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Abstract — We observed drone flights of 16 colonieg\pfs dorsatan Chitwan, Nepal. At the end

of February drone flights occurred between 18:15 and 18:35 h. By April, as day length increased, drones
flew gradually later. Within 2 months the start of drone flights was delayed by 42 min. High corre-
lation (r = 0.99) was found between the sunset time and the start of drone flights. After the thorax or
abdomen of drones were squeezed, seven stages of endophallus eversion occurred. Semen appeared
as a small drop at the ventral side of completely everted cervix. We collected & semen from

41 drones. Thus, one drone produced on average GG»hsemen. Thredpis melliferagueens were
inseminated with 2—3 m#of A. dorsatasemen. All queens started to lay eggs. Larvae hatched from

3% of eggs. After sealing of the larvae, only drone pupae were found. We speculate that embryos in
rest of the eggs did not develop due to genetic incompatibility.

drones / drone flight time / eversion of endophallus / semen / instrumental inseminatioApis
dorsata

1. INTRODUCTION probably due to difficulties in collecting
semen from everted endophalli &f dor-
Until now, no one has collected semersatadrones. In preliminary attempts, we did
from evertedApis dorsataFabricius drone not find any semen in evertéd dorsaa
endophalli. The volume of semen produceeéndophalli. The semen also was not pre-
by A. dorsatadrones also is not known, sented in published figures and descriptions
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of evertedA. dorsataendophalli (Simpson, 2. MATERIALS AND METHODS
1970; Koeniger et g11990). We think that
the difficulties in collectingA. dorsata The investigation on the eversion of
semen are due to the lack of the knowledgA. dorsataendophalli was started by Woyke
of the eversion process @f. dorsata in the Central Bee Research Institute in
endophallus, and the phenomena occurringoona, India in 1973/1974, continued in the
during that process. Bee Biology Research Unit, Chulalongkorn
) _ University in Bangkok, Thailand in 1992
The eversion process & melliferal.  and followed in the Bee Division of the
endophalli was described by Woyke (1955agricultural University, Warsaw, Poland.
1958) and Woyke and Ruttner (1958) andj/e conducted investigations in Dabur Api-
of A. ceranaby Ruttner et al(1973). cultural Center, Jugedi, Chitwan, Nepal in
1999. The investigations on drone flights
eversion oA dorsataendonhalli was eémd_semen coI_Iection were co_nducte(_j in the
Kknown. the sémen could be F():ollected anl stitute of Agriculture and Animal Science
' . f Tribhouven University in Rampur (lati-
measured. It could be used in homo- or hely o 5g°46' North, longitude 84°21' East).
erospecific instrumental inseminations. Het-
erospecific instrumental inseminations of
Apis species were initiated by Woyke 2.1. Time of drone flights
(1973). He collected the semen from everted
drone endophalli and inseminated both Drone flights of 16 colonies were
A. cerana indicandA. melliferawith het-  ohserved. The nests were 4-5 m above the
erospecific semen. Ruttner and Maul (1983yround in windows and under roof of a
also inseminated botA. melliferaand  building. One person observed drone flights
A. ceranawith heterospecific semen. Woyke from the ground through binoculars (%2
(1993) inseminated. floreaqueens with 50 Zenith). This person walked along the
A. melliferasemen. Koeniger et al. (1996) building from one end to the other, which
did not collect the semen from dronetook 30 s to 1 min. A second person made
endophalli but from theesiculae seminade close up observations of one nest through
and inseminated botlA. ceranaand awindow, from a distance of 25-50 cm. The
A. koschevnikowiith heterospecific semen |ocal time was + 6:15 h GMT. The sunset
andA. koschevnikowjueens withA. dor-  time was determined by data presented
satasemen. In all those crosses, the semely CNN for Pokhara (www.cnn.com/
of one species entered the queen spermatiWEATHER/as/Nepal/PokharaVNPK.html)
eca of the other species. Ruttner and Maylat. 28°55’N., long. 84°00’ E.). Since Ram-
(1983) showed that the spermatozoa wergur is 0°09’ South and 0°21’ East of
able to fertilize the eggs. However, thePokhara, the sunset occurs here 1:24 min
embryo did not develop. Koeniger et al.earlier.
(1998) reported on hybrids obtained from

crosses between the closely relateder- )
anaandA. koschevnikovi 2.2. Eversion of the endOpha”US

and collection of semen
We observed drone flights and investi-
gated the eversion processAfdorsata A. dorsatadrones of various ages were
endophallus, to find out how to collect theexamined. Endophallus eversion of hun-
semen, and to measure the volume of semelneds of drones was investigated. To inves-
ejaculated. We also inseminatddmellif-  tigate the eversion process, the drone tho-
era queens with the semen Af dorsata rax or abdomen was gradually squeezed.
drones. Endophalli under full internal pressure were

