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Abstract: 

This study seeks to explain the pollen morphology of some Delphinum L. 
(Ranun culacea ei taxa in Turkey. Palynological observations have covered 21 taxa. Pollen 

morphology of 21 Delphinium L. (Ranunculaeeae) taxa has been examined by light microscopy. 
Pollen grains are 3-colpate; oblate-sphaeroidal , prolate-sphaeroidal, subprolate and prolate. 
intersubangular or interangular in polar view, Nexine is equa l to sexine or thicker than sexine, 
and omemantation is micro-echinate. Colpi membrane with many granules, The pollen grains 

show stenopalynous features , The aim of the article is to obtain palynologi cal data of some 

Delphinium L. taxa. 

Key Words: Delphinium , Ranun culaceae , Pollen morpholo gy. Turke y. 

Introduction 
Taxonomic studies of the genus Delphinium L. (Ranuneulaceae) in Turkey have been 

carried out by Misirdah et al. (I) and Ilarslan (2) , 
The genus Delphinium L. belongs to the family Ranunculaceae and 31 taxa of 

Delphinium L. were found in Turkey (2). 
The morphological features of the pollen in some genus of Ranuncula ceae have been 

treated by several authors (3-19) . 
Erdtman has provided a short description of pollen grams of Ranunculaceae. Pollen 

grains of Ranunculaceae have pore or colpi. Pollen grains of Ranun culus arvensis L., 
Ranun culus Iiyalli L., Paoenia L. and Souliea vaginata Franch, were examined by Erdtman (3). 

Pollen grains of many ranunculaceous taxa were studied and the large size of pantoporate 

Ranunculus arvensis L. type was introduc ed by Erdtrnan et al, (4 -5). 
A palynological study of the tribe Ranunculaceae was made by Santisuk (6). 

*Hacettepe University, Faculty of Science , Department of Biology, 06532 Beytepe-Ankara 

corresponding author : bbursali re.hacettcpc . edu, Tr 
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Chesler and Raine prepared a pollen key including pollen grains of Ranun culaccac 

family (7). 

Pollen morphology of Delphinium peregrium L., Conso/ida ra veyi Boiss., Conso/ida 

hcl lcspontica Boiss. was determ ined by Bozdogan and Pehlivan (8). 

Palynological characters of Delphinium datum L. were shown in a palynological 

database by Obcrschneider et al. (9). 

Pollen morpholo gy of Ranunculus constantinopolitanus Urv, was described by Aytug 

(10) . 

Pollen morphology of Helleborus L. belongs to the family Ranun culaceae was 

examined by Nowickc and Skvarla (1 1). 

Pollen morphologies of many Ranunculaceae taxa and Delphinium verdunense were 

studied by Clarke et a!. ( 12). 

To determine the taxonomic identities of Korean Adonis, the pollen morphology of 18 

taxa were studied by Lee et al. (13). 

Pollen grains of Hydrastis L., Paconia L. and Trol lius L. were investigated by Lee 

and Blackmore ( 14). 

Pollen grains of Indian specimens were studied by Nair ( 15). 

Pollen morphology of Austral ian Anemone L. was examined by Huynh (16) 

Pollen morphology of the Bulgarian rcprcsantatives of the family Ranuncillaceae-Adonis L 

was studied by Petrov et at. (17). 

Morpho logical features of the pollen of 62 species of Aco nitum L. was investigated 

and pollen characteristics among the species were evaluated by XI (18). 

•xine structure of Nigella L. was examined by Nowicke and Skvar la. According to 

this study pollen grains of Nigella L. have unusual exine stratification (19). 

This investigation was initiated to descr ibe pollen morphology of some Delphinium L. 

taxa, occuring in Turkey . 

Materi als and Meth ods 

All the pollen samples were taken from herbarium specimens at Ankara University, 

Faculty of Science (ANK) and Hacettepe University, Faculty of Science (HUB). In this study. 

collection areas, date of collections and collecto rs of Delph inium L. taxa were given in Table I. 

The pollen slides for light microscopy were prepared using the method described by 

Erdtrn an (20). 

Morphological examina tions of pollen grains were done with a binocular James Swift 

Light microscope (Ocular X 10, Objective X 100). Measurements of pollen grains belonging to 

each taxa were done until the Gaussian curve was obtained. Means of measurements (M), 
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standart de viati on s o f measurem en ts (S), va riations obtai ned w ith the form ulas of Sokal and 

Rhol f (21) 

SPSS packet programme was used for drawn ing graphs. Datas concerning size are 

based upon the mea sur ements o fa minumum 100 pollen grains for each taxa. Ort ho rnatw dev ice 

whi ch was bounded to Life Phan Photo microscope was used for photograph ing. Ligh t 

micro graphs o f pollen grain s we re taken co ns idering opt ic cross secti on and orn emantation at 

high focus, in polar view and eq uatorial view. Te rm ino logy mainly foll ows Erdtman (4) . 
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Tab le I . Co llection areas, date of collection, collectors, and herbaria of Delp hinium L. taxa. 

Taxa Collection Areas Date Collectors andl 
Herbari a I 

D. perc g rinum 
B-7 Malatya, Dogansehir, 30 km to Malatya, Hampmar 
Plantation Forestry Area, 1150 m. 08.07.198fi 

R. i larslan 
1664-ANK 

D. virgatum 
C-3 Antalya, Termessos 
ston y slopes, 450-500 m. 

National Park, Scrubs and 
18.07.1987 

R. [larslan 
1645-f\ NK 

D . venulosu m 
C-5 Nigde, Caykavak 
slopes, 1600 m. 

Pass, Hasan Hill, Calcercous 
28.07.1984 

R. i larslan 
Ifi I3-ANK 

D. da visii 
A-4 Zonguldak, Karabuk, 
Rocky places, 850 m. 

Egriova, Guneyo ren'Town, 
07.08.1984 

R. [larslan 
161 8-ANK 

D. stapliisagria 
C-3 Antalya, Kumluea, Above the 
Calceroo us area, North Slope, 120 m. 

Adrasan Bay, 
08.06.1979 

H. Pesrnen 
44 10-HUB 

D albiflorum 
A-9 Kars, San karrus, Kernaltepe, Sank arrus-Karakurt 
Road, from San karrus 10 krn, Ciplak Mount , Protected 
area, 2050 rn. 

27.071986 
R. ilarslan 
1657-ANK 

D. dasystacliyum 
B-7 Erzincan, UZOmlO(Cimin), Kesis Mountain, Buyuk 
Mezi re, under the Orta yol, Cifte Dercler, 2200-2300 m. 

19.08.1984 
R. llarslan 
1605-ANK 

D. schmalhausenii 
A-9 Kars, Ardahan, Yalmzcarn, Bagdasan Town, Rum 
Stream , Near stream, 2400 m. 27.08 .1984 

R. [larslan 
1620-ANK 

D. ilgazcnsc 
A-4 Kastamon u, Ilgaz, National Park Area, Kuskayasi 
Place, northwest slopes, Rocky places, 1600-1700 m. 16.08.1984 

R. [larslan 
1611-ANK 

D. fissum subsp. 
ana tolicnm 

A-4 Ankara, Cubuk, Karagol, Rocky slopes. 15.08.1973 S. Erik 
349-HUB 

D. kitianmn 
C-4 Konya, Enne nek, Kazanci Town, Ccvizli Tarla , 
Above the Buyukyer Place, Northwest slope, 1300 Ill. 10.07 1985 

R. [larslan 
1639-ANK 

D. carduchorum B-9 Van, Baskale, 80 km, GOzeldere Pass, 2680 m. 04.071985 
R. llurslun 
1633-ANK 

D. munzianum 
A-8 Erzurum, Tortum-Oltu, From Tortum 
Calcereous stony slopes, 1900-2000 m. 

20 km, 
17.07.1996 

R. llarslan 
1663-ANK 

D nydeggcri 
C-5 Nigde , Cama rdi, Dernirka zrk 
Agzl, So uth slopes, 1600 m. 

Village, Cmban n 
27.07. 1984 

R. llarslan 
1616-ANK 

D. gue neri 
C-3 Isparta, Egirdir, Aksu Town, Yaka Village, Kapiz, 
Stream Derin Valley, 1150-1400 Ill. 

12.07.1985 
R. [larslan 
I64 J-ANK 

D. pctroda visianum 
C-4 Konya, Ermenek, 
slopes 1300- 1400 m. 

Hadtrn Road, 5 km, Rocky 
11.07.1985 

R. ilarslan 
I642-ANK 

D. vanense 
B-9 Bitlis/Van, Above the Ku zgunk rran Pass, Stony 
mount slopes, 2400-2650 m. 

04.07. 1986 
R. [larslan 
1635-ANK 

D. macrosta cliyum C-8 Mardin, Bakirkm, Rocky slopes, 1500-1600 m. 0507.1985 
R. Ilarslan 
1631-ANK 

D. buschia num 
A-9 Kars, Ardahan, Tuncoglu (Panik) 
Mount, Rocky of Rarnis, 2400-2500 Ill. 

town, K isir 
27.0 8.1984 

R. [larslan 
l G21-ANK 

Difo rmosum 
A-8 Rize, Carnhhernsin , between Cat-Hisarcik, Mixed 
forest, Deep metarnorfical valley, J 20()-1600 m. 

08.08.1981 
GOner 

4023-HUB 

D.flesuosum 
A-9 Artvin, Ardanuc, Kutul yaylasi, Karanlik Quercus 
Forest, MOezzinler Town , Under the plateau, 2150-2200 28.08.1984 

R. llarslan 
1603-ANK 

m. 
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Result s 

General Pollen Morphology of Delphinium L. Genus 

Pollen grains of taxa belonging to Delphinium L. genus are tricolpate. Average polar 

axis diameter of pollen grains of taxa ranging from 2 1.15-37.81 /-till , average equatorial diameter 

ranging from 19.88-27.97 uiv: The shape of the pollen grains is oblate-sphaeroidal, prolate

sphaeroidal, subprolate and prolate. Apocolpia is between 2.51-9.92 usn. Orncmantation of 

exine is rnicroechin ate. Exine thickness is betw.een 0.62-1.98 /-tm at mesocolp ia. Ncxine is equal 

to sexine or thicker than sexine. The pollen grains have long or short colpi, with acute apices. 

Colpi membrane with many granu les. 

Pollen Description 

Section : Delphinium DC.
 

Delphinium peregrinum L. (Figure 1 )
 

Pollen grains 3-colpate, subprolate. Polar axis 24.26 uit: Equatorial diameter 20.50 

/-tm. Arnb interangular or intersubangular. ApocoJpia 3.16 /-tm. Exine 1.86 /-tm thick at 

mesoco lpia. Sexine 0.62 tutv ; nexine 1.24 /-tm. Ornemantation of exine is micro-echinate. Colpi 

19.84 /-tm long with acute apices. Wideness of colpi 3.72 usv: Colpi membrane with many
 

granules.
 

Delphinium virgatum Poir. (Figure 2 )
 

Pollen gra ins 3-colpate, oblate-sphaeroidal. Polar axis 21.71 tuv: Equatorial diameter 

22.88 /-tm . Amb intersubangular. Apocolpia 3.51 /-tm. Exine 1.75 /-t m thick at mesocolpia. 

Sexine 0.62 /-tm, nexine 1.13 /-tm. Ornemantation of exine is micro -echinate. Colpi 23.43 /-t m 

long with acute apices. Wideness of colpi 3.78 utv; Colpi membrane with many granules. 

Delphinium venulosum Boiss. (Figure 3 ) 

Pollen grains 3-colpate, prolate-sphaeroidal. Polar axis 25.88 Jim. Equatorial diameter 

23.07 /-tm. Amb intersubangular. Apocolpia 2.66 /-t m. Exine 1.96 ur« thick at mesocolpia. 

Sexine 0.98 Jim, nexine 0.98 /-tm. Ornemantation of exine is micro-echinate. Colpi 19.77 /-tm 

long with acute apices. Wideness of colpi 3.72 Jim. Colpi membrane with many granules. 

Delphinium davi sii Munz (Figure 4 ) 

Pollen grains 3-colpate, subprolate. Polar axis 31.99 Jim. Equatorial diameter 24.53 

Jim. Arnb intersubangular. ApocoJpia 6.20 /-tm . Exine 1.24 /-tm thick at mesocolpia. Sexine 0.62 

/-tm, nexine 0.62 Jim. Ornemantation of exine is micro-echinate. Colpi 25.42 Jim long with acute 

apices. Wideness of colpi 2.85 /-tm . Colpi membrane with many granules. 
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Section : Staphisagria DC 

Delphinium staphisagria L. (Fig ure 5 ) 

Pollen grains 3-eo lpate, prolate. Polar axis :n .81p.m. Equator ial diameter 27 ,54 P.1ll 

Amb inicrsubangular. Apocolpia 4 ,96 p.m. Exine 1.82 P.1ll thick at rncsocol pia. Sexine I ..:W pill. 

ncxinc 0.62 lun . Orn cmuntation a t' exine is micro-echinate. Colpi 2k.2 1 IJI1 1 long with acute 

apices. Wideness of co lpi 5.S') p.m. Colpi membrane Wit h many granules. 

Section : Oligophyllon DC. 

Delphinium albiflorum DC (Figure 6) 

Polle n grains 3-colpate, pro late. Polar axis 27.94 ura. Equatori al diameter 20.,,', 2 pm . 

Arnb intcrsubangula r. Apocolpia (),20 11m, Exine 1.241"111 thick at rn csocolpi a, Sexinc 0.62 p.m, 

nexine 0.62 P.1ll . Ornernantati on of exine is micro-echinate, Co lpi 26,66 I"In long with acute 

ap ices. Wideness of colpi 5.58 utv: Colpi membrane with many granules. 

Delphinium dasystu chyum I3oiss. & Sal. (Figure 7 ) 

Pollen grains 3-co lpatc, subprolute. Polar axis 24.29 1"111. Equatorial d iameter 20.77 

p.m. Amb intcrangular or intcrsubangular. Apoeolpia 2.97 urn. Exine 1.25 I"m thick at
 

mcsocolpi a. Sexinc 0.47 p.m, nexine 0.78 1"111. Ornc mantution of exinc i,: micro-echinate. Colni
 

18.71 11m long with acute apices. Wideness of colpi 3.96 p.m. Colpi membrane with many
 

granules.
 

Delphinium sclnnalhausenii Albo v (Figure 8 )
 

Pollen grains 3-eolpate, subprolate. Polar axis 25.67 u tv: Equatorial diameter J 9.88 

11m, Arnb intcrsub angu lar. Apocolpiu 4.96 I"m. Exine 1.44 I"m thick at mesocolpia , Scxine 0.5 : 

11Il l, ncxine 0,93 utv: Ornern untation of exine is micro-echina te. Colpi 21 26 utt: long with acute 

apices . Wideness of co lpi 3.97 u i» , Colpi membrane with many granu les. 

Delphinium ilga zens e P. H. Davis (Fig ure 9 ) 

Po!len grains 3-eolpatc, prolate. Polar axis 29.36 p.m. Equatorial diameter 21.57 I"In. 

Amb intcrsubangu lar. Apoeo lpia 8.86 p m. Exine 0.93 /l 111 thick at mesocolpia. Scxine 0.31 um, 

ncxinc 0.62 /lin. Ornemantation of exine is micro-echinate . Colpi 22.70 11m long with acute 

apices , Wideness of colpi 3, 10 urtv . Colpi membrane With many granules. 

Detphinium fissum subsp, anatolicum Chowdhuri & P, H, DaVIS (Figure 10) 

Pollen grains 3-colpate, prolat e-sphaero idal. Polar axis 24.68 /lm , Equato rial diameter 

21.99 tu v: Amb intersubangular. Apoeolp ia 8.5 1 p.m Exine 1.25 uiv: thick at mesocolpia. Sexine
 

0.48 p.m, nexine 0.77 uiv: Ornem antation of exine is micro-echinate, Colpi 2:' .43 I"m long with
 

acute apices . Wideness of colpi 3.88 p.In. Colpi membrane with many graruiles.
 

Delphinium kitianum i larslan (Figure 1I )
 

Pollen grains 3-co lpatc, subprolatc. Polar axis 27.7 1 /l in . Equatorial diameter 22.88 

p.m. Amb intersubangular. Apocolpia, 8.62 I"m. Exine J.47 /lm thick at mesoco lpia. Scxinc iJ.7S 

u iv»; ncxine 0.69 u itv . Ornemantation of exine is micro-echinate. Colpi, 23.3 J p.m long with 

acute apices. Wideness of colpi 4.40 usv: Col pi membrane with many granu les. 
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Delphinium carduchorum Chowdhuri & P. H. Davis (Figure 12 ) 

Pollen gra ins 3-colpatc, subpro latc, Polar axis 30.80 lIm. Equatorial diameter 24.26 

lIm. Amb intcrsubangular. Apocolpia, 9.92 IIIll. Exine 0.62 lIm thick at rnesocolpi a. Sexine 0.31 

1I1ll, ncxine (U I 1.(In. Orncmantation of exine is micro-echinate. Colpi 25.42 lIm long with acute 

apice s, Widene ss of colpi 4.71 lIm . Colpi memb rane with many granules. 

Delphinium munzianum P. H. Davis & Kit Tan (Figure 13 ) 

Pollen grains 3-colpatc, subprolate. Polar axis 26.87 lIm. Equatorial diameter 22.19 

IIIll. Amb interan gular or intersubangular. Apocolp ia, 3. 16 tut». Exine 1.24 Jlm thick at 

mcsocolpia, Sexinc 0.62 1.(In, nexine 0.62 Jllll. Ornem antation of exine is micro-echinate. Colpi 

24.67 Jlm long with acute apices. Wideness of colpi 4.15 um . Colpi membr ane with many
 

granules.
 

Delphinium nydeggeri Hub.-Mor. (Figure 14 )
 

Pollen grains 3-colpate, subprolatc . Polar axis 27.88 us». Equat orial diameter 23.60 

IIIll. Arnb intcrangular or intersubangular. Apocolpia 3.90 lIm. Exine 1.45 lIm thick at 

mesocolpia. Scxinc 0.83 lIm, nexine 0.62 Jllll. Ornernantation of exine is micro-echinate. Colpi 

23.25 lIm long with acute apices. Wideness of colpi 4.27 utv; Colpi membrane with many
 

granules.
 

Delphinium gueneri P. H. Davis (Figur e J5)
 

Pollen grains 3-colpatc, subprolate. Polar axis 27.97 urt». Equatorial diameter 22.30 

JIIll. Amb intcrangular or intcrsuban gular. Apocolpia 6.20 Jllll. Exincl.24 Jlm thick at 

mcsocolpia. Scxinc 0.62 um , nexinc 0.62 Jlm. Ornemantation of exine is micro-echinate. Colpi 

24 .64 Jlm long with acute apice s. Wideness of colpi 4.57JlIll. Colpi membrane with many
 

granules,
 

Delphinium petrodavisianum [larslan (Figure 16)
 

Pollen grains 3-colpate, subprolate. Polar axis 26.80 IIIll. Equatorial diameter 22.81 

Jllll. Arnb intcrsubangular. Apocolpia, 2.48 lIm . Exine 1.30 IIIll th ick at rncsocolpia. Scxine 

0.63 Jllll, ncxine 0.67 um . Orncmantation of exine is micro-echinate. Colpi 21.26 Jllll long with
 

acute apices. Wideness of colpi 3.97 Jlm. Colpi membrane with many granules.
 

