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- BREEDING THE HONFEYBEE UNDER
CONTROLLED CONDITIONS

By W. I NOLAN, Apiculturist, Dicision of Bee Culture, Burenn of HEntomology
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INTRODAICTION

Although the honeybee has been kept by man since long before
S the Christian era, yet in the couvse :.£ the centuries little or no
<> change has been wrought in it by breeding if the development of
£ the so-called © wolden ” strain of Italians in the United States and of

> 4

the “ veredelte ” strains of the German brown race in central Europe
is excepted. The fact that in natuve the honeybee mates only on
the wing is commonly given as the principal reason for this situation.

Even though bee breeders have relied on natural matings in their
work with the honeybee during the centuries, they would have made
pregress more comparable with that accomplished in the breeding
of man’s other usefut animals had it not been for two factors. In
the first place, even less than 100 years ago the bee breeder did not
bave adequate knowledge of reproduction in the honeybee since he
did not know how drones develop. In the second place. until
recently he had devised no means of distinguishing definitely between
races of the honeybees and their various strains. fiven Mendel {Iltis,
19, p. 148-157)*, the father of modern genetics, lacked snch menns
when he endeavored to work out probienss of bee genetics in addition
to those on peas which brought him fame.

tltnlle nuinbers in parentheses refer to Liternture Clited, p. 47.
100TRT—112 1
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the honeybee, as a result of studies undertaken to determine, espe-
cially from the standpoint of biometrics, characteristics marking
them. The pioneer in this type of bee research was Koshevnikov,
of Russia. Among others who have mede contributions in this field
are Alpatov and Mikhailoff, also of Russia; von Buttel-Reepen,
Zander, and Gétze, of Germany; Ryti¥, of Cuechoslovalia; Toluda,
of Jupan; and Phillips and Kellogg, of the United States.

Within the past decade another tool has been placed iu the hands
of the bee breeder with tho cstablishment of the fact that queen bees
can be inseminated artificially. This makes possible full control
with regard to the drones used in breeding. It is true that artificial
insemination of the honeybee is, as yet, only an instrument of the
scientific investigator and that the commercial breeder must con-
tinue, for a time at least, to rely on natural inseminations for his
work. The way has been openad, nevertheless, for the investigator
in a2ny locality to keep pure stock of various races and straing as
well a5 to develop special strains of the honeybee. The commercial
breeder can thus, in turn, be provided with 2 continuous reserve
from which to replenish his stock if natural matings fail him.

Masiy problems await the bee breeder. He might develop strains
which would be gentle, disease-resistant, capable of carrying larger
honey loads, capable of flying longer distances, or which would have
tongues of the proper length to secure nectar from floral sources not
now availadle to the honeybee. For some regions it would seem
desirable to develap strains that fly at lower temperatures than do
bees now commonly found in the United States. This is of par-
ticular importance to those interested in bees as pollenizing agents.

In general, breeding of the honeybee in modern beekeeping prac-
bice falls under two main headings: (1) Breeding under natural or
uncontrolled conditions, and {2) breeding under artificial or con-
trolled conditions. By natural or uncontrolled conditions are meant
thos~ obtaining in nature or ordinarily in the apiary, where virgin
quee:s and drones {ly freely and mating takes place only on the wing.
By artificial or controlled conditions are meant both those which,
WKila permitting natural insemination to occur, obtain through some
restriction by the beckesper as to the particular drone or drones
with which the queen may mate, the flight runge of the queen, or the
flight range of both queen and drones, and those which obtain when
the beekeeper causes the transfer of spermatozoa from drone to queen
to be made otherwise than as in nature.

The following outline, in connection with the text which im-
mediately follows, may prove helpful in keeping clear the distine-
tion between the various methods which are in use or have been tried
for breeding the honeybee:

BUREEDIRG OF THE HONLYREED

1. Uncontrolled conditions (littie or no restrictions on queen or droles;
matlng on the wing).
2. Controlled conditions.
A. Natural insemination.
1. Available drones restricted {muting stations).
2. Flight range of queen restricted {tethering, etc.).
3. Flizht ranges of both queen and dropes restricted {tents,
greenhousges},
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Controlied conditions—Continued.
3. Actificial inseminntion
1. By placing drone organs in position in gueen.
e, Before separvation frowm drone.
. After soparation from droueg,
2. By removing sperm from drone organs first.
¢. Bxternal appleatior. (brush, squeezing ouf sperm, ete.}.
L. Internal applicatior, (injecting within genitad opening).
T4 is to be noted that this Ladine does not include such methods
as daubing the eggs with sperm, since this is an attempt to accom-
plish fervtilization of the egg itself and not to simulate mating of the
gueen bee.

STATUS OF WORK ON BREEDING UNDER CONTROLLED CONDITIONS
WITH NATURAL INSEMINATION

The mating stations of Burope furnish a practical example of
controlled conditions which restrict the drones with which the queen
may mate, but which still permit a nataral insemination to take
place. These stations are in isclated localities in which the bee-
keeper has endeavored to have only drones of his own choice present.
The virgin queen is taken there and is free to fly from her nucleus
and to mate on the wing with these drones. The breeding experi-
ments conducted a number of years ago in Texas by Newell (29),
as well as those in progress on an island in Lake Ontario by Sladen,
of Canada, at the time of his death in 1921, also come under this
category.

Many good results ave reported from the breeding work carried
on at these stations in Kurope, especiaily in Switzerland. The work
in Switzerland is linked with the name of Kramer (Goldi, 74).
who started the movement in his country to maintain in purity
and to improve the native Swiss bee by having selected stock mate .
in isolated localities. (Figm, 2.) The results of this work fronr 1915
to 1928, according to a survey of certain apiaries m Switzerland
which contained colonies both of the improved (veredelte) anc of
unimproved stock (21, . 30), show that the honey crop of the im-
proved stock uveraged higher per colony each year than that of the
unimproved stock, ranging from 20 per cent in 1923 to 100 per cent
more in 1924, These percentages, however, were based on the rela-
tion of the average per-colony yield for improved and unimproved
stocks, respectively, to the sum total of the two averages, and the
number of improved colonies used in the survey was larger each
year than the number of unimproved colonies, being in 1928 about
two and one-half times and in 1924 more than seven fimes as large.

Tn the United States isolated locations free from wild swarms
or colonies of neighboring beekeepers are not easily accessible to
most queen breeders. Consequently the mating station has played
little or ne part in beekeeping here, although certain commercial
queen breeders in this country have attempted to duplicate, in a
degree, conditions found in an ideal mating station hy endeavoring
to rid the territory in the immediate vicinity of their mating vards
of undesirable colonies of bees. Their methods have consisted of
buying up colonies found in the neighborhood, requeening near-by
colonies with desired stock free of charge, paying rewards for wild
swarms, and similar measures. The possibility that the queen may.
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mate with a stray drone even in a locality thought to be well iso-
lated from local bees reduces somewhat the value of mating stations
m a scientific breeding program.

Attempts to mate queens tethered at the end of a pole zre examples
of a partial restriction of the flight range of the queen bee, while
attempts to hize n queen and chosen drones mate inside a tent or
other inclosure are examples illustrating both =z restriction of the
drones availabls for mating and a partial restriction of the flight
range of queen and drones. In all these cases, however, there is an
endeavor to have mating take place on the wing—in other words,
to effect a matural imsemination. Mendel was one of many who

L ] 2 .
- . o AN Yk b i - e

FIGDRE 2.—3uting station at Brugzen hel 5S¢ Gollen, Switzertand,  (Kramer)  (Cub-
lishea by permission of Verein Devtsel-Sebweizeriseiwer Bienenfrennde)

have unsuccessfully attempted to obtain matings of queen bees within
inclosures (19, p. 147}. This phase of controlled mating was also
investigated in the Bureau of Entomology in 1907 (77). Since no
satisfactorily verified reports of success are available for matings
attempted under the conditions given in this paragrapb, no further
attention will be paid this category at the wresent time.

WITH ARTIFICIAL INSEMINATION

When conditions are so controlled that both queen and drone are
deprived of flight, the insemination must be accomplished artificially.
This may be effected either by placing the drone organs in proper
position in the queen to accomplish insemination or by removing the
sperm from the drone organs and transferring it to the queen.

The methods proposed for bringing the drone’s organs into proper
position within the gqueen ean be divided into two classes: (1) Caus-
ing these organs to evert in the proper position in relation to the
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qlueen and then severing them from the drone, and (2) separating
them from the drone and then plicing them in preper position In
the queen. The methods for first removing sperm from the drone
and then transferring it to the qgueen can also be divided into two
classes: (1) Dropping or brushing the sperm on or near the ex-
terior genital opening of the queen, and (2) introducing the sperm
within the opening.

One of the early aftempts at the artificial insemination of queen
bees, and one which is often queted, was that by Huber, who fol-
lowed the suggestion of Bonnet in 1789 that he endeavor to insemi-
nate a queen bee by introducing within her vagina, through the use
of @ brush, sperm from a drone. Huber (I8, w. I, p. 60) failed in
such an attempt, as have doubtless most of his successors, regardless
of the method employed.

According te his statements before the Wanderversammlung der
Imker cdeutscher Zunge, held in Leitmeritz in 1927, Wankler, of
Germany {48), was one of the earliest modern queen breeders to
attempt to malke use of instruments in the insemination of queen
bees. He aflitmed that as early as 1885 he had resorted with some
success to mechanical means for inseminating queen bees. He aiso
referred to success attained by himself, even in the eighties, in fer-
tilizing drone eggs from drone cells by daubing them with sperm.

Wankler (48) mentioned, among his instruments, a pipette
(8pritze) to which could be attached a model (kiinstliche Glied) of
the drone organs, n means for moving the pipette, and a block on
which to hold the queen. He stated that the semen is foreced into
the pipette and then the model is attached and intreduced into the
vagina of the queen, which is bound to the block. The sperm is next
forced out of the pipette inte the model through pressure on 2 screw
knob. The pipette, having served its function, is detached, but the
model remans attached to the queen at least long enough for the
semen to be taken up by the spermatheca. The queen is put back
on a frame of brood under a cage of wire screening (Pfeifendeckel)
fine enough to catch the model when it finally becomes detached from
the queen and drops off.

It 15 to be noted that the talk by Wankler was given after Watson’s
announcement of his discovery and Wankler referred to it. Arm-
bruster, however, in a preface to Wankler’s bock (47, p. 5) writien
in 1924, mentioned that Wankler had presented him with one of the
pipettes made of silver and with a model of a drone organ fashioned
in metal.

McLain (22) claimed that he had achieved success in 1886 in ar-
tificially inseminating queen bees with an instrument consisting of a
fine nozzle fitted to a hypodermic syringe in place of the regular in-
jecting needle. Adfter the nozzle had been filled with sperm from the
drone, a small tube was slipped over it. The queen was held in a
clamp made of the two kalves of a block of wood 2 inches square
and 4 inches long in which a hole had been hollowed out to hold her
body with the exception of the tip of the abdomen. McLain also
reported success in having queen bees mate in a greenhouse, and even
in squeezing sperm from a drone directly into the vestibule of a
queen bee. ' :
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No other nineteenth-century attempts to inseminate queen bees
artificially need be discussed here, since in no instance were such at-
tempts repeated successfully by others to the conviction of the bee-
keeping world,

The first announcement of importance in this field in the twentieth
century was that of Jager and Howard (20) in 1914 regarding suc-
cess in artificially inseminating c.ae out of eight queen bees worked
with that summer. These investigators reported that, of the first
3,000 2ggs laid by this queen, all but 4 proved to be worker eggs. She-
was wintered successfully (76), but in the spring she laid drone eggs
as well as worker eggs and soon was laying drone eggs exclusively.
After three weeks of drone laying she was dissected, but her sperm-
-atheca was found packed with Iliving spermatozoa. In this work
(16) the sperm from the drone was diluted with salt solution before
being taken up in a fine pipette. The queen was then held in the left
hand, while the pipette was introduced into the genital epening with
the right hand and the
sperm was forced out of
the pipstte by blowing
with the mouth.

