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Summaw

Queens were reared from eges md from larvae 1 2, 3 and 4 days old. - They were then mated either
naturally or instrumentally with 1 to 2x8& mm?3 of semen. Each increase of ! day in the age of
brood grafted decreased not only the body weight, the size of the spermatheca and the number of
ovarioles of the virgin queens, but also the number of spermatozoa in the spermathecae of naturally
and instrumentally inseminated gueens. A given amount of semen injected intc the oviducis
resuited in different numbers but similar concentrations of spermatozoa in sparmathecae of different
_sizes. A smaller number of spermatozoa entered the smaller spermathecae, despite a surplus of
semen in the oviducts and plenty of space in the spermathecae. Correlation coefficients between |
‘different characters were significant only when queens reared from brood of different age were
compared. Partial correiations showed that a direct correlation existed between the age of grafted
brood and the number of spermatozoa in the spermathecae of mated queens. |

The pmcess {}f wexghmg virgin queens therefore helps in their selection. . -

E ntmductmn

Only a smali pememage of the spermatozoa 1ngected into th& queen’s oviducts enters
the spermatheca, and there is a great need to increase the percentage, especially
when the gueerr must be inseminated with a small amount of semen (e.g. from one
drons, or from diploid drones, which produce only smali amounts). The common
‘belief is that the number of spermatozoa in the spermatheca of naturally inseminated
queens depends upon the number of drones with which the queens have mated.
But Wovke {1966} showed that the number of spermatozoa in the spermatheca of
naturally mated queens was correlated with the size of spermatheca. We do not
know, however, whether the differences were caused by different volumes of semen
being received in the oviducts, or by different numbers of sp@rmaf@ma {from a given
amount of semen) reaching spermathecae of different sizes.

An investigation was, therefors, made to find out whether differences in the age
of brood used for rearing queens influenced the results of natural and instrumental
insemination, and to study certain morphological characters of the gueens.

Eckert {1934} and Weiss (1969} found that the age of the gmftﬁd larvae did not
influsnce the number of ovaricles or other pmm of the body in the gueens reared.
Becker {1925} ascerizined that gueens reared from larvae of different ages up to
335 days dig n i: ﬁ,uﬁ"@“ but after that age great changes occurred. Komarov (1935)

and Gontarski (1941} reared individuals which were iniermediate between quﬁem
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and workers. Adult queens reared by Weaver (1957) from larvae grafted at I and

2 days old were very similar in most respects, but they differed from queens reared
- from larvae aged 3 days. According to Vagt (1955) the relation of the width to the
length of spermatheca of adult queens decreased with an increase in the age of
- grafted larvae. Using the method of rearing queens from eggs described by Ordsi-
P4l (1960), Woyke (1960, 1964) and Jordan (1960) found that the weight and number
- of the ovarioles of queens reared dacreased as the agc of grafted bmod increased

 (from eggs to larvae aged 3 days)..

Eckert (1934) did not find a correlation between various characters of adult queens,

. but other authors found correlations, as follows: between the number of ovarioles

and the weight of adults, r = 0472 (Weaver, 1957), r = 0 345 (Avetisyan, 1961);
between the number of ovarioles and the weight of pupae, r = 0-90 (Hoopingarner
& Farrar, 1959); between the number of ovarioles and the spermathecal diameter,
r = 0737 (Weaver, 1957); between the number of ovarioles and brood pmduction,
r = 0-378 {Avetisyan, 1961}; between the weight of queens and brood production,

- r = 45 (Makarov, 1969). Instrumental insemination of vﬂ'gm queens with larger

. amounts of semen resulted in greater numbers of spermatozoa in their spermathecae
_ (Wﬂyke, 1960; Mackensen, 1964). o |

Correlation and regression coefficients have not previously been calculated for the |
‘age of brood grafted for queen rearing and characteristics of the adult queen, and

' for the results of insemination with different volumes of semen. A preliminary

~ report of the present paper, without the calculated coefficients, was presented at the
| XXI International Apmultuml C@ngress (W oyke 1567).

o :Materaais and Methods -
" The 114 virgin queens used engmated fmm nne hybrid queen (A me!lgfem X A, m.

