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The Cylindrocladill1n candelabrum species complex includes four distinct
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Absh-ad: C)1im/mdmliulII nuult'/"hnwrlikc isobt{'s
wcre collected 1'1'0111a wide \'ariety of geographic 10-
catiol\s and compared based Oil their Illorphology,
sexual compatibility and the lIudcotide sequellces of
thcir rDNA ITS regions, All isolates induded ill this
study mated to produce Ca/ollN/ria teleoJllorphs with
\'iable progeny. Four distinct mating populations
were identified, each representing a genetically iso-
lated, hiallclic, heterothallic puptllation, Sl'\'craIITp-
resentC\ti,'c isolates of each mating population. re-
flecting geographic dh.ersity, were chosen for se-
quence comparisons. The internal transcribed spaccr
(ITS) regions 1 and 2 Ihal flank the 3.8S rDNA gelle,

as well as the gene itself, were sequenced and com-
pared, All isolates representing the same group yield-

ed similar sequences, bm small, consistent differenc-
es were found between the groups, Based OI~ these
results we recognise Ca/oJ/f'rlria smjH117a (anamorph
(,,/indror/adi1l11l candelabrum), and describe three
new species, namely Ca/onrell7a j){Jllrimmosa (ana-
morph CJ{inr!rodadiwll j}({llcirmnosum). Calo1U'c1n'{l
insulm7s (anamorph C)'liudrodadilllll iusulame) and
Calon('rt17a mexic(lna (anamorph ()lindrodadiulfl
ntexicanllJ!!) .

Key U-ords: Ca/oll('(l17'(I, ITS sequence analysis,
mating studies, systematics

I:'\:TR( un 'C1"(():'\:

(~'lil1dmrladiHm scujJm71lJ!! r.lorgan, the type species
of C)'lilldmdadium ~Iurgan (C)'.) (Morgan 1892), has

,\U{'!J({'d Ii)!" publicatio!1 :\O\'l'ltJlJt'r q, 1~19H.

I (:."T{-'I).m<lill~ ;11111101', E-mail: phT4imatit IIIl.aC.I;J

been associated with a wide range of plant disease
problems in o\'(~r :W (;lInilies thrfHIRholit the ,,-orld
(Booth and Gihson ]97:~, French and ~knRe I(.r;'~
Peerally 19D1, \Vail)ara et al ID~)()), '1'llis SI)ccil'S 1.".

hO\\'("\'er. the IllOst cOlllmOilly innHTt'nly idclltified
taxon in the gellus, After seyeral years of {'xtensi\'e
collection hy the authors, ()', !imjHlriulIl s, s, has heen
confirmed from only North America. hm has possibly
also h('('n illlJ"odufcd into Europ(' (On'rn1(')'('r ('t al
l~)%).

(.)'lindmdfulilll11 ,\f"OjmI71lI11, still illCtHT{'ctly tn'~lI('(1

by 1II~1Il)' r('~warrh('rs <ISsynonYlIlCllls \,.jtlt (~)".lI(Jrid(!1

1"11 Sob('rs ,'Z:C, P. S('Yl1lOllr, h<\.'i lweI) the slll~j('C{ (II
I1IIKh folltron'rsy. Victor e{ al (I ~)~)7) used lIIorphol-

0h'")" s('x\l;11 compatibility. RAPD markers and A+T-
rich tolal DNA polYl11orphisl11S to COllipare (.)'. s("()-
jJfl1111111 (Ie!eolilorph CII/olln/lill IIIwglluii CrOlIS t.'t

al), C)'. allu/dlllnulII \lit'gas (t('koJ}wrph CII. smjJfl17fl

I'('('rall)'), (,:-)1,mIll/ifill EI Choll ('t ,Ii (lckolllOrph Ca,

01'11/11D, ViCtor and Crous) and (.)', j/oridfllwnl (t('-
!eomol'ph Ca. "_\'o(I"l.\i.\'It'rash,)_ This swdy showed
that these species represcnt distinct taxa, Further-
more. c\.idellcc W;IS presented to show that lIIore
than one species possibly exists in the C)', Jlm7dfl11llnl
complex_ Additionally, based on DNA fingerprinting

with human minisatcllite DN,\ as a probe,Jeng et al
(1997) showed the prescnce of three groups uf iso-

lates ill collections of Cy. jloridfl1lllnt hom Canada
and the USA.

