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Summary

The common availability of hardware offers a possibility of its application in various areas of
life, including morphological measurements. The application of appropriate software and com-
monly available office scanners enables considerable simplification of work.

This study addresses a comparison of the cubital index measured with three methods.

Control measurement of a preparation was carried out in triplicate with the most known
method, i.e. by means of a microscope. Next, measurements of three different preparations
(each in three repetitions) were performed on two types of monitors and scanners.

The highest value of the cubital index, i.e. 1.92, was obtained in the microscopic measure-
ment, whereas its values obtained from a computer measurement ranged from 1.65 at the resolu-
tion of 600 dpi and CRT type monitor to 1.85 at the resolution of 4800dpi and LCD type
monitor. It can be concluded, thus, that the value most similar to that obtained in the micro-
scopic measurement is obtained with the latter equipment combination. The statistical analysis
of results demonstrated no significant difference between the types of monitors used or statisti-
cally significant differences between the applied scanning resolutions. It should be assumed,
therefore, that increasing the scanning resolution affects higher accuracy of measurement,
whereas the application of a scanner with the resolution of 4800 dpi enables obtaining satisfac-
tory results.
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INTRODUCTION et al. 2002) as well as the necessity of pos-

To date, measurements of bee bodies  Sessing appropriate devices to be used for
performed in order to determine their taxo-  that purpose (Prabucki et al. 1978) limit
nomy have been carried out with the use of ~ their common application.
magnifying devices, including most of all The rapid development of computer
magnifying glass, a microscope with a technology have also led to very consider-
micrometric eyepiece or a reader projecting able advances in that field. Implementation

the magnified picture on a screen. into practice of simple and cost-effective
The most frequently evaluated and com- tools enabling determination of values of

monly recognized trait is the cubital index. morpholog.ical traits seems to be only a
This index, unlike any other, enables ~ Matter of time. . )

precise determination of breed affiliation, The study was aimed at comparing the

and even the linear affiliation, of the bees  accuracy of measurements ofthe cubital in-

examined. Hence, it is most often applied dex (ell index) carried out with the use of a

in practice. computer software on various devices.
Unfortunately, labor consumption of

morphological measurements (Samborski
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MATERIAL AND METHODS

The measurements were performed on
preparations obtained from worker bees
originating from three different colonies.
Three preparations were made, one from
each colony. Each preparation contained
thirty right wings of the first pair (Ruttner
1992). The prepared wings were protected
with scotch tape.

The cubital index was measured with an
Mst 131 microscope with a micrometric
eyepiece mounted especially for that pur-
pose (Bornus et al. 1966). The method of
Alpatow provides percentage values,
whereas that of Goethe provides digital

values. Since the values of the cubital index
are measured with Atpatow’s method only
in Poland and eastern countries, in experi-
mental assumptions we adopted the mea-
surement of the cubital index with the
Goetze’s method (Ruttner 1992) provid-
ing an equivalent of the percentage index
acc. to Alpatow. To determine the accurate
value of the cubital index and then to com-
pare it with the results obtained, a micro-
scopic control measurement of the first
preparation was carried out in three repeti-
tions.

The preparations were then successively
scanned on a glass of flat office scanners.

Table 1

Comparison of computer-aided and microscopic measurement accuracy.

Values for the measurement of specimen |
Measurement Type n difference of
device range mean £ (SD) computer and
microscope value
Microscope MST-131 90 | 1.49-2.67 | 1.92+0.22 ab -
600dpi CRT 177 | 1.22-2.22 | 1.65+0.19 ac 0.27
600 dpi LCD 179 | 1.16-2.54 | 1.67 £ 0.26 bd 0.25
Computer 2400 dpi CRT | 180 | 1.24-2.33 | 1.75 £ 0.22 ad 0.17
2400 dpi LCD | 180 | 1.27-2.39 | 1.77 £ 0.22 bc 0.15
4800 dpi LCD 90 | 1.48-2.32 | 1.85+0.19 cd 0.07
Means followed by the same characters are significantly different at 0.05.
Table 2
Mean values of the cubital index.
Specimen
Type of hardware used -
I Il 11 X
600 dpi CRT 1.65 1.81 212
1.87 ab
600 dpi LCD 1.67 1.83 2.13
2400 dpi CRT 1.75 1.95 2.29
2.01 ac
2400 dpi LCD 1.77 1.98 2.32
4800 dpi LCD 1.85 2.07 2.41 211 bc