During the npext two
years Howard and France
(16} endeavored fo carry
this method further, but
were successful with only
3 out of 35 queens. For T e and block wsed by Shafer In
one of the 3 success was =~  mmating tests (Shafer)
gouged by the finding of
sperm in tﬂe spermatheca upon dissecting the queen 26 days after the
attempted insemination. One of the others laid only 5 per cent of
worker eggs. In this work the sperm was not diluted with salt
solution,

‘The success reported by Jager and Howard may have led Shafer
§45) to his investigations in the same field. Shafer’s main work was

irected “ through squeezing the drone—to evaginate the male organ
into the vaging of the queen in the pormal position.” To keep the
abdominal tips of the queen apari and te hold the sting out of the
way in the process, a pair of forceps was moun®:d on one of the
inclined surfaces of a triangular block in such a2 way as to allow
the forceps te open only a quarter of an inch. (Fig.3.) A small,
thin plate was atfached to one point of the forceps to aid in holding
the sting back after the forceps had been introduced between the
abdominal tips. A binocular microscope was used during the attempt
at insemination.

Shafer later contrived a device which consisted of a No. 5 insect
pin bent at right angles one-sixteenth inch from the head end and
inserted ﬁrmly in a block, The pinhead could be inserfed in the
“sting notch * and as the queen’s hgdomina,l tips separated she could
be moved so that the pin pressed against the sting and held it dorsal-
ward. Shafer did not report any successful inseriination, however.

In 1928 Quinn {48) announced success in artificially inseminat-
ing queens by a method which involves causing the drone to evert
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jts genital organs into proper position in the queen for the transfer
of sperm to take place. No details of the method were published,
but the actual operalion appears to have been performed by his
grandson, Harry Laidlaw, instead of by Quinn himself. In dem-
onstrations witnessed by the writer in 1928 (7) and in the spring of
1930 (8), Laidlaw supported the gueen with his left hand while
making use of a pair of protractors to hold the abdominal tips
apart, somewhat as did Shafer (45). The drone was held in the
right band while being caused to evert its organs in the proper
position in the queen. No microscope was used.

In the summers of 1930 and 1931 Laidlaw was given temporary
employment as field assistant by the Division of Bee Culture at its
station in Baton Rouge, La. His work during 1930 led to the state-
ment in the annual report of the Chief of the Bureau of Entomology
(24, p. 71) that “ the vesults obtained so far indicate that the methed
has considerable promise, for a partial degree of insemination can
be effected in all cases.” In December, 1931, Laidlaw reported be-
fore the American Assotiation for the Advancement of Science that
he had improved upon his technic somewhat, having devised a small
spring to fit inside the queen’s abdominal tips and hold them apart
and having adopted the use of a microscope.

Apparently Laidlaw has been the only successful exponent of his
method thus far, although, according to a recent statement (2), A. Z
Abushady, of Kgypt, was successful in 1930 in inseminating threc
queen bees arfificially without instruments. TUnfortunately no
details were given as to Abushady’s work, however,

Malyschev (23), of Russia, in 1923 reported success obtained the
vear before in the artificial insemination of one queen bee. He
dissected out the organs of a drone that had been caused to ejaculate
by being chloroformed and placed them in the proper position in a
queen that had been subjected to ammonia. Malyschev reported
that this queen 1aid eggs normully in a nucltens and was then trans-
ferred to n queenless colony. He did not record her further history.

In October, 1920, Watson satisfied a special committee at Cornell
Tuiversity by a demonstration that he had developed a method
which gave vesults far superior to any that had previously been
published (6). According to his method (49)the sperm is injected
with a microsyringe or pipette into the queen, which is bound to a
small wooden block, or miniature operating table, hollowed out to
fit her body. (Fig.'4.) The queen is held n position on the block
by a thread passed several times around her thorax and the anterior
part of her abdemen, the posterior tip of her abdomen being left
free. 'The injection is accomplished under a binocular microscope.

To facilit.:;te insertion of the microsyringe, Watson places a fine-
pointed forceps between the queen’s abdominal tips in such a way
as to hold the sting back out of the way and to spread the tips. The
microsyringe is held in a Barber pipette holder or micromanipulator
which allows movement in three directions. Sperm is drawn in and
is forced out of the tube of the pipette, which is about 0.6 mm in
diameter, by a fine wire plunger moved by a screw. According to
Watson’s technic as first published (48}, with the bulb of the drone
leld on the index finger of the left hand, the end of the pipette is
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forced into the mucus and a small quantity is drawn in. The
pipette is then forced more decply into the bufb and the full load of
sperm is taken up. In a well-developed drone the white mucus is
readily discernible in one end of the bulb and the cream-colored
sperms in the other end. 'The mucns is taken up frst so thab it will
be forced out of the tube last and thus serve its purpose, as set forth
by Bishop (7}, of acting as u plug to the xperm owiny to its property
of congealing on contact with air. '

In subsequent worlt Watson (3.2) minimizes the importance of the
mucus plug, and deseribes a small = sacudus ? which is formed in the
el of the bulb containing the sperm when pressure is applied ac
the other end. By cutting this sac and inserting the pipette theve,

Frcre —EL. . Watsen demonstratiog his wethod of artiticin] ipsemination of
gueen beps. (Cepyright by the Aspseriean Bee Joucnal)

insterd of pushing it through the mucus first. it 15 possible to take
up in the syringe a large charge of sperm which contains practi-
cally no mueus.

Ax Lo his own suceess with his method. Watson (4.2) states that,
of -2 queens operated upon in 1926, he found evidence, either by
the mierorcope or by the rearing of worker brood, of some degree
of Bemination in about half this number. Of 96 queens operated
upon in 1927, 65 per cent showed some degree of insemination, and
U7 of 3 queens operated upon tn 1928 showed some insemination.
In a private communication to the writer, dated January 6, 1932,
Watson stated that, out of 42 queens treated in 1929, 35 proved to
he inseminated in some degree and that the remaining T were lost.
In 1930 Watson, ax reported by Disbrowe (/7). operated on 40 queens,
Nine of these queens were lost. bot the remaining 31 showed some de-
gree of invemination.  About 12 appeared to be normally inseminated.
while about 12 ov 14 appeared to be only nbout 2 per cent ingeminated.
In 1931, according to the communication mentioned above, Watson
treated 13 queens,  Of these. 8 proved tu be inseminated in some de-
rree, 1y vecorded as w failive, and 4 were lost, Watson stutes that

120787 —02—02
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“ of the queens treated in 1931 only three, or possibly four, were any-
thing like copiously inseminated.”

To determine the degree of insemination with the aid of the mi-
croscope, Watson (50) compares the quantity of sperm in the arti-
ficially inseminated queen with that in the normally inseminated
queen. The spermatheca of the normally inseminated queen at the
beginning of egg laying is so filled with sperm that it is opaque,
while that of the virgin queen remains filled with a clear liquid.
It is, of course, difficult to judge accurately the degree to which the
spermatheca is really filled, although with practice results can be
obtained that will afford interesting comparisons.

One feat performed by Watson through his method was the trans-
fer of living spermatozoa from the spermatheca of one queen to that
of another (50). On another occasion he was able even to rear
worker bees from eggs laid by a queen that had been artificially in-
seminated with spermatozoa from the spermatheca of a queen that
had beenr mated a year before (63). To be able to transfer or to
gave 1n this way the spermatozoa contained in the spermathecae of
queens mated with drones of certain desired strains or races should
prove valuable at times in breeding work in preserving and prop-
agating those strains or races.

The summer after Watson’s discovery, Prell (47) announced that

he, too, had successfully inseminated queen bees artificially by =
method which, from the description. given, seems to be like that
used by Malyschev. Although Prell refers to Malyschev’s work, he
ascribes to him a method employing a pipette. Unfortunately,
Prell gives no details as to the queens or the number with which he
had success. He only reports that brood rearing began normally
within a few days after the queens had been released. In a report
of his work for 1928 Prell states (42) that in that year he attempted
unsuccesstully te inseminate drone-laying queens. He did not state
that he had been successful otherwise with his method during the
rear.
) Apparently the first person to verify Watson’s method was the
writer (32). Within nine months from the time Watson had given
publicity to his method, worker bees which were the offspring of a
queen bee that the writer had subjected to the Watson method were
emerging in. the apiary of the bee culture laboratory of the Bureau
of Entomology at Somerset, Md. The results of this work were
not made public until the December meeting of the American Asso-
ciation of Economic Entomologists in the following year (1928),
although the work had been mentioned previously by Alpatov (3)
and by Hambleton (75).

The only other published reporis of success by the Watson method
are those by Mikhailoff, of Russia, and by Disbrowe, of Canada.
Watson has informed the writer personally, however, that G. H.
Cale also has performed the operation successfully, if a microscopic
examination of the spermathecae of the queens may be used as a
criterion, .

During his first season’s work on the artificial insemination of
queen bees, conducted during the summer of 1928, Mikhailoff (25, 27)
performed 113 operations with apparatus made by himself in follow-
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ing Watson’s book (49) as a guide. In addition he performed 30
operations by Malyschev’s method. These 143 operations were per-
formed on only 105 queens, which means that some queens were
treated more than once. Success was had in 18 instances, 83 was
evidenced by the presence of seanled worker brood in 6 cases, and
by spermatozea found in the spermathecae of 12 queens. All-worker
brood developed from the first eggs laid by 2 of the queens, but
success in the case of 1 of these Is attributed to the Blalyschev
method, because it was used on the gueen after an apparently un-
successful use of the Watson method 4 days earlier.

Mikhailoff (26} continued his experiments in 1929 with the aid of
o helper, I. A. Licenko, and used a microsyringe made by Watson.
During the year 114 queens were operated upon, some of them more
than once, the total number of operations being 138. Twenty-four
of the queens, or 21 per cent, showed some degree of normal insemi-
gation. Mikhailoff states that eight of these queens gave all-worker

rood.

In 1930, according to a communication to the writer, Mikhailoff
treated aboub 100 gueens. These treatments were 27 per cent suc-
cessful, as ganged from the actual rearing of worker brood. Of these
successfully treated queens 10 per cent gave evidence of complete
insemination.

Disbrowe’s experiments date from 1929 (9}. He states (70) that
approximately 25 queens were operated upon during that season. Of
this number more or less success was had with 5. In a later article
(11 )1 he mentions having continuvd the work in 1930, but gives no
resulfs.

