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ABSTRACT. The paper deals with the relationships of aphids and theirphasts of the family
Campanulaceae (bellflower family). The survey was conducted in xerothermic habitatstta

years 2008010. A total of 84 plots were examined in the western, southern and eastern parts of
Poland. The aphids were collected in 28 plots (42 records). As a result, 4 aphid species feeding on 6
different host plants of Campanulaceae wereiooe.
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INTRODUCTION

In comparison with other hemipterangth the exception of the Coccomorptihe aphids
(Aphidomorpha) have the strongest relationships with their plasts. The vast majority
(about 80%) of aphid species are monophagous or narrowly specialized oligophagous
insects, closely related to a single genus or even a single speciespiahdsbr with a few
genera of plants from the same botanical familye Témaining aphids are polyphagous,
unassociated with any particular group of host pla@®ADACZ & HA G A2009). A large
number of aphid species are associated with various angiosperms, among which the
majority of plant families have their specific aphid fauna®imaN 2009). The family
Campanulaceae (Magnoliopsida, Asterales) also has its charactghiticassemblages.

Among the 741 aphid taxa recorded in Pola®dIADACZ & HA G A2010,JUNKIERT et
al. 2011), only 6 have been reported from various plants of the Campanulaceae family
(OsiADACZ & HA G A 2010). The Campanulaceae are one of the youngestmenmd
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advanced dicotyledonous plant families, strongly diversified and widespread in various
habitats throughout the world. There are about 2000 species of Campanulaceae, classified
into 90 generaWATSON & DALLWITZ 1992. The Campanulaceae of natural hatsitin
Poland comprise 23 species from 5 gen®M&EK et al.2002). Besides wild plants, there

are also a number of cultivated species, varieties, and their hybrids. The aphids strictly
associated with this plant family (monophagous or narrowly oligopksgare represented

by only 5 speciesAphis psammophilaSzELEGIEWICZ, 1967, Dysaphis(Pomaphi$ sorbi
(KALTENBACH, 1843), Uroleucon (Uromelary campanulaecampanulae(KALTENBACH,

1843), U. (U.) nigrocampanulae(THEOBALD, 1928), U. (U.) rapunculoidis (B¥ R NFE

1939). In addition, the polyphagousphis fabaeScoproLl, 1763 has also been recorded
from various plants of the Campanulaceae family.

Very little research has been done on theeeolutionary and phylogenetic aspects of
the trophic relationships betweeaphids and their hogtlants HoLmAaN 1981, 1998,
OsIADACZ & WOJICIECHOWSKI2005, 2008 SHAPOSHNIKOV 1985 STEKOLSHCHIKOV 2008,

WNGI ER& WN GI ERZX3). There are hardly any surveys dealing with relationships
between aphids on particular Campanulaceachidspare widely known as pests and
vectors of various plant pathogens. On the other hand, their importance in natural and semi
natural communities, as foodsources for predators and parasitoids and as producers of
honeydew is underestimated or ignor@s$IADACZ & HA G A2009).

The main aim of this work is to describe the aphids associated with the Campanulaceae
(bellflower family) in Poland. Largscale research on the aphid fauna of rare and
endangered plant assemblages of Poland has yielded new data on refestibesiveen
aphids and bellflowers. A better understanding of the relationships among organisms will
ensue from properly carried out nature management and biodiversity protection.
Understanding the relations between aphids, their-plasts and habitatssavell as the
relationships among organisms in various natural and-sataral habitats are some of the
crucial points.

MATERIAL AND METHODS

The research was carried out in 2€8BLO in xerothermic plant communities of the
class FestuceBrometea(78 plos), psammophilous grasslands of the alliaKeelerio
glaucaeCorynephoretum(4 plots) and calamine grasslands of the clafsletalia
calaminariae(2 plots).

