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EDITORDEN
From the Editor

Dederli Okuyuculanmiz,

Uludag Ancilik Demegi'nin 13 Nisan 2000 tarihi
olan kurulusundan bu yana 10 wili askin bir
zamanin gegmesi ve Uludag Ancilik Dergisi'nin ise
9 yil doldurmak (izere olmasi oldukga sevindiricidir.
Ulkemizde maalesef meslege yonelik dergilerin
émdirleri cok kisa olmaktadir. Bu zaman dilimi bir
dergl icin uzun olmasa bile “Ancilik” dergisi gibi
konusunda ozel bir dergi igin Gnemli goriimektedir.
Zaman hizla akip giderken ve sonrasinda bu
zaman iginde yapilan igler ve asilan basamaklar
aklimiza geliyor. Uludag Ancihk Dernedinin
kurulugsundan bu yana gegen 10 yil oncesi ve
sonrasinda onemli dedisiklikler oldugunu gbrlyoruz
ve bu durum bizi mutlu ediyor. Sadece kirsal
alanlarda ve kéylerde konusulan ancilik artik
sehirlerde ve hatta organik/ekolojik anciigin daha
karli  oldugu digtnilduginde  yatinmeilann,
isadamlarinin ve sanayicilerin ilgi odagi olmaya
baslamistir. Artik aricihgin hobi olmaktan giktigi
blyiik isletmelere dogru yol aldigin gérilyoruz.

Ancilanimiz  ancilik  bakim-besleme, hastaliklar
konusunda eskisinden daha fazla bilgiye sahiptir.
Istenilen seviyede olmasa bile yeni egitimli ve
okumaya meyilli genglerin aricilija baglamasi ile
durum daha ok degismeye baslamistir. Daha dnce
aricilarimizin ~ bilgi  almaya calisirken  yanhs
bilgilendiriimeleri nedeniyle yasadiklari hayal
kirikliklari, isteksizlik ve giiven sorunlan son yillarda
Uludag Ariciik Derneginin konusunda uzman
kisileri davet ederek organize ettifi seminerler,
konferanslar ve konagreler ile agiimaya calisilmigtir.
Artik Ulkemizde gok az sayida da olsa arcilik
merkezleri aglimaya baglanmigtir. En  dnemli
sorunlarimizdan biri olan ancilikta yetismis eleman
ihtiyaci ise giderek artmaktadir. Meslek Yiksek
Okullarinda  acilan  Anciik  Programlarinda
uygulamalann gok vyelersiz olmasi, istenilen
seviyede talebi kargilamaktan oldukga uzak
kalmistir. Aricilik arastirma merkezlerinin ozellikle
uygulamaya ybtnelik proje caligmalari ile aricilik
konusunda yiiksek lisans seviyesinde hizmet
vermesi durumunda ancilik konusunda uzman
eleman ihtiyacinin karsilanabilecegi
disUncesindeyim.

Bu yiin énemli konularindan biri bu yilin Eyldl
ayinda Fransa'da yapilacak olan Apimondia dinya
aricilik kongresidir. Dinyadaki en biylk élgekli
Arcilik kongresi igin Ulkemizin ilk kez bu toplantinin

Ulkemizde yapimasi ig¢in adayhgim agiklamis
olmas| o6nemiidir. Sonug basansiz olsa bile
ilkemizin  adayl@imi  koymasinin  uluslararas

camiada aricilik konusunda biz de vanz demesi
bakimindan &nemli bir adim oldugu konusunda
hemfikir oldugumuzu saniyorum. Bu toplantinin yeri
konusunda Glkemiz Iehine karar verilmesi
durumunda ise Glkemiz anciigin tanitimasinda
dnemli bir rol oynayacagini ve bunun igin hepimizin
galismasinin yarari olacagini dugtndyorum.

Arncilarimizin en ¢ok konustugu ve sordugu konu
ise bu yilki bal verimi nasil oldugudur. Bir sezonu
daha geride birakiyoruz. Giney Marmara
bélgesinde arcilarimizin birgodu verimin bu yil
diistik oldugunu ve an kolonilerinin zayif oldugunu
belitmektedir. Nektar salgisini etkileyen birgok
etken oldugunu ve sadece etrafta ok gigek
olmasinin  gok nektar antamina gelmedigini
belitmekte yarar var, Nektar akiminin yiksek
olmas: igin gece gundiz sicakhiklarinin farklar,
nispi nem, rilzgarin yéni, hizi ve etkileri gibi birgok
faktoriin rol oynamakta oldugunu, ancak ideal
kosullarda yiiksek nektar akimi olabilecegini
hatirlatmakta yarar var, Bunun yaninda saglikl ve
glgli kolonilerden ylksek verimin beklenmesi
gerektigini unutmamak gerekir.

Bundan sonra kolonilerin sonbahar bakim-besleme,
hastalik wve zararl micadelesinin yapiimasi

onemlidir. Bu miucadeleyi vyaparken mumkin
oldugunca ilaglarn dogru wve dikkatl sekilde,
mumkinse organik micadele yontemlerinin

kullaniimasini tavsiye ediyoruz.

Bu yilin son sayisi olacak olan Kasim sayisinda
bulugmak dilegiyle, hoggakalin...

Editér
Dog.Dr.lbrahim GAKMAK

Uludag Ancilik Dergisi Agustos 2009 / Uludag Bee Journal August 2009 77



HABERLER / NEWS

DERNEKTEN HABERLER
News from Associacion

Merhaba Sevgili Okuyucularimiz,

Uludag Ancilik Dernedi'nin kuruldugu glnden bu gine
degismeyen ve gelisen faaliyetlerinden &tirll, kurumsal
nitelikte bir dermek halini aldigini savinerek bildirmek
isterim.

Turkiye'deki ariciigin - dogru  tanitiimasi,  gelismesi
yoninde birgok etkinlikte ve faaliyette bulunan
dermedimizin  kurumsal nitellk kazandiran etkinliklerini
degerli ckuyuculanmiz lle paylasmak istiyorum.

Bunlardan birincisi $u anda, siz degerli okuyucularimiza
ulasmami saglayan “Uludag Anciik Dergisi'dir. Bu
derginin senede dbrl sayl olarak, anciiga ilgi duyan
bizlere ulagmasi igin Gzverili caligmalarda bulunan
yonetim kurulu Uyesi Selvinar CAKMAK'a ve Saygideger
Editdrierimize ve bugline kadar emegi gecen herkese,
her seyden dnce bir an sever olarak ve daha sonra
Uludag Ancilik Dernedi baskan olarak tesekklri bir borg
bilirim.

Giin gegtikge gelisen diger bir etkinligimiz ise; kig
aylanindaki tamisma ve bilgi paylasma toplantilanidir. Bu
loplantilar Ekim-Nisan aylar| arasinda yapiimaktadir. Bu
loplantilarda ancilarimuzin yagadiklan problemleri birinci
agizdan duyma imkan bulmaktayiz. Aynica anlar ile ilgili
kafalarini kurcalayan sorulari sorma firsatl bulan degerli
katilimctara birgok allernatif ¢ozOmler onerilmektedir
Tim ancilann yagadidl bahari bekleme heyecanina
benzer bir heyecanla bu toplantilar beklenmektedir, Bu
toplantinin yeri ve zamani daha sonra degerli Gye ve
katilimcilara duyurulacaktir. Degerli okuyucularimiz da
Bursa'da gergeklesen bu toplantilara katimak isterlerse;
telefon veya eleklronik posta adreslerini bize ulastirmasi
yeterlidir.

Uluslararasi dizeyde gerceklesen Marmara Ancilik
Kongresi; 4. Marmara Ancilik Kongresini Ganakkale'de
gergeklestirmek icin; Uludag Universitesi AGAM Miidiirii
Prof. Dr. Levent AYDIN ve Kurucu Bagkanimiz Mustafa
CIVAN lle birlikte 16 Haziran 2009 Sali gini sicak bir
yaz ginlnde yola koyulduk. Ganakkale'ye vardigimizda
bizi éince Ganakkale'nin o gizel rizgarl havas: karsiladi,
bunaiticr sicaklik yerini guzel bir yaz glnine birakmigt,
Canakkale Anci Birligi sirin tarihi bir binada faaliyetlerini
yuritlyordu.  Dergimizde  yayinlanan  yazisindan
tamdigim telefon ile gorligtigim Canakkale Arici Birligi
Bagkam Cahit ILERI ve yonetim kurulu iyesi olup
saymanlik gérevini yiiriten Soner UNAL ile tanisma
firsati  bulduk. Canakkale Arici  Birfigi, ballarint
kavanozlara doidurmak igin son derece modern ve lemiz
bir tesis kurmus ve birlik ballanini ARIBURNU markasi ile
pazarlamakta. "ARIBURNU" marka isml benim ¢ok
hoguma gittl. Clnkil ARIBURNU ismi Canakkale'yi
hatirfatan ve Canakkale lle ¢zdeglesmis bir isim. Bu ismi
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marka yaparak, Canakkale ancian kendi degerlerine
sahip gikmuglardir. Bu marka Canakkale Arici Birligine
cok yakismig, ARIBURUNU denince CANAKKALE,
GCANAKKALE denince ARIBURNU aklimiza gelmektedir.
Ganakkale Birlik yoneticileri ile birlikte tgle Uzeri 18 Mart
Universites| Ziraat Fakultesi ile gtriismeye gittik. 18 Mart
Universitesi Ziraat Fakilltesi Dekan Yardimcisi
Prof.Dr. Harun BAYTEKIN, ve Zootekni Boliimii
Baskani Prof.Dr. Tirker SAVAS Canakkale Arici Birligi
Bagkani Cahit lleri ve sayman Soner Unal ile yaptigimiz
toplantida, 2010 yili Kasim ayi sonu jie Aralik ayt bag
arasindaki bir farihte 4. Marmara Arncilik Kongresini
Ganakkale de yapmaya karar verdik. Dekan yardimcis)
Prof.Dr.Harun BAYTEKIN, kendisinin de an ile
ilgilendigini ve birkag kovan ansi oldugunu, anciligr cok
sevdlgini ve deger verdigini 6grendik. Bizlere Marmara
Ancilik Kongrenin yapilacad tesisleri gezdirdiler ok
begendik. 4. Marmara Aricilik Kongresini Canakkale de
gergeklesecek olmasi bizler heyecanlandird).

Canakkale'ye gidenler bilir, gitmeyenler ise Ganakkale'yi
cok duymuslardir. Mutlaka teneffus edilmesi ve gériimesi
gereken yerlerdendir Canakkale. Alacaginiz tat ve lezzel
size 6zel ofacagindan deteylera dainmiyorum. Gay igmek
igin Ziraat Fakiiltesinin bahgesine oturdugumuzda harika
boGaz manzarasi karsisinda donup kaldim.

hékim bir tepede kurulmus olan fakiiltede katihimcilann
keyif alacag bir ortamda kongre gerceklesecektir.
4 Marmara Ancilik Kongresinin ev sahipligini Ustlenen 18
Mart Universitesi Ziraat Fakiltesi Dekan yardimeis)
Prof Dr, Harun BAYTEKIN'e Zootekni Bélimd Baskan
Prof. Dr, Turker SAVAS'a, Canakkale Arici Birligi Bagkan
Cahit ILERI'ye ve Uludag Universites Aricilik Geligtirme
ve Aragtirma Merkezi (AGAM) Midird Prof.Dr. Levent
AYDIN'a tegekkiir ederim,

Bu yazimda Uludag Ancilik Dernadinin kuruldugundan
beri periyodik olarak gergeklestirdigi faaliyetierinden
kisaca bahsetmek istedim. Clnkl bu devamblik bizim
dernegimize kurumsal bir nitelik kazandirmaktadir, Bu
kurumsal yapi  demek mensuplanmin - génallt
galigmasindan ve ig boluminden kaynaklanmaktadir.
Degerli Gyelerimizin katkilariyla olusan bu olgu igin tom
tyelerimize tesekkir ederim. Ve siz  degerli
okuyucularimiz, eger dernegimize (ye degliseniz (ye
olup en azindan willik 6dentinizi 6demek kaydi ile
dernegimize katki saglayabilirsiniz. Uye olmaniz halinde
dergimiz Ucretsiz olarak slrekll gelecek ve aramizdaki
bagmizi glglendirmis olmamiz bizlen mutiu edecektir.
Saghkli mutiu gunler dilegi ile sevgi ve saygilarimi
sunarim.

Uludag Ancilik Dernegi Bagkam
Refik BERI
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BALLI BITKILER VE BAL ARILARI
Nectarous Plants and Honey bees
Dog.Dr. irfan KANDEMIR

Biyoloji Bolimii, Fen Fakiiltesi, Ankara Universitesi

Aricilarin merak ettigi konularin en dnemlilerinden
iki tanesi: hangi agactan ne kadar nektar ve ne
kadar polen alinm olmustur. likbaharda arilar ne
kadar iyi polen toplarsa koloni o kadar gelisir, ne
kadar iyl nektar gelirse hasat da o kadar iyi olur.
Hele bir de hasal sonrasi polen gelmesi kolonilerin
kiga daha glcll ve iyl girmelerini saglar.

2006 yilinda Bulgaristan-Sofya'da Kralige an segimi
ve islahl konusunda Apimondia Sempozyumuna
katilmistim. Her kongrede oldugu gibi orada da
katilimcilara bir ganta verildi ve geneide bu cantalar
kongre slresince kullamir daha sonra galigilan
odada bir yere konulur unutulur. Benim agimdan da
bu durum farkli bir sekilde cereyan etmedi, ancak
Universite  degistiince  tabii  bazi yer
degistirmelerden dolay! bu ¢antayl yeniden agtim
ve gok ilging kiglk bir kitapgik fark ettim. Bu
kitapgik Mihaela Yordanova tarafindan yazilmis ve
ismi de “Bulgaristan'da bal yetistiriciligi bitkileri"
seklinde tarafima terctime edilmisti.

Iste buradaki bazi bilgileri sizlerle paylasmak ve
Ulkemizde de asagl yukar benzer oldugunu
disundigimden bitkilerin Grettikleri polen ve nektar
bilgilerini aktarmanin aricilarimiza gittikleri herhangi
bir arazide ne kadar bal ve polen alabileceklerini
tahmin etmeye yararli olacagini duginmekteyim.

Neden bu Kkonu ®nemli diye soran elbette
clkmayacaktir. CUnkU arncilar bitkisiz, bitkiler de
ansiz olamaz, hele hele kendi (Ulkemizde
10,000'den fazla tanimlanmig tir sayisi ve bunlarin
yaklasik %35'inin endemik oldugu
distnildiiginde. Bu bitki-arici iliskisinin gok daha
fazla olmasi gerekmektedir (Sekil 1). Bu kadar
zengin flora kargisinda lutfen ne kadar bal
Urettigimizi dislnip ancih@imizin gelismesi igin
daha gok gabalamamiz gerektigini unutmayalim.

Tablo 1 sadece arncilik agisindan bazi tzelliklerin

derlendigi bitki listesini icermektedir ve baska bir
tilke igin hazirlanmigtir. Ulkemiz bitki sistematikgileri

de boyle bir eseri tlkemiz agisindan bir araya
getirebilirlerse, Ulkemiz anciig icin son derece
Gnemli bir kaynagi olusturacak ve dlke ariciigimiza
bayuk bir hizmet yapacaklardir.

Sekil 1 de ise Tablo 1 de yer almayan birgok bitki
yer almakla ve dlkemiz bitki biyo-gesitliligini
gostermektedir. Tablo 1 incelendigi zaman bitki
cesitliligi  deniz seviyesinden 2500 metrelik
rakimlara kadar ulasmakta, ciceklenme zamaninin
ise subat ayindan baslayip ekim ayina kadar
sirdigii goriimektedir. Bu da dlkemiz farkl
cografyalarinda  farkll  zamanlarda  ancilik
faaliyetierinin yapilabilecedini ve bu da neden
gezginci arniciigin bu kadar (lkemizde yaygin
oldugunu agiklamaktadir.

Bitkilerin polen ve nektar verimleri son derece
farklihlk gostermekte, baz bitkiler az polen cok
nektar, bazilari son derece zengin polen kaynag
iken sifir nektar Uretebilirler. Polen ve neklar
verimlerinin yaminda bitkilerin ne zaman bu aricilik
degerlerini salgladi§i ya da drettigi Snemlidir.
Findik bazi aricilar tarafindan aricilik igin degersiz
gibi distintlebilir, ancak Subat ayinda polen treten
bir bitki arinin erken ilkbaharda gelismesi igin son
derece yararlidir. Ayni sekilde sogit agac bilinenin
aksine yine Mart ayinda polen dretiimesi ile
koloninin gelisimine son derece etki yapmaktadir,

Bitkiler aricilar igin son derece tnemlidir ve
aricilann var olma nedenidir. Ancak arilar da bitkiler
igin tozlasma agisindan vazgegilmezdir, Sadece
tozlasma degil, meyvenin tutmasi ve meyvenin
diizgun sekilli olmasi da ne kadar iyi tozlastigi ile
direkt iliskilidir. TOm bunlardan dolayidir ki 6zellikle
ABD'de tarla sahiplerinin tozlagsma igin an kolonisi
kiralamalari ve her bir koloni igin ylizlerce dolar
ademesi son derece Snemlidir. Ulkemizde de bu tar
tozlagma faaliyetleri yeni yeni baglamis olup, bu tir
tozlasma faaliyetleri ekonomik anlamda tanma
biylk katkilar yapacak ve aricilarimiza da ek bir
gelir saglayacaktir.
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Bitki ismi

Yalanci akasya
Civit agaci
Orman sarmasgigi
Bofa dikeni
Hayit agaci
Sogt

Yaki otu
Gladigya

Adi alic
Karahindiba
Uggll

Sus erig
Erguvan

Aslan otu
Gazel boynuzu
Zehirll yonca
Kirmizi gelin
Yer elmas!
Sigara agaci
Anadolu
kestanesi
Givey kandili
Ak tagyoncasi
Gumusi adagay
At keslanesi
Lavanta

Findik

Kuglk yaprakli
Ihlamur

Bliylik yaprakh
Ihlamur
Glmis! Ihlamur
Yonca

Deve dikeni
Inci galist

Ogul otu

Kekik

Talar akgaagac
Nane

Cigekli disbudak
Kusiivezi
Aycigedi

Keklik otu
Sarkik Japon
Soforasi

Ari otu

Kiraz

Cinar yaprakli
Akcaagac
Elma

Dag akcaagac!