Delphinium vanense Rech . (Figure 17 )
 

Pollen grains 3-colpate, oblate-sphacroidal. Polar axis 21.15 tut: Equatorial diameter 

27.97 Jllll. Amb intcrangular or intersubangular. Apocolpi a 2.60 tuv : Exine 1.65 Jlm thick at
 

mesocolpia. Sexine 0.65 uro; nexinc 1.00 Jllll. Om ernantation of exine is micro-echinate. Colpi
 

23.25 lIm long with acute apices. Wideness of colpi 3.96 uiv: Colpi membrane with many
 

granu les .
 

Delphinium macrostachyum Boiss. ex Huth (Figure 18 )
 

Pollen grains 3-colp atc, subprolatc. Polar axis 25.63 ps». Equatorial diameter 2 1.30 

Illn . Arnb intersubangular. Apocolpia, 3.16 psv: Exine 1.30 Jlm thick at mcsocol pia. Sexine 0.68 
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J.Lm, nexine 0.62 J.Lm. Ornemantation of exine is micro-echinate. Colpi , 21.08 J.Lm long with 

acute apices. Wideness of colpi 3.84 J.Lm . Co lpi membrane with many granules. 

Section: Pogonanthus W.T. Wang 

Delphinium buschlanum Grossh. (Figure 19) 

Pollen grains 3-colpate, prolate-sphaeroidal. Polar axis 23.15 J.Lm . Equatorial diameter 

21.15 J.Lm . Amb interangular or intersubangular. Apocolpi a, 6.20 J.Lm. Exine 1.3D J.Lm thick at
 

mesccolpia. Sexine 0.43 J.Lm, nexine 0.87 J.Lm . Omcmantation of exine is micro-echinate . Colpi
 

18.41 J.Lm long with acute apices. Wideness of colpi 4.34 J.Lm . Colpi membrane with many
 

granules.
 

Delphinium form osum Boiss. & Huet (Figure 20)
 

Pollen grains 3-colpate, subprolate. Polar axis 28.62 J.Lm . Equatorial diameter 24 J.Lm. 

Amb interangular or intersubangular. Apocolpia 5.58 J.Lm. Exine 1.24 J.Lm thick at rnesocolpia, 

Sexine 0.62 J.Lm , ncxine 0.62 J.Lm . Ornemantation of exine is micro-echinate. Colpi 23.00 J.Lm 

long with acute apices. Wideness of colpi 4.58 J.Lm. Colpi membrane with many granules. 

Delphinium flexuosum M. Bieb. (F igure 21 ) 

Pollen grains 3-col pate, prolate-sphaeroidal. Polar axis 23.64 J.Lm . Equator ial diameter 

20.78 J.Lm. Amb interangular or intersubangular. Apocolpia 3.10 J.Lm. Exine 1.64 J.Lm thick at 

mesocolpia. Sexine 0.62 J.Lm , nexine 1.02 J.Lm. Omemantation of exine is micro-echinate. Colpi 

20.95 J.Lm long with acute apices. Wideness of colpi 3.72 /.1m. Colpi membrane with many 

granules. 

___ 10~m 

ca b d 

Figure I . D. pcregrinum 

ca b d 

Figure 2. D. virgatum 
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Figure I 1. D. kiti anum 

c da b 
fi gure 12. D. cardu chorum 
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Figure 18. D. macrostachyum 
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a b c d 

Figure 19. D. buschianum 

-: 
( \ . ~ -, 

.... 
..-' 

a b c d 

Figure 20. D. formosum 

a b c d 

Figure 2 1. D. flcxuosum 

Figure 1-21. Light micrographs of Delph inium L. taxa 
a - Polar view ; optic cross section 
b - Polar view ; ornemantation at high focus 
c - Equatorial view; opt ic cross section 
d - Equatorial view; ornemantation at high focus 
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Discussion 

The pollen grains of belonging to Delp hinium L. genus arc 3-colpale . AMI3 shape is 

intersubangular or angular in polar view. The shape of the pollen grains are oblate -sphacroidal, 

prolate-sph aeroidal. subprolate and prolate. Exine orncrnantation is micro-echinate. The pollen 

gra ins have long or short colpi, with acute apices. Co lpi membrane with many granules. 

The pollen grains of taxa belonging to Delphinium L. taxa show stenopalynous features. 

Accord ing to SPSS graphs, there are variations and similarities among the pollen grains 

of taxa existin g in the same section (Figure 22-24). According to palynological data, polar axis 

diameter , equatorial diam eter and AMB shape of all pollen grains are not equal. 

D. pere grinum and D. virga tum exist in the Delph inium DC. section. Morphologically D. 

peregrinum is different from D. virga tum . D.peregritlulIl L. has obova te petals, upper leaves arc 

linear lanceola ta. claw is aprox irna tely equal to lamina (2). D. virgatum, D. venulosum, D. 

davisii pollen grains have aproxirnatcly same equatorial diameter and polar axis and exist in the 

Delphinium DC section. 

Davis (22) explained that the most of the taxa belonging to Delph inium L. were probably 

hybr id, According to palynogical knowledg e, when abnorm al pollen gra ins amount is more 

than % 50, poll en grains arc hybrid. (23 ) Diameters of hybrid pollen grains can be rather 

various. In this study, pollen gra in diameters of 21 Dciphinium L. taxa diameters arc not very 

different. Pollen grains of 21 Delp hinium L. taxa arc homogenous. 

l larslan described Delpluni um L. taxa occuring in Turkey and he found variations among 

the taxa. The pollen gra ins of the genus Delphi nium L. show varia tion between the species that 

sometimes corr espond s with the morphologic features (2). 

Pollen characteristics can use to distinguish Staphisagria section. D. stap hisagria L. was 

seperated from other taxa distincly by Ilarslan (2). D. staphisagria L. has long. hairly stem and 

swollen fruit. Diameters of pollen grains of D. stapliisagria L. arc wider than the other species 

too. But the pollen characteristics can not used to distinguish nil the Delphin ium L. sections and 

subsections. The variations can be used to distinguish between some closely related species. 

QUI' observa tions with light mieroscobe have revealed the taxa of the Delphinium L. genus 

The investigated taxa arc homogenous with respect to their pollen morphology. but a 

closer studies carried out by SEM and TEM will reveal new data for a better grouping. 
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Abstract 

The aim of this paper is to review the current knowledge of the localization and 
function of TN (Tenascin) and type IV collagen and EGF (Epidermal Growth Factor) and 
EGFR (Epidermal Growth Factor Receptor) in normal rat placenta formation. In this study, 
immunolocalization of ECM (Extracellular matrix) components such as TN and type IV 
collagen arid EGF and its receptor in the placenta of Wistar albino rats were determined . 
Therefore, the samples of placenta obtained from rats on days 10, 12, 14, 16, 18, 20 and 21 of 
gestation were evaluated morphologically; fixed and stained with H&E for histology method 
for immunohistochemistry. Besides, during the experiment, body weights of all rats were 
recorded. . 

Morphological and histological investigation showed that there were chan ges in 
placental histology with placental development. Time- and region dependent changes in the 
immunolocalization of TN, type IV collagen, EGF and EGFR were determined in the 
placentas of rats during their gestational period. 

Key Words: Placenta, type IV collagen , TN, EGF, EGrR 

Introduction 

Thc placenta is a temporary organ and is the site of physiologic exchanges between the
 

mother and the fetus . The placenta is cluster of cells derived from two distinct individuals,
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mother and fetus. Rat placenta is histologically classified as the hemochorial type. 

ECivl is a complex mixture of structu ral and functional proteins, glycoproteins, and 

proteoglycans arranged in a unique tissue specific three dimensional ultrastructure . These 

proteins serve many functions including the provision of structural support, attachment sites 

for cell surfa ce receptors, cell migration, cell proliferation , orientation, Immune 

responsiveness, and tissue and organ morphogenesis (I) . The biochemical composition of the 

ECM varies between tissues. Variation in biochemical composition of the ECM is correlated 

with variation in its structure and organization, which is reflected in the functional 

characteristics of different tissue. 

Type IV collagen and TN are two of the main componen ts of ECM. Type IV 

collagen is mainly a single protein species with M.W. of 550.000-600.000 dalton and 

consisting of two different peptide chains, a I(IV) and (1.2 (IV), assembled into a triple

stranded molecule (2). TN has six large, identical subunits which are disulfide-linked to a 

"hexabrach ion" structure . TN plays a morphoregulatory role dur ing development, tissue 

remodeling , wound healing, tumorogenesis, and in disease by regulating the cell adhesive and 

signaling properties of neural and non-neural cells (3). 

The ECM and its components and growth factors play important roles in 

modulatin g trophoblast functions, implantation, dccidualization, and placentation processes in 

mouse, rat and human. 

EGF, a single chain polypeptide with a molecular weight of approximately 6000 

dalton, stimulates proliferation in many tissues (4). EGF has been shown in tissue culture to 

regulate the growth of a variety of ectoderm-, mesoderm-, and endoderm- derived cells (5). 

EGF may play a significant role in the induction and regulation of the differentiated function 

of trophoblasts (6). 

EGF acts via the EGF receptor. EGF binds to the cell surface EGFR (7). EGFR has 

intrinsic tyrosine kinase activity which plays a role in signal transduction. EGFR activation 

may also stimulate DNA synthesis, cell replication and transformation . 
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ECM proteins interact directly with cell surface receptors to initiate signal 

transducti on pathwa ys and to modulate those triggered by di fferentiation and growth factors. 

The ECM also controls the activity and presentation of a wide range of growth factors. 

Growth factors can modu late both synthesis and the degration of ECM through their action on 

structural component, matrix-degradin g proteases, and protease inhibitors (8) . 

Much like tumor invasion trophobla st invasion of the uterus is a multi-step process 

involving: attachment of trophoblast cells to ECM components; degradation of ECM; and 

migration through the ECM. At the same time, during implantation a large number of growth 

factors and their receptors have been identifi ed at the fetal-maternal interface ut various 

gestational ages (9) . Trophobl ast proliferation, migration and invasiveness are regulated in an 

independent or interdepende nt manner by a wide variety of molecules at the fetal-maternal 

interface. They incl ude grow th factors and growth factor-bind ing proteins, protcoglycans, 

proteolytic enzymes and their inhibitor s, as well as com ponents of the ECM (10). 

The aim of this paper is to determine the localization and function of TN and type 

IV collagen and EGF and EGFR in normal rat placentation and their role in the placentat ion 

and placental histolo gy. Furthermore, the size, shape and histological organization of normal 

rat placenta were also investigated. 

Materials & Methods 

Animals and Experimental Design 

Wistar alb ino virgin female rats aged 8 and 12 weeks used in this study were raised 

in our laboratory (Hacettepe University, Faculty of Science, Department of Biology). The lab 

condition was mainta ined at 25.47 ± 0.36 "C, with 68.76 ± 0.73 % humid ity, and a 12: 12 h 

light : dark cyc le. The rats were bred each night between 17.00 and 09.00 h until the female 

was determined sperm posit ive by vaginal swabbing. Conception was assumed to have taken 

place if the vaginal swab, taken the following morning was found to be sperm positive. This 

day was designated day 1 of gesta tion. There were 3 animals in each gestational day'group. 
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The animals were fed with standard pellet chow and ad libitum throughout the 

experiment. The bod y weights were recorded daily during the experiment. At the same time. 

on days 16. 18, 20 and 2 1 of gestation, placental index (pi = placental weight / fetus weight ) 

was calculated . 

Histological study 

On days 10, 12, 14, 16, 18. 20 and 21 of gestat ion, the pregnant rats in each 

experimental group were sacrificed by decapitation . The uterus was opened and the placentas 

were remo ved , weighed and immediately fixed in Bouins fluid . The fixed tissues were 

processed in the usual manner and embedded in paraffin and then 6 urn tissue sections were 

cut. Sections were stained with Hematoxylin & Eosin (H& E) and then examined with light 

micro scopy . 

Immunohistochemistry 

The antibodies that specifically recogni zed mouse EGF and human tcnascin 

(Sigm a) ; human type IV collagen (ICN ); goat EGFR (Santa Cruz Biotechnol ogy) were 

obtained commercially. 

The Bouin-fixed tissue samples were embedded in paraffin wax. 5 urn tissue 

sections were cut and mount ed on glass slides coated with PLL (poly L lysine) soluti on 

(Sigma). lmmunuhist ochern istry was carried out on dcparaffinized tissue sections using the 

PAP (unlabell ed pcro xidasc-untiperoxsidasc) meth od. All follo wing steps were performed at 

room temperature. The tissue sections used for type IV col lagen antibody were treated with 

trypsin (Sigma) for 6 min at 37 °C. Endogenou s perox idase activity was qu enched by 

immersing the tissu e sections in freshly prepared 5 '% H20 2 in methanol for 30 min to 

eliminate end ogenou s pero xidase activit y. The sections were rinsed in PBS and then treated 

with 10 % normal goat serum for 45 min. The depara ffi nized tissue sections treated separately 

for 60 min with the foi lowin g antibodies: rabbit anti-mouse EGF (I :500 dilution), mouse anti

goat EGFR (I :50 diluti on), rabbit anti-human collagen type JV (I :50 dilut ion) or monoc lonal 

anti-human tenascin ( I :1000 diluti on) in phosphate buffer ed saline (PBS). Tissues that were 
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previously known to stain positively for each respective antibody were used as a positive 

control. Negative control sections were treated without any primary antibodies. The 

specimens were rinsed in PBS and then exposed to goat-anti rabbit IgG (I :300 dilution, 

Sigma) for GO min. The specimens were then rinsed in PBS and exposed for GO min to PAP 

solution (I :300 dilution , Sigma). They were rinsed thoroughly with PBS and incubated in 

freshly prepared 3, 3 '-diaminobenzidine tetrahydrochlorid (DAB, Sigma) solution for 5 min 

and rinsed distill ated water. Following the completion of the immunohistochemical staining 

procedure, the sections were counterstained with Haematoxylin, and mounted. The sections of 

placentas were evalu ated by two different observation s by light microscopic level. The 

labeling intensity defined as (-) negative; (±) faint; (+) weakly positive; (++) positive; ( ~++) 

clearly positive were evaluat ed. 

Statistical Analysis 

Data were analyzed by analysis of variance (ANOVA), with least significant 

difference post hoc compari sons (Games-Howell, Hochberg GT 2) being used to identify 

sources of significant main effect s. The statistical significance was assigned at the 0.05 level. 

Results 

Histological study 

Table I shows weight gain at last pregnancy and placental index (pi) data of the rats 

in experimental groups. 

Decidu a, trophoblastic giant cells, spongiotrophoblast and labyrinth regions in the 

placental sections of rats in exper iment were stained with H&E. 

When the histological structure of placentas of the rats in experiment was cxarruncd, 

it was seen that the eetoplacenta. cone had formed by day 10 of gestation of rats. Thrs rl'~ i o n 

is composed of proli ferating trophoblast cells and was presenting a layer of trophoblastic 

giant cells in this region. Two different regions existed in placentas of rats between the (jD 12 
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and GD )6: th e lab yrinth and spongiotrophoblasts. The labyrinth region and bas al zone were 

show n absolute increase with advancing pregnanc y (Figure 1)_ 

Table 1. The data o f m orphological s tu dies in th e experi men t 

GD 

10 

n 

42 

nrr Initial 
weight 

(g) 
167 i O.01 

Final 
weight 

(g) 
205 i 0.03 

Weight 
gain 
(g) 
38 

Weight 
gain 
(%) 

22.75 

Placenta 
weight 

(g) 

Fetus 
weight 

(g) 

Placental 
index 

12 39 165 ± 0.02 206 ± 0.06 4 1 24.84 

14 39 I 155 ± 0.02 171±0.06 36 23.22 

16 36 160 ± 0.04 216 ± 0.05 56 35.00 0.32 ± 0.0 1 0.32 ± 0.007 0.98 ± 0.030 

18 32 160 ± 0.03 222± 0.04 62 38.75 0.32 ± 0.0 1 0.79 ± 0.0 10 0.40 ± 0.008 

20 33 174 ± 0.02 260 ± 0.03 86 49.42 0.37 ± 0.01 1.42 ± 0.020 0.25 ± 0.010 

2 1 30 175±0.01 270 ± 0.03 95 54 .28 0.48 ± 0.02 2.25 ± 0.040 0.21 iO.OIO 

There are 3 an imals in each gestation day group. Values are given as mean ± SE . 
Placental index: Placenta weight (g) I fetus weight (g), n: Fetus number, nrr: Resor ption fetus 
number, GD : Gestat ion da y 

Immunohistochemistry 

The imm unoloca lizati on of type IV co llagen , TN, EGF and EGF R were evaluated 

in di fferent placenta regions of rats in d ifferent ges tation days. T abl e 2 shows the 

imm unoloca lizat ion of type IV collagen, TN, EGF and EGF R in the placenta of rats of 

different gestation da ys . The rela tive differences in labeli ng intensi ty for all antibodies were 

qu alified. 

At 10 da ys o f gestation , the intensity for TN was present in dec id ua and ute rus. But, 

this intens ity for TN was decreased in decid ua and uteru s at 12 and 14 day s of gesta tion . 

Trophoblastic giant cell s, spo ngiotrophoblasts and lab yrinth trophobl asts were showed 

positive sta ining for TN at 12 days of gestat ion . However, it has to be emp has ized that not 

every cell showed similar TN immunreactivity. At da y 14 of ges tation, positive staining for 
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TN in trophobl astic giant cell s and some spongiotrophoblast were observed (Figure 2) . There 

were increases for TN irnmunreactivity in the spongiotrophoblasts and labyrinth trophoblasts 

of placenta in rats from GO 12 to GO 20 (Figure 3). No immunreaetivi!y of TN is present in 

the Reichert 's membrane at GO 18 and GO 20 (Table 2). 

A fibrill ar pattern of staining was seen in the intercellular areas and was especially 

prominent in sections stained for type IV collagen (Table 2). The expression of type IV 

collagen, an important comp onent of the ECM , was intense within ECM of the uterus, 

decidua. and troph obla st ic giant cells at GO 12 and GO 14 (Figure 4). At day 1() of gestation, 

clearly positive staining for type IV collagen in some spongiotrophoblast was observed 

(Figure 5). Type IV collagen imrnunreacti vity in blood vessels and trophobl asts of labyrinth 

was some what heterogen eous, in some areas was weakly positive and positive while others 

were clearly posi tive throu ghout pregnanc y in rats. The Reichert' s membrane on days 18 and 

20 of gestation exhibited intensely expression of type IV collagen. 

Data for intensity of EGF staining in different placenta regions at different gestation 

days of preg nant rats are also summar ized in Table 2. Positive staining for EGF was seen in 

the uteru s and decidua between the GO 10 - GO 14 of gestation (Figure 6). In GO 14, no 

posi tive react ion or faint sta ining for EC F was seen in the spongiotrophoblasts. The positive 

staining for EGF was obse rved in trophob lastic giant cells at GO 20 (Figure 7). l Iowever, 

there was no immunrcuct ivity in Reichert' s membrane at GO 18 and GO 20. 

