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^â,SSESSMENT OF TIIE GENETIC DTYERSITY OF THE PINEWOOD NEMATODE,

BITRSAPHELENCIIUS XYLOPHILUS, IN PORTUGAL

A.BSTTTACT

The pinewood nematode (PWI{), Bursaplulendrus xylophilus, has a wide dishibutíon in North

America, and is present thrcughout most of the territories of C-anada and the United States.

During the last century, this species has been transporM by man to several non-native regioru

of the world, associated with trade and the global flow of forest producb. Up to date, this

invasive species has been reported from Asia (PR China,Iapan, Korrea and Taiwan) and more

reently in Europe (Porhrgal). Due to the impact on native pine foresb of thee regions, this

nematode specie, the causal agent of pine wilt diseas€, is of great economic importance

worldwide. In Portugal, the distribution of the PWN has been constrained to a relatevily small

área (500 000 ha) in the south of Lisbon (Setúbal Peninsula); however, it has become the most

serious threat to pine foresb in the coun§. Until recently, no conseruus had emerged on the

possible pathway of the PWN introduction in Portugal. Several hypotheses have been put

forward to explain tlús introduction, such as an origin from endemic areas where the nematode

naturally occur§ (North America), or nonendemic areas where the nematode behaves as an

exotic pest @ast Asia). Random amplified polymorphic DNA (RAPD-PCR) and satellite DNA

(satDNA) techniques were used in order to assess the level of genetic variability and genetic

relationships, among several isolaües of the PWN repÍesentative of the mtire affected area in

Portugal. In the case of RAPD-PCR, 24 Portuguese isolates, plus two additional isolates of B.

xylophilus, representing North America and East Asia were included . B. mucrotutus was used as

an outgroup. Twenty+ight random primers generated a total of 640 DNA fragments. With

satDNA, 206 Mspl sequence repeab were obtained from 21 Portuguese isolates of B. xylophihts.

Both molecular methods revealed a high genetic similarity among the Portuguese isolates, and

the low level of genetic diversity strongly suggests that they were dispersed recmtly from a

single introduction, and from East Asia. fire lack of apparmt relationship between the genetic

variability and the geographic distribution of the PWN witlún the affected area suggests that

the recent introduction of this pest (and pathogen) in Porhrgal has been unifomrly dishibuted

since its establishment, probably following the naürral distribution and expansion of the insect

vector.



AVALTAÇÃo DA DTvERsTr»ADE GENÉTrcA Do uçnaÁronE DA MÂDEIRA Do

PINI{EIR O, BURSAPTTELENCITUS tryLOPH,J,US, EM PORTUGAL

RESUMO

O nemátode da madeira do pinheiro §MP), Bursaphelenchus xylophihts, tem uma exterua

distribuição na América do Norte, e encontra-se actualmenE distribúdo ao longo da maioria

dos territórios de Canadá e dos Eshdos Unidw. Durante o último século, esta espécie foi

transportada pelo Homem para oufas regioes do mundo (não-nativas), associadas com o

comércio e o fluxo global de produtos de origem florestal. Actualmente, esta es@ie irwasiva

está reportada para algumas regiões do SE asiático (China lapão, Coreia e Taiwan) e mais

recenüemenb para a Europa (Porhrgal). Devido ao impacb que este organismo agente da

doença da murchidão dos pinheiros causa nas florestas naüvas deshs regiões esta espécie

assume uma elevada importância económica a nÍvel mundial Em Portugal, a distribuição do

NMP encontra-se confinada a uma área restrita e limitada (500 000 ha), a sul de Lisboa

(penÍnsuta de Setúht); confudo, constitui uma das maiores ameaças às florestas de pinheiro do

país e da UE. Até recentemente, nenhum consenso existia quanto à origem do NMP em

Portugal. Diversas hipóteses têm sido colocadas pâra explicar esta introdução, nomeadamente a

partir de zonas onde o nemátode ocorre naturalmente (América do Norte), ou de outras áreas

(não-nativas) onde o nemátode se comporta como um espécie invasiva (Ieste da Ásia). A fim de

avaliar a variabilidade genética do NMP provenienüe da área afectada em Portugal, foram

utitizadas várias Écnicas moleculares, designadamenE o rmtdom mnplified pofiymorphic DNÁ

(RAPD-PCR) e o satellite DNÁ (satDNA). No caso do RAPD-PC& foram utilizados 24 isolados

do NMP provenienês de Portugal, 1 proveniente da América do Norte e 1 da Ásia, tendo sido

utilizado como outAroup um isolado de B. muuonatus. A partir dos 28 RAPD yrimus utilizados

obtiveram-se 640 fragmenbs. No caso do satDNA, foram u"Iizados 21 isolados do NMP

provenientes de Portugal obtendo-se no total 206 sequências da familia MspL Ambos os

métodos revelaram uma elevada similaridade genéüca entre os vários isolados do NMP da área

afectada em Portugal O nível reduzido de diversidade genética obtido enbe os isolados

poÉugueses do NMR pennite concluir que se trata de uma única inhodução desb organismo

em Portugal, e proveniente de uma região asiática. A inexistência de uma de correlação entre a

variabilidade genética e a distribuição geográfica do NMP dentro da área afectada em Portugal,

indica que o NMP se encontra distribúdo de forma uniforme ao longo de toda a área afectada

provavelmente relacionado com a distribuição e a expansão natural do insecto vector.

u



ACKNOVTILEDGEMENTS

First and foremost, I would like to thank my supervisor Manuel Mota for his incessant support

during all these years of work Over the last years, a very dose collaboration with him has hen

established including the countless fruitful discussions with respect to all kinds of professional,

and personal, problems. I deeply appreciate all the liberty and opportunities givm by Manuel

to develop my own ideas in the lab, and it is difficult to imagine how my work would have

developed without his mentoring and suppott

The research perfonned for this thesis was integrated in cooperation with several international

lah and researchers, namely Dr. Alexander Ryss (Russian Acadmty of Science, St Peterburg

Russia), Dr Wolfgang Burgermeister (BBA, Federal Biological Research Center for Agriculture

and Fores§, Braunschweig Germany) and Dr Philippe Cashgnone-Sereno (INRA, French

Naüonal Institub fior Agricultural Research, Sophia Antipolis, France). A special &ank for these

persons who kíndly provided me the accss to their lab, and gave me the opportunity to grow

"a litfle more" as a scientist and as a person.

The biological mabrial would not have been available without the direct collaboration with

José Manuel Rodrigues and his team (PROLUNP/ DGRF, National Foresty, Portugal), who

proüded the wood samples used in ttús study. I am thus gratefuI.

I would like to thank Fundação para a Ciência e a Tecnologia (FCT) for funding me with a

Master's scholarship (BOI"SA SFRII/BM /2H50/2W5) to conduct this study. Additional

fu.diog was provided by a European project Dwelopmaú of imprwed Pest Risk Analysis

tuclmiqum for qum*ntine pests, using pinnnood nernatoile, Bwsrphelntdrus xylophíhts, in Portugal re a

madel system @HRAME: QLI(rcf-2002&672); and by COST ü2: Nemageni*, Exploiting

genomics to understanil plmtt-nemataile infurailisns, for Laboratory costs and shys in Braunschweig

and Sophia Antipolis.

Some other pople have been instnrmenbl in helping this work and whose help is greatly

appreiated. Ím very grateful to Francisca Figo, Vera Valadas and Pedro Barbsa for all the lab

and personal support along these years. Ím also grabfuI b Elvira Woldt and Chantal

Cashgnone for all the lab support during my shy in Braunschweig and Sophia Antipolis,

respecüvely. A ttrank you to Catarina Penas and Kai Metge for sharing their experiencq and

for all the scienttfic discussions.

ur



To other pereons somewhat involved in the elaboraüon of this work, for suggestions and

productive criticism: ]on Eisenhch Solange Oliveira, Marta Ia,ran1o, Gonçalo Silva, Ana

Alexandre and Sandra Alcobia.

To Newton and Rodrigo who made my days in Braunschweig... easier!

To Béleru Koy, Lei, Lilia, Manuela, Titâ, Aviç Lionel and Pakhi... for ttrc UNFORGETTABLE

time in France!

.4,n enormous thank for those friends who hcame so important in my life... you know who you

are!

To my parents who have always been present...

And finally... I dedicate this thesis to my sister and my brothers (Betâ, Bie and Fitipe)...

lv



CONTENTS

AB§TRACT

RE§TTMO

AC(NOWLEDGEMENTS

CIIAPTER N GENERAT INTRODUCTION

INTRODUCTION

TJTERATURE REVIEW

PWN biolory, distribuüon md dismse dissemination
PWN taxonomy: morphological approaches
PWN taxonomy: molecular approaches

BÂSr5 AND OBIEqTTffi OF THIS TI{ESIS

CHAPTM.I[ TACK OF GENMICVARIATION OF BIIRSAPIIELENCHU§ ){YLOPHTLUS IN

PORTUGAL REVEÂLED BY RAPD.PCR

AB§TRACT

INTRODUCTION

MATERIAIS AND METT{OD6

RESULTS

DISfl]SSION

LTTERATURE CITED

TABLES

FIGURES

13

t4

15

17

19

tt
24

29

32

I

1l

l1l

I

2

4
4
I
10

1'1.

C}IAPTER IIT MSPI SATEIIITE DNA VARIABILITY AMONG PORTUGI,TESE ISOLATES OF

THE PINE3IIOOD NEMATODE, BURSAPIJr,LENCHUS XYLOPHILUS 35

ABSTRACT %

INIRODUCTION 37

MATERIATS AND METHODS 38

RESULTS / DTSCUSSION 4m

LITERATT'RECIIED 43

TABLES 46

Frc,RES 4tE



CIIAPTER II/: GENERAL CONCTUSIONS

GENEIIC DTYERSITY OF P}Â/ÀI IN PORTUGAL

DISPET§AL OF THE PWN IN THE AIIEECIED AREA

LITERAruRE CTTED

APPENDDC A SYNOPSIS OF TIIE GENUS BUR§ÁPTIEIENCTíUS FUCHS,1937 (APTIELENCITTDA:

PARASITAPHETENCHTDAE) WITH KEyS TO SPECTES 63

51

52

53

55



CHAPTER I

GENERAL INTRODUCTION



CHAPTER I

INTRODUCTION

For millions of years the distribution of the world's biota has kn constrained by

natural barriers. However, with increasing globali-ation and the breaking down of

geographical boundaries, new biological invasions by non-indigenous species have become a

global environmental issue, ofun causing severe outbreaks with economic and eological

disrupüon in various ecosystems (Liebhold et a1.,19)5; Sakai et a1.,2m1).

hr foret ecosystems the pinewood nematode (PWN), Burmplulencfurc xylophiltts (Steiner

and Butuer, 193 ) Nickle, 1970, is considered one of the most important pests and pathogens in

the world. The general fear of establishment of the PWN the causal agent of the pine wilt

disease (PITVD), into countries where conifer forests assume great imporhnce, stems from the

devastating damage caused by this nematode to pine forests (Mamiya 2ff.J4; Shin and Haru

2006). The introduction of the PWN into non-native areas (outside of North America) is

primarily associated with trade and the global flow of forestproducb @ergdahl, 199D; Webster,

2004). UnmanufactuÍed wood, especíally in raw log form, has been identtfied as one of the most

high-risk pathways of movement of forest ins€cb and pathogens into new environmenb,

between continents (Evans et d, 1996; Tk<acz, 20ü2). Many of the Bwsrpheleruchus specie+

including the PWN have been routinely intercepted in packaging and wood producb in

several countries, e.g. Austria (Tomiczek et til., 2003» China (Gu et ilL., M), Finland

ffomminenr l%7) and Germany (Braasch eü al., 2A011. Furthermore, the recent detections of the

PWN in packaglng wood imported from countries considered free of ttris pest, due to the

repeated use and circulation of this type of wood material, e.g. Brazil, Belgium, Italy and Spain

(Gu eú al., 2ffi6), undoubkdly stresses the importance of hade globalization for the potential

enhy/establishment of this pathogen into endemic fioresb worldwide.

The damage by this invasive species is clearly demonstrated by the devastation caused

in non-native regions where ttre disease hame eshblisled, E.g. ]apan and China (Yarrg, ZAM;

Shímazu, 2006). The introduction of this nematode into non-native areas has resulted in huge

annual losses due to the effects on increased mortality and growth loss of the pine forest (26

n



GENERAL INTRODUCTION

million ms of timhr lost since 1945 in ]apan), and W the increased cosb in management

procedures and disease conEol (Mamiya, 20M, Shimazu, 2006). In additioru the introducüon of

this pest has resulted tn vast and irreversible changes to the naüve forest ecosysterrs including

tree species conversions, wildlife habitat destructioru soil and water conservation and loss of

biodiversrty (Kiyohara and Bolla 1910; Suzukl 2002').

The PWN is alrcady established for more then 100 years in |apan (Yano, 1913), and in

the past two decades the ne\'v reporb of pine wilt disease came mainly from East Asia (Cheng eú

al., 19Í13; Yi et al., 19í39\. However, tn 7W the PWN was reported for the firet time in Portugal

and in Europe (Mota et al.,198Dt,. Following this finding, there has been considerable acüvity in

hth delineating the extent of the infesüed anea and preventing the spread to the remainder of

the counfiy and the European Union (EU) (direcüve 2001/218/Eq. The potential threat of the

PI4II$ to coniferous foresB is real and the most effecüve \^ray of reducing this threat is to k

more restrictive b the importaüon of wood products, and b carry a rigorous inspection sysEm

for wood maErial (Evans et al., 194i6; Gt et al., 2006). Therefore, specific measures have been

applied in Portugat in order to control and eradicab the PWN and its insect vector, and in each

EU memhr coun§, national surveys were performed to determine whether the nematode is

present in other territories beside Portugal (directive 2001,/2L8/EQ.

The current situation in Portugal assumes great importance not only because of the

economic implications, but also through the deshuction of the pine forest in the area where the

PWN kame established (Setúbal PenÍnsula). On the other hand, pine foresb occupy a huge

area of the continental territory O.?5 x 106 ha) representing one of the greatest natural resources

of the country, namely in the forrr of timhr (Pirus pinflster Ai[), wood producb and pine nub

(P. ?inea L). Consequentlp strict rrequirements have been imposed on all wood movemenb

from the affected area to other regions in Porhrgal, as well as to other EU member states. These

measuÍes have had serious implications for the timber industry within tlre affecH area,

creating a significant impact on the national economy and markets of wood industries (Mota &

Vieíra 2004).

The occurrence of pine wilt disease in Porhrgal is presently limited to a relaüvely small

area (ca. 500 000 ha). Neverttreless, the potential danger of spread of this disease assumes a high

3



CHAPTER I

phytosanitary risk because of the wide distríbuüon of both the inmt vector (Monodtamus

galloyrooincinlis Oliv.) and the }urown susceptible host (P. ytnastn) in Portugal (Rodrigues, 2006\.

Until recently, no consensus has emerged on the possible pathway of the PWN

introduction in Portr.rgal This is partly due üo a scaÍrenss of studies using different sources of

isolaEs from the affected area in the country. Several hypotheses have been put forward to

explain this introductiorL such as from endemic areas where the nematode naturally occurs

(North America), or non-endemic areas where the nematode behaves as an exoüc pest (Asia)

(Iwahori et al., 2004; Mota et a1,,2004). These hypotheses were recenily test«l, suggesting a

possible double introduction of the PWN in Portugal (Metge and Burgenneister, 20A61, both

from East Asian countries. Although this study incorporates a large number of different isolates

from different rcgions of tlre world, concerning Porhrgal it is reskicted b the use of three

isolaEs only, and representative of a small area of the fuIl affected area. Therefore, the study of

the genetic diversity of the PWN within the affected area in Portugal may provide additional

clues for the pathway analysis of this pmt in our countr5r, and relevant informaüon for ongoing

studies on the bioecology of the nematode and the disease process.

LITETTATURE REVIE}V

PWN BIOLOGY, DISTRIBI.TTION AND DISEASE DISSEMINATION

PWN is considered a native species from North America, where it is distributed

throughout C-anada and USA (Robbiru, 1982; Bowers et al,, 1992; Sutherland and Peterson,

19E9), and also with a single report from Mexico (Dwinell, l99}).In these regions, the PWN has

been associated r4'ith several conifer species: blue spruce and white spmce (Picea spp.), atlas

cedar and deodara cedar (Crdras spp.» eastern larch and european larch (l-arix spp.) balsam fir

(lúies spp.) and douglas fir (Pxuilotsuga spp.» however, it is mainly found in pine spcies

(Pirus spp.) (Robins, 19í32; Bowers et al., I:WZ).

4



GENERAL INTRODUCTION

B. xylophilus has both phytophagous (transmission loy fueding) and mycophagous

(hansmission by oviposition) phases of development (FiguÍe I). The nematode is carried by

ÀÁonaclwmrr betles that feed on twigs in the crowns of healthy trees. Later the fmrale ktles

lay theír eggs in damaged or dying trees as well as in freshly cut stems with bark Fourth stage

juveniles ("dauey'' larvae) of B. xylophilw are carried under the elytra (wing cases) and in the

tracheae (breathing tuhs) of the beetles and migrate into the tree through the wounds caused

Ioy feeding or oviposiüon beetles.

FIGURE I: Schematic represmtation of the inter-relationships between the pinewood nematode,

Burrylulenclarc rylaphihts, and its vectors in the genus Monochnruts (adapted from Fielding and Evans,

Lee6).

Transmission during maturaüon fuding is the initiation of the phytophagous phase of

the nematode which has the greatest ímporüance for the potential development of pine wilt

disease. In a suitable tree species and under favorable climatic conditions, the nematodes

mulüply quickly ín susceptible trees, feed on plant tissues and move from the cambium into the

xylEm. Their generaüon time is 6 days at 20"C and 3 days at 30"C. The nematodes contribute to

plant death by blocking water conductance through the rylem. The damaged trees kcome

available for oviposition by Monodtatru$ spp. fiemales when nematodes enbr the tree through
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the oviposition slib in the bark In dead trees, the nerratodes feed on fu.gf, in particular on

blue stain fungt. Monochamtnlarvae develop initially in the cambium and then burow into the

wood, where the nematodes congregate in the vicinity of the pupal chambers fomed by the

mature befle larvae. When the new beetle emerge§, the nematodes migrate into the tracheae

and to the area beneath the elytra of the ketles. The preence of suitable fungi in the trees

encourages nematode reproduction and survival and, consequentlp increases the numhr of

nematodes carried by the emerging heetles (Mamiya 1984; Linit, 19§; Kishr, 1995; Fielding and

Evans, 1W6).

The introduction and spread of this species into new areas has also been aided by the

high phenotypic plasticity of the nematode, including excellent adaptaüon for rcsistance in the

host tree (i.e. long periods of starvation) and dispersion (ectophoretic insect associaüon)

(Mamiya, 1984). In the native host species of North America, the nematode does not cause

disêase, since boft plant and nemabde have co+volved for a very long time and thus the ilees

have become resistant/tolerant to ib pres€nce (Kiyohara and Bolla, 1W'), except in some exotic

Pinus spp. plantations (Evans et aI., 1996). On the other hand, this scenario changes drastically

when this organism reaches non-natíve habitaB.

It is assumed that the pre ence of the PWN in ]apan is the result of an accidental

inhoduction by means of contaminated wood producb from the USA (California) to the

southern Japanese island of Kyushu, in the beginning of the 20ú century (Yano, 1913r. However,

only lr.197't was the PWN assmiated with the high morhlity of pine tres and identtfied as the

causal agent of PWD mainly of |apanese black pine (P. thunbugri Part.) and ]apanese red pine

(P. densiflara Sieb. and Zucc.) (Kiyohara and Tokushige 1971).In spite of the numeÍous efforts

to control the nematode and the insmt vector (M. alttrnatus Hope), the disease spread

throughout the entire counüy, with the exception of the most Northern prefectures of Aomori

and Hokkaido, occupyrng nowadays 28oÁ of the üotal pine fonest al,ea (Mamiya, 20M; Shimazu,

2006).

During the eighües, the PWN was reported in other East Asia countries as well, In 1983

it was found for the first time in mainland China, associated with dead and dying ]apanese

black pine, in Nanjing (]iangsu Province) (Cheng et a1.,1983). The situation in China assumes

6
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great importance either by the continuous spreading of the disease (up to date more then 20

million pine hees destroyed) among different regioru of tlre country Siangsu Province, Anhui

Province, Guangdong Province, Zhqarrg Province, Shandong Province and Hubei Province)

mainly due to human factors, and secondly by the potential threat to other âreas where all the

conditions that determine the eshblishment of the disease are present, and which are still free

of the PWN (Yang, 2004).

In Taiwan the first report of the PWN occurred in 1!)8t identified from a luchu pine (P.

luchuensis Mryr.) stand displaying 50% mortality, in the Taipei prefecture (fiean and Iaru

1.985a). It has also been reported from ]apanese black pine in Taoyeun prefecture (tiean and Iaru

1e85b).

IÍr 1,989, the PWN was detecd in South Korea, in Pusan (the largat harbor city lomted

in the extreme southern part of the counüy), associaM wift the ]apanese black pine and

lapanese red pine ÇYi et al., 19Í39r. Although the area of distribution of the disease was

controlled until 7W7, and limited in nelatively small ar€Írs in the southern part of the country

(Ia et al.,L9EF'), in the last years a continuous spnead of the disease has kn observed, and more

reently it has been rcporH simulhneously from new dirffierent areas (Mokpo, Sinaru

Yeongam, Daegu, Gumi, Andong, Gyeongbuk, Gangneung and Donghae), constihrting today

the major forest pst in the country (Shin and Haru 2006).

Ir-1l9EP., the PWN was Íeported for the first time in PorhrgaL and in Europe associated

rlrith maritime pine (P. ptruastw) (Mota et al.,198P-), and with a single species as the insect vector

(IvL gattoyrmincialis) (Sousa et a1.,2001). After the initial detsctioo a naüonal survey was carried

out along tt e pioe forests, and a quarantine area was eshblished where the nematode occuned,

in the Peninsula of Setúbal (ca. 30 km SE of Lisbon). The I{rVN affected area covers 510,000 ha,

suround"d by a buffer zone of 500000 ha more, for safety Íeasons. Although the initial affecbd

area persists as almost identicat from lW, in the last survey/eradication campaign the number

of declining trees in the demarcated anea increased significantly within the affected z-one,

followed by an expansion of the delimited area, particulaú to the south of the country (Sines,

corresponding to the south point). As a result of this trTend, nelrr prevention measuÍes were

established by the EU, i.e., the implennentation of a 3 trur phytosanitary strip surounding the

7
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eÍrtire quaÍantine area, where aII the pine trees are to he cut and rerroved unül the end oÍ2007

(Rodrigues, 2006).

PINEWOOD NEMATODE TAXONOMY: MORPHOLOGICAL APPROACHES

The genus Barsuplulenchus was established by Fuchs (L%n and includes nematodes

that are assocíated with insecb and dead or dying trees, mainly conifers, and which have an

ectophoretic stage. Most specis are fungal fuders and are either transmitted to dead or dying

trees during oüposition by insect vectors, or to healthy trees during mafuration feeding of their

insect vectors (Hunt, l9Ptg). The genus is mainly distributed in the northern hemisphere,

however a few numhr of species have been reported oubide of this geographical range (South

Africa), associabd with plantations of pine species (for a detailed information see Ryss et al.,

2045, in the Appendix of this thesis).

The current concern on the introduction of the PWN into new areas has incneased the

interest and the knowledge of this genus and the number of speies recorded worldwide. Up to

date, the genus comprise 85 described species, 10 of which where descriM in the last two

years, mainly from East Asia (Vieira et a1.,2006). In Portugal, until the report of the PWN in

\W, no knowledge of this gerurs was availiable. At the momenL L0 species have been reported

for the coun§, associated wíth maritime pine hee§ (Penas et al., 2004), including the

description of a new species to science, B. antoniaePenas, Metgg Mota and Valadas, 2006 (Penas

et a1.,2006).

The economic imporüarae posed by tte PWN clearly reinforced the rteed for an accurate

diagnosis of the species, where morphological studies remain the standard method for routine

identification. Different criteria may be used to divide the large numhr of nominal species of

the genus Bursaphelenchus, into smaller and more convmient species groupings. Tarjan and

Baéza-Aragon (1!182) were tte first to attempt the assembly of morphologtcal identification keys

for this genu§, providing a detailed cl,assification of the spicule characters and other usefut

morphological diagnostic data. Braasú (2001» and for the species associated Ttrith conifer hees

in Europe (28 at that time), proposed tlre establishment of the species groups based on ttrc

I
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number of labral lines (nine dtfftrent groups), followed by the distribution of the male papillaq

spicule shape, pÍ€sence and size of the female vulval flap and the shape of fumale tail

Yeü an integrated morphological idmtÍficaüon systmr to all the species of the genus

has been lacking. Furthermore, the fact that more then 70% af these species occur in pine trees

makes the identitfication ev€Ír more uncertain. Therefore, Ryss et al. ellahrated a synopsis of the

genus in order to provide an identification system to all the nominal species, where the spicule

structure is the main diagnostic character to separab the speciet into groups (cf. Appendix of

this thesis). The six species gÍoups (aWrn*gÍoup, boreali*groap, eidmannigroap, htmti-grotp,

pinip«dae-goup and xylophilu*group) are merely recognized as identification unib in order to

facilitate species identification. However, some of these groups could be considered as natural,

i.e. phylogenetically related (e.g. the xybphihts-group) (Ryss et a1.,2005).