If the appearance of semen during th
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examined under a stereomicroscope, anidrvae that hatched were allowed to develop
were drawn with the aid of a Nikon drawinginto pupae.

apparatus. The drawings were scanned into

a computer and were elaborated with Corel-

DRAWL 9.0 software. 3. RESULTS

Semen was collected from drones caught
during their flights at dusk. The drone tho-
rax or abdomen was squeezed and the pres- flew f Il 16 colonies. Th
sure was gradually increased. The stage af —'on¢s Tiew from all 16 colonies. 1he
which the semen appeared outside th% aracteristic “wuum” sound was audible.

3.1. Time of drone flights

everted endophallus was recorded, as well OWever, dug to distance an.d lack of sun-
the number of drones ejaculating the seme ght, it was difficult to determine the exact

The semen was collected in calibrated tii"e Of the beginning and especially the end
of the syringe for instrumental insemina-Of flights of particular colonies. Drones flew

tion. Results of two trials, one consisting offrom all colonies at dusk, but those from

70 drones and the other of 90 drones are®me colonies started or ended the flights
presented here a few (2—3) minutes earlier or later. Table |

shows the results of the colony observed at
close range. At the end of February drone
2.3. Instrumental insemination flights occurred between 18:15 and 18:35 h.
of queens and lasted 20 min. As the time passed and
day length increased, drones flew gradually
ThreeA. melliferaqueens were insemi- later. At the end of April, drones flew
nated with the semen 8f dorsatadrones. between 18:57 and 19:17 h. Thus, within
The queens were maintained in populoug months, the start of drone flights was
mating nuclei with three trapezoid combsdelayed by 42 min. The duration of flights
13x 9 x 8 cm. The nuclei were periodically oscillated between 20 to 21 min.
reinforced with sealed brood from other Table | shows that the sunset in Rampur
nuclei. Queen excluders were attached ton 24 February occurred at 18:19 h and on
the entrances to prevent natural matings @7 April at 18:55 h, which is 36 min later.
queens. Egg laying of the queens was notetl high correlation was found between
and the presence or absence of larvae wesenset time and the start of drone flights
checked in weekly intervals. The few(r2 = 0.989,p = 0.0002). At the time of

Table |. Flights ofApis dorsatadrones from one colony observed at close range in Rampur, Chitwan,
Nepal, 1999.

Date Flight time Duration  Sunset Diff.* Sunrise Day length
h min h min h h

Feb. 24 18:15-18:35 20 18:19 4 6:52 11:27
March 27 18:37-18:58 21 18:38 1 6:19 12:25
April 2 18:40-19:00 20 18:41 1 6:12 12:29

April 12 18:42-19:03 21 18:47 5 6:01 12:46
April 20 18:50-19:10 20 18:51 1 5:54 12:57

April 27 18:57-19:17 20 18:55 -2 5:47 13:08
Diff.** 0:42-0:42 0:36 1:05 1:41

* Difference between sunset time and start of drone flights.
** Difference between data concerning February 24 and April 27.
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investigation, a delay of sunset by 1 minthere was a high negative correlation
was related with a delay of drone flights bybetween sunrise time and the start of drone
1:06 min. On average, the drones started titight (r2 = — 0.987 p = 0,0003). Accelera-
fly 1:40 min before the sunset time. How-tion of sunrise by 1 m was related with
ever, variation was found from 5 min before36 s delay of the start of drone flights.

to 2 min after the sunset time.

24 February was 11:27 h long, and 3.2. Eversion of the endophallus
27 April was 13:08 h, a difference of 1:41 h. and collection of semen
High correlation was found between the
length of the day and the start time of drone After the thorax of a drone was squeezed,
flights (2= 0.988,p = 0.0002). In addition, one of the three phenomena occurred:

Figure 1. Lateral view of seven stages (1-7) of eversion of the drone endophaips aforsata
S —semen.