Latince ismi

Robinia pseudoacacia
Amorpha fruticosa
Hedera helix

Eryngium campestre
Vitex agnus-castus
Salix alba

Epilobium angustifalium
Gleditsia triacanthos
Crateagus monogyna
Taraxacum officinale
Trifolium repens
Prunus ceracifera
Cercis siliquastrum
Leonurus cardica

Lotus corniculatus
Doryenium herbaceum
Geranium macrorrhizum
Hefianihus tuberosus
Catalpa bignonioides
Castanea sativa

Koelreuterfa paniculata
Melilotus alba

Salvia argentea
Aesculus hippocastanum
Lavandula angustifolia
Corylus avellana

Tilia cordata

Tilia plathyphyllos

Tilfa tomentosa
Medicago sativa
Carduus nutans
Symphoricarpus albus
Melissa officinalis
Thymus sp.

Acer tataricum
Mentha longifolia
Fraxinus ornus
Sorbus aucuparia
Helianthus annuus
Origanum vulgare
Sophora japonica

Phacelia tanacetifolia
Prunus avium
Acer platanaides

Malus domestica
Acer pseudoplatanus

Tipi

Agag
Cali

Otsu
Otsu
Cali

Agag
Otsu
Agag
Cali

Otsu
Otsu
Agag
Agag
Otsu
Otsu
Otsu
Otsu
Otsu
Agag
Agag

Adag
Otsu
Otsu
Agag
Call
Call
Agag

Adag

Agag
Otsu
QOtsu
Gall

Otsu
Otsu
Agag
Otsu
Agag
Agag
Otsu
Qtsu
Adag

Otsu
Agag
Agag

Agag
Agag
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Rakim
(m)
0-1000
0-500
0-1800
0-900
0-400

100-1800
0-1000
0-1500
0-2800
0-2800
0-1500

0-800
0-1000
0-2300
0-1700

300-2500
0-1000

0-1000

0-1500
0-1000
200-1000
500-1000
0-800
0-1500

500-1600

800-1500
0-1200
0-1500

0-1200

0-800
0-1200
0-1500

600-2000

0-1700
0-500
0-2000
500-1500

0-1500
100-1400

Cigek Acma
zamani
Nis-May
May-Haz
Agu-Eyl

Tem-Agu
Tem-Agu
Mar-May
Haz-Eyl
May-Haz
May-Haz
Nis-Eki
May-Eki
Mar-Nis
Nis-May
Tem-Eyl
May-Eyl
May-Agu
Nis-Temn
Tem-Eki
Haz-Tem
Haz-Tem

May-Haz
Haz-Eyl
Haz-Tem
Nis-Haz
Haz-Tem
Sub-Nis
Haz-Tem

Haz-Tem

Haz-Tem
May-Eyl
Haz-Eki
Haz-Eyl
Haz-Eyl
May-Eyl
May-Haz
Haz-Eki
Nis-May
Nis-Tem
Haz-Agu

May-Agu

Tem-Agu

Haz-Agu
Nis-May
Nis-May

Nis-May
Nis

Tablo 1. Baz bitkilerin ancilik agisindan énemli karakteristikleri

Polen
verimi
4+
++
+4++
++
+++
+4++
TS
44
LR LY
e
++
=+
+4
Y
it

+
4
-+

et
+4
+

e+t
ot
ot

44

b

L
et

4
++
4t
4
4
4t
4t
+4+
e

b

bt
b4

Bal verimi
(kg/déniim)
66.3
86
4.3

3
25-140
8

8-60
16
12
2-5
272
2-7
284
10
12.7
1.7
10.6
14
12

16.4
36.6
38
12

291
233

a5
10

230
87
49
11.2

57-205
14.7
14

35-120
24
20

9.5
82
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Sekil 1. Turkiye ancilik agisindan son derece nemli nektarl bitki cesitliligine sahiptir. Ulkemizde
tamimlanmig tlr sayisi neredeyse tim Avrupa bitki tirleri sayisina esittir

Tesekkiir:

Bu kiglk derlemeye ¢ok biyik katkisi olan
“Bulgaristan’'daki balli bitkileri" adh kitabi yazan Mihaela
YORDANOVA ve kitapta baz) tercimeleri yapan Mesrur
TURKER'e ve qekti?i resimlerl  bu  makaleden
esirgemeyen Zonguldak lli Ari Yetigtiricileri Birligi Bagkan!
Selahattin GUNEY'e gok tesekkir ederim.

Extended Summary

The present mini-paper was inspired from a book
published by Mihaela Yordanova entitled “Honey plants
of Bulgaria”. During field trips to aplaries, | learned how
beekeepers are curious about the pollen or nectar
production of plant species. The fore mentioned book
explained some of the beekeeping characteristics of
plants of Bulgaria. From that book | adapted the
characteristics to Turkish plants in which most of the
plant species found in both countries. The common
Turkish names were added. The importance of floral

F‘askdpru Sanayi Sitesi 2.Yol No:142 YALOVA |

Tel & Faks : 0226 353 37 88

Gsm : 0532748 64 94 - 0 532 452 48 98

]
} info@erdemkovencom

distribution from the sea level to 3000 meters and the
diversity of blooming time make our pristine country
favorable for migratory beekeeping. Our beekeepers
unfortunately cannot get the maximum benefit out of such
floral richness, In turkey, the pollination business still is
not in a level comparable to the benefil obtained from
pollination in the USA, that orchard owners pays
hundreds of dollars for the pollination to the beekeepers,
This new business is just flourishing in Turkey that some
seed producing companies are now hiring beekeepers for
plant pollination. Not only the pollination but a good
poliination also brings better morphology of the fruit that
Is favorable buy the consumers. Hopefully this pallination
business by beekeepers finds wider application in our
country so thal farmers have much better profitable
harvest and at the same time additional income for the
beekeepers.

www.erdemkovan.«
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ISRAIL'DE ARICILIK

Beekeping in Israel
Haim Efrat*, Yossi Slavetzky', Shimon Barel?, Deniz Zilberman?, Boris Yakobson®

'Aricilan Bilgilendirme ve Rehberlik Bolimi, Aricilik Subesi, Tarim ve Koy Isleri Bakanhigi, ISRAIL
Ulusal Kalinti Kontrol Laboratuari, Kimron Veteriner Enstittist, Tarim ve Koy Isleri Bakanhgi, ISRAIL
*Kimron Veteriner Enstitsii Mildiir, Tarim ve Koy Isleri Bakanligi, ISRAIL

Israil gok eski caglardan beri "Sut ve Bal Ulkesi"
olarak taninir. Gergekten ginimiizde de lsrail sit
sigirlarimin Grettigi sOt miktarn diger Glkelerdeki
sigirlarin yaklasik ¢ kat daha fazladir, Buna ek
olarak (ilkede goriilen degisik cografik iklimler Israil
aricilarinin gok cesitli nektarlardan bélgeye has bal
tretebilmelerine olanak saglar,

Gok kilgik bir tlke olan lIsrail'de (niifus: 7.000.000)
500 kadar arici 94.000 Langstroth kovanla yilda
3.200 ton bal Gretmektedir. Bu kovanlarin yaklagik
olarak %75' yiizlerce hatta binlerce koloniye sahip
olan ticari, profesyonel arilik isletmelerine aittir.
Gelismis Glkelerdeki ticari, profesyonel, bly(lk arilik
isletmeleri Glke anciiginin gok ufak bir ydzdesini
olusturmaktadir. [srailde bu yiizdenin yiksek
olmas: ylksek teknolojik standartlarda ¢ok modern
bir aricilik ve arlik isletmeciliginin yapiimasindan
kaynaklanmaktadir.

Israil'deki su sikintisi nektar kaynags olan gigeklerin
gelismesinde gok biiytk bir engeldir bununla birlikte
gittikge artan sehirlesme ve nekiar kaynagi olan
okaliptis  agaglanmin  ve  portakal agaci
koruluklarinin yanindan gegen otobanlar ve hava
kirliligi bal Oretimini olumsuz yénde etkilemektedir.
Artan bu olumsuz sartlar Israilli ancilan etkili ve
modern ari dretme metotlan bulmaya, yiksek
teknolojili makineler kullanmaya itmistir ve bu
yontemlerle Israilli arcilar yida bir kovandan
ortalama 40 kg bal alabilmektedir. Israil Tarm ve
Koy Isleri Bakanhigi ile Israil Balcilar Birligi nektar ve
polen Gretimini artirmak amagli agag dikimini ve
cicek ekimini destekleyen biylk c¢apl bir projeye
imza atmiglardir.

Aricihgin  tanmdaki &nemi bal ve bal drdnleri
Uretiminden daha fazladir. Tanmda ancihgin en

bilyilk 6nemi meyve ve sebze Ureten gigeklerin
arilar vasitasiyla tozlagmasi (polinasyonudur).

U.An Drg. Agustos 2009 / U. Bee J. August 2009

An Ciftliklerinin Biiyiikliiklerine Gore Dagilimi

501 kovandan fala

Israil ansi secilmis yerel stok arlan arasindan
yetigtirimis  saldirgan ve modern anliklarda
calisilmas| zor bir andir (Apis mellifera syriaca), bu
ari zamanla uysallagtirimak amaciyla ithal edilmis
diger an alttirleri ile melezlenmistir. Glnlimizde
Israilde en gok goriinen ar Amerika'dan ithal
edilmis olan ltalyan ansidir. ltalyan arisi saldirgan
degildir ve iyi bal veren bir an olarak kabul
edilmektedir. Uzun zamanh islah programiarinin
amaci uysal, yiksek kalite bal veren, varroa'ya
direncli ari soylar (hatlar) olusturmaktir.

Bal Uretimi

Israilde yilda 3200 ton bal uretimektedir. Ktgik
gapll ariciiar yilda kovan bagina 20-30 kg bal
alirken bu rakam blyik caplh ticari bal Ureten
ancilarda yilda kovan basina 50-60 kg'dir. Israil
balinin yaklagik olarak %40 narenciye (turuncgil)
ciceklerinden dretilir ve bu bal en kaliteli ballardan
biridir. Geri kalan %60'lik miktar ise genellikle gesitli
yabani giceklerden, bitkilerden, devedikeninden,
orkideden ve bakliyatlardan Gretilen baldir. Ulke
igindeki yillik tiketim miktari 3600 ton, yillik getirisi
ise 10 milyon dolardir.

Tozlasma (Polinasyon)

Arilarin dolayisiyla anciigin en 6nemli ve yeri
doldurulamaz gérevierinden biri de avokado,
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salatalik, cilek, aycicegi, kavun, kis sebzeleri ve
daha birgok tanmsal Orlninin tozlagsmasini
(polinasyonunu) saglamaktir. Birgok tarimsal bitki
tozlasmak igin bal anlarina ihtiyag duyar, digerleri
ise bal arilar sayesinde verimini %30 dizeyinde
artinir, Arilar yesil seralarda ve tarlalarda tozlasma
amaciyla kullaniimaktadiriar. 60,000'den fazla
kovan tozlagmada kullaniimaktadir. bunun yillik
getirisi 24 milyon dolardir. Uygulamada ise
tozlasmanin tim Israil tanmina olan ticari etkisi
yaklasik olarak 480 milyon dolardr,

Ari Uriinleri

Arncilik endUstrisi bal Gretimi ve tozlagma disinda
kiiglik gapta mum yapiminda ve pelek Gretiminde
kullanilmak lzere balmumu ve ozellikle alternatif
tipta kullaniimak amaciyla ar zehri, an sttd ve
propolis Uretmektedir.

Aricilik Sektériiniin Orglitlenme Yapisi

Aricilik endlstrisi bircok kurum tarafindan organize
ediimekle ve yonetiimektedir.

« Tanim ve Koy isleri Baklanh@ Aricilik, Aricilart
Bilgilendirme ve Rehberlik Béliimii:

Bu bélimin gorevi arcilarn, bilgilendirmek,
rehberlik etmek, yeni ¢ikan gelismelerden ve
yontemlerden ancilan haberdar etmek, sahada
kargilagilan problemlere géz(im bulmak ve farkli ar
soylar (hatlari, melezleri) gelistirmektir.

+ Veteriner Hizmetleri:

Ari  hastaliklari, an igin zararll  bécekler,
parazitlerden korunma ile ari ve arn Grinlerinin
ithalat ve ihracatimin yapilabiimesi igin gereken
yonetmeliklerin dizenlenmesinden sorumludur. Bu
amagla balda kalinti kontrol analizleri yapilir.
Veteriner Hizmetleri son bes yidir tlkenin tamamin
kapsayacak sekilde yillk bal kalinti analizleri
yaparak Ulkenin bal kalinti analiz tablosunu ¢ikarir,
Bu analizlerin iginde bocek zehri ilaglari (pestisitier:
amitraz, kumafos, fluvalinat)  antibiyotikler
(sulfananmidler, tetrasiklin, kloramfenikol), agir
metaller ve fumagilin yer alir. Bu analizlerin birgogu
veteriner hizmetlerinin  ulusal kalinh  kontrol
laboratuarinda yapiidi gibi bir kismi da
Avrupa'daki sadece bal ve bal drlinlerindeki kalinti
analizleri Gzerine uzmanlagmis dinyanin ileri gelen
laboratuarlari ile ortak yapilmaktadir.

Veteriner Hizmetlerinin  ulusal kalinti  kontrol
laboratuarinda yukanda belitilen yilik genel
analizlerle beraber i¢ piyasada satilacak ya da ihrag

edilecek (Avrupa, Amerika, Kanada ve Japonya)
bal ve bal Urinlerinin rutin kalinti kontrol analizleri
de gergeklestirimektedir. Bu analizlerin hepsi ihrag
edilecek Ulkenin de yonetmelikleri géz Oniinde
bulundurularak (Avrupa, Amerika, Kanada ve
Japonya) uluslararasi kalite kontrol analiz
yontemlerine uygun olarak yapiimaktadir.

» Kudiis Hebrew Universitesi Tanmsal Gida ve
Cevre Kalitesi Bilimi Fakiiltesi, Triwaks An
Aragtirma Merkezi:

Ancilikla ilgili bilimsel aragtirmalar yapma, aricilara
ve Odrencilere yonelik bilgilendirici  kurslar
vermekten sorumludur

« israil Anicilar Birligi:

Israilli aricilari gerek yurt iginde gerekse yurt
diginda cesitli forumlarda temsil eder. Avrupa,
Amerika ve diger Glkelerdeki arcilar birligi ile
baglantilar kurar. Aricilarin yeni teghizat almasi ve
modernizasyonu igin her tlrll destegi saglar.

« israil Balcilar Birligi:

Ancilarin - kayitlarinin -~ yapimasindan, ekinlerin
dagiimindan ve bal pazannin denetiminden
sorumiudur.

Israil Balcilar Birligi, bal ve bal Uriinlerinin kalite
kontrol zincirinin -~ dnemili bir  halkasini
olusturmaktadir. Balcilar birligi kovan ve kovan ig
malzemelerinden kavanozdaki bala kadar tim
dretim zincirinin kontrollerini yapmakla ylkGmiGddr.
Ayrica Balcilar Birliginin en Snemli gorevierinden
biri tilkeye ézg bitkileri bularak yalnizca Israil'e has
ballan Uretmek ve bunlan bir diinya markasi haline
getirmektir

» idari Yénetim Kurulu

Yukarida belirttigimiz tim kurumlarin
temsilcilerinden olusur ve bu subenin tim
aktivitelerinin koordinasyonundan sorumludur.

ihracat:

Ballarini ihrag etmek isteyen aricilar veteriner
hizmetlerinden, ihrag edilecek {lkenin de
yonetmeliklerine uygun olmak Uzere ballarinin
uluslararasi standartlara uygunlugunu belirten bir
sertifika almak zorundadir. Bu sekilde Israilli aricilar
¢ok rahal bir sekilde ballarim Avrupa, Amerika,
Kanada, Japonya ve daha birgok lilke pazarlarinda
satabilmektedirler.

Ihracattaki en @nemli basarilardan biri, yliksek
teknoloji ile Gretilmis dUnyanin en pahali bal olan
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(kilosu 1000 $) "Life Mel™dir. "Life Mel" dinyanin
her yerinde satilmakta, &zellikle Hollywood ve
Londra'da  dnliler  tarafindan  ¢ok  fazla
tilketilmektedir. Bu bal BBC ve Skynews gibi birgok
haber kanalinda programlara konu almustur.