Despite the clear separation of the memhre of the xylophih,*group (8. baujmdi Walia,

Negr, Baiai and Kalia ,2üJi3; B. conicauilafin Kanrzaki, Tsuda and Fuhi, 2fi)0; B. doui Braasctr, Gu

BurgernreisEr and Zhang ZO04; B. fraudulstttus Rtrüm, 1956; B. kolymmsis Korentchenko, L980;

B. luxwiosse Kanzaki and Futai, 2003; B. mucyonatus Mamrya and Enda, 1979; B. singapormsis

Gu, Zhangn Braasch and Burgermeister 2005; B. xylophihts)fuom other groups based solely on

the male spicule shape, the variabiLity and overliapping in range of several other taxonomic

characters within some species of this group is such that their accurab identification is difficult

One of the major characters used for distinguishing the PWN from all other members is

the shape of the Íemale tail, [e. rounded, and lacking a distimt mucror However, specimens of

B. xylophíhts from Norttr America show a wide variation in female Ail shape showing

variatíons fiom rounded to a mucronated forst, similar to the female tail of B. mucronatus

(Wingfiel d, et a1.,1983). In addition to the morphological similarities Hnreen B. rylophílus and B.

mutronatus, these two species aÍe capable ai genetic exchange, either ditectly or via

inErmediab forms (Guiran and Bruguier, 1989), which deaú compromise the identification at

the species level using morphologcal data only. Furthemrore, the presence of male or iuvenile

stages alone deerred to be an unreliatrle method in the identification at the species level within

the xylryhih*group, as well as for the differentiation of geographic isolates.
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PINEWOOD NEMATODE TAXONOMY: MOLECULAR APPROACHES

Due to the limitations and constrains of morphological observaüons between

Burmpheleruchtrs species, alternative molecular tools have become a valuable instrument for

species and subspecific separation" Initially there molecular tools were mainly developed for

the differentiation of some species of the xylophihts-group, such as B. xylophihts and B.

mutonafi,rs, in order to achieve a htter understanding of the relationsHpr, and the clear

identificaüon of the B. xylophílus isolaEs.

The first methods used for the Bursaplwlenúus species identification and isolates

separation were based on protein profiles (Hotchkin and Gibl& 1984) and enzyme

eletrophoresis (Guiran et al., 1985). Flowever, the value of these methods was limited by

differenüal gme expression during the life cycle of the nematode or by the response to external

environmental influences (Harmey and Flarmey, 1W3} Immunological approaches have also

been used for species-specific identification, using polyclonal antibodies that could differenüate

specific antigens of certain B. xylophilus isolates (Lawler and Harmey, 1W3), as well as

monmlonal phage anübodies (Fonsec a et a1.,2006).

Witft the expansion of DNA-based methodologies, new alternatives, independent of the

development stage and phenotypic variation due to external influences (EIarmey and Harmey,

7B3), have kn able b debct genetic variation that can be exploibd or adapüed for taxonomic

and diagnostic purposes. Bolla and co-workers (1983) diffrrentiated B. xylophílus pathotypes

using restriction enzyme analyses and hybridization with total genomic DNA. Others have

used cloned DNA hybridization probes from C, elegans (Abad et al., L991), or Bursnphelenchus,

based on ribosomal prohs (Webster et al., 1W0), DNA probes (Abad et al., 1991; Tàres et al.,

1W2) and sate[ite DNA (tàres et al., 1994r, for a more reliable characterizaüon of the species,

and for the differenüaüon of specific and intraspecific groups.

The development of the polym.erase chain reaction (PCR) (Mutlis et a1.,1Í86) promoted

the improvement of some of the previous methods, âÍrd the establishment of new methods

where only small amounb of DNA are rquired. The amplification of specific genomic regions

is a highly effective methodology to detect inter- and inha-specific variations among tsxfl-

10
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Spaies+pecific DNA fragmenb have been amplified using primers derived from a cloned

repetitive DNA quence (llarnrey and [Iarmey, 1993'). ITSRFLP has been u§€d mainly for

Bwsaphelenchus species identificaüon @urgermeisüer et a7., 2005), while other mettrods have

ben carried out for the specific-species detectÍon of B. xylophih,s, namely PCR-based

diagnosücs with species+pecific primers (Iftng et a1.,2004, Matsunaga and Togaslú, 2004; Li et

al.,2004i Leal et al.,2N5l, real-time I{R assay (Cao et a1.,2005» and PCR amplification using

satellite DNA-based primers (Castagnone eÍ a1.,2005).

Concerning the assessment of the relationships among isolates $rith different

geographical origins the following molecular methods have been applied: sequemcing of heat

shock proEin genes, hsp70 (Beckenbach et al,, 1W2), sequence of rDNA ITS regions (Iwahori eÍ

al.,tffi[; Beckenbachet al.,t#r; I(anzaki and Fuhi, ?:0A?; Megte et a1.,2006), sequmce of D2 and

D3 of the 28S gene (Metge et a1.,2006). The random amplified polymorphic DNA technique

([UPD) has also ben used for the study of intra-speific variation of PWN isolaEs from China

(Zherrg et al., 1W8; Ztang et al,, 19W1, ]apan (Kusano et al., 1W9r, and a mixture of different

geographical isolabs (Braasch et a1.,19)5;hdani et a1.,19)5; Wang et a1.,2001';Zhanget a1.,2A02).

Reently, a more integrated study has been conducted using several isolates each from the

rrative regtons (Canada and USA) and non-indigenous areas (China, lapan, Korea and Portugal)

(Metge and Burgerrreister, 2006).

BASIS AND OBIECTTVES OF THIS THESIS

Populations of an inhoduced invasive organism aÍe expected to be genetically more

diverse if they are derived from muttiple introductions from different origins, as comparcd to

the situation following a single introduction An evaluaüon of molecular genetic variation of

invasive populaüons may also allow identification of the souÍce population or populations.

These phylogeogFaphic patterns might h vierred as DNA fingerprinting at the level of

populaüons or localities (Sakaí et a1.,2001). The limited sttrdie on tlre number of isolates used

from the affected area in Portugal do not clearly elucidate the number of possible introductions

11.
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of ftis pest in our country, as well as the genetic divereity of the PWN established within the

affected area.

The natural dispersion of the PWN ís always dependent on ib vector beetle (in the

Porhrguese case, M. gallagooinciflW, which can carry hundreds to thousands of nematodes

(Linit, 1988). Vector ftight is influenced by many factors, e.g. prevailing winds and landscape

structure including forest coverage, availability oÍ found Íesources (pine trees) (Linit, 1988;

Takasu et al., 2000). However, the spreadi.g of the nemaüode could also happen via human

activities, in some cases caused by ú,* transport of inÍested wood or products üo new areas

inside the country, In fact, this may be the singte most important factor involved in the spread

of the PWN. Thenefore, careful pathway analyses based on genetic markers could k useful to

hace the possible way(s) of the disease spread, and b prevent further unintenüonal hansport of

the pest to nematode-free areas.

The inciderrce of pine wilt disease is closely related to environmental conditions.

Different biotic and abiotic stress factors influence trree infectiory however, variation in host

specificity and pathogenicity have been reporüed for differrent PWN isolates, from both native

and non-naüve regions (Kiyhoara and Bolla, 1990). The r«ognition of genetic differences

among different isolates could be useful for the selection of diffenerú isolates (groups) to be

implemented on pathogeneüc tesb.

Hence, based on the abve features tte present thesis was developed with the following

objectives:

' To characterize the genetic diversity of the PWN in the affected area in

Portugal, and to establish the relationship among the different isolates.

' To investigah whether pine wilt disease in Portugal originahd from a single

introctuction or repeated introductions of the PWN^

' To investigate possible traces of spreading of the PWN among the affected area

in Portugal.
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ABSTRACT

Random Amplified Polymorphic DNA (RAPD-PCR) technique was used to assess the level of

genetic variability and genetic relatioruhips among 24 Portuguese isolates of pinewood

nematode, Bursaphelenchus xylophihs. The isolates reprsent the main infesM areas of Portugal.

Two additional isolates of B. xylqhilus representing North America and East Asia ürere

included, and B. mucronat ís \^ras used as out-group, Twenty-eight random prime$ generated a

totâl of ú40 DNA fragmenb. The Nei and Li similarity index revealed a high genetic similarity

among the Portuguese isolates (above 90%). Hierarrhical cluster analysis was perfomred to

illushate the relatedness among the isolates. No indication for separate groups among the

Portuguese isolates was obtained, and the low level of genetic diversity strongly suggesb that

they were dispersed recently from a single introduction. The lack of apparent relationship

betrnreen the genetic and the geographic matrices of the Portuguese isolates limib the use of this

technique for following recent pathways of dishibution Genetic distance of the Portuguese

isolates towards an isolate from China was much lower as compared to an isolate from the

USA. This confirmed previous results suggesting an East Asian origin of the Portuguese B.

rylophiht^s.

I{ey words: pinewood nematode, DNA fingerprinting RAPD similarity.
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INTRODUCTION

Bwsaplulutchgs xytophítus (Sbiner and Buhrer, 1934) Nickle, 1970, the pinewood

nemabde (pWI{), is the causal agent of pine wilt disease (PWD) and one of the most important

pe15 and pathogens of conifer foresb worldwide (Evans et aL 1996). Although considered a

naüve species to Norttr America (Rutherford et ú, 1990), in the past century it has been

inEoduced and spread into non-native areas, first lapan (Yano, 1913; Kiyohara and Tokushige

1971), then China (Cheng et al., 1%3), Taiwan (fzean and Iaru 19S5) and Korea (Yi et a1.,79{19),

and more recently into the European continent in Portugal (Mota et al,, tD'r- The impact of this

invasion inb non-naüve areas is to damage endemic natural tresources, mainly in pine forests,

not only by the huge economic loss of wood, but also due to the social importance of pine

forsts in some countries such as ]apan (Mamiya, 2AA4; Yang 2OO4t Rodrigues, 2006).

The introduction and spread of this spies into ne\tr atreas depend on apPropriate

environmental cond.itions (mean summer temprature above zfq, the pÍe§ence of a

suitabtelsusceptible host hee (mainty Pinus spp.) and the priesence of a proper insect vecbr

(usually a Monocltsnrus sp.) (Mamiya l9[{r;Liniü 1S8; Kishí 19815; Evaru et al, 1996} Although

the expression and expansion of pine wilt disease depend on a range of biological and physical

factors, PWN disptays a wide range of pathogenicrty (Kiyohara and Bolla, 1'9o; Suttrerhrd et

al.,lgg11) and is associated $rittr various host species across a wide geographical distribution (for

detailed information see Ryss et al, 2005).

In Porhrgat, PWN,is associated wittt maritime pine (Pirus pinastn Aiü) (Mota et al., LW;

penas et al., 2004) and with a longhorn cerâmbycid hette (Monochantus galloprooincialis Oliv.) as

the insect vector (Sousa et aL, 2001). The geographic distribution of PWN is confined to an area

20 km south of Lisbon @eninsula de SEtúbal), occupyrng 510000 ha of the continmhl area. A

buffer zone of approximately 500,000 ha free of PWN was established for safety reasons

(Rodrigues, 2006). Due to the phytosanitary measures implemented W the Portuguese

governmmt following the European Union directives W/93 updated as 2N0/29/EC), ttte

nematode has been confined to this part of the country since its deEctionin1:@ @enas et al,
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2004; Rodrigues, 2ffi0'), however, each year thousands of hees displaying symptoms of PWD

have been cut and removed (Rodrigues, 2006).

Several molecuLar biological techniques have kn used for the study of genetic

variability among different geographical isolates of B. rylophitw. Initially, the genetic

differentiation of some populations was achieved by tlrc use of restriction analyses and

hybridizaüon with total genomic DNA (Bolta et al., lqlS» or by applyrng DNA probes (Webster

et al., 19)0; Abad et al., 19)1; Tàres et aL, 1W3). Other studies using the heat shock protein

Hsp70 gene (hckenbach et aI., 1W2), [{R-RFLP and rDNA ryuencing (Iwahori et al., 1fi8;

Beckenbach et aL,1999) demonstraEd some genetic differences among different isolates.

The RAPD-PCR technique has also been used for the study of inha-spific variation of

PWN isolates from China (Zheng et aL, 1r9ffi; Zhang et aL, lB),Japan (Kusano et al., 199g) ancl

a mixture of different geographical isolates (Braasch et al., 19)5; hdani et aL, 1995a, l99SW

Watg et aI., 20A1'; Zhang et aI., 20A4. Recently, a more inhgrabd study has been conducted

using several isolates each from the native regions (Canada and USA) and non-indigenous

areas (China, Iapan, Korea and Portugal) (Metge and Burgermeisbr, 2006).

The introduction of a spies into a new area can be used as a nafural cause study, where

the species must be able to cope with a range of new mvironmental pressures (Sakai et al.,

2001). The genetic diversity among the Portuguese isolates of B. xytophítus is not known since

avail,able information is restricted to only three isolates from adjacent blocks of the affected area

(Metge and Burgerrreister, 2006). Two groups have observed significant degrrees of

differentiation among dirÍfermt isolates from countries where PWN has become established

(Zheng et al., 1998; Metge and Burgermeister, 2006).

In this stud!, we have applied the RAPDrcR hchnique to determine genetic distances

among isolates of PWN from 24 lmations within the affected area in Portugal Cluster analysis

of genetic relationships was used to examine whether the Portrrguese B. xylophflus originated

from a single introduction or multiple introducüons, and an attempt was made to hace the

spreading of B. xylophihts from its point of inhoduction throughout the affuted area in

Portugal.
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MATERIALSAND METHODS

Nunatade igolntes: In 2005, during the annual sunrey for PWN carried out by PROLUNP

(http://www.dgrf.min-agriculhra.pt/prolunp), a total of 250 pine wood samples wene

collected from P. pinaster (maritime pine) trees disptaying symptoms of PWD from the 28 blocks

that compose the affected area in Porhrgal. Ttre division of the affected area into blocks follows

the experimenhl design estahlished b». PROLUNP for the practical purpose of sunrey and

eradication of PI{IN (Fig. 1). Wood samples,40 to 80 g eactç wene collected from pine trees at 1.5

m from the baee of the trunk using a l.2-cmdiam. low-speed drill and stored in small plastic

bags. Nematodes were extracted using Baermann funnel technique and processed within 48 hÍ.

úilturing isolah: From each positive sample (presence üÍ B. xylophil,t*), the

nematodes \^/ere collecH and culttred on Botrytis cirwea Pars., grown on potato dextrose agar

(PDA) and incubated at 25oC Íor 2 wk After successfuI rearing, 24 isolates were selected,

representing 24 different blocks (the four remaining blocks râre.re excluded parfly due to

unsuccessful rearing of some cultures and the limited number of sample slots in the

electrophoresis apparatus). From each isolate, L00 to 200 nematodes (without separation

according to sex or developmental stage) were colleted and washed several times in distilled

water, transferred to a L.5-ml Eppendorf ttrbe with distilled water and stored at €8C r.mtil use,

All isolates have been confirmed as B. xylophíJus by IT$RFLP (data not shown). The additional

isolaües used were: one B. xylophih,rs from Naniing, China (BBA code: Ne12/02) isolabd from P.

thunbugii Parl. and kept in fuogus culture since 2002, one B. rylophih,rs from Missouri, USA

(BBA code: N5/00) from an unl,orown source and kept i. fuogus culture since 2000 and one B.

musonafis from Brandenburg Gerrtany (BBA code DE4w) isolated from P. sylaestris L. and

kept in fungus culture since L996, as an outgroup.

DNÁ extractisru DNA extraction was performed using the QIAmp DNA Micro Kit

(Qrageru Gerrrany). The nerratodes were placed in l.FmI microcmtrifnge hrbes and peleted

by cenhifugation at 9,0009 for 2 miru and the supernatant discarded. To the pellet, 30 pl of ATL

buffer was added, and the nematodes were homogenized using Eppendorf micropestles

(Eppendoú Hamburg, Gerrrany). The homogenate was mixed with an additional 150 pl of the

17



CHAPTER II

ATL buffer and furtlrer processed according to the manufacturerls instructions. DNA

concmtrations ürere measured fluorimehically using the fluorescent dye Hoechst 33258 and a

DyNa Quant 200 fluorimeter (Pharmacia Biotectu Germany).

RÁPD-PCR procedure; For this study, 30 oligonucleotide decamer primers (MWG,

Gemtany) were used (fabte 1). These primers were selecbd hcause they gave suitable resulb

for the comparison of B. xylophilus isolates in previous studies (Braasch et al., 19Fi5; Metge and

Burgermeister, 2006; Gonçalo Silva, unpub. dah). AU RAPD reactioÍrs were performed as

descriH by fthmiE et al. (1998» urith slight modifications. Each rcR reaction (25 pl)

contained Stoffel buffer (10 mM Tris, pH 8.3, 10 mM KCI), 4 mM MBCI, 0.2 mM of each dNTP,

0.4 pM of primer, 5 unib of AmpliTaq DNA Polymerase Stoffel fragment (Applied Biosystems,

Germany) and 4 ng of DNA template. Amplificaüon was performed in a Perkin Elnner 9600

thermocycler (Applied Biosystems). The I€R was starM b), a, initial denaturation step at 94qC

for 2.5 mür, followed by a0 cydes of 20 sec at g?.^{., 15 sec at 3fC, 1. min at 7tC and a final

extension atTTC forT min. The rate of heating from 38"C to72"C rras regulated to 0.3"C/sec.

After amplificaüo& 10 pl aliquoB of the reaction mixture wer€ loaded onto a 2% agarose gel in

TAE running buffer and electrophoresed for approximaüely 4 hr at 80 volb. The gel was stained

in a 1 pg/ml ethidium bromide-water solution for 30 min and photographed with a UV system

(Gel |et Imager 2005, Intas, Germany). For each primer, PCR reacüons were set up in indiüdual

0.2-ml tuks. Twenty-sevenB. xylophilns isolates were included: 25 from Portugaf including one

isolate used as r',eplicate; one from the USA; one from China; and one B. muronafas isolate from

Gennany. In total, W0 reactions were performe{ corresponding to 30 primers x 28 indiüdual

samples.

Data collection and malyses; The distinct RAPD producb of each primer were run

electrophoretically twice to ensure that no bands weÍe arti:facb. The RÂPD fingerprint patterns

obtained \^reÍe converted into binary data matrices by scoring the presence of a band as 1 and its

absence as 0. Bands that were not neproducible weÍe excluded from the analyses. Faint and

visually indistinguishable bands lvere ignored as genetic markers. The binary matrix was

subjected to the IvtSVP ver. 3.12d software, using the Nei and Li coefficient (Nei and Ií 1W9l to

generate a matrix of genetic distances. The cluster analyses of genetic distances were performed
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with the unweighted pair-group method using arithmetic aveÍages (UPGMA) in the module

SAHN (sequential, agglomerative, hierarchical and nested clustering method) of NTSY$PC

ver.2.l (Rtrolf, 2000). The dmdrograms were corutmcted wift tlre TREE option of NTSY$PC.

The cophenetic correlation coefficient was calculated to provide statistical support for the

dendrograms obtained, and Manteís test (Mantel 1967) was perfonned to check the goodness-

of-fit of the cluster analysis b the matrix on which it was hased. To evaluate the robustness of

dendrograms, boobtrap values (1,000 replications) were calculaM using the software

TREECON ver. 1.3b (Van de Peer, 1W7). The relationships between the Nei and Li genetic

distance matrix and the geographic distance matrix were assessed using Mantel's t6t tn thi§

case, the geographic distance between two isolabs (only for the Portuguese isolates) was

defined as the linear distance between the sites.

RESI,JLTS

With the exception of primers 29 andZ17, which amplified a large number of products

causing difficulties for reliable band scoring aItrAl reuraining primers wene used for evaluation

of ampliÍication products and conshuction of the binary makíx A total of 4TL RAPD markers

\üere scored for the isolates of B. xylophihrs. These included 24 Portuguese isolates and a

duplicaE sample of isolab PT09 (kmed PT0y) for conhol of reproducibility, and one isolaE

each from Asia (Naniing, China) and North America (Missouril USA). A total of ?22 RAPD

markere were scored for the isolate of the outgroup specíes, B. mucronafus (Brandenburg,

Germany) (table 1). The RAPD profiles were different wittr each of the primers. Depending on

the primer, variable tohl numbers of amplified bands were obhined, as shown in Table 1.

Figure 2 presents the RAPD profiles obtained from two of the 28 different primers used in order

to illustrate the banding patbrns obserued. Within the Porhrguese isolabs, the banding

pathrns revealed a large numhr of monomorphic geneüc markers in comparison to the

polymorphic genetic markers; however, intraspecific polymorphism wâs revealed in a small

proportion in some isolates (table 2).
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The genetic similarity matrix based on the Nei and Li coefficient is presenH in Table 3.

The lowest similarity (approximately 50%) was reachd betureen the American isolate and all

the other B. xylophihts isolaües. A high genetic similarity was observed betrnreen the Portuguese

isolates and ttte isolaê from China, ranging from U% to %,%. Within the Poúuguese isolates,

the genetic distances reached very low values for all combinations of isolates. More than 9$% oÍ

the pair-wise combinatíons had more than 95% genetic similaritp and the remaining pair-nrise

combinaüoÍrs u/ere still ahve 90% similarity Cfable 3). The pair-wise combinaüons htween

isolate PT09 and ib duplicab sample (PT0E) expectedly showed an extremety high genetic

similarity (WoÁ), thus illustrating the reproducibility of RAPD profiles obtained with each

primer. As expected, B. mttsotwtrzs, used as an outgroup, showed very low similarity (around

LioÁ) towards the B. xylophilw isolates.

Cluster analysis of the genetic distances was conducted using the UI€MÂ algorithm,

based upon Nei and Li's similarity matrix. This gmerated a dmdrogram indicating the

relationships among the B. xylophihrs isolates used in this study (Fig. 3). The cophenetic

correlation coefficient betrueen the dendrogram and ttre original distance matix of the RAPD

profiles was significaní with a high correlation value r = O.99 (1 = ht possible fit). The

dendrogram obtained clearly illustrated the outgroup position of the B. muqonatus isolate and

the large intraspecific distancs betwen the isolate from the USA and the other isolates from

China and Portugal all of which is suppoÉed by a high bootstrap value. The position of the

Chinese isolate was found to be close to the group of the Portuguese isolates, with strong

support by a high boobhap interaction node value. Within the Portuguese isolates, a

remarkable degree of similarity was obtained Íor all 24 isolabs representing the entire affeted

area in Portugal. Although some primers revealed a different number of polymorphic bands for

some isolates, all isolates were positioned together in the same, unique cluster (table 2; Fig. 3).

UPGMA dendrograms were also constructed (based on Pearson product-moment

correlation coefficimü using the sofhnrare package Gel Compare ver. 4.L) for each single primer

using the profile inEnsiÇ generaM for the 28 isolates, and similar results were obtained, i.e., B.

mucroflatus was separated as an outgroup, ttre USA isolab was always clearly separated from
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the other B. xylophills isolates and the Porhrguese isolates were very close to each other and

close to the Chinese isolate (data not shown).

Tlre relationship between Nei and Li's genetic similarity matrix and the geographic

distance matrix was estimaH using Mantel's bst. The r value obtaíned (0.212) revealed a low

correlation between the genetic distances of the Portuguese isolates and their distrib,tttion

among the affectd area in Portugal

DISCUSSION

Several shrdies have demonstrated intraspecific variability of B. xylophihts isolates from

different geographical areas using RAPDPCR (Braasch et aL, 19F/5; hdani et aL, 7995a,1995b;

Zheng et al., \V)8; Kusano et al., 1999; Zhang et al., LW; Wang et al., 2001i Zharorg et al., 20W

Wu et à1, 2005; Metge and Burgenneister, 2A06; Zhang et àl^, 2006). These previous

invesügations revealed a significant degree of genetic divergmce among different isolates of B.

xylophilus. Metge and Burgermeister (2006) examined a number of isolates (L5 from North

America, 12 from Asia and three from Portugal) using RAPDPCR and ISSR-PCR. They

obtained two major clusters: one includirg the isolates from North America (C-anada and the

USA) displaying a high level of genetic divensity, and a second cluster including all isolates

from non-native area§ (China, Korea, Iapan and Portugat), with less genetic diversity. However,

other estimaEs of similarity across isolahs collected in diftrent areas in China ranged from

46% to95%, showing significant differences among some non-native isolaEs (Zhenget aI., 1998;

Zhang et aL, 1:99g).This is the first study where a significant number of B. xylophilus isolates

from the affected area in Portugal was analyrnd. The number of polymorphisms detected

among 471 ttAPD markers obtained using 28 primers was very low, nefleting a high genetic

homogeneity among the 24 isolates examined. Low values of genetic distance urere obúained in

all pairwise comparisons; and the resulting LTPGMA dmdrogram suggested a low level of

genetic divergence among the Portuguese isolates. Genetic distance of the Portuguese isolates

from an isolaE from Chinâ \ /as much lower companed to an isolate from the USA. firis
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confirmed previous resulb suggesting an East Asian origin of the Portuguese B. xylqhih,r"s

(Metge and Burgerrneister, 2006).

An o§ective of our investigation was to determine whether the Portuguese B. xylophihts

originated from a single introduction or repeated introductioru of the pest Populations of an

introduced invasive organism aÍe extr)ecEd to be geneücally more diverse if they are derived

from multiple introductions from different origins, as compared to the situation following a

single introduction. Metge and Burgermeister (2006) suggested the possibility of two B.

xylophiltts introductions to Portugal from East Asia. Ttris was based on their finding that one of

their tluee Portuguese isolates clustered apart from the others among the isolates from East

Asian countries. The thrce isolates rryere obtained from adjacent blocks of the affecd area.

However, ttte isolate that clustered separately had been maintained in cultme since lW,

whereas the other two isolaEs were obtained in 2003 and kept in culture for only two years.

Culturing of B. xylophilus isolates for up to 10 years on Botrytb cinerea malt agar may lead to

small changes in RAPD profiles which are presumably caused by genetic shift (Metge et al.,

2004). Culürre-dependent genetic shift may therefure present an alêrnaüve explanaüon for the

separate position of one of the three isolates studied by Metge and Burgermeister (2006). To

avoid a possible genetic shift during culfuring, all Portuguese isolates used in our study were

collected from pine tres and reared in culture for only two weeks hfore DNA extraction and

RAPD-PCR No indication of separate groups of isolates was obtained in the dendrogram, and

the low level of genetic diversity strongly suggesb that they were dispersed recently from a

single introducüon.

Another inbntion of our study was to see whether the pathways of spreading of B.

xylophih*s from its point of introducüon throughout the affected area in Portugal could be

traced using I{APDbased markers. The presence of an international seaport (Setúbal) in the

center of the affected area suggesb a high probability for enby of PWN through this harbor.