Semen collection frompis dorsatadrones 411

(1) no eversion of endophalli, (2) partiallocated in the same place as described above
eversion, or (3) complete or almost com{Fig. 1.6 S). Thus out of 70 drones whose
plete eversion of endophalli. thoraces were squeezed, only 11 (15.7%)

When the abdomen of a drone, which didV€"€d the endophallus partly or almost
’ ompletely, and, it was possible to collect

not evert the endophallus, was squeezed fro
both sides, the vestibulum with rudimentsﬁ‘%e semen from them. Together, 2 Fofi

. . emen was collected from those 11 drones.
of all cornua appeared at first (Fig. 1.1). Nexghus, one drone supplied on average

the eversion continued through two stage
(no. 2 and 3) in which the eversion of the -2 i of ;emen. .

cornua proceeded. The eversion stopped at A Very high proportion (84%) of drones
the stage of partial eversion (Fig. 1.4) Atfailed to ejaculate semen during lateral
this stage the dorsal and medial cornua ha?flueezing of the abdomen. We undertook
everted completely, the ventral cornugdifferent efforts to increase the proportion of
everted almost completely, and the laterafirones ejaculating the semen. We_ found that
ones everted to about half their length. Quitéfter the abdomen was pushed in the anal
high pressure was required to induce evedirection, instead of being squeezed side-
sion of the cervix (Fig. 1.5). At this stageWays, Some drones everted the endophallus
all the cornua had everted completely. Thi§uddenly up to the partly everted stage. Fur-
stage was followed by almost complete eveﬁ-her increase of abdomlnal pressure re;ulted
sion of the endophallus (Fig. 1.6). Again,M complete eversion of the cervix with a
increased pressure was required to inducd©P Of semen on its end (Fig. 1.5). This
completely eversion of the endophallus withVa 0ut of the next series of 90 drones, we
the bulbus everted completely and fimbria/€re able to colleoct the semen from a total
visible on the fimbriate lobe (Fig. 1.7). No Number of 30 (33%) drones.

semen appeared during the process of ever- In the case when individual drones pro-
sion in this group of drones. duced a small amount of semen, relatively

large amounts adhered to the inside syringe

Semen appeared in drones, which, aftgf o on either end of the semen cylinder.
the thorax was squeezed, suddenly everteg.:

only in 8 (11%). Avery careful increase ofiygether, the adhering amount outside the
pressure was required to evoke completgomen cylinder was small relative to
eversion of the endophallus cervix. A smalkp o larger volume of semen. Consequently,
drop of creamy semen appeared at the anghe mean volume collected from multiple
ventral edge of the cervix (Fig. 1.5 S). If thegyones was more accurate. Therefore, we
increase of pressure was not controlled adeneasured the volume “step by step” during
quately, the next stage of almost completelyhe whole process of semen collection from
eversion occurred (Fig. 1.6). In this caseg|| those drones. We collected 2 mof

the semen was found on a layer of whiteemen from the first 10 drones. Continuing
mucous |Ocat_ed at the ventral side of th%e collection into the same Syringe t|p, we
endophallus, in an area between the end @fcumulated 4 méfrom 20 drones and fur-
the cervix and the beginning of the bulbugher collection resulted in 6 niof semen
(Fig. 1.6 S). from the total number of the 30 drones.

Semen was found also in 3 (4%) out of Together in both trials, we collected
70 drones which everted the endophallug + 6 = 8 mm of semen from 11 + 30 =
almost completely or completely after theird1l drones. Thus, one drone produced on
thorax was squeezed. The semen waaverage 0.2 mAof semen.
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3.3. Instrumental insemination Previous investigations of. dorsata
of queens drone flights were conducted in lower lati-
tudes: Sri Lanka 8°, Sabah 5°, Thailand 12°,

ThreeA. melliferaqueens were insemi- and Vietnam 14°. In those places the day
nated with semen &. dorsatadrones. One length is about 12 h, with only slight changes
queen was inseminated with 2 rhiwf  during the year. We observed drone flights at
semen and two with 3 minAll queens high latitude of 28°46’, at the northern bor-
started to lay eggs several days after insendler of A. dorsatadistribution where the
ination. Weekly examinations revealed eggshanges of day length are much larger.