BREEDING WORK AT THE BEE CULTURE LABORATORY

Work on o bee-breeding program was begun at the Bureau of En-
tomology’s bee culture laboratory at Somerset, Md., before the an-
nouncement of Watson’s discovery. A study, then under way, of
queen rearing and of the biological and physical characteristics of
the leading recognized races (30, 31, 87, 38, 39) was one step in this
program. It was planned to make later a thorough frial of mating
stations on the European model, but when Watson’s method was made
public it was considered advisable to test out methods of artificial
insemination first and to endeavor to improve the technic of those
found acceptable,

In any bee-breeding program, regardiess of whether artificial or
natural insemination is employed, there are numerous manipulations
which must be carried on. Even when artificial insemination is used,
it is not the greatest consumer of time in a large-scale breeding project.
The manipulations belonging to the technic for breeding the honey-
bee under controlled con?litlons, whichever type of insemination is
used, cover the maintenanee, supply, and checking of the gueens,
drones, and workers used in the work. In the technic employed by
the writer these mgnipulations include queen rearing to supply the
necessary virgins, maintenance of nuclei to test the gueens treated,
marking queens, checling up on queens after the operation, mainte-
nance 0% supply colonies both to rear queens and fo provide honey and
brood for nuclei as required throughout the season, making provision
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to obtain sufficient drones of the right stock, marking drones, and
other necessary operations. As beekespers know, the successful car-
rying out of all this procedure is, in part at least, dependent on
weather and floral conditions. .

As commonly performed by the beekeeper or queen rearer, many -
of the manipulations just mentioned require too many bees, or too
much time and equipment, to be economically ov efficiently used in an
intensive stucy of the genetics of the honeybee. Consequently the
writer has endesvored to develop a technic for breeding the honey-
bee under controlled conditions which will permit the use of a maxi-
mum number of queens per queen breeder with a minimun require-
ment per queen of time, bees, and equipment. This technic, together
with new technic for use with the Watson method of artificial insem-
ination, is described in the text that follows. A discussion of the
results obtained on queens used in the work on controlled mating is
given first, however.

In this bulletin, unless stated otherwise, or unless specific reference
is made to the spermatheca, the term “ percentage of success ” in con-
nection with the writer’s worlk refers to the percentage of worker cells
in the first two weeks' total of sealed brood. As applied to the
spermatheca, the term is used to denote the relative degree to which
the spermatheca appears filled with sperm, as compared with the
spermatheca of a normally inseminated queen. The actual emergence
of worker or of queen bees is, of course, the final criterion for the
purpose of the breeder or geneticist as to whether a queen is insemi-
nated and as to the degres of insemination, bu{ this gauge can not
always be readily applied. Thus, when a queen lays few worker eggs
in reiation to the number of dvone eggs, the actual emergence of the
resulting workers is not always observed, and in such a ease the story
is told by-the finding of worker cappings. When a queen is killed
Letore she has laid any eggs, an examination of her spermatheca 1s
the only way of determining whether or not she has been inseminated.

When a queen is laying mostly drone eggs and is using worker
cells for them, i} is sometimes easy on casual observation to mistalke
the cappings over the resulting pupae for worker cappings, but a
little practice on the part of the observer should eliminatfe exror from
this source. On the other hand, spermatozoa may be found in the
spermathecn of an artificially inserinated queen that has been injured
sufficiently in the cowrse of the insemination to prevent normal egg
laving, Such an insemination could not be calted successful from
its utility in a genetical study, although it would be successful as
far as the introdnction of living spermatozoa within the spermatheca
is concerned. '

RESULTS OF ARTIFICIAL INSEMINATION
ON QUEENS USED IN 1327, 1928, AND 1929

Tn 1927, 20 queens were subjected to the Watson method by the
writer. Positive resnlts were obtained in 5 instances, inciuding the
completely successful case mentioned previously. For 1 of the other
4 queens the degree of success was 50 per cent, for 2 1t was betireen
5 and 10 per cent, and for 1 it was below 5 per cent.

In 1998 experiments were conducted on 16 queens. Six of these
queens were subjected to Watson’s method and the last 3 were
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inseminated suceessfully. In 2 cases the degree of success was over
70 per cent and in 1 it was 100 per cent. The other 10 queens were
subjected to the Quinn-Laidlaw method, but without success, Since
then the writer has done little with either this or the Malyschev
method. Details on the work in 1927 and 1928, as well as the method
of rearing the queen bees and handling them in the nuclei, are given
elsewhere (32, 33, 34). : '

In 1929, 16 queens were operated on and placed in nuelei for obser-
vation. Of these, 1 was accidentally lost tco scon to determine
whether or not it had been inseminated, 4 were lost by balling or
otherwise within 2 or 3 days after being put in the nuclei, 1 was lost
8 days later, and 2 were lost when their nuclei were robbed out within
3 days afterwards. This left only 8 queen bees on which to con-
tinue observations. Four of the & queens gave evidence of insemina-
tion, 2 of them beginning their egg-laying carcers as if 100 per cent
inseminated, while the other 2 appeared to be about 50 per cent
inseminated.

ON QUEENS USED IN 1930

In 1930, 52 queens were operated upon by the Watson method.
One other queen was operated upon by the Malyschev method, but
she died from an undetermined cause too soon to ascertain the
results. The data for each of the 52 queens are given in Table 1.

Sixteen queens received some degree of inseminition, as was evi-
denced by the presence of emerging workers, worker pupae, or sper-
matozon in the spermathecae of the queens. Success in the case
of 10 of these queens was determined solely by observing under the
microscope living spermatozoa in their spermathecae, in the case of 2
solely by observing worker pupae or emerging workers, in the case of
3 others by observing both sealed brood and sperm, and in the case
of 1 by observing both emerging brood and sperm. These data alone
show that insemination resulted in practically 81 per cent of the
work in 1930.

Tlat cells, which were undoubtedly those of worker brood, were
cbserved in the case of 7 other queens. These cells did not oceur in
such abundance that workers were seen emerging, and such cells
as were opened for observation id not contain brood old enough for
the sex to be determined on superficial exammination. A microscopie
examination of 2 of these queens mude, respectively, 83 and 124 days
after insemination revealed no spermatozoa. The other 5 queens
disappeared without such an examination having been made. - If it is
acdmitted that these 7 queens were also inseminated, the percentage of
success for 1930 becomes 44.2 instead of being 31, as mentioned
previously.

Of the remaining 29 queens, 5 {Nos. 4, 5, 9, 14, and 24) were found
dead and 3 (Nos. 17, 22, and 27) had disappeared within 2 days of
their attempted insemination. One queen (No. 1) died within 2 days
of n second insemination attempted 14 days after the first one, Nine
more queens (Nos. 10, 23, 25, 26, 28, 29, 33, 41, and E1) were found
dead or had disappeared within 3 to § days of the attempted insem-
inaticl. @Queen No. 10 was found balled to deatl. Three others of
the foregoing were given a second operation. Owing to other work,
queens Nos. 1, 4, 5, 9, 10, and 14 were not examined under the miscro-
scope. One queen (No. 47} was killed nccidentall= on the seventh
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day after the operation, but when found her spermatheca had dried
out too much for proper examination. Queen No. 35 survived 13
days after the attempted insemination and was 1 of 7 of the fore-
going for which negative results were obtained under the microscope.

The remaining 9 queens lived from 10 fo 47 days after their opera-
tions without showing any evidence of insemination. Four of these
9 queens (Nos. 12, 13, 21, and 40) disappeared; 1 (No. 30), when
found, was too dry for examination, while the spermathecae of 3
(Nos. 8, 18, and 32) were not examined microscopically. No sperm
was seen in the spermatheca of gueen No. 15.

In only 1 (No. 45} of the 3 queens fronm: which workers or queens
were reared in 1930 did all-worker brood develop. Queen No. 52,
however, which was killed accidentally on the day after the opera-
tion, proved to contain such a large quantity of living spermatozoa
in her spermutheca s to warranf the assumption that all or practi-
caly all Ler brood would have been workers, at least in the early
stages of her egg laying.

In the case of most of the other 13 queens in whose spermathecae
living spermatozoa were round. the degree of insemination appeared
relativety small. Five of these queens were in hives 4 days or less
after being inseminated, while one was in a hive only 9 days. As
this period was scarcely long enough for these queens to begin egg-
Iaying, there was no opportunity to determine the degree of in-
semination from the quantity of worker brood reared. Worker bees
had been reared from one (No. 44) of these queens, however. The
examination of the spermatheca of this queen was made more than
3 months after the insemination. Although flat-sealed cells were
found on brood reared from queens Nos. 37 and 38, no worker pupae
or emerging workers were observed. On examination 80 days after
ingemination the spermatheca of No. 37 had a Hght, milky appear-
ance and living spermatozoa were found, while 91 days after in-
semination the spermatheca of No. 38 showed that the sperm had
collected into a small spherical mass floating in the clear spermathe-
cal Houid.

Another interesting case was that of a queen (No. 48) born on July
8 and inseminated on July 28, On September 5 only 5 flatly sealed
cells were found out of a total of 150 sealed. The queen was killed,
and on examination of her zpermatheca a sphervical mass of gperm
mugh larger than in the case of Np. 38 was seen floating in the clear
liquicd which ovdinarily characterizes the spermatheca of anjinsem-
inated queen bee. Further examination showed living spermatozoa to
he present. Such cases ave quite comparable to that of the queen bee
gperated upon by Jager and Howard, which, as mentioned earlier,
contained spermatozoa in her spermatheen even after she had been
laying only drone eggs.

Another queen (No. 11) was born on May 28 and inseminated on
June 4. No eggs being seen in the meantime, she was reinseminated
on June 19. Eggs were seen on June 22 but, although larvae were
scen later, none of these were found to develop into adults. The
queen was killed on July 26 and, althougli her spermatheca showed
only a slight degree of cloudiness, living spermatozoa were
discovered.
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In queen No. 19 the sperm was found massed within the sperma-
theca 1n a shape like n smoke ring which revolved rapidly. This
ucen and queens Nos. 52 and 53 were the only ones whose sperma-
thecne uppeared under the microscope to be more than 10 per cent
filled with spermatozoa. Of these three, the spermatheca of No. 52,
as mentionzg earlier, appeared to be well filled, or between 75 and

100 per cent. That of No. 19 appeared to be at least 20 per cent
filled, while that of No. 53 appeared to be 10 to 20 per cent filled.
The spermatheca of the queen which produced alt-worker brood (No.
45) was not examined microscopically.

ON QUEENS USED IN 1931 AND 1932

In 1931 o total of 108 queen bees were treated, 97 by the Watson
method and 6 by the Malyschev method. (Table 2.} Of the latter,
5 disappeared within 1 to 29 days after the performance of the
experiment, while the spermatheca of the sixth (No. 11) showed
negative results under the microscope.

Of the 97 queens on which the E% atsoia method was used in 1931,
both queens and workers were ¥eaded”from 8, or 81; per cent,
Workers but no queens were reared from 3 others, thus making 11
queens, or 1114 per cent of those treated, from which the ¥, genera-
tion was reared. As indicated by the proportion of sealed drone to
sealed worker celis which were found, some of these queens (Nos.
5,12, 33, 34, 37, rnd 51) laid no drone eggs; others (Nos, 47, 79, and
84} laid only a very small proportion in relation to worker eggs—no
more, however, than certain normally inseminated queens in neigh-
boring colonies; while about half the eggs laid by 2 (Nos. 78 and 82)
proved to be drone eggs. Of the 11 queens, 5 {Nos. 51, 78, 79, 82,
and 84) were alive and laying at the end of the brood-rearing season
and entered the winter of 193132, :

In additicn to the 11 queens successfully inseminated as evidenced
by the production of F, queens or workers, the spermathecae of 25
other queens lost by balling, by accident, or otherwise were found to
contain living spermatozoa. This makes a tofal of 36 queens insemi-
nated, or sligeiﬂ;ly more than 37 per cent of indisputable insemination
for the season. If to this total are added 2 queens (Nos, 30 and
48) whose only indication of being inseminated was the presence of
some flatly sealed cells among their brood, the grand total for 1931
becomes 38, or slightly more than 89 per cent of successful insemina-
tion. These last 2 queens, however, 12id relatively few eges, al-
though sufficient to have rendered possible a continuation of their
particular strain under favorable circumstances.