The local dispersion of PWN is always dependent on its vetor beetle (Monodtamr,s

galloyroaincialis), which can carry hundreds to thousands of nematodes (Linit, 19S8). Vector

flight is influenced by many factors, e.g., pÍevailing winds and landscape structure, including

forest coverage. In analogy to findings in ]apan by Takasu et al, (2000), a nearly concentric

?2
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expansion of PWN from its iniüal site may h tentatively assumed. This hlpothesis is

supporEd by the position of two isolates collected near the seaport (PT24 and PTL7) at the root

of the dendrogram. Likanrise, three isolates from neighboring aÍeas (PT23, PTll and PT05) were

placed at the bottom of the dendrogram. [Iowever, genetic dnffierentiation was inconsisEnt with

the geographic distances of the remaining isolates. Mantel's test showed a low correlation value

$.2Í2) between the matrices of genetic and geographic distances. Appanently, the high degre

of similarity in RAPD profiles of the Portuguese B. xVlophilus isolabs limiE the use of this

technique for following recent pathways of distribution- Another problem lies in the correct

assessment of the pathways and mode of transportation [n our pretiminary attempt of

corelation, the geogrilphical distance matrix was based on linear distances between sites of

sampling. In reality, longdistance spreading may not happen only by vector trghg but in §ome

cases be caused by the transport of infested wood or wood producb to new areas inside the

country. tn this waqr.r genetically identical PWN populaüons could be found at distant sites, and

careful pathway analyses based on genetic markers could be very useful to clarify the situaüon

and prevent further unintentional transport of the pest

Recently, Castagnone-Sereno et aI. (2006) identified 18.5y, variable sequmce positions in

cloned repeats of the Msp I satellite DNA (146 bp) of B. xylophíltts isolates. His phylogenetic

study based on satellite DNA variation revealed considerable divelsity among Portuguese B.

rylophitus isolates which appeared to correJab reasonably with geographic distances. Thus,

satelliê DNA seerns to have a higher rate of gerretic variaüon with time, compared to RAPD

markers, and ít is perhaps better suited to follow short-term changes in B. xylophiha

populations following PWN introduction to Portugal. New comparative shrdies using satellite

DNA are in progress (Castagnone-sereno and Vieira, unpublished work) in order to provide

moÍe infomration about the genetic stmcture of úre Portuguese isolates and to elucidate their

patlways of spreading in the affected area in Portugal.
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Table ft Primer sequences and total number of randomly amplified DNA-PCR bands produced

by each primer, applied to ü B. xylophilus isolates and one B. musonaúus isolate.

Primer* Sequence B. rylophilas
markers [n]

B.rutronahts
markers [n]

Sumof allmarkss
(8. rylophilus+ B.
muuonatus) [n]

7Ã1,

zo2

zo3

ZM
za9

7Ã6

m7
Zffi
Z,10

ZLL

272

213

214

215

21.6

278

z'79

z?§

BO7

Re6

Re8

Reg

Re10

Y01

Y04

Y06

Y08

Y16

TCTGTG CCA C

CCTACGGGG A
CAGCACCrc A
AGG CTGTC"CT

TCCCATrcTG
GTGCCGTTC A

CCAGGAGGAC
GGG TGG GTA A
CCG ACA AACC
CTC AGTCGC A

TCA ACG GGA C

GAC TAA C,CC C

TCG GAG GTT C

CAG C,tr TTTC
TCC CCA TCA C

AGG GTCTGTG

GTG CGA GCA A
ACTTTG GAG G

GGT GAC GCA G

CGG AATTCG C

CGATCG ATG C

ffiA AGCTTCG
CCC TGC AGG C

GTG GCA TCT C

CT,C TGCAATG
AAG GCT CACC
AGGCAG AC.CA

CCC CCA ATG T

16

24

?3

9

?Â

25

L8

31

29

25

19

L7

19

L6

15

23

32

15

24

20

?3

?3

?3

16

27

37

33

30

7

3

I
4

10

9

6

10

13

7

10

I
I
7

4

6

6

5

5

8

6

7

10

I
L1

12

t2
11

12

?2

16

7

n
19

L2

21"

?3

1_8

10

11

L3

10

L2

18

27

1.3

19

L4

18

L7

18

11.

19

26

?3

22

471 »2 ffiTotal
*Frimers Z@ (CAC CCC AGT C) and 217 (CCT TCC
complex pattems of amplification products precluding reliable band scoring.

CAC T) were excluded because they produced
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Table 2 Numhr of RAPD-rcR markers among the Portuguese B. xylophdrc isolates.

Total ofbands

Prirer

Polymorphic bands

(ú)

Polymorphism %

(blax1:@)(a)

Z§L

z;trz

ZB
ZM
7Ã5

ZM
ZW

m
z]-:a

zl',t

212

Z.13

214

215

21,6

Z'18

219

m
w7
Re6

ReB

Req

Re10

Y0r

YO4

YO6

YG8

Y16

Total

3

6

5

2

10

7

2

4

3

6

1

3

2

3

3

2

6

1

4

1

6

5

7

1.

4

9

2

4

7

16

13

6

15

15

10

16

17

15

6

I
I
8

I
13

22

9

L0

10

16

11,

13

1.0

14

18

19

t6

42..9

37.5

38.5

33.3

6.7
6.7

20.0

25.0

L7.6

40.0

1,6.7

33.3

25.0

37.5

37.5

15.4

27.3

71-.L

1m.0

10.0

37.5

45.5

53.8

10.0

7J..6

50.0

10.5

25.O

3m 106

30
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Table 3: Similarity makix (Nei and Li coefficient) among 27 isolates of B. xylophilus and one

isolate of B. mucronafus based on 640 RAPD markers.
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Figure L: Right Portugal continental and location of the quarantine area. l,efh Location of

Bursaphelenchrc xylophilus isolates obtained from different blocks within the affecH area.

Black the area affected by the PWN; dark grey: the buffer area established for safety reasons

(free of PWN).
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LACK OF GENETIC DWERSITY OF PWN REVEALED BY RAPD-PCR

100

Figure 2: RAPD profiles generated by primer 212 (above\ and Y16 (below). M: marker (100

bp ladder, Invitrogen); Y[1-YT24: B. xylophilus isolates from Portuga| CH01: B. xylophihts

isolate from China (BBA code: Ne12/02); US01: B. xylophihts isolate from USA (BBA code:

N5/00); BmDE: B,mucronatus from Germany (BBA code: DE4w).
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Figure 3: UPGMA tree inferred from 640 RAPD markers for 27 B. xylophitls isolates and one

B. musoruhts isolate as the out€roup.
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ABSTRACT

The Mspl saftellite DNA was analyzed from Bw@tclenchw xylophilus isolats distributed

within the area affected by pine wilt disease in Portugal. A total oÍ 206 Àríspl repeab from

twenty-one isolates were sfudied. The nucleotíde alignment of these clones shows that most of
them share a homogeneous sequence length of 146 bp, with rare excepüons. The average

nucleoüde variability among the 206 repeats was 7.W%. The nucleotide alignment of all the

rcpeats revealed no specific nucleotide substitutions, which could discriminate each isolab or

groups of geographically close isolates. A variability analys§ intra and inter-isolates, showed

similar and low genetic divergence respectively, which is congruent with previous RAPDPCR

data that indicated very little isolate differentiation throughout most of the B. rylophilus
distribution in Poúugal. Analysis of dishibution of the variability along the sequence

monomers suggesb that satellite DNÀ repeab are sublect to some degree of conshaint,

rwealing highlyconserved domains, whereas oúrcrs showhighnucleotide variability.

Key uords: pinewood nematode, Bursaplnbndtw rylophílus,satellite DNA, portugal.
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INTRODUCTION

Many eukaryotic genomes 1xrssess large amounts of non coding DNA, alranged in

highly repetitive tandem unib, commonly refered to as sabllite DNA. Thse sequence§ are

generally A-T rich and show variability afÍecting monomeÍ size, nucleotide sequence, copy

numb, and appear to be primarily clusêred vyithin ttre treterochromatin at centromeres and

other hebrochromatic regions of chromosomes (Charlesworth et a1., 1994). The biological

function of these DNA sequences remains undefinable, alürough it has been proposed that they

are involved in intragenomic mechanisms, such as cenbomeric condensatiorL sister chromatid

pairing, karyoSpic evolution and úromosome arangement (Plohl et al.,20%; Shapiro and

Sernberg 2005). Consequentlp owing to their usual confinement within a given species, there

is a wide variaüon of satellib DNAs among animals, displaying genetic variability and

providing a suitable target region for phylogenetic markers and fingerprinting opportunities.

Due to ib lower functional constraints, the evolutionary rate of sabllite DNA has bem

proposed to h rapid and supporüed by a number of satelliüe DNA families that have proved to

be species-specific. Furthermorg several studies have demonstrated the usefulness of satellite

DNA as genetic markers for monitoring genetic diversity at populations level (Dover, 19ió; Flall

et al., 2003; Plohl et al., 2004).

The pinewood nematode (PWII), Bursaphelendtus xylophílus, has a wide distribution in

NorúrAmerica, beingfoundthroughout moútof thebrritories of Canada andthe United States.

During the last century, this spíes has been transported by man to several non-native regions

of the worl{ associated with hade and the glohl flow of forest products (Evans et a1.,19)6;

Websbr, 2004). Up to date it has been reported from Asia (PR Chinâ, Japau Korea and Taiwan)

and more recently from Europe (Portugal) (Moh et aL,79P). Due to the impact on the native

pine forest of these regions, this nematode species and causal agent of pine wilt disease (PWD)

assumes gÍ€at economic importance worldwide. In Portugal the distribution of the PI4IN has

been constrâined to a small region south of Lisboru however, it has kome the most serious

threatto pine forests in the country (Rodrigues, 2006').
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Âlthough several relevant data on satellite DNA have been documented for various

plant parasitic nematodês, €.g. Meloinngye species (Castagnone-Sereno et nl.,2}ü0; Mestrovick

et d., 2A05), few studies have been conducbd with the PWN. Tàres et at. (1993) described the

Àdspl satpllib DNA of B. xylophilus, which consütutes up to 30% of ib genome. It consist of

repetition unib slightly A+T rich and 160 bp long. The sequence inforrration available is

re§tricted to thirteen monomers obtained from the same fapanese B. xylophilus isolate (Taês ef

al.,IWJ). Flowever, hybridizaüon patterns of B. xybphihn isolates, from different geographical

locations (North America and Japan) with the Àrísfl sabltih DNA family, revealed the exisbnce

of several polymorphisms, resulting in different proÍiles for each isolate (Tarês et at.,19)4).

In order to obüain more inÍormation on the geneüc variability of the Portuguese B.

xytophihu, we cloned and analyzed 2M Wlsabllite DNA sequences from tvyenty-on€ isolates,

covering most of the geographical distribution of this species in the affected area in Portugal

This report provides the first large-scale characbrization of the overall variability of this

satellite DNA family within this species.

MATERIAISAND METHODS

Nematode i.soIntes

The geographical locaüon of all the B. xylophüns isolates used in this study is shown in

Fig. 1. The isolabs were previously (in 2005) isolaM from wood samples of maritime pine

(Pinw pmaster Ait.) and kept in Botrytis chnrea Pars. growing in malt agar (MA). Atl isolates

were re-culfured on B. cinerea growing on MA, and stored in an incubator at 25oC during 2

weeks. From each isolab several hundred nemabdes (witÍrout separation according to sex or

developmental stage) were collected and washed several times in distilled water, transferred to

a 1.5 ml Eppendorf tube with distilled wateÍ, and stored at 14oc until needed.

lsolation of Mspl satcllite DNA

Amplification of sabllib DNA was performed based on a single worm PCR procedue

(Castagnone et al., 2005), avoiding the exhaction of the genomic DNA. For each isolas three
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nematods weÍe transferÍed b a dry thin walled PCR tube, covered with 5 pl lysis buffer

(50mM KCl, 10 MM Tris pH Sâ 25 mM MgCl, 60 mg 6[r prote{nase K 0A5"/, NP4'0, 0.45%

Tweerr 20, O.O7% gelatin), and overliaid with mineral oil. Tube were kept at 40 qC for 45 min,

and immediately transferred to 60 qC for 60 min and then 95 t for 15 min in a thermal cycler'

The sabllib DNA repab were amplified wittt speific priners, }10-1 (y-

ccTGTCTAGTATAATATCAGAGy) and I1G2Rc (í€TGAATTAGTGACGACrcAGTG'Í)

(Castagnone et ú, 2005), desigred according to the sequence derived from the MSpI satellite

DNA family previously characterized Íor B. xylophílus Cfarês et al.,7W3r. PCR was carried out

in 25 pl reaction mixtures containing 5 pl buffer (and 3 nematodes), 2.5 mM dNTP, 100 ng of

eaú of the primers and 0.5 Unit of Ta4 DNA polymerase (GBiogene) using a TRIG

Therrroblock thermal cycter @iometra). After denaturation at 94 oC for 5 min, cycling was

performed for 25 cycles of 30 s each at 94 oC,1 min at 64 oC and L min at 72 T., with a

postcycling extension at 72 Y for 5 min The reulting fragments werie sêparated on 1.3%

agarcse get and stained with ethidium bromide. Bands corresponding b a monomer were

recovered from the agâÍose gel, using a gel exbaction column (MinElute Gel Exhaction KiL

Qiagen krc.). Satellite DNA fragmenb recovered from the gel were ligated into the plasmid

vector pGEM-T using protocols provided by üte manufacturer (pGEM-T Vector System,

Promega). The ligation was used to transÍorrr competent kcÍtsichia coüDHriô cells, whiú were

spread on L-agar plates with ampicillin, and grown overnight at 37 'C. The positive

recombinant clones where identified as whib colonies, and L2 random recombinant were

amplified by PGt using SP6 and T7 universal primers (% "C for 2 min, followed by 35 cycles ot

94 oC for 30 s, 55 qC for 30 s and 72oC§ot l min; followed by aT min final extmsion at72oQ

and insert size was estimaêd on agarose gels. Clone with inserte of approximately 150-bp

were used to inoculab 3 mI LB, growth overnight at 37 oC, and mini-prepPed to exhact plasmid

DNA (QIAprep Spin Miniprep Kit, QIAGEN Inc.). The positive clones were sequenced in one

direction by Gmome Expness (Meylao France).
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Sequence analysis

Pairwise sequence alignment and multiple alignmenb were carrid out with the

program CLUSTAL X 1.81 (Ihompson et ú, lWl. Sequence homology searches were

performed in GenBank using Blastn 2.2.2withdefault parameter (Alkhul et al.,t997).Genetic

distances were calcul,ated according to Kimura's (1980) two-parameter method. All positions,

including gaps, were equally weighed. For phylogenetic anatyses preliminary bsts were carried

out with two methods (UFGMA and Nf using ttre MEGA v.3 program (Kumar et al.,20M).

Sequence variation across satellite repeab was investigated as described in llall ef aJ. (2003): the

occurrence of the most frequent base in each nucleotide posiüon was calculad and plotüed

against nucleotide position The average percent occurrence and standard deüations were also

calculated.

RESI.'LTS AND DISCUSSION

As already expected from the previously published data on the Àríspl satellite DNA

family oÍ B. xylophihzs, tIrc amplified PCR pmducts using specific primers preüously designed

close to the both ends of the monomerc sequence (Cashgnone et a1.,2005), produced a ladder

pattern of monomers with approximately 150 bp, followed by bands of corresponding dimers

(300 bp), trimers (450 bp), and so on (Fig. 2). The band of approximately 150 bp of each isolate

was independently eluted from gel and cloned. A total oÍ 2A6 clones were sequenced from

twenty-one isolaües, from sevmteen differrent blocks of the atrected arrea in Portugal (Iable 1).

The nucleotide alignment of these clones show that most of them (197) shared a homogeneous

§equence length of 146 bp. The very few exceptions occurred in some monomer unib, with a

lengú of 1.45 bp ([rr1a-10, PT6-& Yl17-9\, while in others were 148 bp long (yÍ6_4, pr13_3,

PT73_6, WLTJ, PT13_& PT13_9). All the repeab are A + T rich with a total average content of

57,1%, similar to the previously defined consensus sequence (59,6%\ of a B. xytophílw Japanese

isolate, for the same number of nucleoüdes (Iàres et a1.,1Pt3'). Although satellib DNÂs have

been charachized in other nematodes species, suú as phytoparasitic species of the gmus

Meloúogynz (f iotte et al., 1994; Castagnone-Sermo et al., M; Mestrovic et al., 2f[6\ or
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entomopathogenic nemabdes of the genus I'leterorhaM.iúis (Abadon et al.,79ffi), BIAST search

does not provide significant similarity with other sequences in C"enBank databa§e, neither wittt

particular suMomains shared with other recognized satDNAs.

The nucleotide alignment of the 206 [v[spl satellib DNA sequences revealed no specific

nucleotide substitutions, which would clearly discrimínab a specific isolaE or groups of

isolâte§ (not shown). Even in some cas€s, more then two clones shared an identical nucleotide

sequence (e.g. PTla-l'!",W63,PI16-12; and PT -3, I{f7-5,PI14:12l. derived from distinctive

isolates. The only exception was found for the sequence repeab of the PT13 isolate, suggesting a

possible partial homogenizaüon only shared within this isolate. The average sequence

variability of each single sequenced satelliE monomer to the calculated consen§us sequence

was 7.ü77o, a higher average comparing with the 3.97o average reult previously obhined, but

using only 13 repeats (Tarês et a1.,193).

Homogenization of a repetitive squence occurs via di,fferent intragenomic mehanisms

that lead b lower nucleotide variabili§ among inbrMing genomes, when compared with

genomes that do not exchange (Elder and Turner, 1S5; Dover, 2002). A variability analysis was

carried out on tt€ wittrin and Hween genetic distances of the twenty-one isolates to assess the

dugr"e and trends of diversity r.rr.B. xylophihrs. The genetic distances, based on the Kimura two-

paramebr model ranged from 0.065É0.014 to 0.176É0.025 within the satellite DNA isolate§

sequencs (fable 1), and 0.081 b 0.163 betneen isolabs CÍable 2), showed similar and low

geretic divergence among inÍra- and inbr-isolate variation This is in agreement with previous

studies that revealed a high genetic similarity among the Portuguese B. rylophilus isolates.

Under this premise, and behind such lack of inbr-içolates differmtiation, these resulb dearly

reinforce the idea of a single introduction of this invasive specie into the Porhrguese territory

(Vieira et al., ?107). Furthermore, phylogenetic inÍerence (UPGMA and Nl) based on the 206

satellib DNA sequences shows a broad polytomy, where the sequmce repeab intemringles

rqardless of the isolab, or geographical location (not shown). Previous preliminary results,

hsed on the MspI saEllib DNA family, suggest a fairly positive correlation htween the genetic

diversíty and the geographic distribution of some B. rylophilus in Porhrgal (Castagnone-Sereno,

2006). However, the overall analyses of the 206 satellite DNA sequences herein disptayed,
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§uggest that ürc intra-isolate variation is a refloc of the variab,ility of úris satellite DNA famíly

ibelí distributed uniformly in all the affected are& without a specific correliation and spreading

of the disease within the difftrent geographical btocks of the affucted area. Altogether, these

data suggest that the recent inboduction of B. xylaphihrs n Portugal is uniforrrly distributed

since its establishmmL and probably fiollowing the nahral disbibution and expansion of the

insect vector (Vieira et a1.,2007).

Although no function has been attributed for the marority of the satellites families,

particular roles relaM b the hebrochromatin condensation (Ugarkovic et a1.,7996;Pons et al.,

IWZ), maintenance of the functional centomeres (Willard, 1990) has been proposed for some

satelliê DNA. In order to verify the sequence variaüon of the Mspl Íamrly, disregarding their

oripn (isolate repeat sequences and geographical distribution), but for a furrctional point of

üew, the same approach conducted for the centromeric repeats af Arabidopsrs populations and

for the ô-satellite DNA in humans was herein followed {Ítall et a1.,2003), i.e., the percentage of

occlurence of the most frequent base for each nucleotide position was taken as a measure of

variabílity and plotted against nucleotide position (Frg. 3). In an overall analysrs, this satellite

family revealed 31.5% of all nucleotides with a frequency of 100%, whet}er 63% of the

remaining nucleotides reside ürithin 1S.D. from the total average 92.96x11.27.\n additiorU

5.5% repr*nt a highly polymoqphic nucleoüde positiorç with @uerrcies below 2 S.D. from

the tohl average. Following the resulb, ürere are specific regions exhibiting certain highly

conserved domains, whereas others show a considerable variation and significantly different

than the mean (Fig. 3), as preüously mentioned for the 13 sequmced monomers of a ]apanese

B. xylophilrc isolate (tarà et a1.,1993). As discussed for other satellite DNA families of other

organisms (e.g. Arabidaps§ humans), the preservation of both conserved and variables domains

across satellib sequences, along with the strict conservation of the squence length, strongly

suggest that ttre evolution of the satellite repeats is conshained, i.e., tte highly conserved

domains indicate that some repeat regions may be under selective pressuÍe to maintain a

particular DNA sequence, whereas other regions evolve without constraint (Hall et a1.,2A03).
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Table a: Bwsaphelenúus xylophihts isolate list, number of compleb monomers obtained, and

mean distance (Kimura two-parameter) withineach isolatet standard error (S.E.).

Block Isolatecode N Isolabmean distance
(Kimra two-paraureter)

S.E.

PT1

PI2
Pfr}
w4

PT1

PTla
PTlb
PI2
PT3

W4
PT4a

Ívl6
vw
PT8

PTlO

PT13

PT14

PTTS

PT16
yT77

PT19

IYT2O

YT21

YlZ].a
PT24

9
11

12

5

7
11

12

9

11

12

6

10

10

I
10

72

7

11

11

L1.

11

4.122

01v2
0.82
0.150

0.769

0.065

0.741

0.113

0.094

0.176

0.154

0.m9

0.u72

0.150

0.086

0.150

0.174

0.lM
0.158

0.112

0.0m

0.01,9

0.o16

0.013

0.025

a.a?Á

0.0L4

4.o21

o.oL6

0.o14

0.025

o.ü26

0.015

0.m4
0.v24
0.o15

o.u24

0.026

o.ü23

0.ü26

0.018

0.014

IrT6

vw
PT8

PTlO

PTl3
PTl4
PT15

PT16

PT'17

PT19
yTaA

P121

PT24

Total M
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Table 2: Pairwise comparisons of Kimura two-parameter genetic distance (below diagonal)

between the PortugueseB. xylophílrr isolates, with standard error (above diagonal).
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CHAPTER III

20 km

Figure 1: Right Porfugal continental and location of the quarantine ârea. Iêfh locaüon of

Bursapheknchus xylophilus isolates obtained from different blocks within the affected area. Black:

the area affected by the PWN; dark grey: the buffer area, established for safety reasons (free of

PWN).
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Figure 2: I{R amplification using the single nematode protocof using sabllib DNA primers

set specific fot Mspl, of Bwsaphelmchus xylophilus. M: DNA size marker (100 bp ladder); PT1

and PI1': B. xylophihts (isolab PT1 from Portugal); F0: B. xylophilus (isolate }10 from ]apan); nc:

negative control.
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Figure 3: Nucleotide variation across the MspI sablliE repeats. Percentage of occurrence of the

most frequent base for each nucleotide position plotEd against nucleotide positions. Horizontal

lines represent the average (mean line) with -1 and -2 standard deviatioO respectively.
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CHAPTERTV

GENERAL CONCLUSIONS

The way of introduction of the PWN to non+ndemic areas has been primarily

atkibuH to several hypotheses related with human activities, espially by the movement of

infected wood produc§ between long (among continenb and counbies) and short (within a

counky) levels of distance. However, úe short distance level of the disease spreading is

atbibud to ttrc ttiological developmerú of the insfft vetor as well Tte genetic diversity of an

exotic species in a new established area is always dependent on the divers§ of ttre initial

colonizers. An understanding of the role played in the Portuguese situation has been hindered

b!, ttte lack of detailed shrdies from the isolates distribuM in this region. In this thesis the

performed sfudies were aimed at understanding the degree of genetic diversity among several

isolates of the atrcH area in Portugal and the possible pathways of the disease spreâd within

the affecM area.

GENETIC DTYERSITY OF PWN IN PORTUGAL

The naüve forms of an organism aÍe the major source of gmetic variaüoo regularly

displaying a higher level of genetic diversity when compared with those populations found in

non-native areas and due to ib artiÍicial establishment The effect of human activiües on

spreading Úte PWN into new areas is well documenbd, and variation on the PWN, at dtfferent

levels, can explain a substantial part of the withireisolate variation observed from different

geographical areas. Genetic variation among the PWN isolates is certainly not new. According

to previous studies, the isolates collected from the USA and Canada exhibit a high tevel of

diversity, the greatest level of diversity being reached among isolates collected in some areas of

Canada (wúori et 01., ls8). On the other hand, isolabs found in the non-endemic aneas

expre§s a low level of genetic diversity. Indeed, even in some of the non-native areas the genetic

variaüon reaches some heterogeneity among some of the PWN isolahs. Nevertheless, the
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GENERALCONCLUSIONS

degre of this variaüon could be limibd by several hylrotheses, ie. the origin of the isolab

(endmric area os. non+ndemic area), or by the numberof introduced isolabs. Furttrermore, the

numh of individuals present in the infuetl wood producb úratreaú the new sib of infection

could also limit the genetic variation of the initial introduction-

kr Portugal the exbnsion of this genetic variaüon has not been clear. Recently, the

orign of the PWN in Porhrgal was stated as being from an Asia regiorç and by a possible

double introduction If the inkoduction of this pathogm occured at lBast twice (even from non-

native regions), different levels of genetic variabili§ among the affecd area in Portugal are to

be expected, since a relative degree of variability in the Portuguese isolabs was shown (Metge

and Burgenneister, 2006). Süll, this result might be due to a genetic shift of one of the isolates

kept in fungal culture for a long priod of time (Chapter tr). The fact that the Portuguese B.

xylophilus isolates used in these studies show a high genetic similarity, using RAPD-PCR and

satellib DNA (Chapter tr and ChapEr Itr) clearty exclude ttre idea of a possible double

introduction in Portugal. Furthermore, and based on the comparisons made in Paper I, the

Portuguese isolates display a close gmetic similarity with the East Asia isolaüe, confirming the

reults previously obhined by other authors (Metge and Burgermeister, n06').