" caucasica) and, after she was lost, from her daughter. Rearing conditions were

varied by transferring brood of different ages to the queen cups, which resulted in
‘the larvae being fed with royal jelly for different periods of time. To obtain brood

“of known age, the queen was placed for 12 hours on a comb in a queen-excluder
_isolator in the middle of the brood nest. Eggs laid 3 days previously were grafted
by the Ordsi-Pal method, and larvae aged 1, 2, 3 and 4 days by the double grafting
‘method. Every series wnmsted of brood af all these ages reared in the same miony’

All wrgm queens were weighed soon after emergence.
Queens reared from the different ages of brood were dmded into five gmups

{i) allowed to mate naturally in mating. nuclei (5 replications)
{2) instrumentally inseminated {wice with 8 mm3 (5 replications)
{3) instrumentalily inseminated once with 8 mm?3 (7 replications)
{4) instrumentaily inseminated once with 4 mm3 (5 replications)
{5) instrumentally inseminated once with 1 mm? {5 replications).

At least one mphcatwn of each iﬂS@miﬁailﬁﬁ group was carried out on any given
day, and each replication contained gueens reared from brood of each age under

consideration. Semen from drones of the same origin and age was used for all
Broups mstrummtaﬁ}? inseminated on the same day. o -

The naturally mated queens were killed after %h@y laid their first eggs, and the
instrumentally inseminated queens 2 days after the last angacn@ﬁ of semen. The
spermatheca was then taken out ang the tracheal covering removed before three

measurements were made: {1} the Emgth {2) the breadth, (3) the diagonal mt idway
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between (1) and (2). This diagonal was the basis of the calculation of spermathecal
~ volume. S . _ ' .
- The contents of the spermatheca were then emptied into a drop of 1-5% saline
“solution, and the volume made up to 1 m! with saline solution; after further dis-
persion of spermatozoa 4 or 9 ml tap water was added. The spermatozoa in 2 mm?
of solution were counted immediately in two Fuchs-Rosenthal counting chambers.
- Before counting the number of ovarioles, the ovaries were put into 959 alcohol
for about 15 minutes. Then a disc several mm thick was cut out of the middle
~ region of the ovaries, and the number of ovarioles present was counted. .
~ The statistical significance of the results was calculated by analysis of variance.
Because of the small number of queens reared from larvae 4 days old, they have
been omitted from Tables 3-7; results from this group were not included in the
analyses of variance, but the statistical significances of differences between their
means and those of other groups were calculated from individual standard errors.
- Comparisons of different correlation coefficients (r) were made after conversion
- to z values. - o ' ' '

Results

Results of rearing | _ . | -
Eggs transferred to the queen cups were not always accepted by the bees. When
" this failed, newly hatched larvae were grafted before they had been fed by the bees.
Many larvae grafted at 4 days of age were not accepted, and queens reared from
the remainder were small in size. Heavy losses of these queens occurred during
natural mating flights, and great difficulties were encountered with instrumental
insemination. Thus, although 27 individuals were investigated in each group of
 queens reared from brood of the different ages, only six queens reared from larvae
- 4 days old were available at the end of this investigation, and spermatozoa could be
counted in only three of them. | - . - |

Characteristics of queens - , .
‘Table 1 shows that the weight of virgin queens reared from brood of different ages
ranged from 105 to 256 mg, and the means from 119 to 209 mg. The greatest
difference between virgins reared from brood differing in age by | day occurred in
those reared from larvae 3 and 4 days old. The differences between all means were
highly significant. Thus, each day’s increase in the age of brood grafted for queen
rearing decreased the mean weight of the queens produced. |

The number of ovarioles in both ovaries in the virgin queens ranged from 177 to
340 (means: 224 to 317). The greatest difference between two adjacent groups
again occurred between virgins reared from larvae aged 3 and 4 days, but the
differences betwsen each of the groups were significant. The average number of

ovarioles therefore decreased with each day’s increase in the age of brood used for
~ gueen rearing. o o - - |
 The diagonai diameter of spermatheca deprived of the tracheal cover ranged from
0500 to 1-425 mm (means: 1-033 to 1-310 mm). The differences in the size of
spermathecae are, however, shown better by the volume (means: 0-586 to 1-182 mm3),
the largest spermatheca being four times the size of the smallest. Here again the
 differences between gueens reared from iarvae aged 3 and 4 days were greater than
those between any other adjacent groups. In each group the mean diameter and
volume of the spermatheca differed significantly from its adjacent groups reared
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from brood of different ages, and the means decreased with an increase in the age
-of the brood graited | |

The variation in the welght of queens number of ovarioles, and diameter of the
'spermatheca was greatest in queens reared from larvae aged 4 days. The imgh
variability in the group of queens reared from the youngest brood was rather un-

expected, but this may have been caused by reanng some of them from newly hatched
larvae mstead of from eggs o

