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ABSTRACT

Propolis collecting capacity of the honey bee race, Apis
mellifera L., distributed across Anatolia and Thrace regions
of Turkey was investigated and correlated with
morphometric characteristics. Thus, the propolis collecting
behaviour of honey bee races and ecotypes naturally have
been in Turkey, Apis mellifera caucasica, Apis mellifera
carnica, Apis mellifera syriaca and Yigilca and Mugla
ecotype of Apis mellifera anatoliaca were monitored. The
mean yield of annual propolis was recorded as the following;
Yigilca ecotype (111.6+£27.5 g colony) A. m. caucasica
(104+20.7 g colony), Mugla ecotype (103+34 g colony), A.
m. carnica (91.16+17.6 g colony), and A. m. syriaca (74+6.4
g colony) in descending order. The highest propolis
collecting activity was recorded for the Yigilca ecotype of A.
m. anatoliaca and A. m. caucasica. Morphological features

of honey bee samples were evaluated by classic
morphometric technique to correlate propolis collecting
capability and morphological features. Morphometric results
of the present study showed that the largest wing and leg
lengths belonged to Yigilca ecotype of A. m. anatoliaca and
A. m. caucasica. Furthermore, Pearson correlation showed a
significant relationship between some morphometric
characteristics including the proboscis and mandibular
sections, wing length (WL), wing width (WW), femur length
(FL), tibia length (TL), basitarsus length (BL), basitarsus
width (BW), and propolis collecting capability (P<0.05).
Therefore, it seems that the enlargement of certain
morphological properties with genetic tendency of the honey
bee races and ecotypes, primarily the legs and wings, can lead
to better propolis collecting capability.
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1. Introduction

© Ankara Universitesi Ziraat Fakiiltesi

Morphological differences in honey bee races have led to the most distinctive differences that are
associated with pollen and propolis collecting behaviour (Winston 1991). The mouthparts, plumose hairs, and
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broadened hind legs are important morphological characters, especially for propolis collection behaviour
(Michener 1974). The hairy coverings of the body, which may consist of branched and unbranched hairy
setae, and appendages provide collecting surfaces upon which pollen grains are retained until the bee
delivers them to the hive (Goodman 2003). Mouthparts of the bee, including mandibles and the maxillae
and tongue (proboscis), are essential features to scrape over any surface, while each hind leg of the worker
bee is adapted for holding and transporting of these grains (Goodman 2003). The outer surface of the tibia
is characterized by an elongated depression with long hairs covering a receptacle or basket (corbicula)
which is a characteristic feature of the Apinae (Winston & Michener 1977; Michener et al 1978). A concave
region of the corbicula, formed by exceptional modification of the hind leg, is used as an anchor for pollen
and propolis delivering functions (Hodges 1967). The current paradigm is the belief that corbicula initially
serve to carry sticky propolis back to the nest as a building material, then the other leg modification of the
hind leg occurred for pollen collection (Winston & Michener 1977; Michener et al 1978). Propolis, pollen
and nectar collecting behaviours of honey bees have been shown by many studies to correlated with external
structures consisting of brushes on the hind legs, corbiculum on hind tibia (Thorp 2000), and the mouthparts
and proboscis (Michener et al 1978; Ajao et al 2014).

The amount and quantity of propolis collected by honey bees are related to botanical sources, season,
year, propolis collecting techniques and even genetic origin of honey bee races (Mobus 1972; Ghisalberti
1979; Crane 1990). However, there are a few studies indicating that propolis collecting capability is also
correlated with certain honey bee races which possess better ability to collect propolis (Ghisalberti 1979;
Crane 1990). Some honey bee races such as Apis dorsata, Apis florea, and Apis cerana do not exhibit
propolis collecting behaviour (Wollenweber & Buchmann 1997). Africanized honey bee races have lead to
huge success in Brazil (Manrique & Soares 2002), compared to European races of A. mellifera for propolis
collecting (Garcia et al 2013). Western honey bee races are known as having the more propolis collecting
capacity than others (Ruttner 1988b). Grey Caucasian Mountain ecotype of A. m. caucasica honey bees
was reported to collect much more propolis than A. m. ligustica and Far East Dark Forest bees (Thorp
2000). A. m. carnica was reported to use propolis rather than bees wax inside the hive (Ghisalberti 1979).
The main propolis production of per colony was reported to be 10-300 g for per year (Ochi 1981; Andrich
et al 1987). One of the earliest studies reported that annual propolis yield ranged from a minimum of 50 g
to a maximum of 600 g for different honey bee races (Ghisalberti 1979).