DISPERSAL OF THE PWN IN THE AIIFECTED AREA

According to the data generaH from other countries, the detection of the PWN is

consistently coincidmt with port aÍeas, .rssociaM nith the bade of goods between countries.

krifially the main concern came from those countries where the PWN was already natualty or

artificially estabtished. Ilowever, the report of several deEctions of FWN in wood producb

originating from PWN-free countries irrreased tÍre unpredictable infuoduction of this pathogen

into new areas. It has been shown (Chapter tr and Chapter E) that the lack of genetic diversity

among the PWN isolabs in Porhrgal reflect a single introduction Furthermore, the proximity of

the inbrnational sea harbor in the Setúbal PenÍnsula could deêrmine the initial point of

introductioru as considered in Paper L
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CHAPTERIV

The evoluüon of a forest disease wiftin a country is guided by a widely studied

framework involving two main processes: 1) transpoú of contaminated wood by human

activities and 2) biological development of the insect vector. In PortugaL the PWN distribuüon

is limited to a rrelatively small area and no other debction has been reported oubide this area.

hitialty, this question was addressed by the correlation between the resulb obtained by the

RAPD-PCR and the linear dishnces of each isolate (Chapter II). However, this correlation wa§

too weak to establish any geographic correlation and isolate disfuibutioru and consequently to

predict any pattern for the evolution of the disease. Secondly, the rsults obtained by sabllib

DNA analysis also reveal a high polytomic distribuüon of the sequence clones, ie., the gmetic

variability found in each isolate is a reflection of the variation of the Àd"spl satellite DNA family

n B. xylophiíus, showing an inbrmingled relationship among sequence clones homogeneously

distributed within all the affucted area (Chapter Iq. In additioru the insectvector species occurs

throughout the affected area. Such overlapping distribution of the ins€ct vector may provide

the main souÍce of spreading of the pine witt disease in Poúugal (Chapter tr).
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§ummary - The 75 vatid Wcies of lhe genus Barutphelerctw aare tisted togeúer wiú &eir synotryms. Diapmtic chracters and
their states ae discussed and illusrated. Tatnrlar and naditional t€xt keys aÍepúovided fo the gous. TSo new subspecies areproposed
to di§titrgui§h poprilarions of B. ptntperdac and B. poügrupW, as described by Rühm (1956), from úe original descÍiptiotrs of these
species púliúed by Frrchs (1937). Knoum rer,o:ôs of Bursqlelzncluts species wiü their associated nafiral vectorg planr and ptmt
families arc givg[ Den&ogrms of species relationships (UEMA, stadad dismce: Eeao sfurírcter difrerence) based oa combined
taxonomic chanrctos and also oa spicule chafircterc only, are provide& Discussim as úo wheth€r the species groups are nanrml u
dtificial (and the.rdore pnrely diapctic) is basd on theirrelationshipo in úe dedrogrm andthe vector andassociardplat range
d the ryêcies. Of tte six 6pecies grorp distiaguiúe4 Ílvo appÊs b ÍepÍ€§ênt nasnal assembtages, üese being tbe xylqhtttts-gurp
(.with tea species) od the fumtlgmnp (eorcn species), of which twq B. cocophtka nd B. donggwunsis, forattr-, coeophitus-closter
u/hich i§ §€earáed m fu ddrogrm ftm the mâin clust€Ís. The remaiahg forn species grotps appêaÍ to be rtiâciâl ad purely
diagnostic in fimction, ramely the úenws-gaup (forn species); he etúnmú-gry (six spÊcies); the borcotis-gaup (flve species),
d.dtfupíntperdoz-grorry(43speciq).Tivonewsubspecie§,bofrinthepiniperdoz-ganry,vk B.píniperdunreImpiniperdaen-súrp.
and B. poligraphi ruelmpoltgqW n. subap., ae proposed ad diagnoed ftom B. piniperdae pblpedat errd, B. poligraphi poligrqht
the respective t,?e §ubspecies . Bwsqlubncltw hnggmnuwis is regarded as being a valid membq of the genus 4rd its tansfs ro
Pwasitaphelencluts is rejecred.

Keywords - associated plans do&ogrm, key, morpholory, new subspecies, taxorxlrny, vectors.

The genus Bunapluleuhas Fuchs, 1937 was estab-
lishd by Fuchs (1937) and includes nemafode that are
associ*ed with insects and dead or dyrng, mainly conif-
erous, tres and which have an ectophoretic stage. The
Íype spe€ies is B. piniperfue Fuchs, 1937. Most species
are fungal feders zrrt fre eitlter tansmitted to dead or
dyhg tres during oüposition by ins€ct vectors, or !o
healttry trees during maturaÍion feeding oftheirinsect vec-
tors. The majoÍiry of vectors are beetles, mostly from the
Scolytidae Cerambycidae, Curculionidae and Bupresti-
dae (see Aperdix). Until recently" only one species of the
galutsb Barsaphelerchus cocophilus (Cobb, 1919) Bau-
jard, 1989, was recorded outside of tlre norttrern hemai-

s$rcre. Howevern wift Íhe record of B. leoni Baujar{
1980 in South Africa @raasch et ol., 1998), and more
recently a Bartaphclerclus sp. from dying pine (Pin*s

É Conesponding anúor, e-mail: pvieira@uevorap

@ Kontnldlj,@ Briü NV, IztdeÍa 2@5
Also available online - www.bnilhol

lukpensis Miller) in Australia (Ridley et aL,?Ml), the
known range of tlte genus has significantly increaseÀ Of
the ttral numbs of known species, agrortmak)y 7A?o

are associated with conifers, mainly Pinrzs spp. (Weira et
al., ?-W3i Braasch, Z@/;a).

In western Étrqp úre spie composiüoq disrihrtion
and associated plants of Bursaplulenchas tnvebeeo, *rd-
ied especially thorougbly in Austria Germany, Greece,
Italy (Braasch et aL,2C0o; Braasctt 2@1, 2@a), Fin-
land (Iomminen et al., 1989), Cyprus @raasch & Philis,
2m2), Portugal (Penas et aL,2004) and Spain (Abdleira
a aL,2@3).In Eastern Europe, tlre longest species lists
have been published for Georgia (Kurashviü et aL, 1.980)

and Russia (Korenrchenko, 1980; Braascb, 2001).
In Asia, first in Jqan (Mamiya & Kiyohara, 1972) aad

lat€r in Chim (Cheng 1983), Thiwan (Tzean & Jan, 1985)
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and t(orea (Yi et eL, 1989), spial úêúion was paid úo

Íhis group after the deEction of Ílrc paffiogenicity of üe
pire wood re.mdode, B. xylaphihat (Steiner & Buhrtr,
1934) Nickfe, 1970, in pine Eec in Japan (Kiyohara

& Tokushige, 1971). More rcerdy, nsw speies and

rryrts harre increased or knwledge of Bunaplulencfus
specis diversity within this b,road area (Dan & Yu 2ffi3;
Kanz,ala & ftitai, 20ü3; Tomiczek et aL,2@Bli Braasctt,

Z004:b: Falmisano et aL, 2N4).
Burtapluknchx xybphibs is considered to be indige-

aoüs to North America(Robbins, t982;Ruútsfordet aL,
1990). On the American conÍineú sev€ral other Barsa-
phclerclws species have bce,n recorded, a number being
described as new to science (Steinq, 1932:Mawy,l974;
Thong & Webser, 1983; Gibün-Davis et aL,193). tn
the Caribbean and Latin American regions several species

barre also bee,n found 0-oof, l9&;Psez &Plumas, 1999),

although the major focus has bem on the red ring nema-
úode, 8. cocophiltts (Cobb, 1919; Deas lVl9; Araírjo et
aL,1998; Harrison & Jones, 2ffi3).

According to Braasc*r (2m1), the American continent
has a species list that differs almost completrly from
those of Europ and Asia the following rycies bing
cornmon to all three regions: B. rylophilu; (apparently

inMuced from America where it is the native spies),
B. fraudalentw Rühm, 1956 aord B. m,wrorwna Mamiya
& Enda 1979. The Bursaphelendtrar specie of Europe

and Asia may be divid€d into three assmblages; two
groups being repreented by ryecies found in only one
continent and the ftird with specie widely disibuted
in boft contineir§. ktailed daÍa on specie.s disribution,
associat€d plants and vectoÍs are given in Table 2 and
Appeodix.

Recent snrdies have srggeted trat some Bursaphz-
bndus species may, under particulr circumstances, be
pdrogaic to yomg pinee (Mamiy s, L9E9li Braaxh, et aL,
2M; Mc;halqoulos-Skarmoutss et oL,20o4). Haw-
orer, within the genuc only B. cocophilus aad B. rylo-
philus ure ofrcially recogoised as agricultural and forestry
p€sts of world imporance.

Bursaplvlenelws acophilus, oft€rwise known as the
red ring aematodq uss the palm we€vil, Rlrydnplwrus
pabrwrwnL. as host and vecto. The nematode is respon-

sible fur the deva*afing red dng disease of coconut palm
(Cocos rurciÍeral.), oil palm (Elacis guineercis Jacqún),
aod oüler palms (Dean, 1979; Gritr& & Koshy, 1990).
In Venezuela over a pedod of more than 10 yerq 357o

of oil palms died from rcd ring üsease and, in 1bbago,

more than 807o Iosses w€,Íe Íeportd in coconut plmta-

tions(Ess& Àdqediú, 1987; Brammer&Crcw' 2001).
This sp€ci6, which is rmicred to üte AmeÍicm coúi-
rcr[ is recorded ftom a hrge area having a mpicâl cli-
múe, including C€ntral md South Amaica and many
of the CaÍibb@n islands. It is mophologcaly distinct
from other pie of Bunoplul,archw and was previ-
ously plad in its own gems - Rhadinqhebnch.tu 13.
Good€y, 1960. Ilúing inro considsration the large area

wlrere mconut palms are grown, this spies is regarded

as one of the mostimÍroÍtant nemdode pests h the tropics
(GÍimüt & Ifushy, 199O Brammer & CÍory, 2001).

Bunqlulenclws ryhphilus, also known as the pine

wood nematode (PWi-D andth€ causal agent of pine wilt
disease, is associatd with cerambycid beetles, paÍicu-
larly Morwclmnus spp. It is a p€st of many commercially
impÍánt fmsy h6" itrcluding pine, ryuce, fr, lach
and other conifers, thusplaying ao impoÍtaffÍolein world
and national economies. In 20m, approximately 5800m
ha of pine forest in Japan were estimúd to be infe$od
by this speieq an area corrmponding Ía 28Ío of fte total
area of pine forest (Mamiya, 2ffi4). The damage caused,

ad rapid ryread in Japan and in other Asian counties
(Mamiya 198/.,2W4.; Yang 2@4), as well the recent de-
tection of PWN in Pornrgal {Mota et aL, L999) has in-
creased concern &at the disease may be disseminated to
rqions where it is cunently absent For this Íqaso& a

mrmber of political meâ§res have bea taken, including
an EU directive (71193 uidiatrd as 2C0o129/ECl_ aimed at
prwenting ürc inroduction and qpnead of this pathogen in
Europe by implementing special phytosanitary me&sur6
fu solid nrcod packaging materials €nported from curn-
tries where the nematode has been recoÍd€d.

Brcause of the commercial implications, accumÍe di-
agnosis of B. rylophílux is aitical. Identifcation requires
a high lorel of expertise as it is morphologca[y difficult
to di§tinguiú from der, çimilar sppcies oÍ Bunaplul.en-
clzas (Bolla & Wd, 2ffi4; Braasctt, 2ffi4a).In dds sce-
aario, ryecial attention is given to those species belonging
to the pine qrood rcmâtode ryies complex (PWNSC),
a omplu of morphologically simil6 species, srch as

B. rylaphilas d B. mucronatrr§, §,hich may be capable
of genedc exúange, eitho directly or via intermdlate
forms (Rutherfmd et aL,1990).In addition, several ottrer

specis of Bursapluleaúw are morphologically similar
a B. rylophilus and úare a combination of characters,
induding the distinctive angulaÍ úape of spicules, pres-

ence of four lateral lins and the large vulval flap in fe-
males (Braasch, 2001). Taxonmically these species may
be considerd as the rylaphihts-gtoup, a gÍoup that in-
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cludes ttrc following nemaÍodes: B. xylaphibr, B. ahrup
rnc Giblin-Davis, Mundo0campo, Baldwin, Norden &
Batra 1993; B. conicaudatus Kanzaki, Tsuda & Futai,
2Cffi, B. fraudulentus; B. kolynensis Korentchenko, I 98q
aú B. rurcrorutus (see Braascb 20Ol; Kanzaki & F[tai,
2@3).

With increasing globalieation ard *re breaking down
of geographical bqmdaries, new biological iwasions by
non-indigenous species have become a global environ-
meotal problem. According to the Corveúion on Bio-
logical Diversity (CBD), accurate i&ntification to diag-
nose dangoons invasive species at n wly stage is the
most imptant initial phase of programmes fm monitor-
ing and contnol of the ewironment. Precise data on ttre
distributiou of accurately identifed wuld psts, including
tlrc PWNSC ard B. cocophflus, is therefore Me.ssary to
cürntffact such potent ttlr€ats.

Morrphology lg6alns tle standad methd fs routine
identifrcation of nematode species. [n the case of Bur-
saphcknchus, sevqal characteristics have been use4 in-
duding male sprcule shape, presence or absence of a vul-
val flap and its size, female tail shape, erc. Light mi-
croscopical obssvations have been supplemented by the
use of sçanning electron mictosco'py (SEfuI) @rzeski &
Baujard, 1997;Braaxh" 1998, 2M; Penas et aL,2W).
Gher techniques, such as sex pheromone analysis, have
also been used for specim separation (Riga & Webster,
1992), alttrough precise identification and diagnosis of
the species belonging to the plne wmd nemdode specie
mmplex remains adiffculÍ taslc

hre to the limitations and c,onsEaints of morphological
obsrvaions" molecular mcthds have receudy become
a valuable tool for seprating Bartaphelerchus spcies
Cfarês er aL, 1993: Hoyet et al., 1998; Mota et aL,
1999; Liao et aL,?i07; Kanzaki & Fbtat" 2002b; Abad'
2@4; Iwatori et aL,200l.), Of major intsrest is: i) the
molecular duracterisation of the nematode rDNÁ" and
in prticular the ITS regions (ITS-1 aod ITS-2), which
appear to be highly conserved within a species (Hoyu et
qL,l998;Lirc et aL,zmt); ii) satellit€ DNA as a species-
specific probe (Tlrês et aL, 1993; Abad, 2@); and
iri) homologous DNA p,robe.s Cftrês e, aL, 1992).ltfta-
speciflc variability using RAPDPCR tehniques (Braasch

et aL, 1995;Z.raag et a1.,2tr2) and DNA base sequences
(18S,5.8S, mS1 and ITS2 of rDNA and mittrochondrial
cytochrome oxidase subunit t (COD gene) (Beckenbach

etal.,l999;Kanzaki&Futai,?.W)b;Iwahuietal.,?M)
has proved very use,firl for evaluating genetic distances
ánd for assisting the development of phylogenies and

pathway analysis of world populations of the pine wod
nemafode.

The objetive of this paper ae: i) to ompile a list of
valid specics and their synonyms; ii) to cÍeatÊ a catalogue
of the bes morphological characters previously usd by
taxonomists of the genus; iii) to use these data to coff tuct
toxt aod tabulr keys to tlre genus (the tahdar key may
k latcr used to dorelop a computer-aidd identiflcation
syst€m of the genu§); ,v) to Fform a critical comparison
of úrc original descriptions of the ryocie; v) o review
the prblished records ofeach species, in order to analyse
possible ünks of nematode species wift specific taxa
of asmciaÍed insect vectors and host plants; and vi) to
oonstruct a dendrogram of the phenetic §milarities of the
species based on the tahlar k€,y to the genus and ttrcn
Ío att€mpt to verify the clusters so formed by ünking
wiür prbliúed records of their vector tffia and associated
plants.

Materlaland methods

ln this paper, data from the original descripions of úe
species wereused io additionto oúr€rta(oDomical sürdies
on Íhe genus plus recent morphological invesigations
of yarious pecies. Matsial ftom the collections of the
University of Évsa (Évsa), Institute of Parasitology
RAS (Moscow) aüd thê Zoological tnstiutê RAS (St
Petersburg), as well as the collection of Drs Ana C.ataina
Penas and Maria Antónia Bravo, National Agricularal
Station (Oeiras, Porhgal) were also used.

As male morpholog5l is most relwant for rycies
identificatioo, two mlumns have been added to the tabular
key to give an ideaof how many specimens were assessed
for the charact€rs used (see Table 1). Thse mlumns
ars NJit = the number of mals studied ftom literanrre
sources (drawings, photographs, ryecific m€asur€metrts
and descriEions of every character lisrêd in the table); and
N_coll : the number of specimens studied &om various
collections.

The following species were shrdied from mounted
material in various slide collections (lhble 1): B. bore-
aüs Korentche, I<o, 1980,.B. eroshcnkii Kolossova 1998,
B. glochis Bzeski & Baujard, 79y7, B. hylobianum (Ko-
rsrÍchanko, 1980) HUDÍ, l»3, B. kotynurais, B. mw-
ronotu,s, B. pinophilus Brzcki & Baujrd, 1997, B. rus-
cia.e Amtx$oni & Palmisaao, 1998 and B. rylaphilut.
Apltclctulaides rtAenwbosi (Schwara 1911) Steiner &
Buhrer, 1932 was used as an outgroup.
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The taxoromic analysis and kys are mainly based on
a dgailed shrdy of liúerahrre de sprplemercd by avail-
óte collection mat€dsl. tn üre catalogue of ths diagnostic

cbaractsÍs used in the tabular key, refcrences to the main

publications are cid whe,n a úracts was proposed as

king of ryies aiagnosúic value or was used in keys,

diftrential diagnoses, or in the taxonomic descriptions.

A uniforn nome.nclafire of the character stats§ fu Bch
characEr was necessaÍy as üff€reú arthors have either
used various terms for &e same chüacter stat€n ü one

rutrme to coverdiff€r€ntchaacts stats(see section onthe
charactem for the tabular key). Line drawings of the diag-
nosic characters andtleir sfât€s (Figs 2-23) re proúded
to illustrate accurately aú of the characts Sat€s u§d
in the keys and thereby avoid any ambiSulty §temming

from zubjective intapretation of the descriptive t€rm§ em-
ployed. The drawings were p,repared from origioal mate-

Íial, slides in or collectio$I, or adapted from published

taxonomic desoiptions.
A srmmarised range of the character variability in

pubüSed descripüons of üe species was accepted herein

as the range of the charaçter fon úis species (e.e.,

a srite of alternative foms for qualitative chaatqs
and the minimum and maximum values for quantitative

chaÍacúers). If information on a prticular characÍsr was

ahent in úre publiúed dscriptions and could not be

infereA from the illustrations, the species was regarded

as indetqminarc for this charact€Í and was marked by a
'?' symbol in the tabular key.

A minimum lwel of differencebetween simíar specis
of aÍ leaS threechrac0ers was e$abü*tod for my spocies

b be considqed as valid. This criterion was used to ap
praisettretu.onomic stahrs of all orremly described8ar-
saplwbnchus specie. All putúished species deoiptions
and illusEations were considsd to be reliable unles§

foof to üe coúúy existed.
The numbq of valtd ryis ln Íhts overview ts greato

than in gerrious rwiews of the genus, an increase due

prtly to the critsria used and partfy beause of additional
valid species rwealed by a deAiled study of the prwiously
infficiemly krcwn spocies proposed in üe (}tinsse,

G@Ígian, German and Russiao lit€ratuÍe.
Detail€d s&rdy of úaracter vuiability in a larger se,t of

specie may necesitate revision of the taxommic §úahr§

of the nominal taxa prqosed herein" However, the pur-
pose of this amlysis is to attempt to traluat€ the diag-
nostic data fa d\ Bursaplwlenclrus species and to deÊne
groupsof similar spocies in oder to aid firttrr taxonomic
reserch using morrpholqgical and moleculr meftods'

In the rycis list rh4r follouns, ref€rencs to the
p€rÍio€nt liüerahre, inclúing pagp numbs, Bonomic
information, lpltg., etcn re citd in squrc brackets md
in a smaller poinr This úould frcilitate ref€rral to the

oÍignal souÍrce.

&ws Bwxaplwhnclus Fuús, 1937 tp. 3661
: Aplulerclnidcs (Burcaphclencà*s) Fuchs, 1937

(RÍihtr,1956)

tp. 2l8, tlpe-§p€ci* Btusqluknrhus ptn@rdac

Fuchs, 1937I
: Devibursaplplenchus Kakulia I 967

tlp. 441-44à t,"e-§pdes Daibwtqlukttclrta, typogrqht
Kalsdia lW : Ban@tclenctux WoSruPhfl

= Hwmplwbnclaidcs Nickle 1 970

[p.379, Figs 16 46 66,87, tne-spedes

Butphctencla$ Íwglvotlrs Ftanklin & Hoo,pa, 19621

:OmemeeaMassey, 1971a

lp. 289, trfe-species Omeneeq ms.rbq§§tansts

Iúassey, L97 I : Burqhzlzntltts narbassiensts'l
: Tbragrarnia Massey, 1 974

Ip. 213, tlpespecies Te tagnmta w üt Massey, 194
: Bal?hclenchwwtllil

: Ipsaphclznclws Lieutier & Laumond, 1978

tp. 19à typespocies lpwphelenctus,rilpesrris Liertier &
taumoíd, 1978 : Btttvplwlewh*t §rrve§rrÀtl

: Rlwdituplrclgnclws J.B. Goodey, 19@b

lpp. 99, 102, type-spies Aplrtlzrtcltw cocophlltu

Cobb, 1919 : Bwxqllelcwluts cocqúlutl

DIAGNOSIS

Based on Nickle (1970), Yn et al. (1988), Hunt (1993)

andBraasdt (2m1)-

Ad$lr

Parasitaphelenchidae. Mahrre female vermifom. Male
tail stuonglyorvd nenrally, tip wiÉt trrminal bursa-like
íap of qrücle, ail tip a'enly tapering, mt spicat€. Body
length 0.3.1.7 mm. Chticle annuli fine, I trzm wide uless.
&al disc ús€ot, lip cup{ike, laúeral lips narrower than
otlrcrs. Stylet less than 30 pm long slender with narrow

tumen, basal knobs weak Anus and recnrm functional.

Malc

Spicules sq)aaÍe, hook-lilrc, smetime§ linear, btrt
nwer súrongly curved Spiorle rosum usrally prominem

and separated from condylus @ge 1, 2À D-F), brú some-

timç frrsd with condylus to form compact capiadum

Nematology,96
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A synopsls oJt\w gaurs Bunphelenchus

(Fig. 2B). Tbo or moe pairs of caudal papillae púe.sent,

one adanal âod oile to fotrpairs postanal. Gubernaculum
úsenl

FemalB

Thil subconoid, errenly tapering; tip usually smooth,
§ometimes with simple mucro, but nerrer spic*e or with
four ürbercles: aoteÍior vulval íap pÍ€sent or ah€nt.
Postuterine sac preseot, usrally 3-6 vulval body diam.
long; V : @-92;c/ = 7 orless.

Dispersal jwenile (insect associate)

Ectophoretic, wift single exception ot B. hybbíarum,
ürcjweniles of whichwerefonrnd in tlrehaernocoel of the
curculionid host (Coleoptera Curculionidae).

RsLafloNsHlps

The main diagoostic feaúure of the Parasitaphele,nchi-
dae is the presonce of a bursa-like flry of cuticle zur-
rounding tb€ t€rminal region of the male tail. The fam-
ily currently contains two valid generil Bursaplwlcttchus
Fuchs 1937; and Parasinplwlenxlrus Fuchs, 1930. Bar-
saplwknchus may be distinguishd from Parasinplu-
lerrchus in that the insect-associated juvenile (dispersal
juvenile J3lJ4) is usually ectophtretic vs the e,n@ar-
as.itic fowür-stage juvenile being located in the insect
haemocoel in Parasitaplulenchus; the spicules are sepa-
rute in Bursaphelcnchus vs usually pafrially flrsed in Par-
asitaphekwhrrr; atrdtlrc male tail of Burcaplwlenchus is
súongly recurved yr more or less straight'rn Parositaphe-
lenchus.

Bursaphclenchus diffss ftom the morphologically clos-
€st Aptlelenchoididae genta (Apltclstrltoides Fisctrer,
1894; Loittwphelenclws Fuchs, 1937; Megadorus l.B.
Goodey, l9@4 Ruelanapahelenchus I.B. Goodey, 1963;
Schistonchus Cobb. I97 (Fuchs, 1937): Sheraphelenchus
Nickle 1970; Dlapheknchus Rühm, 1956; Anomycas
Anen, 1%0) in the presence of a small bursa-like flap of
orticle on úre tip of tre male tail us maleslacking a tnrsa-
like flry. Bursaplulznclws differs from the genera of the
family Ektaphelenchidae (Ebaphzlcnclws Firchs, 1937;
Cryptaplrcknchus Fuchs, 1937; Cryptaplwlenslwide s l,B.
GoodÊy, 19fi EbaplulenclwidesBagard, 1984) in hav-
ing a fimctional anus and rectum in dre female and in hav-
ing a narow $yletlumen yrfemales lacking afunctional
enus and rechrm and stylet usratly with a wide lumen

TypB spscrps

Bursaphclewlus piniperdu ptnipedact) Fuchs, 1937
(by original designation) üry. 36e370, Fi gs &69lnec
Aplwlcnclwides (Burcqhelencfua) piniperfuz apud
Rühm, 1956 [pp. 218, 229-23A,Fig. 61]

: Aphelsrclnides piniprdae (ftctrs, 1937) T. Goodey,
1951 [p.166]

OTHER sPEcrEs

B. abenms Fang, Zruo &, Z,rao, 2W2b ÍW. 791:794,
Fig. 1, Table 1l

B. abietinus Braasch & Schmutzenhofer,2000 [pp.2-5,
Figs 1-3, Table 1l

B. abrupats Giblin-Davis, Mundo0campo, Baldwin, Nor-
dm & Baúra, 1993 [pp. l6l-l72,Figs 1{

B. baajarü Walia Negi, Bajaj & Kalia" 2003 [pp. 3-5,
Fig- U

B. be stialas Mry, I 974 [p. 182, Ytg. 121]
B. borealh lturentchenko, 1980 [p,p. 17ffi-1772, Figs 1, 2]
B. chitwoodiR{lhm, 1956 (J.8. Goodey, 1960a) [p. 116]
: Aphelerclnides (Bursaplzelonchus) chitwoo ü Biíihm,

1 956 [pp. 219, 237, Flg. 621
B. cocophihtt (Cobb, 1919) Baujard, 1989IÍt.32.1
: Aplwbnchw cocophikts Cffi,1919 tpp. 203-2rc1
: Aplrclcncluts (Chitinoaphelpnchus) cocophilus (Cobb,

1 9 19) Micoletz§, 1922 ÍFp. 586-587I
: Aplulcntlnides cocophilus (Cobb, 1919) T. Goodey,

1933 [pp. 217-219. Figs 91,92]
: Chiünoaphelsncruas cocophil.us (Cobb, 1919) Chit-

wod rn C-orbett 1959 [W. 83-86]
: Rhadinaplulenchus cocophilus (Cotrb, 1919) J.B.