Among the small-spored species of CJlhulror/(l(I-
iW/I, C)'. Sf'ojJan'unt has also commonly been confused
with taxa such as C)" oVfi1um and (". cmuleifibrllUl. All

three of the latter species are heterothallic, In a re-
cent study Crutls et al (1998) cunfirmed the biallelic,
heterothallic nature of C)'. ova1ltm. In earlier stlldies.
hu\\'eYer, yery low mating percentages "'cre obtained
for Cy, candelabrum and cy sroj}(f}7Ilm (Crotts ct al
1993a, O\'ermeyer et al 1996), suggesting that further

research was required to elucidate their mating sys-
tems,

C)1indwdadiIl11l candelabrum, which was originally
described from 1e.\\'e5 of a Lllma sp. in Brazil, was
characterized hy Viegas (1946) as ha\'ing narrowly el-
lipsoidal Ycsicl(~s and I-septate conidia, 40-88 X 5-6

~nL Crolls et al (1993a) reexamined thc type speci-
1llt.'J1 (lAC!'! 440), and found it tu be almost com-
pletely de\"()id of material. bllt the few conidia that
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were ohsern~d \\'ere 4()-70 X 3,5-r> ~.LIn,and thc '"CS-
iclcs were ellipsoidal to narrowly ohpyrirorm, A nco-
type (PRE;\! 51045) was suhsequently designated,
and two isolates PPRl4153 and 4163 identified as the
two mating tester strains, The species concept of C):.
randelabrum was complicatcd hy Peerally (1991) who
considered it synonymuus with (l, ellilJ/irll m Alfieri,
Seymour & Sobers, The lattl'r specics '\'as later shown
to be a synonym of C). "\col)(l1illm (Crous et aI199~a),
To readil)' distinguish t!JCSCsjJccie.s, cy s(o!){/riumwas
circumscribed as h<wing ellipsoidal to pyriftJrIIl \"esi-
cles (widesl ahove the middle), \\'Idle those of C)'.
candelabrum wcre ellipsoidal to ohpyriform (widest
below the middle), Ilowen'r, a high degree of plas-
ticity was ohserved amongst C)'. wlirldobnun-likc iso-
lates, This \\"as panicularly trill' in their \'esicle shapc,
nmidiophore l>rancllillg pattern and conidial dil11cn-
sions. Due to the low mating type frequcncy of iso-
lates in prc,'iolls studies, no dcaI' indicatioll was oh-
tailled Oil the nature and rell-vance of this v,lriatio])
amollgst C)'. ("(uu/dab,.11 m isolates, and the species was
accepted as beil1g highly ,"ariahle,

~Ioleflliar tools Ilan' become inueasingly useful ill
prm'idillg addili()Il~!1 ('\"idenCt' thai has supported Ihe
il1tcrpret;ttion of" 1l1orphologic;d \'ari,lIioll, Scn-r.d
{l'chniqlll's including protein prolil('s (Crolls ('t "I
I~}q:~a). RAP)) (Victor ('I al 1~1~}7) and I{FLP (CI0IlS

et al 1~}~)7h), Itan' I)('('n applied to lite taxollomy or
(ylim/mdfldiuUl spp, The nl.lcleotid(, seqllellces or

the rihosollial ))NA (rDNA) regiolt cOIIl;\in il1tl'l"IlIit-
t('lIt fllllctio]);11 ,llId nonfunctional regions (Furlong
et al 1~ltn), The IHOre COlIs('n"ed 1'1):-\:\ g('IU'S ;tHow
1'01' ('ol1lj>arisolls 1)('(\\"('('11 higher t;t"l. For exampk,

r,'"llIwr alld S;IIIIlH'ls (I~)~J;"» compared the 1111('1£'0-

tide S{'(I'lt'IHTS of Illl' ~KS 1'1);\1:\ gTIH' frOtH a wide
range of" hypocn'ale;lll taxa, inrludillg (~)', .\(o!mriIIJII
and ()', j/oridflIlIlUl, i\lore ,'ariahle areas arc prodded
by il1tergenic rq.~ions sllch as the internal transcrihed

