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INTRODUCTION

The package bee has brought many new problems of apiary man-
agement to the beelkeeper. To obtain more definite information on
pertinent factors underlying these problems, particularly on the rate
of development of peckages of various sizes, work on package bees
was undertaken in 1926 in the division of bee culture of the Bureau
of Entomology. A knowledge of the rate of development of package
colonies is of special importance to the beckeeper in many of his
uses of the package bee if he is to choose the size of package which
will best swit his purpose and if he is to know the proper time to
obtein those packages,

Although in the United States bees have been shipped in combless
packages for more than 40 years, only within the last 15 has the
package-bee business assumed special importance. During these
years it has increased by leaps and bounds. Recent ssatistics (38)*
from the State of Alabama, which has become the center of the pack-
age-bee as well as of the queen-bee industry (25), well illustrate this

Mflalic numbers in parentheses refer to Litersture Glted, p. 42
HR7TE—-32—1
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peint. According to these statistics, in the two years from 1924 to
1926 the sales of y:skage bees in Alabamsd more than donbled, 40,000
packages being s in 1926 ns against only 18,000 in 1924.

So far the commercial use of combless package colonies in honey
production has been confined almort exclusively to the United States
and Canada. 1t is only within recent years that the question of the
practieebility of combless packages under European conditions has
been seriously reised in European bee journals, For a long time,
however, there has been some traffic in colonies of bees between France
and the British Isles, and slso between the Netherlands and the British
Isles. ‘Within the last few years there has even been a beginning
attempt to sell in the British Isles package bees produced in France.
Russig, a country possessing vast extent and wide range of climatic
conditions as well as immense beekeeping possibilities, seems to offer
a big field for this phase of the beekeeping industrv.?

In the past the production of packege hees in North Americs has
been practically limited to the United States, since Canada has de-
pended for its supply on this country. The exact number of packages
used in either country is not known, but Floyd {9) in 1929 estimated
that, in Manitoba alone, 10,000 packages are needed to supply the
annual demand.

Thus far the packeage-bee business has been confined largely to
contiguous aress served by rail transportation. It has not figured in
transoceanic shipments, no doubt partly because the conditions for
success{ully shipping bees in confinement for the long period necessary
in such o case are not yet known. The imporfance of determining
the proper conditions for shipping package bees successfully wes one
of the reasons {or the establishment of the Southern States bee culture
laboratory at Baton Rouge, La. Air transportation would appeer
the best means so far &s the bees in the laz)ackage are concerned, but
resort to this method is not yet feasible.

Package bees are bought, for the most part, for the purpose of
building up new colonies in time for the honey flow, or of strengthening
overwintered weak colonies so that they, too, may build up to suffi-
cient strength to gather surplus. Recently Hutson {(74) has advo-
cated the procuring of packages in early spring for the purpose of
having them build up to colonies strong enough for pollination work
i orchards instead of relying on overwintered colonies.*

The results obteined in the last few years from the use of package
bees to build up into new colonies for the honey flow, especially in
some of the newer western and northern beekeeping regions, have
often been surprising and may well explain the rapid development of

‘Since the foregoing was written, the use of package bees under conditions in the Tofon of Soclalist Soviet
Repubiics has become the subleet of lnmvestigation there, one of the leaders In the movement being W, W,
Aipatov, directar of the biclogical Inboratory ot the zoological musenm of the University of Moscow, who
was p research fellow of the Internationsl Education Board st Johns Hopkins Ubivetsity iz 1926-1928,
Asamatierof lact, as pointed out by the writer (#5a) ina recent artfcle, The Shipment of Package Bees it the
U. 8. A, which was translated ipto Russisp by Alpatov snd published in Kollektivnon Pehelovednoye

Delo for Mereh, 1031, the Union of Snogialist Soviet Republics seemus the only country of beekee?mg im.

pereance st present which erbraces sulliclent elimatie ratge and contignous territory for the deve ogment
of a package-bre Industry entirely within ivs own borders comparable to that now found In the United
States, In The Bee Kingdom {or July, 1931, A, Z. Abushady (£} reporied the shlpment of package bees
from Jugosiavia to Egynt.

; Since the above was written advertiserrents aflering for sale package bees shiped by air fron: France
to’ Engiand have n;;jieared. {C[, Seotiish Beskeeper, April, 1031.) i

¥ Slnce the original completion ¢f the manuscrint for this bulletin in 1929, Huison (/5) hes descrited an
“orehard peckage' to be used nrimarily for npelfinating purposes, Af this date {1431} several praducera
of i ackage rees ore ndvertlshg *orehard packages' for sule.  The bees arriving in such prekages are those
deperded upon to sccomplish pollinstion, and they are permitrerd 1o BY directiy from their original ship-
ping conteiner without beiny transferred to » hive,
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this phase of the beekeeping irdustry. For imstance, smong some
exceptional examples, it was reported (36) thut 1-pound packages in
Ontario in 1916 built up sufficiently to gather an average of 100
pournds of surplus honey In one season. In the swectelover region of
the North » 290-pound erop was reported (16) as the 1924 totel from
a2 3-pound package installed in North Dakota on May 22 of that vear.
‘This particular region is marked by high colony yields because natural
conditi-us mrke possible both exceptionally high daily geins and an
exceedingly long period during which nectar is availlsble, Sweet-
clover may bloom for about three months in North Dekota. A 8-
pound package received in that State on June 5, 1922, was reported
{6} to have gathered a honey crop of 485 peunds before the end of the
SRINE Seas0oNn.

It 1s not to be assumed from the foregoing examples thet & direct
relationship exists between the size of the package installed and the
size of the honey crop obtained. Other factors which govern the
total number of field bees on hand for the honey flow enter in as well.
Amonyg these are the relative rapidity with which packages of various
sizes build up, the length of time between the receipt of the bees and
beginning of the main honey flow, the age of the bees when put into
the package, the queen hee herssff, and whether the worker bees in
the original package prove of field use in the mein honey flow if ob-
tained late enough or whether their energy is all expended in rearing
brood to replace themselves. The division of labor in the honeybee
Is also & governing factor since, as summarized by the writer on
another oceasion {26), it has long been common knowledge thet under
normal conditions the worker honeybee spends the forepart of its life
in various activitics which it has been the custom to group under the
heading of hive duties, while the latter part of its life is devoted fo
field duties such as gathering nectar, pollen, water, and propolis. On
the other hand, when compelled to do so, bees may go to the field
earlier than they would normally, or to a limited extent old bees may
perform hive duties.

Recent rescarch by Résch (87) has placed our knowledge of the
division of labor on & more scientific basis than heretofore and has
brought out new facts as well. The work of Soudek (39) on the
glnm?s of the worker honeybee is also an important contribution
toward the solution of this problem.

PREVIOUS DATA ON DEYELOPMENT OF PACKAGE.BEE COLONIES

Few data from eny direct study of the factors governing the de-
velopment of package colonies have been published. Most of our
ideas on the subject have been obtained incidentslly from casual oh-
servations made by beekeepers while using package bees in their
apiaries. From the scientifiz side the most comprehensive work on
the problem published thus far is by Merrill {(79), who presented data
showing the average population snd amount of brood at intervals
varying from 22 to 24 days throughout the season of 1923 in four
colonics started from packages on Epril 30 of that year, The popu-
lation was apparently determined cach time by taking the weight of
the bees in pounds and then multiplying this by 5,000, the commonly
accepted number (84, . 760) of bees in a pound. Mernill (22) later
published some other results obtained witk package bees, but these
scem to represent abnormal conditions and need not be discussed here.




4 TECHNICAL BULLETIN 30%, U. 8. DEPT. OF AGRICULTURE

There might be objection to deriving popuistion from weights by
using some cohstant conversion factor lilce 5,000 bees per pound in-
stead of the average weight of a representative sample of bees ob-
tained at each weighing of the whole colony. Such an objection is
not invelid when 1t is remembered that tho average weight of an
individual bee varics, depending on the load carried in its honey sac,
Furthermore, since Alpatov and Tjunin (2, pp. £-7; 3, p. 99) have
found the body dimensions of the honeybee to vary somewhat with
the colony, and sinee Milchailoff (28, 24) states that these dimensions
vary oven In the same colony at different times of the year, it is only
reagonable to suppese that weight may possibly do likewise,

If Merrill's brood counts ha(% includ):zd only brood, all or most of
which eventually developed into the adult stage, the number of bees
which should have be2n on hand at any time during the active season
under any given average length of life for the bees at this period of
the year could easily be computed from these counts, and a fair
check un his numbers derived by weight could be obtained. Thus,
since only 21 days are required for development from egg to adult,
if brood counts are teken every 21 days and, in addition, if the
average length of Jife of the worker bee during the active season is
assumed fo be six weeks or mors, as has been assumed by some
writers, such as Pellett (81, p. 93), Phillips (33, p. 136), the Roots
(34, p. 17), and Zander (41, p. 74}, it follows that the total population
ab the time of any pﬂ.rticuia.r brood count would be equivalent to at

least the sum of the brood counts on the two preceding dates, pro-
vided all the brood develops. If the average life of the worker
during tho active season is assumed to be about five weeks, the period

assumed by other authorities, such as Buttel-Reepen (4, p. 133),
Dadaut (17, p. 64), Leuenberger (18, p. 7), and Rosch (37, p. 628),
the total population on any 0% these dates should be the total brood
count on the preceding date plus approximately two-thirds of the
tutal brood count on the second preceding date. The exact fraction.
to be used in this case depends on the weekly emergence of the brood
included in this count.

The use of counts of total brood in computing population, however,
may introduce a considerable error in the result, sinee it is known
that not all eggs or unsealed larvs reach the adult or even the sealed
stage. Merrﬁf has published data (21), for the same yenr as his
experiments with package colonies, which indicate that sometimes
as much ag one-third of the unsealed brood in eertain colonies investi-
gated did not reach the sealed stage,

Merrill received his packages on April 30, and from his caleulations
ench contained, on an average, 14,000 bees. He states that in® his
locality the main honey flow for that year (19) occurred between June
18 and July 11, but that during the last of August and the first week
of September there was another honey flow,

His first determination of brood and population was made on May
26, 26 days after the packages had been received. Since worker
bees require an average of 21 days to develop from eggz to adult,
any bees on hand at this time either survived from the original pack-
nges or else had emerged between May 21 and Moy 26. It does not
seem likely that an average of much more than 3,000 bees had emerged
in each colony by May 26, since the totel number of cells of brood
found then, 13,000 cells, indicates a daily egp-laying rate, or a
subsequent daily emergence rate, of only 619. Merrill’s data show
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an nverage of 10,200 bees in each package colony, a large number
of which, therefore, must have survived from the original number
received.

The second determination was made on June 18, seven weelks after
the packages were received. It may be assumed that practically
all the bees from the original packages wore dead at this time, whereas
all of the worker brood, 13,000 cells, found on May 26 would have
had time to emerge and would still be alive, together with whatever
bees had emerged 23 a reswit of brood-rearing activity before the
21-duy period covered by this brood count, As a matter of fact
Merrill reports, for June 18, 13,250 bees and 11,000 cells of brood.
The sealed brood count represents a daily ege-laying sverage of only
about 500. This decrease in the amount of brood will be commented
upon later.

The next reading, on July 11, abouv 10 weeks after installing the
packages, showed 18,000 bees. This is approximately 1.3 times the
numbor computed as in the packages on arrival. The number of
cells of brood had.increased to 15,200, which means an increase in
the egg-laying rate. For the reading three weeks later, August 2,
" about 13 weeks after the packages were installed, Merrill gives the
population as 22,000 and the brood as 17,800 cells. He continued
his counts on these colonies throughout the season, but the later
counts seem of less value in a study of colony development.