Of the 25 queens whose degree of insemination was determined
from their spermathecae, the spermathecae of one-fifth (Nos. 4, 29,
53, 86, and 89) were estimated to be 50 per cent or more filled with
sperm, those of about one-sixth (Nos. 45B, 52, 59, and 93) to be 25
per cent or more filled, those of more than one-fourth (Nos. 3, 21, 40,
42, 71, 80, and 81) to be 10 per cent or more filled, while those of
slightfy more than the remaining third (Nos. 8, 10, 20, 22, 24, 44, 46,
88, and 99) were estimated to be less than 10 per cent filled. TFlatly
sealed brood was found in 2 of these cases (Nos. 10 and 20), al-
thongh no emerging adults were seen,

129787--32—3




TABLE 2.—Record of queens used in 1931 !
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TaBLE 2.—Record of queens used tn 1931 —Continued
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1 X indicates positive, O negativeiresults, g ’ .

1 First symbol refers to stock of queen; second symbol to stock of drorie. C=Caucasian; Ch=Chinese; Cp=Cyprian; G =Gefman brown; I=Italian; 47-1, etc.=Fy generation
of queen No, 47, or.of queen represented by first number.

3 G=glass (Watson); W=wire (Watson); M =Malyschev method. -

+ Numbers in parentheses not included in total length{of life. :

! Put in a nursery cage after operation and no record.taken.

¢ Virgin used came {rom other than queen-rearing colony.

7 38 days old at'second insomination.

$.31 days old at second insemination.

934 days old at second insemination.

10 Still alive on Nov. 1, 1831, but missing on Feb, 10, 1032.

11 8till-alive on Feb, 10, 1932,

12 Actual total is 103.
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Of the 59 queen bees operated upon by the Watson method in 1981
and for which no positive results are recorded, the spermathecae of 26
proved to be clear on examination. Two of the remaining 83 queens
were inseminated late in the year, and in the slackening of brood
rearing, which occurred soon after all were successfully intreduced,
the results of the attempterl inseminations were not determined.
These queens, however, were still in their nuclei at-the beginning of
winter. The spermathecae of the other 31 queens were not examined
microscopically.

Although the sér o1 is not vet over, it Seems in order to state that
353 queens were subjected fo the Watson method in 1932 before
September. With two exceptions only one operation was given each.
In the two exceptions two operations were given bat neither proved
successful. Of the 853 queens, 115, or nearly one-third, were success-
fully inseminated. From 43 of the 115, adult workers or queens,
or both, were reared. The majority of the 43 laid only worker eggs.
The egg-laying performance of some of them could not be differen-
tiated from that of naturally inseminated queens. Certain of these
Gqueens were given 10 frames. As about 50 queens yet remain to be
checked, the totul number of successes for the season shonld prove
somewhat higher than that just given.

NEW INSTRUMENTS AND METHODS FOR ARTIFICIAL
. INSEMINATION

In 1827 the technic originally described by Watson was carried
out in the main, with some minor exceptions. For instance, no
attempt was made to feed the queen while she was bound to the
operating block, as the writer has repeatedly observed that the queen
bee can zo without food with no apparent injury during the time
required for the operation. Hlumination was obtained by using
a standard microscope lamp and at times even an ordinary de
lamp without any special reflector or filter. A microscope lamp is
still being used and is brought as near the queen as necessary for
sufficient illumination during the operation. No ill effects from heat
have been detected. In private discussion with the writer Watson
stated in 1981 that h¢ now uses a lamp that is sttached to his
microscope.

GLASS HOLDER

In 1928 the first major modifications in the technic were made,
One of these, as described elsewhere (3%, 33), does away with the
necessity of binding the queen down with thread to the operating
table. A small glass tube, devised by Jas. I. Hambleton, is use
instead. The queen is backed into this tube until her abdomen
projects just far enough from the narrowed opening at the other end
for the operation to e performed. A stopper formed of another
piece of glass tubing prevents her eseape once she is in poesition.

As originally described, the glass stopper was held in the outer
tube by a small weoden wedge. The writer later adopted the plan
of dipping the end of the stopper in melted parafin so that a coating
is formed which will serve to retain the stopper in the cuter tube
when it is shoved in the desired distance. hot weather it may
be necessary to recoat the stopper frequently if paraffin with too low
a melting point is nsed, and, at times, the wooden wedge can be used
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in aldition. It has been found most convenient of all, however, to

{asten the stopper in place by a small piece of DeKhotinsky cement.

The stopper is thus held firmly in place during the coperation and is

easily loosened by turning it enough to crack the cement.

' The writer has found that
the queen is easily made to
back into the tube by letting
her first rurn into another simi-
lar tube. When her head
touches the constricted end she
usually begins to back of her
own accord, and if the two
tubes have been brought to-
gether in the meantime, she
will continue backing untii she
is in proper position in the
holder,

MOUNT FOR GLASS HOLDER

At first the glass holder

was mounfed on a trianeula
Fioung 5,—Clinss helder supported on woaden = T

block wooden block {fig. 5), which

permitted an elevation at three

different angles. The tube could be turned to any desired angle in the
plane of the face of the block on which it rested, because it was bound
to the block only by rubber bands. Such a block serves very well.

=g —agries- se e mmepeoa e Coee emn ——— o

FigUuRa & —>dlount for glass holder with gueen shown lo bolder

In 1981 the wooden block was discarded in favor of a standard
dissecting lens stand. (Fig. 6.) This apparatus, entirely of metal,
consists of a long arm fitted to an upright rod by a rack and pinion,
the upright itself being supported by a heavy base. At the end of
the arm is a revolvable clamp which holds the glass tube and permits
it to be turned about the arm as en axis. The tube can also be readily
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set at any desired angle in relation to the arm, since it is held only by
pressure from the two sides of the clamp. -

In 1932 a different fype of mount was devised which is now used
exclusively. Included in its construction (fig. 11) is a narrow
strip of wood with a hole in each end through which passes an up-
right metal rod. The strip can be readily pushed up and down on
these rods, but yet fits tightly enougl on them to stay at any desired
height. Through the center of this strip is a narrow slot about 2
inches long for the imsertion of a thumbscrew which also passes
through a smaller wooden block. The thumbserew is provided with
a wing nut for fastening the two blocks firmly to each other - any
vertical angle. The slot permits a certain horizontal adjustun.ent of
the smaller bleck:in the lengthwise direction of the long block. The
glass holder fits into a hole through the smaller block, and can be
rotated in it. To hold the tube in the desired position in this hole,
a thumbscrew is provided. Sincs this mount allows the holder to be

A.

TFicore 7.~—~Clips: A, 01d type; B, new type. Both enlarged

adjusted in position for height, to be rotated on its own longitudinal
axis, to be revolved in a vertical plane, and to bs moved for a limited
distance horizontally in the lengthwise direction of the longer block,
ample prevision is made for bringing the glass holder into proper
posttion in relation to the pipette.

SPREADING AND HOLDING ARDOMINAL TIPS
CLIP

Another innovation dating from 1928 was tho use of a U-shaped
clip of fine wire with each end bent at a right angle to form a small
prong. These prongs were so inserted as to hold the abdominal tips
of the queen bee apart while the pipette was manipulated into posi-
tion. The sides ¢f the U were bowed outward to give some tension
and, when the prongs were in position between the abdominal tips,
projected at right angles from the queen. Instead of making a
simple U-bend i the clip, the writer later found it advisable to
secure more tension by making a small loop at what corresponds to
the bottom of the U. (Fig. 7, A.)

Such a clip was first suggested by L. C. Spencer, of Louisiana, for
use with the Quinn-Laidlaw method, but, as described esrlier (32,
43), its use with the Watson method has proved more convenient than
using o pair of forceps for the same purpoese. This type of clip,
however, possibly owing to the wire used, proved a trifle too heavy,
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since movements of the queen often caused it to swing downward
with the points of its prongs serving as pivots and then to drop out at
inconvenient moments.

In 1921 the writer devised an entirely new type of wire clip which
stays when put in position. It is U-shaped with the two sides of the
U straight and bent back on themselves nearly as far as the closed
end. At this point the rebent sides are bent upward at right angles
and are left just long enough to be Tgrasped conveniently with the
points of a fine dissecting forceps. The width of this clip approxi-
mates the lateral width of the vestibule of the queen, while the length
1s approximately the height of the vestibule when the queen’s abdomi-
nal $ips are spread apart. (Fig, 7, B.)

The elip is easily introduced between the queen’s abdominal tips.
During this procedure it is held in a pair of dissecting forceps.
With the point of a {ransferring needle the abdominal tips are fivst
spread apart Just enough to permit the insertion of the closed part
of the U between the sting and the dorsal abdominal tip. Then, by
pressing against this tip with the closed end of the clip and by
pressing at the same time against the ventral abdominal tip with
the transferring needle, the tips are spread far enough apart so that
the sides of the clip can be dropped down within the sides of the
vestibule. (Trig. 8.)

When in position the rebent ends of the sides of the clip rest ngainst
the queen’s ventral abdominal tip, while the closed end of the clip
vests against her dorsal abdominal tip. The ksse of the clip rests on
the membranous covering of the posterior end of the body cavity.
The pressure of the tips plus that of the sides of the vestibule holds
the clip in this position regardless of respiratoty movements by the
fqueen. The swinging movement, which was an objectionable feature
of the older clip, is absent. The sting and sting palpi are free, but,
possibly owing to stretching of sides or ends of the vestibule, remain
out of way and at the same time are kept from injury to themselves,

HOLDING HOOK

In connection with the clip, the writer in 1930 introduced the use
of a teasing needle with its point bent at a right angle to form a
hook. By means of this needle, or holding hook, the queen’s ventral
abdominal tip is pulled to the left the desired distonce when the
pipette is brought within the vestibule. The clip may be removed -
at this time since the pipette itself then serves to hold the queen’s
dorsal abdeminal tip to the right. The sting remains out of way
between this tip and the pipette. In 1931, as a means for keeping it
in the proper position without holding it by hand, the hook was
fastened to an adjustable clamp mounted on a supporting rod. When
thus held it is easily brought into place by moving the base to which
the rod is attached.