Goodery, 1960b [pp.98-101, Fig. 1]
B. conicaudatus Kanzaki, Tsuda & Futai, 2m [pp. 165-

168, Fig. 1, Túle 1l
B. corneolus Massey, 19óó [p.428, Frg. l0]
B. cteruti Riihm" 1956 (J3. Goodey, 1960a) [p. 1 I 6]
: Aplu le rclw i dc s (Bun aplrc knchas) c re nati Ríihm, 19 56

[p. 219, 227 -nÂ, FiS. 59]
B. cryplwli §uchs,1930) J.B. Goodey, 1960a [p. I 16]

= Parasitaphelenchus cryphali Rrchs, 1930 [pp. 635636,
Frgsl72,173l

: Aplwlenchoides cryplmli (Firchs, 1930) Fuchs, 1937

lp.331l
: Shistonclws crypluli (Fuchs, 1 930) Skrjabin" Shikhoba-

lova" Sobolen, Paramonov & Sudrikov, l95a [p. 310]
: Aplwknclni.des (Bunaphclenclrus) cryplwli (Fuchs,

1930) Rühm, 1956 tpp. 220,23+235,Frg.651

397Vol.7(3),2ffi5
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ryeciu apud Tarln & Baaa-Atagon, 1982

Íp.tnl
B, ügitulusl,&í 1964 [pp. ?i3,235-237,Fig. 14]

B. donggumensis Fang, hú & htto, N?e
[pp. 109-111; Fig. 112)

: Parasitoplwlenrlaa donggu,awnsk (FaW, nttu &
Z.ruo,2fiU2) Ikisa 2005 [p,p.3-5, Figs 1-9, Table l]

B. eggeni Rtibm, 1956 (J3. Goodsy, 1960a) [p. 1161

: fululenchoides (Bursaphelenchus) qggersi Riihm"
1956 ft,p. 219,231-233,Fig. ó3I

B. eibtutniRlllm, 1956 (J.B. fuey, I9e) [Ír. 116]

-- Aph.elenctwides (Burtapltehchas) eidmanni Rilhm,
1956 [Íp. 22§, 23V239, Fig. 691

B. elytrusMawy,l9lb [pp. 167-16E, Fig.5 (a-e)]

B, eretruu Rühm, 1956 (J.8. Good€y, 1960a) [p. 116]

= Aplulenclwidcs (Bunaplwlcnclws) enarzns Rilhm'
1956 [pp. 219,»5-226, Fig.57]

B. eroslunkii Kolossova, 1998 [m. l6l-1«,Figs 1,2]
B. erusus Kurastrviü, Kakulia & Devdariani, 1980

lpp.88{9, Fig. 181

B. eucarpusRtlhm, 1956 (J.8. Goodey, 19@a) b. l16l
: Apltzlzwlni.des (Bursaplulmrhus) eucarpus Rühm,

1 956 [m. 219, 22Ç2n,Fig. 58]
B.{ratúulentw Rithm, 1956 (J.B.Goodey, 1!@a) [p. 116]

= Aplte lenc lni& s (B ws aploe lenches) frauúrknns Rllllum.,

195ó ürp. 220,2&-?41, Fig. Tll
B. fucttsi t(ruglik & Bostrcnko, ffi4 [pp. 9G98, Fig. 1]

B. fungtwrus Franklin & ttuoper, 1962 ÍW. l3Êl39,
Figs l,2l

: Huntqphelenclnides fungivanrs (Franklin & Hooper,

1962) Nickle, 1970 tp.389l
B. georgicus DevdaÍiani, Kakulia & Kbavata$ili, 1980

[pp.457458, Fig. 1]

nanten nüwn apud IJuorL 1993 ÍÍ,. l%l
B. glachis Btzski & Bariard, 1997 [pp. 313-317, Ftgs

45{3,Ihbles 7, 8l
B. gowalcai Lmf , I 964 [p. 20d-l205, 231 -239, Ftg, I 5l
: Hmmplwlcnchoides gorw.lezi 0-oof, 1964) Nickle

1970 [p.389]
B. lullcnicw Skamoutsos, Braasch & Michalopottlou,

1998 üD. 6?5-6?3,Figs 1,2l
B. Iaftwuti Braax;b. 1998 [p. 61ffi?fi ,Figs 1, 2]
B. latnanznsis Yin, Fang & Tujan, 1988 [pp. 3,4, Flgs

1-11, Tables 1, 2l
B.Iutti(StÊirr§,1935)Gihlin&Y,ayul9&3lnp.4S+Spl

-- Aphelenclnifus hu&ti Steiler, 1935 [p. 106, Fle. Zll
: Hunapluledroides lunti (Stsitq,I935) Nickle 1970

\pp.379,381, 389-390, Figs 16,46, «,Ü1
B. ttylobianwn(I(menrche,nko, 1980) Huttt, 1993 Íp. B2l4)

= Parasitaphcknc.ltus hylabiülrrt l(E@fchÊnko, 1980

íf,p.177ç1779, Figs 5,6, Thbles 5,6l
B. idius Rühm, 1956. (JB. Coodey, 19@a) [p. 116]

= Aplulerclmides (Bunaptulzttcltts) idias Rühm, 1956

|pp.22O,23G237,Fir9.6fl
B. iacurvus Rühm, 195ó (J.B. tuey, 19Sa) h. 1161

: Aplubrrclwides (Bafiapirclsncfu$) incrrvus Rühm'

1 956 [D. 220, 2?Â-229, Filg. @l
B.l@vini Giblin, Swan & Ytayu 1984 [ftp. 178-18e Figs

1-5, Thble ll
B. kolryewis Korentdrenko, 1980 ürp. 1772'l776,Figs

3, 4, Tables 3, 4l (Magnusson & Itulinictu 199O

[pp. 15G159, Figs 1, 2 (redescripion of typ maÍ€dal

with emended diagnosis)l
B.leoni Baujard" 1980 tpp. LTGln-me.zl
B. üniBrareh,2m4b hp.3-7, Ftgs l,2,Table ll
B.tururiosoz. tftizaki & Futai, 2003 [pp. 565-569,

F"rgs 1, I TaHe 1-3]
B. rnoeba,ssi.ensi§ (Massey, 1971) Baujad, 1989 b.323I
= Oruqrceararbassítezsls Massey, 1971a [pp. 2.f9-291,

Fig.ll
B. minu,tus Walia Neg, Bajaj & Kú4" 2003 h,p. l-3,

Fig.ll
B. murmrwttts Mamiya & Enda, 1979 ÍVp. 3*356,

Ftg.lI
B. naujaciBatjard, 1980 [pp. 168-170, Ftg. 1]

= B. bakeri apud Tarlan & Baeza-Aragon, 1982 [pp.
ln, l§l rzec Rilhm, lg64 (: junior synonym of B.

serdentuiRliifon l9l0)
B. newmexicarus Massey, 1974 lçp. 186,188, fig. l?/+1

B.ntussliniRilhm, 1956(J.B. Goodey, 19@a) h. 116I

= Aplulenclwidts (Burcaphelorclws) nue.rslizi Rilhm'

1956 [pp. 219, 237 -238, Fig. 68]
B. paracorneoltrs BÍaasch,2m [rp. 177-781, Figs 1-3,

Table 1l
B. pírwsturi Banjaü 1980 [pry. 172-17 5, Fte, 3l

=B,chitwoodiapdTafn&Bama-Aragon.,1982b.I311
(Hutrt, 1993, p. 132) nec B. chítwoadi Rühm, 1956

Bursryhctenchus pinipedae ruchnpiniperdae n zubsp.l)
: AplubrcIwide t (BwsqÍvlenúus) piniperdac @whs,

1934 Rühm, 1956 [pp. 218, 229-2§, Frg. 6ll nec

Bursapluleu:-ltu piniperdaz Fuchs, 1937

B. piwphifus Brzeski & Bauiard, 1997 Ífl310 Figs 2G
44, Tables5, 6l

B. pityogeniMassey, 1974 hp. 186, 190, FiS. l25l
B. poligrapW poügraphP Fuchs, 1937 W.37U312,Ftgs

7G731 (J.8. C'oodey, l960a) b. 1161

: Aphelençlaides poügraphi (Fuchs, 1937) T- Good€y'

19sl [p.166]

Nemttolagl398
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Asytwpsis of tlw gau Bun4helenchue

B. poligraphi ruelmpoligraphi n. subsf,.5)
: Apltclcnclnidcs (Bursaplrclcrchus) poligmphi opud

Rühm, 1956 [rp. 219, 233-84, Fig.64] t* B. poti-
graphiFncbs,1937

B. rairarlfi Braarh & Burgomeister, 2ffi2[pp.973-976,
Flç7,2, TúIes l,2l

B. raAebargii Rühm, 1956 (J.8. Good€y, t9@a) ftr. l16l
: Aphc lcncltoide s (B urcaphele ndws) ratzeburgii Rühm,

1956 [pp. 218, 22+22s,Fig. 561

B- rachsi Riihm, 1956 (J.S. cood€y, l9ó0a) [p. I 16]
: Aphclenchoiiles (Bunaphelenchus) sachsi Rühm, 1956

[pp. 220, 23 5 -236, Frg. 66]
B. scolyti Massey, 97{[pp.l9o-lgl,Ftg. 126]
B. seani Giblin & Kaya 1983 [pp. 4041, Figs 14]
B. sexdanrati Rühm, 1960 (Hunt, 1993) [p. 133]
: Apl@lerlchoídes (Bursapfuknclus) sqdentati F.;líJhm,

1960 kp.205-2W,Fig.2I: B. baJeli Riihm, 1964 Íp. n01; Tarjan & B*za-
Aragoo, 1982 [pp. ln, 130, l37f

B. silvestris (Lieutier & Laumon{ 1978) Baujr{ 1980

tp.17sI
: Ipsaplulencluts silvestris Lieutier & Laumond, 1978

fçry.192-t9a,E\s.3]
B. sinewís Palmisano, Ambrogioni, Tomiszek & Brad-

stetter, 264 W.57-62, Figs 1-3, Table 1l
B. steinert RUhm, 1956 (J.8. Goodey, 1960a) [p 1lóJ
: Aplulenchoides (Aplwknclwides) steiruri Rühm, 1956

Ír».2L2Al,4,Eig.52l
B. sunricus Devdariani, 1974 [pp. 710-711, Fig. 2 (erro-

neous§ trameÁ Bursaphelenchus welchi on p. 71 1)]
: B. xerolurteras apud Tarjan & Baea-Aragon, 1982

[p. 13U wc B. xerckarterus Rilhm, 1956
B. sycàrasRiitrm, 1956(J.B. Gmdcy, l9@a) [p. 116]
: Apheknclwides (Bursaphelzncha,y) rycàars Riibm"

1 956 [pp. 220, 239-24A,Frg. 70]
B. nlarut (Tlme. 1935) J.B. God€y, 19&a b. 117I
: Afilwlentlwides talpnus Thortre, 1935 [pÍp. 132, 137-

138, Fig.5 (eg)I
: Aplwknchoides (Bursaplwlenclws) telan&» (Thorne

I 935) Riihm, 1956 lp. 2411
B. teratospicularir Kakrlia & Devdariani, 1965 [p'p. 1S7-

191, Fig. 1l
B. thailandae Braasch & Braasch-Bidasali, 2002 [pp. 85a-

859, Figs 2,3, Tables 1, 2l
B. tritrunculus Massey, 1974ípD.1S, 193, 194, Fig. 128J

B. tusciqe Ambrogioni & Palmisano, 1998 [pp. 242-?A8,
Figs 1-7, Thble lI

B. typographi (Iftkulia 1967) Ebsary, 1991 [p.9U

: Dwihtrsapfulenclws tyqgraphi Kakulia, 1967 lW.
439442,Frgs 1,2'l

B. vallcsiarus Braasch Shônfeld, Polomski & Burger-
meister,2004 hp.72-78, Figs 1-4, Tables 1-31

B. vadcatda Thong & \Yebsteç 1983 [pp. 312-313, Figs
l,2l

B. wel«u KuÍaslxili, Kalelia & Dwd{Íiani, 1980 tpp.
8G87,Frg l7l

B. wilfordiMassey, 1964 Ífp.151-153, Fig. 8 (c-01
B. wiili (Maxsry,1974)Baúarü 1989 [p.3231: Teragrwnia wilü Massey, 1974 W. 213, 215-216, Frg.

1441
B. xerokarterus Rühm, 1956 (J.8. Goodey, 1960a) [p. 116]
: Aphe lcrchoidc s (Ban aphe le nclan) xe mlearte nts Riiltm,

1956 [pp. 2L9,222-?2A, Fig.55]
B. rylophilus (Steiner & Buhr€r, 1934) Nickle, 1970

tp. 3901 lNickle et aL, l.981, pp. 391-392, Figs 1-
18 (redescripiou designation of lectoúype; zuccessful
mating expuiments between B. lignicobs and B. ry-
lophiku)l

: AphelencÍni.des rybphilus St€in€r & Buhrer, 1934

[pp.95G9sl Eig. 1]
: Paraplulerclwidcs rylnphifus {Steiner & Buhrer, 1934)

Haque, 1967 lW. 1251-12531
: B unaphclenchus ügnicoku Mamiya & Kiy oharu 1972

[p. 121, Fig. 1]

Spscres INeUTRENDAE vEL TNcERTÀB sEDIs

Burcoplulcwhtts conurus (Steiner, 1932) J.B. Goodey,
1960a [p. 117, but sae also Rühm, 1956, p.2/.ll

: Aphelzwlnides conurus Steinsr, 1932 [p. 442443,
Fig.4l

species incertae sedís apadTarlan & Baua-Aragon, 1982

[p.tn1
species inquirenda apú tutnr" 1993 [p. 133]
Bursaphelenelu,ts ruchmi Blakv, $A tfr. 2@lo
: Aplulendoides (Bunaplulcttchus) conjunctus apud

Rühm, 1956 W.22A, ?.411nec Aphelerclwidcs con-
junctusFn*rs" 1930

: Burtqlwlcnclws conjunctw (Fuchs, 1930) Andrássy,
l9s8 [p. 18s]

: Bursaplulenchu conjuwns apul J.B. Goodey, 1960a

fp. 116l ne c Aphc lznclnide s conj wcra,r Fuchs, 1 930
: Bunaplleknrhru ruetuni J.B- fuen 1963 [p. ru6)

(: junior objective homonym)
specie s irdetermirwu apuiTrjan& Baeza-Aragon, 1982

lp.13U
species in4uirenda apud Hunq 1993 h. 133I

3»Vol.7(3),2@5
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Á Àyrcetú

DBPARTURES To OTHBR (}BNBRÂ

Iainwplulcnchxs ligrwphil.ns (Kôrner, 19í) Mey,
1960a ft,. 1161

: Aphelznclnidst ligflophiht s K§ÍrlrçÍ, 1954 W. W-345,
Fig.59l

: Bursaphclzndtus ligaophil,us (Kôrner, 1954) Meyl,
1961 [p.83]

AplulenclwfuIes conjwcas (Fuchs, 1930) Filipjev, 1934

tp. 2l5lo nec Aphc lcnchoide s (B wraplw lcrtchus) con-
jmaus apadB§fbn" 1956 and B. coniwtctus apud-I.B.
Good€y, 1960a (: Buruaplulcnclas nwlmi Baks,
1962)

: Porasítoplrclsnclus conjwctus Fuchs, 1930 bp. 629-

630, Figs 162-1651
: Aphelenchoifus (Schisnnclws) conjunctus (Fuchs'

1 930) Filipjev, 1934 lp. 2151

= Shistorchu conja.nrtus lFuchs, 1930) Slsjabiq Shik-
hobalova, Sobolw, Paramonov & Sudarikov, 1954 [p.
310I

species irrcerne sedis apudTaqan & Baeza-Aragon" 1982

ÍÍp. L25-126, no hrsal

NoMINA NUDA

Bursaphclsnchus populruus Kakulia, Devdariani & Mag-
lakelidze, 1980 [p. 109]

nonun rudm apud Hunç 1993 lp. lYl
Bursaplukrtchus tbilisensh Kal«rlia" D€vdaÍiaoi & Mag-

lakelidze, 1980 [pp. 109-110]
,?omen nadilrn apud Huort 1993 Íp. lA1

ANNoTanToNs To THE SPBCIES LIST

D Bursaphelcruluts piniperiae DescriEion and illus-
traüons of thig the typ Wia, in Rilhm (195ó) ap
p€ã to reprceú a diffrrem taxon b ftd desctibed in
úe oÍiginal paps bV Rrchs (1937) (see Table l). Tax-
onomisús have not lwmd€d this speie since 1980 Qasú

recor& Caucasus, Krrraúvili et al., l98O). For more pre-

cise d€úsrmioatioo tbe specie is included in Thble l, in the
tÊxt key ts Bunaplrclawilms and in the tees of phenetic

similariries (Figs 24, 25) as separde subspies, namely

B. piniperdaz piniperdae Fuchs, 1937 and B. piniper'
daz ru.elmpiniperdae n. subsp. (: B. piniperdae apud
Rühm, 1956 ncc B. piniperdae pinipetdac Fuchs, 1937).

B. pinipedoz ruehnpiniperdae n- subsp. diffss from B.
piniperd.w piniperdaz llhavrngfte stylet 18-19 pm lmg
vs 11-12 pm inB. p. piniperdae; spicule lengt[ measured

along arc, of 1419 vs l2-L4 pm in B. p. piniperdac; n'
tio spianle lengtJt/c4inrlum widtfi of 25 vs 1.5 lt B. p.

pinipedre; rúod@hof capitrlum depressior/capiailum
wid&: O.4vs A2nB. p piniperdao, spicule tip flnely
rülnded us blurdy rousd€d b B. p. púniperilae, aod tail
of dispersal jwenile pointed vt narrowly roundd itB. p
pinipedae.

ú is impocant ihat the type ryocie púoeosd by
Fucàs (1937) is rcdescribed to md€rn stândaÍds so thaÍ

taonomic relaionúip can k unequivocatly e§úabli$ed"

» Bursaphclenclax fur.ggnncnsis. Kaisa (2005) trans-

fqr€d B. danggu,otensis to the genus Parasimpheknchas,
thereby proposing ttle combination P. dongguatwnsis

@ang, Z.luro & ãnro, ?ffl2) Kaisa, 2005. The new combi-

nation was based on an analy§s ofthe pubüshed descrip-
tion of the ryecies as no collection spcimens wqe avail-

able for study. Kaisa surdied collection material and puF
lished descripions of nine out of 14 vdid Parasinplw-
lenchns spies and argued the case for transferring the

species to Parasiaphelenclrus on the basis of tlre a, c and

V indexes of B. dongguanansis and úp farÍ.tllal the male

tail was not süongly recurved. The presence of endopar-

asitic juveniles in B. donggua.nensis was not dabli*t§d
as the species was described only ftom the dead wood of
wiltrd Pinus massoníana.The male tail recurvaure in B.

donggwncnsis is very weat although a similar r'il curva-

ture was illusfarcd for fte type specie Bwsaplrcbncluts

ünipedae by Fuchs (1937) and Rilhm (1950, and also

occurs in several other Bursaplulencfus species. The ac-

tual form of the male body was uot illustraÍed whetr tlrc
species was proposed by Fang et aL (?§2), the body

of both male and female being d€Picted in an artificial
U-sba@ form (as in some of the old€r nematological
publications), rather thm as the heat relaxed húiots. In
addition, B. dongguanensis was fixed in TAE a proces§

vÀicà in olr uperience maks nemaÍodes too §ofr to drdw

onclusions about the rcel My shape. The spiules of
B. donggummsis tre trot fusd. As all otlrcr EmuiaÉve
clraracters overlap between Pamsitqhelcnclus and Bur-

saplulenclus, üqe cannot be coasidered a§ aÍguments

to suport the transfermce of B. donggrunensi§ to flre
gews Parasitophelenchns. Additional support for this de
cision may be deÍiv€d by comparing B. dongpawwis
witlr the typ sp€cies of both genera, namely Bursapht'
lencfuB pinipenlae Fuchs, 1937 and ParasinplrclcncÍws
wrcinotus (Fucls, I 929) trtchs, I 930. Males of P mcina'
ars have only one pair ofpostcloacal papillae locatrd nea
the hneal flap, whereas B. dongguanensis malc have two
snch pairs. Males of B. piniperdae have one pair of lage
poctcloasal Fpillae and three pairs of smatl glandpapillae
(illusúaf€d ln Fuctrs. 1937 nn RÍihm, 1956). Bunaplu-

Nenúolngy,t(X)
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lznshus xylaphitrm, a widely disüihrted species often con-
sidered a 'typrcal' specie for the genus, has two pairs of
male poScloacal papillae located near the bursal flap, the
same sihration as in B. donggwunsis. rile tlnrefore do
nd acc@ the combination Parasiaphelcnchus donggua-
nensis @allg Ztrc & Zlruo,20A2) Kaisa 2@5 as valid
and tlrc species is rúrnd úo tIrc gnus Bursaphelmchus.

3) TIte origiml description of Barsaptutzncha"s ltwtti
(: Aphclendwida; lwttí) by Steiner (1935) and ttre
illusffation in this pap€r (Fig. 27) wsre based only on
nematodes fiom húbs of üüum rtgrirun (Liliaceae)
interceped from Japan, not from fruits of tomatillo,
Phyrulh imcarpa (Solanaceae) intercepted ftom Mexico
(see Nickle, 1970, p. 390).

a) Bunaphelcnchas hy lobianm 1uverules reprtedly in-
habit ttrc insct hasmocoel and this species is appaently
the only endopaasite within the genus. Korentchenko
(1980) described this species as belonging to the genus
Parasinphelenclws, but Hunt (19)3,p. 134) rgued thaÍ
the male tail morpholog5l, ryicule structure and disposi-
tion ofthe nine caudal papillae are characters of Bursa-
plwlenchts, ad tra$f€rred tle species accordingly.

s) Bursaplwlcruhus poligraphi. The descrip,tion and
illusnations ofthis species by RÍihm (1956) are slightly
different from those inthe oiginal paper by Fucbs(L937)
(Table 1). This species has not been recently redescribed,
although DNA profiIes attributed to this species have been
publi$ed (Braaschet al., 1999,2W). To facilitate more
exact ideotification, this species is included in Tâble 1,

in the text of key n Bursaphelencha.s and in the mees

of phenetic similariües (Figs 24, 25) as the urbryecies:
B. poügraphi poügraphi Fuchs, 1937 andB. poligraphi
ruefunpoligraphi n subsp. (: B. Wligraphi apudRllltm,
1956 nec B. poügraphi poligraphi Fuchs, 1937). B.
poligraphi ruehnpoügraphi n. subsp. differs ftom B.
poligrapW poügruphi ithtvingfhe spicule rosfium thorn-
like vs conical in B. p. poligrapW: hnsal flap conical ys

oval to rounded it B. p. poügraphi; male tail terminus
pointed ys rounded in B. p, poligraphl spicule slender
withttrc ratio of male sprcule length (measured along tlre
arc) to its width (measured posterior to rostrum in laf€ral
view) king 5 or more, vs spicule stout a[d con€sponding
raÍio <4 n B. p. poügraphi; ratio of spicule length to
capitulum widúr : 25 or more ys 2.0 or less in B. p.
poligrophi; spicule length along rc > 15-18 p,m vs 11-
13 p.minB. p. poügraphi; and súyler 12-14 y.mlollgvs lO
pcmin B. p.

CI lpneknelwides conjunetus. As described by Fuchs
(1930), thie specim has all úe features of aphelenchoidid
nematodes (pnarynx fum, male spicule strape, female tail,
male tail mucronate and lacking a bursa two pairs of male
poçtanal papillae, súylet: 8 pm, spicúilength along arc
: 14-18 p,m). It may be considered as species fu4uirenda
within Aplwlenclwides,brt M, Barsapheknchus,V*atx
of the absere of a terminal bursa and the spicule úape.