After the decrease shown by the second breod count, the computed
daily egg-laying average rose until the maximum, approvimately
1,000, was attained, about 16 weeks after the packages were received,
That these colonies were laboring under a handicap throughout the
gseason might seem evident from the fact that Merrill (20) states
elsewhere, in reporting on other colonies in the same apiary in the
game year, that the highest daily rate of egg laying in any colony
was 2,030 and that this oceurred during the nine days previous to
June21. Itfell to 1,400 during the next nine days. This highest rate
occurred during the peried covered by the second count for the pack-
age colonies, the interval in which the egg-laying rates of their
queens were dropping off. The average given in the same article
(20} for certain of his colonies in August of that year is o little more
than half that of the same colonies for June.

The decrease in brood rearing found by Merrill between May 26
and June 18 is significant of what was taldng place in colony popula-
tion, especially since he {20) reports that this was the period of
greatest broorﬁrearing activity in other colonies in the same year.
As stated before, on May 26 t‘.{e population was composed largely of
package bees. Toward the end of May these bees must have aged
physiologically to the point (Résch, 87, p. 627; Soudek, 39, p. 47) af,
which their efficiency as nurse bees was becoming impaired. After
May 26 these old bees must have died even more rapidly than new
bees emerged because they had now heen working practically four
weeks, to say nothing of their age when put into the packages. With
the sudden rapid deereace in field bees, bees normally of hive age
would be called upon to go to the field. Consequently, both field
and hive activitics would seem to have suffered somewhat at this time,
Following June 18, the course of brood rearing is clearly upwards. |

In studying Merrill’s data, it is apparent that by June 18, the
beginning of the main honey flow and seven weels after the packages
were instelled, brood rearing in these colonies had been only suffi-
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ciently active to vesult in enough new bees to equal approximately
the number in the packages originally. It is to be assumed that
practically all of tho bees contained in the packages were dead atb this
time. ffurthermore, according to Merrill’s data the colony popula-
tion at no time during the season was double that originally in the
packages,

1t is rather dillicult te associnte the slow development of these
paclkages and their low maximum pepulation for the seeson- with the
astounding performances by packages In other localitics mentioned
enrlier in this bulletin. It may be well to bear in mind that Meniil’s
data are based on averages from four packages, and that the data
from his best pacleage might indicate a much greater possible rapidity
of increase in population. Moreover, no information is given as to
the appuarent age or condition of the bees on arrival, nor whesher they
were shipped and installed in inclement weather.

Few sciontilic data ebtained by other investigators of the develop-
ment of package colonies are available, although Wilson (40), in 1920,
endesvored to obtain data on the relative merits of 2 and 3 peund
packages. His experiment, however, was interfered with by cold
weather during the time of shipping some of the paclages. Other -
paclkages, whose size he does not state, but which were received by
him: on Muay 1, built up so strongly by July 1, a little more than eight
woeeks, that he says it was impossible to prevent their swarming.
Becnuse of this he holds that packages should not be received too
ontly, at loast in Wisconsin.

Farrar ({0) in 1927 published some observations on package
colonies in North Dakota. The highest effective daily egg-laying
average given in his date is only 900, and was firsi attained about
six and one-hall weeks after the package was installed. This Is
derived from sealed-brood counts. He also reports that the package
was storing surplus honey ou the sixth day after being installed.
He further stales that not all the original package bees were dead
10 weceks after installing the package.

PACKAGE-BEE INVESTIGATIONS AT THE BEE-CULTURE LABORATORY

It was in view of the seantiness of information on the development
of package colenies that the investigation in this field was begun in
1926 at the bee-culture laborstory of the Bureau of Entomology a$
Somerses, Md. During this year the development of = package
colony founded [rom » single package, of a package colony formed by
uniting three packages, and of an overwintered colony reinforeed by
a puckage, were studied. Even this meager work, however, gave
certain lends which showed the sdvisability of further investigations,
and so in 1927 the experiment was continued on & much larger scale.

GENERAL METHOD OF OBTAINING AND WORKING Ul DATA

At the present fime a package of bees is obtained mere for the
purpose of starting a new colony or of strengthening s weakened one
than for any honey whieh may be stored by the bees in the package,
or for its direct use in pollination. Under these conditions its value
to the beekeeper, other things bheing equal, may be gaged by the rate
af which it builds up; in other words, the rate of eddition of new bees.
Inasinuch as sealed brood represents the last stage before the emer-
gence of the adult bees and under normal conditions practically all
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will emerge, the rate at which new bees will be added to the colony
throughout the season can be more accurately determined by eom-
putations based on sealed-brood counts made 2t least every 12 days
than by any other method, except counting the bees as they emerge.
For the package-bee investigation, therefore, counss of sealed brood
made by photographic mosns, as described elsewhiere (28, pp. 4-6),
were used.

The daily rate of sealing worker braod, for purposes of ealculation,
may be assumed to be equivalent to the rate of emergence 12 days
Inter, or to the cllective egg-laying rate (27) uine days carlier. It will
be well to describe the method by which the average daily rates of
senling were worked out by the writer [or the data discussed here.

If 1t is nssumed that worker brood remains sealed for an average
of 12 days, any single count of the sealed brood in a hive will cover all
the brood sealed during o 12-day period ending at the time of the
count. It is quite obvious, therefore, that in case of two successive
brood counts made less than 12 days apart, the brood sealed during
the latter part of the 12-dny period represented by the first count
will be meluded in the total for the second count. In other words,
the 12-day period represented by the second count will overlap that
represcuted by the first, the number of days included in the over-
lapped interval being dependent upon the length of time between
the counts. It follows, therefore, that the mathematical difference
between two successive counts of sealed brood at any interval of less
than 12 days is the difference between the amount of brood sealed in
thet portion of the 12-day period covered by the first count which is
not included in the overlapped interval, and the amount sealed in
that portion of the 12-day period covered by the second count which
is likewise not included in the overlapped interval.

Take, for instance, two sucecssive counts made on May 12 and 19,
respectively. The first count covers all brood sesled from May 1 to
12, inclusive; the second count includes all brood sealed from May 8 to
Many 19, inclusive, while the overlapped interval, or period covered by.
both counts, extends from May 8 tc May 12, inclusive. The portion
of the two counts sealed during theese five overlapped days is obviously
identical, while the difference between the twc counts, if any, repre-
sents the diflerence between the brood sealed from May 13 to 19,
inclusive, and that from May 1 to 7, inclusive. If the count on Moy
19 is larger than that on May 12, the difference between the two wall
be the difference by which the number of cells sealed from May 13 to
1Y, inclusive, exceeds the number sealed from May 1 to 7, inclusive.
On the other hand, if the count on May 19 is less than that on May 12
this represents the difference by which the number of cells sealed
from May 13 to 19, inclusive, is less than the number sealed from
May 1 to 7, inclusive.

If under the conditions of the foregoing paragraph & third count is
assumed to have been made on May 26, the brood sealed from May
20 to 26, the nonoverlapped portion of the second count, would be
eqnal to the brood sealed in the nonoverlapped portion of the count
on May 19 plus or minus the difference between the amount of brood-
found on May 26 and that on May 19. In this particular case the
nonoverlapped portion of each count is seven days. The nonover-
lapped portion of the count of May 19 is therefore the period from
May § to 14. This period includes five days sealing (May 8 to 12,
inclusive), at the rate for May 1 to 12, as mentioned in the preceding
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paragraph, plus two days sealing (May 13 and 14), at the rate for
May 13 to 19, as also computed there

With the foreﬂ'omg as a basis it is comparatively easy to compute
the course of the daily rate of sealing (daily effective egg-laying rate
9 days earlier) from & series of successive sealed-brood counts through-
out the active season talken at intervals of less than 12 days. It is
necessary ounly $o obtain the differences between successive counts
and then in succession to add them to or subtract them from, as the
case may be, the total for the corresponding nonoverlapped interval,
The daily total for the 12-day period represented by the first of &
sertes of successive counts at 1ntervals of less than 12 days is obtained
by assuming a uniform rate of sealing during the 12 days covered
by the first count, unless the count was taken%ess than 12 days after
the sealing began. In other words, the daily sealing rate during this
period is assumed to be one-twelfth of the total for the 12-day period,
or the correspending fraction if less than 12 days is involved. In
ordinary cases the first reading of the y.ur in sealed breod will be so
small, if taken in time, as to make little difference whether the exact
day on which sealing began is known or not. In the example given
in the preceding paragraph, therefore, the daily rate of sealing from
May 1 to May 12, inclusive, would be taken as one-twelfth of the total
sealed brood found on May 12, while the total sealed brood during
the seven days from May 1 to 7 inclusive, would be seven times this
daily rate. The brood sealed from 3 \/Iﬂ.y 13 to 19, inclusive, there-
fore, would be equal to the computed amount of brood sealed from
May 1 to 7, inclusive, plus or n.inus the difference between the counts

ay 12 and 19, depending on whether the first count is less or
greater than the second.

Having worked out the rate of emergence of any colony through-
out the season, it is a simple matter to work out the total colony
gopulation and the approximate composition in hive bees and field

ees ab certain dates. In doing the latter, results obtained by Résch
(37, pp. 627-628) may well be %ellowed, because his is the most com-
plete attempt to determuine the average age at which worker bees
take up successive duties in the colony.

Assuming o 35-day period of life for the worker bee, according to
Rosch the first 19 days are devoted to hive duties and the last 16
to field duties. Résch holds further that the first 2 days of the
worlzer's life are given over to cleaning out cells for ege laying: the
next 8§ to nursing young bees; the next 9 to intermedinte hive duties
such as relieving incoming field bees of their loads of nectar, carrying
out débris, guarding, and the like; while the last 16 are devoted to
ficld duties. Even under normal conditions it is not to be expected
however, that these time div.sions are always hard and fast.

The only objection to Risch’s data is that he worked on an obser-
vation colony and consequently his bees, through being unduly active,
may have been more short-lived that those in colonies under aplary
conditions. However, for the purpose of this bulletin it will be
better to use too low a figure rather than one too high. Soudek’s
results, moreover, are quite in accord with those of Risch as to tke
nursing period, on the basis of the anatomical and physiological
development of the pharyngeal plands of the worker bee. Recent
work by Perepelova (32, p. 6567} in Russia has borne out Résch in
other respects.




THEE DEVELOPMENT OF PACKAGE-BEE COLONIES 9

In all of the computations of coleny population for successive weeks
in this bulletin, bees which arrived with the package are disregarded.
Thoe computations are based on the number of bees reared after the
packages had been installed and assumed to be still alive at the end
of the various weckly periods.

EXFERIMENTS IN 182§

Although in 1926 only one of the packages investigated (No. 301)
was allowed to build up independently, its development was quite
equal to any of those investigated in the succeeding year and would
at least soom to be equal if not superior to the minimum which might
be expected under optimum conditions. The total weight of the
bees in this package was 2% pounds when received by express from
& southern producer on Apri 23, 1926. It was hived on drawn
combs on the day of arrival, having been on the road two days.
The package already contained an intreduced queen bee, but this
queen was aceidentally lost on June 16. The vecord of its senled

'l])_*mk?d and the computed emergence for this colony are contained in
able 1.

TasLe 1,—Record of sealed brood and computed emergence of workers in package
colony No. 301

Sasled-brond counts Computed emergettco of workers

Duys aiter
: A
Worker instalilog | Emergetce Vernge

; dally
PR o T etsncs

Mny 71 3 22-2¢ 1,371. 8
Mny 12 7 1,440

. TN 1,193.2
1,328.9
1, 367.0
1,385 8
1,362 4
1,441 8

t Aoy 3 marks fivst seuled worker brood.

The main honey flow at Somerset was on in force three weeks after
the packege was received, and was over before the end of May.
Its source was the tuliptree (Lirtodendron tulipifera), Black locust
(Robinia pseudo-acacia) also yielded sbundantly just before and dur-
ing the beginning of the tuliptree nectar flow. Juns was marked by
nectar flows from both white clover {Trifolium repens) and white
sweetclover (Melilotus alba), and exceptionsally from basswood. These
nectar flows were at least sufficient for stimulating brood rearing.