In 1932 a method was devised for spreading and holding the
queen’s abdominal tips apart by the use of two holding hooks alone,
In connection with the mount devised that year for the glass holder,
a small wooden block to support a holding hook (f?g. 11) was
attached to each of the two metal rods. These blocks can be shoved:
ap and down or be turned on the rods, but fit tightly enough to stay
i the desived position. The holding hooks reserable teasing needles,
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having wooden handles and points of fine spring wire bent in proper
shape to hold the abdominal tips of the queen without injuring
her. The handle passes through a hole in the block large enough
for freedom of movement in inserting the hook between the queen’s ah-
dominal tips, while & thumbscrew is provided to fasten it securely in
position. The ventral abdominal tip is held by one hook and the dor-

F1GuReE §.—Inscerting the clip

sal abdominal tip by the other. Thus, merely by means of these two
holding hooks the tips are easily spread and held apart the proper
distance and the clip is eliminated altogether. When the pipette is
in position, the hook holding the dorsal tip can be withdrawn.

fn the procedure just described the combined use of two hooks,
or of a hook and a clip, does away with the need of a forceps dur-
ing the insertion of the pipette, and the queen’s genital opening is

120787—32——4
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mote veadily located than when her abdominal tips are kept apart
by a pair of forceps held by hand. Consequently, this procedure
speeds up the bringing of the pipette into proper position in relation
to the genital opering, and permits the operator to leave the micro-
scope cluring the operation at any time after the insertion of the

Ficune 9.—View of npparatus during iusuu;jlémtiuu of gueen with technic ns modificd
in 183t

pipette and, on returning, to find relativeiy the same view still
tunder the microscope, provided the queen has mot had too great
freedom of movement. The view presented in the field of the
microscope is the following: At the right, the pipette; in the center,
the end of the queen’s abdomen protruding from the glass holder
with her dorsal abdominal tip at the right and her ventral abdomi-
nal tip at the left; and, at the extreme left, the hook. {Fig. 9.)
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- MULTIPLE EBET-UP

The time required for the part of the insemination accomplished
under the microscope varies considerably, depending upon the quan-
tity of sperm in the pipette, how properly the pipette has been
inserted in the queen, how rapidly the sperm is forced ocut of the
pipette, and similar factors. Sometimes the insemination has been
completed in half an hour, but often.it has taken longer. This
does not include time spent in getting the queen ready for the oper-
ation, filling the pipette, and other preliminary mampulations.

I'rguan 10,—Unit of multiple set-up at frst devised in 1932. There im shown the
microscope, false stige, mew pipette manipulator, rod support for manipulator,
micropipetie, glpss holder for queen lmt without queen, mount for glazsa holder,
holdlng hook . with 1ts suppott, apd new-atyle lamp

From experience thus far, the writer prefers that the operation
- should not be hurried. During the actual operation the screw of
the pipette is turned slowly for the purpose of forcinig the sperm
out yust fast enough for it to enter the queen without leaking back
out. If it does begin to leak, the operation is stopped to allow the
sperm and mucus exposed to the air to harden, as described later
under the heading “ Mucus Plug.” For this and other reasons, the
operlt:.tor must often wait during the operation before proceeding
further.

In order to utilize any extra time on hand during an operation,
the use of a multiple set-up for the work in 1982 was adOpt-eg so that
several queens might be operated upon more or less simultaneously.
This multiple set-up contains several individual units (fig. 10),
each of which consists of the apparatus used in the artificial in-
semination of a queen. To reduce the expense of each unit, however,
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and to provide greater convenience in the work, the writer devised a
pipette manipulator and also & false stage which is not attached to
the microscope but yet serves as the base for the support of the
manipulator. The stage and manipulator are described under sep-
arate headings. The method of holding each individual queen is
that already described which permits the operator to leave the micro-
scope once the pipette is properly inserted in the queen. The false
stage is so constructed that, even if the Barber mieromanipulator is
used, only one miscroscope and one lamp are needed for the entire
set-up regardless of the number of units. The writer’s equipment,
however, inelizdes a lamp for each unit because it is much more con-
venient and saves time.

By the use of a multiple set-up any tendency to hurry the opera-
tion should be reduced because the operator has more than one
queen with which f{o occupy his time. The number of queens to be
provided for in one set-up will depend upon the skill and convenience
of the operator. The set-up usecf by the writer in 1932 consisted of

six units.
FALSE STAGE

In the writer’s equipment for work with the Watson method in
1932, instead of the false stage pictured in Figures 9 and 12, which
slips tightly over the base of the microscope stand and holds the
Barber micromanipulator, there is used a stage (figs. 10 and 11}
made of a sheet of metal supported at each end by wooden blocks of
a height sufficient for the base of the microscope stand fo be slipped
in and out readily beneath the stage without touching it. Instead
of using wooden blocks for supports, the sheet of metal may be bent
at each end for this purpose. If the Barber micromanipulator is
used, provision is made for attaching a removable support for if,
while for the pipette manipulator described in the next section pro-
vision is made for attaching to the stage the rod which supports the
manipulator. This stage is made long encagh to attach to it the rod
for the holding hook at the left of the operator, or to serve as a base
for the support of the holding hook in case a movable support is used.
It is also long enough not to t1p up if the Barber micromgnipulator is
being employed with it, but is not wide enough to hold the lamp or
the base of that type of mount for the glass holder shown in Figure
6. If desired, it can be bolted or clamped to the table or other sup-
port on which it rests,. When the stage is equipped with a rod at the
right for the new pipette manipulator (fig. 11}, and one at the left
for the holding hook, these two rods also serve fo hold the new
mount devised for the glass holder in 1982. In the multiple set-up
these stages are placed in a row, or otherwise, for conveniently trans-
ferring the microscope from ome to the other, as well as to provide
for shifting the miscroscope lamp if only one is used.

PIPETTE MANIPULATOR

The new pipette manipulator devised by the writer in 1932 con-
sists of two small obleng wooden blocks joined together by a thumb-
screw and wing nut which permits fastening the two pieces.at vari-
ous angles in relation to each other. (Fig. 11} One of the blocks
is made intc & clamp which is fitted to an upright rod attached to
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the false stage. By means of another bolt and wing nut this clamp
can be fastened firmly at any height on the rod and st any horizontal
‘angle. Through the free end of the other block is a hole just large
enough to permit the pipette to be shoved through freely, a smail
screw being provided te fasten the pipette at the proper position.

An additional clamp just beneath that holding the manipulator on .

the rod serves to hold the manipulator af the proper height when
rotating it in a horizontal plane.

The rod supporting these clamps is threaded at one end. This end
is passed through a hole in the false stage and a nut fitted to it per-
mits fastening the rod rigidly in place. If this rod and another
for a holding hook are fastened to separate bases like those used for

_ - - 3 . ot

Froype li—Equipment devised and used by writer In 1932, showing false stage,
mount for glaas holder, two holding hooks and their mounts, and p'}pette manipu-
lator with extrn clamp Just beneath fi on its supporting rod. he pipette i8
allghtly modjified from the standard Watson type as regards the atyle of activating
ecrew and the fact that it passes through a wooden Instesd of a metal cap Bited
over the outer glaxka sheath .

g X
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the holding hook in 1931 (fig. 9), these tivo rods can be used as a
support for the new type of mount for the glass holder (fig. 11)
devised in 1932 and the stage may be dispensed with. However,
the writer has found it more convenient to usé the false stage, since
1t is more rigid and lessens the strain on the long strip of the mount.
It is possible to operate the new manipulator when its supporting rod
is mounted on a separate base slone in cozjunction with the mount
for the glass holder used in 1931 (fig. 6) and a separate base for &
holding hook, but the lack of rigidity pius the risk of hitting either
base with the microscope or body makes this arrangement much less
desirable than the use of the false stage. .

Thig type of pipette manipulator evidently does not give so fine
an adjustment as does the Barber micromanipulator, but its cost is
negligible, and, if properly made, it will serve the purpose if used by
a person with a steady hand. It has the further advantage of rota-
tion in a vertical plane. It was the only manipulator used by the
writer in 1932, -
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PIPETTE

A% one stage of the work it scemed desirable to use in the micros
syriage a glass tube of smuller dinmeter than the one furnished by
\r{;atson. A smaller pipette meant using a correspondingly smaller
plunger. After some experimenting in 1928, glass tubes of less than
half the diameter of those furnished by Watson were made and fitted
with glass plungers (84). All the writer’s work in 1929 was carried
out with such pipettes. In 1930, 20 queens (Table 1) were operated
on with them, and 5 in 1931, (Table £.) Some suceess was had.

Watson had experimented with glass plungers but gave them up
becuuse he considered them too fragile (49). Ile attempted to wind
his glass plungers with thread to sceure better suction, whereas the
writer has had suceess in using them unwrapped.

For use with the small tubes glass plungers present certain desir-
nble features, nmong these being their rigidity when in the tube and
the ease with which they can be drawn out from a piece of glass rod
to fit any such tubes. On the other hand, the tubes can be drawn to
fit the plungers. One end of the plunger is carefully smoothed off
in a flame and the other end is tastened by Dellhotinsky cement
directly onto a glass stem drawn out to the proper shape to permit
the spring to act on it. Qtherwise, construction of these small
pipettes is the same as that in the standard Watson pipette except
that an outer piece of glass tubing is fitted over the plunger tube to
give it greater strength,

Although such pipettes appear to offer certain advantages, it is evi-
dent that 1f the tubes are kept shiort enough to permit convenient
manipulation and to reduce danger of breakage they will not hold
so much sperm as does the original Watson pipette. The smaller the
diameter of the pipette, the more this criticism applies. Considera-
tien of the quantity of sperm available in the pipette at the time of
the operation in relation te suceess of the insemnination was one reason
for the exclusive use of the regniar Watson pipette throughout the
Intter part of 1930 and for most of the work in 1931,

However, since the results in 1929, although on a small number of
queens, indieate that, within the limits of the sperm available, satis-
fnctory results can be obtuined by the use of the smaller pipettes it
employed under proper conditions, the question of size of pipette
merits further study. Ifor the work in 1932, consequently, pipettes
wers prepared which are smaller than the standard Watson pipette
but larger than the pipettes used in 1929, Plungers for these new
pipettes were made of nichrome wire.

USE OF AN ANESTHETIC

Although at times in previous work it had scemed that greater
success might be attained through anesthetizing the queen, this was
first attempted by the writer in 1030. Ether was the only agent used.
A swab of cotton batting that had been dipped in ether was shoved
into the glass tube holding the queen and was left there until her
movements had practically ceased except for the rapid protrusion
and retraction of her sting,

Twenty-four queens were operated upon with the aid of ether, 15
with the small pipette and 9 with the regular Watson pipette. (Table
1.} Of these queens 6 proved to be inseminated, 4 of these successes
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being with the small pipette and 2 with the standard Watson pipette.
Twelve of the other 18, or 50 per cent of the total, succumbed through
balling or otherwise within 5 days after the final operation. Eigit
of the 12 were operated upon only once, 3 were operated upon twice
on the same day, while 1 had two successive operations 14 days apart.

Of 28 queens operated upon without ether in 1930, only 4 (Nos.
30, 31, 33, and 41), about 18 per cent, were lost through natural
causes within 5 days after the operation. Two queens (Nos. 46 and
47) were accidentally Killed within 7 days of the insemination, while
2 others (Nos. 52 and 53) were killed for dissection purposes on the
day following the insemination.

8Wing to t}ﬁe high mortality so soon after the operation, possibly
due in part to the after effects of the ether, the work for the re-
mainder of 1930 was conducted without the use of ether. It may be
that the anesthetic was not properly applied. The use of some other
anesthetizing agent, such as carbon c].)ioxide as used by-Hambleton
for several years in various types of work on honeybees, might prove
advantageous, but in the satisfactory results reportecf by Watson,
‘Mikhailoff, and Disbrowe no mention is made of the use of an
anesthetic and the work of the writer in 1931 was all accomplished

without it.
FILLING THE PIPETTE

Watson mentions holding the bulb of the drone on his index
finger while filling the pipette. The writer finds it more convenient
to retain the bulb by the forceps after pulling it loose from the drone
and to fill the gipette while t]ge bulb 1s being thus held. (Fig. 12.)
An incision is first made in the sperm sac with fine scissors. If the
incision is made at the end of the bulb containing mucus, care is
taken to cut through the mucus at a point where the sac is at least
as large in diameter as the pipette so that the latter, will slip in
easily. Sometimes there is too much mucus in 2 drone in relation
to the sperm, or it congeals so rapidly that the pipette can not readily
be forced through it to the sperm. In such cases another drone has
to be obtained.