Art ve An Uriinleri Arastirma,

Caligmalan

Geligtirme

Universiteler haricinde, Tanm ve Koylsleri Bakanhigs
gatisi altinda an ve aricilik sektord ile ilgili her tarld
bilimsel arastrmay) gerceklestiren ©zel bir birim
bulunmaktadir. Bu birimi; Veteriner Enstitdsa,
Aricilari Bilgilendirme ve Rehberlik Balimi, Tanm
Arastirma Merkezi ve Volkani Tarim Arastirma

Organizasyonu'nda  ¢alisgan  bilim  adamiar
olusturmaktadir.
Bu gurubun vyaptigi en Onemli aragtirmalar

arasinda.

« Kumafosun yerini alabilecek varroa'ya karsi etkill
yeni ilaglar geligtirmek,

» "Koloni Cokme Bozuklugu (CCD)"nu daha lyi
anlamak,

« Yeni antiviral ilaglar Gretmek,
« Genetik olarak 1slah edilmig arilar Gretmek,
« Arilarin Israil'e girigini ve yayilmasini dnlemek,

e Kovan ve kovan malzemelerinden son uUrine
kadar tim (retim zincirinin kalite kontroltind
safjlamak,

o Kumafosu bir gosterge olarak kullanarak
kalintilarin  ve cevre kirlligine yol agan
maddelerin kovan icinde yayillma

mekanizmasini, yolunu anlamak ve bu sekilde
tedaviyi daha etkili kilacak yontemler
gelistirmek.

U.Ari Drg. Agustos 2009 / U. Bee J. August 2009

« "High-tech Honey" veya "Secondary Honey
"(Yiiksek Teknoloji Ball veya lkincil Bal) adi
verilen bali yiksek teknoloji sirketleri ile birlikte
gelistirmek ve dinya pazarina satmak (Life
Mel) yer almaktadir.

Petek Temizlenmesi

Bu grubun yaptigi en ilging ve zor ¢alismalardan biri
petekteki kumafos kalinti miktan ile kralige an ve
iggi arlannin  geligimi  arasindaki  baglantiy!
gostermektir. Bu calismada petekteki kumofos
miktar arthkca kralige ve isgi arilarinin gelisiminin
negatif yénde etkilendigi gorilmiistir. Bu galisma
da petegin kumafostan temizlenmesinin koloni
saglig, direnci ve gelecek nesil arlar igin hayati
dnem tasidigin gdstermistir.

Bu arastirma grubu, petegin dogal kimyasal
yapisini bozmadan oldukga ucuz bir teknikle, petedi
kumafostan temizleme yontemini geligtirmistir.

Sonug olarak, lsrail'de aricihk multidisipliner olarak
yapilmaktadir. Yani sadece bal verimine yoénelik
degil, tanm bitkilerinin tozlagmasinda, an stl,
polen, propolis, ar zehri ve balmumu Uretimine
yonelik de verim ve kalite artirici bilimsel galigmalar

yapimaktadir. Ulkenin wve halkin elde ettigi
ekonomik gelir bu unsurlarn timine gore
degerlendiriimektedir.

Arci—Universite-Deviet ~ arasinda  giglo  bir

koordinasyon  saflanmisr ve  bir  sorun
yasandiginda, tim birimler kendi aralarinda konuyu
degeriendirerek sorunu gdzilebilmektedir. Aricilari
ve halki bilinglendirmek, mevcut verimi ve kaliteyi
artirmak amaciyla bilim ve teknoloji isi§inda
galismalar devam etmektedir.

ULUDAG ARICILIK DERNEGI
ARICILARIMIZA UCRETSIZ AKASYA
FIDESI DAGITIMI YAPMAKTADIR
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CYPERMETHRININ Galleria mellonella L. (Lepidoptera: Pyralidae)’nin
PUPLASMA VE OLUM ORANLARINA ETKISI

Effets of Cypermethrin on the Pupation and Mortality of Galleria mellonella L.
(Lepidoptera: Pyralidae)

(Extended Abstract in English can be found at the end of this article)
Olga SAK' ve Fevzi UGKAN?

'Balikesir Universitesi, Fen-Edebiyal Fakaltesi, Blyoloji Bolimi, Cagis Yerleskesi, 10145, Balikesir,
altun@balikesir.edu.tr

*Kocaeli Universitesi, Fen-Edebiyat FakUltesi, Biyoloji Bélomi, Umuttepe, 41300, lzmit-Kocaeli

Anahtar Kelimeler: Galleria mellonella, Cypermethrin, Puplasma
Key Words: Galleria mellonella, Cypermethrin, Pupation

OZET: Agirhgina gére iki gruba ayrilan Bilyiik Balmumu Giivesi, Galleria mellonelfa L. (Lepidoptera:
Pyralidae) son evre larvalarina farkh dozlarda cypermethrin besin iginde verildi. Cypermethrinin G.
mellonella'da puplagma ve 6liim oranlarina etkisi 25¢1 °C sicaklik, %6015 nispi nem ve 12:12 saat (A:
K) fotoperiyot uygulanan laboratuar sartlarinda incelendi. Cypermethrin aktif madde oranina gére saf
su ile ppm diizeyinde seyreltilerek farkli konsantrasyonlarda g¢ézeltiler hazirlandi ve bu gozeltiler
petek, kepek, bal, gliserin ve su karnigimindan olusan besin igindeki su yerine kullanildi.
Cypermethrinin Birinci Grup larvalar (0.12+0.02 gram) icin 5, 10, 15, 20, 25, 30, 40, 50, 100, 500, 1000,
1500, 2000, 3000, 4000 ppm ve ikinci Grup larvalar (0.17£0.02 gram) igin 5, 50, 100, 150, 200, 300, 400,
500, 1000 ppm dederleri uygulandi. Birinci ve lkinci Grup G. mellonefla larvalanina insektisit
uygulanmas: sonucu iki grup arasinda puplasma ve 6liim yiizdelerinde giinlere gore biiyiik oranda
benzerlik oldugu belirlendi. Cypermethrinin dozu arttikga larval gelisim ve puplasma siiresi gecikti,
puplasma yiizdesi azaldi ve 6lim orani artti. insektisitierin zararh tiirlerin dogada larva gelisimierini
uzatmasi en ¢ok zarar verdikleri bu evrede daha fazla kalmalarina yol agarak ekonomik kaybi
artiracaktir. Ayrica konaklarimin pup evresine ge¢ ulagmasi, pup parazitoitieri disinlldiigiinde
populasyon yogunluklari ve nesillerinin devamliligi agisindan bilylik tehlike yaratacaktir.

GiRiS

Insanlar  glinimizde  kimyasal maddelerin
olusturdugu bir okyanus iginde yasamaktadir.
Bilingsiz uygulanan kimyasal micadele,

kanserojen, teratojen ve mutajen olan kimyasallarin
bu okyanustaki birikimini artirmaktadir (Sternberg
1979, Schuytema ve ark. 1994, Shukla ve ark.
2002), Denetimsiz ve dUzensiz kullamm, zaman
iginde zararlinin direng kazanmasina neden olarak,
dozun her gegen giin daha da artinimasina sebep
olmaktadir (Ahmad ve ark. 1997, Soderlund ve
Knipple 1999, Ribeiro ve ark. 2003). Buna bagl
olarak hem gevre kirlenmesi hizlanmakta hem de

ekonomik kayip artmaktadir.

Dogal dengenin 6zUne ters olan kimyasal konirol
yonteminin ortaya cikardi§i sorunlar karsisinda,
diger kontrol yéntemlerine yonelme zorunlulugu
dogmus ve "Birlesik Zararli Ydnetimi (Integrated
Pest Management)” (IPM) denilen ydntem
gelistirilmistir (Hillocks 1995, Elad ve Shtienberg
1995, Onciier 2000). Bu yéntemde amag, pestisit
kullammini  en aza indirmek, botin  kontrol
olanaklarini  arastirmak ve zararllarin  dogal
digmanlarindan en Ust dizeyde yararlanmaktir
(Hillocks 1995, Hill ve Foster 2000, Simmonds ve
ark. 2002, Tomberlin ve ark. 2002). “Biyolojik
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Kontrol” bu yéintem Igcinde &nemli bir yer
tutmaktadir (Hillocks 1995, Onelier 2000, Andow ve
ark. 1997). Biyolojik kontrolde kullanilan ajanlar
iginde belki de en uygunu, en az risk tasiyani ve en
gok spesifik etki yapani parazitoitlerdir (Andow ve
ark. 1997, Xu ve ark. 2001, Chen ve Welter 2002,
Ugkan ve Giilel 2002).

IPM programlarinda her ne kadar kimyasal madde
kullanim en son gare ise de bazi durumlarda
biyolojik ve kimyasal miicadele y6ntemierinin uygun
olarak biriikte kullaniimasi gerekebilir. Bu nedenle,
pestisitierin zararll tir ve dogal digmaniar
Uzerindeki potansiyel etkilerinin belirlenmesi IPM
programlarinin - 6nemli  bir bélimint  olusturur
(Takada ve ark. 2001), Sentelik piretroit yapisinda
olan cypermethrin (Onclier 2000, Kamrin 1997)
kullarim alani oldukga genis, temas ve beslenmeye
bagli etki gtsteren sistemik olmayan bir insektisittir
(Kamrin 1997, Tomlin  2000), Ulkemizde
cypermethrinin meyve, sebze, hububat, endustri ve
sus bitkileri zararlilari basla olmak Uzere gok genis
bir uygulama alam vardir (T.C. Tarim ve Kdyisleri
Bakanhid Koruma ve Kontral Genel MiduriGgi
1999). Cypermethrin diger sentetik piretroitler gibi
sinir sisteminin normal  igleyis mekanizmasini
bozarak etkili olur (Cox 1998),

Son willarda zararl kontrolinde insektisitlerin
kullammi (Kudon ve ark, 1988, Nowak ve ark.
2000) ve bu maddelerin zararli tir (zerindeki
etkileri ile ilgili (Ahmad ve ark. 1997, Soderlund ve
Knipple 1999, Hill ve Foster 2000) ¢ok sayida
calisma yapilmistir. Ayrica cypermethrinin konak-
parazitoit iligkisi iginde konak ve parazitoit tirler
tzerindeki etkilerini arastiran (Sak ve ark. 2006,
2009, Ergin ve ark. 2007) galigmalar da mevcuttur,
Birgok parazitoit bécedin konadi olan Blylk
Balmumu  Guvesi, Galleria mellonella L.
(Lepidoptera: Pyralidae) an kovanlarinda gelisen
zararli bir tiirdiir. Glvenin larvalar polen ve petekle

beslenerek ar  kovanlarna  blyok  zarar
vermektedir. Daha onceki ¢alismalarmizda
cypermethrinin  konak-parazitoit  lligkisi  iginde

parazitoit tir, Pimpla turionellae (L.) (Hymenoptera:
lchneumonidae)nin  biyolojik &zelliklerini (Sak ve
ark. 2009), toplam metabolit igeriklerini (Sak ve ark.
2006) ve hemositlerini (yayinlanmamisg bilgi) nasil
etkiledigini arastirdik. Ayrica cypermehtrinin G.
melfonella'min toplam puplagsma yiizdesi (Sak ve
ark. 2006) ile pup agirigi, erginlesme siiresi ve
larva davramgi Gzerindeki (Sak ve ark. 2009)
etkilerini de inceledik. Bu calismada ise farkl
cypermethrin konsantrasyonlarinin, larva agirhigina

bagh olarak G. mellonellamin puplasma ylzdesi ve
olum degerlerini glnlere gére nasil etkiledigini
belirlemeyi amacladik.

GERECG VE YONTEM

Blylk Balmumu Guvesi, G. mellonella'nin stok
kiltirt laboratuanmizdaki kolonilerden olugturuldu
ve bell zamanlarda Balikesir gevresindeki
aricilardan alinan peteklerden elde edilen ergin
gliveler ile yenilendi. Kuitirler, larvalarin en i
dizeyde gelisme gdsterdigi 25+1 °C sicaklik,
%6015 nispi nem ve 12:12 saat (Aydiniik: Karanlik)
fotoperiyot sartlarinda yetistirildi. Pestisitli gruplar
icin ayni kosullara sahip ayn bir laboratuar
kullanildi. G. mellonella kiltird Bronskill (1961)
tarafindan geligtirilen (petek, kepek. bal, gliserin ve
su kangimi) ve Sak ve arkadaslan (20086)
tarafindan modifiye edilen besin ortaminda devam
ettirildi. Bunun igin kepek orani %50 artinlarak
besindeki nem oranimin azalmasi saglandi (Sak ve
ark. 2006). Ergin  kelebeklerin  yumurta
birakabilmesi ve yumurtadan yeni ¢ikan larvalarin
beslenebilmesi igin stok kultir kavanozlarina
zaman zaman petek ilave edildi.

Cypermethrin (Imperator, 250 gllitre EC, Zeneca
Ltd., lzmir, Tlrkiye) bitiin deneylerde aktif madde
oranina gore saf su ile ppm diizeyinde seyreltilerek
farkll konsantrasyonlarda ctzeltiler hazirlandi ve
besin suyu yerine kullanildi. Pestisite direngte larva
agirhgimin etkili olup olmadigin arastirmak zere iki
ayr deney grubu olusturuldu. Birinci Grup
deneylerde agirliklari 0.1240.02 gram, lkinct Grup
deneylerde ise 0.17+0.02 gram olan G. mellonella
son evre larvalan kullanildi. Deney gruplarinda
cypermethrin, dogrudan ya da degisik oranlarda
seyreltilerek besin icinde G. melfonella son evre
larvalarina  verildi. Cypermethrinin  dogrudan
uygulandigi deneylerde yilksek dizeyde toksik etki
gbzlendikten sonra her iki grupta degisik ppm
degerlerinde daha seyreltik cézeltiler ile galisildi.
Birinci Grup igin cypermethrinin 5, 10, 15, 20, 25,
30, 40, 50, 100, 500, 1000, 1500, 2000, 3000, 4000
ppm ve Ikinci Grup igin 5, 50, 100, 150, 200, 300,
400, 500, 1000 ppm degerleri uygulandi. Birinci
Grup'ta 5-40 ppm araliginda puplasma oranlan
etkilenmedigi icin ve puplagsma acisindan 50 ve 500
ppm arasindaki degisimi daha iyi gotzleyebilmek
amaciyla [kinci Grup deneylerde farkli dozlar
cahgild..  Cypermethrin  eklenerek  hazirlanan
besinler (10 gram) 210 mililitrelik cam kavanozlara'
kondu ve iglerine 10 adet G. mellonelle son evre
larvasi  birakildi.  Kavanozlann agzi  hava
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sirkiilasyonunu  onlemeyecek  sekilde  delikli
kapaklar ile kapatidi. BUtln bireyler puplagincaya
.ya da 6lene kadar 30 gin boyunca cypermethrinli
ortamda tutuldu. Pup yapanlar ve dlenler ortamdan
uzaklastinldi. Pup yapanlanin  kaginci  giin
puplastiklari kaydedildi. Her bir deney serisi farkl
zaman ve farkli sUksesif kiiltirlerden alinan bireyler
ile dort kez tekrar edildi. Puplasma ve 6lum oranlari
ylzde olarak venidi.

ISTATISTIK

Bir deney serisinde elde edilen veriler kontrol grubu
ve kendi aralarinda karsilagtirimak suretiyle
degerlendirildi. Birinci ve Ikinci grup G. mellonella
son evre larvalarinin 1-7 gunlik puplasma degerleri
ve loplam puplasma oranlar Gzerine farkh
cypermethrin  konsantrasyonlaninin  etkileri  Tek
Yonll Varyans Analizi Testi ile degerlendirildi.
Ortalamalar arasi farkin 6nem kontrolinde Tukey
HSD Testi kullamildi (SPSS 1999).

Degeriendirmede 0.05 glven siniri esas alinds.
BULGULAR

Birinci ve lkinci Grup konak larvalarina dogrudan
verilen cypermethrin ikinci giiniin sonuna kadar
larvalarin tamamimin 6limine neden oldu. Farkh
konsantrasyonlar uygulanarak Birinci ve lkinci Grup
larvalar ile yapilan deney verileri Tablo 1 ve 2'de
veriimektedir, Birinci ve Ikinci Grup konak
larvalarina madde uygulanmasi yedinci glinin
sonunda puplasma oranlarinda Snemli farkhliklara
neden oldu (Birinci Grup: F= B86,741; sd= 15, 48;
P<0,001; Ikinci Grup: F= 38,073; sd= 9, 30;
P<0.001) (Tablo 1 ve 2). Birinci Grupta, kontrol
grubu ve 5, 10, 15, 20, 25, 30, 40 ppm olarak
uygulanan deneylerde yedinci glnln sonunda
larvalarda olim olmadigi ve tamaminin puplagtig
goérildi (Tablo 1). lkinci Grup deneylerde de 5 ppm
ve kontrol grubunda vyedinci glnln sonunda
larvalarin tamami puplasti (Tablo 2).

Tablo 1. Cypermethrinin Birinci Grup G. melionella son evre larvalarinda puplasgma ve 6liim Gizerine etkisi.