Means followed by the same characters are significantly different at 0.05.
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Table 3
Comparison of different computer hardware.
Specimen

h£¥g\§/§:e et Number Rlange < | Number lela\nge ~ | Number ngnge M rﬁhp%%isn:# §I
of wings afrerznn?gﬁ X of wings 8?2;?:3 X of wings ﬁ‘;énnfgﬁ X easiugDe s

1 50 | 125241168 | 60 | 126267 | 187 | 60 | 150325 223

60l | 2 59 | 122222 | 163 | 60 | 123255 | 182 | 60 | 154291 | 212
3 59 | 122213 | 165 | 60 | 135255 | 172 | 60 | 138302 | 203 |186£033ac

177 29266 180 325.14) 180 382.34

X - - 181 - 212

1 60 | 116246 | 166 | 60 | 150256 | 189 | 60 | 154309 | 217

6005 [ 2 59 | 132251170 | 59 | 14422 | 181| 60 | 1.60-303 | 213
3 60 | 125254 | 164 | 60 | 116241 | 179 | 60 | 126288 | 209 |1.88:033bd

179 20871 179 32723 180 39323

X - 167 | - 183 | - 213

1 60 | 124226 | 172 | 60 | 146247 | 194 | 60 | 150294 | 231

20011 60 | 128231 | 176 | 60 | 157266 | 197 | 60 | 158298 | 230
3 60 | 124233 | 175 | 60 | 156260 | 195 | 60 | 156284 | 228 |2.00+034ad

180 31341 180 351.84) 180 413.06

X - 175 | - 195 | - 229

1 60 | 127239 | 178 | 60 | 165260 | 198 | 59 | 162306 | 233

402 | 60 | 127237 | 175| 60 | 156250 | 198 | 60 | 162304 | 233
3 60 | 128237 | 178 | 60 | 160268 | 200 | 60 | 1.71-304 | 230 |2024035bc

180 31834/ 180 3577 179 41578

X - 177 - 198 | - 232

1 30 | 148228 | 184 | 30 | 174258 | 207 | 30 | 1.84305 | 241

4800011 2 30 | 151232185 | 30 | 172250 | 208 | 30 | 1.87-303 | 241
3 30 | 150226 | 185 | 30 | 173256 | 207 | 30 | 185301 | 241 |241£019ab

90 166.12] 90 1867 90 216.71

X - 185 | - 207 | - 241

Means followed by the same characters are significantly different at 0.05.

Use was made of HP scanners — models:
3300C and 3970, and Epson scanner 4990
PHOTO. The picture was scanned with the
maximum equipment resolution, i.e.
600dpi (3300C) and 2400dpi (3970) in the
case of HP scanners and 4800dpi in the
case of Epson scanner.

Projections and measurements of pic-
tures obtained from the HP scanners were
performed with two types of monitors. In
the first case, it was a 15 inch NEC CRT
monitor (MultiSync V520), whereas in the
second — a 17 inch Samsung LCD monitor
(SyncMaster 740N). Screen resolution on
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the first monitor accounted for 1024x768,
whereas on the second — for 1280 x 1024.

In the case of the Epson 4990 PHOTO
scanner, due to the size of the graphic files
obtained, the picture was only analyzed on
a computer with a better processor capacity
and the second type of monitor, i.e. LCD
monitor.

The picture was saved in the * BMP for-
mat in order to avoid quality losses linked
with its compression.

The method of determining the cubital
index by means of a computer consisted in
sending the scanned picture into
Flugelindex 2 software, in which measure-
ment points were marked. The results ob-
tained were presented automatically in a
digital or graphical form.