Of the other two colonies used in 1926, No. 201 was started on
March 25 by hiving on drawn combs & 3-pound queenless package
shipped from the South. Two more 3-pound packages were added
to this new colony on April 1. The total live weight of the bees in
the three packages, however, due in part to the mortglity in two of the
packages while being shipped, was not over 8% pounds. Table 2
gives data on the brood counts and emergence of workers in this colony.

106878—32——=2
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Tanve 2.~Record of sealed brood and computed cmergence of workers in package
colony Ne. 201

4

Sgaled-brood counts Computed smergenca of workers

Dnysl?ttcr -
- installing | Emergonce
Worker last2 | of workers
nackiges

Avernge
drily amer-
gonca

26-30
31-35
3011
4348
40-53
3-50

E88

[T=]
OO~ W

o le
Sgmag

B3 emd b b £ et o e B

e e b et ek
)

June 3t

1=l

VApr, 15 merks first genlad worker braod.

Colony No. 302 had been wintered in the apiary, and was reinforced
on March 25 by a 3-pound queenless package shipped from the South.
Bofore the package was added to it, the colony contained 3.3 pounds
of bees. Table 3 gives the records of sealed-brood counts snd the
computed emergence of workers in this colony.

Tanre 3.—Record of sealed brood and compuled emergence of workers in package
colony Ne. 302

Seated-hrood connts Compuled amergence of workers

Days after Average
Worker installing | Emergence | dally etmer-
nnckage gence

26-30
3147
38-42
4348
40-55
5560

2

]
o
0G0 K00 0 w3 D e G0

EEB:

A e a3 s

-8
B1-73
i T4-81
15,382 8298

BEEE

=
B0 = 00 4O =] o 00 O3 0O

[ [ 5] MR
geuEIRLaNy
e A e e
Eﬁ

&

1 Apr. 8 marks Mest seated worker brood.

Fewer than 600 sealed drone cells were found in any of the three
colonies at any one time, except on May 7 when 656 drone cells were
found in No. 201, and on June 9 when 978 sealed drone cells occurred
in No. 302. The highest number in No. 301 was 284,

The first new worker bees in each of the three colonies emerged
during the fourth week after the packages were installed, but for
several reasons the number emerging in Nos. 201 and 302 (Table 4)
was smaller, according to the calculations, than that in No. 301. In
the first place their queen bees did not come with the packages, and to
insure their safety they were so caged that the workers did not release
them until four days after the packages were hived, whereas in No. 301
the queen was already free among t%.e bees in the package on arrival.
Furthermore, in No. 301 brood rearing began in one of the periods
of the year most conducive to egg lsying in the apiary at Somerset,
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owing to the sbundance of fresh nectar and pollen available, and this
fact alone should have caused brood-rearing activity to be more intense °
at that time than in No. 302 st least, provided the queen bee was in
good condition and had sufficient bees and room.

TavLe 4—Computed population in successive weeks of werker bees reared after
tustallation of packages used in 1926

Worker pojuintion ok and of spovitied number of weeks

Colany Mo,

i

4,5;11?30'10

=
L0011 ML Gah . 0,408 § 8,825 [ a0, 120 | 44,030 | 45, 16§
meememeeeeeaceay IWHT O MWREZ - 97, 880 | AT, 45,000 | ds,020 | 47674
[FUECOLB9R M A51 | Dy T ; SR 420 | DT 50, TR | RO, 123

In colony No. 201 the queen was caged twice, the first time Mareh
25, when the first prekage was installed, until her release on March 29.
Three days later she was again caged, hecause 000
the two additional paekages of bees were in- J ]
stalled at that time. By Apiil 5, or four days —
Iater, she had again been released by her bees. NS
The first sealing of brood from eggs laid alter
the queen's second release occurred on April 15,
or 14 days after the second lot of bees had been
united with the first. A few cells of brood re-
sulting from the activity of the queen during
her first rclease have been disregarded in the
computations,

In colony No. 302 the first sealing of brood
from egpslaid after the package had been united
with the original colony cecurred on April 8,
which was likewise 14 days after the package
was installed. In colony No, 301, on the other
hand, the first brood was sealed on May 3, or
only 10 days after the package was received.

Although the queen in No. 301 started epg
laying four days sooner after installation of the
package than did the queens in Nos. 201 and
302, their rates of increase until the end of the
eighth week are quite similar {fig. 1), notwith-
standing the fact that No. 301 was installed
three weeks later than the last packages in No.
201, and four weeks later than the package in P
No.302, Colony 301 showed little change in Riind airie fuaraciain
populatiou in the eighth and ninth weeks, and, B oneaputed worker
unfortunately, beecame queenless ot such g time  weeks after ipstalling puckage
that its full performance during the eleventh  0lnies used in iy
weck could not be caleulated. Colonies 201 and 302 made gains in
population in the ninth and tenth weeks, but in each case the compitted
population in the eleventh weck shows little increase over that in the
tenth. The figures for the twelfth week show a decline,

Comparative numerical data as to the number of bees on hand
i each colony at the beginning of the experiment are not available,
but, on the basis of the population computations, Nes. 302 and 201

W
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each hiad 39,000 bees at the end of the eighth weck, while No. 301
" had slightly more than 47,000, Two weeks later, however, No. 302
had practically reached the 50,000 mark, No, 201 was at 45,000,
while No. 301 was still at about the level of the eighth week. The
figures for the tenth week represent about the maximum for all three
colonies, although Nos. 201 and 302 made minor gains during the

next week,
EXPERIMENTS IN 1927

Tn 1927 the work was continued on a much larger scale, 40 prekeges
being used, These, plus 10 additional packages, were received from
the south by express in lots of five. With three exceptions the
individual lots arrived at intervals of one week over a period of 10
wecks beginning March 16. The exceptions were lots 3 and 5, which
were received one day behind their schedule, and lot 6, which arrived
oue day early. Kach shipment consisted of a I-pound, a 2-pound, a
3-pound, & 4-pound, end a 5-pound package. They were all on the
road from two to three days. Sugar sirup from an inverted tin can
fastened in the top of the cage provided food on the journey in addi-
tion to any lhoney the bees may have had in their honey sacs when
shaken into the cages. A cloth wick extending through a small hole
punched in the can enabled the bees to get at the sirup.

BOURCE OF THE BEES

The packages were all furnished by the same producer to insure
uniformity in stock and in age so far as any particular breeder
emphasizes these points. If they had been ordered from several
different shippers, there would have been the risk of receiving packages
put up under widely different conditions both as regards age of the
bees and other factors. The producer from whom the bees were
ordered was not informed of the purpose for which they were beiag
purchased. Thus, in putting them up he had no occasion for using
care other than that taken regularly.

All the queen bees used in this experiment were introduced after the
packages hed been installed in the hives. In no case did a package
arrive with a queen bee already introduced into it. In nearly every
cass the queen bee was in a mailing cage suspended by fine wire inside
the package. In some instances these mailing cages were nailed to the
outside of the shipping cage. The queen bees used for the first three
lots, however, were obtamed from a producer other than the one
furnishing the bees, so that these lots were shipped altogether queen-
less, while the queens came by mail. The queen bees for the last
two lots also came by mail, while the packages were shipped queenless

by express.
HANDLING THE PACEAGE

Before a shipment was received a hive was prepared for each
package. A 10-frame hive body filled with empty drawn combs was
used in each case and above this hive body an empty half-depth super
was placed, and then the inner cover and the outer cover. The
entrance was closed down to a bee space when the package was hived,
and later was opened wider when necessary. A Boardman feeder
block with a 2-quart glass can was provided at the rear of each hive.
'g‘he feeder block was shoved through an openping cut in the bottom

oard.
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Each of the shipping cages had two holes in its cover, one being
stopped by the food can and its tin flange and the other by a thin
piece of wood. When the package was installed, the food can and the
piece of wood were removed from the container, thus providing ample.
exits. The cage was then placed on its side within the half-depth
super, resting hmmediately upon the fop bars of the frames. No
special attemps was made to get the bees out of the package at this
time, but in most cases they were all out by the following morning,
The shipping cages and the half-depth supers were then removeg,
after shaking out any bees which might still be lingering in the ship-
ping cages. This method of installing the packages proved highly
convenient during the experiment, since the cages were emptied of
bees and wers later removed with scarcely any disturbance being
caused to the bees themselves, All the lots were received at the
bee-culture laboratory in the afternoon, and, with the exception of lot
10, wore installed on the day of receipt.

In each hive a Miller introducing cage containing 8 queen bee was
suspended between two of the combs by a bent nail, befora the package
wus installed. The queen bee was placed in this cage without attend-
ants, the exit hole being stopped solidly with candy. In the first lots
the queen was caged “safely”’ by tacking a narrow tin strip across the
candy on the outside of the cage, as described by E. R. Root (35) in
1808, Insuchinstances the tin was removed the next day, giving the
workers & chance to eat ont the candy, Whether the tin was used or
not, the candy was eaten and the queen freed usually within 24 hours
to 36 hours after the workers had access to the candy. Sometimes in
cool wenther, before the cage with its queen bee was hung between the
frames, it was thrust into the package cage for a minute or so until a
handful of bees clustered onit.,

In order te defermine the number of drones in the various packages,
excluders were placed between the hive bodies and the hailf-depth
supers used in prepering the bives for all the lots except the first two.
The workers, of course, quite readily passed -through the excluder
to the comb below, where the queen was siready caged, while any
drones were trapped above in the half-depth super. In most casos
they were clustered the next morning. The highest number found
in any package did not exeeed 75.

Since the main purpose of this experiment was to see how rapidly
packages of various sizes build up, and since packages were received
over g period of 10 wecks, during which time any nectar flow would
normally be subject to varistion, feeding was resorted to contin-
uously for all packages to insure that each was under the same
conditions as to asbundance of food supplies at all times. Tt is to be
remembered that the packages were installed on drawn combs, all of
which were empty except for a eurful of the sirup poured into one of
them just before installation. The queen in her cage was placed
next to this sirup,

The sirup given consisted of 5 parts of sugsr to 3 of water. This,
of course, approaches o winter sirup rather than one for stimulative
feeding, The object in using sirup of this thickness was to reduce
the activity of the bees in driving off the excess water. The relative
quentities of sirup used per day by the various colonies could readily
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be gaged by measuring in inches how much the level of the sirup in
ench ean was lowered. These were replenished as soon as empty.

In all lots the net weight of living hees on hand was determined
for cach package on arrival. A sample, usually of 50 to 100 workers,
was then taken from each package in each lot except the first, and
the average weight of the individuals in the samnple was determined.
This was used as the average weight of individuals in the whole
package in computing their total number from the weight of live
bees in the }mckage. These data will be presented in tables and will
be discussed later.

The last numeral in the numbers designating the various colonies
used in 1927 denotes the size of the packages in pounds as billed by
the producer. Thus No. 402 represents & 2-pound package, while
No. 424 represents s 4-pound package. '

It should be noted further that lot No. 1 includes package colonies
Nos. 401 to 405, lot No. 2, colonies Nos. 411 to 415, and so on through
the series to lot No. 10 which includes colonies Nos. 491 to 495.

FLCRAL AND WEATHER CONDITIONS

Ordinarily in the vicinity of Somerset, Md., pollen from the field
becomes available as early as March in sufficient quantities to supply
normsl brood-rearing requirements. This held true in 1927, and all
the package bees had an abundant pollen supply from the time they
were hived, with the possible exception in some instances of a few
days of cool or rainy weather. A sufficient supply of sirup or honey
and of pollen was, therefore, available practically at all times. The
main nectar flow, that from the tuliptree, was on in full force by May
17 and lasted until the first week in June. Some nectar was svail-
able from sweetclover in the remainder of June. .