PUPLASMA GUN ARA:LIEI

17 8-14 16-21 22-30 PUPLASMA OLOM
ppm n Pup % Pup % Pup % Pup % PLS % OLS. =%
K 30 40 10a — —  — — — — 40  10s - -
5 40 40 100a — — — — — — 40 1002 - o
10 . 40 40 008 o~ o e e e w40 OO e ==
15 40 40 1008 — = = = = — 40 1008 - ==
20 40 40 100a — -~ - — — — 40 1008 ~— -
25 40 40 100a — - = — — — 40 100a — e
30 40 40 100a — - --- -— - — 40 100a — —
4 40 40 1002 — -~ = — - - 40 1008 - e
5 40 22 5 11 275 4 10 — — 37 925b 3 75
00 40 16 40b 18 45 - — 1 25 35 875 5 125
500 40 00 00c 2 6 = e R e, B 5c 38 95
1000 40 00 00c 00 00 00 00 00 00 00 00c 40 100
1500 40 00 00c 00 00 00 00 00 00 00 00c 40 100
2000 40 00 00c 00 00 00 00 00 00 00 00c 40 100
3000 40 00 O00c 00 00 00 00 00 00 00 00c 40 100
4000 40 00 00c 00 00 00 00 00 00 00 00c 40 100

Sonuglar her biri 10 larvadan olugan dort tekrara aittir. Ayni situnda ayni harfi tagiyan ortalamalar arasindaki
fark énemsizdir (P>0,05, Tukey HSD testi). n; Birey sayisi, P.L.S.; Puplasan larva sayisi, O.L.S.; Olen larva

sayisl, K; Kontrol.

Ik yedi giin igerisinde Birinci ve Ikinci Grup
larvalarda, puplagma orani kontrol ile
karsilagtinldiginda 50 ppm'den itibaren @nemli
oranda bir disis gosterdi. Birinci Grupta 500 ppm
ve Ustindeki degerlerde, Ikinci Grupta 400, 500 ve
1000 ppm'de tek bir larva bile puplagamadi. Deney
gruplan arasindaki farkliliklar karsilagtinldiginda
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Birinci Grupta, 50 ve 100 ppm'e gotre diger
gruplardaki artma ve azalmalarin anlamh oldugu
gorildd. [kinci grupta ise 5 ppm'e gore diger
gruplardaki azalmanin, 50 ppm'e gére 200, 300,
400, 500 ve 1000 ppm'deki azalmanin istatistiksel
olarak da dnemli oldugu belifendi (Tablo 1, 2). Iki
deney grubunda 50 ve 100 ppm'deki puplasma
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degerleri kargilastinidiginda, Birinci Grup larvalarin
puplasma yizdesinin ilk yedi gln iginde daha

ylksek oldugu wve larvalann daha erken

puplastiklar gérlldd (Tablo 1, 2).

Tablo 2. Cypermethrinin |kinci Grup G. mellonetla son evre larvalarinda puplasma ve 8liim tizerine etkisi.

PUPLASMA GUN ARALIGI PUPLASMA OLUM

1-7 8-14 16-21 22-30 - B
ppm 0 Pup % Pup % Pup % Pup % PLS. % OLS %
K 40 40  100a S = == e == A0 100a  — =
5 40 40  100a w= e == e s == ol 1008  — s
50 40 17 4250 17 425 2 5 1 25 a7 925ab 3 7.5
100 40 6 15be 24 60 1 25 1 25 32 8oab 8 20
150 40 7 1756c 19 4756 3 715 — — 29 72580 11 27,5
200 40 1 2.5¢ 19 475 3 75 — — 23 57.5bc 17 425
300 40 3 7.5¢ 9 228 9 285 o~ - 14 35¢cd 26 65
400 40 00 00c 7 175 1 2B = = '8 20d 32 80
500 40 0,0 0.0¢c 2 5 - - - - 2 5d ] 95
1000 40 00  0.0c 0.0 00 00 00 00 00 00 0.0d 40 100

Sonuglar her biri 10 larvadan olugan dort tekrara aittir. Ayni siitunda ayni harfi tagtyan ortalamalar arasindaki
fark énemsizdir (P>0,05, Tukey HSD testi). n; Birey sayisi, P.L.S.; Puplasan larva sayisi, O.L.S.; Olen larva

sayisi, K; Kontrol.

Otuz ginlik toplam puplagma degerlerine
bakildiginda cypermethrin uygulanmasinin  hem
Birinci Grup deneylerde (F= 701,015; sd= 15, 48;
P<0,001) hem de lkinci Grup deneylerde (F=
28,074; sd= 8, 30; P<0,001) anlamh farkhliklara
neden oldugu tespit edildi (Tablo 1, 2), Birinci Grup
deneylerde oldugu gibi Ikingi Grup deneylerde de
50 ppm'den itibaren konsantrasyon arttikga
puplagmanin geciktigi ve puplagsma ylzdesinin
azaldigi gérlilmektedir (Sekil 1, 2). Ancak, kontrol
ile karsilagtinidiginda Birinci Grup deneylerde
puplasma degerlerinde 100 ppm'den itibaren
gérilen azalmanin, Ikinci Grup deneylerde ise 200
ppm'den itibaren gorillen dismenin istatistiksel
olarak da anlamli aldugu gorildi (Tablo 1, 2).

120

% PUPLASMA
g

K 5 10 5

Her iki deney grubunda da 50-500 ppm araliginda
30 glndn sonunda hem puplasan hem de 6len
bireyler oldu, 1000 ppm'den itibaren ise higbir larva
puplagmadi (Tablo 1, 2 - Sekil 1, 2). Deney gruplari
arasindaki farkliliklar karsilastirldiginda; Birinci
Grupta, 50 ve 100 ppm'in toplam puplasma
degerleri birbirine gok yakin olup aralarindaki fark
anlamii degildi. 500 ppm'deki puplagma yiizdesi %5
ile diger gruplara gdre énemli oranda daha dligtkta
(Tablo 1), lkinci Grupta ise 50, 100 ve 150 ppm'in
yuzde puplagma degerieri birbirine ¢ok yakin olup
aralarindaki fark anlamli degildi. Ancak, 500 ppm
%5'lik toplam puplagsma ylzdesi ile diger gruplara
gore dnemli oranda daha dlslktl (Tablo 2).

: P
TR
[
B =

20 2 30 40 B0 WG 500 1000 1500 2000 3000 40D0

CYPERMETHRIN DOZU (ppm)

Sekil 1. Cypermethrinin Birinci Grup G, mellonella son evre larvalaninda 30 glnlik toplam puplagma
dederleri tzerine etkisinin karsilastirimasi. K; Kontrol.

Toplam o6lum degerlerine bakildiginda, Birinci
Grupta 50 ppm'e kadar kontrolde oldugu gibi

1000 ppm'den
%100 gikud

larvalarin  hig birinin  6imedigi,
itibaren ise &lim oranimin
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goriimektedir. 500 ppm'de 6lim orani %95 olup, 50
ve 100 ppm'e gore oldukga yilksektir (Tablo 1).
Ikinci Grupta da benzer sekilde 5 ppm ve kontrolde
highir larva 8imemekte ve tamami puplagmaktadir,

400 ve 500 ppm'de 6lUm oranlan sirasiyla % 80 ve
%95 iken 1000 ppm'de ise % 100'e ulasmaktadir
{Tablo 2).

100

CYPERMETHRIN DOZU (ppm)

Sh
]
oy
SRR
-
400

200 300 500 1000

Sekil 2. Cypermethrinin [kinci Grup G. mellonella son evre larvalarinda 30 ginlik toplam puplasma degerleri
tizerine etkisinin karsilastinimasi. K; Kontrol.

TARTISMA

Pestisitlerin zararli tir Ozerindeki etkileri bécek
tirtine (Ahmad ve ark. 1997, Soderlund ve Knipple
1999, Ribeiro ve ark. 2003) ve kullanilan pestisite
gtre (Soderlund ve Knipple 1999, Mcleod ve ark.
2002) buyik oranda degisiklik gostermektedir.
Ayrica parazitoit olan tdrler dodada Kkullanilan
insektisitlere karsi oldukga duyarl iken (Xu ve ark.
2001, Tillman ve Mulrooney 2000, Nowak ve ark.
2001, Sak ve ark. 2006, Ergin ve ark. 2007) zararl
tirlerin zaman iginde bu maddelere karsi hizla
direng kazandiklarr da (Ahmad ve ark. 1997,
Soderlund ve Knipple 1899, Ribeiro ve ark. 2003)
bilinmektedir,

Cypermethrin uygulamasi sonucu G. mellonelfa'da,
Birinci ve |kinci Grup larvalar arasinda puplasma ve
olum yiizdelerinde glinlere gore biiylk oranda
benzerlik oldugu belirlendi. Ancak, iki deney grubu
arasinda 50 ve 100 ppm'deki puplasma degerieri
karsilastiriidiginda, Birinci Grup larvalarin puplagsma
yiizdesinin ilk yedi glin iginde daha yiitksek oldugu
ve larvalann daha erken puplastiklan
gorilmektedir. Insektisit uygulamasinin  &ldiricd
olmasa da agirlik, gelisme, élim ve puplasma oran|
gibi biyolojik tzellikleri etkileyebilecedi yapilan diger
galismalarla da gosteriimistir (Biddinger ve Hull
1999, Takada ve ark. 2001, Tomberlin ve ark. 2002,
Sak ve ark. 2006, Ergin ve ark. 2007). Ikinci Grup
larvalara cypermethrin uygulanmasi sonucu 30
gunin sonunda elde ettigimiz puplagma degerleri,
gilvenin son evre larvalanm (0.16£0.01 gram)
kullanarak yaptigimiz diger bir gcalismamizdaki (Sak

ve ark. 2006) degerler ile aymdir, Cypermethrin

uygulamasi konsantrasyona bagl olarak G.
mellonefla geligiminin - uzamasina yol acarak
puplagsma siresini geciklirdi. Daha 6nceki

galigmamizda benzer sekilde giivenin son evre
larvalari 7 gln stre ile cypermethrine maruz
kaldiinda, erginlesme suresinin 150, 200 ve 300
ppm'de dnemli oranda uzadigi, 400 ve 500 ppm'de
ise erginlesen birey olmadi§ tespit edilmistir (Sak
ve ark, 2009). Diger Lepidoptera tiirleri ile yapilan
galismalarda da bazi insektisitlerin  subletal
dozlarda zararlinin larval geligim slresini uzattig
belidenmistir (Biddinger ve Hull 1989, Gaaboub ve
ark. 1985). Elma zararlisi, Platynota idaeusalis
(Walker) (Lepidoptera: Tortricidae) larvalarina bazi
insektisitler {diflubenzuron, fenoxycarb,
tebufenozide, abamectin, azinphosmethyl) besin
ylzeyine uygulanarak verilmis ve larval ve pupal
geligim ile  6lm oranlar  (zerine etkiler
arastinimistir (Biddinger ve Hull 1998). Calisilan
inseklistierden fenoxycarbin larval geligim sdresini
onemli oranda arttirdigi ifade edilmistir (Biddinger
ve Hull 1999). Gaaboub ve arkadaslar (1985)
Bombyx mori L. (Lepidoptera: Bombycidae) son
evre larvalanna diflubenzuronu subletal dozlarda
besin ile verdiklerinde larval gelisim stresinde artis
oldugunu ifade etmiglerdir. Drosophila
melanogaster Meig. (Diptera: Drosophilidae)'de
besin igine uygulanan 2 4-Diklorofenoksiasetik asit
(24-D) ve 4-Klorofenoksiaselik asit (4-CPA)in
yiksek dozlarda bocedin F, kusaginda puplasma
slresi ve pup evresini dnemli diglide geciktirdigi de
ifade edilmistir (Kaya ve Yanikoglu 1999). Geligim
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evrelerinde ortaya ¢ikan bu tUr etkiler, bocekte
bulunan ve botcedin gelisimini kontrol altinda tutan
juvenil hormon dengesindeki degisim sonucu
meydana gelmis olabilir (Oppencorth 1985, Kaya
ve Yanikoglu 1999),

Hayvanlar stres kosullar lle micadele etmek igin
yiiksek oranda enerjiye ihtiyag duyarlar ve cesitli
onarma mekanizmalari igin daha ¢ok enerj
harcayabilirler (Choi ve ark. 2001, Lohar ve Wright
1993). Sonugta, cypermethrin uygulamasina bagh
olarak ortaya cikan stres durumunu atlatabilmek
igin  G. mellonellamin  enerji  depolarinda
olusabilecek  azalma,  glvenin gelisiminin
uzamasina yol agarak Ozellikle ylksek dozlarda
puplagma slresini geciktirmis olabilir,
Cypermethrinin larvalar (izerindeki bu etkisinin bazi
detoksifikasyon islemteri ve adaptasyon
mekanizmalarninin devreye girmesi sonucu zaman
ve doza bagh olarak geri ddnisimit oldugunu
soyleyebiliriz (Sak ve ark. 2009). Insektisitin inhibe
edici etkisi ortadan kalktiktan sonra larvalarin
kontrolde oldugu gibi gelisimini tamamlamasi,
puplasmasi ve hatta ergin evreye ulasabilmesi (Sak
ve ark. 2009) bu ifademizi desteklemektedir.
Bécekler gelisimleri sirasinda larva evrelerinde
erginlesmelerine engel olmayacak bir dozda
insektisite maruz kalsalar bile ileride populasyon
yogunluklarina zarar verebilecek gizli bir etki
olugabilir (Davis ve ark. 1988). Ozellikle parazitoit
tirlerin G. mellonella gibi konak bocekleri hayat
devirlerinin bir béliminde beslenme ve Ureme
amaciyla kullandiklar dUsUnildiiginde, konak-
parazitoit iliskisi iginde pestisitlerin zararli etkilerinin
ne kadar biyik oldugu da gorilecektir. Nitekim bu
durum daha ¢nce yapmig oldugumuz galigmalar ile
pup parazitoiti P. turionellae (Sak ve ark. 2006,
2009) ve erken evre larva parazitoiti Apanteles
galleriae Wilkinson (Hymenoptera: Braconidae)da
(Ergin ve ark. 2007) da gosterilmigtir. Parazitoitierin
biyolojik kontrol ¢aligmalannda kullaniimak (zere
dogaya salindiklarinda zararlilara uygulanmis olan
insektisitlerin  parazitoitieri de etkileyebilecegi
diistintldiginde bulgulanmizin ne kadar énem
tagidig ortadadir.

Cevre kirliliginin yiksek oldugu yerlerde bitkilerdeki
kimyasal yapinin degismesi nedeniyle bazi
biiceklerin sayilarimin arttigr bilinen bir gergektir
(Ortel 1995). Bununla beraber, parazitoit tlrler
cevre kirliligine kargi daha duyarh olup daha fazla
etkilenmektedirler (Ortel 1995). Ornegin gevre
kirliliginin ~ yliksek oldugu yerlerde zararlinin
parazitleme oraninda azalma olmaktadir

(Simmonds ve ark. 2002). Bu nedenle cevre
kirliligine neden olan gesitli maddelerin (metaller,
insektisitler vs.) parazitoitler Uzerindeki etkilerinin
yani sira konak turler Ozerindeki etkilerinin de
bilinmesi (Simmonds ve ark. 2002, Ortel 1995)
biyolojik kontrol uygulamalari agisindan oldukga
énemlidir. Yapt@imiz bu galisma ve diger
calismalardan elde ettidimiz veriler (Sak ve ark.
2006, 2009); cypermehtrinin &ldiriicl olmadid
dozlarda G. mellonella geligiminin uzamasina yol
acarak puplasma slresini geciktirmesi, puplagsma
yiizdesini azaltmasi, erginlesme siresini uzatmas)
ve pup agrliginda azaimaya neden olmasi bu
insektisitin G. mellonella Gzerinde toksik etkilerinin
oldugunu ve bu etkinin doza bagl olarak degisiklik
gosterdigini acikga gdstermektedir. Ayrica larval
gelisimin uzamasi ve puplagma oranlarinin diigmesi
cypermethrinin - konak Uzerinde geligimsel ve
fizyolojik  degigikliklere neden oldugunu da
gostermektedir. Insektisitlerin zararl tirlerin dogada
larva geligimlerini uzatmas: en ¢ok zarar verdikleri
bu evrede daha fazla kalmalarina yol acarak
ekonomik kaybi artiracaktir. Ayrica konaklarinin
pup evresine gec ulasmasi, pup parazitoitleri
disOnildiginde populasyon yogunluklar ve
nesillerinin  devamilg agisindan blyuk tehlike
yaratacaktir. Bu durum dogada konak-parazitoit
arasindaki dengeyi bozarak biyolojik kontrol
galigmalarini da olumsuz olarak etkileyecektir.
Bulgularimizin pestisitierin konak tirler ve biyolojik
kontrol ajanlari Ozerindeki etkileri ile ilgili literatire
ve biyolojik kontrol uygulamalarina dnemli katkilar
yapacagl dusiincesindeyiz. Insektisit ve insektisit
konsantrasyonuna bagli olarak yapilan galismalar
IPM programlarindaki basariy: da etkileyecektir.
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EXTENDED ABSTRACT

Goal: Here, we aimed at showing how
cypermethrin that is likely to be accumulated in the
host larvae affects the pupaticn and mortality rates
of Galleria mellonella .. (Lepidoptera: Pyralidae).
Using pesticides in controlling pests have harmful
effects on natural balance and cause environmental
problems. For instance, frequent uses of pesticides
have carcinogenic, teratogenic, and mutagenic
effects on living organisms. Moreover, continuous
or pulse exposure to pesticides may cause serious
problems for non target organisms such as
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parasitoids. Predators and parasitoids are often
more sensitive to toxicants than their prey. So,
‘using other controlling methods has become
obligate in Integrated Pest Management (IPM)
programs. Biological control has important
advantages over other controlling methads. It is
known that parasitoids are the most suitable, the
least risky, and the most specific agents in
controlling pests among others as biological control
candidates. Assessment of the potential effects that
insecticides have on the natural enemies in a host-
parasitoid system is therefore an important part of
IPM programs. Besides, it is also very important to
evaluate the potential effects of insecticides on host
species.