The intensity of the staining for EGFR in the placen ta sections varied dur ing the 

pregnanc y. EG FR immunreactivity was seen negat ive or faint in the uterus of rats in early 

pregnancy (GO 10), wh ile decidua was seen clearl y positiv e staining for EGFR at the same 

period (F igure 8). The inten sity of the stain ing for EGFR in the trophoblastic giant cells and 

spongiotrophoblasts showed diff erent levels between the GO 12 - GO 16 (Figure 9). But the 

intensity for EGFR was reduced in the trophoblastic giant cells and spongiotrophoblasts at 

GO IS. The Reichert ' s membrane showed no posit ive reaction for EGFR at GD 18 and GO 

20 (Table 2). 
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Table 2: Th e immu no loca lizatio n of TN , type IV coll agen , EGF and EGFR in the placenta of rats 
in d ifferent ge statio n day" 

Antibody GO Implantation Uterus Decidua Trophoblastic Spongio- Labyrinth Reichert'j 
region giant cell trophoblast membran 

TN 10 ++ +++ ++ 

DB DC 
12	 + + ++ +1++ +1++ +1++ 

14	 ± + ++ ++ ++ 

16	 + ++ +++ 

18	 ± +++ +++ ± 

20 ++ +++ +++ + 

Typel V 10 ++ ++ ++ 
collagen 

12 +++ +++ +++ ++1+++ ++ + 

14	 ++ +++ +++ ++ -++ 

16	 + ++ + ++1+++ 

18 ± ++ + +++ 

20 +1++ +1-++ ±I+ ++-'

EGF	 10 -++ ++ ++ 

12 ++ ++ ++ + ++ ±I+ 

14 + ++ ++ -I± + 

+ + + 

18 -1+ +1++ +1++ 

16 

++ +1++ + 

EGFR 10 ++ -I± +++ 

12 + ++ ++ ++ ++ + 

14 + ++ +1++ +1++ + 

20 

+ +1+++ ++ 

+I	 
16 

18	 ± ± 

20 ++ ++ ++ 

"Intensity of labe llin g defined as (-), negative; (±) , faint; (+) , weak ly positive ; (++) , positive; 
(++t), c learly pos itive. DB : Decidu a basa lis, DC: Dec idua capsul aris 
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Figure 1. Histologi cal structure of the rat placenta at GD 20. D, decidua; G. trophoblastic 
giant cell; S, spongiotrophoblast: gh, glycogen cell ; L, labyrinth. H&E, x80 

Figure 2. Immunohistochemical localization of TN at GD 14 placenta . Irnrnunreactivity 
is found in the trophoblastic gian t cell (G). x450 
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Figure 3. Immunohistochemical localization of TN at GD 20 placenta . Immunreactivity 
is found in the some labyrinth (L) trophoblasts (arrowheads). x450 

Figure 4. Immunohistochemical localization of type IV collagen at GD 14 
placenta . Imrnunreactivity is found in the trophoblastic giant cells (G). x450 
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Figure 5. lnununohistochemicallocalization of type IV collagen at GD 16 
placenta. Irnrnunreactivity is found in the some spongiotrophoblasts (S). x450 

Figure 6. lnununohistochemicallocalization of EGF in decidua cells at GD 12. x450 

-", 
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Figure 7. Immunohistochemical localization of EGF in the trophoblast ic giant cell (G) 
at GO 20 placenta. (5) spongiotrophoblast. x450 

Figure 8. Immunoh istochemical localization of EGFR at GO 10. lmrnunreactivity is found 
in the decidual cells (0 ), but no EGFR immunreactivity is found in uterus (U). x450 
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Figure 9. Immunohistochemical localization of EGFR at GD 16 placenta. Trophoblastic 
giant cell is found imrnunostaining for EGFR (arrowheads). x450 

Discussion 

This study was designed to evaluate the placentation, the immunolocalization and 

the roles of a growth factor and its receptor and some components of ECM in the placentation 

in Wistar albino rats at different gestational day that has not been studied in this experimental 

design beforehand. In this study, the weight gain, placenta and fetus weight and placental 

index were examined during the gestation; these parameters were suited to the preceding 

studies (11-13). The histological changes in the placenta during the placentation in rats show 

similarities to the findings reported by Bridgman (14); Davies and Glasser (15); Knudsen et al 

(16); Dogrurnan and Daghoglu (17) and Bulmer and Peel (18). 

In our study, the expression of type IV collagen was intense within ECM of the 

uterus, decidua, and trophoblastic giant cells at GD 12 and GDI4. Type IV collagen 

immunreacti vity in blood vessels and trophoblasts of labyrinth was heterogeneous throughout 

pregnancy. The Reichert's membrane on days 18 and 20 of gestation exhibited intensely 

expression of type IV collagen. 
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Forsberg et al. (13) reported that type IV co llagen irmnunrcactivity was found in 

Reichert 's membran e, labyrinth, basal zone and walls of vessels in the rat placenta at GO 20. 

In the study of Kitaoka et al. (19), it was concluded that at GO 9.5 normal rat placenta 

exhibited positive stainin g in decidua , cytotroph oblasts and maternal artcrs. In another study, 

there were weakly positive staining for type IV in endometrium, miyometrium and decidua 

whereas clearly positive staining for type IV collagen in the labyrinth and trophoblasts (20). 

Possibl y a basement membrane matrix containing high levels of type IV collagen 

and lower levels of TN is permi ssive for trophoblast migration at GO 12 and GO 14. The 

synthesis and secreti on of large quantiti es of type IV collagen for may provide trophoblast 

invasion regulation and promotion (21). The dimini shed presence of type IV collagen we 

obse rved in labyrinth at GO IG may correspond to a reduced rate of ce ll migration in the 
1 

labyrinth at this time. In the present study, we show that TN and type IV collagen are highly 

synthesized by trophobl astic giant cell early in thei r differentiation. 

At 10 days of gestation, the intensity for TN were present in decidua and uterus. 

There arc increa ses for TN immunreactivity in the spongiotrophoblasts and labyrinth 

trophobl asts of placent a in rats from GO 12 to GO 20. Castellucci et al. (22) reported that TN 

expressed durin g the development of the placenta , particularl y in the mesench ymal villi, cell 

islands and cell column s in human, and in the human placenta. TN expression can be 

correlated with villous growth , cell proliferation , and tibrinoid deposition, TN is a peculiar 

component of the ECM, particularly expressed during embryonic and tumor deve lopment, 

wou nd healing, cell proliferation. 

In our study, the positive staining for EGF was seen in the uterus and decidua 

between the GO 10 - GO 14 of gestation. The intensity of the stainin g for EGFR in the 

placentas sections varied during the pregnancy. Decidua was seen clearl y positive staining for 

EGFR at the GO 10. The intensity for EGFR was reduced in the trophoblastic giant cells and 

spongiotrophoblasts at GO 18. 

a. 
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EGFR was showed increasing immunoreact ivity along the highly differentiated 

syncytiotrophoblast plasma membranes with advancing pregnancy. EGFR expression is 

strongly related to the proliferat ive trophoblast in humans (23). 

Ladines-L1 ave et al. (24) reported that in the very early placenta obtained at 4 to 5 

weeks, EGF and EGFR were almost exclusively localized to cytotrophoblasts, whereas EGF 

and EGFR in early placentas obtained between 6 and 12 weeks predomin antly localized to 

syncytiotrophoblasts. The dynamic change in cyto logical localization of EGF and EGFR in 

developing human placentas may reflect the change in a possible role of EGF in the course of 

fetoplacental development. 

Immunoreactivit y for EGF and EGFR in the placenta was found cell specific in our 

study. In the placenta, the level of proliferative activity may vary between GO 14-GO 18. In 

early gestation, there was a prominent role of EGF for trophoblast growth and for 

different iation functions in the late phases of gestation (25). In our study, the results of 

immunostaining for EGF and EGFR were seen that the synthesis of these molecules closely 

related with gestation day in rats. These data accorded with Arnholdt and colleagues' s (25) 

results. 

Although various studies have been done on the changes in the human placental 

EGFR, their results have not been consistent. The present findings are to somc extent 

consistent with those reported for the different rat strain. The fact that both EGF and EGFR in 

GO IO-GO 21 placentas were localized to mitotically active placental cells suggest that, in 

placentati on, EGF and EGFR may be lined to the proliferation or differentiation of these cells. 

Interacti on between ECM components by the trophoblast cells and those produced 

by the decidua may be important in controlling the direction and extent of cell migration and 

also in determinin g the structural organization of the placenta. While several studies have 

investigated the role of some ECM components and growth factors in the placentation at the 

early and late pregnancy in rats (26, 27), there were no studies have compared the roles of 

these compo nents in our studied days. The results of this study will be useful to evaluate of 

significance of the changes in composition of the ECM and some growth factors playing a 
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pan in the proliferation, migration and differentiation of cells during the rat placentation . The 

results presented in this paper showed that during the establishment of the rat placenta, TN 

and type IV collagen polypeptides were not coordinately expressed . 

The	 results presented here, in addition to those of previous reports of other 

researchers, indicated that the d ifferent cells of rat placenta showed different immunreactivity 

for T N, type IV collagen, EG F and EGFR between the G D 10 - GD 21. Growth factors can 

modulate both the synthesis and the dcgration of ECM through their action on structural 

components, matrix-degrading proteases, and protease inhibitors . These data will be useful for 

explanation of significant changes in composition ECM and the synthesis of growth factors 

and their receptors and the interactions between the growth factors and ECM components 

during thc rat placental development. 
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Abstract 

Bee swax is processed in small factories the most important problems of beekeeping. 
Any pathogen bacteria found in comb foundation s improves the spread ing of honeybee 
di se ase s, especially American Foulbrood (AFB) . Each of 22 samples from 22 firms were 
collected. Colonies of Bacillus spp. were identified. As a result in 9 of the 13 firm's infected 
comb found ation s, Bacillus alvei wa s found. In the other 4 firm s ' s samples , Paenibacillus 
larvae which causes AFB were observed. In conclusion, non-hygen ic beewa x is the main 
affect for the spread ing of the di seases. 

Key Words: Pacnibacillus larvae, Bac illus alv ei, beewax, comb found ation 

Introduction 

Bee swax is an important bee product wh ich returns partly into the hive in the form 

of comb found ations. but comb foundations have to be sterillized before use. When beeswax 

is processed in smaller factor ies producing found ation s, cleaning and di sinfection usuall y 

neces sitate 0.5% H2S0 4 and temperature of 80-90 °c for 30 minute (I). 
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Thi s procedure is suffic ient for liquidati on of vegetati ve stage of bacteri a. The main 

bacterial d iseases, American foulb rood (AFB) which is caused by Paenibacillus larvae and 

Europ ean foulbroo d (EFB) whi ch is caus ed by Melissococcus pluton, are ver y big problem in 

beekeeping industry (2). Bacillu s alvei ; also causes secondary infec tions in EFB diseases and 

is commonly found in infec ted brood samples (3) . So , thi s temperatu re doe s not destro y P. 

larvae spores, their heat resistance ca n even be incre ased uti lis ing these temp era tures (4) . 

It is recommended that a to tal temperature of 121°C at a pre ssur e of I atm for 20-30 

minu te remove P. larvae spores from beeswax (5-7). Savo v and Ar sen ov (8) investigated the 

resist ance of P. larvae spores to tempera ture w ithou t increased pressure and noted that dry 

heat destroys the spores at a temperature of 110 °C in 2-3 h, and at 140 °C in 60-90 min. 

Kostecki and Orlowsk i (9) and Kostecki and Jelin ski ( 10) elabo ra ted a method for 

determining P. larvae spores in wax using a sol vent and subsequent centrifugation. Isolat ion 

of spores fro m wa x with subseq uent cultivation is likewise found in a stud y by Hans en and 

Rasmussen ( 1J) and mo difi ed to the co mb foun dation. 

Acid resistance o f spo res is known (12), and it wa s examined that the num ber of P 

larvae spores were not redu ced by 0.5% H2S04 in wax for 37.5 h ( I ). 

In the comb foundations , an y pathogen bact eria should not be found in ord er to prevent 

spread ing of th e honey bee dis eas es especiall y AFB. In th is study the comb foun dation is 

examined for be ing sterile truely. Thus, it can be observed the sprea d ing of major bacterial 

d iseases because o fnon-sterill ized comb founda tions. 

Materials and Methods 

Th e stud y w ith comb foundation s involved the isolat ion of Bacillus spp . spores 

acco rd ing to the method of Ro se (13) and Wilson (14). Th e 220 sa mples whi ch are traded 

comb foundation s o f twenty-t wo different firm s in d ifferen t regions of Turkey were collected 

and exam ined in the laboratory. One gr mixed of ten found ations we re dissolved in 9 ml 

chloroform. The suspe nsion was centr ifuged at 3000 rpm for 30 min in ord er to settl e do wn 

any spore s. A fter tha t, 8 ml supe rnatants discarded, one ml rema ining solution and pellets 

were hand- roll ed . This sol ut ion wa s inoculated into 9 ml nutrient broth. It was incubat ed at 

37°C for 12 h and later submitted to 70°C for 30 min. as the same. Incubati on and heat ing 

were rep licate d 3 times. Thus, all non -spo rulati ng microorgani sms and veget ativ e cells 

germi nat ed from spores ca pab le of growi ng in nutrient broth were eliminated . The viability o f 

Bacillus spp. spore s wa s determined by trans ferring of implantat ions I ml of the sa mple 

prepared in th is way on the BHI medium and BHI w ith 3 ug/ rnl na lidix ic acid (2) . Grown 



39 
colonies o f Bacillus spp. wer e identified under the microscope with Gram stai n and usmg 

biochemica l tests ( 15). 

Biochemica l tests : Bact er ial cultures isolated from comb found ations we re stained Gram 

reacti on and tested for catalase production, Voges-Proskauer, starch hydrol ysis, 

decomposition of gelatin, use of c itrate. ac id production from man nitol and growth in nutrient 

bro th ( 16, I7) . 

Result s and Discussion 

A method of Bacillus spp. spores isolati on from comb foundation was tested and 

veri fled based on studies of Rose ( 13) and Wilson (14 ) firstl y, and seco nd ly Maeho va (I ). 

In th irteen of the twenty-two cul tures , Gram( +) and vegetative bacil forme s of bacter ia and 

spore formes were observed . Th ese were ide ntifie d as Bacillus spp. micro scop ically. 

Accord ing to Alippi (17) , P. larvae strains were Gram positive and the y we re catalase and 

Voges-Prosk auer negat ive. They liqu ifed ge latine, but d id not hydrol yse starc h. Citrate was 

not used and vari abl e results we re obt ained from mannito l. B. alvei cultures were Gra m 

pos itive, Gram negat ive or Gram vari able. Citrate was not used and no acid was produced 

und er ae rob con dition from mann itol. They liqu ifed gela tin and hydrol ysed starch and were 

positive for ca ta lase and Voges -Pros kauer . 

The results o f biochem ical tests showed that in nine o f the th irteen cultures, these 

were fit B. alvei whi ch causes secondary infect ion in EFB di seases in all bioch em ical test s 

res ults. Bio ch emical tests results o f the rema in four sam ples also fit P. larvae whi ch causes 

the maj or bacte rial brood di sea ses, AFB . The se results wer e compared with each other in 

Table 1, 
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T abl e I. Th e result s of bioche mical tests co mpared with acco rdin g to Al ipp i (19 91). 

Bact eria Cata lase Vog Pros. Gelat ine Sta r ch H. Mannitol C it rate G ra m 

Alippi's 

Results 

P. larvae - - + - +, - + 

B. alv ei + + + + - - +,

Firm I + + -I + - - + 

Firm 2 - - + - + - + 

Firm 3 + + -+ + - - -I-

Our Fir m 4 + + + + - - + 

Results Firm 5 - - + - + - + 

I Firm S + + + + - - + 

Firm 7 + + + + - - + 

Firm 8 - - + - - - + 

Fin n 9 - - + - - - + 

Firm 10 + + + + - - -

Firm I I + + + + - - +.

Firm 12 + + + + - - + 

Firm 13 + + + + - - + 
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Abstract 

The present stud y was conducted to examine the influences of different phot operiod 
regimes on se lected test is deve lopment paramete rs in relation to insectic ide res istanc e and 
susceptible strains of the hou se fly, Musca domestica L. (Diptera: M uscidae ), under 
laboratory co nditions. Th e cont rol stoc ks were bred under 12/12 hr L:D (ho urs light .dark) 
photoperiod cond ition , and exp er iment al stocks we re bred under 0/24 hr, 6/18 hr, 12/12 hr 
and 18/6 hr L:D photoperiod cond itions. The effect of photoperiod was eva luated by 
mea sur ing, the length, width and volume of the testis of both the resistant and suscept ible 
strain. 

Key Words: Dipt era , hou se fly, Musca domestica, test is dev elopment, photoperi od 

Introduction 

The hou se fly is a pest well known . Its association with ho usehold garbage and 

other organic di sposal s also makes it a potential vector for man y diseases wh ich can affect 

public health . Therefore effor ts to contro l th is organism have been and still are an important 

rese arch subject. The ho use flies natu ral ability to adapt to var ious ha bitats has made it a 

cosmopolite insect well d istributed in most parts of the world. Th e hou se flies high 

reproduction rate and its ab ility to adapt to various environments makes co ntrol effo rts very 

diffi cult therefore information of its capacity to increase under different environmental 

conditions is of high importance (2). 

Th e anatomy of the external and inte rnal reproduct ive organs of certain Diptera and 

their reproduction has been the topic of many scienti fic paper s. Lach ance et at. (3) gave a 

detail ed de scription of the effects of chemosteril ants on spermatoge nic stages in the hou se fly. 

French and Hoopingarme r ( I) gave a description of gametoge nesis in the hou se fly. 

Hacetlepe Univ ., Fac . of Scien ce, Dept. of Biolo gy, 06532 Beytepe, ANKARA- TURK EY 
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Insecticide resistant and susceptible house fly populations show differences in terms 

of various biological activities. Sisli et at (4 and 5) and Caglar (6 and 7) studied the life table 

of house fly and showed that the maturing period of embryos, larvae and pupae of resistant 

populations and the mean generation lenght (T) were longer than those of susceptible 

populations when reared under the same conditions; however, the innate capacity for increase 

(1'",) for susceptible populations was higher than that for resistant populations. 

In addit ion, insecticide resistance rate in any population shows seasonal and annual 

changes. Photoperiod is a reliable indicator of seasonal change, and can provide the insect 

with a vital opportunity to prepare physiolo gically and behaviorally for inclemency's. The 

efficac y of photoperiod as an anticipatory cue in the life history of an individual insect is 

dependent on the life stages during which the insect is capable of perceiving the requisite 

photoperiodic changes, and the extent to which these stages overlap with the critical 

photoperiodic shifts (8). 

The present study was conducted to examine the influences of different photoperiod 

regimes on selected testis development parameters in relation to insect icide resistance and 

susceptible strains of the house fly, M. domestica, under laboratory condit ions . 

Material and Methods 

The insecticide resistant (A1'\n and World Health Organi zation standard 

suscept ible populations (WHO) of house fly were used in this study The insecticide resistant 

strain was collected from the Antalya municipal refuse site and reared under laboratory 

conditions. Thi s population had acquired a high level of resistance to most of the pyrethroid 

and organophosphate insecticides used in the municipal garbage dump of Antalya (9). The 

standard-susceptible population was obtained from Danish Pest Infestat ion Laboratory where 

it was bred for 83 generations without contact to any chemicals. 

Prior to this study both stocks were maintained under the following conditions: 

12/12 hr L: D (hour s light: dark) photoperiod, 75±5% RH relative humidity and 25± I°C 

temperature . Experimental stocks were set up from these stocks and were transferred to 0/24 

hr, 6/ 18 hr, 12/12 hr and 18/6 hr L:D photoperiod conditions for rearing. 