' Results of natural and mstrumenta/ msemmation m‘ queens reared
- from brood of different ages -

To understand better the physxo]ogy of the sperrnatozoa entermg the spermatheca !
‘inseminations with various amounts of semen were made. Table 2 shows that in
“each insemination group the number of spermatozoa entenng the spermatheca
‘decreased (as the size of the spsrmatheca decreased) with the increasing age of the

~ brood from which the queens were reared. The differences between ail the means
“in the group inseminated with 8 mm? semen (i.e. the largest group) were 51gn1ﬁcant
~ In the other groups differences between queens reared from bmad differing in. age
.by 2 days were alsg sxgmﬁcant S |

.TABLE 2 Valume cf spermtheca and number Gf spemamma in spermathecae of naturally and
| - mstmmentaﬂy 1nscmmated queens | o

—— . - b - T

| Age af brmd (eggs and lar vae) nsed far rearing queens

Egg ~ lday  2days  3days 4 days

'_No queens S - "_27 27 27 ] 27 o 6
Mean volume of SPermathm (mmﬂ) - 1-182** | 1 _-093*'*'; 0-936** 0-821**  0-586

| Queens mred _' SR Na. qaeem M ean no. sﬁérmfazm -(mfi!fmﬁ) | in -spermarheca
Naturally = | | 2041 6133 5737 5026 3942 1-520

Instrumentally (2 X8 mm?3) . 20 6145 5820 5-269 Bf 630  —
T (3 mm?) = - 2841 3791% O 3S11T 3234 “r631 0140
' @mm3) . 2041 2746 ° 2:440 2335 1955 1-288

R ¢ mmi) | | 29_ 1 535 - 1507 11299 114l -—

* P-::(H)S for diﬂ‘erence between this mean and subsequent

** P00 for difference between this mean and subsequent one |
In column 2, +1 indicates a mated queen reared from a larva 4 days old. Spermatozoa were
coumed m only 3 out of 6 queens their mean spermathecai volume was 0 633 mms.

o Campanng queens reared fmm brood of the same age, the mean numbers of
‘spermatozoa in the spermatheca were similar for the naturally mated queens and
" those which were inseminated with 2 X 8 mm3 semen, the only exception being
 queens reared from larvae aged 3 days. Here the naturally mated queens had

. fewer spermatozoa (Table 2). This suggests that they mated with fewer drones

and therefore received less semen than queens reared from younger brood (using
the queens msennn;ated with 2 X 8 mm3 semen as a measure of the optimum level).
~ When the quecns were msemmated with smaller amounts of semen, the number
- of spermatozoa in the spermatheca also fell, as the age of the brood at graftmg

~ increased. This occurred despite the fact that there were plenty of spermatozoa in

the oviducts of queens inseminated with even the lowest dose (7-0-7-7 million in
‘1 mm?3), and that there was pslemy of space in the spermatheca for ‘additional
spermatoma. |

3
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Concentration of spermatazaa in the spermatheca

To ascertain why fewer spermatozoa entered the smaller spermathecae, the number
of spermatozoa per mm? of spermatheca was calculated (Table 3); the concentration
of spermatozoa in the spermathecae of mstrumentally msemmated queens fell as

the amount of mjected semen decreased. - - T

 Naturally mated queens reared from larvae 3 days old had lower concemratmns'_' _
“than the other age groups, and it is posszbla that the sexual behavmur of such queens
may have been different, or that their attraction for drones was less. The concen-

tration of spermatozoa in the spemaathecae of queens inseminated mstmmcntally .

with the same amounts of semen was very similar, and no statzsncally significant

~ difference was found between queens reared from brood of different ages. It should

be noted, therefore, that almost the same concentration of spermatozoa occurred

“in spermathecae of very different volumes (see effect of age on spermathecal size). E

" 1t can, therefore, be concluded that from a given amount of semen injected, only
~ the number of spermatozoa reqmred to reach a certain concentration entered the

spermatheca.  Thus, a balance existed between the amount of injected semen and

the concentration of spermatozoa in the spermatheca and not between the amount

of injected semen and the actual number of spermatozoa. ‘As a result, less semen

entered the smaller spennathecae, despite the fact that there was plenty of space, as
‘well as a surplus of spermatozoa in the oviducts. “This specific relatmnship applies