Materials and Method: Cypermethrin (CYP) (() a-
cyano-3-phenoxybenzyl (%) cis, trans-3-(2 2-di
chloravinyl)-2,2-dimethylcyclopropanecarboxylate)

is a non-systemic pyrethroid insecticide with contact
and stomach action. It is widely used in the control
of various agricultural pests. Various doses of
cypermethrin included in diet were applied to
greater wax moth, G. mellonelfa last instars
separated into two groups according to their weight.
The effects of cypermethrin on the pupation and
mortality of G. melionella were investigated at 25 +
1 °C, 80 £ 5 % relative humidity and a photoperiod
of 12:12 h (L: D). Host colony was maintained by
feeding the insects with a diet and a piece of
honeycomb was added for egg deposition and
feeding of the newly hatched larvae. Cypermethrin
(Imperator, 250 glliter EC, Zeneca Ltd., lzmir,
Turkey) was used in all bioassay as water source

and prepared in distilled water as parts per million
of active ingredient, G. mellonelia larvae were
exposed to 15 different doses (5, 10, 15, 20, 25, 30,
40, 50, 100, 500, 1000, 1500, 2000, 3000, and
4000 ppm) and nine different doses (5, 50, 100,
150, 200, 300, 400, 500, and 1000 ppm) of
cypermethrin  to evaluate the effects of the
insecticide on the pupation and mortality. Last
instars of moths were exposed to selected doses of
cypermethrin for 30 d until pupation or they die.
Host larvae were controlled daily and pupation date
was recorded.

Results and Conclusion: Similar results were
obtained from both experimental groups of G,
mellonella larvae (larval weight: 0.12+0.02 and 0.17
+ 0.02 gram) according to daily results of percent
pupation and mortality. Developmental and
pupation time of larvae delayed, percent pupation
decreased and mortality increased gradually with
increasing doses of cypermethrin. Such an
insecticide-related prolongation in the most
deleterious larval stage of pests will give rise to
more damage in nature and may increase the
economical lost caused by pests. Furthermore,
prolongation in the larval developmental time of
host species on exposure to insecticides represents
a potential threat to the survival and continuity of
the generation of the pupal parasitoids. Our results
may be of value for pesticide research literature
and biological control applications. Moreover, the
assessment of the dose-related effects of
insecticides will also contribute to success in IPM
programs.
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CONSTRUCTING A SPECIES DATABASE AND HISTORIC RANGE MAPS
FOR NORTH AMERICAN BUMBLEBEES (Bombus sensu stricto
LATREILLE) TO INFORM CONSERVATION DECISIONS

Kuzey Amerika Bombus Anlan (Bombus Sensu Stricto Latreille) Uzerinde Koruma
Planlar igin Tiir Veritabani ve Tarihsel Dagihim Haritalan Olusturulmasi

(Genisletilmig Tirkge Ozet Makalenin Sonunda Verilmistir)

Jonathan B. KOCH' and James P. STRANGE" 2

' Department of Biology, Utah State University, 5305 Old Main Hill. Logan, UT 84322-5305, USA
? USDA-ARS Pollinating Insect Research Unit, Utah State University, 261 BNR, Logan, UT B4322-531, USA
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Key words: Bombus, range declines, pollinator conservation, species database, species distribution
modeling.

Anahtar Kelimeler: Bombus, yayilis alan azalmasi, tozlagtirici korumasi, tlr veritabani, tOr dagilim
modellemesi.

ABSTRACT: Bumblebees (Bombus Latreille 1802) are important native pollinators in North America.
However, in the last decade at least six North American Bombus have experienced significant range
contraction or population declines. A major limitation to studying species declines is the level of
knowledge of historic occurrences and abundance. Here we review the current status of a
bumblebee subgenus in North America, Bombus sensu stricto Latreille 1801, and present a method
for generating a database and probable historic range maps from muitiple museum collections.
These databases and range maps can be useful tools when facilitating monitoring programs for at
risk species.

INTRODUCTION

Bumblebees (Bombus Latreille 1802) are valuable
pollinators of wild flowers (reviewed in Milliron
1971, Thorp et al. 1983) and several agricultural
crops such as blueberry (Vaccinium angustifolium
Aiton), cranberry (Vaccinium macrocarpon Aiton),
greenhouse tomatoes (Solanum lycopersicum
{Dunal) Spooner, G.J. Anderson & R.K. Jansen)
and greenhouse sweet peppers (Capsicum annuum
Latreille) (Banda & Paxton 1991, Shipp et al. 1994,
Javorek et al. 2002, Cane & Schiffauer 2003).
Although many bumblebees are generalist foragers,
several wild flowers depend exclusively on
bumblebees to be pollinated effectively (Macior
1983). In greenhouse seflings some bumblebees
are better suited and more efficient than
commercially reared honey bees (Apis mellifera
Linneaeus 1758) in facilitating the fruit-set of

important crops (Banda & Paxton 1991).Thus, the
loss of pollination services provided by bumblebee
fauna may have profound impact on the stability of
ecosystems and economic markets (Allen-Wardell
et al. 1998, Kearns et al. 1998)

To date, several studies have documented range
contractions (Fitzpatrick et al. 2007, Williams et al.
2007, Colla & Packer 2008, Goulson et al. 2008),
population declines. (Thorp 2003, Thorp &
Sheppard 2005), decreased community richness
{Tommasi et al. 2004, Colla & Packer 2008, Grixti
et al. 2009) and localized extirpations of bumblebee
fauna (McFrederick & LeBuhn 2008, Kosier et al.
2007). While some studies have identified the
probable cause of bumblebee decline (e.g. Grixti et
al. 2009), others remain speculative (Thorp 2003,
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Colla & Packer 2008). A review by Goulson et al.
(2008) identifies four prevailing hypotheses
contributing to bumblebee decline: global climate
change, pathogen pressure, urbanization and
agricultural intensification (e.g. Williams 1986, Colla
et al. 2006, McFrederick & LeBuhn 2006,
Otterstatter & Thomson 2008, Williams et al. 2007).
Of the four hypotheses the latter two are the most
intensively documented in both Europe and North
America; however pathogen pressures from
commercially reared congeners is currently
receiving more attention (Colla et al. 2006,
Otterstatter & Thompson 2008).

Worldwide there are approximately 250 species of
bumblebees, of which 50 species occur in North
America (Cameron et al. 2007). These species are
grouped into subgenera based on behavior,
morphology and molecular phylogenies (Stephen
1957, Hobbs 1968, Richards 1968, Milliron 1971,
Thorp et al. 1983, Cameron et al. 2007, Williams et
al. 2008). Of the species occurring in North
America, six species have been identified as
potentially declining in abundance and range
(Thorp 2005, Colla & Packer 2008, Evans et al.
2008, Goulson 2008, Grixti et al. 2009). Four
species belong to the subgenus Bombus sensu
stricto Lafreille 1801, whereas the other two
species, Bombus pensylvanicus (Degeer) 1773 and
Bombus sonorous Say 1837 belong to the
subgenus Fervidobombus Skorikov 1922, The
contractions of the species ranges are not restricted
to a single geographic region, but are occurring
across the North American continent. Currently the
causes of localized extirpations of these six
Bombus species are unknown. Here we review the
current status of four North American bumblebee
species of the subgenus Bombus s. str. We do not
include an investigation of the two North American
Fervidobombus species.

The decline of North American bumblebees was
first observed in the early 1990's (Thorp 2003;
2005, Evans et al. 2008), whereas declines of some
European bumblebees has been observed as early
as the late 1940's (Williams 1986, Goulson et al.
2008). Although most of the preliminary
observations of species decline were anecdotal,
recent studies in North America have documented
both decreased bumblebee richness and absence
of some species where they were once fairly
abundant (McFrederick & LeBuhn 2006, Colla &
Packer 2008, Grixti et al. 2009). However the full
geographic extent of range contractions of North

American Bombus, particularly those of the
subgenus Bombus s. str. is not well documented.

A major problem confronting conservation biologists
is determining the historic range of a species
experiencing range contractions (Shaffer et al.
1999). This appears to be especially true for insects
since many are sessile, have patchy distributions
across broad geographic scales and display a great
deal of phenological variability. Although
entomological collections are informative, they
rarely have specimen representation of a species
across its entire geographic range. This is because
insect collectors seldom target a single species, but
rather often focus on collecting a large diversity of
insects. Second, collectors generally survey near
the institution where they deposit their specimens;
and when travelling, they are often limited to
collecting in areas near major transportation
corridors.  Third, many institutions  have
considerable  unidentified holdings in  their
collections or may have specimens that are
misidentified.  Finally, collection data from
determined specimens are usually not incorporated
into searchable databases or may be misidentified
(reviewed in Soberén et al. 2002, Graham et al.
2004).

Here we demonstrate a model for generating
probable historic range maps for a species based
on specimens from multiple museum collections.
The maps generated from museum collection data
can be use to inform conservation work. Range
maps generated from species distribution modeling
(SDM) technigues can be more effective than the
traditional shaded-distribution maps (e.g. Milliron
1971) which provide little information on the
probability of finding the species within the
distribution. While there are numerous studies that
apply SDM techniques to compare and contrast
historic and current distribution of species, few
studies actually focus on studying the distributions
of terrestrial invertebrates (but see Oberhauser &
Peterson 2003). SDM techniques provide
conservation biologists a tool to determine the
likelihood of occurrence using presence,
presence/absence or abundance data. Since
confirmed absence of bumblebees can be difficult
to assess, we utiize SDM techniques that only
require presence data. We then demonstrate
refinement of mapping through expansion of a
database using multiple collections covering a
board geographic distribution. We especially focus
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on Bombus occidentalis Greene 1858 as a model
for demonstrating the strength of the technique.

MATERIALS AND METHODS
Bombus sensu stricto: Description and Biology

Bombus s. str. is represented by 12 species of
bumblebee distributed across Europe, Asia, and
North America (Williams 1998, Cameron et al
2007, Hines 2008). North American Bombus s. str.
includes Bombus affinis Cresson 1863 (rusty
patched bumblebee), Bombus franklini Frison 1921
(Franklin's bumblebee), Bombus moderatus
Cresson 1863 (white-tailed bumblebee), B.
occidentalis (western bumblebee), and Bombus
terricola Kirby 1837 (yellow banded bumblebee)
(Plate 1). Bombus s. str, are short tongue
bumblebees and have been documented to forage
on flowers with short corollas, as well as nectar rob
flowers with long corollas. With the exception of B.
moderatus, for which there is no data to support
decline in abundance or range contraction, the
North American species of this subgenus are
documented to be experiencing decreased
abundance in areas they were relatively once
commean (Thorp et al. 2003, Thorp 2005, Colla et al.
2006, McFrederick & LeBuhn 2008, Rao & Stephen
2007, Grixti et al. 2009).

Bombus affinis, the rusty patch bumblebee

The historic distribution of B. affinis spans the
eastern half of North America. Hisloric records are
known mostly from the Appalachian Mountain
region and the prairies of the Midwest (Medler &
Carney 1963, Speight 1967). The northern limit of
its historic distribution includes southern Ontario,
whereas the southern limit approaches Georgia
(Hurd 1978). B. affinis is associated with a broad
range of habitats including agricultural landscapes,
marshes, and forests within its historic range. As a
generalist forager, B. affinis has been documented
to visit at least 65 genera of plant (Macfarlane
1974), and nectar rob several different species of
flowering plants with long corollas (Colla & Packer
2008). B. affinis have relatively large colony outputs
and have been documented to produce a mean of
1081 workers/males and 181 queens in a single
reproductive season (Macfarlane et al. 1994),

Bombus franklini, Franklin’s bumblebee

B. franklini has the smallest geographic range of all
Bombus s. str. in North America, and arguably the

smallest range of all species of bumblebee
(~27,555 km®) (Thorp et al. 1983, Williams 1998,
Thorp 2005). Histerically B. franklini was found in
northern California and the extreme southern end of
Oregon, spanning the Pacific coastline into the
Sierra-Cascade Crest (Thorp 2005). This narrow
range of B. franklini may have made it more
vulnerable to genetic bottlenecks, although this was
never tested since robust populations have not
been detected in the past decade. B. franklini has
been observed visiting 27 genera of plant across
five families (Thorp et al. 1983). Although not much
is known about the nesting bioloay of B. frankiini, it
has been observed to produce well over 100
individuals per colony (Plowright & Stephen 1980)
and is likely to nest in abandoned rodent holes,
both common characteristics of Bombus s. str.
(Hobbs 1968). Workers and queens of B. franklini
have also been suggested to be much larger in size
relative to other North American Bombus s. str. (R.
Thorp pers. comm.) Historically, B, frankiini was
treated as conspecific to B, occidentalis (Milliron
1971). However Plowright & Stephen (1980)
describe significant morphological differences in the
male genitalia between B. franklini and B.
occidentalis, as well as differences in wing
venation. Molecular data also support separate
species designations (Scholl et al. 1992, Cameron
et al. 2007).

Bombus occidentalis, the western bumblebee

As both the common and specific name implies, B.
occidentalis occurs in western North America. Its
latitudinal distribution includes Alaska and the
Aleutian Archipelago, south to the mountain ranges
in Arizona and New Mexico. The species
longitudinal distribution is from the Pacific coastline
of the United States and Canada east to the plains
of central Canada and central Colorado. B.
occidentalis has also been detected in the Big Horn
Mountains, Wyoming and the geographically
isolated Black Hills of South Dakota (Milliron 1971).
Historic B. occidentalis collections are typically
associated with sub-alpine meadows, coastlines,
and high elevation valleys. Historically, specimens
of B. occidentalis were not collected in areas
receiving little annual rainfall (i.e. the Great Basin
Desert and Mojave Desert). Host plants of B.
occidentalis include 661 different species of plant
across 21 families and 54 genera. It is a generalist
forager and has also been observed nectar robbing
by biting holes in flower corollas such as Linaria
vulgaris Miller (J. Koch pers. obs.). Like 8. affinis,
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B. occidentalis has relatively high colony outputs.
The species has been observed to produce a mean
of 1007 workers/males and 146 queens in a single
reproductive season (Macfarlane et al. 1994). At
various times in the past B. occidentalis was
presumed to be a subspecies of B. ferricola
(Milliron 1971). Although recent molecular evidence
distinguishes B. occidentalis and B, terricola as
distinct species (Cameron et al. 2007), others
continue to treat B. occidentalis as a subspecies of
B. terricola (Williams 2008). In this review we treat
B. occidentalis as a unique species because of the
treatment it has received based on taxonomic
designation (Stephen 1957, Thorp et al. 1983) and
molecular data (Cameron et al. 2007).

Bombus yellow-banded

bumblebee

Similar to B. affinis, the historic distribution of B.
terricola includes the eastern half of North America
and extends north into Canada (Milliron 1971),
While the species occurred along the Appalachian
Mountain Crest, it was more abundant in the forests
and prairies of Canada and far northern United
States. In the southeastern extreme of its range 8.
terricola seems to be associated with higher
elevations (Speight 1967). The western limit of B.
terricofa includes the eastern portion of Montana,
and may overlap with the geographic distribution of
its sister species B. occidentalis (Milliron 1971,
Thorp et al. 1983). It has also been described to be
abundant on the northern end of Wisconsin on the
Apostle Islands Sea Shore (Medler & Carney
1963). B. terricola colonies have been documented
to produce a mean of 390 workers/males and 32
queens in a single reproductive season (Macfarlane
el al. 1994).

terricola, the

Historic distribution maps

To demonstrate the utility of SDM techniques in
predicting the probable historic range of a species,
two data sets were applied. The first data set was
generated by entering specimen locality records
and dates into a database using specimens housed
in the museum at the United States Department of
Agriculture- Agricultural Research Service (USDA-
ARS) National Pollinating Insect Database (NPID)
prior to incorporating data from other collections for
B.occidentalis and B. franklinf. NPID is located in
Logan, Utah, USA, and hosts a comprehensive
collection of bees from the western USA. For the

eastern species, B. terricola and B. affinis, we
collected locality data made available from the
Global Biodiversity Information Facility (GBIF)
(http://gbif.org). From GBIF we extracted records
from a total of eight different institutions in both the
United States and Canada.

Because collections are composed of specimens
captured and preserved over a long period of time,
data on insect labels are usually not entered into a
computer database. Therefore, it was necessary to
retroactively capture the data on labels and enter it
into a searchable database. In many instances both
NPID and GBIF have descriptive locality
information associated with specimen labels (e.g.
township range and section (TRS), telegraph,
geographic  coordinates). However,  major
limitations in applying locality information found on
specimen labels to SDMs include inconsistencies
when defining localities and the use of broad
geographic locality descriptions (Bannerman 1999),
To construct the comprehensive potential range
map for B. occidentalis we first located existing
collections housed at universities and government
collections in the United States and Canada. For
each specimen we recorded all information on the
specimen label. To each recorded specimen, a
unique identifier number was attached in the form
of a small label with a barcode to avoid multiple
entries of single specimens, If specific latitude,
longitude and elevation data were not included on
the label, georeferenced localities were estimated
with Google Earth (http://earth.google.com) using
any locality data provided by the collector on the
specimen label. These data were entered into
NPID.