A total of 84 plots were examined, located in 25 physgjeographical mesoregions
(KONDRACKI 202 ) (Fig. 1) : Chegm (1 plot); Dol
Grabowi ecki e (4), Gar b Tarnog:-rski (13),
Swintokrzyskie (5), Grznda Sokalska (3),
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Ni zi na $1 Ns khae §g(ms)k,i ePa@-)r,y PGag-ry Jaworznickie (9)
Rzeszowski e (2), Pog:-rze Szydgowski e (1), Poj e
Gagowskie (1), Przegom Bugu (6), Roztocze $rodk
Wyni osgoSi Gie§c zCzwissktaochbdbws k &y w3 , Wy Uyna Mi ec

Wy Uyna Ol kuska (1).
The voucher materials in the form of microscope slides have been tempdegsited
attheDepart ment of Environment al Prot.ecti on, Uni ver
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Fig. 1. Distribution of research sites in Polandi ampanulacearelated aphids not recorded; 2
Campanulacearelated aphids recorded.
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RESULTS

Despite the fact that at least single specimens of various Campanulaceae were present in
all 84 plots examined, aphids associated with this plant family were found in only 28 of the
plots (Fig. 1). 4 species of aphids were present on 6 species of Campanulacedentsst
(Campanula cervicarial., C. rapunculoidesL., C. rotundifolia L., C. sibirica L., C.
tracheliumL. andJasione motanal..). There were 42 aphid records.

Aphis (Aphis) psammophilaSzELEGIEWICZ , 1967

Aphids green to dark green, living on the subterranean partasibne montanand
Campanulaspp., always attended by ants. A hold@; monoecious, typically xerophilous
species, with a European distribution (Southern and Central Europe). In Poland, recorded
on the Baltic SWaelCo&stUpl ahd HEndkMwgopol ska Upl a
also known from the Masurian Lake DistrictVielkopolskeKujawska Lowland and
Mazovian Lowland QsIADACZ & HA G A2009). Apart from Poland this species is found in
Bulgaria, the Czech Republic, Denmark, France, Germany, the Netherlands, Slovakia,
Spain and the Balkan countrie$iETO NAFRIA et al.2010).

Localities (Fig. 2). Pr z e § o mMieBik-&apalnia Kredy (UTM:FD30), 08 VII
2010,Jasione montana.; Wy Uy na Cz i sPodieside (UWMGBA0), 16 VII 20009,
Jasione montana., Grochowiec Wielki (UTM:CA98), 23 VIl 2009 Jasione montana.;

WyOy na QRdbsetyrk(TMDAO7), 25 VI 2009 Jasione montana.

Uroleucon (Uromelan) campanulaecampanulag(KALTENBACH , 1843)

Aphids reddiskorown to black, shiny, living on the upper parts of stems and flowers of
Campanula spp. andJasione spp. Repded as a vector of viruses. A holocyclic,
monoecious, xerophilous species, with a Western Palaeatefipe distribution. Recorded
in Poland on the Baltic Sea Coast, in the Wielkopolskoj aws ka Lowd and, Krak -\
Wi elu® Upl and, Ma g o p o lowldnd, Wddterh SuteteMoui@aane d o mi e r
and Bieszczady Mountains. Before 1968 also recorded in the Pomeranian Lake District,
Masurian Lake District, Mazovian Lowland and Lublin Uplardsiabacz & HAGAJ
2009)According to AFauna EuandgndlapfderoNkFRIevn onl y fr om
al. 2010). ButHoLMAN (2009) states this species as also being present in Austria, Belgium,
the Czech Republic, Estonia, Germany, Denmark, Finland, France, Hungary, the Netherlands,
Norway, Romania, Slovakia, Slovenia, Swedékraine and the United Kingdom.
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Localities (Fig. 3) Gar b T ar PRlesgczotka KITM:CA97), 15 VII 2010,
Campanula rapunculoided..; Pieniny Bi a § a Wo d BVve7), \2F Mt 2010,
Campanula rotundifoliaL., Pi eni &Es ki P-@zorkztynN(B TTMoDY/ 57y 9 VI
2009,Campanula rapunculoidés.; Roztocze Wschodnid z i e wi nc i FAT6} 05 UT M:
VIl 2010, Jasione montana.; Wy Uy na Cz i sApteka (UTN €R9Q), 27 VII
2008,Campanula rotundifolid_., Biblioteka (UTM: CB90), 25 VII 2008, 27 VIl 2009, 18
VI 2009, 18 VI 2009, 16 VII 2009Campanula rotundifolid.., Podlesice (UTM:CB90),

02 VIII 2008, 16 VII 2009,Campanula rotundifoliaL . |, Rz dhkagnickie (UTM:
CB90), 16 VII 2009,Campanula rotundifoliaL.; Wy Uy na  ORaksatgn k(dTM:
DAOQ7), 25 VI 2009 Jasione montana.

