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INTRODUCTION
Honey production is one of honey bees’ most complex behavioral characters that is influenced
largely by environment. In order to exclude environmental effects, one of the methods is
evaluating colony’s honey production for correlated morphological characters which will be
affected little by the environment. Heritability estimates of morphological characters have been
reported to be high (Collins et al., 1984 ; Oldroyd et al., 1991 ; Mostajeran et al., 2000).
Morphometric investigations have been done to distinguish and classify of honey bee races
(Ruttner, 1988 ; Crewe et al., 1994). Corbicular size is correlated to honey production (Milne
and Pries, 1984). Szabo and Lefkovitch (1988) showed that there were significant and positive
correlations between honey production with fore and hind wing area.

MATERIAL AND METHODS
Creation and selection of colonies and queens. Five daughter queens were reared from each
of 30 randomly selected -mother queens, and headed equalized colonies. Colony brood area
(BA), colony population (CP) and honey production (HP) were measured. Productivity (PR)
was calculated as the ratio of honey production on colony population. Morphological
measurements were done on 20 worker bees that had been sampled randomly from each of 140
daughter colonies. Morphological characteristics included proboscis length (PL), femur length
(FL), tibia length (TL), metatarsus length (ML) and width (MW), leg length (LL), forewing
length (FWL) and width (FWW), hind wing length (HWL) and width (HWW), cubital index
(CI), cubital A (CA), cubital B (CB) and number of humuli (NH).

Statistical analyses. Data were analyzed using SAS software. Statistical model was different
for colony traits and worker bee traits. Heritability was estimated using Harvey’s model 3.
Maternal effects were fitted in the model and then, corrected phenotypic correlations were
estimated.

RESULTS AND DISCUSSION
Heritability estimates of morphological characters are shown in table 1. Heritability values for
most of the morphological characteristics (PL, FL, LL, FWW, CA, CI, HWL and HWW) were
large (h2 > 0.50). These values were as large as literature values (Collins et al., 1984 ; Oldroyd
et al., 1991).
 Heritabilities for FWW, HWL and HWW were larger than the others. These large values show
that those morphological characters were influenced little by environment and could be
improved by selection. In table 2, correlations between colony traits were combined.
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Correlation between productivity (PR) and honey production (HP) was positive (r = 0.65) but it
was negative and significant (-0.38 and –0.35 respectively), with brood area (BA) and colony
population (CP). Brood area (BA) and colony population (CP) were correlated significantly
and positively with TL, ML, MW, LL, FWL, FWW and HWL (table 3). Correlations of honey
production traits with FL, TL, MW, LL, and FWW were positive and highly significant
correlations, but correlation of PR with CI was negative. (table 3). Milne and Pries (1984)
found positive and significant correlations between honey production and corbicular size.
Szabo and Lefkovitch (1988) estimated positive correlations between honey production with
fore and hind wing area. Productivity was correlated significantly and negatively with TL and
PL. There was a positive high significant correlation (r = 0.31) between productivity and
forewing length (table 3). Results show that productivity of those colonies which produced
high brood, populated and deposit low honey was low. It has been found that as corbicular size
(TL and MW) increases pollen load carried by bees will increase, and, finally brood and colony
population will arise. The positive correlations between BA and CP with FWL, FWW and
HWL show that, bees with bigger wing have higher power flight which certainly allows for
more pollen and nectar hoarding and finally more brood, population and honey production.

Table 1. Estimates of heritability (± s.e.) of morphological characters

PL FL TL ML MW LL FWL
0.64 0.50 0.46 0.43 0.34 0.51 0.42
± 0.09 ± 0.08 ± 0.08 ± 0.07 ± 0.06 ± 0.08 ±0.07
FWW HWL HWW CI CA CB NH
0.90 0.94 0.72 0.5 0.61 0.20 0.45
± 0.10 ± 0.10 ± 0.09 ± 0.08 ± 0.08 ± 0.05 ± 0.07

Table 2. Correlations between colony traits

Traits                           Brood            Colony            Harvested           Remaining         Total      
                                     area           population            honey                  honey               honey    

Colony population        0.81** 
Harvested honey         -0.06ns           0.01ns   
Reminded honey          0.27**          0.45**               0.08ns                
Total honey                  0.22*            0.41**               0.39**               0.88**                 
Productivity                -0.38**         -0.35**               0.39**               0.51**             0.65**   
*, significant at P < 0.05  **, significant at P < 0.01  ns, non –significant

CONCLUSION
From the results it can be concluded that as wings and legs become bigger, flight power and
corbicular area increase, thereby causing more honey production. The favorable correlations
between colony traits and morphological characters show that, by selecting colonies with bees
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with bigger legs and wings, honey production would increase (morphological characteristics
have high heritability). Productivity is correlated directly to honey production and indirectly to
brood area and colony population. Also, productivity is positively correlated only to
morphological characteristics that are related directly to nectar hoarding (FWL and HWL).

Table 3. Correlations between colony traits and morphological characteristics

Traits     BA CP HH RH TH PR
PL         0.20* 0.12 ns 0.08 ns -0.17 ns 0.13 ns -0.29 **

FL         0.08 ns 0.04 ns 0.22 ** -0.05 ns 0.06 ns 0.03 ns

TL         0.27** 0.30** 0.27** -0.11 ns 0.02 ns -0.22**
ML        0.29** 0.29** 0.11 ns 0.10 ns 0.14 ns -0.12 ns

LL         0.29** 0.29** 0.27** -0.04 ns 0.09 ns -0.16 ns

MW       0.29** 0.32** 0.12 ns 0.21* 0.25 ** 0.02 ns

FWL      0.25** 0.23** 0.06 ns 0.13 ns 0.08 ns 0.31 **

FWW    0.23** 0.22** 0.25** -0.09 ns 0.04 ns -0.12 ns

CA      –0.02 ns -0.02 ns -0.18* -0.11 ns -0.19* -0.25 **

CB      –0.02 ns 0.03 ns 0.19* -0.00 ns 0.00 0.07 ns

CI        0.002 ns -0.05 ns -0.26** -0.01 ns -0.13 ns -0.21*
HWL    0.25** 0.18* 0.11 ns 0.05 ns 0.03 ns 0.14 ns

HWW    0.05** 0.10 ns 0.10 ns -0.14 ns 0.08 ns -0.11 ns

NH        0.10 ns 0.10 ns -0.08 ns 0.03 ns -0.01 ns -0.08 ns

*, significant at P< 0.05 **, significant at P<0.01 ns, non -significant
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