'paens (lTSl alld lTS~) .h,,, lIallk .he :;.HS r[):,\A
gene. \'ari<HIS ]"('searclJers han' lIsed tlleS(' seq\I('ll{"{'S
to rcsoh-c illlra- and int('rspecies phylogellies (1'\<\/"ar
et al I~}~)I, Sn'('lli\"asl>rasad et al I~)~H, Bryal1 ct al
~ ~'\~),.I(,llg et OIl E)~)(), \\"iuhuhn et al 199R),

j,el't.'lllly Jcng et al (1997) published ITSl, ITS2
and :1.8S rDNA sequcilces £If C)'. Jco!)(fliulf/ and C)'.
jloridw/llm, In these comparisolls, olle f)-hp deletioll
and three point mutations wcre found in the ITS2
region, This indicated lhe potemial of this re~ion to
be used as a 1001 to dillert:'lltiate between morpho-
logically Silllilar CJ. cflndelahrum-like species, Accord-
ingl\', the presl'llt stud\' was undertakcll to ill\'cstigatc
thl_ :!pplicatioll of a hi;)logical species concept as 'well

a.s ;\ phylogclll'lic species concept to isolates pr()\'i-
SlOBally accollliliodatcd in the (y. wlldelflbnllll spe-
cies complex. Using thcse data, it was possihle to c\'al-
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llate thc yaluc or morphological characters in C)"lin-
drodadillm,

:\I.-\TERL\LS ,\:\"I> .\lETIIOIJS

!.\olllll'"\,-Cylimlmdlldill1Jl ,lllldl'lllbrllni is()lat('s were t'ither
oh(ained from symptomatic malerial or they wcre hailed

from soil samples, Soil samples wert.' coliecte(1 and treated
as explained in Cmus ('I al (19~)7a), Type specimens wcre
lodged at IIH' Natio[];d Collection of Flln~i in Pretori<l

(PRE~I), and ex-type ('(lllures mainlainecl in the cuhure col-

I('nio!l of Iht.' Dq)<lrIIlH'nl of Planl Palholoh'), University of
S(cllenhosch, South Africa (STE-L'),

,\''',\"/ut! comjHllihilily"-()nc hlllHlred sing-Je ('()nidial ~).. rall-

rlda!moll-like isolates (Jislcd 1lt1c\n tht' results). origillating

flom \';lriolls g"('ographic loc\(ions were 1II;llell in all possi-

hie com hi nations, This W;\S achi('\"('d hy 1"t'!JIO\"ing :{ mm

di;ulI agar plugs fnull Ihe I)('riphcry 1)( aClin'lr gn>wing cul-

lurn and pLH"ing (hem on CL-\ ,,!alt'S tiS dt',o;nihed hy Crous

('t ,d (I~)~):b). Two dilhT('1I1 is()L!les h'C\"(' pLiccd in a Pelri

dish willi (';1I11;llioll lean's Iwtw('('11 Ihem" Following this,

pbtn wt'l"e IMd;'t'd in st;H"ko; of 10, _o;ealed ill plastic hags

and incuhaled till 1111' L\hortltory hench al :!:! C, I'rolop('r-

ith('("ia ;\PP(';\J"('c! ;11"1('1":! wk ;11\(1 sIH"("('so;rullll;llings were de-

termined ahn :! !JIll of illcukllilln, SUt"t"cs,f,,1 m;lIillgs we 1('

It'g;u"d('t! as tl1()S(' i"o;nL!le combit1;lliOlls Iha! !>l'o(]ll("('d IHTi-

!lwci;\ willi It'nile, t'xlrudillg ;1o;COo;I)()IC'O;,i'''atillg groups

\\Tle snhst'qut'lltly dio;lillguislH'1I ;11111-'Iraills Ihal n-sultt'd in

prolilic maling" WIT(' sl'!c!"lcd from (';tch gnHlp, FIJI' cadI

maling group idnililied, ;I't'o'pon's \\'cre ohl<lilu'd from

Iwo lJI<ltings, in\"ol\'ing lillll" '('P;U-;\II' isoLIIt'S, SC\"('II singh-

;\S("OSPI)I"('S \\'('1'(' snl)-nl1l1l1rd lor cach mating group, and

1111'sI' \\"crt' ("Ios_,t'd ill ;111po_o;o;ihlt- comhinatiolls ill order to

r('confilm Ilw hialklic hclt'IHI!I;\l1ic 11;1111I-('of (';lcll maling

jllJpllblioll, '1'\\"0 isoblt'"o; or opposing IILlling Iyl'l' w('re St".