present in the central comb of the nucleus _ .
within an elliptical area of 8 5 cm. About For the first time, we compared the begin-

250 eggs were present on both sides of tHiN9 of drone flight with exactly determined
comb. One queen survived 35 days, the seHMe Of sunset. Thus, we were able estab-
ond 100 days, and the third one 130 day shed high correlations between the begin-
Together 750, 3000 and 4000 of eggs of thBiNY of drone flights and sunset t_lme, sunrise
three respective queens were examinedMe, and length of day. The flight period
About 3% of eggs hatched. Thorough exam¥/@s delayed 42 min over two months as
inations revealed 3 to 5 larvae within thed@ylength increased. This finding has not
125 eggs present on each comb side. Aftd}e€n reported previously. Although Koeniger
the brood cells were sealed, only protrud€t @l- (1994) did not specifically mention
ing cappings were present, and examinatiof!lS Phenomenon, the same conclusion can
of the contents revealed drone pupae. Five® drawn from their data, according to which
combs (1, 2 and 2 from the respectivéN€ drones flew on 1 January between
queens) containing about 250 eggs eacIJr,8:27_18:40' and on 14 January between
were put in an incubator (34 °C, 90% RH)18:30-18:52.

and again about 3% of eggs hatched. When semen was collected fréxndor-
satait appeared on the ventral edge of the
completely everted cervix of the endophal-
lus. In contrast, semen appears at the anal
dorsal edge iA. mellifera(Woyke, 1955;

A. dorsatadrones fly at dusk between \\poyke 1958) and. ceranaRuttner et al.,
18:00 e_md 18:45 h. The fllg.ht period of1973)_ The volume of semen produced by
7 colonies ranged over 45 min counted oRneA. dorsatadrone has not been meas-
9 days. 90% of flights occurred within ;eq previously. It is interesting to note that
30 min (Koeniger and Wijayagunasekeraghe pigA. dorsatadrone produced only
1976; Koeniger et al., 1988). Flight dura-g 2 mn3 of semen. This amount is much
tion of drones from |nd|V|du_aI colonies gmaller than the 1.2 n#of semen produced
lasted on avg. 24.0 or 25.6 min (Tan et al.py A melliferadrones (Woyke, 1960). This
1999) This duration is similar to the gmouynt is similar to the 0.16 mir(Woyke,
20-21 min period presented in this paper. 1973) or 0.21 mi(Woyke, 1975) of semen

Drone flights were observed over 9 daygproduced by the much small&r cerana
(Koeniger and Wijayagunasekera, 1976)drone. This small volume &A. dorsata
2 days (Koeniger et al., 1988), 4 daysemen corresponds to the low number of
(Rinderer et al., 1993); 5 days (Tan et al.spermatozoa found previously in tresic-
1999) or 10 days (Koeniger et al., 1994). Wallae seminalef A. dorsatadrones:
observed drone flights over 2 months, whicl2.46 x 10° (n = 5) (Koeniger et al 1990)
enabled us to detect changes in the start of 1.24x 10° (n = 31) (Tan et al., 1999).
drone flights relative to the progress of theThe number of spermatozoaAn dorsata
season and increase in daylength. is higher than the 0.98 10° spermatozoa

4. DISCUSSION
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produce byA. ceranadrones (Ruttner et al., are due to the chairman of the Dabur Company
1973), but much lower than the 1106  Mr. A.C. Burman for providing us the facilities to

: conduct these investigations in Nepal. We thank
produced byA. melliferadrones (Woyke, also M. Sci Robert Kolasgki for his initiative to