In spite of any endeavor to secure bees of a uniform stock and age,
or to provide an abundance of food, weather conditions remsin a
veriable factor, During this particular experiment it was unseas-
ongbly cold on seven of the last nine days in March; during two
§-day intervals, one 4-day interval, and one 3-day interval in April;
and for a 7-day interval in the middle of May. (Fig. 2.) From the
day after the beginning of the experiment, March 17, until April 5
the maximum temperature ranged below 55° F. except on March 30
and 31, when the temperature reached 56° and 62°, respectively.
On April 6 it reached 68°, but on the morning of April 9 the ground
was white with snow, On -April 12 the temperature reached 74°
during the day. At that time apple trees were in bloom, and much
pollen was carried in. On April 17 & scale colony registered a gain
of 1 kilogram. The last nine days in April were cool, the temperature
being 46° or lower every morning except one when it was 50°. May
saw much warmer weather, although from the 12th to the 18th the
temperature ranged between 45° and 53° in the morning. By
obtaining the bees over a period of weeks, however, instead of all at
once, there was less chance of having the whole experiment tco
sertously affected by any adverse westher, and a better opportunity
was given to study the time of arrival of the package in relation to
the main honey flow. .
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BROOD REARIN{G OF THE PACKAGE COLONIES

A complete history of each individual colony used in 1927, with
particular reference to its brood rearing, would involve much repeti-
tion of detail which often varies little from colony to colony. Con-
sequently the colonies will only be discussed collectively in connection
with the general facts brought out by the experiment as a whole,
The reader will be able, however, to trace readily the brood-rearing
record of any individual colony from the data on sealed brood con-

)
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3
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Frotng 2.—Depariure af mean daily tompersture from normal mean from Mareh to ITune, 1927, in.
clusive, Iesvy life roprosentis normal mean temperature, with mean daily departure sbove 1t
shown by unshaded gruph and mean daoily departure helow it by shoded graph. (Dals taken
frorn Moothly Metearciozical Sumausry for Washington, D, C., published by the Weather
Burean, Y. 8. Department of Agricultore, for the moenth in question)

tained in Table 5. The emergence rates computed for wvarious
suceessive periods are also included in that table.

TasLE 5.— Record of sealed brood and compuled emergence of workers in paskage
colonies al Somerset, Md., 1927

COLONY NO. 4t

GCOLONY NO. 402

Computed emergeites of

Seslod-brood counts warkers

Computed emeérgence of
Sealed-brood counts waorkers

Days
afler
instali-
ng
pﬁﬂknna

Days l Aver-

age
dally
emer~
genre

23-24

t Sanling beguz on the preceding day.
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TanLe 5.~ Record of sealed brood and computed emergence of workers {n package
colonies al Somersel, Md., 1927—Continued

COLONY NO. 403 COLONY NO. 413

Computed emergence of Computed ancrgoncs of
Bealed-brood counta Workers Senled-brood counts workers

Dayz Aver- { Days Aver.
alter nge after REC
Emer- i Emier- :
install-y 00 | daily Iogtall-) =00 1 dnily
Ing | BUMCC 0 pper. Ing | BeBee

packnge genee packnga

4780
At 6 421, 5 L . _—
11 26 i 44
T, 2 6, H
2 1,175 1 1 ! 105
Moy A 9,330 1,104, 3 T84
1 H 1,033. 75 16, 30 455
751 0L ] i
1, 038 1, 2225 i

Mar, 281 337.a ; 242
k14 11

COLONY
COLONY

[}
=

L
8 &
cam-—-ncnn:ncn

Muar. 214
Apr. 0
11
10
25
Muy 3
11

8

ree
28

4 500 397 17, 605
00 11,407

NO. 415

8

¥

LT P PRSP Y

4l
178
1,274
7,430
4, 140

B8~

—
=
=

2
My 320
1 43

368 pai)
June 2 2181
*1E3

fdotar-4-

Lo

-
—

| Zeallog hegun oo the preceding day,

? Tho first data io ench section af this table ls the Arst day of sealing, unless otherwiss notod.
! Estimated.

# Flryt sealiug occurred 2 duya earlier.
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Tasre 5.—Record of sealed brood and compuled emergence of workers in packege
colonies at Somersel, Md., 1927—Continued

COLONY NO, 423 COLONY NO. 441

T
Bealed-brood cotnts ‘Compnticd emergence of Sealed-brood cotnts _Computed eénal‘zence of

workets

Dars Aver- ! Days

after S : . after
Work. e dniy } Work- ' tpstall
ing omet- 4 | ing
pockage genca |930|‘33°

: 1
7.0 Apr. i 2
548, 2 i) T ! = ¢
750.67 | Muy G BBl e
a3 i i !
§16. 34 2 : 5(3—60
1,153.2 Juuo .
158G

Apr. 2 - b 200, 0
Apr, - 2 : - 5 373.78

] T Jlay I - : 4.2

13 5035

May %, 73
Tusge , 1,115

June

A, 253
Moy H
I . IR
]

Jupre A
i6 : 2

ud 401

L 8133
§6,300 1, 1id. 44
&80 e |- o
I ms LUK COLONY 2

C NG, 43t Apr.osl 87
[P Y T T
L IR |
2 i3t 1L 4 ;‘:555
-3 OR0H ) LT e 40 17,525 -
K T] 1,833 W3 1 3
3,850 | 25 18, 745
5,707 . B
12, 100 i, 219,

Apr, 251
.\ﬂl}' k.
Vit

FE SRy
CoBp-p0 5 14,550
18, 'im 34 OL-70 1 15068 1,

COLONY 3 0 LR

AT, a——— oo afay 3¢ 2
s 4 T Y] l'i I 8,338
Moy 5 atn R j - 470.3 *
B ; 803, 5 Tune -1 13, ;l.s !
- 1,3, 8 12,284 !
Jnnoe Ia (e . BTG H QSE 1,404 % ..5 12, i2e

1 Spaling began on the preceding day.

1 Estimated, i i .

s Oy o fow sesledd worker calls were found on Apr. 23, but in the computations this date muorksa
full day's senling.

106878—32 3
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Tanne 5 —Record of sealed brood and compuled emergence of workers in package
colonies al Somersel, Md., 1927—Continued .

COLONY NO. 45 COLONY NO. 455

Computed emergenca of . Computed emergence af
Sealed-brood counts workers Sealed-breod counts workers

Days Aver- Days
aftor nge after
[n3tnl}- daily Install-
ing eTner - ing
pach ECnue package|

mEo
EEE
HEE

22-33 s 21
24-31 711, 8 2-2
3241 204 2736
42-52 8L8 5 37-48
53-63 FOO. 83 4860
G1-75 B25, 4 17 81-71
4«47 T T80, 77 T283
84

ta-a
SEa

=
SEEZRES,
OO ] €D R L QR

op§

oo
——

COLONY NO. 451
e OLONY NO. 483
May 34 1,700 202 . 1,700
13 E 7| 27ag 4 & o010 .0 | May 118 22-26

25 8L | 37-48 | 10504 ' 27-28

June 4 P'o1ast d9-00 ' 15,23 25 2649
17 i 458 61-71 . 12,176 June 6

Lo malilmp 17

) ! M3 TI-B4 15,236

b

H-75

20
Tuly 8[1510) 348

COLONY NO, 452 TrooTTmTe

—— - — e - COLONY
May 34 23 23-2 T -
13 561 946 7,0 2 F May 218 1,52

25 June 1| 2,610/
June 812,151 S0ls 13| 54
17 | 13,381 B 8, 620

30| 14,400 200, July y [ }g:géé

g

mS e b -
=1 by L3
et
I LI

O ) e ) ER

i
-1

g8

COLONY NO, 453

COLONY NO, 47

Mar 3% 3,557 . 22.n4 . i
Y13 A 7 T-3m - May 137 1 2
25 15730 45+ F7-A5 21: 6,538 2-29
June § 18,718 + 4080 Juma 1] 11,820 S04t
L LTl ; 13 § 13, 447 41-52

1B, p42 .83 ‘ 17,033 A-62 .

L Tuly 5! 19313 63 74 | 10,315 1,
15 I 17,670 THB4 | 13,860 1,

COLONY NO. 451

COLONY NG. 473

1
2526 | 1,788 i . : |
36 B3| ERLR | May 2I% 6,450 ) b 6,450 1,075
S748 0 11L,2701 9302 | Jume 113826 . ! 11,751 11, 083, ;
48-60 ¢ 16, 209 |1,3£0.75 i 11,936 | i
6171 § 15,084 41,33 23! 17,300 ;

P2 111,408 4075 | July 5% 10,756
17,324 73-81 l| 17,324 [1.443.7 15 | 18,091
1

! Benling began on the preceding day.
 Estimatmi,

¢ First sealing oceurred 2 days eaclier,

* First sealing oceurred four days earlier,
T Obvinusty not a fall day,

¢ First sealipg oceurred five days carller,
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TanLE §.—Record of sealed brood and compuled emergence of workers in peckage
colonies al Somersel, Md., 1927-—Continued

COLONY NO. 475 COLONY NG, 453

Sealed-brood counts C"“'p“tf;ﬁggww o Senled-brood counts Comp“t;dm‘ﬁg“““ at

Days Aver- Days
efter after
lustall- install-
ing Ing
packnge package|

7,133 22-29 . Jupe 2 25-28
13, 478 A0 . i
14, 285 41-52 T 15 28-20
17, 514 Al-02 bl 40-51
15, 085 : B3-rd N July 8 3 52-62
10, 504 T84 £05. 5 1w Kt 83~73
34| 5 180 T84

COLONY

11, 147 11, 147

COLONY

1,64

i 400 . _
7,521 6,277 :
B, 204 13.858 .
W71 S5, R | 15,015
7,315 20 | 11,870
7. 004 E . 12,007

! Senling began on the preveeding day.
* Estimotad.

* Firat senling occtrred 2 Jdoy$ enrlier.

7 Obviously not o full day.

* A few senled cells were found on Moy 13 but these linve been disregarded [b the computation.

DISCUSSION OF FACTS BROUGHT QUT IN 1927 BY PACKAGE COLONIES
AS A WHOLE

WEIGHT OF LIVE RBEES IN PACKAGE ON ARRIVAL IN COMPARISON WITH WEIGHT
BILLED BY SHIPPER

Since each of the weekly lots consisted of one 1-pound, one 2-
pound, one 3-pound, one 4-pound, and one 5-pound package, the
total weight of bees in each shipment should have been 15 pounds.
Furthermore, since 10 shipments in all were received, the total weight
of bees in these 10 shipments should have been 150 pounds, As a
matter of fact, when the individual weights of live bees in all the
packages are added the total (Table 6) is found to be 152% pounds.
The total weight of bees in the 40 colonies actually used in the ex-
periment in 1927 should have been 119 pounds, but the actual live
weight received was 120 pounds.
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TasLr 6.—Weight of live bees in packages when received ai Somersel, Md., 1827

Welght of bees Waight of live hees |n packages in—

called for In
tho order

Lot1 Lot 2 Lot 3 Lot 4 Lot 6

Pounds Pounds; Klios | Pounds LPounds Rliiesl Pounds| Hifos Pounds| Kitoy
1.3 10,71 47| & L2, 085 0,78 § 0. . 1.63 3
.88 1 . 3 ILi4
1M . . N 135
N 1,94
1.561

1L42 | 519
L

Lot 10

8. 60

10.02

L0811, 3. . . 3 . 4L 14,25 3

4.14 5 1. 88 3 . . 2, 147 |2 5 8. 05 3

4.86 ] 2, . .8 . .47 | 2. 3 20. 48 .
B

507
2

1| 2| W3 70 | 69.48 | 1527 | Gopdt
i

1582 7. 3 5,

.In the foregoing totals the weight of dead bees is not included: this
weight (Table 7) was almost 3} pounds on the basis of 5,000 bees to
the pound. This is slightly more than 2 per cent of the weight called
for in the total order, or of the total poundage shipped. Although
the weight of live bees when received favored the purchaser, yet an
actual loss in dead bees of even 2 per cent seems higher than neces-
sary, especially when it is noted that six packages (Nos. 402, 431,
4385, 442, 443, and 474) furnished about half of ﬁm total number of
dead bees. The number in esch of the packages ranged from 1,105
to 1,870. No particular reason was found for this heavy mortality
save in the cnse of No. 431, in which the 1,374 dead bees may be
accounted for in part by the fact that the sirup container had no
hole and so the bees had no access to the feeder. All of the other
five packages had taken sirup, some of them quite abundantly, but
none were out of sirup.

