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Summary — Complete morphological descriptions using measurements common to honeybee tax-
onomy are provided for Apis koschevnikovi (Buttel-Reepen 1806) and Apis cerana (Fabricius 1793)
from North East Borneo. Overall, A. koschevnikovi is larger than the sympatric A. cerana.. A. kos-
chevnikovi has a morphology which is very different from all other well-described forms of honey
bees.

Apis koschevnikovi — Apis cerana — morphometrics
Purchased by the
United States
Dept. of Agriculture
P ' for official use.

* Two earlier reports on this bee, Tingek et al. (1988) and Koeniger et al. (1988), used the name A.
vechti (Maa, 1953). Ruttner et al. (1989) reports Buttel-Reepen first named the species in 1906 as
Apis koschevnikovi. Examinations of museum specimens confirm that A. vechtiis a later synonym for
A. koschevnikovi. :

** Author to whom correspondence should be addressed.
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INTRODUCTION

The cavity-nesting Saban honeybee, Apis
koschevnikovi (Buttel-Reepen, 1906) has
recently been re-evaluated and recognized
as a valid biological species based on
morphological evidence of a unique endo-
phallus (Tingek et al., 1988) and behavior-
al evidence that A. koschevnikovi drones
have a different mating flight time from that
of sympatric A. cerana drones (Koeniger
et al., 1988). In addition, 2 other charac-
ters were described as species specific.
First, A. koschevnikovi drones have a sec-
ondary sex characteristic of a hairy fringe
on the margin of the tibia of the hind leg.
Secondly, worker bee forewing venation
shows a cubital index which is both quite
large and quite varied (Tingek et al,
1988).

Recent descriptions of A. koschevnikovi
(Tingek ot al., 1988; Koeniger et al., 1988)
and the description of Buttel-Reepen
(1906) focus on characteristics which sup-
port the recognition of A. koschevnikovi as
a species. In addition, some behavioral
traits have been reported by Mathew &
Mathew (1988). However, all these reports
are incomplete descriptions because they
do not describe the morphological meas-
ures which are commonly used in modern
honeybee taxonomy (Ruttner, 1988). This
paper provides these morphometric details
for A. koschevnikovi. In addition, a descrip-
tion is provided of A. cerana, the Eastern
honeybee, which is sympatric with A. kos-
chevnikovi in northern Borneo. This form
of A. cerana is among the smallest of that
species size range.

]

MATERIALS AND METHODS

Colonies of cavity-nesting bees in northern Bor-
neo were sampled; worker bees were taken
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from 9 colonies of A. koschevnikovi and 4 colo-
nies of A. cerana. Ten workers from each colony
were dissected and 36 morphometric measure-
ments were made. These measurements and
their alphabetical designations given in Table |
follow the system of morphometric analysis de-
scribed by Ruttner et al. (1978) and Ruttner
(1988). Numerical designations for wing vena-
tion angles are presented in Fig. 1 and Table |
and are a combination of the angles studied by
Ruttner et al. (1978) and Daly & Balling (1978).
For the most part, numbers represent lengths or
widths of various structures and are reported in
mm. Interior angles of vein intersections in wing
venation patterns are reported in degrees. Pig-
mentation characteristics of the second, third
and fourth tergites are scored according to the
procedures of Ruttner et al. (1978) and Ruttner
(1988). Scores represent the proportion of com-
paratively light areas to the total area of the ter-
gite. For A. koschevnikovi, the comparatively
dark areas are rufus; for the sympatric A. cerana
of Borneo, the comparatively dark areas are
black. Figure 2A shows characteristic patterns
for all 3 tergites for bees of both species. Figure
2B identifies the scutellum (Sc) and the sur-
rounding metatergal (R) and mesotergal {K)
sclerites. Scores for the color intensity of Sc
range from 0 to 9, with 0 being completely black
(A. cerana) or red (A. koschevnikovi). A scale
ranging from 0 to 5 was used for B and K; com-
pletely black (A. cerana) or red (A. koschevniko-
vi) being equal to 0, and completely yellow be-
ing equal to 5.

Fig. 1. Wing venation measured for A. koschevni-
kovi and A. cerana. The eleven angles are indica-
ted on a representation of the wing of A. koschev-
nikovi and follow a unique numbering system
combining the measures of Ruttner et al. (1978)
and Daly and Balling (1978).
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A. cerana

Fig. 2. A. Pigmentation on tergites 2, 3 and 4 follow the scheme of Ruttner et al. (1978), although nei-
ther species follows the exact patterns indicated for A. mellifera. B. Coloration scale used for the scu-
tellum (Sc) metatergum (B) and mesotergum (K) follows that of Ruttner et al. (1978) as does the illus-
tration. C. Linear measurement of tergites from A. koschevnikovi and A. cerana. The measurement T
is made for tergites 3 and 4. The measurements Tm, and Tmg are from tergite 4. Tmj is a distance on
that portion of the tergites which is lightest and Tmg is a distance on that portion of the tergite which is

darkest.