In order to determine measurement ac-
curacy, each preparation was measured
three times.

RESULTS

The results obtained in a microscopic
measurement were different than those ob-
tained with the computer-aided method.
The difference observed between them
ranges from 0.27 at the measurement with
the lower resolution on the CRT monitor to
0.07 at the measurement with the higher
resolution on the LCD monitor (Tab. 1).
The control measurement (microscope) is
characterized by a higher value of the
cubital index (1.92) and does not differ sig-
nificantly from that obtained on the LCD
monitor with the highest resolution
(Tab. 1).

In analyzing the results obtained at the
lower and higher resolution, we may con-
clude that no significant differences exist
between the monitors examined at a signif-
icance level of 0.01 at the same resolution
(Tab. 2). Significant differences can, in
turn, be observed at a significance level of
0.05 between various resolutions used for
scanning the preparations (Tab. 2).

The results obtained enable concluding
that the highest value of the cubital index in
computer-aided measurements was ob-
tained while using a combination of the
LCD monitor at an image resolution of
4800 dpi (2.11), whereas the lowest one
was obtained from using the CRT monitor
at a resolution of 600 dpi (1.86) - Tab. 3.

The values obtained from measurements
of pictures scanned with the highest resolu-
tion are characterized by higher repeatabi-
lity of results (Tab. 3).

CONCLUSIONS

1. Results of computer measurements at
high resolution (4800 dpi) do not dif-
fer significantly from those obtained
in microscopic measurements.

2. The application of scanners with a
higher resolution enables obtaining
satisfactory results.

3. The value of the measurement ap-
peared not to be affected by the type

of monitor used.
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POROWNANIE PRZYDATNOSCI ROZNEGO SPRZETU
KOMPUTEROWEGO DO POMIARU INDEKSU KUBITALNEGO

Rostecki P., Samborski J., Prabucki J.,
Chuda-Mickiewicz B.

Streszczenie

Powszechna dostgpnosé sprzgtu komputerowego stwarza mozliwos$¢ stosowania go w réznych
dziedzinach zycia. Rowniez w pomiarach morfologicznych istnieje taka mozliwo$¢. Zastoso-
wanie odpowiedniego oprogramowania i powszechnie dostgpnych skaneréw biurowych pozwala
na znaczne uproszczenie pracy.

W opracowaniu tym poréwnano pomiary indeksu kubitalnego, trzema sposobami.

Kontrolnie wykonano pomiar preparatu w trzykrotnym powtorzeniu, najbardziej znana
metoda tj. z pomoca mikroskopu. Nast¢gpnie wykonano pomiary trzech réznych preparatow
kazdy w trzech powtdrzeniach na dwoch typach monitorow i skanerow.

Najwigksza warto$cia indeksu kubitalnego cechowat si¢ pomiar mikroskopowy 1,92, za$s
warto$ci uzyskane z pomiaru komputerowego wahaty si¢ w granicach 1,65 dla rozdzielczosci
600 dpi i monitora typu CRT, do 1,85 dla rozdzielczosci 4800 dpi i monitora typu LCD.
Mozemy zatem wnioskowac, ze najbardziej zblizona do mikroskopu warto$¢ uzyskujemy za
pomoca ostatniej kombinacji sprzgtowej. Analiza statystyczna wynikow wykazala, Ze nie ma
istotnej réznicy pomigdzy zastosowanymi typami monitoréw, natomiast istnieje statystycznie
istotna réznica pomigdzy stosowanymi rozdzielczo$ciami skanowania. Przyja¢ nalezy wigc, ze
zwigkszanie rozdzielczosci skanowania wplywa na zwigkszenie doktadnos$ci pomiaru, a zasto-
sowanie skanerow z rozdzielczo$cia 4800 dpi pozwala uzyskaé¢ zadowalajace wyniki.

Stowa kluczowe: pszczota, indeks kubitalny, wartosci indeksu, morfologia, skaner
biurowy.