TasLE 7.—Number of dead bees in packages on arrival

Package No. %g:‘:' Package No. | (o3¢ Packege No. | D4 || pacuage No.

10,214

Of the other 44 packages, 25 had 100 or less dead bees; 8 had
between 101 and 200 dead bees; 5 had between 201 and 300; while the
other 6 had between 301 and 1,000. There were no signs that star-
vation played much part in the loss occurring in these 4¢4. The bees
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in ench {mckaﬂe had taken sirup on the railroad trip, but on arrival,
with only 7 exceptions, each package stil had over 100 grams of
sirup in the can. Packages Nos. 412 and 444 had 10 and 20 gramys,
respectively, while packages Nos. 475, 481, 493, 494, and 495 arrived
with their sirup cans empty. Paclmge No. 475 with 695 dead bees,
had the largest number of dead bees of any of these 7 packages,
while package No. 481, with 50 dead bees, had the smallest number.
None of the seven packages artiving with the smallest quantities of
sirup in their feeder cans were among the six showing the highest
mortality.

The average weights of the individuals (Table 9) in the seven fore-
going packages give no indication of starvation since only one (No.
494) shows a low ficure (107.25 mgm) in this respect. As a matter
of fact, No. 472, which had the lowess avernge weight for individuals
of wny of the 45 aclkages for which these data wers determined,
arrived with sirup leit in its feeder ¢an and had only 19 dead bees.

The mere presence of sirup in the can does not necessarily mean in
itself an abundanece of sirup avsiluble to the bees, because the sirup
may not have passed readily from the can. Possibly this was a
contributing cause of the high moertality rate in No. 474, even though
the fact that this package had a low average weight for individuals and
when received had over 100 grams of sirup left in the fecder can does
not differentiate it from No. 472.

Tha individual lots and the packages within each lot display a wide
variation. The tofal live welghts for the separate lots varied from
11.42 pounds to 17.56 pounds. {Table 6.} As for the individual
packages, in no instance did the l-pound packsge contain exsctly
1 pound of live bees. Often it weighed more, but sometimes it weighed
less. The ons in lot No. §, for instance, contained only 0.64 pound,
while the one in lot No. 9 conteined 2.51 pounds. Varying values for
the other lots could be cited. The range for the 2-pound package
was somewhat less, the minitmum being 1.83 pounds (that in lot No. 5)
andd the maximum 2.86 pounds (that in lot No. 9). The 3-pound
package ranged from 2,71 up to 3.59 pounds, The 4-pound package
ﬂuct.uated about as w 1dc1v a8 did the 1-pound package, ranging from
2.34 to 5.08 pounds. The 5-pound package fluctuated even more
widely, ranging from 2.49 to 6.45 pounds, and in only three lots did
it contain 5 pouuds of bees or more. If these packages are typical of
the ordinary run of commenrcial packages, such wide variations in the
actual weights may account in part for the w tdely different results
sometimes reported from packaeges of different sizes. It could not be
expected that a supposedly l-—pound packege which really contsined
2% pounds would compare other than favorsbly with s 3-pound
package, ospecially if the latter happened to be » little underweight,
or even with a supposed 5-pound package which really contained
only 2 pounds, as did one package In this experiment.

Under a system whereby the bees are weighed as shaken, errors on
the part of the helpers are to be expected, when all the conditions
under which bees are shaken are taken into consideration. Errors
would naturaily be greatest in packages of about the I-pound size
because 1 pound may be so quickly shaken in directly from the frame
or let in from & container that 16 is easy to get over the mark. Once
the bees are in, it is less bother as well as s less painful to nail the
package up rather than to let out or remove the excess bees, expecially
when thcy have become angry. On the other hand, before a 5-pound
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peckage is completely filled the bees already in the package have had
suflicient time to become quite stirred up and to make vigorous
attempts to get out of the funnel. If, in addition, the last colony
from which bees are being shaken does not furnish quite enough bees
to reach the 5-pound mark, a tendency to stop short of the mark,
with the thought that o few more or less matters little, might we]l
be expected. That such actually is the case seems evident from the
averages for the various packages. Thus (Table 6) the l-pound
packages averaged nearly onc-half pound overweight, the actual
average being 1.451 pounds. The 5-pound packages averaged nearly
one-half pound underweight, their actual average being only 4.507
pounds. The 2-pound packages were one-fifth of a poun(roverwei ht.
The 3-pound packages averaged about 0.14 pound overwei ht; while
the average of the 4-pound package was & mere trifle un erweight,
the exact amount of shortage being 0.028 pound.

If the foregoing conditions are general, cven though the package
shipper loses nothing, owing to the fact that the average of the weights
of all his packages irons out to the proper figure in the long run, yet
individual purchasers of the bees here and there lose money on their
orders, while others obtain an undeserved gain. Since it seems hard
to get accurate wsighings at the time of shaking, and sinee it is a
simple matter to have shipping containers of a standard weight as well
ns feed cans which contamn a standard weight of a given sirup, it
would scem a simple and businesslike procedure to weigh each pack-
age again at the station or elsewhere just before shipping, to deduct
the proper tare to cover shipping cage and food, and to charge the
purchaser only for the weight of bees actually in the packaye.

Under the foregoing plan, the shipper could collect for only 2%
pounds of bees in the case of package 435, received on April 6, instead
of recerving pay for a 5-pound package. On the other hand, he would
receive pay for 2)% pounds of bees instead of for only 1 pound in cases
like package No. 481, received on May 11. Such a scheme would
entail little additional burden on the shipper. The result would be
full value to the buyer at least in respect to weight, and, on the other
hand, full value to the shipper for every pound sold, regardless of
accuracy or its lack on the part of those doing the shaking.

Of course it would be far better for the purchaser to get the exact
weight he orders in each package, because if he decides he needs a
certain number of 3-pound packages for a certain purpose he does not
order on the basis of total poundage but of individus! units. Qther-
wise he would order only in terms of toéal poundage. Consequently,
in the example given, although the total poundage would be the same,
he would not want half of his packages to contein only 1% pounds and
the other half to contain 4} pounds, because the strength of the pack-
ages would be too unequal for his purpose, and he ought not to be given
tlllle task of taking from one and adding to the other in order to equalize
thom.

RELATION BETWEEN NUMBER OF BEES IN PACKAGE AS COMPUTED ON BASIS OF
INDIVIDUAL SAMPLE AND BASIS OF 5,06 BEES TO THE POUND

The numbers of bees in each package, computed on the basis of the
individual weights derived from the representative sample (Table 8),
also show wide variation. Thus the 4-pound package of lot 2, on
March 23, contained 4.2 pounds of live bees, as did the 5-pound

1
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packages of lot 3 on March 31 and of lot 5 on April 14. Yet for the
4-pound prckage of lot 2 the computation gives 14,585 bees; for the
5-pound peckage of lot 3, 13,066 bees; and for the 5-pound package of
lot 5, only 11,385 bees, a number about 20 per cent lower than that
computed for the 4-pound package of lot 2. As another example, the
4-pound package in lot 10 on arrival contrined 4.47 pounds of live
beos while the 5-pound package in lot 6 contained 6.45 pounds, being
about 40 per cent heavier, yet the computed total for the latter in
bees, 19,376, was only 448 more than that computed for the former.
As an extreme case, package No. 445 contained over 1% pounds more
live bees than did package 474, but its computed total of individual
bees was less. These variations are due obviously to variations in the
average weights of individual bees in each package. Such variations
in tusn may probably be explained, in part at least, by the size of the
load of food carried. In this connection, since the bees in the samples
had been confined not more than three days, the rectal content is
disregarded.

TaBLE 8.—Number of live bees in packeges on arrival !

Wotker
L

Packags Nu. Package No. | ey Parkage No. “;’er;“ Package No.

. Warker
11!

11, 518
|

I Cempuied from deta in ‘Uables § and 8.

In Table 9, showing average individual weishts in snmples of bees,
the ninimum average is 102.71 mgm, and the maximum 168.06
mgm. On the other hand, if a pound of bees contains 5,000 bees on
an average (34, p. 760), the average weight of an individual bee 1s
90.91 mgm. In no ease, as just pointed out, was such a low figure
found. Obviously, therefore, under these conditions, computing the
number of bees in the packages on a basis of 5,000 bees to the pound
would give totals different {from those obtained by using the average
individual weight of hees in a representative sample. Ior instance,
package 421 arrived with 1.2 pounds of living bees, which, at 5,000
bees per pound, would mean 6,000 bees. On the basis of individual
weights (Table 10) the number was 3,952, or less than two-thirds
a8 many.
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TABRLE O.—Average weight of bees in samples from 45 packages, 1927

Size of Waight Blza of Welght

Lot No. | baci- of sam- : Lot No.t f;:‘;; of som-

ple billed rle

Number| ] Number] Mym
f1 86

. | 3602
2,43 ) Average weight of hees fn samples
2 1 Weighted nverago? individual weight of

1 beesio the packages

! Snmples wero not taken from lot No. 1,
1 Method of obtaining ihis weightad averagoe Is glven on p. 2,

Since in every case the average individual weight of the workers in
the packages is appreciably greater than 90.91 mgm it may be assumed
that the difference is made up by the weight of honey or sugar sirup
taken by the bee when smoked just prior to shaking, or else talen
from the feeder during shipment. It has been reported that bees at
times may carry their own weight in honey in their honey sacs. This
condition was not quite reached in any of the packages, if we accept
the average weight of the worker bee as 80.61 mgm, because the high-
est average individual weight is only 168.06 mgrm.

The total number of bees in the samples taken from the 45 packages
in lots 2 to 10, inclusive, was 3,522, Since their total weight was
471,510 mgm, the unweighted average individual weight is 133.99
mgm. The weighted average, obtained by first multiplying the
average individual weight ca%culated for each package (Table 9) by
the weight of living bees determined for that package (Table 6)
and then dividing the sum of these products by the sum of the live
weights of all of these packages, is a trifle larger than the unweighted
average, being 135.85 mgm. This figure is very nesrly one and one-
half ttmes as large as 90.91 mgm, the figure commonly accepted in
this country as the nverage weight of empty bees, and may mean
that the bees in the packages were carrying nearly half their weight
in honey or sugar,

In other words, one-third of the weight of the bees at the time they
arrived was really sugar sirup or honey in their honey sacs. Whether
they carried this much when they wero placed in the packages is
another matter, but if they had no honey in their honey sacs when
they were shaken into the containers, and if they made up the differ-
ence in average weight by sirup taken on the trip, then the total
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poundage of bees was one-third underweight when shipped. This
does not seem likely.

Although it is only to be expected that bees when shaken into
packages will be carrying some honey in their honey sacs, the amount
will vary under different conditions and manipulations. Certain.
Eroducers may use every care to avoid disturbances which cause the

ees to fill their honey sacs at the time of shaking; nthers, intention-
ally or not, may so manipulate the bees prior to the shaking process
that the bees will have a maximum load in their honey sacs when
they are put into the shipping cages. Under these two extremes »
pound of bees of uniform size would vary in the number of bees it
contained ; & pound put up under the last mentioned conditions would
contain fewer bees Eut. more honey or sirup. Until some method is
arrived at of seiling bees more nearly on the basis of numbers instead
of weight, the purchaser may at times be buying more honey and
fewer bees than he is aware of.