By including the material housed in multiple
collections B. occidentalis records were increased
from 973 specimens to 2958 total specimens.
These 2958 specimens represented 1302 unique
lncalities and were utilized to construct the historic
distribution map of B. oceidentalis. To produce the
primary species distribution maps, for B. affinis, B.
franklini and B. terricola, 90, 11 and 84 unique
localities were wused, respectively. With the
exception of B. franklini, the extremely low sample
size of B. affinis and B. tericola is a reflection on
the lack of georeferenced locality data available. B.
franiklini on the other hand is narrowly distributed
naturally (Thorp 2005), and thus the small sample
size of the species is suggested to be a true
representation of its known range.
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Bombus affinis

Bombus franklini

Bombus occidentalis

Bombus terricofa

Plate 1. Representative Bombus species of the
subgenus Bombus sensu stricto

MaxEnt applies entropy to information (data
aggregated with a set of constraints) so as to
produce a least biased result (model) relative to a
probability distribution (Phillips et al. 2006). For a
full discussion of the MaxEnt algorithm see Phillips
et al. (2004). One limitation to MaxEnt is the need
to have a representative sample across a species
entire range to determine the most suitable habitat.
However, MaxEnt has been tested to produce
highly accurate SDMs despite small samples sizes
(Wisz et al. 2008; Elith et al. 2007). We evaluated
the SDMs of the target Bombus using the default
parameters as prescribed by Phillips et al. (20086).
Unlike algorithms that generate a SDM based on
presence/absence or abundance data, MaxEnt
requires only presence data. This approach is
advantageous for organisms like bumblebees
because they can be hard to detect, thus a
recorded absence point may not be true absence.
To evaluate likelihood of occurrence, MaxEnt
calculates a habitat suitability index (HSI); HSI
values closer to 0 indicate areas with low habitat
suitability, whereas values closer to 1 indicate
areas with high habitat suitability (Phillips et al.
2006). These values are visually reflected onto a
geographic space using a coloring scheme.

Nineteen bioclimatic variables were applied in the
construction of each bumblebee SDM at a spatial
resolution of 3.5 arc seconds (Hijmans et al. 2005)
These variables were selected because
bumblebees display a great deal of phenological
variation across latitude, longitude, and elevation.
These variables have also been widely used in
assessing the geographic distribution of several
taxa like other bees (e.g, Hinojosa-Diaz et al, 2005;
2008). Including all variables also limited any
potential bias that may be imposed from manually
selecting variables based on the known ecology,
distribution, and biology of the species in question.
ArcGIS 9.2 (ESRI 2006) was utilized to clip all
bioclimatic variables to the North American
continent, as well as process and visualize results
from the SDMs constructed in MaxEnt. Because
maximum and minimum HS| vary across the four
SDMs, the calculated HSI for each model is re-
classed in ArcGIS 9.2 under a 10-fold equal
interval.

RESULTS

In total we increased the Bombus s.str database
from 1006 individuals to 3143 individuals. For B
affinis we compiled 67 occurrence records from
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GBIF, which include Ohio State University Insect
Collection, Canadian Biodiversity Information
Facility Bombus of Canada and York University
Knerer Collection. Outside of GBIF we include six
locality records from Milliron (1971), three records
from Washington State University James Museum
of Entomology and seven records from the
University of Kansas Snow Entomology Museum.
For B. terricola we compiled 57 records from GBIF,
which includes specimens from Ohio State
University Insect Collection, University of Kansas
Snow Entomology Collection, lllinois Natural History

Survey, New Mexico Biodiversity Collections
Consortium Database, Borror Laboratory of
Bioacoustics, York University Knerer Collection,
and a Ph.D. thesis. Outside of GBIF we include 14
records from Milliron (1971) and three from
University of Kansas Snow Entomology Collection.
For B. franklini, we compiled 11 localities from
specimens housed at the University of California-
Davis Bohart Museum of Entomology. The largest
increase has been in B. occidentalis where we have
added 1955 specimens fo our database from eight
museum collections (Table 1).

Table 1. Number of Bombus occidentalis specimen records compiled to date.

Institution Number of specimens  Age range of specimens
Brigham Young University 246 1930
Oregon State University 1064 1898-1969
Simon Fraser University 13 1815-1960
Utah State University (NPID) 973 1900-2008
University of ldaho 79 1953-1997
University of Nevada-Reno <+ 1957-1958
University of Wisconsin-Madison 153 1921-1979
Washington State University 151 1950-1987
University of California-Davis 120 1923-1992
Publications 125

For B. affinis, two maps of the probable historic
range are given in Figure 1a and 1b. Map 1a is
generated using data extracted from the GBIF
database and shows the probable historic
distribution with darker areas representing a higher
probability of occurrence based on habitat
suitability. Map 1b is the traditional map (Milliron
1971) showing the extremities of the species range.
Clear differences in the southern extent of the
species distribution occur between the two maps
and the habitat suitability map designates several
western US locations as suitable habitat.

Bombus affinis %! [
ok > ! a,

N e \WA
| Mim:}:maﬂ{ Ny

Figure 1. The range maps of Bombus affinis, 1a:
GBIF database map and 1b: Traditional map

1'8

Two maps of the historic distribution of B. terricola
are also presented. Figure 2a is the habitat
suitability map and Figure 2b is the traditional
extremity map (Milliron 1971). Both maps show
similar probable historic distributions of the species,
particularly at the species northern limit. The model
shows a probable distribution slightly further south
in the Midwest than the traditional shaded map.

2a "".\ 3
B. rerﬁcofa i :
Figure 2. The range maps of Bombus afﬁms 2a
habitat suitability map and 2b: Traditional extremity
map

Three maps of probable historic range of B.
occidentalis are shown in Figures 3a, 3b, and 3c.
Figure 3a shows the historic range map based on
NPID prior to addition, Figure 3b shows the historic
range map of Milliron (1971), and Figure 3¢ show
the probable historic distribution after addition of
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1985 specimens from collections. While map 3b
shades only broad geographic areas, the other two
maps highlight differences in topography and
habitat. The differences in intensity of shading
illustrate the relatively higher probability of
encountering the species in a given habitat and
therefore can inform investigation, The map derived
from NPID records before the addition from other
institutions has a range significantly smaller than
the map of Milliron (1971). However, Figure 3c,
which includes data from six institutions more
closely resembles the shaded map of Milliron,
excepl that it provides detaill especially in the basin
and mountain range topography of the inland
portion of the species distribution. Figure 4 is a
distributional map of B. franklini as predicted by 58
specimens representing 11 unique localities.
However, the SDM generated from these
occurrence records extend far beyond the known
distribution of B. franklini.

\B. occidentalis =%, TR e et
::.;. - \%‘ i< .'t [t
‘\ﬁl :

\ 3b
3a Milliron 1971 - 3¢

Figure 3. The range maps of B. occidentalis, 3a:
map based on NPID, 3b: range map of Milliran, 3c:
probable historic distribution.

Bombus frankiini -

Figure 4. The range map of B. franklini
DISCUSSION

Creating a database of historic specimens allows
for a broad geographic sample of species
occurrence; and may be useful when refining
predictive maps using SDM techniques (Graham et
al, 2004), While no practical map will fully represent
the distribution of a specific bumblebee across a
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large geographic landscape, it is possible to
generate a probable species distribution that is
informative to the bee conservationist or collector.
Using SDM software to model historic ranges of
species is nol without problems (Shaffer et al. 1998,
Austin 2002); however, considering the information
contained in the traditional range maps such as
Milliron (1972) several advantages are apparent.

SDMs have the ability to take geographic and
climatic variance to account, whereas these
characters are usually not reflected in traditional
maps. In areas with high environmental variance
(e.g. the Great Basin) localities that are unlikely to
be inhabited by a species are omitted from the
predicted range. The inclusion or exclusion of
species across a geographic space is a reflection of
the environmental prediclors seleclted when
occurrence data is aggregated. This becomes clear
when viewing the range map of B. occidentalis,
where the species is known to occur only on
Isolated mountain ranges in the Great Basin (Figure
dc). This phenomenon appears elsewhere in the
range of the species and is, in fact, seen across the
subgenus. B. affinis, for example occurs along the
crest of the Appalachian Mountains in the eastern
United States much further south than it occurs in
the lower lying plains. The areas of high elevation in
the eastern United States appear as likely habitat in
the SDM (Fig 1a). The distribution of B. terricola
follows a similar pattem lo B affinis, extending its
distribution in southern mountain ranges (Fig 2a).

The intensity of shading provided in the species
distribution models also helps to inform the
researcher which sites are more likely habitat for
the bee. By focusing efforts to locate populations
only in areas of high likelihood of occurrence, time
and resources can be allocated wisely. However,
caution must be placed when defining areas as
either ‘suitable’ or 'unsuitable’ when SDMs are
utilized. This is especially true when designing
conservation or agricultural zones. It is important to
note that SDMs are only as good as the data that is
provided to construct them. Thus, SDMs are
susceptible to bias by the modeler when predictor
variables are selected, as well as the size of the
sample used to represent a species known
occurrence.

Maps generated by SDMs are dynamic and can be
refined with the addition of data. As researchers
locate additional specimens, they can ~be
incorporated into the existing database. Once
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historic data is in a database, it can be accessed
easily and made available to a broad community of
interested parties. Each subsequent addition of
data only serves to refine the distributional map.
This refinement is demonstrated clearly with our
maps of B. occidentalis, especially at the northermn
extremities of the range. The addition of specimens
greatly expanded the predicted range into Canada
and Alaska, whereas the first model based on only
data from one institutional museum database
(NPID) resulted in a more southerly distribution.
Interestingly, the distributional maps of B. terricola
and B. affinis that we produced seem to reflect the
distribution described by Milliron (1971) more
accurately than we observed with B. occidentalis.
This was despite the use of fewer specimens to
generate the maps, indicating that some
distributions may require less data to model than
others.

Despite the advantages of SDM techniques in
generating maps of bumblebee ranges, it is
important to remember that, as with all models, the
maps are only predictive and do not show with
absolute certainty where a species will occur. In
some cases the model falsely predicts range for
which there is no historical data to support the
model. One area of concern for the model of
historic distribution is that it predicts the distribution
of B. occidentalis into the mountains of southemn
California and northern Mexico. Despite this
prediction by the model, there is no historic data to
support this distribution. However, NPID does
document a single B. occidentalis record in San
Diego, CA, USA. This record suggests that (1) B.
occidentalis was found in San Diego, (2) the
specimen was incorrectly labeled, or (3) that the
specimen was misidentified. It is possible that the
southern Sierra Mountains was  historically
colonized by B. occidentalis but that specimens
were never collected in the region; however given
the intensity of collection in California (Thorp et al.
1983), that seems unlikely. Alternatively, this area
may never have been colonized by B. occidentalis
or colonized in the distant past but the species was
extirpated prior to human collection. Either way, the
model predicts an area of likely occurrence for
which historic records are not available to support
the hypothesis. The SDM generated by the B.
franklini occurrence records also extend well
beyond the species known geographic range
(Thorp 2005). Although this phenomenon may be
an artifact of the small sample size provided, it is

likely that the SDM generated for B. franklini, like B.
occidentalis is unable to capture dispersal
limitations and natural history of a species (Guisan
& Zimmerman 2000). Another type of error that
occurs is non-detection of actual habitat as is seen
as a resull of incomplete data sets with B. affinis. In
the case of B. affinis, the historic data supports a
range further south and east. This limitation is best
addressed by adding data from a broader array of
intuitions, particularly in the missing portion of the
historic range.

The generation of the SDMs is useful for not only
understanding the habitat occupied in the past, but
it also informs research efforts of the future.
Comparisons of current distributions to historic
distributions help us to understand the effects of
landscape and climate changes on bee
populations. Predicting future range geometry of
species distribution is possible only when a full
understanding of the factors affecting past and
current distributions is achieved (Shaffer et al.
1998, Scott et al. 2002, Oberhausen & Peterson
2003, Vaughan & Omercd 2005). However, this
requires that the datasets used to generate the
maps are robust; thus constructing a database of
historic records is an essential first step.

CONCLUSION

Of the 487 described genera of bee, Bombus are
one of the most charismatic and recognizable due
to their typically bright, furry and robust appearance
(Heinrich 1979, Michener 2007). Thus the decline
and range contraction of the genus has been
recognized by both the scientific community and the
general public. Although baseline data of historic
bumblebee communities in North America is sorely
lacking, current efforts to retroactively capture
records from publications and insect collections
(Colla & Packer 2008, Evans et al. 2008, Grixti et
al. 2009, Koch & Strange unpub, data) are
underway. Here we demonstrated the utility of
applying museum records of specimen data across
a relatively large sample of institutional collections.
As in the case with B. occidenialis, increasing
institutional databases with specimens from other
institutions widens the geographic scope of a
species, and has the potential to build more
detailed SDMs for determining distribution. This
data also provides insight on the phenological
variation of a species across its range. While
retroactive data capture is time consuming, the
benefits are clear.
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GENISLETILMiS OZET

Amag: Buradaki derleme ile Kuzey Amerika drnedi
olan Bombus s. str. altcinsine ait bilgi birikiminin
aktarimasi ve entomoloji koleksiyonlarindaki
drnekleri kullanilarak tir veritabanlar olusturma
metodunun  sunulmasi amaglanmigtir.  Bombus
arilar Kuzey Amerika'da bulunan hem yabani
gicekleri hem de tarnmsal Grinleri tozlastiran
balarisi gibi diger tozlagtincilarin  olmadig
yerlerdeki en o&nemii tozlastiricillardan birisidir.
Gegen on yillik dénemde en azindan alti Kuzey
Amerika bombus arisi (Bombus Latreille 1802) tirl
tnemli anlamda yayilma alaninin daralmasi ya da
populasyon azalmas: ile kargi kargiya bulunmakta
ve bunlardan birinin (Bombus frankiini Franklin
1921) soyu tiikenmis te olabilir.

Gereg ve Yontem: Muzelerdeki ignelenmis an
drnedi verileri toplanmis ve veritabanina girilmistir.
Omek etiketi Gzerinden olabilecek tim veriler,
drnedin: toplama tarihi, toplama bélgesi ve toplayici
bilgileri toplanmigtir. Tarihi &rneklerin  toplama
bolgelerinin  enlem, boylam ve rakim verileri
cografik bilgi yazilimina girilmigtir. Bu veriler
kullanilarak birgok entomoloji miizesinde bulunan
ornek verileri ile olas) tarihi dagim haritalan
olusturulmustur.

Bulgular ve Sonug: Bu galismada bir tire
yodunlasarak, Bombus occidentalis Greene 1858,
veri miktarimin artmas| vurgulanmigtir. Toplanan
veriler 973 den 2928 6rnek verilerine g¢ikinca elde
edilen haritanin  gergege daha yaklastigi
gosteriimigti.  Ormek  sayisimin  artmasindaki
nedenler arasinda 9 kurulugtan érmek elde edilmesi,
gok sayida yaymina ulagimasi ve turin yayilis
alanindaki bircok farkl bolgeden veri elde edilmesi
sayilabilir. Genigletilmis verilerin kullanimi tahmini
yayihs alanini genigletmis ve dagihim GUzerinde
bulunma olasiligin degistirmistir ki bu da &rnegin
bir kurulugta tamamlanmamig verilerden
olusturdugunu gortermektedir. Altcins igerisindeki
diger Ug tlre Bombus affinis Cresson 1863, B.
franklini and Bombus terricola Kirby 1837 ait tn
dadiim haritalani veritabanlan tam olmamakla
beraber bu caligmada verilmistir. Bu olusturulan
haritalar tarihte var olan ve kullamlan dagilim
haritalary ile karsilastinimistir. Gelecekte tar dagihim
degisiklikleri modellemeler ile tahmin ediimekle
beraber, bu tahmini dagiim haritalan tehlike
altindaki tirlerin durumlarinin tespitinin
baslatiimasinda wve korunmasinda c¢ok yararl
olabilecektir. Su an Kuzey Amerika'daki bombus
arisi faunasindaki azalmay acgiklayan gegerli
hipotezler igerisinde habitat par¢alanmasi ve
bozulmasi, ve ticari anlamda Oretilenlerden gelen
patojenler yer almaktadir. Bombus pensylvanicus
(DeGeer) 1773 ve Bombus sonorous Say 1837
disindaki dérd risk altinda bulunan tirler tek bir
altcinse (Bombus sensu stricto Latreille 1801)
baghdir. Her bir tdr icin, populasyon azalmasi
kaydedilmis, fakat ne kadar yayilis alan daralmasi
oldugu ve altinda yatan sebepler tam anlamiyla
anlagilamamistir. Bu tirlerin yayilis alanlarindaki
daralmanin ¢aligilabilmesindeki en dnemli sinirlama
Kuzey Amerikadaki genis dagiim alanindaki
tarihsel daglimin bilinmemesidir. Bu tGrlerin
populasyonlarindaki  azalmayr daha detayl
caligabilmek ve gelecekteki populasyon takiplerini
gergeklestirmek icin tarihsel dagiim haritalarina
ihtivag vardir,
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NECTAR SECRETION AND BEE GUILD CHARACTERISTICS OF
YELLOW STAR-THISTLE ON SANTA CRUZ ISLAND AND LESVOS:
WHERE HAVE THE HONEY BEES GONE?

Santa Cruz ve Midilli Adasinda Giinesgicegi Bitkisinde Balozii Salgisi ve An
Gesitliligi: Bal Arilari Nereye Kayboldu?