1960). ]E:onk?_ugt researcr&iﬁvle:stig%ti&ns}gnMNﬁpal, and

: . I nis inter n n r. K.Vl n
The concentration of spermatozoa jpl 1 .fgr hiz hé(lap?rS]ttﬁe accee%s?@o dorsatacolor?ilég‘.'jl ¢

of A. dorsatesemen from everted endophalli

(but not fromvesiculae seminalgsvould

be 2.46x 10°/0.2 = 12.3x 10 for data pre-

sented by Koeniger et .a(1990) and Résumé — Les vols des males Apis

1.24x 10°/ 0.2 = 6.2x 1P for presented dorsata prélevement de sperme dans

by Tan et al. (1999). The latter figure is closefendophallus en éversion et insémination

to the 7.7x 10° spermatozoa concentrationartificielle des reines.Jusqu’a présent

in A. melliferasemen (Woyke, 1960). personne n'a prélevé de sperme dans l'en-

dophallus en éversion des malesms dor-

Itis well kno_wn that semen of oreis sata Le volume de sperme produit est éga-
species enters into the spermathecae of otq%r

) ment inconnu, vraisemblablement par
species (Woyke, 1973; Ruttner and Maul__ . ’ T )
1983; Woyke, 1993; Koeniger et al., 1996)meconnalssance du processus d’'éversion de

According to Ruttner and Maul (1983,1 endophallus. A Rampur (Népal), nous

p. 317), “Heterospecific insemination is asavons observé les vols de méales de 16 colo-
efficient as homospecific”. According to hies dA. dorsataetudié le processus d'éver-

Koeniger et al. (1996, p. 304), “the two sion de I'endophallus et trouvé le moyen de

ueens inseminated heterospecifically wit rélever du sperme et de mesurer le volume
4 P y e sperme injecté lors de I'accouplement.

A. dorsatasemen had spermatozoa in thelrNous avons également inséminé des reines
spermatheca. In all experiments heterosp%-

e ; 'A. melliferaavec du sperme de males
cific spermatozoa were stored in the sperg

mathecae. It seems that the physioloay o 'A. dorsataafin de déterminer I'intercom-
) pAy 9Y Qatibilité entre ces deux espeéces. Le tableau |

sperm storage is similar for @lpisspecies montre qu’'a la fin de février les vols des

even within the less related open nestin%éles avaient lieu entre 18 h 15 et 18 h 35.

A. dorsatd. Thus, there is no reason to » ¢ r-et-3-mesure que le printemps avan-

e Boa pomrmeres 1 e e a longueur  ouraugeai,
P q fé(s maéles s’envolaient plus tard. Une cor-

us. In our investigations most eggs (97% €lation élevéer(= 0,99) a été trouvée entre
did not hatch. This percentage is similar 3 heure du coucher du soleil et le début de

the 92% of fertilized eggs deposited by hetI’envol des méales. En deux mois, le début de

erospecifically inseminated queens (RUtmer’envol des males a reculé de 42 min. L'éver-

T e 0natn " once Fencophalls e centanesde s
were fertiiized but due to genetic incom%lg?(ate etudie. Les males ont ete captures a a
- ' : tombée de la nuit. Une pression croissante a
patibility the embryos did not develop andgig o jig ée sur le thorax et Fabdomen des
consequently the eggs did not hatch. males. Le sperme a été récolté dans I'extré-
mité calibrée d’'une seringue pour insémi-
nation artificielle. Aprés avoir presseé le tho-
ACKNOWLEDGEMENTS rax des males, nous avons observé I'un des
" ) " d like ¢ _ trois phénoménes suivants : (i) pas d'éver-
€ senior author would lixe 10 express siNsjon de I'endophallus, ( i) éversion partielle,
cere thanks to Dr. R.P. Phadke and Dr. K.K iii) éversion F[))resque( c)ompléte. Eorsque

Kshirsagar, Central Bee Research Institute, Pun%, N ;
India, and Dr. S. Wongsiri, Chulalongkorn Uni- abdomen des males, dont I'endophallus