Ten adult males were collect ed from each exper imental condition on a daily basis 

from the same cohort. Collected males were dissected in Ringer's Solution under lOX of a 

binocular microscope [Leica Zoom 2000 Model, Germany). The dissected testes were fixed 

10 min in a 1/3 25% glacial acetic acid: 96% ethanol solut ion, followed by a solution [(6) 

methanol' (3) chloroform: (2) propionic acid] (10), and stained 5 min with aceto-carmine 

(II). The dissected testes were embedded in glycerin and slide mounted with enthellan. The 
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status of testis development was estimated according to French and Iloopingarner ( I), The 

prepare d testes were measured for the following parameters; length, width and volume, 

Measuring of the parameters was done by using a standa rd light microscope ( 16 x 10/0,25) 

[Pr ior A 2 16 Model , England] fitted with a micrometer ( I unit= 30 micron), The volume of 

the test is was calculated by using the volume formulae [11/6 x (length x widthr'] based on the 

assumption that the testis is an ellipsoid ( 12), 

The relati ve effects of photoperiod on testis development time were evaluated by 

one-way ANOYA for equal sample sizes, Differences in testis length between insecticide 

resistant and susceptible strains were evaluated with two-way ANOYA for equal sample sizes 

[ 13 ) 

Results 

The effect of photoperiod was evaluated by measuring the length, width and volume 

of the testis in both insecticide resistant and susceptible house fly strains, The minimum, 

maximum, mean and standard deviations of the selected parameters were calculated and arc 

presented in Table I, 

12/12 hr L: D photoperiod: The maximum length, in the susceptible strain was 

reached in the fourth and fifth days and in the resistant strain was reached in the fourth day, 

Overall growth in the resistant strain was higher than the susceptible strain, Testis width of 

both strai ns reached the highest mean values in the second day and no significant difference 

between the resistant and susceptible strains was recorded, Testis volume of both strains 

reached the highest mean values in the second day, It was again noted that overall growth of 

the resistant strain was higher than the susceptible strain, For the given photoperiod condition 

the two peaks seen in all of the parameters (length, width, volume) seems to indicate that 

sperm production continues up to the fifth day and two ejaculations occurred during the six 

day period . 

6/18 hr L:D photoperiod : The maximum length, in the susceptible and resistant 

strain were dete rmined in the fifth and sixth respectively, Overall growth in the resistant strain 

was higher than the susceptible strain , The highest mean value of testis width in the 

susceptible strain was detected in the fourth and fifth days and in the resistant strain was 

detected in the sixth day, The highest mean values of testis volume in the susceptible and 

resistant strains were determined in the sixth and second day respectively, 
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Overall growth in the resistant strain was higher than the susceptib le strain. Dur ing the study 

period test is length increased continuo us ly in both o f the strains. Growth in width and volume 

of the testes ho wever showed onl y one pea k value ind icat ing that sperm product ion decreased 

after day two and only one ejacul ati on occurred . 

18/6 hr L:D photoperiod condition: Th e maximum length of testis, in the 

suscep t ib le strain wa s recorded at da y 5 and in the resistant str ain was recorded at day 6. 

However the overall growth of the testis in the resist ant strain was higher than the susceptible 

strain. The high est mean valu e of testis width in the resistant and suscep tib le stra in were 

determined in day on e and six respe ctively. The highest mean va lue o f testis vo lume in the 

suscept ible stra in was reached in the six th day and in the resistant str ain was reach ed in the 

second da y, but overall volume growth was again higher in the resistant strain . For the 

popul ations reared in this photoperiod a continuous inc reas e in length was not ed . The two 

pea ks seen in width and volume growth indicate that spe rm producti on was continuous and 

two ejacul ation s occurred. 

0/24 hr L:D photoperiod condition: Th e maximum length, in the suscept ible stra in 

was reached in the sixth day and in the resistant strain was reached in the second day . Overall 

growth o f the test is in the resistant strain was higher than the suscept ible strain . The h ighest 

mean va lue of testi s width in the both strain was reached in the seco nd day. The highe st mean 

valu e of testis volume in the susceptible strai n was reached in the fourth day and in the 

res istant strain was reached in the second day, but overall vol ume growth was higher in the 

resistant s train. For th e given pho to period condi tion the two peaks see n in all of the parameters 

indicate s that sperm production was continuous and two ejacu lations occurred. 

Statist ical eva luation of the dat a, shows that the daily d ifferences in length of the 

test is for the differen t photoperiod conditions were of significant importance (p<0 05). 

Differences in the len gth of the testis at different photoperiod regim es were evaluated 

sep aratel y for the two strains. In the susceptible strain it was ob served that the differences 

betwee n 0/24 hr L D and 6/18 hr, 12112 hr L D photoperiod condition and differences between 

the 6/ 18 hr LD and 12/12 hr, 18/6 hr L:D photoperiod condi tions are of significant 

imp ortance (p<O.05). In the resist ant st rain it was obse rved that the differ ences between 611 8 

hr L:D and 18/6 hr L D photoperiod cond ition and the differences betwe en the 18/6 hr LD 

and 1211 2 hr LD photoperiod co nd ition is o f significant importance (p<O.05) . 

The dail y vari ation in width of the testis for both stra ins for the given photoperiod 

condit ions were statisticall y evaluated . The da ily di fferences in w idt h of the tes tis for the 

different photo period con d itio ns were o f sig nific ant importa nce (p< 0.05) , except for the Gil 8 
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hr LD photoperiod cond ition. In the resistant strain daily differences in width of the testis 

were of sign ificant importance (p< 0.05) between all photoperiod condit ions. Differences in 

the length of the testis at different photoperiod regimes were evaluated separately for the two 

strains. In the susce ptible strain differences in mean testis length between photoperiod 

conditions was not significant (p>0.05). In the resistant strain significant differences in testis 

length (p<0.05) was observed t between the GII 8 hr L:D and 18/G hr L D photoperiod 

condition and the Gil 8 hr and 12112 hr LD photoperio d condition. 

In the susceptible strain, statistical evaluation of the data for the daily differences in 

volume of the testis for the different photoperiod conditions, showed the differences between 

photoperiods to be of significant importance (p<0.05), except for the Gil8 hr L:D photoperiod 

condition. In the resistant strain the daily differences in volume of the testis was determined to 

be significant between all photoperiod conditions (p<O.05). Differences in the volume of the 

testis at different photoperiod regimes were evaluated separately for the two strains. In the 

susceptible strain it was observed that the differences between 0/24 hr L D and (IllS hr, 1211 2 

hr, IS/6 hr L D photoperiod conditions are of significant importance (p<0.05). In the resistant 

strain it was observed that the differences between 18/G hr L:D and 6/ 1S hr, 12112 hr L D 

photoperiod conditions arc of significant importance (p<0.05). 

Discussion 

The house fly, M. domestica, is a cosmopolitan species that often occurs in and 

around landfill s, where larvae and adults arc potentially exposed to numerous toxic chemicals 

and apparently prospers under these conditions. This species has also been prolific in 

developing resistance to a variety of insecticides, involving a number of different 

detoxification mechanisms ( 14; 15). Species can show different reactions to various 

environmental conditi ons because of genetic variation. For examples, Elvin and Krafsur ( IG) 

determin ed that a laboratory strain of M, domes tica matured faster under different temperature 

conditions than a wild strain. Insecticide resistant and susceptible strains of M. doniestica 

could be expected to have developmental differences due to underlying genetic differences. 

$i~ li et al. (5) and Caglar (G and 7) reported that larval and pupal maturation time of a 

susceptible strain of M domest ica was longer than a resistant strain. In general, resistant 

strains of an organism will have a higher survival rate in an environment with the causal agent 

present. Because population losses dur ing development is lower, population increases are 

possible with lower sperm production rates. Lower energy and resource expenditures on sperm 

production would leave and increased amount of energy for use in other life functions, such as 

growth or activity, potentially increasing survival chances. Increases in T value and life span 

also support this concept. 
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Photoperiod is often used by insects as a measure of seasonal change and as cues for 

activities like reproduction or diupau sc. Diapausc is induced mainly by short photope riods 

( 17) which also act to mainta in it (18). The finding of a peak of ecdystcroids i,l prcdiapause 

adults of both sexes by Briers and De Loof (19) has led to the suggestion that d iapause 

induction results from a change in hormonal balance between ju venile hormone and 

ecdystcroids rather than from a dep letion of ju venile hormone alone . Tauber and Tauber (20) 

showed that the ur inary organs of diapause females in Chrysopa cornea were active in a 12/12 

hr LD photoperiod. However , there wa: a sharp decrease in fecundity in a 18/6 hr L D 

photoperiod. Co lorado potato beetle, Leptinotarsa decemliniatu reared under a long-day photo 

regime ( 18 hr) from egg entered the reproduct ive phase 5 days after adult emergence. Under 

short-day conditio ns ( 10 hr) the adult s did not show reproduc tive activity and ente red diapausc 

10-12 days after adu lt emergence (21). 

Our resu lts arc consistent with those .n the present study. Accordin g to the evaluated 

data, we can state that the resistant strains always showed a higher capacity for growt h than the 

susceptib le strains in all of the photoperiod cond itions exa mined. Apart 110m this when the 

effects o f photoperiod on test is developmen t is assessed it can be seen that the best growth 

occurs in the 12/ 12 hr L:D photoperiod condition. The 18/6 hr L:D photoperiod condition is 

also wort h mentioning. In this condition the resistant strain showed better growth dur ing the 

first two days but in the following days the susceptible strain showed better growt h, Although 

growt h in the 18/6 hr LD photoperiod condition for the susceptible strain can clearly be seen 

it is not certain if sperrn ejacul ation can take place with normal success in this photop eriod . 
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Abstrac t 

In thi s study, the effi ciency and resid ual activ ity of aqu eo us susp ension of Bti 
formulat ion , Vectobac" 12 AS which has a potency of 1200 International Tox icity Units per mg 
(1200 ITUs/mg) , was evaluated for contro l of Culex (l u/ex) tritaeniorliynchus Giles (Diprcra 
Culicidae). Field trials were conducted in eight small sized plo ts in Heick. 250 ml/ha. 500 ml/ha. 
750 ml/ha and 1000 ml/ha dosa ges were used in pasture breedi ng habit at wit h high veget ation 
cover. In addition to the former tria ls, 500 ml/ha and 1000 ml/ha dosages were tested in marshy 
bree ding habitat with semi vegeta tion cover. Mean larval dens ity of pretreatment and 
posttreatment were compared and the 24-h posttreatment efficiency and res idual activity of 
Veetobae' 12 AS were evaluated . The 8 1. 16% reduct ion in tot al mean larva l densit ies obta ined at 
24 -h posttreatment w ith 500 I/ha dosage of Vec tobac " 12 AS in marshy habi tat started to drop 
con sistently after the 2nd day and it was found to be 37 .80% at the 6110 day. 

Ke y Words:	 Culex (Culex) tritacniorliyn chus, Bacillus thuringiensis su bsp. israelens is, 
Vectobac" 12 AS, Biological control. 

Introduct ion 

Culex (Cu/ex) trita eniorliynchus Giles is d istributed throughout eastern Asia, the 

Oriental Region , southwestern Asia , and Afric a ( I). Genera lly, it is a comm on species in 

Mediterranean and Aegean region of Tu rkey (2, 3, 4, 5, 6, 7, 8,9, 10). The larval stages of Cr. 

tritaeniorliynchus arc foun d in rice fie lds, floodwaters, and marshy areas with floa ting or 

emergent vegetation. Other breedin g habi tats of the species are pond s. swamps, stream margins. 

spr ings , irrigation ditches, gra ssy poo ls, seepages, and animal footpr ints ( J, J I). 
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Females generally feed on birds, pigs and other domestic animals and are also attract to 

humans, both indoor and outdoor dur ing any time at night (8, J 2). Culex tritae niorhynchus is a 

vector or potential vector of pathogens that cause human diseases . It is the primary vector of 

Japanese encephaliti s in the areas of southern Asia, and it has been found infected with dengue, 

Rift Valley Fever, Sindb is, Getah and Tembusu viruses, and microfilariae of both Brugia malayi 

and Wuchereria ban croft! in many areas of eastern and southeastern Asia (I , 12). Moreover, the 

transmission efficiency for West Nile virus in the laboratory demonstrates that it is an excellent 

potential vector for this pathogen in Pakistan (13) . 

Bacillus tliuring iensis subsp. israelcnsis de Barjac (Bli) has became important for the 

control of mosquito larvae because of concern over the potential adverse health effects from 

environmental contamin ation duc to application of conventiona l insecticides and the development 

of resistance in target populations (14, 15). Bti is gram-positive sporul ating bacteria, which 

produce protoxin crystals during sporulation , which can be ingested by mosquito larvae and are 

highly toxic to susceptible individuals (16). In present, Bti is used in all continents . Worldwide 

usage of Bti is steadily increasing and the extensive laboratory studies, coupled with no reported 

cases of human or animal disease after more than 25 years of widespread use, clearly argue for the 

safety of this active microbial bio-control agent (17, 18). Due to its high specificity, Bti is 

remarkably safe for the environmcnt; since it poses no threat to non-target organisms (except for a 

few other nernatocc rous Diptera when exposed to much higher than recommended rates of 

application) ( 18, 19, 20). 

Up to date no research on the vectorial capacity of Turkish ex. trit aen iorhyn chu s has 

been conducted but since the species is generally distributed throughout important tourism 

regions and is found frequently near international airports, it can be a major threat as a potential 

vector of many pathogens . Therefor e it is extremely important to use suitable control agents and 

develop effective cont rol method s. 

In this study, the efficiency and residual activity of aqueous suspension of Bti 

formulatio n, Vectobac 12 AS (1200 ITUs!mg), for control of ex. trita en iorhynchus was 

evaluated by field trials conducted in eight small sized plots in Bclek. 

Material and Methods 

Study area: 

Located between 36° 5 I' 00" and 36° 51' 19" N and 31° 04' 53" and 3 1° 65' 38" E, 

Belek is part of a 29 km long national reserve situated between the Aksu and Koprucay rivers in 
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the Serik District of Antalya Province, where tourism is of high economic importance. Annual 

rainfall is 908 mm and is heaviest in winter and spring. Annual average temperature und relative 

humidity arc 18°C and 65% RH, respect ively (9). 

Field trials; 

Trial s were conducted in two different breeding habitats of ex. tritaeniorhyn chus in 

Belck . The first breeding habitat might be characterized as a pasture habitat with high vegetation 

coverage and mean water depth of 5 cm. The other breeding habitat , might be characte rized as a 

marshy habitat with semi vegetation coverage and mean water depth of 20 ern. Prior to treatment 

of formulation, pH, water temperature (Model WTW Typ-U-455) and conductivity (Model WTW 

LF 90) of breeding habitats were recorded . The values obtained from habitats were 9.19, 25.2 °C, 

0.44 mS/cm and 8.76, 29.2 °C, 0.71 mS/cm, respectively. Efficiency trials for Vcctobac " 12 AS 

were conducted in pasture habitat while residual activity trials were conducted in the marshy 

habitat. Efficiency tests of Veetobae ' 12 AS at 24-h period posttreatment, at 250 ml/ha, 500 l/ha, 

750 ml/ha and 1000 rnl/ha dosages were conducted in five 25 m2 plots ( I control ; 4 treatment) 

within the pasture habitat. Residual activity of the formulation at 500 mllha (dosage 

recommend ed for clean and vegetation free habitats) and 1000 ml/ha (dosage recommended for 

polluted habitats with high vegetation coverage) dosages were conducted in the marshy habitat in 

three 50 m2 plots (1 control; 2 treatment ). In order to determine the larval population density in 

both contr ol and treatment plots, 20-dip samples were taken randomly using a long-handled 

dipper. Larval populations were categorized into early (I Sland 2nd instars) and late (yd and 4th 

instal'S) instal'S, than were counted and recorded as mean numbe r of larvae per plots. Counting 

larvae put back into their own plots. The pupae, if any, were excluded from counting since no 

feeding activity occurs in the pupal stage. Afterwards the formulat ion was sprayed evenly on to 

the entire water surface of the treatment plots by a 10-1iter stainless steel pressurized hand 

sprayer. For determining the efficiency of the formulation, larval sampling was conducted at 24-h 

posttreatment. For residu al activit y, larval sampling was conducted daily, for six days following 

treatment. The reduction in larval densitie s was calculated for both trials by using values obtained 

from the posttreatment samplings. Percentage reduction in larval densities was calculated using 

the formula of Mulla et al. (2 J), which takes into account the natural changes in the mosquito 

larval populations and data were analyzed with SAS statistics program (22). 

Percentage Reduction = 100-[(Cl xT2/Tl xC2») x 100 

Where C 1= mean number of larvae in control groups before treatment , T I = mean number of 

larvae In treatmen t groups before treatment, T2 = mean number of larvae In treatment groups after 

treatment, and C2 = mean number of larvae in control groups after treatment. 
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Results and Discussion 

The 24 -h posttreatment efficienc y values for Vectobac ' 12 AS at 250 ml/ha, 50 U l/ha, 

750 ml/ha and 1000 ml/ha dosages arc g iven in Table I . 

Table I . Efficiency of Vcctobac " 12 AS formul ation on den s ities of early and late instars Cr. 
tritaeniorhyn chus and the percentage of reduction in fie ld tr ials at 24 -h posttreatment with 
varyi ng concentrations in pasture breed ing habitat. 

% Red uction 

Larval instars 

late early late 

0.85 95 .61 90 .10 

2.30 95 .34 79 .98 

3.75 78 .55 56.0 1 

6.85 52.17 26.42 

10.70 

Mean no . of larvae 120 dips 

Pretr eatm ent Postt reatment 
Formulation 

Dosages Larval instars 
ml/ha 

earl y late early 

1000 22 .30 7.10 0.95 

Vcctobac' 750 23 .20 9.50 1.05 

12 AS 500 25 .70 7.05 5.35 

250 2 1.00 7.70 9 .75 

Control plot 22 .20 8.85 2 1.55 

There was no sig nifica nt di fferen ce in mean number of ea rly and late instars between pret rea tmant 

and 24-h pos ttreat men t in control plot s (F= 0.43, df = I, P= 0 .52). 

After the applicati on o fVeetobae ' 12 AS , it was observed tha t the leve l o f redu ct ion in 

the den sity was relat ively high in early instars when co mpa red with the late instars . 1000 rnl/ha 

dosage of Vectobac' 12 AS ca used 95 .6 1% reductio n in early instars whi le causing 90. 10% 

reductio n for late instars . Th e larvicidal effect of the formulation on both the early and late instars 

was found to decrease according to decreas ing dosages. 52 .17 % and 26.42% reduction in 

den sities of early and late larval instars were record ed at the 250 mlih a dosage (Ta ble I). When 

the efficiency of form ulat ion was evalu ated for the pasture habit at , the dosages 250 rnl/ha and 500 

ml/h a gave very low results. T his resu lt was in agreemen t with the recommended dosage ( 1000 

mlih a) for application in breed ing habitats with high vegetation cover and in highly po lluted 

b reeding habitats. These results also pointed out the importance of Eli usage in control of 

mosqu ito larvae accord ing to the characterist ics o f the breed ing ha bita t. 

Larv icid al activity of formu lati ons tends to decrease afte r treatment due to var ious 

factors (20). Therefore, formu lations or application dos age s provid ing 50-60% reduction values at 

24-h posttreatment in any breeding hab itat cannot automat icall y be accepted as effective 

formul at ion s for those habitats. Because of the high rep roduct ive ca paci ty of mos qui toes the 
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efficiency of the app lied larv icide s mu st be high and the period of their residual activity must be 

relat ively lon g. 