Baker (1962, p. 200) showed tlut úrar the species
atffibut€d to B. conjwctus by RÍihm was different from
the original description of Fuchs (1930). RÍihm's species
has a hrsal flap in the male and therefure belongs to tlre
gelnls Bun aphclzrclru* Riilhm's matsial was renamed by
Búer (1962) as B, ruelrni. Baker also pointed out that
B. conjunctus qud Rtilú, (: B. ruchmí) had also been
mentioned by f.B. Goodey (1960). The same specic was
refrred to x B. conjuectus by Andússy (1958, p. 185).
ln this rcr,iew, B. conjuttctus Hrchs, 1930 is considered to
be a species inquirenda n iÍhin Íhe geurs Aphclenclmidzs
whereas B. conjmcut aptd R:ílhm, 1956 (: B. rwhní)
ruc B. conjuncrus Fuchs, 1930 is considsed hsein as

ryecks inquirenda witlua Bursaphclanchu*

SoMe nsMÀRKs oN THE cENUs

i) The gmeric differences between Bunaplwlenchux
aod Parasitaphelenchts were discussed in detail by tfunt
(1993) andemended by Kaisa (2@5).

iÍ) In this acmunt following the argument in Thong and
Websts (1991) ad Mamiya (19&1), rhe rertrl 'dispersal
juvenile' is usod instead of 'dauerlarva'. The insect
associated dispersal juvenile is a juvenile stage specialisd
for a phoretic transmission by au insect vector to a
new habitaL In Para*itaphelerrchas, the parasitic (fouÍttl-
Sage) juvenile is found as an endoparasite in tre insect
hasmocoel, whereas io, Bursaphelmchus the dipersal
juvenile (J3lJ4) is wtophoretic, althorgh excepionally, as
inB. hylabiarum. it appars to be endoparasiüc.

iri) Vulva position: V : 82 and more in Parasitaphe-
lenchus: (Huntmentioned 857o ormore, but Kaisasfessed
thÁ. P acruposthion, arr.cr:üngto Steiner (1932),hu82%
as the minimum value); wlrcreas inBursaphclenchlra, V :
80 or less. However, at l€ast four species of Bursaplukn-
chus {8. rypographí, B. ügitulas, B. erusus arrdB. dong-
gamcnsi$ have V : 85 and more.

ld Male ryicules: Spnxbs are partially fused in Par-
osinplulerclws, although Kaisa (2ffi5) reported ürat fie
spicules were not fused on slide material of P. gallagluri

401Vol. (3),2ffi5
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and P. procercus, u in Figurs 38 ad,10 of the oÍisioal
dccription of P, popillatus Fwha 1937. Ít Bwmphelen-
chx,s the Scules ae usrally sryarde, htt wse Í€eorted
to be paÍtially frsd in some speies (Hutr, 1993).

v) Male tail curvafiuq The male tail is not strongly
reqrrved in Pamsímplrcbnchus. büt is so $aped in
Bursaplulenchw. In the type-species Butaplulenchas
piniperdae, as well as in B. poligraphi, B. ügiwlus
and sweral dsr species, the male tail is not strongly
recurved

vi) Kaisa (2005) also considered the following charac-

tÊrs as disdtrguishing the gercra: a-hdsx 7 29 m Par-
asitaplwbndtus, hrt <29 it Bursaplulznclttts (howenrer,

more than T0Barcaplulenclws spp. have an a-index > 29

aod 31 Bunaphzlcnclws species have a > 40); c-index

) 4O'ln Parasitaphclenchu§, bttt <4O in Bursaplw bnthus
(bfi B. eiúnonni, B. poligraphi, B. donggu,alneuis, B. eto'
rrs and B. typographilwte a female c-index > 4O).

vii) Of the listed characters, the most importsnt one

is biological, endoparasitic juveniles being &e diagnos-

tic feafine of Pamsinphelenchas. Significant ovedap be-

twee,n the two gensa may be found in the ofter listed
charact€rü the Eost rt{iable ofthsss being the recurved

trnl of Bunaphelenrh.ut vJ mor€ or less sraight in' Para-
sinplukrchu», and Se usrally s€parde spicules tn Bar-
saphelenúus vs usually partially fused in Parasitaple'
lenclw§.

vírí) Acmding to Mayr (1969) the genus taxon is a
monophyletic group of species stparated from other ge-

nera by a distinct gap (in morphological and other char-

ders) and ocaryying a disinctly spúde ru.c)re. Para-
siaplubnclw is distinctly different fuom Bursaphelen-

clzar in the endoparasitic habit ofthe fourth-stagejuvenile
vr the eclophoretic dispersal juvenile (l3lJ4) of Bunaplrc-
lerrclws.Ttnts, Pamsiupltclcnclus is more ryialised to
insct para.sitiem and may have errolved from the ge'nus

Bursaphelenclrus. the insect vector in the Bunaplwlsn-
cáns cycle bocoming thehoet of the parasitic juvenlles of
Parasimptubttclut* As a result of tbis specialisaÍion, a
sclerotised mouth hook developd in the infetive third-
stage juvenile of Parasinplulenchus to facilitãe inva-
sion of the bark beetle grubs (Ifunl 1993). This srucnre
as well as the endoprasitic habit of the juveniles, may be

considered as synapomorphix of Parasinphelerrclws.

ir) Among the generic synotryms of Bunaphelen-
cluts, Íhe genvs Rhadhaphelenclws J.B. Goodcy, 19@,

whish was synonymised wrtlt Bursqhclenclas by Bau-

jard (1989), is of most int€r§. The only ryecies of the
gwus, Rhadinqtwlenclus cocophihu (Cobb, 1919) J.B.
Crood€y, 1960 is now considered to belotrg ta Buna-
plutmú.us (Baujr4 1989; Giblin-Davrs et al., 1989,
2ffi3; Giblin-D6v§ 1993; Fang et al., ?fi?a; see also
discussion in HunÍ, 1993). The most §imilaÍ §pmies to
B. acophil,w is B. dangguanznsis which has a similar

çprcule strucürê and ao a-inder >§. Banaplulenchas
cocophil.us may be placd in üe àuzri-speies group on
the basis of spicule structuÍe (lanlna wide, dorsal and
venúral limb well s€paÍato, sre Figure 2A). Vectors of the
group do notircludÊ members of the Scolytidae, bux are

rffiicted to Mes of üre family Grarlionidae and YaÍi-
ous Hymenoptera (Halictidae aod Anthophoridae).

BIoNoMICS

The $oreric juveniles are associat€d wiú insects. Vec-
tors are mainly Coleoptera, particularly the §colytidae,
hrt also the Buprestidag Cerambycidae and Curculio-
nidae. Some species are aesociaed wiütte insect qd€rs
Hymeooptem (Halictidae) or kpidoptera (S€siidae).

Associat€d plants are mainly trees, particularly Pina-

ceae, hú also include tres ftom other families" includ-
ing Araliaceae, Areaceae, Be§,rlaceas, Cupressaceae, Fa-
gaceae, JuglandaceaA Moracge, Oleacqe, Roeaceag

Rubiaceae, Salicaceae, and Ulmaceae, as well as herba-

cans plants blorgtng to Alliaceae and Solanaceae.

Sp€dsgroup§

Different criteria may be used to diüde the large
number of nomisal specis of the genus Bursaplwlcnchus
into smaller, more convenienÇ 'species groups'. Tlujan

and Basza-Àragon (1982) goposed ttrmirology fo the

spicnle struculÍe (Fig. l) n Bursaplulerrchus and gave

a detail€d classificdm of spi«rle chtracteÍs and their
súat€s. Giblin and Kaya (1983) usd this terminolory to
construct a specie gouping which was [4s€d mainly

m the úape of the spicules, comflicated copulatory
structur€s described and illusúared for all specie of the
geirus. The classificatim of Braasctr (2@1, 2004a), on
the ottrer hanü is based oa the number of incisures in the
lateral field, number and arangement of tlte male caudal
papillae, Fesence of a vulval flap in the female, and shape

of the female tail. Unfmamately, thse ctnracters are

arrailúle for only some of the nominal species, theceby

limiting the utility of this scheme.

NeÍtdologyff2

73



APPENDD(

A synopsis af tlw geaas Bumqhetenchus

In this papq only the spicule struc&re is used to
s€parate ttrc species into gfoups. These species gFo{rps

re intended purely as identification units in oder to
facilitâte specie.s identificaÍion. However, some of these
groups may k mural (i.e., phylogenetically basêd). TIre
different parts of the spicule ae illusúrated in Rgure 1.

T?temostimpmfant spiculecharacters are the strapeof the
rosfium (a derivaüon of the venEal limb of the ancesfal
aphelenchoid spicrle) and the shape of the condylus
(derived from the domal ryicule limb).

In the following dichotomous key, which is based on
spicule strucfure, the six species groups are keyed out first
and ae then followed by keys for each spcies group. For
each species group a brief diagnosis and list of specic
intoduce th€ corresponding key, the species donating the
group name being listed first (i. e., B. hunti is listed firs in
the spocic lis ofthe áanrí-group).

When constnrcting the text keys, two approaches for
the identificatioü process were employed- The frst ap
proach was ,o sq)arate one species foom *re cuÍrent
set of species by a 'unique character'. The second ap
proach was to split tre currmt set of ryccies into several
nonoverlapping subsets of spcies using an appropriate
'group character', the condition being ürat each species of
Íhe current set has only one of sev€ral alteraative stahs
of such a chracter. Unique characÍeÍs are very rare in
a large germs srdr as Bursaphebnchus, an example be-
ing the head region strucülre in B. matbassiensis whro:e
the frst head annulus is distinctly larger in diameter üran
üe other anmli and etrongly offs€t. Among the group
characters, the typ of spicule stmcture is the best, sort-
ing fte genus into six, non-overlapping, species gfoups.
However, within thepiniperdae-grotp, the most speiose
of all ttrc goups, it is difficút to select diagnostic char-
acfers bmarse of the large variability and ovedapping of
characErs amongst the many nominal specias. In an at-
temÉ to overcome üis difficulty, ryecies of the piniper-
daegfoup, thereforg 4pp€ar mqe than onçe in the text
key.

Keytothe specis groups

1. Dorsal and venÍral limbs of male spicule not joined
at spicule tip; spicule üp broad and blunt (Fig. 2A)

ltwttigroup
Dorsal and venEal limbs of male spicule joined aÍ
spicule tip; spicule tip narrow and conoid ........ 2

GAFITULUI'

ROSTRUE

CALOilUA

I.AüINA

Fig, 1. Male §?ioÁle (laterul vtsrs) slt$fiing cowtüuzw prts.

2. Capitulum compact, rostrum and condylus firsed
(Fig.2B) aberrans-group

Capitulum elongate, rotrum and condylus well de-
veloped and sepaate ... .......... 3

3. Spicule linear, wifh small rostrum locaÍsd halfu'.ay
along its length (Frg. 2C) eidnanni-group

Spicule hook-like, with prominent ros{rum located
more aot€riorly

Condylus recurved po$eriorly (Fig. 2D)
... borealis-groap

C-ondylus súraight or indistinct(Fig. 2E D ...... 5

C4itulum flatr€ned anteriody, condylus small, dor-
sal contour of lamina distincdy angular in last third;
cucullus uarally pr€§ent (Eig. 2E) .. ..

xylophihs-group

Capitulum concave anteriorly; condylus elongate,
dorsal coúour of lamina smmttüy curyed or angular
at midpoint, cucullus usually absenl but small cucul-
lus sometimes fesent (Fig. 2D

piniperdae-grotp

IGys to the species of Bunaphdcnefuis Fuchs,
1937

Thse keys are based mainly on descriSions in tlre
literaf,re and ou sollection maÍerial, as listd in Tlüle I
(columns N_lit and N_col).

N3

......... 4
4.

5.

Yol.7(3),?.@5
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t.

2.

THe ríuÀ,zr-cnoup

Dorsat ard ventral limbs of spiode not joind at tip,
wüich is broad and blutrt

Species: B. ltilttti, B. cocophilus, B. dongguwnsis, B.

fungiwrus, B. gonukzi, B, kêvini and B. seani.

3. Vulval flap abeenÍ (Fig. 7B)" male bursa conical in
ventral vieu, (Fig. 2lA), spicule lengü measurd
along arc :24 p,mot more. found in America .. . .

.... B. etytna
Íúrlval flap prssent (Frg. 7A), male bursa rounded
in ve,ntral view (Fig. 21B), spicule length measured

i::: :: r il:: :l: * : :: x1 HK
THDEIDMANNI-GRoUP

Spicule straiglrt linear, small conical ÍosEum located
midway along spicule.

Spcies: B, e i dnmni, B, ü g itulus, B. e m s us, B. s te ine ri,
B, teratospiculais, B. rypograpW.

1. Femahail dp withdistinctmucro(Frg. 3A) ..... 2

- Female tail tip without mucro, digtat€ úo rounded

Gre.3C,D)........... ...........4
2. Fenale pos*uterine brarch lengttúvulva-ams dis-

taÍce < 0.3 (Fig. 23A, B) B. erosus

- Female postuterine branch lengtlt/vulva-anus dis-
tfrce> 03 (Hg.23C,D) 3

3. Female index V : 74 or less, male hrsa minute and
conical in ventral view (Frg. 2lA); ratio of spicule
length along rc to its widft (excluding rosírum) :
10 or more (Fig. 16D) B. suiwri

- Female index V : 84 or more, male bursa rounded
in veotral view (Fig 2lB), sometims with slightly
m-shaped posterior line; rúio of spicule length along
arc to its wid& (excluding rostrum) : 6 or less (Fig.
164,8) B. ügitalils

4. Female postut€rine branch = 4 or mue vulval body
diam.long (Fie.5G D) B. eidnawi
Female posarterine tnanch : 15 or les vulval body
diam.long (Ftg.5A) 5

5. Itrd€x V: 80 s less, spicute lengô along rc: 15

pmor more B. terüospicularis

lndex V: 85 or more, spicule lenglh along arc : L2

pmorlms B. typogaphi

THE BoREAus-GRoUP

Spicule condylus reonvd posteriorly.
Species: B. borealis, B. cryplmli, B. leoni, B. ritvestris,

B- tusciae.

l. Vnlval flap absent @g.'íB) ...-....... B. cryplwli

\tuIval flry present (FIg.7A) ..... 2

Nenatology

Index a > 8O

Index a < 65

...... 2

3

Ind€x C :5.6 or mse, weak ffth lateral line present
ceutrally, male husa oval to rounded in ventral
vien, (Fig. 21B), spicule rostmm conical to roundd
(Flg.6B,C) .. B.cacophihts

lndex c' : 2.2 or less, four lateral line" male bursa
Euncde in vemal view (Frg. 2tC), spicule rostrum
ftmn-like (Fig;6Á') B. donggwwnsis

3. Female tail terminus musnonate (Ftg. 3A)
..... B, kevini

Rmale tail terminus pointod (Fig. 38) 4

- Female ail terminus ronded (Fig. 3C) .......... 5

4. Junction between spicule rostrum and lamina of
dcule angular (Fig. 204), ratio female gerital pos-
urt€dne branch length to vulval body diam. : 2 or
less B. seani

- Juncdon betwe€n rosffum and lamina of ryicule
smoothly cunred (Fig. 20B), ratio female genital
posúut€do€ braoch lengü to vulval body diam. : 2.9
oÍmore B. gonaqkzi

5. Lareral feld wiú three incisurs (Fig. l3B)
B.tunti* 

::i1 :: ::: :::: Yi !?;;,;;;,

THB áaERe.4ÀÍs.GRoUP

Malespicule capitulum compacq rostnrm and condylus
tusd-

Spectes: B. abenans,B. i.dius,B. elymx,B. siwwi*
l. .Fe,male ail dp strongy recurved (Fig. 104)

B- abenans

Female tail tip not snongly recurvd (tail tip súaight
or slightly curved veúraly (Fig. 108) .. ........ 2

2. Female inds C : 2.7 or less six incisurs in laferal
field (Fig. 13E) B. idius

Female ind€r( C : 3.2 w more, four or feryer
incisres in larsral fleld (Fig. 13AC) ............ 3

M
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2. Male bursa oval or roundd in ventral üew (Fig.
ztB)........... B. silpestris

Male bursa runcate in ventral úew (Fig. zlc). . .. .

Spicule rosrum sharply conical to poinúed (Fig. 68),
spiculelengü along rc : 22 p,mor more ....... 8

8. Angle b*ween line along capitulum (condylus-rost-
rum) and line extending sptcule tip : 30" or less
(lircs appeâÍ to be parallel) (Fig. I 1B, C) . .. . . . . - .

B.baujardt

Angle ktween üne along capitulum (condylus-rost-
mm) aod üne extending spianle tip :45" oÍ more

.........3

Female pstuterine branch :3.5 or less vulval body
diam. long (FlC. 5À B), male spicule condylus tip
pointed(F'rg.9c) ....... B.borcalis

Tuexnr.prutus-GRouP

Spicule nÍurow capitulum flattened condylus small,
lamina angular in postoior third cucúlus preseú (€xcept
irnB. crenatí).

Species: B. rybphihts, B. abruptus, B. baujardi, B.
conicaudatus, B, cwnati, B. eroshenkii, B. fraudulentus,
B. kolywnsis. B. bruriosac, B. rumonnlux.

l. Spicule cucullus absent (Fig. 4C) ..... .. B. crenati

Spicule cucullus present (Fig.4A) 2

2. rfulval íap abseú {Frg. 7B), five lateral incisures
(Fig.13D) B. eruslwt*ii
\fuIval flap pres€nt (Frg. 7A),laÍeral field wittr other
numbsr of incisures (Fig. 134{) .. .. .. .. .. . .. .. 3

3. Spicule condylus reduced to indistincL not offset
from capimlumaslq6us angle (Fig. 9D)

B. conicaudaus
Spicule condylus well developed, rounded (Fig. 98)

4
4. Female tail tip strongly recurved (Fig. 104)

... B. laxuriosae
Female tail tip straighÍ or slightly curved venfrally
(Fie. 108) .. ... 5

5. Female tail tip truncate or flnely rounded (V-úaped)
(Fig. 3C, E) ........ .... B. abrupas

Female tail tip mucronate, pointed or broadly rounded
(U-shaped) (Fig.3A, B, D) 6

6. Excreto'ry pore locatd at mdian bulb level or more
anteriu (Fig.8C, D) 7

Excretory pore located posterior to median bulb (Fig.
8ÀB) . ..... e

7 . Spicule rosrum ÍoundÊd to digitat€ (Fig. 6c), spicule
length along arc : 21 pm or les . . . , . B, ltolynensis

3. FemaleindexC:Sormore B. leani
Femaleindex c' :45 orless .................... 4

4. Female postutqine branch. - 43 çr more vulval
hdy diam. long (Fig. 5C, D), male ryicule condylus
tip rounded (Fig. 98) B. tusciac (Fie.11A) B.fratduknax

9. Male buma truncatê in ventral view (Fig. 21C), de,ptfr

ofcapitulum depression/capiailum width > 0.1 (Flg.
19B); dorsal contolrr of spicule lamina smoothly
orrved@g. 154) ........ B.mucronatus

Male hrsa oyal üo rounded in ventral view @g.
21B), ratio of depttr of capitulum depression/capitu-
lum width > 0.1 (Fig. 19A); dorsat contour of
spicule lamina distinctly angúar in posterior third
(Fig.l5C) 10

10. Female tail úp usmlly broadly rornded (Fig. 3D);
spicule rostrum-calomus junction angular (Fig. 204),
male tail terminus Qateral view) pointed (Fig. 228)

B. rylophilas
Female tail tip mucronate to pintÊd (Eig. 34, B);
spicule rostrum-calomus junction smootlúy curved
(Fig. 208), male tail terminus shape Qateral view)
narrowly rounded {fig. 22C) ...... B. fraudalentus

TtgE pmtpFr.DAE-cRouP

Spicule stout, capihilum concave, rortrum and mndylus
well developd, condylus elongated" lamina smoothly
curved or angular at *idpoiot, cuçullus absent or presenL

Species: B. piniperdae (consisting of two subspecies:

B. piniperdae piüperdae Fuchs, 1937 ard B. piniper-
da< ruehmpiniperdse n subsp.), B. abietinus, B. besti-
olus, B. chiwooü, B. corneolus, B. eggersi, B. eremas,

B. eucarpus, B. Íuchsi, B. georgicus, B. glachis, B. hcl-
knicus, B. hartnswri, B. hutwnensis, B. hylabiaruun, B.
inturyus, B. lini, B. moxbossícnsis, B. tnirattus, B. n&u-
jaci, B. newrnexiceruts, B. ruesslini, B. paracorncoka, B.
pinasui, B. pinophilus, B. piryogeni, B. poligraphi (con-
sisüng of two zubspecies: B. poligraphi poligraphFucbs.
L937 aú B. poligraphi ruehmpoligraphi n. srbsp.), B.
rainulfi, B. ratzeburgii, B. sachsi, B. scolyti, B. rcxdcn-
tati, B. s&aricus, B. s yclmus, B. tnlanus, B, tlwihilae, B.
tritrunculu§, B. vallesianus, B. varicaudu B. welane, B.
wilfordi, B. willi, B. xemlcarterus.
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ARy.$etú

(Fig.48) 2tA)
Male spicule tip witrout cucullus, finely rounded to 14. Spicule tip with cucullus @g. 4A)
digtâte(F'rg.4C) 6

1. ÂnteÍio{ h€ad annulus distinctty larger in diam. than
others and ofset (Ftg. 17C) ..... B. maxba;siensís

Head annuli of equal diam. or annulation indistinct
under ligh micrccope (Fig. 174, B) . . . . . . .. .. .. 2

2. Female tail tip witr mucro (Fig. 3A) 3

Female tail tip pointed Gfg. 38) t4
Female tail tip finely roundd §-úa@) (I,ig. 3c)

3t
Female tail tip broadly rounded (U-§ha@) (FiC.

3D) .... 50

3. Male spicule tip with cucullus (Fig. 4A) ......... 4

Male spicule tip without cucullus, sharp to angular

11. F€,male poshrteÍirc bÍanch : 5 or more vulval body
diam- long (Fig. 5G D) . B. rru$aci

Female postuteÍine bnanch : 4 or less vulval bdy
diam.long (Fig.5A, B) .--... t2

12. Male spicule length along â.Íc : 26 pm or moÍer
female index c = 14 or less B. ütnmcultrs
Male qicule lengú along rc : l'l pm or l6s,
femaleind€xc:2Oormore ..... 13

13. Female tail tip stroryly recurved (F"rg. l0A), male

buÍsa tmncate in ventral úew (Ftg. 21C).
...... B. ra&eburgii

Female tail tip strÀi& or sligttly curved venrally
(Fig. 108), male htrsa conical in venEal view (Fig.

B. thailaileg
15

Spicdetip ç,ithoutcucullus, stÉrp to fnely rounded

ordigitate(Frg.4B,C) .......,... ...-. 18

Sprcule tip wiÍüont ororllus, blurtly Íoundsd to
widely rounded (Frg.4D) B. hailard.oc

- Spicule tip without cucullus, broadly frurcate (Fig.
B.hylobianum

15. Female poshrtaine bnanch : 1 or less vulval body
diam.long (Fig.5A) B.minutw

Fmale pomterine tlranch :4 or more vulval body
diam.long (Fig.5C) t6

Female postutrrine Lnanch : 2-3 vulval body diam.
long(Fig.sB) .......... ......... 17

16. Fe,male tail tip srongly recurved (Fig. 104), male

bursa conical in ventral üew (Fig. 214), stylet lengttt
: 12 F.m sr less B. corncolus

Female ail dp straiCht or slightly curved ventrally
(Frg. 10B), male bursa tnrncde in veúal üew (Ftg.

2lC), sfyl€t lengü : 16 ,em or more . . . . . B. Íucltsi
17. Tko lateral incisures (Fig. l3A)" one pair of male

postanal papilla€ (Fig. 124) ........ .. B. úietints
Three lateral incisres (Ftg. l3B), two pairs of male
postanal papillae (Fig. 128) ..... B. paracomeob,s

18. Raio of male sprcúe lengÊ along arc to its údfi
measured poseriorto roóÍrum < 3 (Fig. 16À) .....

B.wiforü
Ratio of male spicule length along aÍc to its widfr
measured pserim to rosEum : 3.5 s more (Fig.

16B-D) ............ 19

19. Fe.male ail 6p strongly recurvd (Fig. 104) . . .. . ?§

Nefiufalogy

....5

Male spianle üp witlrout cucullus, blunüy romded to
widely rounded (F"te. 4D) 11

4. Excretory pore lmated at median bulb level (Fig.
B.pirwphilus

Ercretory pore locaÍd at nerve ring or po$aior @g. 4E)
8A) ....... ... B.fucltsi

5. Female vulval flap praent (FiC.l L).
B. varicruda

Female vulval flap úsent (Fig. 7B) ..... B. wehuc

6. Maleindexc<14 B. süaricus
Maleindexc:15ormore ............. 7

7. Female tail tip stongly recurved (Ftg. 104)
B. rcrolurterus

Female ail tip sraight or slighüy curvd ventrally
(Fig.10B) 8

8. Fenale postutsine hanch < I vulval body diam.

long (Fig. 5A) .......... B. chitwooü

Female posnrtÉrine branch > 2.6 vulval body diam.
long (Fig. 58, C) .......

9. Excretory pre locarcd between nerve ring and me-
dian bulb Gfg. 8B) B. pinastei

Ercrefory pore locaÍd at nerve ring level or posCerior

Gre.8A) 10

10. Male spiarle condylus trurcate (Ftg. 9A), female
vulval flap abs€nt (Fig. 78) B. eurarpus

Male spicule condylus rounded (Ftg. 9B), small, but
distinct fe,male vulval flap preseot (Fig. 7A) ......

8C) ...............

o

M

B. varicouda
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Female ail tip straight orr sligtrtly currred venfally
(Fig.10B) .......

2O. Male spicule length along arc : 18 1rm or more,
two pairs of male postanal papillre (Fig. 128), ratio
of spicule length (along arc) to capitulum width
(dis.ance Hween ends of rostrum and condylus) :
25 ormorç (Fig. l8C) B. glachis

Male spicule lengft along arc : 15 pm or less,
one pair of male posaf,al papillae (Fig. 124), ruio
of spicule length (along arc) to capihrlum width
(distanw beúween euds of rotrum and condylus) :
2.1 orless(Fig.18B) ................2L

21. Male spicule rostrum sharply pintd' strcrt (Fig.
6B), qpiculm lamina dorsal line smoothly curved
(Fig. l5A) female index c > 20, excretory porê
located posterior to median hilb (ng. 8A, B) . . . . . .

Male spicule rostrum namowly rounded to digitate,
long (Fig 6C), spicular lamina dorsal line angular
(Fig. 15B), female index c < 20, excreüory pore
locaJ€d aÍ median bulb level (FtC. 8C)

22. Spicule condylus pointed (Fig. 9C) ... .. B. eremu.s

Spicule condylus blunü rounded or truncate (Fig. 94,

23. Spicular lamina dorsal line angular (Fig. l5B).. . ..

Spicular lamina dorsal line smoorhly curved (Fig.
l5A) ........ .--..24

24. Spicule condylus truncate (Frg. 9A) 25

Spicule condylus rounded (Fig. 9B) .... - -.. -... 27

25. Male buÍsa truncate in ventral view @g. 21C),
female postuterin€ branch < 3.5 vulval body diam.
long @9. 5B) and 0.3 or less of vulva-anus distance

- t;r*,;;r";'"*'i;;;, ;;;*1;íffifr
conical or pointed (Fig. 68), female postuterine
branch lengü > 2 vulval body diam. Iong (Fig. 58.
c) 29

29. Male bursa runcate in venEal üew (Fig. 21C),
female index c : 13 or less B. sychnus

B. xerolcarterus Male bursa oval, rounded or conical in venfral view
çng. 2lÀ B), female index c : 19 or more .. ... 30

30. Female vulval flap absent (Fig. 7B), female po$uter-
ine branch lagth 2 or les vulval body diam. long
(Fig.5B), female index V :82 or more ..