Uroleucon (Uromelan) nigrocampanulag(THEOBALD , 1928)

Aphids dark brown, living on the underside of leaves and uppes pdrtstems of
Campanulaspp. This species may cause leaves to roll up in spring, and their subsequent
yellowing. A holocyclic, monoecious, mesohygrophilous species, with a Western
Palaearctic distribution (Europe, Asia to the East Siberia). In Polanddegtan the
WielkopolskeKujawska Lowland, LoweSi | esi a, UppeWi &Sli@&@sUpl, aka ak - w
Magopol ska Upl and, Westarn Sudetes awWesterri Reskidsa Betbre
1968 also reported from the Masurian Lake District and the ONovey Targ valley
(OsiADACZ & HA G A2009). Apart from Polandt is also known from Austria, Belarus,
Belgium, Bulgaria, the Czech Republic, Denmark, Estonia, Finland, Germany, Hungary,
Italy, Lithuania, Moldova, nortwest Russia, Romania, Slovakia, Spain, Sweden, Ukraine
and the United KingdonNIETO NAFRIA et al. 210).

Localities (Fig. 4). Gr z i d a :Soukdaal stkuar a wi EAB8SY, &5 VI 20104 :
Campanula sibiricaL . ; G- ry SwChiftoikmy YDEER)T M :VII 2009,
Campanula sibirical.., Miedzianka (UTM:DB53), 11 VII 2009,Campanula sibirical.;
Pog:r ze S:zSyodbgko-wns k DB&ST),ML1 VII 2009, Campanula sibirical.;

Wy ni os §oSi : BchawndUTH:WRBOE)a09 VIl 2010,Campanula sibirical.;

Wy Oy na Cz fisDoora (USMvBAO®), 01 VIII 2010, Campanula sibirical.,
SkaRzindkowi ¢ kGB80), (6UVIIN2009,Campanula tacheliumL . ; wy Uy na
Miechowska Dale (UTM: DA47), 08 VIII 2009, 11 VII 2010,Campanula sibiricalL.,

Kalina Lisiniec (UTM:DA47), 19 VII 2008, 11 VII 2010Campanula sibiricd.., K| on - w
(UTM: DAA47), 19 VII 2008,Campanula sibiricaL., Ko mo r - w AB7J, ML VII
2010,Campanula sibiricd..
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Fig. 3. Localities ofUroleucon campanulaeampanulaén Poland.
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Fig. 4. Localities ofUroleucon nigrocanpanulaen Poland.
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Fig. 5. Localities ofUroleucon rapunculoidign Poland.
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Uroleucon (Uromelan) rapunculoidis (BO R N E,RL939)

Aphids dark brown, shiny, living on the undersides of leaves, the upper parts of the
stems and floweref Campanulaspp. (mostlyC. rapunculoides They cause frequent
deformations of the leaves. Recorded as a vector of viruses. A holocyclic, monoecious,
xerophilous species with a Western Palaeasstiéppe distribution (Europ&puth-Western
and Central Asia). In Poland recorded only in ther a kWiwve | uE Upl and. Before 1
also known from the Masurian Lake Distri®@gIADACZ & HA G A2009). Data from the
WielkopolskeKujawska Lowland ACHREMOwICZ 1967, SZELEGIEWICZ 1968) are
dubious, and because of lack of voucher specimens, impossibleifyp (@$IADACZ &

HA GA 2011) Apart from Poland, known from Austria, the Czech Republic, Denmark,
France, Germany, ltaly, Lithuania, the Netherlands, Romania, Slovakia, Sweden, Ukraine,
Kazakhstan and the Middle EablqLMAN 2009,NIETO NAFRIA et al. 2010).