The resi dual acti vity values of Vcc tobae ' 12 AS at dosages 500 ml/ha and 1000 ml/ha 

111 the marshy habitat are given in Ta ble 2. Although there was an increase in mean larval 

densiti es in the control gro ups afte r application, there was no significa nt d ifference between 

pretreatment and posttreatment in the mean numb er of ear ly, late and total instars in the control 

plo t (F= 1.18, df= 6, P= 0.32). On the other hand , the mean larval densi ties in plots which were 

subjected to 500 ml/ha and 1000 ml/ha dosages of Vcctobac " 12 AS decreased after treatment 

and red uct ion in daily larval dens ities was found to be sta tistically significant (500 l/ha; F= 45.99, 

df= 6, P<O.OOl ) (10 00 rnl/ha; F= 138.71 , df= 6, P<O.OO I) . 

Table 2. Pretreatment and posttreatment larval densit ies and % reduction values in treatment and 
control plot in marsh y bree ding hab itat. 

M ean n o . o f larvae / 20 dips 
t: % reduct ion 0 

<:.J Postt reatment Pretreatment 
bJ) ~'i'5 
~~ d0 -;= Larv al instars Larval instars Larval instars § Q t: a

0 
r..t.. early late total early late total early late tot al Y 

s 

72.88 48.38 81.16 I. 6.95 1.20 8. 15 

70 .62 79.93 73.15 2. 8.05 2.60 1D.65 

5.60 5.85 11.45 75 .36 72.55 72.78 3. 
25.20 8.65 33.65 500v: 4 . 8.00 3.90 12.50 42 .35 85.30 67.53 

-< 
7.25 8.50 15.7 5 52.47 65 .45 57.62 5. N-

~ 40.50 42.15 37.80 6. 11.00 13.85 24 .85 -u 
~ 95 .56 96 .2 1 95.68 1.45 0.30 1.75 I..D 
0 

91. 69 94 .07 92.36 2.U 2.90 0.75 3.65 

>
Il) 

77.89 93 .76 85.80 3. 6.4 0 1.30 7.20 
32. 10 8.45 40 .55 100 0 

56.59 89.78 76.50 4. 8.25 2.65 10.90 

7.80 5.55 13.35 59 .86 76.90 70.19 5. 

9.85 14.80 23 .75 58.17 36.72 50.67 6. 

42 .00 1l.l0 53. 10 l. 
44 .90 17.75 62.65 2. 
37.25 29.20 66.45 3. Control 41.3 0 11.85 53. 15 

plot 24.4 5 36.35 60.80 4 . 
25 .00 33.70 58.70 5. 
30 .30 32.80 63 . 10 6. 

As ment ioned above, the reduc tion in mean larv al densit ies in days following treatment does not 

indic ate that the formulation or the dos age has a res idual activity. Th e 8 J .16% reduct ion in total 

mean larval den sit ies obta ined at 24-h posttre atment with 500 IIha dosage of Vectobac' 12 AS in 

marsh y habitat started to drop con sistentl y after the 2nd day and it was found to be 37 .80% at the 
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6th day. Although the decrease in mean larval densities was statistically significant the high 

decrease in larvicidal effic iency after the 2nd and )'d day and the 73.15% and 72.78% reduction 

values in total mean larval densities in these days, indicates that the 500 ml/ha dosage of the 

formulation docs not have sufficient residual activity in order to be effective in C'x. 

trit aeniorhyn chu s cont rol programs. On the other hand, the percent reduction in the plot treated 

with 1000 rn/ha dosage of the formulation in the I", 2nd and 3'd day was 95.68%, 92.36%, and 

85.80%, respectively. After the )'d day, larvicidal efficiency decreased rapidly and at the 6th day 

only 50.67% reduction was obtained. These results indicate that 1000 mllha dosage of the 

formulation is effective for only 3-4 days, so it is recommended that Vectob ac" 12 AS should be 

applied at 3-4 day intervals against Cli. tritae niorhyn chus. The acceptable efficiency values of Eli 

based formulations can change significantly depending on breeding habitat, application dosage 

and type of formulation but usually a high percent reduction value (80%- 100%) is desired (21, 

22, 23) . Amakraj et al. (24) accepts the period where the percent reduction in mean larval 

densities is over 80% as the period where residual activity of Vcctobac " 12 AS continues. 

Romi et al. (25) obtained complete control of mean larvae/dip densities of Anopheles 

ara biensis in early period rice field with 600 rnl/ha dosage of Vectobac ' 12 AS at Ist and 2ndday 

posttreatm ent but determ ined that the larvicidal activity was lost after the 5th day. The field trial 

conduct ed with Vectob ac" 12 AS (2000 ml/ha) in Zaire showed that the larvicidal activity was 

lost after 48 h against Culex quinquefasciatus in polluted gutter water (26). Amalraj et at. (24) 

determ ined that 1200 mllha dosage of Vectobac" 12 AS suppressed the immature density of Cx. 

qu inqu ef asciatus by more than 80% for 1-3 days in cesspits in India. Aldemir, (27) conducted 

cont rol trials for Culex tlieileri, Culex pip iens, Anopheles sac harov i and Anopheles maculipennis 

s.l . in marshy and pasture breeding habitats in Gclbasi with 750 rnl/ha and 1000 ml/ha dosages of 

Vectobac ' 12 AS and determined 92.3%- 100% larval mortalit y at 24-h posttreatment but larval 

popu lation densities started to increase at the y dday of posttreatment. 

Results obtained from the tri als are consistent with the works mentioned above 

although they were condu cted with different species in different breeding habitats and indicate 

that Vectobac ' 12 AS had a high efficiency yet its residual activity was short . In order to establish 

successful control programs for species like Cx. tritaeniorhyn chus which prefer breeding habitats 

with high vegetation cover, choos ing the right formulation according to breeding habitat features, 

and choosing the right dosage which has minimal effect on non-target organisms is of vital 

importance. 

Generally control programs for mosquito species using rice fields, pastures and marshes 

as breeding habit ats require comprehen sive time, cost and labor. Therefore together with 
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environmental effects, larvicidal efficiency and residua l activity of formulations are also 

important in dete rmining the prope r agents for control. The larvicidal efficiency of Vcctobac" 12 

AS for control of Cr. tritacniorhynchus was notably high but the fact that the formulat ion had to 

be applied every 3-4 days even in high dosage rates like 1000 ml/ha indicates that problems might 

arise when limita tion due to time, cost and labor are considered . 
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Abstract 

The aim of the present work is to study the chemical composition and antibacterial activities of 

Turkish propolis collected different regions of Turkey such as Adapazan , Burdur, Bursa, Kemaliyc

Erzincan, Ordu and Trabzon provinces. Ethanol extracts of propo lis (EEP) were prepared for 

chemical analysis. Gas chromatography coupled with mass spectro metry (GC-MS) was used for the 

chem ical analysis in the organic compound base. Escherichia coli , Salmonella typ lii, Proteus sp., 

Staphylococcus aureus, Bacillus subtilis and Beta Hemolyt ic Streptococcus bacteria were used to 

determine the antibacteria l activity of propolis samples. All propolis samples have di fferent chemical 

composition, however antibacter ial activities of the propolis samples showed similar antibacterial 

properties. It was observed that all propolis samples affected to the growth of the gram positive 

bacteria. The activity agains t gram negative bacteria was weak. 
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Introduction 

Propolis is a kind of resinous bee product, collected by worker honeybees from the buds and 

leaves of the plants, trunk wounds and trees (eg, Castanea sativa, Populus spp., Aesculus 

hippocastanu ni, Pinus spp and Betula spp.). The bees attach the propolis on their hind legs, and carry 

it back to their colony (1,2), where it is combined with bee wax and used by worker "hive" bees to 

seal and sterilize the colony nest (3). 

Propolis is used in various folkloric and medical applications for its antiseptic (4), antimycotic 

(5), anti-inflammatory (6) and other beneficial properties in many part of the world (7). Use of 

propolis by humans has a long history, predated only by the discovery of honey. Propolis contains 50

70 % resins and 10 % essential oi ls, coming from the trees, mixed with 30-50 % wax for proper 

consistency and 5-10 % pollen (8). Chemical composition of propolis is very complex and contains 

many different organic compounds (eg, aliphatic and aromatic acids and their esters, alcohols, 

ketones. aldehydes, chalcones, flavanoids, amino acids, sugar, inorganic metal ions, and the other 

compounds) (9). Chemical composition of propolis is changed by different parameters such as climate 

cond ition. location and years. Since the different chemical compounds in propolis may affect different 

biological reactions in living organisms, determ ination of chemical composition and amount of the 

. each compon ent is important for the use. 

Some chemical compound s in different group in propolis arc effective inhibitor to SOme 

enzymes and showing antibacterial activity (10). In the propol is sample, there are many different 

chemical compounds to show antibacterial activity to the different bacteria ( 11, 12 ). But so far, it has 

not known very well that which compound is showing antibacterial activity to which bacteria. To 

examine the activity of the chem ical compounds to different bacteria, TLC and HPLC 

chromatographic technique s were used for the fractionation of the propolis samples ( 13, 14). 

Collected fractions were tested for the antibacterial activity of some chemical compounds. The 

antiviral and antimicrobial activit ies, the free radical scavenging effect, and antitumor activity of 

propolis samples were also examined (15,16) . For the antimicrobial activity, propol is samples were 

studied seasonal effect on the survival curves of Staphylococcus aureus and Escherichia coli. After 

incubation with propolis, it has been observed that there was no significant difference on the 

antibacterial activity of the propolis samples (17). Antibacterial activity of propoli s samples collected 

wide range area in the world were examined using different bacteria. It has been found that propolis 

samples showed antibacterial activity to GTFs ( 10), Infectious Bursal Disease Virus and Reo-Virus 

( 15), Staphylococcus aureus ( 16,18), Escherichia coli (15, 16), Candida albicans ( 15), Aertemia 

salina nauplii ( J 1) and Helicobacter pylori (19). 

In this study antibacteri al activity of Turkish propolis collected wide range area in Turkey was 

examined using different gram(+) and gram(-) bacteria and made correlation between the chemical 

composition of the propolis samples with the activity of those. 
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Materials and methods 

Sampling 

All group samples collected from different regions in Turkey belonged to Apis mell ifera 

col onies. The hives were located at Bursa province in Wes t, at Adapazari province in No rth-West, at 

Burdur province in South-West of Anato lia, at Ordu province in North , at Trabzon province in North

East, and at Kernali ye-Erz incan province in East in Turkey (Fig I) . 
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Fig. I .Various locations where propolis samples we re collected from Turkey. 

Th e samples we re ob ta ined by sc raping the walls, fram es and other hive parts . Als o samples 

we re co llected usin g a propoli s trap. 

Preparation of Ethanol Extracts of Propolis (EEP) 

T he har dened propolis was gro und and 100 g of sa mp le were dissolved in 300 ml ethanol 

(% 96 ) This mixtu re was preserved for two weeks in a bottle closed tightly and kept in the incub ator 

at 30°C. After incubation procedure, supernatant was filte red twice wi th Whatman No: 4 and No:I 

filte r paper. The final filtered concentrated solution (I : I0, w/v) called Ethanol Extracts of Propolis 

(EEP) wa s evaporat ed to dryness. About 5 mg of resid ue were mixed wi th 75 III of dry pyridi ne and 

50 III bis( trimet hy lsi ly l)tri fluoroacc tamide (BSTFA), heated at 80 "C for 20 min and then fina l 

supernatant was ana lyzed by GC - MS . 
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GC-MS System 

A gas chromatography (GC 5890, Hewlett-Packard, Palo Alto, CA, USA) coupled with mass 

detector (MS 5972, Hewlett-P ackard , Palo Alto, CA, USA) was used for the analysis of ethanol 

extracts of propolis samples. Experimental conditions of GC-MS system was as follows: HP-I 

column (25m X 0.2 mm and 0.02 11m of film tickness) was used and flow rate of mobile phase (He) 

was set at 1.0 ml/rnin. In the gas chromatography part, temperature was kept for I min at 50 °C, then 

increased to 200 DC with J5 DC /min heating ramp. After this period, temperature was kept at 200 °C 

for 5 min. Finally, temperatu re was increased to 280 with 25 DC / min heating ramp and then kept at 

280 °C for 10 min. 

Microorganisms and Culture Media 

The antibacterial activity of isolated compounds was tested against the following 

microorganisms: Escherichia coli, Salmon ella tyhpi, Proteus sp. Staphylo coccus aureus, Bacillus 

subtilis and Beta hemolytic Streptococcus. Bacterial strains were mainta ined on nutrient agar, blood 

agar and cosine methylene blue agar. All media were sterilized at 120 DC for 20 min . 

Determination of Anti bacterial Activity 

The cultures were sub-cultured in liquid medium (Brain Heart Infusion) incubated at 35 DC for 

24 h, and then used for the test. The optical density at 550 nm (00550) of the culture was measured 

with an UY-VIS spectrophotometer (Beckman 650, USA) (an OD550 equal to I corresponds to 

approximately 10(' cell/ml) . These suspensions were prepared immediately before the test was carried 

out. 

The minimal inhibitory concentrations (MICs) were determined. The MIC was defined as the 

lowest concentration at which no bacterial growth was observed after incubation at 35 DC for 24 h. 

Results and Discussion 

II.d of EEP extra ct was injected to the GC-MS system to screen the sample and 

identify the compounds that were available in each propolis sample. Compounds, such as 

amino acids, aliphatic acids and their esters, aromatic acids and their esters , alcohols, 

aldehydes, flavones, flavavone s, hydrocarbons, ketones and terpenoids, and other 

compounds, in each sample were ident ified by computer search usin g reference Willey 

Libra ry (HP commercial library) and mass spectra patterns. It was found that all six 

samples could be divided into four main sample groups. In the first group , there were three 

samples collected from Trabzon, Ordu and Kernaliye-Erzincan provinces. First group 

samples mainly contain high content of alcohols and aromatic acid esters, and low content 
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of aromatic acids (Table 1). In the second group sample that wa s collected from Bursa cit y, 

the co ntent o f flavon es, aromat ic ac ids and ketones are rea lly high compared the o ther 

pro po lis groups (Table 1). There was onl y one sample in the th ird group co llected at 

Adapazari region. Aromatic acids were the main component in this sample and vitamin A 

content of thi s sample was the highest in all propolis samples. However, ketone content of 

this propolis sa mple is the lowest compared to the all other propolis samples. In the fourth 

group propolis, there is only one propolis sample that wa s collected from Burdur region. 

This propolis sample is enon.llously different than the first three propoli s sampl es because 

of the differe nt origi n of this propolis. Only this propolis sample was co llect ed from south 

part of Turkey. Alcoho l content of this sample is extremely lower tha n the others, aromatic 

acid es ters are the hig hest, aromatic ac ids are the lowest, flavonoids are the lowest, and 

ketones are the highest in the all propolis samples. 

Table I. Chemical composition of propolis collected from different regions of Turkey. 

Co mpound 

( % ) 

Bursa Erzincan Burdur Ord u Adapaza n 

6.34 

Trabzon 

15.03 Alcohols 4.4 0 12. 20 1.71 14.20 

Aliphatic acids 2.75 1.30 2. 22 2.70 6.4 1 3. 1 

Amino acids Very low 

Very low 

Very low 

5.70 

Very low 

13.14 

-

6.80 

Very low 

3. 10 

-

5.12 Aromatic acid esters 

Aromatic acids 7 .54 2.35 1.52 4 .35 18.15 3.35 

Aromatic aldehyde 3 .9 1 0.95 - I.GO 1.86 

37. 55 

0.95 

43.55 Flavonoids 47.40 49.40 3 1.8 35 .80 

Ketones 11.20 10.50 24 .74 22.90 6.95 2 1.30 

Vitamin A - 1.20 - 0.25 1.84 

7.70 

-

very low Tcrpenoids 1.92 2.70 4 .50 0.45 

Others 20 .88 13.70 20 .37 10.9 5 10. 10 7.60 
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The climatic condition of Bursa, Trabzon, Ordu, Kemaliye-Erzincan, Adapazari provinces are quite 

different from each other. Flora of first five provinces namely Bursa, Trabzon, Ordu, Adapazari and 

Kernuliye- Erzin can match with the flora of Euro-Sibiria. The other flora, Burdur, shows the properties 

of step flora. The main observations of four different propolis groups could be conc luded as follows: 

Flavonoids content of propolis that were collected Bursa and Kernaliye-Erzincan region are 

really high; Castanea sativa and Populus alba were widely growth at districts of Bursa where propolis 

samples are col lected whereas Populus spp ve Quercus spp were growth widely at districts of 

Erzincan where propolis samples are collected 

Propolis from Burdur region showed different pattern from all other samples. This propolis has 

highest content of ketone, alcohols and aromatic acids and the lowest content of terpenoids. 

Population of trees was negligibly low at districts of Burdur where Propolis samples were collected. 

That ' s why chemical composition of Burdur province propolis sample is extremely different than the 

other propolis samples. 

From the literatures, it is well known that propolis samples or some specific compounds in the 

propol is samples have been shown antibacterial activity to different type of bacteria ( 12,20,21). 

Antibacterial activity of propolis has been attributed to phenolic compounds, especially flavonoids, 

phenolic acids and their esters. Ethanol extract of the propolis collected different region in Turkey 

were examined for the antibacterial activity of six different bacteria namely Escherichia coli, 

Snlmonella typ hi, Proteus sp., Staphylococcus aureus, Bacillus subtilis, and Beta hemolytic 

Streptococcus. These bacteria associated with a variety of infectious diseases. 

Antibacteria l activity of all propolis samples are similar each other even if they have different 

chemical composition. However, effective activity of the different propolis sample is changing by the 

chemical composition changing of propolis samples. In this study, it was observed that all different 

propolis samples showed antibacterial activity to the gram positive bacteria such as Staphylococcus 

aureus, Bacillus subtilis , and Beta hemolytic Streptococcus. Propolis possesses antibacterial activity 

especially aga inst gram positive bacteria. This activity is reported to be due to flavonoids, aromatic 

acids and esters present in the resin but thc relationship between the structure and antibacterial 

activity of propolis constituents is unknown. It is reported that the mechanism of antimicrobial 

activity is complex and could be attributed to a synergism between phenolic and other compounds in 

the resin. The propolis samples showed very low antibacterial activity to the gram negative bacteria 

used in this study. All of these results obtained in this study are similar to the literature values 

( 12,17,22,23) This is a confirmation that bees arc able to find plant sources that provide a good 

defense against infections in any ecosystem they inhabit. The antibacterial and effective activity of 

the propol is samples to different gram positive and gram negative bacteria are given in Table 2. These 

results showed that antimicrobia l activity is increased in the order of the studied propolis samples; 

Ordu > Bursa > Trabzon > Kcmaliye-Erzincan > Burdur > Adapazari. Propolis sample collected Ordu 

city showed the highest antibacterial activity to gram positive bacteria because of the high content of 

the alcohols and ketones (I ). Second highest antibacterial activity was observed for the propolis 

sample collected from Adapazari city. This propolis sample contains also high aromatic acids and 
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alcohol s. Howe ver. Burdur propoli s sample showed lowest antibacteria l activity to the bacter ia 

because of the lowest content of the a lcoho ls and aromatic acids . Apart from these results. we 

conc luded tha t so me kind of alcoho ls or aromatic acids in the propohs sam ples showed good effect 

agains t gra m posi tive bacteria whic h are Stap hylococcus aureus, Bacillus subtilis and Beta hemolytic 

treptococcus. 

Tabl e 2. Antimicrobial ac tivity of propolis samples coll ected from different regio ns in Turk ey." 