~ only to a given volume of semen, and when a different amount of semen is injected the

" new value for the concentratmn 0f spermamma m ‘the spermatheca cannot be
calculaled dlrectly | | |

| TABLE 3. Com:entratmn of spennatozoa in spermatheeae of dtﬂ’erem gmups csf queens

. Age of bmm' (eggs and !ar vae) usea’ ﬁ:;tr rearmg queens
No. | | .  Overall

queens Egg ! day ~ 2days  3days  mean
No. queens '. 108 27 27 27 27
Mean volume of spermathaca o | L .
(mm?) - C 11182%%  1093**  0-936**  0-821**  [008
Queens mated . | | Mean no. spermatozoa (millions) per mm3
CNaturally 0 . 20 5078 5182 5249 4481 4997
Instrumentally (2 % 8§ mm?) 20 5137 5048 . 5278 5383 5212
.  {(8mm®» 28 3256 3493 3418 332 3372
s (Amm3 20 2299 . 2149 - 2624 2-153 2306
., (1 mm?3) 20 T, 1432 1428 1497 1-530 - 1472

P— - e L

o0 P}G*O'S- between this mean an-d. the gu.ﬁsesquen-t one

_erelatron and regressmn mefffc:ems for dfﬁ'erent characters Gf q&eens )
reared from brood of different ages |

" Table 4 shows that a high, and highly szgmﬁcam negatwe correlatmn cmsted _
" between the age of brood used for queen rearing and various characteristics of the
 queens reared: body weight, number of ovarioles, diameter and volume of sper-
matheca, the number of spermatozoa in the spermatheca. It is, therefore, confirmed
“that the age of grafted brood determines to a great extent the number of smrmat@z@a
‘which na,turally or mstrumentaﬂy msemmated queens will hava |
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TABLE 4. Cﬂrrel-ati.on m::ﬂiéiems (#) and regression coefiicients (b) for some characters nf'queens |
 reared from brood of different ages (eges to larvae 3 days old). |

Ageof grafted ~ Volumeof

brood. - Weight of queen ~ spermatheca

yle-mmpreyibige by
.

S | Na o b ro | b | -r_ b |
~ Character | qgueens - _- | (for 10 mg) | (for I mm3)

~ . S eyl Y

L i

Weight o | 108 -09t -202 = — — —_— | |
' No. ovarioles 108 -0-77** -149  075** 649  OTI** 855

~ Diameter of spermatheca 108 -0-78%* 0052 O75** - 002 . — |
Volume of spermatheca ~ 108 -0-77** 0124 - 075** 0054 = —

T
g

No. spermatozoa (millions) = No.

- Queens mated queens o | -
Naturally S 20 —0-83** 0728 O72** 0269  O77** 4261
Instrumentally (2 X8 mm?) 20 -0-67** -0-510 0-62** 0181 089 4-817

., (8mm3) 28 -090** -0376 0962** 0167  084%*  2:486

y @mm3) 20 -070** -0-308 067** 0160 0-58** 1519
(1 mm3) 20 -0-64** -0-154 063** 0089  0-50° 0702

* P<005 '
¥ P00l

~ Correlation coefficients for the age of grafted brood and the number of spermatozoa
in inseminated queens were highest for queens inseminated once with 8§ mm3 of
semen, and lowest for those inseminated both with the largest amount (2 X 8 mm3)
ind with the smallest amount (1 mm3). Both the latter coefficients differed
significantly from that of queens inseminated once with 8 mm?3, ' _
“The regression coefficients given in Table 4 show that each increase of 1 day in
the age of brood grafted to rear queens resulted in the following mean decreases: body
weight, 20 mg; number of ovarioles, 15; volume of spermatheca, almost 0-125 mm3.

An increase of 1 day in the age of the grafted brood decreased the mean number

of spermatozoa in the spermatheca of naturally mated queens by 0-728 million, and

of instrumentally inseminated queens by smaller amounts. _ _ _
 Table 4 also shows that highly significant correla ions existed between the weight
of the (virgin) queens reared and the number of ovarioles, size of spermatheca, and
number of spermatozoa in the spermatheca. The correlation coefficient for the
queen’s weight and the number of spermatozoa in the spermatheca was lowest in
queens inseminated with the largest (as well as with the smallest) amount of semen, and
both were significantly lower than that for queens inseminated once with 8 mm

of semen. In Table 4 it can be seen from the regression coefficient that a mean

 increase of 10 mg in body weight was related to a mean increase of 6-5 ovarioles.