{Genigletilmis Tirkge Ozet Makalenin Sonunda Verilmistir)
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ABSTRACT: We compared nectar secretion rates and bee guilds of yellow star-thistle, Centaurea
solstitialis, on Santa Cruz Island (USA) and the Northeast Aegean Island of Lesvos (Greece). This
plant species is non-native and highly invasive in the western USA but native to Eurasia (including
Lesvos). “Nectar flow"” was assessed by measuring nectar volumes in florets of flower heads
covered with mesh bags (preventing visitation by bees); “nectar standing crop’ data were taken from
open (unbagged) flower heads to which all bees could gain access. We censused bees at C.
soistitialis during comparable periods on both islands and determined the bee guild composition of
the plant on Lesvos. Significant differences in nectar levels occurred between bagged and unbagged
florets at each locale, especially during the period that pollinators were most common. Nectar flow
and nectar standing crop volumes were lower on Lesvos than on Santa Cruz Island. The bee guild
diversity at Lesvos was higher relative to Santa Cruz Island. Surprisingly, however, honey bees were
not recorded during our monitoring periods on Lesvos.

INTRODUCTION Uygur et al. 2004). Because of its breeding system
requirements, the ability to attract pollinators is
critical to its reproductive success. Plants can
attract pollinators (bees) with rewards that include
nectar, pollen and oils (Proctor et al. 1996), and,
may depend upon these inducements to “market”
themselves to potential pollinators (Chittka and

Yellow star-thistie, Centaurea solstitialis L., a highly
invasive, non-native plant species, now inhabits
much of the extreme western United States,
especially California (Pitcaim et al. 2008). It is an
obligate outcrossing species with its origin in
Eurasia, including Turkey (Sun and Ritland 1997,
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Schirkens 2001). Nectar is one such inducement
that may be a key attribute of a successful plant
invader (Ghazoul 2002), and at least one
experimental study shows that non-native flowering
plant species can draw potential pollinators away
from native plants to effect pollination (Brown et al.
2002). The other requirement is that at least one
reliable pollinator species is available to take
advantage of the reward; in the case of C.
solstitialis, the honey bee, Apis mellifera L., can
serve in this role (Maddox et al. 1996, Mclver et al.
2009).

We have been studying the relationship between
honey bees and thistles for over two decades on
Santa Cruz Island (SCI) where over 25 percent of
the flowering plant species are non-native, including
C. solstitialis which was first detected there in 1930
(Junak et al. 1995). This species is the near
antithesis of the successful, self-compatible weed
species predicted by Baker (1965) because of its
dependence on strong-flying pollinators to effect
poliination (Maddox et al. 1996, Sun and Ritland
1997, Gerlach and Rice 2003). Early studies on SCI
showed that the exclusion of the non-native honey
bee from flower heads of this species caused a
significant decline in reproduction for C. solstitialis
(Barthell et al. 2001). However, the same effect was
not observed on the obligate outcrossing native
gumplant, Grindelia camporum Greene, which drew
relatively few honey bees to its flower heads (Thorp
et al. 1994, Barthell et al. 2000). Another study on
SCI of the self-compatible Centaurea melitensis L.,
or tocalote, demonstrated no seed set differences
when honey bees were excluded from its flower
heads (Porras and Alvarez 1999, Barthell et al.
2005). So, although Baker's hypothesis aptly
describes this latter species' invasion success, C.
solstitialis stands out as a clear exception to this
generalization on SCI (but see Memmott and
Waser 2002).

Honey bees were recorded on SCI in the late 1800s
(Wenner and Thorp 1993 and 1994). By the year
2000 honey bee colonies had declined to below
detectable levels there due to a biological control
program (begun in December of 1993) that used
the varroa mite, Varroa destructor Anderson &
Trueman, to kill or disable developing and adult
honey bees (Wenner et al. 2000); this ectoparasitic
species had already established itself six years
earlier in the United States and continues o be a
major factor in the decline of commercial and feral
honey bee colonies throughout the USA

(Sammataro et al. 2000). A concomitant decline in
seed set of C. solstitialis has accompanied this
reduction in honey bee numbers (Barthell et al.
2004). Centaurea solstitialis became eslablished in
California during the mid-1800s (Hendry and Bellue
1936, Gerlach et al. 1998) and, in the western USA,
its nectar has long been considered a favorite of
honey bees and beekeepers alike (Pellet 1976).
The strong association of honey bees with C.
solstitialis, coupled with our studies cited above,
suggest a mutualistic invasion mechanism by these
two species (Barthell et al. 2001). This viewpoint is
bolstered by the fact that both species are Eurasian
in origin (Hickman 1993, Michener 2000).

In order to better understand the relationship
between the invasive C. solstitialis and its most
visible pollinator in California, the honey bee, we
examined these species in a region where they are
both native, predicting that they should remain
close counterparts there (e.g., Olesen et al. 2002).
The island of Lesvos (Greece), a Northeast Aegean
island near the western coast of Turkey, was
chosen for the comparison. Below, we present
preliminary information on 1) “nectar flow" and
“standing crop” levels of C. solstitialis over the
course of a day, 2) bee visitation levels of this plant
during the day, and 3) pollinator guild composition
of C. solstitialis plants on Lesvos. This information
is relevant to invasiveness since a self-incompatible
plant species must 1) have an ability to attract
(using nectar or other rewards) pollinators and 2)
have a sufficient pool (guild) of pollinators fo draw
from in order to succeed in a new environment.
Indeed, we intend that these avenues of
investigation will inform future studies of plant
invasion in island and mainland ecosystems,
including in Greece, Turkey and the USA.

STUDY LOCALES
Lesvos, Greece (Latitude 39°N-Longitude 26°E)

The largest of the Northeast Aegean islands (Fig.
1a), Lesvos is 1,614 square km and 986 m at its
highest point (Foufopoulos and Mayer 2007),
Lesvos has a large, resident human population (ca.
100,000), and scientific history on the island dates
back over two millennia with the marine biological
studies of Aristotle near the ancient city of Pyrra
(Tipton 2006). Our nectar and visitation studies
were located near this same city, along the eastern
shore of Kalloni Bay. Along with its many
municipalities, Lesvos has an agricultural history
that includes the production of grapes, wine, figs
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and, most recently, olives, as well as grazers
(Marathianou et al. 2000, Dalaka and Petanidou
2006). Efforts spearheaded by one of us (TP) have
yielded a growing base of knowledge about plant-
pollinator communities on Lesvos (Petanidou and
Lamborn 2005, Potts el al. 2006). Non-native
species of plants and bees found on SCI are native
to Lesvos and the surrounding region
(Theophrastus 1916, Michener 2000), including the
honey bee and its host plant C. solstitialis.

! 50 Wm

Pacific Ocean Q%b%

Fig. 1b

Figure 1. Maps showing Lesvos (a) and Santa
Cruz Island (b) in relationship to the Turkish and US
mainlands, respectively.

Santa Cruz Island, USA (Latitude 34° N -
Longitude 119° W)

The largest of the eight Channel Islands, SCI is
situated 30 km off the coast of southern California
(Fig. 1b). The island is 249 square km in area and
is 753 m at its highest point (Junak et al. 1995). SCI
has an agricultural history that includes the
introduction of several vertebrate species (pigs,
sheep, cattle) and crops (grapes, hay, alfalfa,
walnuts, almonds, vegetables) during 150 years of
European settlement (Gherini 1997, 2005). Cattle
ranching ceased in the 1980s and both sheep and
pigs have been extirpated within the last decade.

This agricultural period, however, is undoubtedly
the source of several transported weed species,
including C. solstitialis that was presumably carried
onto the island with alfalfa seed, as in other areas
of California (Hendry and Bellue 1936). The current
study was carried out at the western edge of the
Central Valley at the base of Portezuela grade.

MATERIALS AND METHODS
Nectar Flow and Standing Crop

In order to assess total nectar volumes available to
nectarivores (including honey bees) during the day,
nectar flow and standing crop levels were
monitored at Lesvos on 16 June, 2007, and at SCI
on 3 August of the same year. At each study locale,
15 plants were identified and tagged along a belt
transect (2 1 m apart). Between 16:00 and 18:00,
the evening prior to nectar collection, we marked
and bagged two flower heads on each plant with a
fine mesh bag that blocked visitors from accessing
nectar. The following moming, the bag was
removed from one of the flower heads to allow
access by all visitors to its florets ("standing crop"),
while the other bag was left on ("nectar flow"). The
following day from 07:00 to 19:.00 hours. we
inserted 0.25pL capillary tubes into one fioret on
each flower head every two hours. After removing
the nectar we measured the amount of nectar in the
capillary tubes using digital, hand-held calipers. The
readings were taken in millimeters and later
converted into pL (Keams and Inouye 1993). After
nectar was removed from the bagged flowers, we
immediately rebagged the flower head until the next
collection time. After removing nectar we lightly
marked the used florets with a Sharpie™ marker to
ensure that a different floret was used during each
collection period. The heights of all 15 transect
plants {at each locale) were measured to the
nearest cm to assess differences between
populations at Lesvos and SCI.

Visitation Monitoring and Collections

Bee monitoring records were collected the day after
nectar readings at both Lesvos (17 June) and SCI
(4 August). As in previous studies (Barthell et al.
2000, Barthell et al. 2001, Barthell et al. 2005),
monitoring was conducted by walking each transect
(roundtrip) six consecutive times at a pace of five
min for the entire transect (a total of 30 min per
survey). Any visitors seen on flower heads were
recorded according to family and genus, when
possible. Each survey was repeated 4 times at the
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following start times: 09:00, 12:00, 15:00 and 18:00.
The same 15 plants identified for nectar flow
studies (above) were used in the visitation trials.

At Lesvos, collections of visitors were made
(primarily) at adjoining patches of C. solstitialis (ca.
500 m from the visitation transect) near the study
site at Pyrra. Additional collections were made on
and near the campus of the University of the
Aegean in Mytilene and in the vicinity of Kapi, near
the northern apex of the island. These collections
were compared with descriptions of existing
collections for SCI (Rust et al. 1985, Thorp et al.
1994 and 2000), to determine the degree of overlap
between C. solsiitialis’ pollinator guilds in its native
and invaded habitats. At Pyrra, on 17 June,
reciprocal collections were made by two of us (JFB
and MLC) for concurrent 15 min intervals, with one
person collecting from C. solstitialis and the other
from the bush Vitex agnus-castus L. which was
flowering among patches of C. solstitialis. These
were conducted to assess if honey bees were in the
area but demonstrating a preference for one
species over the other one. Voucher specimens
from our study are housed in the National
Pollinating Insects Collections (USDA-ARS Bee
Biology and Systematics Laboratory) in Logan,
Utah, and in collections at the University of Central
Oklahoma in Edmond, Oklahoma.

Nectar Quality

To assess nectar quality we used all 15 of our study
plants and an additional five plants, bagging three
flower heads per plant. We allowed them to build up
their nectar supply throughout the last day (during
monitoring of visitors) before cutting the stems
below 1he flower heads and transporting them in
Ziploc™ bags to the laboratory. We kept the bags
cool untl we were able to begin removing the
nectar. We did so by centrifuging flower heads in a
10 mL tube at 2500 rpm for five min per sample
(Kearns and Inouye 1993). A sample was
comprised of three inverted flower heads (wedged
by their stems between the centrifuge tube opening
and a rubber cork). A pipette was then used to
transfer the resulting nectar from the tubes to a
handheld  refractometer for reading the
concentration of sucrose equivalents using a BRIX
scale (Kearns and Inouye 1993).

Analyses

Repeated measures MANOVAs were used fo test
for Island, Time of day, and Island x Time
interaction effects on nectar flow and standing crop

levels. Nectar flow and standing crop levels were
tested for differences at sampling time intervals with
two-tailed t-tests (see Fig. 2); the same test was
used to differentiate plant heights. No statistical
tests of nectar quality readings were conducted
because the higher values of some samples could
not be read due to the upper limit (50%) of our
refractometer.
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Figure 2. Nectar flow and standing crop of
Centaurea solstitialis over 12 hour periods on
Lesvos (a) and Santa Cruz Island (b).

RESULTS
Nectar Flow and Standing Crop

According to the repeated measures MANOVA, for
nectar flow, there was a significant Island effect (F
= 9.19; df = 1, 28, P = 0.005) and Island x Time
interaction effect (F = 2.51, df = 6, 23; P = 0.051),
Time by itself was not a significant factor (F = 1.41;
df = 6, 23, P = 0.2538). For standing crop, there
was only a significant Island effect (F = 7.19; df = 1,
28, P = 0.012). Neither the Time effect (F = 2.04; df
= 6, 23; P = 0.101) nor Island x Time interaction
effect was significant (F = 1.65; df = 6, 23, P =
0.178).

At Lesvos, nectar flow levels in C. solstitialis florets
were significantly different from standing crop levels
at each hourly interval except for the first (07:00)
and last (19:00) ones according to two-tailed t-tests
(Fig. 2a): 07:00 (t = -1.93, df = 28, P = 0.086), 09:00
(t=2.75, df =28, P=10.01), 11:00 (t= 4.87, df = 28,
P = 0.001), 13:00 (t = 5.64, df = 28, P = 0.001),
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15:00 (t = 3.08, df = 28, P = 0.005), 17:00 {t = 3.55,
df =28, P=0.001)and 19:00(t=1.28, df =28, P =
0.21). The greatest difference between these
treatments occurred at 15:00 (0.031 pL). An overall
decrease in average nectar flow levels occurred
between 15:00 and 19:00 while the converse is
shown for standing crop during the same time
peried (Fig. 2a). Overall, nectar flow (as well as
standing crop) never exceeded 0.050 pL during the
12 hr monitoring period and it exceeded 0.040 plL
only twice (at 15:00 and 19:00).

Readings of flow and standing crop treatments on
SCI were only significantly different during the three
middle monitoring periods (11:00, 13:00 and 15:00):
07:00 (t = -0.06, df = 28, P = 0.95), 09:00 (t = 0.92,
df = 28, P = 0.36), 11:00 (t = 2.29, df = 28, P =
0.03). 13:00 (t=2.75, df = 28, P = 0.01), 15:00 {t =
267, df =28, P=0.013), 17:00 (t = 0.981, df = 28,
P = 0.34) and 12:00 (t = -0.16, df = 28, P = 0.88),
The largest difference between treatments was at
15:00 (0.037 pL). As at Lesvos, an overall decline
in nectar flow levels occurred between 15:00 and
19:00 while standing crop levels increased during
the same time period (Figure 2b). Average nectar
fiow levels exceeded 0.050 pL ai three sampling
periods (09:00, 13:00 and 15:00) and were above
0.040 pL on all occasions but one (19:00).

Nectar Quality

A total of 20 flower head samples from the Pyrra
transect on Lesvos were centrifuged for nectar. Of
these, nine gave an average reading of 45.44% (=
1 SE = 1.24). The remaining 11 did not yield usable
readings. At least five of these clearly exceeded the
upper limit of the refractometer scale (50%). On
SCI, seven of the 20 plant samples yielded an
average reading of 45.14 (= 2.56), the remaining 13
samples did not yield usable readings and, of
these, at least nine had also exceeded the limit of
the refractometer scale.

Visitation Patterns

Bee \visitation remained between 10 and 20
individuals per 30 min monitoring period at both
Lesvos and SCI until the final sampling period
(18:00) when SCI declined to zero (Fig. 3). Bee
numbers peaked at 15:00 for both locales when 19
individuals were recorded at Lesvos and 18 at SCL
Temperatures taken at the outset of transect
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monitoring periods for Lesvos include the following
27" C (09:00), 36° C (12:00), 39°C (15:00) and 32°
C (18:00); these high temperatures were
accompanied by a regular breeze. For SCI,
temperatures were 23°C, 25°C, 26°C and 24°C for
the same times. At Lesvos the day was clear while
at SC| fog was present (as is typical) during the
initial monitoring period. By the last monitoring
period at SCI, our study plants were beginning to
be shaded by nearby canyon walls. In addition,
plants used during our study on Lesvos were
generally much larger in size (122.40 om = 6.27)
than those on SCI (52.83 + 3.83); this difference
was significant according to a two-tailed t-test (P =
0.001; t = 9.47) and reflects our observation that C.
solstitialis plants were generally smaller in stature
(and less dense) on SCI in 2007.
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Figure 3. Total number of bees recorded on Lesvos
and Santa Cruz Island at four sampling periods

Pollinator Guild (Lesvos Collections)

Table 1 shows that four families, 21 genera and 40
species are represented among our collections of
bees at Lesvos: Andrenidae (one genus and two
species), Apidae (six genera and 12 species),
Halictidae (three genera and five species) and
Megachilidae (11 genera and 21 species). Among
the Apidae, the most commonly represented genus
was Eucera (four species) but only one specimen of
the honey bee (Apis mellifera) was collected at C.
soistitialis. Two species of the genus Lasioglossum
were identified within the family Halictidae. Among
the Megachilidae, the most commonly represented
genus was Megachile (eight species); no other
genus was represented by more than three
species,
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Table 1. Yellow star-thistle bee guild composition based on collections from Lesvos, Greece, during June of
2007

Bee Taxa No. %
Andrenidae

Andrena flavipes Panzer 1 0.5
Andrena sp. 5 25

Apidae
Amegilla albigena (Lepeletier) 2 1.0
Amegilla quadrifasciata (Villers) 1 0.5
Apis meliifera L. 1 0.5
Ceratina dallatorreana Friese 2 1.0
C. aff, chalybea Chevrier 3 1.5
C. chalcites Germar 1 0.5
Eucera (Hetereucera) sp. #1 1 0.5
Eucera (Hetereucera) sp. #2 1.0
Eucera (Synhalonia) sp. #1 1 0.5
Eucera (Synhalonia) sp. #2 1.0
Pasites maculata Jurine 1 0.5
Xylocapa irfs (Christ) 1 05

Halictidae
Halictus resurgens Nurse T 3.5
Halictus aff. polinosus Sichel 3 1.5
Lasloglossum ancillum Vachal 2 1.0
Lasioglossum (Evylaeus) sp. 3 1.5
Pseudapis bispinosa (Brullg) 1 0.5

Megachilidae
Afranthidium carduele (Morawitz)
Coelioxys argentea Lepeletier
Heriades crenulatus Lepeletier
Hoplosmia bidentata (Marawitz)
H. spinigera (Latreille)
H. elegans Tkalcu
Icteranthidium grohmanni (Spinola)
Lithurgus chrysurus Fonscolombe
Megachile albisecta (Klug)
M. (Eutricharaea) anatolica Rebmann
M. (Eutricharaea) apicalis Spinola
M. (Eutricharaea) pilidens Alfken
M. (Eutricharaea) sp.
M. lefebvrei (Lepeletier)
M. melanopyga Costa
M. pilicrus Morawitz
Osmia signata Erichson
Pseudoanthidium lituraturm (Panzer)
P. reticulatum (Mocsary)
Rhodanthidium septemdentatum (Latraille)
Trachusa dumerlei (Warncke)

Total: 40 species (21 genera and 4 families) 200 (-)

n
(=]
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A total of 200 bee specimens were collected on C.
solslitialis at Lesvos (Table 1). Of these, 160
(80.0%) were in the family Megachilidae; eighteen
(9.0%) were in the Apidae, 16 (8%) in the Halictidae
and six (3%) in the Andrenidae. Four species
exceeded fifteen specimens during the collection
period (all in the family Megachilidae): 1) Hoplosmia
bidentata (Morawitz) (46 specimens), 2) Lithurgus
chrysurus Fonscolombe (35), 3) Megachile
lefebvrei (Lepeletier) (16), and 4) Megachile pilicrus
Morawitz (22). Two species known to have
occurred on SCI as non-native species, the honey
bee (Apis mellifera L.) and the leafcutting bee
Megachile apicalis Spinola, were both found on
Lesvos; only one honey bee was collected,
however, as opposed to seven specimens of M.
apicalis.