Because of the excessive use of propolis by Apis mellifera iberica and Apis mellifera intermissa, these
bees can survive winter temperatures at -45 °C and have adapted to climate with temperature extremes
(Ruttner 1988a). And also they are known to be susceptible to brood diseases, which could be a further
reason for slather use of propolis (Ruttner 1988b).

The objective of the present study was to evaluate the propolis collecting capability of indigenous honey
bees, A. m. caucasica, A. m. syriaca, A. m. carnica, Yigilca and Mugla ecotypes of A. m. anatoliaca,
distributed around Turkey. These races were under controlled conditions in Ankara, Middle Anatolia,
Turkey. Additionally, the aim was also to investigate the possible relationship between morphometric
features (forewing, hind leg, mandible and proboscis dimensions) and the propolis collecting capability of
these honeybee races and ecotypes. Few studies have been conducted thus far, on propolis collecting
potential of different honey bees races, and there has been no study reported in the literature focusing on
the relationship between phenotypic properties and propolis collecting to date.

2. Material and Methods
2.1. Propolis collecting

Bee colonies with pure queens, the same aged and colony strenght, eight to nine adult frames, were procured
from an original and isolated locations for the examination of propolis collecting behaviour in 2015.
Colonies lived in their original locations were obtained for experiment. Locations of the races and ecotypes
as follows; Mugla ecotype from Mugla province, Yigilca ecotype from Yigilca district of Diizce province,
A. m. carnica from Kof¢az district of Kirklareli, A. m. syriaca from Hatay province, A. m. caucasica from
Artvin province. Ten colonies were selected for each race and ecotypes. All colonies examined in the
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present study were maintained under controlled conditions in the same apiary in Central Anatolia, Turkey,
between April-July 2015. Propolis traps were inserted on the top of the hives according to the methods of
Sahinler & Yiicel (2016) in early spring. Hand collection method was conducted monthly from April to
July, 2015. Raw propolis samples were acquired from traps and sorted in order to evaluate propolis
harvesting capacity regarding honey bee race. Each trap was initially weighed and subtracted from final
gross weight, and then recorded.

2.2. Morphometric analyze of Honey bee

Worker bees were collected from all colonies including three different honey bee races A. m. caucasica, A.
m. carnica, A. m. syriaca and two ecotypes of A. m. anatoliaca to investigate the relationship between
propolis collecting capacity and morphometric measurements of honey bees. Dissection of wings, hind
legs, mandible and proboscis were executed (Kekegoglu & Soysal 2010).

Preparations of body segments, wing length (WL), wing width (WW), femur length (FL), tibia length
(TL), basitarsus length (BL), basitarsus width (BW), whole leg length (WLL), proboscis length (PL) were
performed by slight modification according to Kekecoglu (2010). All slides were photographed and then
measured with a Nikon SMZ745T stereomicroscope equipped with an oculars digital camera system of 1X
(except proboscis which required an ocular of 3X), and then digitalized with de novo Bs200Pro (BAB
Imaging systems, BAB Ltd 1993) (Figure 1a, b, c, d).

ww|'
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Figure 1- Wing (a), proboscis (b), leg (c) and mandibula (d) morphometric characters of honey bee
2.3. Statistical analysis

Statistical analysis was utilized by using SPSS.15.0 (2005) software. Discriminant function analysis (DFA)
was used to classify the colonies and to check the probability that each colony had been correctly classified.
ANOVA Posthoc-Tukey Test was performed to explain morphological characteristics which had a
particular effect on races and ecotypes. Finally, Pearson’s correlation method was applied to investigate
any potential relationship between propolis collecting capacity and morphometric measurements of honey
bees.

3. Results and Discussion

In this study, propolis collecting capacity of three races (A. m. caucasica, A. m. syriaca, and A. m. carnica)
and two ecotypes (Y1gilca, Mugla ecotypes) of A. m. anatoliaca in the same apiary were compared during
the same season to evaluate propolis collection capability. The amount of propolis collected by each
honeybee races were presented in Figure 2. The mean yields were as follows: Y1gilca ecotype: 111.6+27.5
g colony; A. m. caucasica: 104+20.7 g colony; Mugla ecotype: 103+£34 g colony; A. m. carnica: 91.16+17.6
g colony; and A. m. syriaca: 74+6.4 g colony.