~ The greatest increase ir the mean number of spermatozoa in relation to an increase
in body weight was found in queens mated naturally. S

" Table 4 also shows that there was a significant correlation between the volume

of the spermatheca and the number of spermatozoa, in all groups of queens. The

hichest coefficient was found in queens inseminated with the largest amount of

semen (2 X 8 mm3); this was significantly higher than the coefficients for the groups
inseminated with the smallest amounts (4 mm3, 1 mm3), but was not significantly
higher than that for the paturally mated group or that for the group inseminated -
with 8 mm3. The regression coefficients show that, when the queens were insermi-
nated with larger amounts of semen, an increase in the size of the spermatheca was

~ related to a greater increase in the number of spermatozoa in it. All the above




52

results show that the number of spermatozoa in the spermatheca was closely cor-
related with its volume only when the queens were inseminated with the largest
amount of semen. In the other cases the number of spermatozoa in the spermatheca
‘was more closely correlated with the age of grafted larvae ‘and usually alao with-the
weight of the queens. | | | |

The following explanation of these results is proposed. The maximum amount
of semen lﬂjECtEd fills the spermatheca eempletely and, consequently, the number of
spermatozoa in the spermatheca depends on- its size. Smaller doses result in a
‘number of spermatozoa in the spermatheca which depends in the physmlegxcal
condition of the queen, and this in turn is determmed by the age at graftmg of the
brood from whtch she develeped | |

C‘orre/atmn coeffxcxents for dffferent chara cters af queens reared from
- brood of the same age . .

To find out the influence of different ages- of grafted broed on the relationship
between ‘different characters, correlation coefficients were calculated separately for
- queens reared from brood of the same age (Table 5). These correlation coefficients,
in contrast to those for queens reared from brood of the complete age range, are
‘low and (with one exception) are not statlsttcally significant. Thus, it is necessary
to rear queens from brood of dtﬂ'erent ages in order to demonstrate these cerrelattens

~ TasLe 5. Correlation coefficients () for: dtﬁerent body parts of queeas reared '
o frombroed efthesameage .

| - ~ No.  r far' weight and: r for diameter of
Age of brood queens  No. = Volume of spermatheca and
- o - ovarioles  spermatheca no. ovarioles
All ages (eggsto S o
~ larvae 3 days old) 108 . 075% . Q75 O-7**
Eggs 27 002 0-09 0-43*
Larvae 1 day old 27 o013 022 - 017
Larvac 2 daysold = 27 016 019 0-33
Larvae 3 days old 27 026 - - 027 - 022
* P<0-05

** P<001

Table 6 shows that the correlation coefficients for body weight and the number
of spermatozoa in the spermathecae of inseminated queens reared from brood of
the same age varied greatly, and on several occasions there were negative correlations;
the small numbers 6f queens used in preauemg the ﬁgures for each coeflicient may
“be partly responsible for this vartabtllty | |

The relattonshlp between the volume of the spermatheea aad the number of
spermatozoa in it is rather unexpected Entirely positive correlation coefficients
were found only in the group in which the queens were inseminated with the largest
volume of semen (2 X 8 mm3), but though these coefficients were large only one
was statistically significant. In the other groups both positive and negative co-
efficients occurred. Thus it is confirmed that a close correlation between the volume
of the spermatheca and the number of spermatozoa in it is found only when the
spermatheca is completely filled with spermatozoa If this is not so, some other
factors influence the results. S
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TABLE 6. Correlation coefficients (v} for the number of spermatozoa in the
spermatheca and two other characters of the queen, using queens reared from
brood of the same age (5 queens for r value for each age, except for 8 mm? semen,
for which 7 queens were used).

b Lo

Age of brood - o Amoun-t of semen used
Naturally L - |
mﬂfed k 2 )(8 mm3 Smm:l 4-m;?13' | ] M

sk e

| B I fﬂ" body weight and no. spermatozoa
All ages (eggs to larvae | S

| 3 days old) O:72%*%  0-62%* - (Q-92**  (-67** 0:63**
- Eggs . - =047 0-03 0:81 045 = 016
Larvae 1 day old 044 -094 021 032  -0:07
Larvae 2 days old 011 014 0-10 021 051
Larvae 3 days old 0-60 0-34 ——-0-13 021 0-87

PR

e

- | T fer valume %, f sperma:heca and no. smrmazazoa |
- All ages (eggs to larvae