During two, 15 min, reciprocal collections made on
17 June, MLC collected a single female Megachile
sp. (no honey bees) on C. solstitialis while JFB
collected five honey bees and one each of species
in the genera Megachile (male), Lasioglossum
(female) and Xylocopa (male) from 10.00 to 10:15
at V. agnus-castus. From 10:15 to 10:30, after
exchanging species to monitor, JFB collected one
each of a Ceratina species (male) and a Hoplosmia
species (female) on C. solstitialis while MLC
collected two honey bees and one specimen of a
Ceratina species (female). In each case, honey
bees were only collected on V. agnus-castus.

On several occasions we were able to observe an
unidentified species of aphid (Homoptera) feeding
in aggregations along stems of C. solstitialis plants
near our study plot; the stems and associated
flower buds were sometimes underdeveloped
and/or discolored. Voucher specimens were
collected for later identification and are currently
being stored in the University of Central Oklahoma
Invertebrate and Insect Collection in Edmond,
Oklahoma.

DISCUSSION
Nectar Patterns

Significant differences between nectar flow and
standing crop levels (during mid-day) on both
Lesvos and SCI indicate that pollinators utilize
substantial amounts of nectar during the warmer
periods of the day. At both locales, the peak bee
visitation time (15:00) corresponded to the greatest
difference in nectar levels between nectar flow and
standing crop. The lack of accumulated nectar
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volume at the outset of the day (07:00) on both
Lesvos and SCI suggests that nectar reabsorption
andl/or variable secretion rates may be occurring
during nocturnal and/or early morning periods. The
congeneric C. scabjiosa L. and C. nigra L., for
example, are known to have reduced nectar
production during periods of cool weather and
overcast conditions (Lack 1982). Indeed, on SCI,
where temperatures were relatively cool, a decline
in nectar flow is revealed after 15:00 when the
temperature was beginning to decline. It is also
noteworthy that nectar levels were highest at both
locales during the afternoon when the highest
temperatures were recorded during our monitoring
study (15:00); heat-induced nectar production has
been described for at least one other
Mediterranean plant species, Thymus capitatus
Hoffmans (Petanidou and Smets 1996).

Perhaps the most conspicuous difference between
the study locales is the higher overall nectar
secretion levels at SCI relative to Lesvos. This
pattern may reflect the effect of abiotic factors such
as high temperature and wind that were both
evident in the exposed, beachside location of our
plant transect at Lesvos (through evaporative
effects). The extremely high sucrose concentrations
recorded for nectar at both Lesvos and SCI may
also be an artifact of water loss from the nectar
since concentrations taken earlier in the day were
lower during an earlier study on SCI (Barthell et al.,
unpublished data). Such abiotic effects can
influence plant nectar quality and, consequently,
pollinator behavior (Peat and Goulson 2005). The
occurrence of phloem-feeding aphids on these
plants (absent in the western USA) may also be a
contributor to reduced nectar volumes, and their
influence should be examined in the future. Another
factor may be the presence of seed head predators
that are presumably quite common in the native
range of C. solstitialis, including seven species
introduced from Eurasia (including from Greece and
Turkey) to the western USA (Turner et al. 1995,
Rees et al. 19986, Balciunas and Villegas 2001). At
least two species of fruit flies (in the genera
Urophora and Chaetorellia) have been identified on
SCl in recent years (Barthell et al. 2004). During the
initial period of an invasion by C. solstitialis, the
influence of such natural enemies is likely to be
lessened and, consistent with this conjecture, C.
solstitialis plant densities measured in nearby
Turkey are substantially reduced relative to the
western USA (Uygur et al. 2004).
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Pollinator Guilds

Within one week we were able to accumulate 40
species of bees visiting C. solstitialis on Lesvos;
this represents 1.6 times the number of species
composing the SCI pollinator guild described by
Thorp et al. (1994). At least two species were found
in both locations, the honey bee (Apis mellifera)
and the leafcutting bee Megachile apicalis, both of
which are native to Eurasia and non-native to North
America (Mitchell 1962, Michener 2000); we have
also identified M. apicalis in western Turkey
(Bursa), suggesting it is native to the Aegean region
of Turkey as well. Overall bee diversity on Lesvos
remains to be determined but is at least three-fold
the 121 species currently recognized on SCI (R. W.
Thorp, unpublished data). This is consistent with
species-area predictions as substantiated for the
Channel Islands (Rust et al. 1985, Thorp et al.
1894). The number of genera reported for SCI (21)
is the same as that recorded for Lesvos (Thorp et
al. 1994). The number of Megachile species on
Lesvos was higher than for any other genus, a
possible reflection of adaptations to C. solstitialis
and other asteraceous species by some species of
the genus Megachile and subgenus Eutricharaea
(Miiller and Bansac 2004).

Four bee families are recognized on both islands
when guilds are compared with the findings of
Thorp et al. (1994). However, the family Andrenidae
was not detected at C. solstitialis on SCI, although
species representing this genus do occur on the
island. A species in the family Colletidae (genus
Hylaeus) was collected on SCI but no
representatives of this family were found during our
collection period on Lesvos, The other three
families are shared between locales: Apidae,
Halictidae and Megachilidae. Of these, the highest
proportion of species was in the family
Megachilidae on Lesvas (at least 53% versus 28%
on SCI) while on SCI the family Apidae was most
common (40% versus 30% on Lesvos). The high
representation of Megachilidae on Lesvos is
consistent with the known diversity of the subgenus
Eutricharaea in Eurasia (at least four species were
detected on Lesvos during the current study).
Observations indicate that a species in this
subgenus, Megachile apicalis, is a frequent and
important visitor of C. solstitialis in the western USA
(Barthell et al. 2003, Stephen 2003, Mclver et al.
2009), including on SCI (Thorp et al. 2000).

Yellow  Star-thistie-Benefiting from New
Circumstances?

Through the latter part of the 20" century and into
the 21", C. solstitialis has spread dramatically
throughout the western USA (Maddox and Mayfield
1985, Pitcairn et al, 2006). Its requirement to be
outcrossed contradicts classical assertions in the
literature about how invasive plants succeed
(Stebbins 1957, Baker 1965). Clearly, a mutualist
(e.g., the ubiquitous honey bee) was required to
facilitate the invasion of C. solstitialis into the
western USA. Indeed, among the eight Channel
Islands, the only islands with populations of C.
solstitialis are those with a history of honey bee
introductions: Santa Cruz Island and Santa Catalina
Island. Santa Rosa Island, despite a long and
intensive agricultural period (Allen 1996), remains
without  well-established populations of C.
solstitialis. This observation is consistent with
earlier work on SCI that shows a depression in
reproductive capacity of C. solstitialis when honey
bees are excluded from its flower heads (Barthell et
al. 2000, Barthell et al. 2001). An exception is the
self-compatible congener, Centaurea melitensis,
which occurs in populations across Santa Rosa
Island (as it does on SCI), The high levels of nectar
in Centaurea solstitialis florets suggest that this
species was able to draw honey bees away from
competing plant species and this statement is
corroborated by 1) our comparisons of honey bee
visitation to Grindelia camporum, a native
asteraceous species (Barthell et al. 2000), and 2)
higher average nectar flow quantities and nectar
(sucrose) quality (Barthell et al., unpublished data).
Thus, the high nectar-producing environment at
SCI, both in terms of flow and standing crop, was
ideal for honey bees during the 1900s.

So why, in our preliminary observations on Lesvos,
was C. solstitialis not attractive to honey bees to the
same extent it is in the western USA? There appear
to be at least two possible reasons as to why this is
the case. First, another high nectar producing plant,
Vitex agnus-castus, is effective in competing for
other large-bodied, eusocial pollinators that may
prefer (or require) larger nectar reserves (Schaffer
et al. 1979); preliminary information from another
study support this hypothesis both in terms of
nectar volume and quality (Barthell et al,
unpublished data). Secondly, the impact of native
natural enemies (weevils, fruitflies, aphids, etc.)
may compromise nectar production to such an
extent that the plant becomes relatively unprofitable
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for foraging honey bees, even if a large and diverse
set of smaller bodied bees persist in taking lower
nectar levels from the plant as observed in the
current study. These conjectures are not mutually
exclusive, however, and probably influence one
another at our study locale on Lesvos. Indeed, C.
solstitialis and any other invasive plant that requires
pollination may be the victim or beneficiary of its
newly found circumstances when it arrives in a new
habitat. In the case of C. solsiitialis, il appears to
have arrived in the right place at the right time since
a surplus of mutualists (honey bees) and the
absence of high nectar-secreting plant competitors
and natural enemies may have ensured its success
on SCL

Implications for Conservation and Future

Studies

Islands provide a special set of circumstances for
the study of plant and animal invasions since, in
mainland environments, the sheer diversity of
species and number of individuals can make the
progression of invasion events difficult to monitor
(e.g., Roubik 1983). However, in our study locales
the relatively low numbers of species (e.g., 121
species on SCI) allows one to more easily define
plant-pollinator landscapes (Bronstein 1995), the
mutualistic interactions in these landscapes would
otherwise be especially difficult to ascertain, even
though it is critical to identify these relationships in
order to preserve them (Kearns el al. 1998).
Understanding these interactions is also important
because islands (with their reduced species
diversity) may be especially vulnerable to biological
invasions (Fritts and Rodda 1998). The willful
spread of pollinators for real or perceived
environmental benefits can have exceedingly
important implications for both natural and
agricultural systems and should be carefully
evaluated for risks (Barthell et al. 2003). Growing
evidence suggesis that the cavalier spread of
pollinator species such as the honey bee also
negatively impacts native species (Goulson 2003,
but see Butz Huryn 1987). The practice of
globalizing the honey bee is an especially poignant
case sludy wherein over-reliance on a single
pollinator has led to a decline in pollinators for
crops in the USA for the indefinite future (Barthell
and Wells 2007).

We predict that the role of nectar (and other plant
rewards) will be critical to understanding pollinator-
plant mutualisms in both island and mainland

locales; ecologists and conservation biologists have
called for more significant efforts in this area for at
least a decade (Kearns et al, 1998), Here, we have
taken a preliminary step in testing this prediction by
characterizing nectar flow and quality of an
ubiquitous invasive plant species In the western
USA, as well as establishing pollinator guild overlap
between native and non-native environments where
C. solstitialis occurs (islands in the USA and
Greece). Future studies will focus more directly on
the how nectar quantity and quality (and factors like
handling time) determine foraging behavior of
honey bees and solitary bees (e.g., Amaya-
Marquez et al. 2008, Cakmak et al, 2009). This
study has demonstrated that honey bees and
solitary bee species (such as Megachile apicalis)
represent model organisms for this effort. We will
also try to understand the impact of negative
interactions (e.g., insect phytophagy) on nectar
production in C. sofstitialis on both SCI and Lesvos.
Indeed,  plant-pollinator-herbivory  interactions
represent a growing area of interest among
ecologists (e.g., Irwin et al. 2004). Finally, to our
knowledge, this work is the first attempt to
characterize and publish biogecgraphical data on
nectar flow and quality in C. solstitialis, a model
species for studies of mutualism-based interactions,
including invasions (see Simberioff and Von Holle
1999, Richardson et al. 2000, Bruno et al. 2003).
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GENISLETILMIiS OZET

Amag: Bu calismanin amaci Centaurea solstitialis
(Glinescicedi) bitkisinin Santa Cruz adas| (ABD) ve
Ege Denizin'de bulunan Midili adasinda
(Yunanistan) baldzi akimi ve bu bitkiyi ziyaret eden
arilarin  sayl ve cesitliliginin kargiagtinimasidir.
Glinesgicedi bitkisinin anavatam Avrasya olup
kendine délienemeyen bir bitkidir. Yani déllenme ve
tohumun olusmasi igin bagka bir bitkiden gigek 6zl
veya polenin gelmesi gerekmektedir. Bu ylizden bu
tip bitkiler gelecek nesillerinin devami sadlayacak
tohum olusturulmasi igin tozlayicilan dzellikle arilar
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cezbetmek igin balbzil, gigek Gzl ve yag gibi
maddeler salgilar.

Gereg ve Yontem: Giinesgicedi bitkisinin dogal
alani Avrasya olup bati Amerika'da yabanc bir bitki
olarak oldukga istilact bir yapidadir. Baldz( akimi
gigek tablalan anlarin girmesi engelleyecek delikli
kafes torbalar ile drtiilerek gigekciklerdeki baldzi
miktar lglilmistdr, Baltizi mevcut veya acik olan
Gicek verileri ise delikli kafes torba ile kapatimayan
ve arilara agik olan gigeklerden toplanmigtir. Her iki
bélgede 15 bitki belirlenip 1m araliklarla kafesle
kapatiimistir. Galigmanin baslangig giininden tnce
saat 16:00 ve 18:00 de her bitkiden iki gigek tablasi
delikli kafes torba ile kapatilmistir. Ertesi giin sabah
deliki kafes torba gigek tablalarindan birinden
cikarilip arilarin girigine izin verilmistir. Bu giceklere
duran baldzl denilmis agik kalan gigek tablalarina
ise akan baloz{ denilmistir. Ertesi giin saat 7:00 ve
19:00 arasinda her 2 saatte bir 0.25 pl kapillari ince
tupler her gigek tablasindaki cigekgige sokularak
balézl alinmig ve baldzl miktari Glgdmleri
yapilmistir. Kapal gigeklerden balézii alindiktan
sonra hemen tekrar delikli torba kafesler ile
kapatilmistir. Cigekcikten baldzi alindiktan sonda
kalici Sharpie kalemle isaretlenip her toplamada
farkll cigekgigin  kullaniimasi  saglanmistir.  Ari
kayitlan balézii kayitlannin ilk glniinden sonra
bastamis ve baldzi igin  kullamilan  bitkiler
kullaniimigtir. Bu bitkiler arasinda 6 kez 5 dakika

slrecek sekilde vyirGyerek ziyaret eden arlar
belirlenip kayit edilmigtir. Her galisma 30 dk sirmis
olup 9:00 ve 12:00 arasinda giinde 4 kez tekrar
edilmigtir. Baléz( kalitesi ise baldzl biriktikten sonra
bitkiler kesilip laboratuvara gétirilmis ve santrifdj
edildikten sonar refraktometre ile diglimusgtdr,

Bulgu wve Sonuglar: Centaurea solstitialis
(Giinesgicedi) bitkisini ziyaret eden arilarin bu bitki
ile birlikteligini ve ari sayimlarini hem Midilli adasi
ve hemde Santa Cruz adasinda karsilastirma
yapilabilecek zaman periyodlarinda yapilmistir. Her
iki bélgede arilarin en ok bu bitkiyi ziyaret etligi
zaman arali§l saat 15:00 ayni zamanda her iki
bélgede bu bitkide balozli akiminin en ylksek
oldugu zaman araligi olarak kaydediimistir. Bu
zaman arali§r ayn zamanda duran ve akan baldzil
seviyesindeki en farkli durumun ortaya ¢iktigi
zamandir. Balézi seviyesi konusunda iki bélgede
delikli torba kafesler ile kapali ve agik giceklerde
tzellikle tozlayicilanin  gok  yodun  olduu
donemlerde dnemli farklihklar bulunmugtur. Akan
balézli ve duran baldézi miktariar Midilli adasinda
Santa Cruz adasindakilerden daha diisik olarak
tespit edilmistir. Art bitki birlikteligini saglayan an
gesitieri  ise  Midilli adasinda Santa Cruz
adasindakilerden daha yilksek olarak tespil
edilmistir. liging olarak Midilli adasinda bu gézlem
periyodlarinda  bal  anlari  kaydediimemigtir.
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