versity, Bangkok, Thailand. Our special thanksne s’était pas retourné, était pressé des deux
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cotés, le vestibulum apparaissait d’abordes reines se sont mises a pondre quelques
avec des rudiments des cornules (Fig. 1.1jours aprés I'insémination. Nous avons exa-
Puis I'éversion se poursuivait jusqu’au stadeniné un total de 7 750 ceufs. Trois pour cent
d’éversion partielle (Fig. 1.4). Une aug-des ceufs ont éclos et donné des larves.
mentation de la pression provoquait I'éverL’operculation du couvain a montré qu’il
sion brutale du cervix (le « cou » de I'en-n’y avait que des nymphes de méales (cel-
dophallus) (Fig. 1.5). Ce stade était suiviules a 'opercule bombé). Les données sug-
par I'éversion presque compléte de I'endogérent que le sperme a probablement péné-
phallus (Fig. 1.6). Une pression encore plugé dans la spermatheque et que les ceufs ont
forte était nécessaire pour obtenir I'éversioreété fécondés de fagcon hétérospécifique
complete (Fig. 1.7). Le sperme apparaissa(par des males d'une espéece différente).
chez les males qui, suite a la pressioMais nous pensons que pour des raisons
exercée sur leur thorax, renversaient soud'incompatibilité génétique les embryons
dainement I'endophallus jusqu’au stadene se sont pas développés et que les ceufs
d’éversion partielle (Fig. 1.4). Le phéno-n'ont donc pas éclos.

meéne n’est survenu que chez huit (11 %)

des 70 males dont le thorax avait été press@pis dorsata/ comportement de vol /
Une augmentation tres prudente de la presnale / éversion de I'endophallus / sperme /
sion était nécessaire pour obtenir I'éversioinsémination artificielle hétérospécifique
compléte du cervix de I'endophallus. Une

gouttelette de sperme crémeux apparaissait

alors a son extrémité (Flg 15 S) Le Spermgusammenfassung — F|[jge VOApiS dor-

est également apparu chez 3 (4 %) desataDrohnen, Gewinnung von Sperma

70 males qui avaient presque completemerjon ausgestiilpten Endophalli und instru-

ou complétement retourné leur endophallugentelle Besamung von KéniginnerBis-
apres pression sur le thorax. Dans ce cas ir hat noch niemand Sperma von ausge-
sperme a éte trouvé sur une couche de mucgiilpten Endophallen voApis dorsata
blanc située sur la face ventrale de 'extrémit®rohnen gesammelt. Die Spermamenge, die
du cervix (Fig. 1.6 S). Nous n'avons donc pwon einemA. dorsataDrohn produziert
prélever du sperme que chez 11 (15,7 %yird, ist ebenfalls nicht bekannt, da der
des 70 males étudiés. Au total 2 fide  Eversionsprozess des Endophallus nicht
sperme ont été recoltés. Donc un male Bekannt ist. Wir beobachteten den Flug der
fourni en moyenne 0,2 mhae sperme. A. dorsataDrohnen und untersuchten den
Lorsque I'abdomen était pressé en directiofEversionsprozess, um eine Mdglichkeit der
de I'anus au lieu de I'étre sur les cotés, cerSpermagewinnung zu finden und die Menge
tains males retournaient brusquement lewtes injizierten Spermas zu messenBéw
endophallus jusgu’au stade d’éversion comdem inseminierten wiA. melliferaKoni-
pléte. Une pression plus forte provoquaiginnen mit Sperma voA. dorsataDroh-
I'éversion compléte du cervix avec une goutt@en, um die Interkompatibilitat beider Arten
de sperme a son extrémité (Fig. 1.5 S). Deu bestimmen.

cette fagon, sur une nouvelle série d®rohnenfliige wurden an %6 dorsatavol-

90 males, nous avons récolté 6 fde kern beobachtet. Tabelle | zeigt, dass die
sperme provenant de 30 (33 %) méles. Sllige Ende Februar zwischen 18.15 und
I’ensemble des deux expériences, nou$8.35 Uhr erfolgten. Mit fortschreitender
avons récolté 8 mie sperme provenant de Jahreszeit nahm die Tageslange zu und die
41 males. Ainsi un méale a produit enDrohnen flogen immer spater. Es ergab sich
moyenne 0,2 mfde sperme. Trois reines eine hohe Korrelatiorr & 0,99) zwischen
d’A. melliferaont été inséminées avecdem Zeitpunkt des Sonnenuntergang und
2—-3 mn? de sperme &. dorsata Toutes dem Beginn des Drohnenflugs. Im Laufe
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von 2 Monaten verschob sich der Begininsgesamt wurden 2 mh$perma aufge-
der Flugzeit um 42 Minuten. nommen. Demnach trug ein Drohn im Mittel
p.2 mn? Sperma bei. Wir entdeckten, dass

Die Eversion des Endophallus wurde bel’:<. -
mehreren Hundert Drohnen untersucht€iNige Drohnen beim Druck auf das Abdo-