After measurements were made on individual
bees, colony averages for each characteristic
were calculated. These averages were used to
calculate means, variances and ranges for each
measurement within each species. The colony
averages were also used to calculate t-test eval-
uations of differences between the 2 species for
each characteristic.

RESULTS

»

Apis koschevnikovi is larger than the sym-
patric A. cerana. Linear measurements of
wings, legs and sclerites of A. koschevni-
kovi are consistently 10 to 15% larger than
similar measurements of sympatric A. ce-
rana. Of the linear measurements, 15 or

17 are larger for A. koschevnikovi (Table
1). The width of the sternum (St) (Wp in
Ruttner, 1988) of the third sternite is larger
for the A. cerana we measured. This may
be a general characteristic of smaller bees
since Africanized A. mellifera which are
smaller than European A. mellifera, also
have a wider sternum as part of the third
sternite.

The overall longitudinal length of A. kos-
chevnikovi tergites is larger; however, the
tomentum measures are such-that a larger
proportion of the tergites are covered by
the darker tomentum (Tmg) in A. cerana: In
A. koschevnikovi the proportion of the ter-
gites covered by TmB is much smaller (Fig.
2C). This trend is apparent in the tomen-
tum patterns of the second, third and
fourth tergites. These patterns contribute
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Morphology of A. koschevnikovi and A. cerana

20000
€000°0
40000
180
8.0
cs0
9000
20000
200
S0°0
L0
S0
490
10000
€00
90°0
20000
LLO
€90
20000
£000°0

6G°'S
Le’s
59y
g2'0
620
590
14°2]
S'9
0L¢
8t¢c
(VAN
SS°}
144"
66'G
cs'e
90°¢
[1°0°]
620
6¥°0
ve's
S¢S

oc'e
oce
06°L
oLL
0cL
00°L
860
€10
06°'G€
S.'€8
g6l
3 472
¢c’90l
SL0s
LE'CH
9c'ie
16°L6
9.'80}
68'cE
Y A4
S0, .

ote
oLe
08's
00'v
ooy
00y
S6°0
oLo
SL'ie
6018
gcvl
S1'€L
61%0L
8L'ov
¥9'98
FAN1
LE'V6
€0l
ye'ie
80°C
cko, ,

120
920
9.0
0g'e
9e'¢
60¢
000
0070
oe’e
ce’L
180
16°t
0L0
le’e
0L'S
9.0
c0¢
16'¢
S0
(YA
000

S0
150
/80
s’}
S
sl
c0°0
200
28’
S}
19°0
8e’L
¥8°0
6L’}
6€'c
180
vl
861
€L°0
9’0
20’0

ele
S8°2
VA
82’9
0€'9
SI'9
96'0
L0
6.°€€
6v'c8
8LVl
v6'vL
€e's0l
aL'sy
cl'68
60°02
61°96
£6'901
661
19°¢
€10

00°s
00's
006
oL
0e’L
06°L
86°0
190
ov'ee
0e'88
00t
S9°LL
020kt
69°'SY
Sv'86
S9'le
9926
SSOLL
esve
$5'6
L0

09'¢
09'c
0S°L
00y
[0 4
00y
cL0
12’0
02’62
gees
e5n 4%
06'€L
leey
€9y
01°68
€1°0e
1188
2oL
16'6C
S9°'S
200

20
S0
L£°0
860
10
(308
100
c00
0ee
86V
16°0
't
619y
660
L8
2o
1 4°14
LE0L
vLL
e’}
000

0S°0
0S50
95°0
66°0
10t
12
600
€10
es’t
gee
860
0oL
[4: 4 ¥4
660
S8'c
6v°0
6S°L
cce
<
2’}
100

Wy
N4
698
Sv'9
1S9
99
S8°0
6€0
61'1LE
olL'ss
0L'St
66'GL
8E'00}
¥ 44
S8°€6
G8°0¢
90°16

- Y90t

y9'1€
€L
600

M

q

(oS} winjeInog

¥ subiay uonejuswbig
¢ aybia] uoneuswbid
AN mu_mhm._. :o:meEm_n_
(Bw]) g wmuswo}
(Yw) ) v wnuatoy
1+ 8jbuy

o albuy

6¢ 9|buy

8¢ ebuy

L£ 8Buy

9€ a|buy

Ge 8buy

¢ o|Buy

e¢ eibuy

2¢ ajbuy

L€ afbuy

€/v xaput [eugn
_{a) g lewang




410 T.E. Rinderer et al.

to the general impression of A. koschevni-
kovi of being a lightly colored rufus bee,
while the sympatric A. cerana is intensely
black.