IMPORTANCE OF QUANTITY OF BEES IN PACKAGE

The relative importance of different-sized packages of bees depends
on the use to which they are to be put nndp the time when they are
received. If they are bought primarily to build up into colonies to
gather the honey flow or to act as pollenizers, their proper size will be
governed somewhat by the time available for them to build up.
Obviously, the shorter the time, the larger should be the package. If
they are bought solely to act as pollemizers, the peckage should
certainly be as large as practicable. If they are bought to reinforce
an established colony, the foregoing considerations would also seem
to govern.

RELATION BETWEEN SIZE OF PACKAGE AND RAFIDITY OF BUILDING UP

The rapidity with which o colony builds up is of course dependent.
on a number of factors, which include the number of bees on hand,
the prolificness of the queen, weather conditions, and the quantity
of nectar and pollen available. In this experiment, as already
mentioned, an endeavor was made to provide uniform queens and
food in abundance for the eolonies. The weather early in the experi-
ment was somewhat unseasonable at times, but on the whole proved
favorable in tho case of most of the colonies. Hence, at this point.
only the question of size of package as related to rapidity of building
up will be discussed.

In a tabulation (Table 10) by colonies, showing the weekly Eopula—
tion in bees reared after the packages were installed, arranged in the
order of the number of bees in the packages when they were received,
with few exceptions a general tendency for the larger packages to
build up more quickly into a higher total population is apparent.
This is also shown graphically in Figure 3. Ii the packages are
divided into two groups, the first comprising those packages with
10,021 bees or fewer when received, and the other those puckages
with more than this number, 17 colonies fall within the first group and
18 within the second. Eight weeks after being received, only 2 of
the first 17 colonies, or roughly 12 per cent, had over 30,000 bees,
while 7 of the last 18, or roughly 40 per cent, hed this number or more.
In the next week these figures had moved up to four-sixteenths
(25 per cent) and thirteen-seventeenths (over 75 per cent) respectively, .
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1 colony having dropped out of each group (Nos. 411 ard 425) for
reasons mentioned eartlier,

The highest population computed for any colony in the course of
the first eight weeks was 43,000 in No. 453, while No. 455 was second
with 41,800. The computed number of bees in No. 453 on arrival was
10,300 while No. 455 had the most of any of the 35 packages, 19,376.
Of the second group, 3 had already reached 40,000 or more by the end
of the eighth week, but none of the first group had done s0. Five
of the second group had 35,000 or more, but the same ean be said of
only 1 of the Erst group, and this was the second strongest package
in this group origirally.  Fourteen packages in the second group had
25,000 or more, but only 5 of the first group exceeded the 25,000 point.
Tasue 10.-—~Computed worker populations Jor successive weeks after installing

ackage colonies used tn J927, arranged tn ordey of package sirength compuled on
fasis of representative sample

Com-
¥
nl.jl;lt]eb%r Computad number of beos in colony at end of number of weeks spocifisd L
of hees
in
rnckape
when
recolved

Colony No.

a7, 857
15,313
40,273

1 Only hees reared alter Installing the packeges are considerod in the computations. From the comp-
tatlons given tn Table 5 a faw bees omerged in colonies Nos. 441, 455, 473, 475, 402, and 494, even an the
twoenty-first day afler installation, the lnst Gay of the third weak.

¥ Number of bees in package when received was not computed.

In relative rate of increase, the smaller packages appear at an
advantage. If the packege containing the largest number of bees
when received, No. 455, is used as a base, it is easy to determine the
ratio between the population of this package and that of any of the
other packages when received by dividing the number of bees in the
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latter into that in No. 455. Thus it is seen (Table 11) that No. 455
had 8.81 times as many bees when received as did No. 471; in other
words, No. 455 would have made 8.81 packages the size of No. 471.

1f the computed. population in No. 471 at the end of 12 weeks is mul-
tiplied by 8.81, it is evident that 8.81 packages the size of No. 471 at
this time would have had 253,975 worker bees on hand, theoretically.
This number is nearly seven times the number computed as being
in No. 455 at the end of the same period. All the other packages
show roughly the same tendency in a degree varying directly with

their original population. It should be pointed out, however, that
No. 471 at its height of population (28,828) at the end of the twelfth
week actually hag less than 70 per cent as many bees as No. 455 at
the height of its population (43,369) at the end of the ninth week.

At the latter date the equivalent of 8.81 packages, each the size of
No. 471 originally, wouI% have had a collective population (8.81 X

16,643} only about 3% times as great as that of No. 455. The com-
parative eost in honey, and otherwise, of producing all these bees in
both casesis not under consideration at thistime. No. 455 apperently
was not Iaboring under ideal conditions for brood rearing, since No.

453, which began its career with only a little over half the number of
bees in No. 455, at the end of the minth week had nearly 5,000 more
bees. 'This colony led all ethers in maximum population attained dur-
ing the experiment, having 52,980 bees at thoe end of the twelfth week.

TasLe 11.—Converled populations of colonies oblained by mulliplying the com-
puted population of each colony by a factor equal lo the ratio of the original PO B~
lation of puckage No. 455 to that of each paskage in guestion

Ratio
b~

EWonn
, 4
IN,:,M i Conrerted population at end of number of weeks specified
Colony No. each
pack-

L 0

146, 625 | 169, 133
118,279 | 182, 793
108, 849

138, 362
144, 158

130, 325
111, 215

8, 606 s
8, 589 | 15, 691
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For relative increase in population, therefore, there scems in this
experiment some advantage in using an equivalent number of smaller
packages in place of one large package, provided there is sufficient
time to build up. On the other hand, in this experiment, it was the
larger packages which gave quick results, such as are so highly desir-
able in cold weather, or if &m package bees are to be used directly
as pollinating agents or honey gatherers. Nos. 411 and 412 are
good examples of the fact that small packages can not be used at all
seasons and under all conditions. The one had 5,044 bees and the
other 7,754 on arrival, yet No. 411 succumbed to rigors of weather
and the development of No. 412 was much reduced under the same
conditions. The splendid record of No. 471, which began with 2,199
bees and increased its population slightly more than thirteenfold in
12 weeks, may be attributed in part to the good weather under which
it developed.

Any apparent advantage of e small package over a large one, if
received in favorable weather and with sufficient time to build up,
seems due to the fact that under normal conditions the larger package
reaches the normal seasonal level of colony population quicker.
Consequently, if reccived too early, it can only drift with seasonal
factors after building up, and so, among other things, it may even
get the swarming impulse. The smaller package, %Fowever, has a
longer road to travel in building up, snd hence, if 1t succeeds in doing
this, its record may look more impressive than that of the larger
packagoe installed at the same time.

ACTUAL LENGTH OF TIME NECESSARY FOR BUILDING UP

Regardless of the size of the original ackls]zﬁe, it is of the utmost

importance that & package colony should build up quickly enough
to avoid the danger of all the original bees disappearing before the
colony is able to shift for itself. If the average period of life for the
worker bee during the active season is 5 or 6 weeks, and if the bees
in the package are young enough to average about 1 week in age, it
is to be expected that some period after receipt of the package bees,
but before about 5 weeks later, will be marked by the heaviest mortal-
ity among them. If this is the case it should be attended by a reduc-
tion in brood-rearing activity from the rate in the period immediately
preceding and followin%. his would result in reduced emergence
during a corresponding length of time three weeks later.

The emergence rates (Table 5) of the package colonies between
the date of receipt and eight weeks later show such a break in 23
of 40 cases, beginning as early as the end of the fourth week in some
colonies and not ending until during the eighth week in the case of
others. These colonies were Nos. 402,403, 404, 405,411, 412,413, 414,
421, 422, 423, 431, 432, 433, 434, 435, 441, 442, 443, 455, 473, 401, and
403, Fourteen of the remaining seventeen colonies (Nos. 415, 424,
444, 445, 451, 452, 453, 454, 463, 472, 475, 492, 494, and 495) showad
within eight weeks from installation a perioc marked by slight or
comparatively slight increase in the rate of emergence. After the
break the rate of emergence rose to & level much higher in most cases
than it had attained be%‘gre. Even in Merrill’s colonies an apparently
similar condition is found.

By the end of five or six weeks after being installed, 26 of the 35
colonies used in 1927, whose original package population was de-
termined, had reared enmough new bees to equel this population.
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(Table 12.) .Deducting three weeks, the time during which no bees
emerged after the package was installed, gives a peried of from two
to three weeks during which the emergence was sufficient to equal
the original package population. During the next two weeks, in sll
cases except one, the Increase in population likewise at least equalled
the population in the packnges originally. In several instances this
occurred within one week. As a matter of fact, the computations
show that at the end of the eighth week 13 of the 26 colonies had
populations in new bees which were more than 3 times as Iarge as
those in their corresponding packages, while 6 of the 13 had reared
enough new bees to make populations 4 to 5 timnes as large. After
tracinf the development of the Kackages this far, it becores difficult
to make generalizations as to the subsequent rate of increase which
will fit the majority of the package colonies.

Tasre 12.—Ratio between populafion b of package colonies for successive weeks and
the population of the respective packages on arrival, 1937

Com- Ratio of popuiation of colony (at end of number of weeks specified} to
putel original popuhition of package
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{ Only boea rearcd sftor lastalling th paciages are considered in the co'mputation.s.

In the two cases in 1926 in which the population in the eleventh week
was computed, a slight increase was evidently still in Progress even
then, Of 29 package colonies investigated in their twelfth week in
1927, 24 attained their maximum population in this week, Thres
of thisa number belonged to lot 1, andp so theil original package popula-
tions were undetermined, but 9 of the remaining 17 belonged to the
group having populations of more than 10,021 on arrivs).
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The points just discussed arc of special interest and importance
since, coupled with the fact that none of the packsges studied for 10
or more weeks reached its maxtmum population (Table 10, figs. 4-6)
before the ninth week, they would seem to indicate that packages
should be installed aé least eight to nine weeks in advance of the main
honey flow if they are expected not only to replace themselves but
also to reach approximately their maximum strengih before the
nectar flow is on.

In general, the smaller the package, the longer the time it requires
to build up; but no packuge should be bought earlier than the time
required to fulfill the purpese for which it is bought, whether this be
for it to build up in time for & honey flow or for its bees to serve di-
rectly ns pollinating agents. If packages are obtained too early, the
beekeeper may be rushed for time when they arrive, he may pay a
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FIGURE -I.—Comfmtod workar populations in package colonies in successlve weeks after fnstalls-
tion: A, Colonirs Nus, 401, 402, 403, 404, am! 405; T3, coloules Nos. 411, 412, 413, 414, wnd £15; C, ool-
oafes Nos. 421, 42, 423, 424, nnd 425

price higher than he would pay later in the season, in certain regions
he may run the risk of losing the bees in unseasonable weather during
shipment or after arrival, or he may even run the risk of having them
build up to maxinium strength so soon that they will get the swarm-
ing fever before the main honey flow is on.  Needless to say, obtaining
packages too lnte may also mean wasted time and money on the part
of the purchaser. The beekeeper must know his region, its weather,
its honey flows, and its pollen yields. He can then Eick the right size
of pucknge and install it at that time of the year which will give him
the biggest return for the time and money spent.

That the foregoing conclusions on the time required for packages
to build up and on the merits of different sizes of packages are borne
out in apitry practice scems evidens from the $wo following quotations.
L. T. Floyd, provincial apiarist of Manitoba, speaks in favor of 2-




32 TECHNICAL BULLETIN 309, U. S. DEPT. OF AGRICULTURE

pound packages for Manitoba, a region providing 12 weeks in whichk
packages can build up for the main honey flow. He says (7).

When & two-pound package of bees delivered on May 1 will, in a good season,
build up and gather g 200-pound crop of honey it should saiisf ¥ any one. Bees

are able to do this in Manitoba because the crop comes in August and September,
If larger packages are used, awarming becomes a problern.