To investigate the relationship between morphometric pattern of honey bees and propolis collecting
capacity, eleven morphometric dimension (WL, WW, PL, FL, BL, TL, BW, LML, RML LMW, and RMW)
were evaluated. A. m. caucasica was found to have the largest size of the WL, TL, LMW, and RMW, while
the Yigilca ecotype of A. m. anatoliaca had the greatest length of the other 5 characters (WW, PL, FL, BL,
BW, LML, RML) (Table 1). According to results of ANOVA, notable significances were found between
group variances for WL (F= 49.624, P<0.00), WW (F= 26.224, P<0.00), FL (F= 8.163, P<0.00), TL (F=
11.055, P<0.00), BU (F=24.424, P<0.00), BW (F=13.058, P<0.00) and PL (F=6.919, P<0.00) charecters.
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The PostHoc-Tukey analysis was used to reveal which morphometric characters (WL, WW, FL, TL, BL,
BW and PL) differentated honey bee groups. It was monitored that A. m. caucasica and Yigilca ecotype of
A. m. anatoliaca have statistically similar metric features (P>0.05). Therefore, They can be assessed
together within the similar group for BL and BW, WL, WW, BL and BW characters. FL and TL variables
were significantly different between the groups: A. m. caucasica-A. m. carnica (FL: P<0.13, TL: P<0.000,
PL), A. m. caucasica- A. m. syriaca (FL: P<0.000, TL: P<0.000), Yigilca ecotype-Mugla ecotype (FL:
P<0.000, TL: P<0.031).

Propolis amount of honey bee races and ecotypes
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Figure 2- The mean, minimum and maximum propolis amount of three different races and two ecotypes
(gr), April-July 2010, Ankara, Turkey

Table 1- The mean and standard deviation of some morphometric characters of honey bee races
Honey bee race and ecotypes

Morphometric (mean+standard deviation)
Ch%;arﬁt)ers Yigilca ecotype A. m. caucasica Mugla ecotype A. m. syriaca A. m. carnica
(n=30) (n=45) (n=30) (n=60) (n=45)

Wing WL 9.83+0.15™ 9.87+0.18° 9.39+0.10° 9.39+0.232 9.68+0.19°
ww 3.34+0.06° 3.28+0.08° 3.17+£0.09? 3.14£0.112 3.24+0.07°

Proboscis PL 6.90+0.24° 6.67+0.33? 6.68+0.17 6.56+0.17° 6.51+0.40°
FL 3.33+0.07° 3.32+0.13° 3.26+0.10% 3.22+0.10 3.25+0.12%
L TL 3.27+0.10% 3.31£0.12¢ 3.18+0.10° 3.18+0.10° 3.20+0.12%
€9 BL 2.15+0.09¢ 2.14+0.10° 2.02+0.08% 1.98+0.09° 2.06+0.08°
BW 1.28+0.06" 1.25+0.06" 1.19+0.05° 1.200.05° 1.200.05°

) LML 4.68+0.08° 4.56+0.17% 4.45£0.17 4.45£0.16° 4.41+0.13°
Mandible LMW 1.69:0.04° 1.7120.07 1.6120.09 1.65£0.07° 1.69+0.08°
RML 4.60+0.08° 4.47£0.15° 4.36+0.19° 4.43+0.16° 4.31£0.15

RMW 1.69+0.05% 1.70+0.06* 1.60+0.072 1.63+0.09? 1.65+0.182

FL, femur length; WL, wing length; WW, wing weight; PL, proboscis length; TL, tibia length; BL, basitarsus length; BW, basitarsus
width; LL, whole length of leg; LML, left mandibula length; LMW, left mandibula width; RML, right mandibula length; RMW, right
mandibula width

Pearson Correlation analysis provided valuable insight to the relationship between morphometric
characters and propolis collecting capabilities. The relationship between the length and width of the wings
(WL, WW) and propolis collecting capability were found significant statistically (P<0.008, 0.015).
Furthermore, the correlation between length of the leg (FL, TL, BL, BW) and propolis collecting capability
were great importance respectively; P<0.011, 0.002, 0.014 and 0.023. There was a positive correlation
between all morphometric features of leg and wing and mean propolis yield, except for proboscis length
and mandibula width and length (Table 2).

Table 2- The correlation between some morphometric characters of honey bees and propolis collecting
capacity

Correlations ?g;’trupr'gs wL wWw  PL FL TL BL BW LML LMW RML RMW
Propolis Pearson. 0963  0.945¢ 0821 0.965% 0978 0977** 0927* 0702 0.764 0473 0.467
Production Correlation