The wing vein section, identified as cu-
bital b, is generally longer in A. cerana.
This, in combination with the opposite in
measurements of the cubital a vein, leads
to a much larger cubital index for A. kos-
chevnikovi. This is the most exceptional of
several differences in wing variation. Of
the 11 venation angles, 5 of them are sig-
nificantly different between the species
(Table I; P < 0.05).

DISCUSSION

Overall, A. koschevnikovi has a very differ-
ent morphology from the sympatric A. ce-
rana and from all other well-described
forms of honeybees. None of the differenc-
es presented here suggest additional spe-
cies-specific characteristics for A. kos-
chevnikovi. However, the entire constella-
tion of measurements provides a picture of
a remarkably different honeybee, unique in
its morphological organization.

Much remains to be learnt about A. kos-
chevnikovi. Its range and population size
are among the most important of issues
that require study. Answers to these ques-
tions will provide a better appreciation of
the evolutionary origins of this species.

Résumé — Comparaison morphologi-
que des abeilles de Bornéo qui nidifient
dans les cavités : Apis koschevnikovi
(Buttei-Reepen, 1906) et Apis cerana
(Fabricius, 1793). Une description mor-
phologique compléte, utilisant les carac-
téres habituels de la taxonomie de

I'abeille, est donnée pour Apis koschevni-
kovi (Buttel-Reepen, 1906) et A. cerana
(Fabricius, 1793) du nord-est de Bornéo.
Dans I'ensemble A. koschevnikovi est plus
grande que l'espéce A. cerana qui lui est
sympatrique. Les mesures linéaires des
ailes, des pattes et des sclérites d'A. kos-
chevnikovi sont supérieures de 10 & 15% a
celles de A. cerana (Tableau |).

Les diamétres longitudinaux des sclé-
rites sont en général plus grands chez A.
koschevnikovi. Les bandes tomenteuses
laissent libre chez A. cerana une bande
plus large du tergite sombre. La pilosité
donne limpression générale d'étre plus
claire et plus rougeéatre chez A. koschevni-
kovi, plus intensément noire chez l'abeille
sympatrique A. cerana.

Pour la vénation alaire la différence la
plus marquante est lindex cubital beau-
coup plus élevé chez A. koschevnikovi
(7,23) que chez A. cerana (3,67) (Tableau
l). Sur les 11 angles intérieurs des inter-
sections des veines, 5 sont significative-
ment différents entre les deux espéces
(Tableau ). L'ensemble des caractéres
donne d'A. koschevnikovi limage d'une
abeille nettement différente, unique dans
sa structure morphologique.

Zusammenfassung — Ein morphologi-
scher Vergleich der hdhlebritenden
Honigbienen von Borneo : Apis ko-
schevnikovi (Buttel-Reepen, 1906) und
Apis cerana (Fabricius, 1793). Unter Be-
nutzung der in der Taxonomie der Honig-
bienen Ublichen Merkmale wird eine
vollstandige morphologische Beschreibung
von Apis koschevnikovi (Buttel-Reepen,
1906) und von A. cerana von Nordborneo
vorgelegt. Im ganzen ist A. koschevnikovi
groBer als die mit ihr sympatisch lebende
A. cerana. Die linearen MaBe von Fliigeln,
Beinen und Skleriten sind bei A. koschev-
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nikovi durchgehend um 10-15% gréBer als
bei A. cerana (Tab. I).

Die Langsdurchmesser der Sklerite sind
bei A. koschevnikovi allgemein grofer. Die
Filzbinden lassen bei A. cerana einen
breiteren Streifen der dunklen Riicken-
schuppen frei. Die Tomentbehaarung fihrt
zu dem allgemeinen Eindruck von A. kos-
chevnikovi als einer hellen, rotlichen
Biene, und der sympatischen A. cerana als
einer intensiv schwarzen.

Der deutlichste Unterschied bei der
Fligeladerung ist der viel gréBere Cubital-
index von A. koschevnikovi (7,23) ge-
geniiber A. cerana mit einem Cl von 3,67
(Tab. 1). Von 11 Winkeln zwischen den
Flugeladern waren fiinf zwischen den bei-
den Arten signifikant verschieden (Tab. I).
Die ganze Zusammensetzug der Merk-
male ergibt flr A. koschevnikovi das Bild
einer deutlich unterschiedlichen Honig-
biene, einzigartig in ihrem morphologi-
schen Aufbau.
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