Propoli s 
Renton 

Amo u nt of ac t ive 
p r opolis sa m ple 

(mg/m l) T yp e of test ed 
ba ct eria 

M inimal In hibitory 
C oncentr a t ion (M IC) (Ilg /ml) 

Adapaz ari 92 

E coli 
Salmonella typlii 
Proteus sp. 
Staphy lococcus aureus 
Bacillus subtilis 
Beta 
hem.Streptococcus 

920 
lJ 20 
920 

92 
92 
92 

E. coli 6500 
Salmon ella typhi 6500 

650 Proteus sp. 6500 
Burdu r Staphylococcus aurcus 65 

Bacillus subtilis 65 
Beta 
hem.Streptococcus 

65 

E. coli 1000 
Salmonella typlti 1000 
Prote us sp. 1000 

Bursa 100 Staphyl ococcus aureus 10 
Bacillus subtilis 10 
Beta 
hem .Streptococcus 

10 

E. coli 3200 
Salmoncl lo typlii 3200 
Proteus sp. 3200 

Kernaliye 320 Staphylococcus aureus 32 
Erzincan Bacillus subtilis 32 

Beta 
hern .Str ept ococcus 

32 

E. coli 740 
Salmonella typh i 740 
Proteus sp , 740 

Or du 74 Staphylococcus aureus 7.4 
Bacillus subtilis 7.4 
Beta hemolyti c 
Str ept ococcus 

7.4 
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Abstract 

In thi s study, the pellet s of Long-eared owl (Asia o tllS) popu lation that lived in 
Ankara, Beytepe between 2002 and 2003 has been analyzed and the diet components of that 
species have been examined. This species migrates to higher altitudes of the same region in 
Beytepe during winter and stay s the re for approximately two mont hs. The data obta ined from 
the examination of 346 pellets indicated that the mamma l species arc the main diet 
component of that spec ies . Am ong thos e mam mal species , the rodents have the highest 
proportion with 69.4%. Accord ing to the results of the resea rch bird spec ies are the second 
feedin g group of that species with a proporti on 26.85%. Th e findings are in general 
agreement with similar research elsewh ere. 

Key Word s: Long-eared Owl , winter diet, Beytepe, Turk ey 

Introduction 

Long-eared owl is on e of the 10 owl species that has been recorded in Turkey ( 12). 

This species of ow l is a midd le sized, nocturnal and sometimes crepuscular species (6). Since 

the insects and rodents are amo ng its diet , it is one of the sign ificant bird species for 

agricu Iture and forestry. (15, 16 and 25). 
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Th e Long-eared Owl s are territ or ial dur ing the breeding seaso n. In the winter 

period, the y form common do rmitories together with oth er indi vid uals of the sam e spec ies. 

These dormitories ca n host a variable number of ind ividual s, from a few to hundreds of 

specimen s (6 ). Man y stud ies has been carried out in North America , Euras ia, and North 

Africa regardin g the repr oduction and feed ing of Long-ea red ow l, the nocturnal bird of prey 

which is und er conservation (1,2, 8,10, II ,22,26,28,3 1,34). In most of those stud ies the pell ets 

o f th is species had been anal yzed . As known, the Long-eared Owl swallows its prey as a 

whole and then it sp its out the food residues such as hai r, feath er and bones as a piece of nub 

that is called "pellet" . The aim of this study is to look into thc existence of sm all ma mmals in 

the d iet of the Lon g-ear ed Owl with the using of the analysis o f pellets gathered in an area 

that is qu ite little know n fro m the mamma logy and orn ithol ogic al po int of view (6) . 

Material and Methods 

The research area is in the location of Beytepe, Ank ara and covers a surface of 

about 2400 ha. Its coordi nates are as follows : 39°53'2 1" Nand 32°45'11" E. The elevation of 

the locat ion is 1070 m NN . Th e dormitory was located in a reforestat ion area o f co niferous 

trees. Black pin e (Pill us nigra) and Cedar (Cedrus libani; trees are prevalent in the area. The 

observations on thi s spec ies had been carried out following the arriva l of the Lon g-eared ow l 

species to the observati on area in 2002 and 2003. The pe llets of tho se sp ecies had been 

reg ularly collected . A tot al o f 346 pel lets had been numerated and dat ed and kept in plast ic 

bags. Th e pellets afte r having been collected, were left to dry to a con stant weight. The hair, 

feather and bone pieces had been separated. The determin ation of the samples was ca rried 

out with the help of a binocular microscope. Pellet ana lysis had been real ized in conformance 

(4 ,9, 13,18,21,24 and 33). 

Results 

Lon g-cared owl is a bird species that has been ob ser ved in Beytepe, An kara region. 

Accordin g to the findings of the observation carried ou t by the author of th is paper in 1987

J988 , it was found ou t that thi s speci es bre eds in deserted Ma gpie (Pica p ica) nests which 

are in the north and relati vely low er places. It is also obse rved that ind ividuals of Lon g-eared 

owls regularl y come in the beginn ing of No vember to the Ceda r Plantation, which is in 

higher alt itudes and a winter place for the spe cies and stay there approxi mately tw o month s. 

Bo th in 1987 and 1988, the species preferred the same tree s. 11 indi vidu als came to the 

observation area in 14 De cemb er 2002 and left the area in January 2 1. In the obs ervations 

carried out in 2003 it was observed that 11 indiv iduals came to the observa tion area in 6 
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No vember and left th e area in 10 January . The Ce dar trees in the observa tion area are 30 

yea rs old and very health y. The Long-cared Owl indi viduals ge ner ally prefer the trees that 

arc at the border of the plantati on. The reason for this preference might be related to their 

pred ati on behav ior. 

During observat ions it is seen that they onl y hun t during the night. It is seen that 

the y fly from the trees the y perc h all da y to open areas. When they fly, they lift from the 

sur face I. 5-2m. 

T otaly 346 pellets were gathered from only one site of the research area in 2002 

and 2003 . The wei ghts of pellets had been measu red and the ir min imum, maximum and 

averag e wei ght s had been determined. It is observed that the averag e weight of the sa mples 

co llected in 2003 is slightly higher than that of the samples colle cted in 200 2. The we ight 

va riab les regarding the pell ets co llec ted in 2002 and 2003 have been pre sented in Tabl e I. 

Bes ides, the mea sure values of bon es and feath er found in the pellets have been presented in 

the same Tab le. In the research carried ou t in 200 2 and 200 3 on 34 6 pe llets, traces of 213 

animals from d ifferent species had been found. The conten ts that have been exa mined and 

class ified are pr esen ted in the T able 2. 

The exa mination of the pellets has indi cated that the main food source of Long

cared owl spec ies livin g in the research area is mammal species. Am on g tho se spe cie s, the 

rodents arc in the first place . T he truces in the pellet s ind ica te that the second feeding 

pre ference of Long- eared Owl is birds most of w hic h are passerines, The species determined 

by pellet analys is and their numerical d istribution have been presented in Table 2. 

As seen from Table 2, the main preferred food co mponent of L ong-eared Owl in Beytepe is 

rodents (69 .4%) . Amon g those, Commo n Vole (Microtus sp.) whose ma in hab itat is 

woodl ands is in the first place (44 .4%). It is foll ow ed by Long-tailed Field Mouse 

(Apo demus sp.) (2 5%). Ano the r prey of the Lon g-e ared owl is Bieoloured white-too thed 

shrew (Crocidura leucodon) w hich is an insecti vorou s mammal spec ies . Its prop orti on in the 

above menti oned spec ies d iet compos ition is 3.7% . It is also observed that bird s are also 

important co mponents of diet composi tio n of the Long-eared Owl species (26 .85%). Th e 

pe llets that were co llected in Beytepc, wh ere they only pre fer d uring winter had been 

ana lyzed and it was observed that House Sparrow s (Passer dom esticus) are in the first place 

(6 .94%) It is fo llowed by Great Tit (Parus major) (5 .9%) , Chaffinch iFringilla coclebsi and 

Co a l Tit (Parus ater) (3 .24 %) . Tree Spa rrow (Passer montanus) is in the last line (2.3 1'YO ) of 

Lon g-c ared Owl' s food spectrum. 
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DISCUSSIO 

By the help o f pe lle t analysis, it is observed that the most sign ificant food 

component of Long-ea red Ow l indi vidua ls living in Beytep c, is mammals. In most of the 

stud ies carr ied out in Europe where Long-eared Owl is wid ely seen, simi lar result s we re 

obta ined . (1.9.1 1.12,2 1.25,26 and 28). For example. the proporti on of mammal s in the diet is 

6 ~J .4% In Beytcpc, w hereas th is proport ion is 97% in Yugoslavia (28). Th e difference can be 

exp lained by the periods that the researche s were carried out. It is also emphasized that the 

Common Vole has the most sign ificant place amo ng the mammal spe cies (5 1%). In a 

research carried out in Germany. th is proporti on is 65.4% (3). The prop ortion for the same 

spec ies in Beytep c is 44 .4 %. It was stated in a study carri ed out in Israel that the most 

dominant spec ies am ong 279 pellets is Field Vole (Mi crot us socialisi, a similar species (34). 

In a study carried out in Romania, it was found that Common Vo le and Apo demus sylvaticus 

are amon g the first three species on the diet of long-eared owl (8) . The proportion of 

Apodemus sylvaticus in the diet of Long-eared Owl in Beytepe is 25%. Th is proportion was 

III So uth Italy 24 .06% (4) . In one stud y in Romania, it is menti oned that the bird spec ies 

House Sparrow, Tree Sparrow and Cha ffinch, that are inc luded in the diet of Long-eared 

Owl living in Beytepe are also on the diet composition of Long-e ared Owl living 111 

Romania. T he same bird spec ies wer e found also in the pellets ga thered in south Italy (4) . 

T he res ea rch on the pell ets collected each yea r in Beytepe lasted approx imately 

two months, whereas the oth er research lasted a whole year. Apart from mammal species, 

b irds arc a lso includ ed in the d iet of thi s species. The House Spa rrow, Tree Spa rrow and 

Chaffinch which were determin ed by examining the feathers in the pellets arc among bird 

spec ies that can be see n in the research area yea r round. Tho se species are not preyed only by 

Long-cared Owl. but also by Terigmalrn' s Owl (Aegolius fu nereusi which is another 

nocturnal birds of prey spec ies (24) . Th e same author ment ions that those species also prey 

Snow Finch U"fontij'ring illa niva lis). Even though this mentioned spe cies is found in Ank ara , 

it was not registered in Beytepe. 

Th is study ind icates that the proporti on of bird spec ies that are includ ed in the diet 

is 26 .85% whereas the amount is 48 % out of 67 1 pell ets in Italy (16). Despite all those 

results, it is no t po ssible to de fine Long-eared Ow l as a "b ird hunt er" . Even thou gh it prefers 

sma ll mamm als. its feed ing preferen ce may change 50% depend ing on the feedin g cond itions 

(4) . 

It is determined that the weights of pellet samples that were coll ected in two years 

time might be different from each oth er. A similar situa tion was emphasized by (28) and it 

was stated that the content and the weight of the pellets might be changed by climate . 
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Man y rese arches ind icate that Long-eared Owl preys also on insects, frogs and 

snakes (1 ,9,12 ,14 ,20,24,26 ,3 J ,33 and 34). Since there is not any stream in the observ ation 

are a and the spe cies comes to the area in December and January, no traces of amphibian and 

reptili an wer e found within the collected pell ets. 

There arc man y types of owl s; the Lon g-eared Owl may be the mo st interesting of . 

them all. Especially, in tcrms of their feed ing ecology. For exampl e, diets of Buzzard (Buteo 

hut eo) and thi s spec ies overl apped by 70 %, the diets of Buzzard and ano ther owl species 

Tawn y owl (Strix aluco ) by 58% , but the diets of these two owl spe cies by only 31 % (31). 

As it kno wn, many bird s of pre y spec ies have been killed for hunt ing not on ly in 
•our country but also all around the world. Even though there is a restriction in preying those 

spec ies by the help of legal measures and increasing env ironmental consc iousness , it could 

not be completely uprooted. The same situation is valid for our country as well. As known, 

all bird s o f prey species are under protection in Turkey and thi s should be perpetuated more 

efficiently (27) . The ma in reason for this str ict prote ction is the decrease in the number of 

individual species (29 and 30) . Another reas on for prote ct ing those spe cies is their place in 

food chai n. Those bird s of pre y speci es which arc significant rings of chain are pred ators of 

many an imals that are con sidered predators and the y keep the se predators number under 

control. Thcy also pla y a significant role in pro vid ing continued ex istence of those 

populations by preying their weak and overpopulated individuals. 

One of the characte ristics of owls is that the y are nocturn al species. Therefore, they 

ma y prey many of the pred ators that are active during night time. On the oth er hand , in our 

country, this speci es is regarded as ominous. To el imin ate this prejudice is very imp ortant for 

the future of thi s species in our country. In addition to legal me asures it is also a must to 

explain the importance of this spec ies to the soc iety 
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I 
I• Table I . The weight mea sur em ent s of the Long-cared Owl' s pellets, collected in the years 2002 and 

2003 in Ankara-Beytep c (n=3 46) . 

wei ght of the respe ct ive Weight of the portions of Other material
 
Number pellets bon es (g)
 

Years of the (g) (g)
 
I pellets
 

Mi n Ma x On Min Max On Min Max 
average average 

1 2002 154 0,78 4 ,1 3,18 1,7 3,2 1,88 0,56 3, 1 
, 
I 2003 192 0,94 5,35 2,95 1,3 3,66 2,4 1 1,2 3,96 
I 

J
 

I On average 173 0,86 4 ,72 3,06 J ,5 3,43 2,14 0,88 3,53
 

On 
avera ge 

1,91 

2,86 

2,38 

• Table 2. An imal species and their proportions determined in the pellet samples. I
 
Species	 Number of prey I
 
E nglish Latin
 

BIRDS Status in 2002 2003 Total %
'!	 I 
Turkey") I
 

Hou se Sparoow Passer domesticus Resident 7 8 15 6,94 I 
Grea t T it Parus major Resident 5 6 11 5,09 

Cha ffinch Fringilla coe/ebs Resident 4 3 7 3,24 I
 
Co al Tit	 Parus ater Resident 3 4 7 3,24 !
 

Ii 

Tr ee Sparrow Passerniontanus Resident 2 3 5 2,31 

Unidentified birds 6 7 13 6,01 

Total 5 Species 27 31 58 26,85 

I MAMMALS 

Common Vole Microtus sp. 45 51 96 44,4 

I	 Long-tail ed Field Mouse Ap odcnius sp. 24 30 54 25 

Bicolour ed w hite-toothed Crocidu ra sp. 5 3 8 3,7 
shrew 

Total 3 Species 74 84 158 73,15 

Total 8 Species 101 115 216 100 

*) acc ord ing to 9 

-
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Abstract 

Thi s study was inv esti gated presen ce of he lminth faun a of tw o fish 
species (C chalcoides, R. rutilusy in Lake Ulu abat Turkey, between July- 1998 
and June-1 999 . Six parasi te species were ident ified : Dactyl ogyrus crucifer on 
gills of R. rut ilus , D. chalcalburni on g ills of C. cltalcoides. D. sphyrna and 
Paradiplozoon homoion on the sa me hab itat bo th o f host fish species. 
Caryop hyllaeus laticeps in int estine of both fish species and Asy mph lodora 
markewitschi were fo und in intest ine of C. chalcoides. 

Key W ords: Caryophyllaeus, Dactylogyrus, Paradiplozoon , parasite, Uluabat 

Introduction 

La ke Uluaba t, one of the largest lakes in the Ma rmara regio n of 

Turkey, is significa nt in term s of fishin g. Several stud ies have been con du cted 

on the helmi nth fauna of the lake : Ogu z & Ozt urk ( I) was ide ntified two 

parasite species, Asymplilodo ra markewitschi and Rhabdocona sp . in rudd 

iScardtnius ery thropthalmus L.). In pike (Esox lucius L.) by Ozturk et al. 's (2) 

who revealed six parasite species; Argu lus foliaceus, Tetraonchus 

tnonenteron, Rhip idocotyle fennica, Diplodiscus su bclavatus , Rapliidascaris 

acus and Aca nthocephalus angu illae, In sa nd goby (Gobius fl uviatilis L.) by 

Ozt urk et a!. (3), who find out four parasite speci es : Gyrodactylus gob ii. 

Dep artm ent of BIOlogy, Sc ience and Art Fac ulty , Afyon Kocatepe Unive rsit y, 
03200 Afyonkarahisar-TU RKEY 
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Bothriocephalus acheilogn athi, Ligula pavlovs k and Eustrongyl ides excsius. 

In addition to tho se menti oned above, Oztu rk (4) also examined that tcnch 

(Tinca tinea'; and identified five parasite species: Dactylogyrus niacra canthus, 

Asymplilodora tincac, Aca nthoceplialus Iucii, Ergasilus sieboldi, Argulus 

[o liaccus and Pisci cola geo metra . 

Whil e several studies have been conducted on parasite fauna for 

variou s cyprinid fish species (5, 6 , 7, 8), none of observation s on helminth 

fauna of the two cyprin id fish species, Clialcalburnus clialcoides and Rut ilus 

rutilus in Lake Uluabat. The present study aims to increase of helminth faun a 

of the ho st fish spec ies. The dat a of para site specimens were anal ysed ; 

prevalence, me an intensity se asonal variation and relation host size of the 

parasite s. 

Material and Methods 

Study area 

Lake Ulu abat, is in north-west Anatol ia, geograph ica lly located at 

41" II ' N, 29" 04 'E. It is a eutrophic lake with a surface o f 156±2 .13 km2 and 

me an depth 3 .3 I±O.27 metres (9). 

Ichthyohelminthologic Techniques 

The number of 97 Chalcalburnus chalcoides and 86 Rutilus rutilu s 

spec imens were collected monthly or bimonthl y from Jul y-1998 to June-1999 . 

They were placed in to plastic containers containing lake water and 

transferred to the research laboratory and examined immediatel y. During the 

examin ation , the method of th e helminthologieal autopsy and latel y used for 

the iehthyohelminthologic techn iques (10 ). All possibl e sites of infection were 

ex amined for th e occurrence of parasite s w ith a ste reo microscope usin g 

transmitted light at a magnification varying between x 12 and x50. Parasite 

specimen s were fixed by 4% form alin and mounted in g lycerine -j elly . All the 

spec ies identified usin g the reference key s of ( I I). 
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Statisti cal A IIalyses 

T he tot a l number of par asite s wa s determined d irect ly by n umer ical 

count. Spearman ' s test was used to measure correlation betwe en the den sity of 

each pa ras ite spec ies and fish siz e. Kru skal-Walli s analysis of va riance was 

used to determ ine sign ificance of d ifference s in pa rasit e mean intensities. 

M in imum and maximum valu es arc g iven in table, with the ari thmetic mean 

an d standard dev iation in parentheses (Table 1-5 ). All sta tist ical analyses wer e 

performed using the statistica l progra m SPS S 10 .0. 

Result s 

A tot al of 6 parasite spec ies found 2 fish species belon ging to 

cyprin ida e, Clialcalburnus clialcoidcs and Rutilus rutilus. They are listed 

acc or din g to the sys tematic appl ied by (Bykhows kaya-Pavlovskaya et al. ( I I ) : 

Dactyl ogyru s sp ltyrna Linstow, 1878; Doctyl ogyru s crucifer Wage ner , 1857; 

Dactylogyrus cltalcalburni Dog iel ve Bychow s ky, 1934; Paradiplozoon 

liom oion Bychows ky ve Nagi bina, 1959; Asymplilodora niarkewitschi 

Kulkowsk aya, 194 7; Caryophy llacus laticcp s (Pa llas, 178 I) . Basic data on the 

findi ng s are provided in Tabl e I . 

