigrade,

Oxygen = 462,8, Carbon-dioxide = 445,7, GAespiretory (wotiont = 0,942,

S

ake

ley 23, 1925 4 28,5 662,85
"8 - L] 43,6 618,0
-2, " 4 .0 .0
-, - 4 a6,.8 27170

AVERAGE 482,.8

June 4, 1945 4 35,7 .94
. n 4 8.Y 17,7C
. - 4 35,6 34,50
B v 4 35,8 13460

AVERAGL 17.08

Figure 17,
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Plgure 17, pege 43, glves resulis for adulte at 36° Centigrade,
Hothing unusuel in ectivity or condition wes noted, 50 essuming that it
wes mormel for high tesperatures; the oxygen factor wes 462,58 cubde
millismeters por bee per hour, ourdon dioxide 445.7 cublic milliseters
por bee por hour, snd the respiretory quotient wus 0,94 , The musbor
of experiments st this temperature is not sufficient to draw any

definite conclusions.

uetabolism na influenced by tempersbure range: The graph of data for
all temperatures used is given in Figure 18y page 44, This curve is

mm:mmfumnyapnmmoaromm:ndmh
sssumed to bo true only for the conditions under which the experie
ments were cervied out, A true metadolic curve wvill be established
pnly by sdditionsl experisents for sll temperatures thruout the yeerly

eycle,

mim&wmi i hes boen clsted previe
ously, the adult bees rescted in o different nsmner to every set of

experisental conditions, A grephicel representation of these reso-
'm is given in Figure 19, poge 45, It will be moticed that Teapor-
egture =8 relsted to metivity hed sn important bearing on the iife of

& boe during the experiments, The highor temperatures secned to shorte
on the lives of the bees proportiomslliy %o the smount of food they
“'l‘ldﬁtboumthoyontwﬂlmthoupm. The errows show

the apparcat durstion of 1ife as indigsted by the resulis gogured at

the respective temperatures,
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Dedugtionss in interesting deduction cun be wade from the results of
these sxperiments =s to the suount of oxygen consumed es related te
body wedght, ‘ecording to ‘ark, the sinisus fiying weight of a worker
bos 1o 82,0 milligrens, One kilogram of boos would, therefore, contain
12;195 Bess, Hedueing the nuber of cubic sillimeters of oxygen used by
tho 12,195 bees et the verious temperatures %o iiters by the formule,

consuned by e kilogram of honey bees, The complete dote for this coms
putation is skown by Figure 20, pege 47, It vill be moted thut a minde
sum Gse ooours st 0,3° Centigrede, whers 0,36 liters were consuned por
kilogrem, A% 14° Centigrede. 2;.° G. end 269 C,, between 3,23 and 3,67
liters per kilogrom wore used; st 34° G, (modorete anotivity) 7.05 liters
woré reguired; ond 20,96 liters per kilogren were used in exvessive ag-
tivity, The weteboliem for beos st 0.3° O, wmly, apyroashes the oxygem
eonsunption of men per kKilogres of body weight, for the higher tempere
stures show s wueh higher rate,

dest “roduction: According to previsus cnloulations ia the we-
$ubolisn of homey, ench liter of oxygen gonsused produced 4,368 large
eslories of heat, iuowing the musber of liters of oxygem used hourly
por kilogrem of bees, the amount of hest generated st the variocus temper
aturec ¢en be osloulsted, The ainisus hest produstion works out %o be
1,57 plus eslories per kilogrom st 0,3 degrees Centigrede, sud e mexie
mas of 7,54 plue culories per kilogram at 34 degrees Ceutigrade (ex-
sossive sctivity). Juch calculstions ere necesserily true only for bees

under experimentel conditions, and would not neceuserily be true for

beos under hive conditions, Vithia the hive where notivity would be re-

dused to tie minimum, th-mmwwu_huun.mmm
’nmmrmarwauuumumtmt“twmm*

perinentel conditions.




Litors of oxygen used per kilogram of Dess (sdnimum flylag weight of

82 willigrems) for the second hour after exposure at the respective

tlﬁpm% ures,

Tauperature Ou, um, per hr, idters Oxygea
~RYgen,

29,64 0.38

265,82 3,33
30840 3,76
230.9 3.67
78,0 7.05
62,8 5,54
17i8.8 20,98
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Gosclusione: 4t the tempersture of 0.3° Comtigrade, the adult homey
bees Degame insctive slmost lswediubely snd their wetabolie rate doe
ereused repidly for about six hours, after which the decrense ¢one
tinuod very greduslly, The bees recovered when returued to rowm
teupersture, sfter having been subjested to 0,3%C, for & poried of
twenty-four houwrs or longer, existing during this time &t & very low
rote of wetabolisw,

since thore wes no apperest sotivity sb 0,3°C.y sand sesuingly.
sorusl sobivity (for experimentel conditious) et 14,0°C.s the greut

LmutthOMOMﬂutrwhmtmw
cetes that astivity is & detormining festor im the rate of body wee
teboliss,

ividoutly the setivity within the hive at 14,0°Cs is considore
ably less thea thet for bees under experimontsl comditivas sb thet
tespersture, If the wetabolle rete of bees within the hive were as
greet us that of boos under these experisental seaditions, they could
pot exist over winter on the supply of food stored in the hive, Under
sorusl winter comditions there wust be & sretielly organized netee
volic rates thru cluster formation, im order to oonserve the food supw
ply of the colomy.

.xperiments conducted at the teuperaturcs of 14.0°C., 21,0%C.,
and 26.0°C, indicate thet over this renge of temperature adult honey
bees are but umowwnmtmnmum.

fhe adult honey boes wers umususlly sstive st 34,0°C, emd 36,0°C.
This excessive mzﬂtymmuu-mmummm
leagth of life under these exyerimentel conditions wos proportional
uWM“M“N‘m&& ixperiments indigcete that




sdult homey bee metubolism is grestly variabie st these teuperatures,
The respiratory gquotients for all tempersturcs show that the diet
of the mdult honey bee is eouposed meinly of cerbehydretes,
The resovel of edult bees from their sormel surroundings sewsed

to creste an sbnormel amount of activity wessursble directly im the

rate of wetabolisu,
The rute of wetebolism of sdult honey bees is influenced %o some
exteunt by the temperuture,
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