B. rainulfi B. georgicus

23

- Female vulval flap pressot (Fig. 7A), female postu-
üerine branch length 3.5 or more vulval body diam.
long (Fig. 5C)" female index Y :77 orless.. .....

B. pinastei

B. saclui 31. Male spicule tip Qaterat view) with cucullus @g.

'»1

width measured posterior to rostrum Qatoal üew)
: 5 cr mor€ (Fig. 16C); firo pairs of male posúanal
papilae (Hg. 12B). ..

B. poligmphi raelanpoligraphi n. subsp.

Female index C : 53 or more.. ....... B. wehue
Fe,male index C : 4.9 on less ....28

28. Styletlengür: 19 rzm ormore, male spiculerostrum
rornded (F"rg. 6C), female @rterine branch lergúr
< I vulval body diam.long (Fig.5A). ..

4A) 32

Male spicúetip withotrt cucullus, bluntly rounded to
widelyrounded o broadly truncate (Fi& 4D, E) ...

38
MaIe spiculetip withoutcucullu§, úaÍp, fin€ly round-
ed or digitare (Fis. 48, c) ... .. 41

32. Excretory pore located at median bulb lwel (Fig.

aa
.-....----- LL

B) ..........

(Itg.23B)

MaIe bursaoval orconical in ventral view (Fig. 21À
B), female postuterine branch > 5 vulval body diam.
long (Fig. 5C, D) and 05 or moÍe of vulva-anus
distance@g.23C, D) '26

26. Male spicule ro$rum conical (Fig. 68), spierle stouL
ratio male spicule length along mc to its widül
measured posterior to rosúum (lâtffal view) < 4
(Fig. 16B); four pairs of male poetanal papillae (Fig.
lzD.l,D.2) B. poligraphi poügruphi

MaIe spicule rosfrum thorn-like (Fig. 6A), sprcule
slender, ratio male sprcule length along arc to its

, .. B. vallzsiarus

Excretory porelocated at nerve ring orposterior (Fig.
8A) ...

33. Female postüterine branch : 4 or more vulval body
diam. long (Fig. 5C) and extending for 0.7 of vulva-
anus distimce or more (Fig. 23D) . .. .. . ...... . . . 34

Female poshrtsrirc branch : 3 or less vulval body
diam. loug (Fig. 58) and extending for 0.6 of vúva-
anus distance u Iess (Fig. 23,B,q 35

3. Female tail tip mongly recurved (Fig- l0A), male
hrsaconical in ventral view (FiS. 2lA), styl€t length

B. comeohx

B. eucarpus 8C)

.........33

47Vol.7(3),2@5
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Female tail tip sEaight or slightly curved v€núally
(F-rg. 10B), male hrsa truncafe in venúal üew (Ftg.

21C), sylet: 16 pm or more B. Íudtsi
35. Tkolatmalincisrres (Fie. l3A) ...... B. abictirus

Three lât€ral incisures (Fig. 13B) 36

36. One pair of male posanal papillae (Frg. 124); angle
betwen line along capifirlum (condylus-rmtrum)
snd line exte,nding the spicule end : 15o or moÍe
with intersection poiat dorsal (Fie. 1 lD)

B.hafnwni

- Tko pairs male posúanat papilla€ @g. 128), aqle
berween line along cryitÍum (condylus-rostrum)
and line €xtendhg spicule end : 20o or more with
intersection point ventral (Fig. 1 18) 37

37. Male bursa conical, oval or rounded in vental view
(Fig. 21A, B), female tail üp sÍraiCht or süghtly
curved ventrally (Fig. 108) B.lullenicas

Male bursa truncats in ventral view (Fig. 21C),
female tail tip süongly recurved (Fig. 104)

B. parocorncolus

38. Male spicule rosEum pinted (Fig. 68) ......... 39

Male qpicule rostrum ürmn-like or rouoded (Fig. 64,
,10

39. Female postutqim tranch : 1.5 or less body diam.
long @g. 5A), female vulval fl4 ab§€nt (Fig. 7B),
spicule condylus wiú rounded tip (Ftg. 9B), male

busa truncaÍe m rounded in ventral üew (Frg. 21B,
c) B.lini
Female posÍedne brarch : 6 or more Hy diam.
long (Fig. 5D), fe,male vúval flp present (Fig 7A),
spiclle condylus with pointed tip (Ftg. 9C), male
hlrsa conical in ventral view (Fig. 214)

..... B.bestialus
,10. MaIe hrsa truncaüe in vental üew (Fig. 2lO,

spicule rostrum ürorn-like (Ftg. 6A), ratio de,pü of
capitulum depression/capitulum width > 0.2 (Fig.

1rc) B. pityogeni

- Male bursa conical in vental view (Fig. 2lA),
spicnrle rcsÊrum digtafe (Fig. 6C), ratio depth of
capiarlum d€pressio,n/capiErlum width : 0.1 or les
(Fie.19A) B.talaw.§

41. Female tail tip súongy Íecurved (Fie. l0A) .. .. . 42

Female ail tip §traight or slightly curved venrally
(Fie.10B) 46

42. Angle betwee,n line along capitulum (condylus*ost-
rum) ândüne€xt€nding spiculetipvrying from 19"
with ventral ht€rsectioo pint, to 9' with intersectÍon
poiú dorsal (lines look parallel, Fig; I lC) ...... 43

Angle between line along capimlum (condylus-rost-

nrm) and line extending ryicule tip : 20440 widl
itrsrs€ction point veffial (Fig. I 1B) . .. ... . . . ... 4

43. Excreory pore lmated u nerve ring or posterior (Fig.
8A), male hffia mrnÉrc in ve,lrtral úew @g. 21C),
two pairs of male pstanal papillae (Fig. 12B) . . . . .

B. sco$rt

hcretory pore located at median hrlb level (Fig.

8C), male bmrsa oval to rounded in venEal view
(Fig. 218), one pair of male posanal papillae (Fig.
l2A) B. roinalfi

4- Male spicule rostrum digitâte (Fig. C), male bursa

rounded in ventral view @g. 218), female index V
:7Oorless B. eggersi

Male spicule rostnrm úarply conical to poiffed (Fig.

68), male bursa conical in vçntral view (Fig. 214),
female index Y : 7l or more 45

45. Male spicute condylus úort, spicule length along arc
: 18 ,r.m or more, ratio spicule length (along arc) to
capitulum width (distance between etds ofrosEum
and condylus) :25 sÍ more (Fig. 18C), femate
index C :4.2 or more B. glochis

Male spicule condylus long, spicule length along arc

= L6 p,m or less, ratio spianle lagü (along arc) to
capitulum widúr (disance between ends of rostrum
and condylus) : 2.2 or less (Ftg. 18B), female indsx
c' : 3.6 or less . - B. nwssüni

46. Ratio of female pshrterine branch length to vulva-
musdisance < 02 (FiC. 234) ..... B. lumsunsi;

Ratio of female postuteÍir€ b,ranch length to vulva-
anus distance > 05 (Frg. ?3C,D) 47

47. Male ryicule condylus truncarc (FiC- 9A) .. . . .. . 48

Male spicule condylus rounded (Flg. 98) ....... 49

,[8. Male spicule rostrum conical (Fig. 68), spicule sout,
ratio male spiorle length along arc to its width
measndposteriortorosÍrum (lateral üew) < 4 (Fig.
1 6B) four pairs of nale postanal papillae (Fig. 1 2D. 1 ,
D.2) B. poügrophi poügraphi

Male spicule rostrum thorn-like (Ftg. 6A), spicule
slsnder, ratio male spicule length along aÍc to its
width measured posterior to rosÉrum Qderal view)
: 5 or more (Fig. l6C), t'wo pairs of male postanal

Nemadogy408
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papillae (Fig. 12B).
B. poligraphi rwhnpoligraphi n. subsp.

49. Male spicúe ros{mm small and conical (Fig. 68),
excr€úory pore located at median bulb or between
nerve ring and median bulb (Fig. 8B, C); one pair
of male postanal papillae (Fig. 124), male hrsa
truncd€ inveotral view (Fig. zlc) ,.

.... B. tlewm$icanu§
Male spicule rostrum large and digtate Gig. 6C),
€xqetory pore located at nenre ring or posMior (Fig.
8A); two pairs of male postaaal papillae (Fig. 128),
male bursa rounded in ventral view (Fig. 2lB) . . . . ,

.. B.varicauda
50. Male spicule tip with cucullus (Fig. 4A)

B. heltenicas

- Male spiculetip withoutcucullus, bluntlyroundedto
broadly hxncate @g.4D, E) ...51
Male spianle tip without cucullus, úarp to flnely
rounded or digitate (Fig. 48, C) ...... .......... 53

51. Female postut€rine b'ranch : 3 or less vulval body
diam- long (Fig. 5B); female index c : 14 s less"
male spicule exüemely wide, ratio: spioile length
along arc to its wiúh mmsurcd pos[sÍiorto rffium
Qateral view) : 3 or less (Fig. 164), one pair of male
postanalpapiXae(Fig. 124) ....... B.willi
Female FsÉutqino branch : 5 or more vulval body
diam. long @g. 5C, D); female index c : 19 or more,
male spicule more slender, ratio: spicule lengÍh along
arc to its width measured posÍgioÍ to rostrum (lateral
view) : 4 or more (Fig. 168), two or more pairs
of male pstanal pryillae (Fig. 128, C.1, C.2, D.1,
D.2) 52

52. Meüe spicule condylus truncate (Fig. 9A), small
female vulval flap pres€nÍ (Fig. 7A), male bursa
úuncúe inventral view (Fig. 21C) ..... B. naujaci

- Male spicule condylus roundd (Frg. 9B), female
vulval flap absent (Fig. 7B), male bursa oyal to
rounded in ventral view (Fig. 2lB)

. B. piniperdae piniperdae

53. Male bursa üuncate in vental view @g. 21C),
one pair of male postanal papillae (Frg. 124), male
spicule condylus truncaÍe (Fig. 9A).

B. incurvus
Male hrsa oval to rounded in ventral view (Frg.
21B), two or more pairs of male postanal papillae
(Fig. 128, C.1, C.2, D.1, D.2), male spicule condylus
rounded (Fig. 98)

54. MaIe qprcule rostum roundd (Fig. 6C), s,picule
lmgft along arc : 17 pm u less, female vulval flry
pre.s€nt (Fig. 7A) B. varicaada

- Male spicule rostrum sharply pointd (Fig. 64, B),
sprcule Iength along aÍc : 17 pm or more, female
vulval flap absent (Fig. 78) 5s

55. Four pairs of male postanal papilae (one pair papil-
lae and three pairs of glad pryinae) (Fig. 12D.1,
D.2), spicule length along arc : 19 p,m or less, raüo
sprcule length (along arc) to capitulum width (dis-
tance btwe€n ends of rostum and condylus) : 2.5

or more (Fig. 18C).
B. ptniperdac ruelmpiniperdae n. subsp.

TBo pairs of male postánal papillae (Fig. 12B),
sprcule length along arc : 19 ;lm or more, raüo
spicule length (along arc) to capitulum widttr (dis-
taüce btween eods of rosEum and condylus) : 2.2
or lss (Frg. 188) B. serdewai

Iabular key to Bwsaphelznclux species

The charactem in this Íabular, polytomous, or multien-
try ksy (seTable 1) were selected ftom keys, diffsr€ntial
diagnose.s md original descriptions of Bursophelenchas
species. Charastfr stat€s are stadadis€d and illustrded
because different authors have either used different ex-
pressions fm the same chraçter state s the same expres-
sion for different stetes. To split tlre measured charact€,Ís

and ratios ino their opúmum stat§, a paÍticular search for
the'borders' betweü the vaious character stat€s was un-
dertaken in order to minimise overlap of character-states
htween species. The order of úaracters in the tahdar key
CI (Tiüle l) is a compromise between their significance in
identification and the availability ofdata on the character
for the majori§ of nominal species within the genus. For
instance, úe position of the excretorry pore and the num-
ber oflateral ünes are very important diagnostic charac-
ters, but aÍe known only for 60 and 37, respectively, ofthe
75 species in the genus. Characters Cl-C15 are ordered
according to their ef0cacy in ryüning the largct group of
ttrc prorius step to the smallest subgroups of species, thus
decreasing thc number of identification steps. Clrracters
Cl G32 are ordered as in the species description: measure-
ments, ratiosardqualiative chracters frst for both sexe
(srylet and cephalic annuli), thçn for male spicule, male
and female @rreqoúiagly. Aphclenchoides ritzemabosi
is included in Table 1 as the oueroup for the analysis
of similarity of species (below). Data for the outgroup

N9VoI.7(3),2(D5
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Á. Ryasetal.

spocie çere taken from the slide collection of the Zoo-
logical IDstitute (St Petershrg) as well as from Siddiqi
(1974). To make the cluster analysis of tlrc outgroup and
ingroups representative, the sÍate 4 (male bursa absetr) in
C25 was includd. Thru additional columns are: N-lit :
number of srdied male specimens (fgures and desoip-
tions) in the literature sources; and N-col : number of
südied male specimens in colletion materials.

Drecuosrrc CHARACTERS

C|: Spiculc struÍture (FiS.2)

t: dorsal and venÍral limbs ootjoining atspicule típ, which
is hoad and blutt(lutnti-graup) (Fig. 2A);

2: cryitrlum compact, rcstrum and condylus frrsed (aber-

raas-grorp) (Fig.2B);
3: spicule lineaÍ, small conical rostrum located aL cahalf

of spi«rte lengü (eidnwmi-group) (Fig. 2C);
4: condylus recurved posteriody (àareafis-group) (Fig.

2D);
5: nmow ceiürlum flaÍtme{ condylus small, lamina an-

gular in last thir{ ancullus generally pÍ€sent (xylaphi-

las-eroup) (Fig.2E);
6: stout, capitulum concave, condylus elongate, lamioa

smoothly curved or angúar at nidpoinü cucullus
usually ab§€nt, btf small sucullus sometims prestrt
(pinip e rdae goup) (Fig. 2F).

NoB: species groups weÍe employed by Giblin and Kaya
(1983) ed Braascü (2001). IIse, species grcnps re hed on
spicule stnrcture and are considered to be puÍely diagpostic.

C2 : Female uil tip (FiS. 3)

l: muctonafe (Fig.3A);
2: pointed (F"rg.3B);

E F

3: flnely rounded (V-shapd) (Fig. 3C);
4: b,roadly rornded (U-she€d) (Fig. 3D);
5: tuncate Gig.3E).

Note: this charaíter was us€d by Rühm (1956), Tarjan and

Baeza-Aragon (1982), Thong aúd Wobster (1983),YB et al
(1988) and Brasch (2001).

ABCDE

Hg}. Clamcter2: Fenalenilttp./r: Mucmnae; B: Potnted;

C: Flne$ ruoúed(V-shqed): D: Brwdly wrptdtd(U-slWed);
E: Tlurcae.

C3: Male spicub tip (lateralview) (FiS. a)

1: with ancullus (Ftg. 4A);
2: without cucrülus, sharp to angular (Fie. 4B);
3: without cucullus, Ênely rounded $o digitaf€ (Fig. 4C);
4: úthout cucullus, bluntly rounded to widely rounded

(Fig.4D);
5: without cuclllus, broady truncate (Ftg. 4E).

1191s this chsacÍ€r was used by Tarjan and Baeza-Aragon
(1982), Ym et al (19Í18) and Braasch md §úmutzenhofer
(20m).

Nemaalogy

A DcB

il
Flg,Z.Clanwter l: Sptcttt strtrurc-A: Dorvlandvqúml lbtbsnotlolwda spteule tlp,whichis bruadandblwt /lnrwú-glrta); B:
Capftuhar, cornryt, msnm md cottdyhrs Íusd (aúxyrrars-Sru4.); C: Spicttlc lhtpa4 §rall cor.fcd tustnon tnrnlddle of ventral lbrtb
(erfuú-glrn4p); D: Conàylw wcumedposteriorly (txrrealis-gmr4-); E: Narruw, capinúanflattened condylw tttwll,lmthaangular
fu last third, cucaltw presefi (xylc4&lilt §-grot&): F: Sto,â, cqltahm, conca't e, cotrdylw ebngated lamltw snootltly camed or angdar
ú ni@oint, cuctdltx usally absent aliltough small ueulltu sowtimes present (pinfg.dae.'goqL

4to
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A synapsis of the genas Bureqrhele,nchus

Fig.5. Cluracter4: Ratto offende genital postaterine brench
length n vulvol búy disnenn A: 1,5 or less,' B: 1.6-3.5; C:
3.64.3: D: 6.4 or more. (Note: Methad üÍrwaxring k slwwn
inD.)

c D

t

C4: Rwio oÍÍerwle postuterine branch length to vulval
body diameter (Fie. 5)

1: l5 or less (Fig- 5A);
2:1.6-35 (Fig. 5B);
3:3.Ç63 (Fie.5C);
4:,6.4 ar more (Fig.5D).

Note: Íhis úarÍlcter was used by Tbmg ad Webster (19E3).

C5: Mak spicale rustnan (FiS.6)

2: sharply conical to pointed or acute (Fig. 68);
3: digitate (Fig. 6c);
4: bluntly conical to almost flafi€ned (Fig. 6D).

Note: this character was used by Rühm (1950 m.dYmet aI
(1988).

A

IIg"6. Charucíer 5: Mde spiculz rostnfrL A: Thom-llke: B:
Slrarply conlcal n polnted or dcuÍe; C: Dlgitate: D: Bktwly
conicaL

C6: Fenalc vuballap (fis.7)

1: present (Fig.7A);
2: absent (Fig.7B).

Note: úis óaÍacEr was used by Lieutier and Laumond
(1979), Tarjan and Baeza-Aragon (1982), Giblin and Í(aya
(1983), Ym eraL (1988) ad Braasch (2@1).

4fi

EBA

t +

Flg.4. Clútúcter 3: Male spicule tip (lareml vtetail. A: Wlth ctrculhts; B: §harp n oryulotl crcallus absent; C: Firuly mmded n
digitate, cwallut absent; D: Bhp?tly tolfridedtowtfuIy ruwtded" crculhx absent; E: Bmúly tnmcate, oqdhx absent

A B c D

W

+

D

t
c

t
B
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ÁRyssetú

BEr7. Charqcter 6: Female vulvalÍq. k Pvsent; B: Absent.

C7: Excrenry pore posítion (FiS.8)

1: at nerve ring or posterior (Fig.8A);
2: kween nenre ring and mediantxrlb Gfg. 8B);
3: at mdian bulb (Frg. 8C);
4: atrerior to median bulb ([rrg. 8D).

Note: üis ciaxacúeÍ wo used by hds (1937), Massey
(1971), Thong md weúst€r (1983) and Walia a aJ. (2003).

ABGD

I.ig.A Clwracter 7: Exerunry pon posülot (arwnts). A: At
tune rhg orposterior; B: Betweanwnte rlngodredlanhdb;
C: At tnedtan fulb: D: Attadnrtorrudtatubulb.

CE: Mak spicule condyltu Nmpe

1: trunc*e (Fig. 9A);
2: rqmded (Fig.9B);
3: pointed (Fig. 9c);
4: reduced to itrdistinct, trot offs€t from cpitulum+alomus

angle @g.9D).
Nots: rhis chfficter vas used by Iladan and Baea-Aragon

(1982),Ym e, aL (1988) md Braascü (2@l).

ABCD

Ffu.9, Clwrac'ter9: Malz spictrk condylus shqe.A: Thouate;

B: Routtdcd; C: Poin ed.; D: Reduced. or indtstlwt, ,rot oÍ§et

fron cqitulwn-calorus angln.

C9: Femalc nil fip cumature (Fig. I0)
1: Female fail tip shongly recurved (Irrg. 104);
2: Female tail tip sfraight m slightly curved venhally (Fig.

108).

Note: this chzr;a§rr qi,as used by Braacü and Scrhmutzen-

hofer(2@O) md Braasch (2ffi1).

AB

Flg 10. CharaçÍer 9: Fenak atl tlp ventrul curvaÍure. A:
7,71i1ttp ssongty reaçved: B: Tail tlp strzdgtú or sliglxly curved

veÍ.trolly.

NefiralolngY

A

t
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A syrwpsls of tlu gerus Burs4rhelenchus

A B

D E

Fig, 11. Chaructzr l0: Angle baween lhzs: along capkuhott
(condyhs-msnnt) ond exending tlu spicale end, in degrees.
A: 45o ondmon, poinr $lüersecttoítrr**lt g' 2ç44", poiü
of iúerceaionventral; C: Ftom If with point oÍ inÍersectíoÍ,
ven ml, b q wirhpoinr atiüersectiondorsl; D: 10-29, poitX
of twercectlnn doml: E: More ilwn 3tf , potu oÍ lwerceaion
futíul

CI0: Angk betwem lhu along capinlun
(condylus-rostrum) and ürue exendtng the spicule tip, in
degrees (FiC.1I)

1: 45" and more, intersection point venfal (FiS. I lA);
2: 24.4É;, inters€ction point ventral (Fig. 1 l B):
3: fiom l9p witr intersectiotr poiú veúral, to 9" witl

inte,rsection point dorsal (Fig. 11C);
4:10-29, intersection point dtrsal (Fig. 11D);
5: more than 30', intersectioD point dorsal (Flg. 11E).

Note: tüis chaacEr was use4 as a qualitative one. by Giblin-
úaits et d. (1»3), Kolossova (1998) and IGnzaki and Futai
(2003). Hse the chracter is quantifed

C|1: Ntonber of pairs of nale posnnalpapillae
( inchdíng glatúpapilloe) ( Fi S. I 2 )

1: one (Fig. 124);
2: two (Fig. 12B);

3: three @g. 12C.1, C.2);
4. for(Fig. 12D.1,D2).

Nots this characteÍ was used by Fuchs (1937), Rlihm (1956),
Frmklin and Hoopo (1962), Tarjan and Baeza-Aragon (1982),
Brzeski and Ba{ard (1997), Braasch ad Schmurenhofer
(2frD), Braasch (2001) and tGnzaki and Futai (2002a 2003).

Cl2: Nrmber of lateralincisures (Fig. 13)

1: two (i.e., one band in lateral fleld) @g. 134);
2: thr* (i.e., two bands in lateral freld) (Fig. 138);
3: four (r'.e., three bands in lateral fieIO (Fig. 139;
4:, frve (i.e.,four bands in lateral field) (Fig. 13D);
5: six (í.e., five bands in lateral field) (Eig. 13E).

Note: úis charactrr was used by Baujad (1980), Yin €Í
dI (1988), Braasch a d (1998} Braasch and SchmrÍzen-
hofer (20@), Braasch (2@1) amd Braasú and Braasch.Bidasak
(2002). All the species descripticms with 'lareral fleld lines ab-
§€üt' are @nsidtrd hae as haing au unlsrown mrmbef, of lines

and re mar*erl by '?' in the tahdr key.

B c D

EIEEII EIIIE

cJ

E

ilil8

A

E
Fig. 13. Clwrafier 12: llwnber of lareml brclsures. A: 77uo

inckurus (i.e" la*mlftcld tn oru bmd); B: Thne iwisurcs (i.e.,

two ba$ds irllãeralÍreld); C: Four fucisuns (i.e., three barús tn
laerol ítcld); D: Fire iaciutes (Le. foar bands tn lttzrul ficW);
E: §í.r íacinrres (ie" fwe funds l& laterul fie@.

A c.í c.2 D.í D.2

+
<- + * *"

EigtL.Ch&aúer l1: Nwtberofpoircofmolc postandpqiilm (tuclildfng glan@aptilnê). Laterulvitw: A: Oru; B:TVro; C.1: Thfte;
D.l: Fout rlearolvierv: C.2: Thrce; D.2: Faar lange papillaenarlcedfu lorge at'touts, snallglllae(glm@qillaa)by snallanws.
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SYNOPSIS OF THE GENUS BURSAPHELENCHUS

Á,ltyssetal

CIi: Male spicule lanirwnidpoint(Fig. 14)

l: exceptionally broad to mitüen+traped (Ftg. l4A);
2: not exceptionally broad (Fig. laB).

Note: Íhis cbagrc'teÍ was used by Yin er at (1988).

A B

fig;14. Clwrrcter 13. M@oirr, of nole sptaile lntina. A:

Exseptionally brood b mbon-shryed; B: Not excepttorwlly

broad

C14: Male spicule lwnina dorsallhw (Fig. 15)

1: smoothly and symmetrically curved (Fig. 154);
2: angular at midpoint (Fig. 158);
3: angplar in lasÊ third or a $rart€r pârt (Flg. 15C).

Noe: this chãaster wae used by Fraklin and I{ooper (1962)

and Yin et aL (1988).

n3)
A

\
Fig. 15. Character 14: Splade lünltu dorwl conmur k
Srr@othly and syt únctrbalty ctçveú B : Angdar ot mt@la; C :
Angdar tnlosÍ tltlrdor qurur.

ClS: Ratio of rrule spicule lengthq.long a.rc to itswidth
meosared posteior to mstrwn (lateralview) (Fig. 16)

l: <3.4 (Fig. t6A);
2:3.45.8 (Fig.168);
3:5.9-9.0 (Fig. 16C);

4: >9.0 (Frg. l6D).

Notê: this chtract€r was u§€d as a qualitative one by Tajm
md Baeza-Aragon (1982) ad Yln et al. (1988). IIse üe
chaactais quadfled-

FE; 16. Clwrrcur 15: Ralo oÍÍnalc spi&le lengthruasurcd
along ox to ts wt&h nea,wed. posedm to fi,strutu (lúeral
vlan). A: Less thut 3.4: B: 3.$5.8: C: 5.99.A; D: MoÍe than

9.0, (Note: Metlad oÍmea%rln| ls slwwn tn C.)

C16: Sryletbngth:

l: <11pm;
2:ll-19 pm:,

3:>19 p.m.

Note: ttris chãacter uas usd by Fuús (193CI, Rübm (1950,

lvIassey (1971), Tajan and BaezaAragon (1982) and Yin e, 4t
(l988).

Cl7: Ceplnlic annuli (FiS. 17)

l: indisúnct under light micÍoscope (Fig. 174);
2: distinct under light mioorcope, of equal diameter (Fig.