_ Demuth {6), on the other hand, in summing up for the United States,
mm which are many localities where main honey flows come at times
which afford muech less than 12 weeks for colonies to build ap, says:

Experience of those who have purchased many packages of bees would indicate
that the three-pound package is large enough for the capacity of the ordinary
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Fusure 5.~Computed worker populstions in packege colonies In stuccessive waeks after {nstalla-
tlon: A, Colonivg Nos. 431, 432, 433, 434, and 435; B, colobles Nos, 441, 442, 443, 444, and 445 €, col-
onies Mos. 451, 452, 453, 454, and 455

queen, provided there are about eight weeks for building up for the honey flow,

Many have found the two-pound package to be more profitable than the three—

pound package. :
IMPORTANCE OF BEES OF PROPER AGE

In this experiment no atiempt was made to get bees of any partic—
ular age other than the effort to secure bees uniform in condition.
In view of the division of labor among bees it is apparent that if the
packages are to be used for developing into new colonies the bees
shouliﬁgbe young enough to engage actively in brood-rearing getivities.
The same thing is true if they are to aid weakened colonies. If the
bees in the package are to be used directly es honey gatherers or
pollen gatherers, then on arrival they should be of the proper age
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physiologiczﬂlﬁ for these tasks. Practical methods for filling the
packages with bees of the desired age remain to be worked out.

LENGTH OF TIME ON ROAD

Since the length of a bee’s life depends upon how much worlk it
accomplishes, the less time spent in shipment, the better for the pack-
age colony, whether the bees are young or old. According to the .
investigations of Rosch (37) and Soudek (39), a deterioration of the
pharyngenl glands probably is taking place at all times, and a fow
extrs doys on the road under conditions tending to age the bees physio-
logically would mean that the workers would be proportionately less
able to feed young larvae. On the other hand, since at lenst three
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FioyRE 6.—Computed worker populations in package colonies in sticcassive weeks after installa-
-Iiilﬂm 4\.1 Colany No. 463; I, colonfes Nos. 471, 472, 433, and 475; C, colonles Nos. 491, 492, 483,
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weeks must elapse after the package is installed before new recruits

will be added to the coleny by brood rearing, it is highly essential to

have the package bees at work as soon a8 possible in order fo rear the

liu,.rge?_t possible number of new bees before the original package bees
ie off.

There is practically no region in the continental United States in
which an express package can not be received within two or three
days [rom a region producing package bees. Consequently, since the
bees in this experiment were on the roud at least two days, it is felt
that fairly normal conditions were obtained so far as the length of
time in transit is concerned. These bees, furthermore, were shipped
in weather varying from freezing to midsummer temperatures. .
Although, other things being equal, 1t is quite obvious that bees
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should be bought from the point which involves the shortest tims on
the road, this Is not always done. For Instance, it is snid that ship-
ments to some points in Canada are on the road for o week (8).
Under normal conditions such a length of time scarcely seems neces-
sary in the United States if the packages are bought from the nearest
producing center. If it {s necessary, special attention should be paid
to the conditions under which the packages are shipped. The use of
refrigerator ears for this purpose would seem to offer g fruitful field
of investigation.

EFFECT OF WEATHER CONDITIONS AT TIME OF INSTALLATION

The most neticeable consequence of unseasonable weather during
tl.e experiment in 1927 was the loss of puckage colony No. 411, which,
when received, was not large enough to resist the cold. The develop-
ment of No. 412 was likewise interfered with. On other occasions,
because of cold weather, the becs did not leave their shipping cages
readily during the night following installation and had to be shelen
out when the cages were removed the following morning. This hap-
pened principally in lot 2, package 422 of lot, 3, and in lot 7, A
handful of bees were still lingering the next morning in the cages of
lots L and 4, and in the remaining packages of lot 3.

Cold weather at the time of mstallation also reterded the taking of
sirup freely by lots 2 and 3. The two larger colonies in each lot
lowered the sirup only one-half inch in the jar on the day after in-
stallation; the other colonies took scarcely any sirup. Lot 1 took
sirup freely on the first day because the weather was somewhat warmer,

Cold weather or cool and rainy weather checked flights for the
first day or two after arrival in the euse of lots 2,3,4,and 7. Weather
conditions were so favorable on the days of installing lots 5, 8, 9, and
10, however, that those lots had good flights before night.

USE OF SIRUP WHEN INSTALLING PACKAGES

Al the package colonies used in 1927 began to take sirup from the
feeders to a greater or less extent within 24 hours after being installed,
depending somewhat upon the temperature but to & certain extent
apparently regardless of current nectar flows, It is to be remembered
that the becs were hived upon combs which were empty except for
the cup{ul of sirup in one of them. The bees in the frst lot took more
sirup within 24 hours after installation than did those of any other
lot. This was to be expected in view of the fact that little, if any,
nectar was available from the field so early in the year, The bees
in some of the suceceding packages were evidently deterred by pre-
vailing low temperatures from taking sirup during the first 24 hours.
Lot No. 10, however, which arrived during the tuliptree nectar flow
and under favorable tempernture conditions, took sirup readily even
within a few hours after installation.

As & matter of fact, the bees in the three largest packages of lots
1 and 10, the first and the last lot, began to take sirup more readily
than those in the packages of any of the other lots. Those in Nos.
403 and 405 cmptied the 2-quart jar of sirup within 24 hours of instel-
lation, being the only packages to do so, while colonies 402, 404, 493,
494, and 495 required 24 hours longer for the purpose. The only
other paclkages which emptied the 2-quart feeder within 48 hours of
installation were Nos. 454, 472, 475, and 483. Kleven package
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colonies (Nos, 401, 414, 415, 442, 444, 445, 453, 465, 473, 474, and
485} required three days. The bees in the remaining packages
required from four to nine days to empty the jar.

It is evident from the data given on the brood-rearing activity of
the package colonies that the leaders in this respect took suger sirup
actively on instsllation regardless, at least at first, of whether or not
nectar was available in the field. It would seem that the work of the
bee in using sirup from the feeder would cause it far less wear and tear
than gathering nectar from the field, If this holds true, and if the
bee could be kept from deserting the feeder for the field, the bea’s
energy would be conserved by giving sirup during this period, and a
correspondingly greater number of new bees would be reared before
the original packege bees died off. Perhaps giving sirup to the pack-
age bees when installed is better than giving combs of honey. This
would scem to be the case if the bees, whieh ordinarily would carry
the sirup from the feeder, should engage in gathering nectar from the
field in case eombs of honey were substituted for the sicap. In the
Iatter event 16 would seem that they would wear out sconer than if
they had been carrying sirup {rom the feeder, although their nctivities
under such conditions are not well known.

EFFECT OF PRESENCE OR ARSENCE OF A QUEEN BEE IN THE PACKAGE DURING
SHIPMENT

It has been frequently stated in beekeeping cireles that combless
package bees ship better with queen bees than without queen bees.
In this experiment the packages in lots 1, 2, 3, 9, and 10 were shipped
without queer bees. Except for No. 402, none of these packsages
showed any greater rate of mortality than did those packages shipped
with queen bees. In fact, the highest loss in any lot occurred in
lot 5, of which all the packages contained caged queen bees. There
appearad to be no particular difference in the promptness with which
queen bees arciving caged in the packages and those shipped separately
began to lay. In each case the bees immediately began to release
the queen from the Miller cage, and acceptances were as many in
one case as in the other. Of the two original queen bees not accepted
when released, one (thatin No. 404) had been given to & package wzl)\i h
had been shipped queenless, while the other (that in No. 444) had
accompanied the package in shipment from the producer. Of the
other 24 queen bees in the group not shipped with the packages,
all survived, and none was even balled, with the exception of the
queen in No. 483, which was released in good shape but was balled
on the third day when the hive was opened. Of the 25 queens
which came with the packages, in addition to the 1 lost as slready
mentioned, 3 more were lost within nine days of the time of arrival,
while 2 others were balled, but not {atally, scon after being released
from their cages. Another proved incapacitated in some way. So
far as this experiment is concerned, therefore, practically as good
results were obtained by shipping the packages quecnless as by ship-
ping them with queens,

It may be added that all the queens shipped in the packages were
in mailing cages which contained both candy and attendants. Only
one of these quecens (that in No. 475) was lost in shipment,
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BALLING THE QUEEN BEE

It 1s only repeating an old axiom to mention that a colony in which
& queen has beon newly introduced should not be disturbed for several
days. In this experiment, however, it was desired to got exact data
on how soon the queen was released from the Miller cage and when she
cormmenced egg laying. For this reason the colonies were examined
each day after being Installed until these facts were ascertained. In
spite of every precaution four queens (thoscin 424, 454, 473, and 483)
were found balled within two days after the packages were installed.
They were thereupon rolled in heney, returned to their colonies,
and three (those in 424, 454, and 473) were reaccepted. This treatment
apperently did not save the fourth, since No. 483 was found queenless
four days Inter. Two queen bees (those in 404 and 444) were lost
within two days after being introduced, whether because of the pre-
matbure opening of the hive or not. Three others (those in 461, 465,
and 474) were lost within six to nine days after being introduced,
slthough balling, if it oceurred, was not observed.

IMPORTANCE OF TIME WHEN THE QUEEN BEE IS RELEASED

Needless to say, the quicker the queen begins to lay in the package
colony the better. For purposes of building up, this becomes doubly
important when the time between receipt of the package and the
opening of the honey flow is limited, and also in case the bees in the
package are just passing out of the nurse-bee stage. Since none of
the queens used in this experiment came free in the package, each was
introduced as described earlier. In 6 of the 35 colonies, into which
the queen bees were introduced without use of the tin over the Miller
cage, A few cells of sealed brood were found (Table 13) on the ninth
day after the package was installed. The queens in one-half of these
(Ny(v)s. 475, 492, and 494) had not been shipped in the packages, In 13
cases 10 days elapsed between installation and the occurrence of the
firat sealed brood; in 6 cases, 11 days; in 6 cases, 12 days; and in 2
cases, 13 days. In 5 of the remaining 6 colonies of this group, the
original queen bees were lost during the first few days, while eggs
were found in the sixth on the fiftcenth day after the package was
installed.

In 8 of the 15 package colonies whose queen bees were caged safely
for one day while being introduced, sealed brood was found on the
eleventh day after the queen was installed. In 2 instances this
period was 12 days, while 16 days was the longest period for any of
the remaining 5 queens.

TABLE 13.—Number of days from time of installation of package lo appearance
of sealed brood

Pockage No. Remarks

Queen caged salely one day.
Do.

Do,
Thia refers to the second fjueen. Bhe was caged salely one dey.
Queen cagesd safely one day.
Queen giver one doy alter lustalling package. She was cagoed sniely
ﬂ\'ng hours,
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TabLE 13.—Number of days from lime of inslellation of package lo appearance
of sealed brood—Continued

Puckage No, Remarks

Quean caged salely one doy.
Do.

Bao.
Quee? cizngod safely ome day. She was balled once during the 14-doy
perimi,
Queen enged snlejy one day.

This refers to second queen.

Queen was balled eoee during this period.

1eeniess on ninth dny.

paaaled brood on fifteenth day.
Queenless an ninth day.
Quesn wns bulled once during this perlod.
Quieonless on sizth dny.
Que%'l given one doy afer Installing package.

.

Queen given one day niter installing package. Queenless on sizth day,

The queen was balled once during this period.
Quee[;l given ono day alter installing packoge.
LN

Tt is an open question whether the proportion of colonies in which
sealed brood was found nine days after installing the package would
have been materially increased if the queens had been shipped free
in the packages. Even if this had been the case, it must be remem-
bered that the sealed cells found on the ninth day after the packages
were installed had been sealed only a few hours at most, while the
majority of the sealed cells found on the tenth day, which marks
the end of the first 24 hours of sealing, arose from eggs laid within
24 hours after the packages were installed. It is readily apparent
that in all such instances the workers in less than 24 hours ate through
the candy imprisoning the queen in the Miller cage and that the queen
begen laying within a few hours at the most.