On several occasions in 1930, and more frequently in 1931, the
writer cut an opening for the pipette through the * saculus” of the
sperm sac described By Watson (52). Although in many instances
it was found possible, on inserting the pipette into the “saculus,”
to take up large loads of sperm apparently free from mucus, this
was not true in every case. The writer is therefore not yet in s
position to say whether or not this method gives more success than
does the method by which the Eipette is inserted into the sperm from
the other end of the sac without uny special attempt to take up
some mncus first. Success has been achieved with both methods.

MUCUS PLUG

In a previous publication (34) the writer roentioned that he did
not consider the use of mucus essential to success in artificial insemi-
nation by the pigette method. This viewpoint, as stated earlier in
this bulletin, is that most recently expressed by Watson (52). This
does not mean that the mucus plug is held unimportant. In the
writer’s opinion it does play, in nature, the importan{ rdle ascribed
to it by Bishop (6). In the Watson method of artificial insemination
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it iz diffiendt to secure this plug. however, and a certain degree of
~uceess has been attained without it. T its use were easier, perhaps
suceessinl insemination by the pipette method might be more fre-
quent and the degree of insemination uniformly higher. In this re-

Fiovue 1t Filling the pipeloe

spect the Quinn-Laidlaw and the Malyschiev methods appear to have
an advantiaee over the Watson method.

Tn the weiter’s worle with the Watson wnethod, particularly in 1830
and 1951 when a large number of gureens were treated, no special
effort was made to ger aomuseus plug, It during the operation sperm
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begins to leak back around the pipette, the exposure to the air soon
canses it to harden on the surface sufficiently to keep the remainder
from running out of the genital opening. Possibly this hardening is
due to the presence of some mucus that has mingled with the sperm
in the process of filling the pipette. In any event it seems best to
provide a superabundance of sperm to take care of any wasted by
leakage.

It is now the writer’s usual practice to delay the withdrawal of
the pipette for a few minutes after the completion of the operation
and also whenever sperm begins to ooze out around the pipette. This
allows the sperm to harden around the end of the pipette and thus
form a sorf of collar through which the pipette can be pulled out
gradually without bringing the entire mass of sperm slong with it.
The pipette is removed by raising it slightly and loosening it from
surrounding mucus with a teasing needle with bent point if this
can not be done readily with the sharp end of a transferring needle.

In disregarding the mucus plug it seems essential to apply the
end of the pipette squarely to the genital opening and ther so to
manipulate the plunger that the sperm enters without being forced
back out around the end of the pipetie in too large a quantity.
With the improved apparatus described in this paper, this procedure
is rendered much easier to achieve than under the older technic,
especially since the genital opening is more readily found.

MARKING INDIVIDUALS

In any breeding experiment it is important to know as exactly as

possible the genetic history of the individuals being bred from. This
implies being able to distinguish between various individuals. There
are other reasons why one must be able to pick out with certaintéy
this or that bee for use in breeding work. In the first place, accord-
ing to Bishop {§) and others, the drones must be of a cerfain age
before they are sexually mature. Even queens are held to have
optimum age limits for mating. In the second place, because of
drifting, in an apiary of bees of the same race one can not be sure
that a drone found in a given hive belongs to that hive. The writer
tris found marked drones from one hive in as many as three other
nives 12 hours after marking, and further search might have shown
more cases of such drifting. Other drones were found to stay in one
hive over a pericd of weeks. Workers often mnke themselves at home
in hives other ¢han their own. Even when queens are confined to
their hives by queen excluders, they sometimes drop to the ground
and may be lost when fheir hives are being manipulated.

Such considerations as the foregoing render it imperative to have
some means of distinguaishing definitely given individuals within a
hive or individuals of one hive from those of another. In the case
of & queen bee this ean be done easily, since her wings can be clipped
to prevent flight away from the hive and a distinctive mark can be
painted on her. Drones and workers present more of a problem in
this respect, since there are so many more of them than queens.

One way to make sure of a drone’s origin is to rear and keep it
behind & queen excluder. This was proved practical in 1929 in at
least one instance, and in two instances in 1930. However, the need
of flight on the part of the drone is an objection to this method.




34 TECHNICAL BULLETIN 326, U. $. DEPT. OF AGRICULTURE

A better method, and one which allows the drone free flight
throughout its life, isto give it a distingnishing mark when it emerges.
Mikhailoff mentions having done this in 1929 (26}. The writer did
not begin any extensive use of such a method until 1930. As used
in 1981 it consisted in marking the thorax of the drone with the
number of its mother and placing on the abdomen & number to mark
the week of emergence. Although this method gives the age of the
drones only by weeks, and somewhat roughly at that, it can be of
service in determining the relative range of age in weeks during
which drones are best for use. Those desiring to know the exact
age of any drone in days can give it a separate number on emergence,
Queens and workers were also marked by numbering.

The method used for numbering drones, gueens, and desired worlc-
ers is an adaptation of that given by Von Frisch {13, p. 48}. Ten
pigments are chosen, one to vepresent ecach of the 10 digits. By
combining these in dots on the thorax, any desired number can be

represented. Units

ave represented by a

dot of the proper color

on the left rear of the

thorax, tens by a dot

on the right rear, hun-

dreds by a dot on the

feft front, and thou-

sands by a dot on the

vight front of the

therax. For instance,

3 _ if the numeral “ one ”

Fiarae 13.—Marked drones is represented by a

blue pigment, bee No.

1 would carry a blue dot on the left rear of the thorax and bee No.

11 would carry a blue dot on the right rear and also one on the left

rear of its thorax, bee No. 111 would be marked as described for No,

11 plus a blue dot on the left front of its thorax, and No. 1111 would

carry three blue dots as for No. 111 plus one blue dot on the right

front of its thorax. A similar system can be used for marking the
abdomen. (Tig. 13.)

DRONES
OBTAINING DRONES

It is not always casy to secure drones in sufficient quantity dur-
ing the active season, especially at its beginning and end. In an
endeavor to gcet an early supply in 1930, drones were purchased
from the South about three or four weeks before their usual appear-
ance in the apiary of the bee culture laboratory at Somerset. They
were successfully united to strong colonies and consequently the sea-
son for artificial insemination opened earlier than would have been
the ense under natural conditions. Since, in purchasing drones com-
mercially, it is not always possible to get the desired stock, this pro-
cedure is practical only for certain purposes.

Late in 1931 limited trials were made of stimulative feeding to in-
duce drone rearing duving a normal slackening of brood rearing.
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A certain measure of success seemed to attend these efforts, since
drones were present in these colonies until late in the fall. The
exceptionally warm weather may have been a contributing factor.

When the first queens reared 1n early spring in 1932 were ready
for treatment, drones were on hand from an overwintered queen
which_had been successfully treated the previous fall but which
proved a drone layer in spring. This points to one way of securing
an early supply of drones.

Prior to 1931 most of the drones used from the Somerset apiary
were caught by hand at the hive entrance as they were returning from
a flight, cither on the wing or just as they alighted. Such drones
proved more satisfactory than those taken from combs. This
method was slow at times; especially when drones were scarce or
when their flight was not active; so in 1931 queen-and-drone traps
were put on the hives at the entrances just before the hours of great-
est flight, which have been found to occur at Somerset shortly after
noon. Usually more than sufficient drones were easily collected in
this way, and by keeping the excess caged overnight in proper con-
tainers 1t was possible to have available the next morning a supply
of drones suitable for the work on artificial insemination. Candy
was supplied as food for the drones kept overnight and, when it
seemed nocessary, some workers were caged with them as attendants.
Usually sufficient workers for this purpose were collected in the
traps. An electric incubator provided proper temperature for the
drones on cool nights. On several rainy days in 1931 the work
was continued by the use of such drones when otherwise it would
have been necessary to suspend operations pending better weather.

DETERMINING SEXUAL MATURITY OF INDIVIDUAL DRONES

Since in picking drones at random from a hive it is not always
possible to get only those that are sexually mature even if their cal-
endar age i¢ marked, it is desirable to have some simple criterion
as to their sexuai maturity—in other words, some indication as to
whether or not a drone, regardless of age in days, will furnish a
supply of active spermatozoa. In experiments conducted {hus far
there has been found less correlation between calendar age and
physiological age in drones, as far as sexual maturity is concerned,
than might be anticipated. For example, some drones 2 or 3 weeks
old were found without sperm or with less than was possessed by
younger drones. ,

Statements have appeared that drones which ejaculate on decapita-
tion are sexually mature. In 1930, of five queens (Nos. 48, 49, 50,
52, and 53) inseminated with sperm from such drones, all proved
to bs inseminated to a greater or losser degree. In the operation
on the other queen (No. 47) for which a record was kept, sperm
from a drone not in this class was used, but the queen proved to be
uninseminated. In 1931, of the 38 instances of successful iusemina-
tion by the Watson method, drones which had ejaculated on decapi-
tation were used in 25. The reaction of the drones was not recorded
in 3 of these instances. For 18 of the 26 qucens whose spermathecae
were fonnd clear in a post-mortem examination, such drones had
also been used. The reaction of the drones used was unrecorded in
only ong of these instances. Since the proportion of the drones in
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question to the total number used in the unsuccessful cases cited for
1931 is about the same as their proportion to the total number used
in the successful cases cited for the same year, these data indicate
that, for 1981 at least, it was immaterial for the accomplishment of
artificial insemination which type of drone was used.

QUEEN REARING AND TESTING
EXPERIMENTS IN 1930

To economize on the quantity of bees necessary in the worlk, the
writer in 1930 adopted the use of what he terms a “ nursery colony ”
for rearing and keeping virgin queens, as well as for testing in-
seminated queen bees. This colony had no laying queen of iis own.
It was made up in the spring in two standard Langstroth hive bed-
jes with 10 frames full of stores in the lower story and 10 frames
full of sealed brood with adhering bees in the upper one. Until
summer, when the quantity of sealed brood available decreased,
frames of sealed brood were added as necessary to insure a sufficient
number of young bees to carry on the work given them. This colony
was fed at no time. ,

When queen-rearing operations were begun, one of the frames in
the second hive body was replaced by a frame filled with bars for
cell cups with grafted larvae. Grafts were made weekly or oftener
as desired.  About the third day after being sealed, the accepted cells
were put in Alley nursery cages in a nursery frame and left in the
second hive body. ‘Three such frames were in this hive body most of
the season, room being provided by removing the original frames as
necessary.

As the scason advanced a third hive body was added to the nursery
colony for the purpose of taking care of the inseminated queens.
When first put on, this body contained brood and honey. As queens
were inseminated they were placed in California introducing cages
directly on a comb of sealed brood about ready to emerge but with
no other bees on it. Room was made in the hive body for these cages
by removing the original frames as necessary. The California cage
holds one Langstroth frame. It is made of galvanized metal except
for the two sides, which are of wire sereening. The comb is inserted
at the top of the cage, which is provided with a sliding cover made
of the galvanized metal. A 10-frame standard hive body holds 6
such cages plus 1 Langstroth frame.