178);
3: distinct under üght microscope, anterior annulu§ di§-

tinctly lager in diameter than otfiers and otrset (Fig.

t7d.
Note: Íhis úaÍacEr was used by Massey (1971a).

A

W n. Chaúdet 17: Cephdtc amlL k btfrsiaa ar absed

wder ltglt mlcmscape (LM): a: Dbtttct rader LM, af equal

wiülr C: Dlstlnct undcr LM, oúerlor aoulus disttnctly larger

tn danuter tlun othen atd $sa,

C18: Male spicde lengthmeasured alang arc (nuthad oÍ
meosuring is shawn ín Fig. 16C)

l:43 p.m;

2:13-?i p.ru,

3:>23 p.m.

Notq this chracts was used by hús (1934 Rühm (1950,

TaineetúBaeztAragon (1982)andY/^ et aL <1988).

Nendologl

c

c

414

85



APPENDD(

A syrwpsís of tlw genns Buruphelenchus

C19: Raio of spicule kngth (dong arc)/capitulwn width
(distaece between ends ofrostnun ud condylus)
(Fis. I8)

1: <1.5 (Fig. 184);
2:1.5-2.2 (Fig. 188);
3:2.3-3.o (Fig.18C)t
4:3.14.0 (Fig.18D);
5: >4.0(Fig.18B.

Note: this characteÍ rvas u§€d as a quatiutive cne by Yn et aL.

(1988). Here the character is qumüfied.

A B c D E

Í.ig. f& Chamcur 19: Rt to of sptatle ltngth (olotg arc)
/ cqitdan wiáh (distance beween eú oÍ rostrw and
cordylw). A: Isss 1.5; B: 1.5-2.2; C: 2.3-3.0; D: 3.14.0;
E: More than.4.0. (Notc: Metlwdof mzasurlng is slwwn tnA-)

C20: Raüo oÍd.epth of capitulam depressioilcapirulan
width (Fig. 19)

l: 0.1 or less (Fig. 194);
2: 0.11{.20 (Fie. 19B);
3: >0.2 (Fig. 19C).

Nots: this ctâracêr was ured as a qualitãive oneby Ym et aL.

(1988). Here the charaaer is quanüfled,

A G

Ftg. 19. Clwrac'ter 20: RaÍio oJ depth of capitulwn fupression /
capttulamwidlt A: O.l or less; B: 0.114.20; C: Moru tlwnO.2.
( Note: Methad oÍ measuting k slwwn in C.)

C2I: úarction of spicule rosírurn and calnru$ (FiS. 20)

1: angular@g.204);
2: smoothly cuwed (Fig. 20B).

Note: Íhis character is used herc fo,r the fÍst time.

A

Fig. 20. Clwraner 2 I : lunaion oJ rusnwn and ulorua in nwk
spicule. L Angular; B: Smaahly canved

C22: Male body length

l: <3@ ptm;

2;37011,0 pm;
3:720 g,mormore.

Noitê: this chãacttr was used by Frrchs (1937), Rühm (1950,
Tarjm andBaez+Aragon (1982) and Yin erúd" (1988).

C23: Male index a

1: 27 or less;

2:28-79;
3: >80.

Note: üis chtracter was used by Fuchs (1934 mhn (1950,
Tajm ad Baez+Aragon (1982) md Yln eÍaÀ (1988).

C24: Maleiüexc

1: 14orless;
2: 15-50;
3: >50.

Note: rhis cluracter was used by Fuchs (1937), Rühm (1950,
Tuj:a_rutóBav*AraSotr (1982) @d fm aaf (1988).

C25: Male harcalflap shape (ventralview) (frç.21)

l: conical to flrcly pointsd (Fig. 214);
2: oval to rounded (Fig. 21B);
3: nuncate, posterior edge straiglü or curved inwards (Frg.

2tc);
4: absent.

Note: tbis chaactq was used by Rühm (1956), Giblin and
Kaya (f9$) and Braasch and Scbmutzeahofe (2@). A fourth
staúe (hrsal Aap absea$ is ad@ fu fre outgroup used itr
üe analysis of the general phenetic similaity (Aphelenclwides
ritemabosí).Irdales of all species of Bwuplulenrtaa h*e a
buÍsal fle, tüis being úe main diagnostic feaüIÍe for the genus

and also for tte family Ptrasitâphelenchidae.
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A.Rysseúú

C27: Fe$ulebody lensth

l: <3X) p,m;

2:4@1400pm;
3: >1400 pm-

Nots this chraçts was used by hchs (1937), Rühm (1956)'

Tmjm andBaeeaAragon (1982) andYln eral (1988).

C28: Femalcfutdexa

1:27orless;
2:2840;
3:41-58;
4: >58.

Notq this úracts was used by Fucás (1937), Rühm (1950,
Tiarjo md Bac+Aragon (1982) and Ym et aJ. (1988).

§lS,2l. Claraaer 25: Mak burru sltrye (ven ral litst"t). k
Contcal tu rtficb polned; B: Oval to roundcd: C: Trwcae,
posÍerior edge straigltÍ or cartted. iwtails.

C29: Femak index c

1: 15 orless;
2|1il5i
3:46 or more.

Note: this chanrtêr was used by Rrchs (1931, Rühm (1956),

Trjan and BaezaAraepn (1982) and Ym el cL (1988).

C30: Fenok indexC

C26: Mak uil urmirau slwpe (lauralview) (FiS.22)

1 : mucronate (Flg. 224);
2: pointed (Ftg.22B);
3: narrowly rounded (Flrg.2.2-C);

4: rounded (Fig.22D).

Note: ihis chaÍacer was used by Braasch (1998) md Braasch

ad SchuaenhofeÍ (2000).

1: 2.2 or less;
2:2.34.L:
3:4.2-5.5;
4: 5.6 or more.

Note this c}laiegis was used by Loof (1964), Tadan md
Baeza-Aragon (1982), Bzeski md Baqiard (197), Btaasch and

§chrsemhofer (2@0) md Kmzaki et aI (M).

D

Ele.2:L Ctwracur 26: Mate nlt urnlnw stwpe (beral vtew). A: Mucmtate: B: Potnted; C: rurruwly maded; D: Rotnded

416 Nemdalogy
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Asynopsis of the ger!&s Blr§@helerchu§

C31: Feruqk indexV

l: 65 or less;
2:6-83;
3: 84 or more.

Note: rhis charac-ter was rsed by Fuchs (1937), Rüh (1956),
Tluja and Baeza-Aragon (1982) ad Yin er aL (1988).

Ci2: Rqtio of femab posturcrtne branch length n
vulva-anus distance (Fie, 2 3 )
l: <0.2 (Fig.23A);
2:0.24.3 @g.23B);
3; 0.314,69 @g. 23C);
4: 0.7 s more (Fig. 23D).

Note: this chaarter was used by Baujard (1980), Braasch
and §dmutzenhofer (2@) and Braasch and Brmsô-Bidasak
Q@2).

A D

Ftg,23. Clwacwr 32: Raio of fenalz genital posünerine

branch bngth tovúya-auu distattce. A: Less tfunA.2; B: 0.2-
0.3; C: 0.314.69: D: 0.7 ormorc. (Nou: Metlodaf mcasaring
ts slwwntnA-)

Norss oN soME spBcIEs rN THE TABULAR KEy
(TÀBLE 1)

í) Bunaphelencluts besüolas, Female postuterine
branch leagth of 8-9 times My diam. was given in
Mass€y $974l,; but in the Êgure, the pstut€rine bnanch
is 6.6 body diam. long. tn Table I the summarised range
of 6.69.0 is used-

ií) Bursaphclenchut boreqüs. J4 eçtophoretic juve,niles

have tlrc excreÉory pue anterior to the mediao bulb.

iií) Bunaplwlenchus cryphali. Male characters are
mainly gren by Riihm (1956); males were not describêd
by Fuchs (1930).

iv) Bursaplw lenrlws etosu§. Deccribed only ftom males.

v) Bunaphzlerrclrus goraalczi. Male chaacters wÊre
mqsurd from úrç drawing as they weÍe not mentioned
in the original description. The spicüe is 18 pm, not 13
pm long, as given in tables by Yin et al. (1988) and later
repeated by Braasch (2001). Here the range 13-18 pm is
used (lhble 1).

vi) Bunqhekrchas hylobianum. According to Ko-
rentcüenko (1980), the male has one pair of largeprecloa-
cal papillae and two pairs of small posúcloacal papillae;
but according to Braasch and Braasch-Bidasak (2m2),
there is one pair of poctanal papillae aud one unpaired
ulenal papilla. Bottr possible papillae paüerns are in-
cluded here in a range ofthe character states (?able 1).

vii) Bunapheknchus lini. tn Table 1 for 8. lini c and
C indexe are calculatd from the figurs and table in
Braasch (2004b) by using the snd of the intestine as
demarcating the kginning of the tail. This somewhat
perplexing species differs ftom other Bursapheknchus
spp. in the obscure recfirm and anus in females, wide stylet
Iumen and absence ofbasal knobs u thickenings ofstylet.
In these features B. lini is close to Ektaphelenchidae
although *rc male does have a terminal bursa

viii) Bunaphelenchus scolyti. The length of spicúe
Q pm) was calculated by Yin et al. (1988) from the
çIosest scale given fs the head in Massey (1974). Ttre
real scale is different however, a fact that can be proved
by calorlation of the male tail length from the same flgure
and comparing it wittlthe yalue of l/c-index in Massey's
description The real spicule lengú, as calculaÍ€d from the
drawing,is 16 p.m.

ix) Barsaplrcknchus seani. The male spicule is 26.
Z7 pm long as calculated from the scale and t*ting the

417
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SYNOFSIS OF T}IE GENUS BURSAPHELENCHUS

Â Àyssetal

scale ftom tail lengú : [./c inder Tho 14 pm spicule

length given by Yn et al. (1988) is an elror.

r) Bunaplelcrutws tcylophilas. The dispo§tion of the

male papillae has been srdied most thoroughly in this

ryecie. There are two posÉcloâcal pairs of papillae

located very togetlrã et ca mid-tail; one pair of precloacal

papillae and one unpúed precloacal papilla (Nickle eral,
1981; Mota er aL,1999).

Líçt of recordq with names of natrral vectors,
associated planb and taxonomic notes

Table 2 grves tàe coutrty by country distribution of
Bursaphekrchas spies, summarised from the records

Iisted in the Appndix. In the Appdix, Burcaphel,erclws

ryies are lised alphabetically with the references for
each spcies record lisúed chronologically. All available

data arc üsted for each ref€rence (country, v€cto§ and

ttreir famiües; associat€d plants and ttrcir families). If data

oÍr a vecttr (E a plant are absent they are omittd without
spocial comment (every effort was made to ensre that the
lit€rafure sourc€s were as comprehensive and uptodae
as possible). Names of plant familic are given according

to Taktrtajao (198n. The list includes data only on the

uafirral v€ctors aúd plants, exp€rimental vectoÍrs and plant§

being excluded-

REMARKS oN THE ApPEN»TX

1) The records of B. cocophilas do not covq all
the liEratuÍe and are only intendd to d€monstrat€ t]re

diversity of disúibution and the associatd vector md
plant taxa-

2) The records of B. rybphirrrs do not cover all
&e lieratuÍe md are only intended to dqnomtrate üe
diversity of disibution and the associard vector and

plant axa- A deúaild rwiew, to be publiúed separately,

isplanned
3) Braasch et aL 2@l (pp. l*136, Figs 2, 5, Túle

l) identified two females as B. rylophills plus four
males and 16 juveniles in a wood sample imprcd from

Byeloussia- Molecular DNA confrmation of the species

identiÊcation was oot possiHe and a re-examination of the
record is needed.

Recommended standard for speds decripdons
withtn t}re gemre Bunaplwlonchu Fuchs' 1937

The cuÍrqt r€search has led úo the ralisation of the

dGirability of a minimum standard for frrtre species de-

saipiondredesci$ions in fhis genus. The sÍandard pno-

posed herein includes characters already Iisted and used

in keys and o&er taxonomic papem by the most experi-
enced specialists in the idsúificaldror of Bursaplulznchus
species. The combination of characters in the list below
is recessry in order to reüaHy distinguiú the existing
nominal species. [t was shown by using the Pickey 8 soft-
ware (Dianov & Lobanov, r@$), module 'Test of taxa
difrerences', that if any four ofttrese characders were re-
moved, an 'umecognisable group' of two or more species

resulted. This will be dscribed in a fuflre publication

on the computerised idenüfication of Barsaphelenchus

species.

In the list below, alternative character statps for each
qualitaüve character (in brackets) are s€paÍatd by a §lastl

(/). Meaured characters sttould be expressed in pm.

Gene ral charac ters ( cornmon Íor male and female )

Cephalic annuli (indistinct uoder üght microscope /
of equal diameter / anterior annulus di*inctly greater in
diameter than others and offset). Excretory pore position
(at nave ringorpo,sterlor/ beween nervering and median

hrlb / at median hrlb / anterior to mediao hrlb). Number

oflateral incisures.

Malc

Body length. Stylet lengtlt Ratios a and c. Number

of pairs of male cardal pryillae and their arrangqnent
pafr€rn relative to cloacal ap€rhre and hrsal flap. Male

hrsa úape, venral view: (conical to finely pointed/ oval
to rornded / Euncaúe wifh posterior edge curved inwards).
Male tail t€rminus úape, lafrral view: (mueonate /
pinfcd/ nanm,Iy roundd / rounded).

Spiculc

tsngth aloag arc, Ratio of spicúe length along arc to
its widttr measrned posterior to rostrum (latsral view). Ra-

tio of depür of capitulum depression/capihrlum widü- Ra-

tio of spculele,ngth (along arc) to capitulum width. Angle
between line along capinrlum (condylus-rosúnrm) andline
€,rúending tne spicule end (in degr€€s) with an indication
of the point of iÍtsrs€ction (venfraVdorsal). Spicule struc-

hre type (species group name: abermn§-, borealis', eid'
monni-, htor.ti-, pinipedac-, rylaphilns-group). Rosrum

Nernatology418
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APPENDD(

A sywpsis of tlu genas Bureaphelenchus

shape (thon-like / sharply conical to pointed or acute
/ digiate / bluntly conical to almosÍ flatrcned). Shape
of juoction of rostum and calomus (angular / smoottrly
curved). C.ondylus, posteriü curvatuÍê (recurved poste-
riorly / not recurved postuiorly). Condylus úape (tun-
catp / rounded / pinted / reduced to indistinct). Spicule
tip, lateral üew (with cucullus / witlrout cuanllus: *rrp
to angular / Ênely rounded to digitate / bluntly rounded
to widely rounded / broadly truncate). Lamina midpoint
(exceptionally broad to mitten-shaped / not u.ceptionally
broad). I-amina dorsal üne (smoottúy and symmetrically
curved/ angulaÍ at midpoiú/ angular inlast third or quar-
Íer).

Femnb

Body length" Stylet lengü 4 c, c', V indexes. Vúval
fl4 $rsent/ absenQ. Vulval flap length- Ratio of female
genital postuterine branch length to wlval body diameter.
Raúo of female genital postuterine branch length to wlya-
atrus distmce. Tiail tip shape (muoonate / pointed / finely
rounded / broadly rounded / truncate). Tail tip curva.htre
(strongly recurved/ straight to slightly cunred venfally),

Dispenaljwenile

Tail tip shape of J3lJ4 ectorphoretic stage (mucronate /
pointed, finely rounded / broadly rounded / tuncate).

Habitat

Type locatity and other localitiçs. Associated plant
species (Latin name with authority). Location in plant.
Associated vector spccies (Latin name with auúrority).
Location of t}te dispersal juvenile in/on vector.

Dendrograrns of general phenetic similarity

Ths dendrogram of general phenetic §milarity (type
of cluster analysis: distance; UPGMA, standaÍd distance:
mean character diffoence) based on TúIe 1 is given
in Figure 71.(for aU chaÍacters) and Figure 25 (spicule
chaacgs only, narrnely characters 1, 3, 5, 8, 10, 13-
15, 18-21 in Tirble 1). PAUP4.0v10 software (Swofford,
2ffi1) was used for the cluster analysis. Aplwlenclwides
ri&emabosi was used as the outgroup to root the üee.

Discusion

Clusters repres€nt assemblages of species within the
multidimensional space of the diagnostic characters, as

analysed by ttrc algorithm e,mployed (here the general

similarity algoriftm has been used). If the diagnostic
group (basd on tlre combination ofa few diagnostic char-
acters) furmq either completely or partially, a s€prate
cluster in a multiümensional space of all the important
diagnostic chuactere, it may be concluded that these few
characters were well-solected for the group diagnosis and
tha there is, therefore, a high prúúility of the grorp bs-
ing a natural ore (i.e., originding ftom a single ancestor
and morphologically distiact).

However, ttrere are many clust€rs on the dendrogram
and it is not po*sible to provide a brief and sow€nient
taxonomic diagnosis for all of them, i.e-, not all of üem
represent ndural groups. The most important additional
trgument úo supprt a cluster as king a nafural taxon
is a specific niche for üte constituent species. This niche
should be diffçrent from the niches of adjacent dustÊrs.
For this reason, a dendrogram needs to be veÍified
by niche-specific criteria (e.9., systematic posiüon of
the associated plants, insects, funS). Of course, niche
parameters should be in@endent, i.e., not includedin tlrc
rlataçet from which the dendrogram is generated. Even if
a diagnostic species group coincidec generally well with
its dendrogram clustsr, some of its members may be more
distarl from the main cluster of species.

The main issue of this discus§on is whether the di-
agnostic grorys of speis pro,posed hsein re nahral.
From fhe tw'o dendrograms (Figs U,25), the one based
on spicule characters (Fig. 25) htter reflects the natural
relationships among the species. Sclerotised and com-
plicated süucurres have been recommended as the basis
fm the analysis ofrelationships (Remane, 1952) andthe
male spicules represent the bst such strucfire in Bursa-
phelcnchus and the superfamily Aphelenchoidoidea as a
whole. To verif the reldionshipc shown in the dendro-
grams (Figs 24,25), the data relating to the taxonomic
positionof vectors and assmiated plants for differeú.Bar-
saphelenclws spxies were used. ThelisÍ ofrecords ofnat-
ural vetors, plants and their famiües from the cited lits-
ature soüÍces is given in ttrc Appendix.

In genual, the biological link beÍween vectors of the
family Scolytidae (bmk b€etle) and the associatdplaots
of fie family Pinaceae (the main nutrition source for
both the insect and úrc nematode) is dominant (í.e.,
most frqu€,rt). The ae*or-associatpd planÍ' link may be
referrÊd to as the 'tansmission-associated complex' (IA
mmplex). The taskistofoIoc/ changes in the 1A complex
within the gerts Bursaphelenchus at the level of the
family of the vectors and associated plants. The complex

421Vol.7(3),2005
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Â§ssetaL

SdAUlrn»
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& RulD

FqR6&8atr

Eef FB&JlEt

Ros&A»
Iffi

0.r

EW A. Dendmgwn oÍ gewmt phenettc sbntlwW (UPGW §aadard dstawe: ,neut clamclq d$erence) o/ Buruphelenchus

specics basedondl ctwattea (Table I).Inbrackcts: vecnrfonllles: hq:Btqrcstldae; cer: ceron$cldaa: o§: cu'anllnlfue;
Sco : Scotytldae; HW : Hattctüoc; Lep = Sestldae; Plant fmúltes: Nl : NWeac; Aml - Atvltaceae; An : Arcacea.4i Bet :
Betulaceae: Cr@ : Ctqrcssaceaz. Fag : Fagaceae; lag : Juglandoce@; Mor = Moracerei Ole : Okaceae: Pln = Ptuceos,

Ros : Rosceaei futb = Rnbtoceae: Sal = Solboceac; Sot : Sot@aceag ttbn: Lllmaceac. Nows: piniperdae-pinipudae and

ry poligraptú-poligr4biandpoligr4hlilehpoligraphi refern xúspecles 4f B. pinipartlae Fucte, 1937

andB. poligraphi Fwta, 1937, respealwly. §hetenchoides nvemalrcslis iruludedas @rotttgto@.
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Fig.25. Derdrogmn of gewral similartty (UPGMA, standard dktance: mewt clwmcÍcr dfference) o/ Burs4helerchus spp., based
only on spicale dwracterc (1, 3, 5, 8, 10, 13-15, 18-21 in Tirblc I). In bmd<ers: Vecnr fanilies: Bup = Btqrestldaei Cer :
Cerunbycidaz; Ctn : Clwtilionidae; Sco : Scotytidae; HW = Halic.tidae; l*p = Sesiidae. Ptaa fmllies: Aü : Nliaceaz; Aml :
Arallaceae; Are: Arcaceae; Bet: Betulaceae; Cup: C@ressoceae: Fag: Fagaceae; tug = Juglmdrceae; Mor: Moruceae; Ole
: Oleaceae: Pin: Pinaceae, Ros : Roweac; Rub: Rubioreoe; Sal : Saliuceae; Sol: Solwtrcew; Ulm: tJlmrceu. Clusten are
ttwnsÍaiedas:,1; kylophilus' clwter;2: 'hunú'c&oter;3; 'cocophilus' ckts:ter;4: 'hrealis' ckts.ter Naws: piniperdae*inipsdae
and pntgdao-nú:nrpini4rrda*, poligraphi-poügraghi and @ignpn3.o*rrlq@e4Éli reÍer to subrycies S B. pmiptdae Fucla,
1937 adB.pilgmr$iFrcla, 1937, rerycttvely. Aphelochoides ÍazÊr.atosik irrchfudcts anoutgrcW
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SYNOMIS OF THE GENUS BT]RSAPHELENCHUS

A Ryrcetal

Scolytidae-Pinaceas may be considered as primitive for
the ge,nus as it is typical for qpecies aÍ üe root of tte
dendrogram, as well as for the more advanced grwps in
the upr part of üp tee (Fig. 25).

The greatd deviation from fhe initial vector-associated
plant combinaion may k sen in the xylopHllzt-gtouip
comprising B, xylopWlus, B. abruptus, B, baajardi, B.

conicoudatus, B. erushenkii, B. frardalenrus, B. kotyncn-
sis, B. hruriosae and B. nucmnatus (clustsr I in Fig.
25). This spies-group has changed the presumed initial
scolyEd vector to beetls that re mainly from the fam-
ily Coam§ci dae. A}nre rylaphilzs-group may therefote be
coneidsr€d as a'nafiral' species group.

Bursaplrclcrrcluts crenaÍi, a member of he rylophilus-
goup (io the diagnostic sense), clusters outside the main
group. This spcie has the same shape of spicule as

üe other species in the group, ys leks a cucullus.
Only beetlee of ttrc family Scolytidae are known to
vçctor this spies and it may therefore be concluded
ünat B. creruri is a memkr of the diagnostic rylophilus-
group, but not the mffal rylophilas-groap (whicl is
vectord by Cerambycidae). fre prelence of a cucullus
therefme appears to be a highly significant character in
the identificdion of this economically important group.

Tbe hwti-grary consisús of t'wo assemblages. One
includes four speies (cluster 2 in Fig. ?5): B. lunti,
B. seani, B. l<evini aad B. fungivorus, and may also be

consi&ed as a nafrrÍal group. The hasic TA complex
of Smlytidae-Pinaceae has changed, Hymenopt€ra oow
serving as vectors and the associated plants belong to
liliarrae, Solanaceae and Rubiaceae. Another cluss
(cluster 3 in Fig. 25) consists of the two ra&er similar
spies B. cocophilus ad B. donggwrwr?§ís. This clust€r
is situatd nea tlrc rmt of the dendrogram (Fig. 25).

The main part of the barealis-grovp (8. boreal.is, B.

cryphali, B. lsoní), a diagnostic grop based on the
po*otorly rcurved condylus of the male rylcule, foms
cluster 4 in Frgure 25. For this grorp the Scolytidae-
Pinaceae complex is typical.

Other species-gxoups may be considered as purely
diagnostic assernblages. tn Flgure ?S,the abenansgtotrp
is, bas€d on the pimitive characters, paraphyletic, its
species being Iocated at the Íoot of the diagram (witlr
TA complex Scolytidae-Pinaceae). The most oumerous

species-group isthe piníperdac-group. It is undouttedly
prdoyletic and re,presents the majmity of the genus

with the exception of üre above-mentioned nafiral groups
(clusters 1-4 in Fig. 25) and the primitive paraphyletic
assemblage of the úerransgtonp. The basic Scolytidae-

Pinaceae complex is typical for the pinipedae-group wiú,
rare changes of the vfftor to Cerambycidae (8. sutoricw,
B, Seorgicut) md the associaÍed plmts to Fagaceae (8.
sychnus),

EVoLUfloNARYTR,END§ WTTHIN THE TA COMPLEX

The initial TA complex of Scolytidae-Pinaceae is
changeable but only rarely does the preferred vector
shifr to üre Cerambycidae (the rylophilusgrory) ar Hy-
menoptera (the àmri-group), thereby leading to the for-
mdion of nahral species-groups. In other cases the
clrange of the vector to Cerambycidae (8. georgicus, B.

suÍoÍiruÃ) or Lepidoptqa (8. stciwn) did not lead to úrc
formation of natuÍâI supÍspecies groups, ror did the fran-
sition to other plant associations, such as: Oleaceae (8.

crmati, B. mubassíeruis), Solanaceae (8. lwúi, B. gon-

zsle?i), Rosaceae (8. gonxtlefl, AlliaceaÊ (8. gonzalezí),
r iliaceae (8. hwrt), Rubiaceas (8. wilfordi), Ulmaceae
(B- scolyti, B. xerukanerus), Befirlaceae (8. hafrrwnni),
Fagaceae (8. wekuae, B, sychnus), fualiaceae (8. htfri-
rtosac), or Arecaceae (8. ügituhts). It is clear üat, al-
tlrough vector selection is changeable (I(ulinich & Or-
lins§, 1998), it is comparatively more important for tlre
eirolution of the genus Bunaplulenclws &m associatims
with plants at the family level.

The third trophic component associated with the nema-

tode aÍe fungi, an associafion that may be of even gÍealff
signiflcsps6 in tlrc origin and evolution ofthe genus Bzr-
saphelcncfuis (Gibün-Davis et aL, ?.N3). Howerrer, data

on the fungi ryecie,s occuning in naaral Barsaplzebnchus

associaüons are as yet inzufficient forthe detailed compar-

ative analysis necessary to elucidate relationships.
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