IMPORTANCE OF A PROLIFIC QUEEN BEE

Thirteen of the 40 queens in the colonies whose sealed brood was
counted in 1927 had daily effective egg-laying averages of over 1,400.
Three of these were in excess of 1,600, the highest being 1,646.
All 3 of the queens used in the experiments in 1926 attained daily
effective eggjaying averages in excess of 1,400 but below 1,599.
Of the remaining 27 queens used in 1927, 11 attained over 1,200
for this rate but below 1,399, while 7 had rates between 1,000 and
),198. Six were between 883 and 087.
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Three queens, those in colonies 401, 41 1, and 412, had daily average
rates below 600. Their low rates are to be explained by the fact
that the queen in No. 401 soon proved to be & drone layer, while the
queens in Nos. 411 and 412 arrived during such inclement weather
and with so few bees in comparison with the other colonics of this
lot that they were handieapped by the unfavorable conditions.

The data on the effective ege-laying rates, taken in connection
with the computed number of bees originally in the packages, give
some interesting facts.  Apparently there was considerable vavia tion
in the prolificness of the queens, since the highost cge-laying rate was
not found in the colony which developed [romn the package with the
largest mumber of bees. For instance, No. 473, the colony whose
quecen had the maximum daily effective egg-lnying average, 1,646,
had only 10,147 bees on arrival, whereas the queen of the largest
package, No. 455, which contained 16,376 bees, had a maximum
daily effective rate of only 1,300. This rate was attained carly,
howover. No. 432 had only 6,519 bees in its original package, but
its queen attained a rate of 1,566 before the end of the experiment,
whercas No. 424 had 14,836 bees, but its queen subsequently attained
8 daily effective rate of only 947, \

16 must be remembered that the duta just given on eflective egg-
Inying rates represent only the maxima and cover only & fow days.
Nevertheless, they indicato differences in the individunl queen bees.

It is quite evident that the package whose queen soonest attains a
satisfnctory effective nverage will be apt to maintain an advantage
in population over other cfﬁonics during the first few weeks. Thus,
7 of the 40 queens used throughout the experiment attained an
offective daily cgg-laying average of over 1,000 within 30 days after
the packages were instalied. These were: Tho queen in No, 473,
which atiained an average of 1,075 by the twenty-fourth day; the
queens in Nos. 453 and 455, which attained 1,204 and 1,300, respec-
tively, on the twenty-seventh day; the queen in No. 494, which
reached 1,008 on the twenly-eighth day; the queen in No. 463, which
reached 1,011 on tho twenty-ninth day; and those in Nos, 472 and
475, which showed averages of 1,001 and 1,144, respectively, on the
thirtieth day. It is to be noted (Table 10) that none of the other
package colonies surpassed any of these seven in the computed total
nuniber of new bees on hand in'each until the ninth week after installa-
tion. That a prolific queen can, to o certain extent, overcome a
handicap in regard to number of workers in her colony is shown in
these soven pnefﬁmges also, since Nos. 453 and 455 arrived with 10,300
and 19,376 bces, respectively, but on the twenty-seventh day the
effective egg-laying averages of the queen in each showed a difference
of only about 7 per cent.

PACEAGE BEES AS POLLENIZERS

The observations made as to the time when pollen gatherers were
first seon in the different package colonies is of interest in connection
with the use of package bees as pollenizers and in determining how
long in advanco of blossoming they should be obtained. As stated
befors, most of the packages were reccived after 4 p. m. and were
installed before dark. In the case of 21 packages (Nos. 401, 402, 403,
404, 405, 451, 452, 453, 454, 455, 475, 481, 482, 483, 484, 485, 491,
492,493,494, and 495), bees ware observed coming in with pollen within
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one day after they had been received. In most of these cases the
pollen gatherers were observed between 8.30 and 9 a. m. Both the
smaller and larger packages were represented. Weather conditions
undoubtedly prevented the gathering of pollen so soon by the colonies
in some of the other lots. It is of special interest that in colony 494,
belonging to a lot hived at noon, pollen gatherers were observed
returning ot 4 p. m. This experiment shows that bees fromn packages
may begin to gather pollen within a few hours aiter being installed.
Since the period for pollinating any plant is velatively short, such
behavior on the part of the bees is of particular value because it makes
foasible the procuring of paclages just at pellinating time merely for
pollinating purposes without any idea of having the bees build up

into eclonies.®
PACKAGE BEES AS HONEY GATHERERS

Although most of the 3-pound packages were placed on scales,
unfortunetely none received at the time of the main honey flow weas
thus treated, package No. 473, received on May 4, being the last to
be put on seales. The main honey flow was on by May 20, by which
time the bees in No. 473 had already been at work over two weeks,
The first brood in this colony was sealed on May 17, which meens
that no voung bees emerged before Moy 26. Nevertheless, this colony
gained 0.66 pound during the daytime on May 21, 0.79 pound on
May 22, 0.86 pound on May 23, und 0.7 pound on May 24, It would
have been of particular interest to test the performance of the lot
received on May 11 and more particuiaily the performance of the lot
installed eu May 19, Even coleny No. 463, however, furnishes a
little evidence on this question, since it was received on April 27 and
its first new bees were not out before May 16. It is rather doubtful
that many, if any, of these were flying five days later, May 21, on
which date the colony gained 0.55 pound during the deaytime. On
Muay 22 the daytime gain was 0.86 pound, on May 23 it was 1.32
pounds, and on May 24 1.54 pounds. Possibly at this time young
bees were also flying.

Although these gains are slight even in comparison with those of
colony No. 403, which on severel days in May brought In over 7
pounds of nectar, the highest amount, 9.5 pounds, being on May 23,
it must be recalled that these package colonies were rearing brood as
well as gathering nectar and pollen. They had been working for over
two weeks after being installed, with no help from newly emerged
bees in No. 463, and with scant, if any, help from the few bees newly
emerged by this time in No. 473. Consequently it is reasonable to
suppose that package bees, especially those of field age, if added to &
wenk colony at the time of the honey flow, would prove of immediate
value in gathering honey.

It is interesting to compars the amount of nectar which the com-
puted field force of some of the colonies described here might have
gathered with what other typical package colonies are reported
actually to have gathered in the sweetclover region. Colony No. 301
will show this as well as any. Munro® has stated that a package
received on June 3, 1926, at the apiary of the North Dakota Agri-
cultural Experiment Station showed a gain of 268 pounds from July
21 to September 17. In & private communication he furnished the

! Sew footnoto 4.
$Mysno, I, A, N, Dak. Beekeepers' Assoc. News Luotter, v. 4, go. 1, October, 1926, (2Iimeographed.]
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additional informetion that the packasge had contsined 3 pounds of
bees and that sweetclover in his region in 1926 wes in blossom from
about the middle of June until the middle of September. This means
that the package was received approximately two weeks before the
beginning of the main honey flow. By July 21 the colony had gathered
about 50 pounds. Its highest 24-hour gain, 18% pounds, cams on
July 31, » little more than eight weeks after the package was installed,
Its highest 24-hour gain during the next month was 15 pounds, on
August 12, ten weeks after being received, while on September 6 it
made a gain of 10% pounds,

From computations based on counts of its sealed brood, colony
No. 301 (Trblo 14) should have had approximately 21,000 field bees
on hand at the end of eight wecks after being roceived, if we follow
Rosch’s results previously cited. This figure wes barely exceeded
during the remaining weeks of the observatious. If worker bees on
an averagoe go to the field younger than at the age given by Résch,
or if their average length of life is longer, the number of bees given
here would be too small, at least during some of the succeeding weeks,
Thus, assuming a duration of life of six weeks, of which the last three
weeks are dovoted to field duties, about 28,000 field bees wers on
hand by the end of the ninth week of the observations.

Assuming that each bee makes 10 trips per day to the field for
nectar, as is well warranted both by Park’s work (29, p. 132; 30, p. 213)
and by that of Himmer (13, p. 146), and assuming further that each
bee carries in one-fourth of its own weight in nectar on each trip,
but that, sccording to Hambleton (7%), one-fourth of this nectar is
evaporated off as water overnight, a field force of 21,000 could bs
expected to make a daily gain of 7% pounds during the honey flow,
A field force of 28,000 could give a result of nesrly 10 pounds deily.
Both of these caleulations are based on the assumption of 5,000
worker bees to the pound.

Tasie 14— Population of worker becs in colony No. 301 reared after hiving package
on April 23, 1926, as colculaled from compuled emergence rales

Computed nninber of worker bees in the colony,
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It should be borne in mind, however, that the days in the sweet-
clover region of the North are long and that the season of the
sweetclover honey flow itself in that region is relatively long, being
between two and three months,
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In cortain western arid regions the mocturnal loss in weight of
nectar by evaporation is even less than that used in the foregoing
ealculations. Furthermore, sccording to Gillette (11) and Park
(29, p. 1383), bees usually carry loads equal to about one-half or even
more of their own body weight, while Park (29, p. 182) found bees
under optimum conditions making 20 trips or more aily. If optimum
conditions recorded by various investigators are assumed, the field
force of 21,000, computed for colony 301, could account for mueh
more than & daily gain of 20 pounds, and under sweetclover condi-
tions would, theoretically, at least, be capable of equalling the large
honey crops mentioned earlier in this bulletin. It is feit, for this
reason, that this colony and the others were fairly typical package
colonies in their development, especially since larger field forces were
attnined in others of the package colonies before the end of the
experiment.

SUMMARY

Some of the results of the experiment may be briefly summarized
as follows:

The sctusl live weight of bees in individual packages when received
bore little relation to the weight billed by the shipper. As a rule the
smaller packages weighed more and the larger packages less than the
billed weight.

Tn no case did the bees average 5,000 bees to the pound. If the
latter figure holds for empty bees, the individual weights of the bees
in these packages as determined on their arrival maey be taken to
indicate that, on an average, they were holding approximately half
their weight in sirup.

In the colder weather the larger packages showed to advantage.
The larger packages also built up to norm colony strength quicker,
Over & sufficiently long period, on the other hand, the smaller pack-
ages showed a higher relative increase.

Packages should be allowed eight to nine weeks in which to build
up, and, if small, even more.

Under good conditions package bees can easily stand at least two
or three days’ shipment. '

Package bees in this experiment made use of & feeder in the hive
even when & nectar flow was on in the field.

In this experiment no particular difference could be detected in
the condition on arrival of those packages shipped with queen bees
and those shipped without them. Nor was there any difference in
the time elapsing before the queen bees in the two cases began to lay.

In the experiment, regardless of the known risk of having the queen
bees balled, it was necessary to exsmine the colonies daily after they
had been installed. Of the 50 queen bees, 4 were found balled within
two days sfter the bees had been installed. Three of these queens
were reaccepted after being rolled in honey. Two other queen bees
were lost within two days, and three within six to nine days after the
packages had been installed, but it was not ascertained in these
cases whether the queen had been balled.

Over half the queen bees commenced laying within 24 to 48 hours
after the bees had been given access to the candy in the queen cage.
Such access in the majorty of these cases was given immediately at
the time of installing the packages.
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A prolific queen is highly essential for the optimum developrient
of the package.

The proper age for bees in the package depends on the use o which
they are tic be L;{mt.. If the packages are tc develop into colonies or
are to help weaker colonies develop, the bess should be young enough
physiologically to engage actively in brood-resring activities. If the
bees are to be used directly as pollenizers or nectar gatherers, they
should be just entering field age. In any case they should be young
enough physiologically to insure their proper functioning in the
desired activity,

Under proper conditions bees from packages will gather pollen
within e few hours after being installed. This fact makes possible
the use of the original bees in the packsge as pollenizers without the
necessity of having them build up into colonies.

The original bees in certain of the packsges gathered nectar. This
at least indicates the feasibility of securing a larger honey crop by
reinforcing weakened colonies just before the honey flow with bees
of the proper physiological ages both to gather and to store nectar.

A package colony with even 21,000 field bees, under the optimum
conditions prevailing in certain localities and with long seasons for
nectar gathering, can store a satisfactory quantity of honey.
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