Up to the close of the main honey flow, whenever an appreciable
quantity of the brood in a cage had emerged, the comb, with queen
and adhering bees, was remaved and set in another cage similar
except that one of the sereened sides was replaced by excluder zinc.
This new cage was then put back in the space formerly occupied
by the old cage, and thus worker bees from the nursery colony and
those which had emerged in the cage could intermingle and pass in
and out freely. The queens were left in these cages until they
begnn to lay or until it was apparent that the attempted insemina-
tion was nov successful. When 2 queen began to lay, she was put
in a nucleus, together with her comb from the nursery cage and a
frame or two of bees from the nursery colony.
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As a mafter of practice, the sides made of excluder zinc were faced
in the same direction in any hive body which contained more than
one cage with such a side. On one occasion the nursery colony con-
tained five queens in these modified cages, and three of the queens
were laying. In addition the colony contained other queens in the
regular California cages in dnother hive body.

.. Satisfactory results were obtained with this system until after the
vi3¢e of the main honey flow, when it was found that the bees were
inclined to ball some of the queens upon gaining admittance to them
through the excluder cages. This may have been due in part to the
presence of a comparatively large quantity of old worker bees in the
hive. a condition aggravated by the fact that sealed brood became
less available from the supply colonies at this period of the season.
Since the nursery colony was not fed at any time, the effect of feed-
ing in inducing acceptance of the queens when the main honey flow
had passed was not determined. After the main Loney flow, there-
fore, the use of the cage with an excluder-zine side was discontinued
and each queen was transferred directly to her own nucleus box as
soon as suflicient young bees had emerged from the comb in her
screened cage to keep up the activities of an independent nucleus.

APARTMENT BIVES

In 1931, as an outgrowth of the use of the equipment just described,
the writer devised what may be called * apartment ¥ hives, which
are made up of one or more compartment hive bodies. A compart-
ment hive body is a hive body separated lengthwise into two or more
divisions or compartments by wire screening. (Fig. 14.) Ordi-
nary copper window screening has served this purpose nicely. Strips
of bent tin are slipped over the edges of the screening and soldered in
place. The bottoms of the hive bodies and, consequently, of each
compartinent, arve also covered with wire screening.  Each compart-
ment holds one or more full-depth frames, and thus the total mumber
of such compartments possible in a 10-frame hive body varies from 2
to 10. The bees are provided with an entrance to each compartment
by a small hole bored through the hive body. A small block at the
entrance serves as an alighting board, and over the entrance is fitted
a piece of queen excluder. A separate cover of thin wood is fitted to
each compartment and a standard outer cover fits over the whole.

On the basis of the size of compartments found in eaclh, the com-
partment hive bodies used thus far by the writer have consisted of
those with five 2-frame compartments. those with two 3-frame com-
partments, and those with two 3-frame compartments plus one
4-frame compartment. '

The compartment hive bodies are set directly over a queen-right
colony from the hive of which the inner cover has been removed,
Any heat rising from the colony below will pass through the screen
into the compartment hive body, and heat will also pass from com-
partment to_compartment. These hive bodies may be tiered up.
{Fig. 15.) Insuch a ease the individual covers to each compartment
except those on the top hive body can be removed, so that the screen-
ing on the bottom of the hive body above fits snugly against the top
of the screening forming the walls of the divisions in the hive hody
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below, preventing the passage of bees from compartment to com-
partment. In 1932 the largest number of hive bedies thus tiered up
on one colony and manipulated by the writer was four, each con-
taining five 2-frame nuclel. Counting the queen in the colony on
the bottom, at one time there were 21 queens on this one stand, each
with its own separate organization of bees. Hence the name
“ apartment * hive.

N - RN R - . . A

dy tiered on a fuli-strensth colony, The hive

Pigvay 13,—A G-compartment hive bo
boty i3 inside of the winter protective coliar. The giuss tube which extends
through the collar as & passage for the bees aliows ar the entrapee oi which there
L] n:lbl exf::ludc-r zing, Aluminam tags used {o keep records in the Bive are ¥lsible
on the frames

The apartment hives have proved to be as good as, or even better
than, the ordinary type of nucleus during the robbing season, since
the bees for the most part have defended each compartment well. A
hittle care must be exercised, of course, in opening the compartments
at this season. Little trouble was experienced in 1931 by bees from
one compariment running irnto a neighboring compartment when
adjoining compartments were exposed for purposes of manipulation.
In 1932, in the case of tiered-up compartment hive bodies, all com-
partments that were not being manipulated were kept covered.
It may be that all bees in the apartment hive have more or less of
a common hive odor. In any event the bees in each compariment
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svem to remain there without any more than normel drifting else-
where, even thongh the entrances were often not very far apart.

The gueens are introduced into the compartments by means of a
Ailler introducing cuge. The workers are usually denied access to
the candy for three days by fastening a piece of tin across the candy
hole. Frames of emerging brood ave added to the compartments as
necessary to insure the presence of voung bees when a queen is
Leing introdiced or at other times.

The use of npartment hives is recommended for only those bee-
keepers who will give them the proper care and attention.

WINTERING IN APARTMENT HIVES

An experiment to winter queen bees in apartment hives was under-
taken for the winter of 1931 and 1932. Two compartment hive

Frr e L —Wintering in apartment hives @ A, dpartment hive gonsisling of n G-cone-
partment live body over o gorwal eolony 1L releseope vover suud tray removed 1o
show Inddivitdual inner covers of compmrtoene

hodies. ezch with five 2-frame nuelel, two with two 5-frame nuclei,
and one with twe 3-frame nuclei plus one 4-frame nucleus were
chosen.  Toucl of the five compartment hive bodies was over a 10-
Trame colony in a donble-wall hive, and a paclked double-wall col-
lar wag fitted around it A tray of sawdust covered the top of each
hive. and over this o telescope cover was slipped. A hole drilled
through the collar into which glass tubing was fitted, connected the
entrance of each compactment with the outside. A piece of queen
excluder was placed over the outer opening of the tube in some cases.
(Fig. 10.)

The winter was milder than is common in the region of Somerset,
AL, but since there was consequently niore flight activity than
usual for this period of the year the weather ¢nn not be considered
in itgelt as having been conducive to suceessful wintering. Never-
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theless, the condition on March 1, 1932, of all those nuclei which had
plenty of bees on November 1, 1931, was highly satisfactory, with
the exception of one 5-fraine nuclens. This nucleus, which contained
queen No. 51, appeared to have sufficient bees on entering winter,
but on February 10 it was queenless and only a handful of living
bees remained. Of the 17 experimental nueclel, this 5-frame nuclens
and a 2-frame nucleus were the only ones not strong encugh in the
spring to carry on brood rearing suceessfully. Perhaps the bees on
hand in each nucleus in the fall were somewhat older than was
thought. Bach of the 10-frame colonies below the compartment
hive bodies wintered excellently. The especially strong condition
of some of the 2-frame nuelei was a pleasant surprise and showed
clearly the value of this method for wintering with a minimum of
bees the queens being tested, provided there has been no neglect in
insuring -the presence of sufficient young bees in the nuclei by the
beginning of winter.
QUEEN REARING IN 193t

In line with the other efforts to reduce the number of worker
bees and the labor required in the work, all queen cells upon
being sealed arve put in Alley nursery cages and then placed in an
electric ncubator and left there at brood-rearing temperature until
they hatch. This incubator has glass sides, top, and door, and
has sufficient room inside to hold two hive bodies. For {ueen-rearing
purposes, however, this space is divided by a number of shelves to
hold the nursery cages. The incubator is located in a building
adjacent to the apiary. .

An attempt was made in 1931, but somewhat unsuccessfully, to keep
virgins in the incubator after hatching. Fresh candy was given
for food, and worker bees were provided as attendants. On one
accasion all of about 50 virgins se left died within three or four
days after emergence. Thereafter the newly emerged virgins were
given fresh candy and their cages placed in nursery-cage frames.
These 1n turn were placed in a super divectly above the brood nest
of a queen-right colony, but separated from it by a queen excluder.
Frames of sealed brood, taken from the brood nest below, were placed
next to the nursery-cage frame. The chief disadvantage of this
method is the tendency of the bees to desert the caged virgins when
the weather becomes cool.

In 1932 virgins were snccessfully kept in early spring in 3-frame
- queenless nuclei in apartment hives. A special frame was used whieh
consisted of an old brood frame with enongh comb cut out of the
lower portion te allow the insertion of two nursery cage bars from
a standard Alley nursery frame,

In 1931 queen-rearing operations were often conducted with lavvae
from several queens at once. It was desired to have larvae from any
one queen reared by only one colony. However, to have maintained
a separate colony for rearing the larvae transferred from each of
these queens, as described in the work for 1930, would have taken
too much time and too many bees; hence use was made of 2-frame
ruclel in compartment hive bodies. Each nucleus was kept strong
in young bees. The lower portion of one comb in each compartment
was cut away and a removable cell bar was inserted next to a thin
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strip of wood, which in turn was securely fastened next to the cut edge
of the comb. Good results were obtained from these queen-rearing
nuclei. In 1932, 3-frame compartments were used instead of the
2-frame compartments, since it is easier to maintain sufficient bees
in the larger nuclei.

Frequently it is desirable {o carry on transferring operations on
cold, rainy, or dark days, or during the robbing season. In order to
do this the writer devised a wooden support to hold a brood frame
at a convenient angle on a stand during the process. The stand is
located in the same room as the electric incubator. With a small
movable electric Jamp in one hand and the transferring needle in the
other, transferring is accomplished under convenient conditions.

HIVE RECORDS

For keeping records within the hive concerning cell bars, queen
cells, and queens, ta%ls cut out of aluminum tape and bearing num-
bers or letters, or both, have proved useful. Numbers and letters can
quickly be marked on such tags by a metal stamping outfit, or by
scratching with a nail or other sharp instrument. The tags are
ensily fastened to top bar, cell cage, or queen cage by a thumb tack.
The number assigned to any queen and her race or origin, as well
as dates of her birth, insemination, first epg laying, and the like,
may be thus recorded. In the case of cell bars, the number or ori-
gin of the queen from which the larvae are derived, the date of
grafting, and the date of first sealing of cells on the bar can be
placed on the tags. (TFig. 15.)

When there are many nuclei to be looked after, the use of thumb
tacks on the outside of the hive will be found helpful as 2 means
of indicating quickly those colonies needing special attention. Thus
an absence of thumb tacks on a compartment may indicate that all
was normal within at the last.examination. One tack may mean that
the queen has been successfully introduced, two tacks may have some
other meaning assigned it, and so on. The position of the tacks may
be given a certain meaning. The advantage of the tacks is that
they aréa easily withdrawn but stay where placed unless forcibly
removed.

VIABILITY OF SPERMATOZOA

Certain experiments performed in Europe (85, 36) indicate that
spermatozoa from drones may remain alive at least a number of
hours in various electrolytes. Bishop (§) has reported that sperma-
tozoa in a salt solution mounted on a slide were still alive after two
hours’ contact with ice. In order to determine how long honeybee
spermatozoa would remain alive under conditions somewhat similar
to those in the glass pipette, the writer mounted some on a stide with
a cover glass. TUnder these conditions the spermatozos at times were
found motile more than three hours later at room temperature.

Of particular interest in this connection are the cases of queens
Nos. 29 and 86, used in the work for 1931, One of these queens (No,
29}, after an operation which seemed normal and satisfactory, was
found dead in her Miller introducing cage the next morning at 8.30.
A post-mortem examination under the microscope was not made
until 11 &. m., at which time her spermatheca was estimated to be 50
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per cent filled with sperm and an abundance of live spermatozoa
were observed in highly active motion, Even more striking was the
case of queen No, 86, which was found dead at 3 p. m. on eptember
1. She was in an Alley nursery cage in a colony at that time and
was left there until the next day at 11 a. m., when = microscopic ex-
amination of her spermatheca indicated that it was 75 per cent filled
with sperm. A grest abundance of living spermatozoa was seen.
It is to be noted that these spermatozon had survived 20 hours in the
spermatheca of a dead queen in a eage between the frames of a hive,

Certain results given by Bishop (5, p. 247) are in line with the
findings Presented for these two queens. On one occasion he sub-
jected a " fertile” queen to a temperature 3.6° F. (2° C.} below
freezing, for 15 minutes. He states that none of her eggs laid subse-
quently werc found to be infertile.