Thro ugh out the ent ire rese arch pe riod, Dactvl ogyru s crucifer was 

fo und on 78 of 86 host fishspecimens (90.6 % prevalen ce). T he high est mean 

density (69. 6±53 .6 ) was recorded in the who le pe riod of the stud y for the 

pa rasit e species (Tab le I). Densit y of the paras ite speci es was sharpl y 

incr eased fro m summe r to autu mn. When the evaluation was perfo rmed in 

te rm s o f tne host fish s ize, the parasite species was found mo re co mmonl y in 

big fish s ize of ho st fish than small and middl e-size specimen s (T able 5) . The 

second paras ite species, Dactyl ogvru s clialcalburni had a high er prev alen ce 

(3 1.9% prev alence, 12.7± 7.9 parasi te/fis h). :\s shown in Table 2, den sity of D. 

cha lcalburni increased in spring wit h warming of w ater. If evaluated in terms 

o f the s ize of th e host fish, D. clialcalburni was found on the ho st fish, and 

the mean de ns ity of in fect ion vari ed be twee n 8.0 and 16.1 , and preva lence had 

va lues be tw een 24 .3 to 60. 0 (Table 4). 
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Asypmhlodora markewit sh i was observed to the intest ines of C 

clia lcoides . Maximum density of the parasite was counted in summer 

( 19.0±4.I para sites fish). The differ ence in mean number of parasites was 

more significant than the percentage of paras ites between the spring and 

summer. Detailed data related to seasonal infections are given in Table 2. On 

the other hand , the parasite was found on small and medium-size specimens of 

the host fish, remained between CU and 10.8% when evaluated in terms of the 

host fish size. Th is shows an increasin g trend in the number of the paras ites 

accord ing to length of host fish. Similarly, parasite density, with respect to 

both rate of infect ion and mean parasite number, reached maximum level on 

the bigges t host fish size (Tab le 4). 

Three parasitic species, Doctylogyrus sphyrna , Paradip lozoon 

liomoion, Cary op hy llaeus laticeps in both of the host fish species (Tab le I). 

D. spliyrna was found in spring, summer and autumn for C. cha lco ides, 

especial ly smal l hos t fish specimens. For R. rut ilus when seasonally viewed , 

rate of the infection of D. sp liyrna increased steadily from spring and it was 

appear ed in summer and autumn The infeciton was regularl y decreased to 

infection in winte r when the water temperature was decreased (Tab le 3). P. 

homoion was shown in all season except winter and it is not difference 

compared to that of spring to autumn for R . rutilus. P. hom oion was found on 

the all R rutilus fish specimens, especially occurred in sma ll host fish 

specimens. The prevalence of the parasite clearly higher in bigger than smaller 

fish specimens for C chalcoides (Table 4), and it was found only in summer 

(Tab le 2). C. laticeps was found in spring and autumn for R. rutilus (4.0% 

preval ence, 1.2:1-0.5 parasite/fish). It was found in C clialcoidcs in spring 

((i . J %. 2.G 1.2). Th e infection rate and mean density were low (Ta ble 2, 3). 

The density of the paras ite changed from I to 2, and the highest infec tion rate 

was observed in aut umn for R.ru tillis (Tab le 3) . On the other hand , the 

parasite was found in small and medium-size host fish speci mens for R. 

rutilus. Its percentage and density changed between 3 to 7%, and I to 2 

parasite/fish (Table 5) . However the parasite density with respe ct to both rate 
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of infection and mean parasite number reached the maximum level in the 

biggest host fish specimens for C. chalcoi des (215 % prevalence, 3.0 L1.4 

parasite/fish) (Table 4) . 

Discussion 

Tota l of six parasite species was identified on two fish species in 

cyprinidae at Lake Uluabat in this study. The parasite species arc af helminth 

species (Table I) . In comparison with the findings of the other studie s (1,2,3 , 

4, J 2) carried out in the same lake on various fish species such as Es ox luci us , 

Cvpri nus carpio, Scardinius crythropthalmus, Tinea tinea. This study found 

different paras ite species on Chalcalburnus clialcoidcs and Rutilu s rutilus . 

This result j ustifies the suggestion presented by rcscarehe rs. Such as Dogie l 

(13) indicated that the abundan ce of the host fish with complexity of its 

parasite fauna . Granat & Esch (14) show that parasite species may exhibit 

considerable differences in variety between different fish. 

In the present study, Paradiplozoon honioion was found low density 

(10 .4%, J.3 parasite/fish) on gills of R. rutilus and (6.1'i'D, 1.0) on gills of C. 

chalcoidcs. The findings of the study for P liomo ion was in close agree ment 

with Chubb (15) and 0 7tU rk & Altuncl ( 10) whose data was given above says 

that density of diplozoid species was very low (e.g. 1, 2, or 4 specimens/fish). 

Stranock ( 17) says that :\ may be related to the water qua lity, and the author' s 

study result shows that the parasite species was shown in clear water basins 

but it was not reco rded polluted water basin. As the same, the present study 

area is eutrophi c features and the lake is also polluted (9), which may be the 

mai n reason for the low level infection. 

Temperatur e is commonly regarded as one of the most important 

abio tic factors in determining the occurrence of parasite infection and its 

seasonal variations in the prev ious stud ies (18, 19, 20). Seasona l changes in 

percentage and intensity of infect ion of the two host fish specie s investigate d 

were noted during the one year of col lection . These results were suggested at 
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the present study data. As shown in Tab le 2, 3 two of parasitic species , P. 

homoion and A. markewitshi were reached thc maximum infection level in 

summer period when the water temperature was the maximum level (Table G). 

The other species, C. laticcps had the low density among the parasite species 

du ring the entire study (Tab le I). The parasite species was recorded in spring. 

Agreeing with Kritseher (2 1) findings, density of C laticeps reached the peak 

level in spr ing and summer. Simil arly, Kennedy (22) found maximum level in 

spring, and the infection decreased in summer and autumn. 

Conversely, thc seasonal abundance of ductylogyrids is sometimes 

more influenced by other abiotic and biotic factors than by temperature; e.g. 

Dactylogyrus solidus is very sensitive to oxygen depletion as Bauer (23). 

Gonzales-Lanza and Alvarez-Pellitcro (24) was described that the relationship 

of the Dactylogyru s legionensis to temperature is not clear, and that other 

abiotic (light, pH, oxygen and salinity) have more influence than previously 

believed. In line with the present study data, the infection rate and mean 

intensi ty for Dactylogyrus chalcalburni, D. crucifer , D. sphyrna had already 

began risen in spring, when the water temperature had only just begun to rise 

above the winter temperature. There was a decrease in the intensities for 

summer, altho ugh at least the water temperature remained stable at that time 

(Table 0) . Thus, in the present case it can be conc luded that the high 

dac tylogyrid intens ities in spring and autumn were apparently influenced by 

the oxygen depletion or Jow water temperature of the host fish species, agree 

with Gonz ales-Lan za and Alvarez-Pellitero (24) and Ozturk & Altunel ( lG). 

The relationship between the level of monogenean in fection and the 

age of the fish has been studied by several researchers, One of them, 

Gonzales-Lanza and Alvarez-Pcll itero (24) found that thc prevalence of a 

Dactylogy rus species on the host fish aged 2-7 years increased significantly 

with the increase in length of the host fish. Koskivaara et a1. (25) studied was 

not found monogenean parasites on roach aged 3 years and after. Ozturk et al. 

(2) was foun d that the monogenetic species on pike, in which the mean 



density increas e parall el with the age of the host fish species. lnconsistan t 

results with several othe r stud ies (3, 24) were found in term s of infec tion of 

monogenetic parasite s. In this study a significant difference was de tec ted 

among th e size s o f the ho st fish and the parasite species, D. cltalcalburni , D. 

crucifer, D. spliyrna we re observed on all fish s izes as Samman (26) . The 

other par asit es, A. markevitschi and C. laticeps we re acqu ired by younge r fish , 

and as fish s ize large r, its intensity had an increasin g trend . In oth er words. 

there exist s a positive correl ation between the increase in intensi ty and rate of 

infection for the parasite species and the s ize of host fish . On the oth er hand . 

the number of C. laticeps did not depend on ho st fish s ize . However, Kar ani s 

and Tara schewski (27) record ed high infecti on rate in bigger host fish 

spec imens than smaller, while Eslami and Anwar (28) and Kul akowskaya (29) 

find out highest infection rate in small ho st fish spec imens . 

In conclusion, var iance of infecti on rate s has been ass ess ed in lCll11S 

o f seaso ns and size of hos t fish. It is beyond the scope o f this pap er to 

postulate on how use ful para sit es may be in the future in helpin g to 

understand the fish and fisheries in the study ar ea . 
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Table I. Helminth species of C clialcoides and R. rutilus 

examined from Lake Uluabat. Examined fish number (N), 

infected fish number (In) and rate (%), minimum-maximum 

(M ) and mean parasite number (X±S.D.) 

N In (%) Identified Parasite Species M & (X+.S.D.) 

78 (90 .G) D. cru cifer on R rutilus 6-300 (G 9.G±53.G) 

47 (54 .G) D. sp liyrua on R. rutilus 2- 18 (8 .0±3 .8) 

86 <) ( 10.4) P. liomoion on R. rutilus 1-2 (1.3±0 .5) 

4 (4 .G) C. lati ceps in R. rut ilus 1-2 ( 1.2±0.5) 

3 1 (3 1.9) D. chalcalburni on C chalcoidcs 4-36 ( 12.7±7 .9) 

43 (44.3) D. sp hyrna on C. clialcoides 2-20 (G .8±3 .9 ) 

97	 G (G .1) P honioiou on C chalcoides I ( 1.0±O.O) 

G (G. 1) C laticeps in C clialcoides 2-5 (2.G±1.2 ) 

7 (7 .2) A . markewitschi in C. chalcoidcs 3-2G (16.7±7.J) 



Table 2. Season al ch anges of para si te species (De: D. chalcalb urni , 

Os: I). sphyrna . Ph: P . honi oion, C1: C laticcps, Am: A . I1wrkewils chi) 

for ( '. chalcoides in Lake Uluabat . j .xamincd fish num ber (N) , 

se asons (S) , in fected fis h nu m ber (In) an d ra te (%) , mini m um 

-rnaximum (M) and me an (X ±S.D.) paras ite n umber 

In & (%) 

N S Oe Os Ph CI Am 

30 S pring 

44 Su m me r 

13 A ut umn 

10 Winter 

I S 
(6 0 .0 ) 

0 
(0 .0 ) 

13 
(1 00 ) 

0 

18 
(6 0. 0) 
12 
(27.2) 
13 

(100) 
0 

0 
(0 .0) 
6 
(1 3 .6) 
0 

(0 .0 ) 
0 

6 
(2 0.0) 
0 
(0 .0 ) 
0 
(0 .0) 
0 

I 
(33) 

6 
( 13.Ii) 

0 
(0. 0 ) 

0 

i'vl & (X±S,0 .) 

De Os Ph CI Am 

4- 36 2-1 2 o 2- 5 .3 
(15 .7± 8.9) (5 .7±2 .S) (0.+0.0 ) (2 .6 -±:1.2) (3 .0 i:O.O) 
o 2-1 0 I 0 14-26 
(0+0 .0) (5 .2±3. 1) ( 1.0±0.0 )(0±0.0) ( 19 .0±4 .1) 
4 - 14 4-20 o 0 o 
(8.4:i2. Q) (9 .9±4.2) (O±O.O) (O±O.O) (O±O.O) 
o 0 o 0 o 



Table 3. Seasonal ch anges of pa ras ite species (Of: D , crucifer, 

Ds: D. sphyr na, Ph: P, liomoion, C I: C laticeps) for R, rutilus in 

Lake Uluabat. Exami ned fish number (N), seasons (S), infect ed 

fish nu mber (In) and rate (%) , mi ni mum- max imu m (M) and mean 

(X±S ,O.) parasi te number 

In & (%) 

N S Of Os Ph C I 

27 Spring 

14 Summer 

18 Au tumn 

27 W inter 

25 19 
(92.5) (70,3) 

8 6 
(5 7 ,1) (42, 8) 

18 10 
(100) (55 ,5) 

27 12 
(1 00) (44.4 ) 

4 
( 14 ,8) 
3 

(21.4) 
2 

(I I. I) 
0 

(0,0) 

2 
(7A) 

0 
(0, 0) 

2 
( I I. I ) 

0 
(0. 0) 

M & (X±S .O ,) 

O f Os Ph C l 

6- 180 
(61,0±50A) 
24 -60 
(41.2± 12 ,2) 
10- 140 
(52 ,8± 34 ,5) 
46-300 
(97 ,1±63 .6) 

4-1 8 
(9 ,8±4 .0) 
4-12 
(8 .0±2.8) 
4-1 4 
(9 ,0± 2,8) 
2-8 
(4 ,2±1.7) 

I 
( 1.0±O.0) 
1-2 
( 1.6±0 ,5) 
1-2 
(l5±0,7) 

0 
(O±O.O) 

1 
(1. 0± 0, 0) 
0 
(O±O.O) 
1-2 
( 1,5± 0,7) 

0 
(O±O.O) 



Table 4. Relationships between the parasite species (De: D. cholcalburni, 

Ds: D. sphyrna, Ph: P. homoion, CI: C laticeps, Am: A. niarkewitschii 

and host fish size groups of C chalcoidcs In Lake Ulu.ibat, Examined 

fish number (N), fish size (L, em), infected fish number (In) and rate 

(%), minimum-maximum (M) and mean parasite number (X±S,D,) 

1n& (%) 

N (L) Dc Ds 

18 (6-7) 

5 (8-9) 

18 (14- 15) 

37 (16-17) 

19(18-19) 

10 10 
(55.5) (55.5) 
3 3 
(60.0) (0.0) 
0 6 
(0,0) (333) 
9 16 
(24.3 ) (43.2) 
9 8 
(47.3) (42, I) 

M & (X±S.D.) 

Dc Ds Ph 

Ph 

0 
(0.0) 
0 

(0.0) 
1 

(5.5) 
3 

(8.1 ) 
2 
(lOS) 

CI 

CI Am 

0 0 
(0.0) (0.0) 
0 0 

(0.0) (0.0) 
0 2 

(0.0) (1.1 ) 
2 4 

(5A) (10,8) 
4 1 

(21.5) (5.2) 

Am 

4-14 
(8,0±3.1) 
8-12 
(10.0±2.0) 
o 
(Oei-O.O) 
6-25 
(16,1±6,8) 
4-36 
(l5A±J 1.1) 

4-20 0 0 0 
(9,8±4.3) (O±O,O) (O±O.O) (O±O.O) 
6-15 0 0 0 
(I 0.3±6. J )(O±O.O) (O±O.O) (O±O.O) 
2-10 1 0 14-20 
(5,5H5)(1 .O±O.O) (O±O.O) (17,0±4.2) 
2-12 1 2 3-20 
(5.60,3,0)(10±0,0) (2,0±0,0) (14.2±7.6) 
2-10 1 2-5 26 
(5.3±2,6)( 1.0±0,0) (3.0± 14) (26.0±0.0) 



Table 5. Relationships between the number of parasite species 

(Of: D crucifer, Os: D. sphyrna, Ph: P. homoion, Cl: C. laliccps) 

and host fish s ize groups of R. rutilus in Lake Uluabat. Examined 

fish numb er (N) , fish size (L, em), infected fish numb er (In), rate 

(%), min imum-maximum (M) and mean parasite number (X±S .O.) 

In & (%) 

N (L) 

30 (14-16) 

36 (17-18) 

7 (19-2 1) 

13 t2 1-22) 

Dr 

20-140 
(70.1±33.3) 
6- \80 
(57.9±42 .0) 
2-130 
(67.0±35 .9) 
10-300 
tCJE.6±98 .2) 

Df Ds 

26 12 
(86.6) (40 .0) 
32 2 1 
(88 .8) (58 .3) 
7 4 
(100) (57 .1) 
13 10 
( 100) (76.9) 

M & (X±S. O.) 

Os 

4-1(i 

(8.8±3.3) 
4-18 
(8.2±3.9) 
2-14 
(7 .2±5. 1) 
2- 14 
(6 .7±4.1) 

Ph 

2 
(6.6) 
4 
( I I. I ) 
2 

(28.5) 
1 

(7.6) 

Ph 

1-2 
(L5±0 .7) 
1-2 
(1.5.10.5) 
1 
(1.0±O.O) 
I 
(I.O±O.O) 

Cl 

I 
(3.3) 
2 

(5.5) 
0 

(0.0) 
1 

(7.6) 

CI 

1 
( 1.0ol-0.0) 
I 
( I.O±O.O) 
0 
(O±O .O) 
2 
(2 .0±0.0) 



Table 6. The va lue of water tem perature (WT), 

PH and di ssolved Oxygen (DO) of Lake Ulu a bat 

durin g the st udy period (s urface) 

-

Month s WT (uC) 

VII-98 27,8 

VlfI- 98 27,3 

rX-98 21 ,3 

X-9 8 17,0 

XI-9 8 11 ,7 

XIl -98 4,8 

[-99 7,6 

1l-99 I J,7 

III-9 9 10,6 

IV-99 23,2 

V-99 22,1 

VI-99 27,7 

PH DO 

8,62 7,17 

8,47 5,76 

8,52 7, 13 

8,94 9,44 

8,66 8,70 

8,43 9,()9 

7,68 9,22 

7,56 9,32 

8,63 10,35 

8,50 7,76 

8,54 6,33 

8,90 6,38 
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Abstract 

In Turkey, limnological studies were begun by Vavra in San Lake in 1905, and 3 
rotifer, 1 copepod and 3 cladoceran species were identified. Later, Dumont and 
Ridder 1987, were observed 78 rotifer species in 19 different localities and Segers et 
al 1992, observed 91 rotifer species in 21 different localities. 

Although a lot of water bodies were located in the Euphrates river basin , a few study 
is available on the rotifer fauna . This study was carried out 17 different localities 
from Euphrates river basin between 2001-2002 on a quarterly basis and rotifer 
composition, zoogeographic distribution was discussed. 
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Introduction 

Until no w a lot of publ icat ions dealing with the fauna of Turkish Rotifera are 

availab le onl y a few lists have been give n about the rivers. Emir (1991) was given 

11 spec ies of rotifer s from Euphrates river, Segers et al. (1992) recorded 91 rotifer 

spe cies from different localities in Turkey . Studies by U staoglu & Balik (19 87), 

Emir ( 198 9), Ustaoglu & Balik (1990), Sal er (Emiro glu ), et al (2000), Saler 

(Emiroglu ) and Sen ( 2001 ); Altindag & Yigit (200 2) were stud ied o n the rotifer 

species . Akbulut (20 01 ) and Altmdag & Yigit (2001), were added species as new for 

Turkey. and a check list was prepared for zooplankton of Turkish Inland waters by 

Ustacglu (2004) and as a result of the studies the number of the rotifer species are 

229 in Turkey. 

Materials and methods 

Sa mples we re co llected during 2001 -2002 on (2. J 1.200 1, 15.1.20 02, 14.2.2002, 

25 .4.2002,5 .5.2002,4.7.2002,26.11.2002) from different localiti es using a standard plankton 

net (mes h diameter 44 ,um) and fixed with formaldehyde (Yildr z et al., 2003). The spec ies 

were ident ified accord ing to Emir (1994) ; Koste ( 1978); Kolis ko (1974 ); Se gers ( 1995); 

No gr ady & Paurriot ( 199 5). 