@) ?Z'?t'a“e 0 0.008 0015 0089 0011 0002 0014 0023 0187 0167 0421 0428

*, correlation is significant at the 0.05 level (2-tailed); **, correlation is significant at the 0.01 level (2- tailed) * FL, femur length;
WL, wing length; WW, wing weight; PL, proboscis length; TL, tibia length; BL, basitarsus length; BW, basitarsus width; LML, left
mandibula length; LMW, left mandibula width; RML, right mandibula length; RMW, right mandibula width
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Morphological biodiversity and foraging behaviours are under the influence of geographic conditions,
plant diversity and genetic structure (Michener 2007). As one of the foraging behaviour, propolis collecting
performance also closely related with acquired morphologic features (Garcia et al 2013). Mobus (1972)
reported that A. m. caucasica known to excessive use of propolis has higher propolis collecting ability than
other races examined. Silici & Kutluca (2005), Sahinler & Giil (2005) found that Anatolian honey bee (A.
m. anatoliaca) has better propolis collecting capability than Italian (A. m. ligustica), Caucasian (A. m.
caucasica), and Carniolan (A. m. carnica) honey bees in the conditions of Hatay province, where located
on the Meditearranean Region. Whereas Kutluca (2003) reported the highest mean propolis yield from
Carniolan bee, followed by the Anatolian and Caucasian in Erzurum (Eastern Anatolia). In a controlled
apiary in Erzurum, Turkey, Kutluca (2003) measured a mean propolis yield of 11.40+2.19 g colony,
19.20+£5.49 g colony and 15.30+5.30 g colony in Caucasian, Carniolan and Anatolian genotypes,
respectively. Sahinler & Giil, (2005) studied Italian, Anatolian, Caucasican, and Carniolan honey bees in
the Hatay province of Turkey and reported that the highest amount of propolis yield was produced by
Anatolian honey bees under the same conditions, namely displaying 39.67 g colony, while Caucasican,
Carniolan, and Italian honey bees produced 27.34, 29.63 and 26.12 g colony respectively. According to our
findings, the Yigilca ecotype has the most propolis collecting capability (111.6+£27.5 g colony) compared
to other honeybee races situated in Anatolia under the same environmental conditions in Ankara, Central
Anatolia. The other performances are as follows in descending sort; A. m. caucasica, A. m. carnica, Mugla
ecotype and A. m. syriaca (Figure 2). The Black Sea region consists of a temperate rainforests characterized
by, damp and forested mountains also steeps and hilly grassland while the Anatolian Plateau has a various
climate conditions such as hot season, dry summers, long winters, heavy snow fall (Metz 1996; Cakmak
2005). The outcome of this study also showed that “northern honeybee populations (A. m. carnica, Yigilca
ecotype, A. m. caucasica)” have better propolis collecting ability than that of southern honeybee
populations (Mugla ecotype, A. m. syriaca) (Figure 2) not only in their original locations in the Marmara
and Black Sea regions, but also in the Middle Anatolia. Moreover, biochemical compositions of propolis
may vary depending on flora, geographic conditions and honeybee races likewise A. m. caucasica has more
antibacterial propolis compaunds than that of A. m. carnica and A. m. anatoliaca races (Silici &Kutluca
2005).

Successful adaptations of races to the varied habitats induce for specialization in behavioural and
phenotypic characteristics for many taxa (Hepburn & Radloff 1997; Fletcher 1978). Therefore,
morphometric characters, namely body size, tongue length, and color and foraging behaviour, propolis and
pollen collecting can be vary among to honey bee races (Buttel-Reepen 1906; Alpatov 1929; Skorikov
1929; Maa 1953; Adam 1983). It was indicated that honeybees forage and transport pollen and propolis
through externally specialized scrub and corbicula structures (Thorp 1979; Medved et al 2014). Calderone
& Page (1988) reported that the differences in the pollen-collecting performances between two artifically
selected strains derived from the consequence of phenotypic differences of them. Our findings showed that
the segments of the wing, leg and proboscis have statistically significant and high level morphometric
variations in northern populations than that of southern populations. It was detected that northern honeybee
populations (including Yigilca ecotype of A. m. anatoliaca and A. m. caucasica) have more propolis
collecting capabilities than that of southern populations (Figure 2). It is revealed that the propolis collection
capacity can vary between the ecotypes of the same races as far as it is at the subspecific level. Moreover,
positive significant correlations were observed between propolis collecting and six morphometric character
measurements (WL, WW, FL, TL, BL and BW) (Table 2). Black Sea Region has rainy climate, dense forest
and short vegetation period unlike the other regions. Regional differentiations and significant relations
indicated that as the body segments developed, honey bees enable to carry more propolis and other forage
products. This results emphasized that longer and stronger or shorter body segments may occur depending
on adaptation to habitat as an advantage and propolis collection activity is closely related to body segments
as well as genetic make up.

4. Conclusions

Results of the present study show that different honey bee races and their ecotypes have the distinctive
propolis collecting capability. Therefore, morphometric differences between honey bee races also ecotypes
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can be used as an advantage by beekeepers, depending on what traits are in their best interest under the
appropriate habitat and environmental conditions.
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