SUCCESSIVE INSEMINATIONS

The writer has given elsewhere (39) a review of the numercus
instances in beekeeping literature on the multiple matings of queen
bees. That insemination results when the sperm from different
drones is introduced into queen bees on successive occasions not on
the same day has been indicated in work both by Watson (52) and by
the writer. In 1930 the writer attempted this on three occasions and
had good results in two of them. (Table 1.) For one of the suc-
cessful instances the interval between operations was 2 days, while
for the cther one it was 15 days; for the unsuccessful case it was 14
days. In addition seven queens were given two operations in one
day, but in only one case was the treatment successful. Three of the
queens were found to have clear spermathecae, and three disappeared.

In 1981, 33 queens were operated upon twice by the Watson
method, and 8 of these in turn were operated upon three times.
(Table 2.) ~Sixteen of the 33, or about 48.5 per cent, proved to be
inseminated. This is to be compared with 34.4 per cent of ascer-
tained success for the 64 queens operated on only once, 22 of these
having been found inseminated. In the case of i4 of the 33 (ueens
the second operation was performed on the same day as the first,
while a third operation was performed later on 3 of these, but all 3
disappeared. Of the remaining 11 queens operated on twice in the
same day, 4 proved to be inseminated, 4 were lost, and 3 had clear
spermathecae.

Of the other 5 queens which were given a third operation, 3 proved
to be inseminated and the other 2 disappeared. In one of these suc-
cessful cases (No. 86) sperm was found so massed in the queen’s
spermatheca that the degree of insemination-was estimated to be
at least 75 per cent. Queen No. 53 was found to be somewhat less
inseminated, while the other case (No. 88) was classed as less than
10 per cent successful,

The results for 1930 are not comparable with those for 1931
because of the use of ether in some cases. The results for 1931,
although not conclusive in themselves, seem te be in line with Wat-
son’s statement (52) that repeated inseminations increase the degree
of success. In describing his work for 1927 (51), Watson men-
tions that he operated on some queens from 1 to 10 times.
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It is possible that many of the queens that disappeared in 1931
before any check could be made as to their insemination, as well
as many of those that were found dead in the cage, may have been
lost in attempts to get out through the excluder to take a mating
flight. That many of the queens found dead in the nuclei had trie
to get out or had suffered rough treatment from their bees seems evi-
denced by the fact that the painted markings had been rubbed off the
thorax in nearly all cases. It seems of significance in this connection
that practically all those queens which laid eggs were readily uccepted
by the nuclei in which they were introduced.

MIXING SPERM FROM DIFFERENT DRONES

Without following the genetic composition of succeeding genera-
tions, it is hard to say in the case of insemination from the sperm
of different drones on successive days whether or not the sperm
from each drone was active. In the case of 8 of the queens operated
upon in 1930 the sperm from more than one drone was loaded into
the pipette at one filling. Seven of these operations were successful.
Sperm from 2 drones was used in 3 cases, 4 of which proved suc-
cessful ; eperm from 3 drones was used for 2 queens, and each of these
queens wus found to be inseminated. In one of these instances all the
first brood sealed proved to be worker. For the eighth queen sperm
from 5 drones was used, and this operation was also successful.

In 1931 the sperm from more than one drone was loaded into the
pipette in the operations on 29 queens. Eleven of these queens
proved to be inseminated. On two occasions the sperm from 3
drones was used. and in cach case a suceessful insemination resulted.
In no instance was the sperm from more than 3 drones employed.

The foregoing examples indicate that a mixture of sperm from
different drones does not destroy the vitality of all the spermatezou
at least. In each case the pipette was loaded by taking up the sperm
from the drones in succession. It happened that all the drones used
for any one operation came from the same hive.

In his 24 successful inseminations in 1929, Mikhailoff (25) used
sperm from 2 or more drones for 22 of the queens. For 1 queen
he reports the use of only 1 drone. while for 1 he does not give
the number. In a later avticle (28) he states that he used the sperm
from 2 to 4 drones for every queen.

OPTIMUM AGE OF QUEEN FOR ARTIFICIAL INSEMINATION

It is frequently stated in beekeeping beoks that the queen usually
mates early in Iife and that if she delays more than three weeks she
is apt to become a drone layer. Thus, Phillips (40, p. 48) gives the
normal age of the queen for mating as 5 to 8 days. In a compilation
made by Armbruster (4) of data frem mating stations covering six
years, 9 days was the age of the c}ueen at which the greatest number

of matings was found to occur. If these conditions hold in natural
mating, it might be expected that more success would be atfained in
artificial insemination with queens only a few days old than with
older queens.

Mendel (19, p. 149; 54), however, held that a queen remains ca-
pable of being mseminated up to the twenty-eighth to the thirtieth
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day after emerging, and that for some queens this time limit is even
longer. Likewise, although in the data by Armbruster (4) on
natural matings of the queen bee the earliest age at which any of the
queens mated was 3 days, the oldest age is given as 32 days. The
queens successfully operated upon in 1929 by Mikhailoff (26) ranged
from 7 to 29 days in age, while Watson (49) reports that he has been
successful In the artificial insemination of queens even 37 days old.

In 1930 a record of the data of emergence and of attempted arti-
ficial insemination was kept by the writer for 43 queens which were
operated on only once or only once plus a second operation within
two days of the first, and in 1931 for 82 queens which were operated
on only once or, in some instances, once again within one day of the
first operation, making a total of 125 queens. As a matter of fact,
only 1 of the 43 queens listed for 1980 (No. 44) received a secondl

operation, while 5 of the 82 listed for 1931 {Nos. 8, 14, 46, 86, and_

90) received a second operation. Queen No. 86 received a third
operation. In Table 8, which gives the results obtained from
Glieens of various nges, these six queens have been considered as re-
ceiving their successful operation on one oceusion, since the time
interval between the operations is small. Of these 125 queens, 47
proved to be inseminated.

Tanre 3.—Success atlained icith queens opereted on in 1930 and 1938 only once
Gracithin Liwo duys of ¢ preceding opergtion in vge period specified )

Tatel
Age of (uecns fueens in-
semningled

Suceessful opern-
tiong

Number | Number | Per cent
a0 J.

litBdays.oo.. ..., 14 a7
Uty 16 doys.... 41 4 i
17 th 24 dhnys... 20 15 750
2540 32 days.... ... 5 1 80.0

From these results it is apparent that the greatest degree of suc-
cess was attained by using queens at least 1T days old.” The total
number of queens (100) under 17 days of age which were used, how-
ever, was four times as large as the number (25) of those which
were 17 days old or over, but the percentage of success with the
younger ~tueens was only 28 as compared with 76 for the older queens.
It is interesting to note that No. 47, operated on in 1931, even though
mated when 29 days old, proved to be one of the most prolific layers
of worker cggs of the queens mated that year. In 1980 two queens
were successtully mated at the age of 31 days. On the other hand,
in 1931 a queen 1 day old was successfully inseminated. The data
presented here, althoungh based on a small number of cases over 17
days of age, indicate that the age limit at which queens can be in-
seminated artificially is higher than that commonly accepted as the
Iimit for natural inseminntion,

SUCCESSION OF GENERATIONS

Regardless of any method for inseminating queen bees at will or
of any method for careying queens through either the active or the
inactive seasen with a minimum of labor, time, and equipment, suc-
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cess in breeding the honeybee and other forms is dependent upon z
third factor—upon having a succession of generations. The writer
has been successful in the first factor xmantioned since the beginning
of his work in this feld, while, as for tire second factor, an artificially
inseminated queen was wintered over in the first year of the work.
However, F, queens from artificially inseminated mothers were not
obtained until 1930. These were all reared from one mother. Six
of them were successfully operated upon that year and from one of
these an F, queen was reared. This queen was born foo late for
mating that year, however,

In 1931, as alrveady stated, F, gueens were reared from eight arti-
ficially inseminated queen bees. TUnfortunately none of these was
rearec. before July, and since August was marked by an unusual
scarcity of drones, the inseminations during the latter part of the
seazon were somewhat restricted both as to number of attempts and
as o degree of suceess.

Of the 97 queens used in the work with Watson’s method in 1931,
32, or practically one-third, were F, queens. Workers of the ¥, gen-
eration were obtained from one of these (No. 78) in October. It
was then so late in the season that no atfempt was made to rear F,
queens from this queen, but she was still alive at the beginning of
winter. Insemination In the case of & others of the 32 was deter-
mined by a microscopic examination of their spermathecae, maling
a total of 7 of the F, queens, or 21.9 per cent, which were found to be
inseminated. Bight of the remaining 25 gave no evidence of insem-
ination on a post-mortem examination; 15 disappeared; while the
other 2 (Nos. 77 and 92), inseminated late in the fall, entered the
winter season without having commenced egg laying.

In the work as conducted in 1932 there was no difficulty in obtain-
ing a succession of generations. Of four successive generations of
queens reared in that year from a certain strain, the first three had
been successfully inseminated by the Watson method before Sep-
tember, as evidenced by the rearing of virgins and workers. Cer-
tain other strains were carried three generations, and a number were
carried two. Under ordinary conditions five or six generations
should be secured readily in a season such as characterizes Somerset,
Md. TUnder optimum conditions during the acfive season one gen-
eration a month is not out of the question, although one every five
or six weeks appears satisfactory at present.

SUMMARY

In breeding the honeybee under controlled condifions either
natural or artificial insemipation can be used. The only feasible
method thus far developed which makes use of natural insemination
is that of using mating stations. An important objection to this
methed is the difficulty of being absolutely sure that no wild swarms
or colonies kept by Deekeepers exist within a radius which would
male possible crossings other than those desired.

For absolute certainty as to dronme and queen, artificial insemi-
nation can be employed. Two main methods have been developed
for accomplishing artificial insemination: (1} Removing the organ
containing the sperm from the drone and placing it in proper position
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in the queen to accomplish insemination, as done by Malyschev and
by Quinn-Laidlaw; and (2) removing the sperm completely from
the drone organ and then introducing it within the queen, as done
by Watson. Thus far only the Watson method has been repeatedly
used with success in the hands of others.

The technic originally described by Watson has been modified by
the use of new instruments and methods. Methods have also been
developed to use a small number of bees and to reduce the quantity
of equpment required in rearing and testing queens used in breeding
work.

Spermatozoa will remain alive under the cover glass or in the
spermatheca of a dead queen for several hours at ordinary summer
temperature.

Successive artificial inseminations of a queen, at least before she
begins eggy laying, can be made with good results.

gparm from different, drones can be mixed together without
apparent effect on some of the spermatozoa af least.

Worker brood was reared from a queen inseminated when 29 days
old. In 1930 and 1931 greater success was had with queens 17 days
of age or older than with younger queens.

A succession of generations of the honeyhbee is possible through
the use of artificial insemination. Four generations is the largest
number yet obtained at Somerset, Md., in one season, although under
optimum condifions it should be possible to obtain a generation a
month during the active season.
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