T he foll owing wetlands were stud ied sec in the Figure I . and the occ urrence of th e rotifer 

spec ies we re g iven in th e Tables 2 and 3 . 

Results and Disscussion 

Sa mples from 17 fresh water si tes in Euphrates river basin yield ed 65 different species of 

Rotifera, 9 of which are new to the Turki sh fauna. In the foll owing list , taxa new to Turkish 

fauna arc showed with an as terisk. The numbers followin g the species nam es re fer to the 

local ities abov e (Tabl e I .). 
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Table t. Identified rotifer species from Euphrates River basin 

Anurae opsisfissa (Goss e) 1,2, 3, 5, 8 

"Anuracopsis navicula Rousselet 7, 5 

Asco morp lia sa ltans Barth scn 2, 7, 12, 16 

*Ascomo rp hella volvo cico la (Plate) 15 

Asp lanchna priodonta Gosse I, 2, 4, 5, 6, 14, 15, 17 

Asp lanc hna si cbo ldi (Leydig) I I 

Brachionus an gularis Gosse 2, 3, 5, 7, l Z, 15 

Brachionus bidentata Anders on J, J4 

Brachionus ca lyciflorus Pall as l , 2, 4, 6, 8, 14, J5 

Brach ionus leydigii Cohn 5, 7, i 4 

Brachionus quadri denta tus Hermann 2, 4, 7, i4, i5 

Bracliionus falcatus Zacharias 7 

Brachio nus urc eo la ris (0. F.Muller) 15 

Cephalodella catellina (OF Mu ller) 7 

Cep halode lla gi bba (Ehrenberg) I, 5, 7, 8 

Cep halodella g racilis (Ehrenberg) 10 

Colurella co lurus (Ehrenberg) 2, 8 

Colurella obtusa (Goss e) .. 4. 5, 14 

Conochilus n(l/01/S (Se ligo) 7 

"Con ochilus coenobas is (Skorikov) 7, 15 

Conoc hilus unicornis Rousselet I, 7, 14, 15 

Dicranophorus hau erianus Wiszn iewski 5, 7, 8, I I 

"Encentrum putorius Wulf. I, 8, 14 

Encentrum saundersiae (Hudson) 4, 8, 17 

"E uchlanis dejlexa (Goss e) 8 

Euchlan is dila tata Ehrenberg I, 5, 7, 8, /7 

Euc hlanis men eta My ers 5 
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Gastropus stylifer Imhof J. 2, 4 

"Lepadella (Heterolepadella) ehrenbergi (Perty) 8 

Hexarthra fennica (Levander) 2. J4 

Hexarthra mira (Hudson) J. J 

Kerat ella cochlearis (Goss e) J, J 

Keratella quadrata (O'F'Miiller) 15, I 

Kerat ella tropica (Apst ein) J5, J7 

Lecane (Monostyla) bulla (Goss e). J, 4, 7, 8 

LecaneiM) c!ost erocerca (Schmarda) 2. J, 7. 8. J2 

Lecan e luna (0 F.Miiller) 2, 8, 9 

Lecan e (M) lunaris (Ehrenberg) 2. 8, J() 

Lecane stichaea Harring 8. J 

Lecan e scutata (Harring & Myers). J0 

Lepadella ovalis (OF.Muller) 7 

Le padella patella (O'F'Muller) 7.8 

Lepadella quadricarinata (Stenroos) J . J0 

Lophocharis salpina (Ehr enb erg) 8 

Mytilina mucronata (OF Mull er) 6, 8 

Mytilina ventralis (Ehrenberg) 8 

*Notholca caudata Carlin 8 

Notholca acuminata (Ehr enb erg) 8 

Noth olca squamula (OF.Miiller) 8 

"Paradicranophorus hudson i (Glascott) JJ 

Polyarthra doli choptera Idelson J. 2. 4, 8, J4 

Polyarthra remata (Skorikov.) 2. 4, 8, 14 

Polyarthra vulgaris Carlin 7. 8. 14 

Synchaeta litoralis Rousselet 8 

*Synchaeta longip es Gosse 8, J4 

Syn cha eta oblonga Ehrenberg J, 5, J2, J6 

Syn cha eta pectinata Ehrenberg 2, J. 6, J2, J4, 17 
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Testudinella incisa (Ternetz) 13 

Testutl in ella patina (Hermann) f 2, f6 

Trichoccrca cylindrica (Imhof) 8, 5 

Tricho cerca clo ngata (Gosse) - , 5.8 

Triclioce rca rat/lis (O' F.Miille r) 6, 8 

Tricho cerca webe ri Jennings 5, 8 

Trichotria pocillum (o.F.Miill el ~ I , 8 

Trichotria tctractis (Ehr enb erg) I. 5, 8 

The distribution of the rotifer species were changed accord ing to the habitats (Tables 2-3). 

Totally 50 species were recorded from the lake habitats while totall y 40 species were recorded 

from the river systems. Of the species identified from the Euphrates river basin, most belong 

to the family I3 rachionidae (10 spp.) especially genera Brachionus (6 spp.), Leca ne (6 spp.), 

Synchatidac (7 spp.). 

In Turkey most of the studies on rotifers mostly from the lakes, the littoral and periphytie 

habitats has been studied . Segers at al. ( 1992) recorded 9 1 different species of rotifers and 

identified many littoral spec ies of Lecane. 

In this study 40 species were recorded from the river system. Among them Brachionus 

fa lcatus was the new record from the Cam Stream; Trichocerca elongata and Eucltlanis 

men eta were new record from the Cakal Stream; Anu raeopsis navicula from the Kalburlu 

Stream, 

Totally 50 species were recorded from the stagnant waters, among them Ence ntrum put orius 

and Syncliaeta longip es from Adiyarnan; Tricliocerca elongata, T cyl indrica, Lecane 

stic haea , Hetero lepadclla ehrenbergii and Euclilanis deflexa were firstly recorded from the 

Karkarms Dam lake. 
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Table ~ . TIICdistn bunon of the rotifer species in lcntic habitats 

Sampling 101::1 11 ' " 
- - -  -

Ataturk Dam Lake Adryaman Halfcti Dam Lake Hacidrr Dam Lake Karkarms Darn Lake 

Sampling lime 
-Anuraeopsis lis,.;j 

Asplanchna priodonta -

II 

• 
• 

I 2 4 5 

• 

i 9 II 

• 

I ~ 4 

• 

579 II 

• 

I 2 4 579 

• • 

II 

• 

I 2 45 7 9 II I 2 

• 
4 57 9 

Ascornorphclla volvocicola • 
Brachionus angularis • • • 
13 . bidentata • 
B. calyciflorus • • • • • • 
13 . leydigii · 
B.urcee laris 

Brachionus calyciflorus 
I 

• 
• • • • 

Brachionus quadridentatus • • • • • • 
Cephalodella gibba • • • 
Cephalodclla sterca • 
Cvgracilis · 
Colurella obtusa • • 
Colurel la colurus • 
Conochilus unicornis • • • 
C cocnabasis • • 
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Table 2 (co nt.) 

Dicranophorus haucrianus • --- ----- ~ -

Enccntrum putorius • • 
Encentrum saundcrsiae * • 
Euchlanis deflexa 

Euchlanis dilatata- - - • • • • • • 
Gastropus stvl:fer • • 
Heterolepadclla ehrenberg] • 
Hcxarthra fcnnica • 
Kcratclla tropica 

- • 

K. Coc hlcaris 

I---
Kcratella quadrata 

- -_ ._
* 

• - - -

Lcpadella patella 
---_. _ .. -  --- --. t----

Lecane bulla • .;; • • • 
1--- - -- - -
Lecane clostcroccrca • 
Lecanel una • - f-~ - • "; . • • 
T'; ';ant lunaris 
- - - - -

, 
I • -, 

1--- - -
Lophocharis naias 

l.ccanc st ic haca 
- • 

Mytilina mucronata 
- t- c • -- • • -- t• 
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Table 2 (cont.). 

Mytilina ventralis * * * 

* 

* 

Notholca caudata 

Notholca squamula 

Polyarthra dolichoptera * * * * 
Polyarthra rernata * * 

*Polyarthra vulgaris * * 
Synchaeta longipes * 
Synchaeta oblonga • 
Synchaera littoralis * 
Synchac ta pect inata * * * 

* 

* * 

Trichocerca cylindrica * 
Trichoccrca elongata • 
Trichotria pocillum • 
T richot ria tatractis * * • . 



102 

Table 3. The distribution of the rotifcr species in lotic habitats. 

Sampling locality Karababa Egri Stream Cakal Stream Cam Stream Kalburlu Stram 

Sampling time 11 I 2 4 5 7 9 II I 2 4 5 7 9 II I 2 4 5 7 9 II I 245 7 9 II I 245 7 9 

Anuracopsis fissa • • • • 
A. navicula • 
Asplanchna priodonta * • * 
Ascornorpha saltans * * 
Brachionus angu laris * * • • * 
13 . calycifl orus • 
B. leydigii • • 
B. falcatus • 
Brachionus calyciflorus • 
B. quadridcntatus * • • • 
Ccphalodclla gibba • . * 
Cephalodclla eatellina * 
C. gracilis • 
Colurellu obtusa * 
Colurella colurus * 
Conochilus unicornis * * 
C. coenabas is • 
C. natans • 
Dicranophorus hauerianus * * 
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Table 3 (con t.) 

Enccntrurn putorius • 
Enccntrurn saundersiac 

Euchlanis dilatata • • • 
E. meneta • 
Gast rop us stylifer • 
Hexarthra fennica • 
Lepadella patella • 
L. quadricarinata • • 
Lecane bulla • 
Lccane closteroccrca 

, • • • 
Lccane luna 

Lecane lunaris 
I . • 

Lccane scutata • 
Polyarthra dolichoptera • • 
Polyarthra rernata · 
Polyarthra vulgaris • 
Synchaeta longipcs 

Synchaeta oblonga * 

Synchacta pcctinata • 
Trichocerca elongata • 
Trichotria tatractis • 
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Abstract 

In thi s study, effects of sa linity and temperature on germ ination of Kalidi opsis 
wagenuzu Ael1en se eds g rown as an endem ic in Salt Lake, Turke y were investigated . Se eds 
were germ inated fo r se ven days a t the d ifferent NaCI concentrations (contro l, 50, 100 , 200, 
4 UO an d 600 m M ) ~n r1 temp eratures (5 , ID, !5 . 20 . 25 and 30 ·C) in the growth cabi net s. Th e 
optimum germi nation temperatu re was fo und 25 DC and the percent age germ ination was 60 % , 
59% and 53"/0 in contro l, 50 and 100 m M NaC] respect ively. Th e pres ent s tudy showed th at if 
tne ~ecU ," prot e-~tcd fro m sa lin ity and tem perat ure stress, Kalidi opsis wagenitzii co uld 
germinate d ur ing early spring. 

Key Words: G e rm inatio n, Kalidiopsis wagenitz ii, sa linity, temperat ure 

Introduction 

Sal in ization of thc so il is a serious prob lem in ari d and semiarid regi on s ( 1). Sali ne 

s ites suffer va ria t ions in sur face sa lin ity, available so il wa ter, tem perat ure , soil cr us t stre ng th 

an d oth er factor s w hic h can in flue nce ge rmina tion and es tab lish (2) . Adapta tion of the spec ies 
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to salinity during germination is crucial for establishment of species in saline environments 

(3, 4). Halophytes differ from gl ycophytes in po int of view of its sal t tole rances. However , 

hal ophyte seeds behave confro nted with salt stress : the start of germination is delayed , 

germination is reduced and man y seeds remain dormant due to low water potent ials under 

high salin ity levels (5) . One of the most important st age s in the halo phyte life period is 

germin ation in like other plants . Salinity and temperature interact in their control of seed 

germination (6), with the grea tes t inhibition due to sa linity usu al!y found at the minimum or 

maximum lim its of tolerance to temperature (7) . While it was found that seeds of some 

halophytes germinated in the high sa lt concentrations, some halophytes ga ve response like 

g lycophytes to salinity in the germination stage (5 ,8 , 9) . 

Turkey has a rich n ora point of view of endemic species. Kalidiopsis wagcnitzii , 

one of endemic species, was collected from south of Sa lt Lake 40-50 years ago and 

introduced to science. Now, it is considered an end an gered species by IUC N ca teg ories (10) . 

Althou gh Kalidi opsis wagenitzii has been described as a halophyte, physiology of 

spec ies has not been studied yet Because of these interesting features , it would be useful to 

study some ph ys iolo gic al parameters from the beginning of the germination. 

Our a im was to investig ate the effects of salin ity and temperature on germ ination of 

Kalidiopsis wagenitzii Aellen se eds. 

Material and Methods 

Seed material 

Kalidiopsis wagenitzii Aellen wa s collected from Eskil-Yenikent south of Salt Lake 

in 1999 . Seeds were separated usin g sieves from plants to study in the laboratory. Seeds 

selected carefully were used in the germination experiments. 

Experimental conditions 

ln the experiment, six different salt concentrations and temperature regimes were 

used . Temperature regimes were used as 5, 10, 15,20,25 and 30°C. Salinized cultu re 

solutions were prepared by addi ng NaCI to the Y'2 streng th Hoa gland culture solution. 

Concentrations of NaCI were control (II, stre ngth Hoagland) , 50, 100,200,400 and 600 mM. 

Three 50-seeds replicates we re placed directly Petri dishes and submerged 5 ml related culture 

solution s. Dishes were placed in the growth cab inets at the different temperature regimes for 7 

days. Seeds we re ob served dail y and con sidered germinated when the radicle emerged I mm 

from the seed . All condit ion s were mainta ined constant during experiments. 
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Statistical an alysi s 

Germi nation data was transformed (arcsine) before statistical analysis. These data 

were analyzed using Statistica Programme. Duncan's Multiple Range test was used to 

determine significant differences of means at a 5 % level. 

Results 

Germination percentage of K. wage nitzii seeds significantly decreased with an 

increase in salinity at all temperatures (Table I). The highest germination percentage was 

obtained contro l and 50 mM NaCI. The germination percentage increased with increasing 

temperature, and the highest percentage of germination was observed at the 25 DC. 

Germination percentages at 25 DC in the control and 50 mM NaCI were around 60%. The 

percentage was also high at 30 °C that the highest temperature degree, but it was lower than 

25 DC. The lowest germination percentage occurred at 5 DC that the lowest temperature degree. 

These results showed that any further increases or decreases in temperature inhibited 

germination at all salinities. 

Discussion 

Environmental factors have important effects on germination either glycophyte and 

halophyte seeds . Salinity and temperature may be concerned among factors that affect 

germ ination significantly. Our results have supported this. Although some halophyte species 

indicated high germination percentage in the high salt concentration (I, 11 , 12, 13, 14) K. 

wagenit zii showed lower germination percentage higher than 50 mM NaCI concentration. 

Germination is inhibited by temperatures above and below the optimum. Inhibition 

is clear especially at low temperatures. 

A negative effect of salinity on germination has been reported for several halophyte 

species ( I I, 15). Researchers have suggested that salinity is inhibitory to the germination of 

halophyte seeds in two ways: 1) causing a complete inhibition of the germination process at 

salinities beyond the tolerance limits of a species and 2) delaying the germination of seeds at 

salinities that cause some stress to seeds but do not prevent germination ( 16, 17). The 

germination responses of seeds of annual halophytes to salinity are highly variable and 

species specific (16). 

Temperature has an effect on germination and salt tolerance. Khan et al. ( 17) found 

that the cooler thermoperiods inhibited germination considerably at all salinities. Naidoo and 



o 

Table I . The effects of salinity and temperature on germination of Kalidiopsi s wagenitzii Acllcn. All means followed by the same letter arc not 

significantly different at the 5% probability level. 

NaCI (mM) 
Temperature (0C) 

Control 50 100 200 400 600 

5 *EG,95±2,45a** E4,92±2.92u D4,07±2,34a C4,07±2,34a BO±Ob BO±Ob 
10 DI I,35± 1,24a EG, IO±lJ4b D4,92±2,92be C4,07±2,34be AB2,03±2,03cd BO±Od 
15 C21,04±3,OOa D 17 94±0,5tlub CI5,47±2,25b C4,92±2,92c AB2,89±2,88cd BO±Od 
20 C22,49±2,38a C20,43±2,19a BCI 7,89±0,92b 8 1U G±I ,74e A4,07±2,34d AB2,03±2,03d 
25 /\6 0,50±3,79a A59,96±2,I) Oa A53,56±2,74b 1\.28,96± 1,02c A4,07±2,34d A4,07±2..34d 
30 B29,28±3,42a 82(1 ,39±2,1~ a B19,36±O,53b BCI O,19±4,00e BO±Od BO±Od 

* Values followed by different capital letter in column represent difference of temperature levels. 

** Values followed by different letter in line represent difference of salinity levels. 
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Naicker (18) also determined that warmer thermope riods were more stimulatory to 

germination in compari son with cooler thermoperi ods. Similar results were reported by some 

researchers (7. 13, 19,20). 

It is suggested that salinity and temperature have a synergistic effect on 

germin ation . The study with Hordeum jubatum has confirmed the theory. While the 

germinati on of H. jubatum was inhibited by salinity. this inhibition in the germination was 

increased by warmer tempe ratures (7). Temperature is the predominant environment al factor 

that delays the germination of Hijubatum (7). However , appropriate germination responses of 

haloph ytic spec ies to environmental parameters determine their distribution in saline 

environments (21) . 

J 
High salinity-induced dorman cy in most halophyte seeds is controlled by inhibiting 

compounds which regulate germination activity (J 9, 22). Species adapted to high saline 

environments bind ions to cytoplasmic protein s. 

Several studies have showed that seeds of glycophyte and halophyte respond in a 

similar manner to increased salinity stress in relation to both a reduction in the total number of 

seeds germinating and a delay in the initiation of the germination process and that seeds of 

many ha lop hytes remain dormant due to low water potenti als (4, 23) . A reduction in the 

salinity ef the surface layers of the soil is a prerequi site for successful germination (24 ). Seed 

germination in saline environments usually occurs dur ing spring or in a season with high 

precipitation , when soil salinit y levels are reduced (7 . I I , J7, 24. 25) . 

The results from our study are supported by other studies. Th e greatest germination 

of K. wagenitzii is in the low salinity levels or nonsaline conditions and at the spring 

temperature of 25 -c 

As a result, K. wagcnitzii, grown as an endemic in Turkey, achieves germination 

stage the most sensitive to stress in spring that rainy and temperature is opt imum 25°C. It 

alleviates summer having high salinity and temperatures with more tolerant developmental 

stage. Thou gh it is more sensit ive to stress during the germination, how could it continues its 

viability by dealing with stress at the rest of the developmental stage') The answer of this 

question may be that: K. wagenitzii is a perennial shrub and thick branched plant. It exhibits a 

tolerant de velopment to stress and prcdu ces a large number of seeds. Tolerant and strong 

seeds germinate unde r suitable environmental conditi ons and attain other developmental 

stages. It may improve somc adaptations for stress tolerance at these stages. This hypothesis 

needs to be investigated . Because responses to salinity of K. wage nitzi i at the different 
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developmental stag es indicate variety, it can be used as a model plant to determine plant stress 

tolerances . 

Acknowledgement: The authors w ish to th ank Specialist Hasirn AL TINOZLU for collecting 
pl ant. 
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