Idaysold) OT7*  0-89%  084%%  0-58**  0-50%%
~ Eggs . 006 079 063 = 048 067
" Larvae 1 day old =~ 0-07 071 051 -0-64 039
Larvae 2 days old 022 - 084 061 0-68 0-88*
Larvae 4 days old - 018 095* 0-86* - -0-02 032
* P<0-05 ' '
.**. P{G.Ol
Partial correlations

A direct reiatmnshlp between two variables may be found after the influence of
other variables is excluded. Pamal correlations were, therefore calculated between
two variables while a thlrd variable remamed constant. |

Table 7 shows that, in general, there was no close relationship between body
weight and other characters when the age of the brood grafted was constant. Thus,
the high total correlation between weight and other characters of the queens shown
in Table 4 appears to be largely a reflection of the close relation between the age of
grafted brood and the characters measured in the queens reared.

 Correlation coefficients for the volume of the spermatheca and the number of
spermatozoa in it (with the age factor held constant, Table 7) were found to be
highly significant in quéens'inseminated with the largest volume of semen. Relatively
high coefficients were also found m queens msemmated with 8 mm?3 of semen, and

1n those mated naturally. |

- Correlation coefficients for the age of the grafted bm@d and the number of sper-
matozoa in the spermatheca (with volume held constant, Table 7) were negative
‘and were statistically significant, apart from that for the queens inseminated with

2 x 8 mm3 of semen.

| Thus, a direct correlation batween the volume of the spermatheca aﬁd the number
 of spermatozoa in it existed only when the queens were inseminated with the largest
volume of semen. In the other queens a direct correlation existed between the age
of the grafted larvae and the number of spermatozoa in the spermatheca, and
therefore the high correlations between the volume of the spermatheca and the
number of spefmatozoa in it (shown in Table 4) are in great part a reflection of this

__mlaﬂomhlp



TasLe 7. Partial correlation coefficients (r) for two variables when a third 1s constant.

-2 - = = ey

r for weicht r for volume of  r for age and no.

| | - Nao. and other - spermatheca and  spermatozoq
‘Chaiacter ~ queens characters other characters  when volume of
| | - foreach = whenage when age - spermatheca
r value econstant -~ .comstant - constant
No. ovarioles S 108 019 - 0-29%* -
Diameter of spermatheca - 108 s - =
Volume of spermatheca .' 108 019 = —_— L —
No. spermatozoa in . spermatheca, | S - -
after insemination with semen: | I | |
naturally = = 20 0 <007 . 041 -0-61%%
2 x8mm* 20 012 - 0-80** 0-27
8 mm? . 28 - 0-44% - 041 - -0-68%F
4mmd 20 007 008 049
I mmd 20 007  -001 - -D46*
*P<(05 -
“*% P00
- Discussion

Some authors whose work is quoted in the Introduction did not find correlations
 between characters of queens, whereas others did. The present investigation
provides an explanation for these apparent contradictions, since it shows that
variations exist in different characters of queens reared from brood grafted at the
same age, whereas correlations were found when queens reared from brood grafted
at different ages were investigated. It may well be that authors who failed to find
- correlations examined queens reared from. brood grafted at the same age, whereas
those who found correlations used brood grafted at different ages. ' o

Conclusions , . o . _
High correlations exist between certain characters of queens and the age at grafting
- of the brood from which they were reared. Correlation coefficients between different
characters are significant when queens reared from brood grafted at different ages
are considered together, but the correlations were not significant within the small
groups of queens reared from brood of the same age. B B

A given amount of semen injected into the oviducts does not result in similar

numbers of spermatozoa in different spermathecae, but in similar concentrations.

‘Fewer spermatozoa enter smaller spermathecae, despite a surplus of semen in the
oviducts and plenty of space in the spermathecae. - ' . |
- The partial correlations show that there is a direct relation between the volume
of the spermatheca and the number of spermatozoa in it, only after the queens are
inseminated with the largest amount of semen. In the other cases the apparent
relationship is only a reflection of direct relation between the age of grafted brood
and the number of spermatozoa. IR | o .
One fact that has been shown here which is of importance in practical bee-keeping
~ijs that the body weight and number of ovarioles of virgin queens, as well as the
‘number of spermatozoa in the spermatheca of naturally or instrumentally inseminated
queens, can be increased by rearing queens from brood grafted at the earliest nossible
age. As a criterion for selection of better gueens, the weight of -v%rgim gueens
- can be used. | | o | | |
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