Drohnen wurden wahrend des Drohnenflug§nen in der Analregiqn statt von den Sejten
in der Abenddammerung gefangen. Defien Endqphallus.‘plotzhch b_|s zur pgrtlel-

Thorax oder der Hinterleib wurden gedr[]ckt,den Egerst)n fqlrj]stulpten._Welterﬁ E_(h(()jhung
wobei der Druck allmahlich verstérkt wurde,d€S Drucks fuhrte zu einer vollstandigen
Das Sperma wurde mit einer Spritze faf=VErSion mit éinem Spermatropfen an der
instrumentelle Besamung mit kalibrierterSPitZ€ (Abb. 1.5 S). Auf diese Weise sam-
Spitze aufgenommen. Nach Druck auf de elten wir von der nachsten Serie mit 90
Thorax erfolgte eines von 3 Phanomene ro(r)men 6 mri Sperma von 30 Insekten

(1) keine Eversion des Endophallus, (2) par€/33 /o).hlnsgsesagt sar2r1neDIterr1]W|r |nDbe|den
tielle Eversion, oder (3) eine fast vollstan-'ersuchen & mmvon rohnen. bem-
dige Eversion. Wenn der Hinterleib von de

Drohnen, die ihren Endophallus nicht ever-
tiert hatten, von beiden Seiten gedrick i
wurde, erschien zunéachst das VestibulunpPerMa besamt. Alle Koniginnen begannen
mit den Anféangen von allen 4 Cornua (H('jrn-e'_nlge Tage nach der Besamung mit der
chen) (Abb. 1.1). Danach ging die EversiorF-12d€. Insgesamt wurden 7.75(2)E|er unter-
weiter, bis sie in einem bestimmten Stadiunfucht: Larven schlipften bei 3 % der Eier.

einer partiellen Eversion stoppte (Abb. 1.4)! :r?hr?l?rmD?:)ehﬁglrﬁTjgggr?Zﬁtr\:\ijaerﬁn,[;/;/g;e

Bei einer weiteren Erh6hung des Drucke% I d das S
erfolgte eine plétzliche Eversion der Cervix aten lassen vermuten, dass das Sperma

(Halsstick) (Abb. 1.5). Auf dieses Stadiumvermutlich in die Spermatheka eindrang und

erfolgte meist eine fast vollstandige Ever.die Eier heterospezifisch befruchtet wur-

sion des Endophallus (Abb. 1.6). Noch starge”' Wir ziehen jedoch in Betracht, dass auf

kerer Druck war nétig, um die vollstandige Sund genetischer Incompatibilitat die
Eversion zu erreichen (Abb. 1.7). Sperm mbryonen sich wahrscheinlich nicht ent-
wurde von Drohnen ejakuliert, die nachWickelten.
Druck auf den Thorax plétzlich ihren Endo- _ _
phallus bis zum partiell evertierten StadiumProhnen / Drohnenflugzeit / Eversion des
evertierten (Abb. 1.4). Von 70 Drohnen,Endophallus /.Sperma / instrumentelle
deren Thorax gedriickt wurde, erfolgte dieBesamung /Apis dorsata
ses Phanomen nur bei 8 (11 %). Sehr vor-
sichtige Erhéhung des Druckes war notig,
um die komplette Eversion der Cervix zu REFERENCES
erreichen. Ein kleiner Tropfen von cremi-
gen Sperma erschien an deren Endeoeniger G., Koeniger N., Tingek S. ( 1996) Inter-
(Abb. 1.5 S). Sperma wurde auch bei 3 spezifische instrumentelle Besamung wis cer-
P Fabricius, 1793Apis koschevnikoButtel-
(4 %) von 70 Drohnen erhalten, die ihren gr;aé en, 1906 undpis dorsataFabricius, 1793
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hend erhielten wir von den 70 Drohneﬁ(oemge_r G., Mardan M., Ruttner F. (1990) Male repro-
sprechen : ductive organs oApis dorsataApidologie 214,
nur Sperma von insgesamt 11 (15,7 %). 161-164.

ach produziert ein Drohn im Mittel
,2 mm? Sperma. DreApis melliferakoni-
innen wurden mit 2-3 m¥A. dorsata
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