Localities (Fig. 5. Gar b Tarbhopigewis&kz a GA68)a0l {IUZOND;
Campanula rapunculoides., St r zy Uo wi €A68), (18 VIM2010, Campanula
rapunculoidesL . ; G-ry $ wMiadziankar (& Wk RB5%), 26 VII 2008,
Campanula rapunculoidek . ; Grznd®dolbo Wak FRW)TAE:VII 2010,
Campanula sibirica_.; Pieniny Pi eni &Es ki RzZawidsy (NTaVi.DVE7H Wil
2008, 22 VIl 2010Campanula rapunculoidels., WNw- z Ho mo ID¥67),(30 VIM:
2009, 24 VII 2010Campanula rapuncuidesL., 30 VI 2009,Campanula tracheliunt..;
wy Uy n a Mi :e Kalina Wisikier (UTM: DA47), 19 VII 2008, Campanula
rapunculoidesL., Ko mo r - w DA®FY, ML VII 2010,Campanula cervicarid.. [this
species is new host plant df rapunculoidis(OsIADACZ & HA G A2011)].

COMMENTS

As mentioned, regardless of the high diversity of plant species of Campanulaceae, they
are colonized by only a limited number of aphids. Worldwide, there are only a dozen or so
species or subspecies of monophagous or narrowlgpiigmgous aphids associated with the
bellflower family BLACKMAN & EASTOP 2006). This observation is very interesting, as in
the closely related plants of the family Asteracé&s@.TIs et al. 2005) (Fig. 6)in Poland
alone some 150 species of aphids hagenbreported from various genef@s(ADACZ &
WoJCIECHOWSKI2005). Besides species from the gen&phis and Uroleucon(not only
the subgenuflromelan but also the nominative subgenéreleuconMORDVILKO, 1914,
and LambersiusOLIVE, 1965), there are alsaphids from other genera.f@he family
Aphididae,5 genera of Aphidinand 14 genera of Macrosiphini feed on Asteraceae. In
comparison, of the family LachnidddERRICHSCHAEFFER in KocH, 1854, 3 genera of
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Tramini HERRICHSCHAEFFER 1854 were reported fronAsteraceae@SIADACZ & HAG A J

2010) . I n these cases we <can asevautioe?)efhe Amut ual
two phylogenetically relatively young groups: the Asteraceae family and aphids of the

families Aphididae and Lachnida€fyLok 1990, HEIE 1987) (Fig. 7). The mystery is

therefore why this process is not so common in the case of aphids and Campanulaceae.

Campanulaceae

E Stylidiaceae
@
Lo
T
ol
7]
< Asteraceae
Calyceraceae

Fig. 6. Phylogenetic tree of Asterales (accordingtaTis et al. 2005).

It can be assumed that this small numbieaphid species feeding on Campanulaceae is
not due to the biochemical nature of the plants (their milky sap is not toxic). It seems that the
answer is rather in the habitat relationships of the plants: the vast majority of Campanulaceae
grow in dry haliats. These are xerothermic grasslands and swards, psammophilous
grasslands, and some marginal habitats. Most such habitats are fragmentary, dispersed and
declining in the landscapes of Poland and other countries. Xerothermic ecosystems, though
common in suthern and eastern Poland, are regarded as endangered both in Poland and in
Europe: they are cover ed DyyRekTowAd9I92)anad an ABti recti ved 9
on Nature ProtectionUSTAWA 2009). The important fact seems to be that Campanulaceae
growinsuch habitats. Unli ke the Asteraceae, the dec
grow separately, and with exceptionJaisionemontanaand Campanula persicaseldom in
aggregations. Therefore, it could well be that it is not just the availabilityodf fesources
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that to a high degree limits the number of known aphid species associated with the
Campanulaceae (see results), but also their speciation processes, for which some evidence is
forthcoming BARBAGALLO & PATTI 1994).

——= OQviparosiphidae

Pemphigidae

Anoeciidae

Aphidoidea

Hormaphididae

Mindaridae

Thelaxidae

Drepanosiphidae

Phloeomyzidae

Greenideidae

Aphididae

Lachnidae

Fig. 7. Relationships among Aphidoidea families (accordingege 1987).
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