1t-t"1('(1 ;\>; It'SIlT stlailiS hlllll IIlI'sc j,ol;\It's, antllhese wcrt'

suhst'quclIII)" 111;\1('(1 \\"jlh IIII' It'sln slrains or the olhel'
groupo; to re{"olltirm 111;\( no mating W;IS occurring 1)(,:lween

groups,

,'i/'f{///'uo' t"rImjJfui_\o1/.\"-Fo\lr isolales, n'H isolates per mating
Iype. or ('ach maling group (~p('ries), n'prescnling;\ w;d(: geo-
graphic distrihlllion ('1'.\1111":J), wert: sdccI<:£1 for sequencing,

Singh' ("tmidi;11 i_o;obh'SwelT gru\\11 Oil ~IE.A plates and plugs
\,'ne Ir;lush-ned into :,00 JIll. ErI('nIlH'Yl'" flasks containing
100 11I1. liquid ~IE.A hrolh, rlasks wcre shaken al 25 C and
I~:) rplll fin- approximately 7 d" :\.lycelillln was colleclcd by
fihl-ati()!1 (\\'hall11an no, 1 filler paper) and D~'A was extracted

as (tcsnilwd hy CrOlls ('I a1 (19~nb), Both strands of the ITSl
and ITS:! inll:rgenic .spacers as \\"ell as the 5.8S rihosomal gene
\\"lTe sequenced and cOIIIIMrl"1. Sequenccs were dcpositcd at

CenBank (AFO;}9280-AF059~8~). D:-':A was amplificd \Ising
Ihe primCl's ITSI (:)'-dTCCGTAGGTC:\ACCTGCGG) and
ITS.l ('>'.dTCCTCC:C:CITATTGATATGCj (\I11;lc cl ,,11990).

The region amplified \vas the .:>.RSriho'mmal gene and the

two inlcrnallransniht.'d span'rs (lTSI and ITS:!) lIanking the
gene, PCR amplificalions WCI'{'performed on a Hyhaid am.

nigclle Temperature Cycler (lIyhaid, :\.tiddles(~x, UK). Reac-
(ions comprised of I J.d. Expand High Fidelity n~A pol}1l1er.



STE-U
Spl'cies :'-:0. Origin

()'. Imurira1llo.wlI/ 9;)1 \Iexico
(Group I) 971 South Afrka

1160 Clllombia
] C!IJI Au....trali;\

C.\". candelabrum 16;"t lk\lil
(Group 2) 16;:J Brazil

W76 Br:lzil

IG78 Bra/il

C.\". i1uulrnlll' 76() \Lubg:ase;\r

(Group :\) 71)~ .\1:1(laga..car
Iii!) Bra/.il

~':d \h-xinl

C)". 1II1'.\";,a1/11111 ~):!7 \kxinl
(Group -I) !):!H .\kxico

~I-II .\It-xico
~llili .\Iexico

T.\I~LE I. Isol;1te.. selectee! for ..equencing:

ast' (Boduillgn .\Ltnnllt'illl. .\bnlllH'illl, CnJII:lny) ;lIId I l_lI.
l"l'aniol1 hllfflT nllHaining 1.:) 11\.\1.\I~CI-, (BodlJingn .\1;11111.
hl'im), \\ilh .\lgCI! ad(k.d 10 make up tl\(' lillal huff(-r (-OIIC('II.

Iration I() :J5 m.\1. l.iquid paraHin oil W:I" OWl bid 10 pln('1I1
e\~lporation. Otl1<.'r re;\gcnts added to Ihe fin;\! \uhlllH' or IOf)
~I. were 2;'}O~.\I of l,;teh :'-:TP, O_;'}~.\I or l';Kh I)limn ami 2:)

JIg D:"A PCR conditions were ;\ llt-liaHning slel' ;\1 9-1 C fi)r

I min fol1()\\'ed hy ]() cycles of 56 C for :\0 ", 72 C fi)!- :! min

and 9-1 C for 15 s. Thi.. W;L"ifollowed by a further ~() Cyrll'S ;II

the same s('lIings exn'pt for a 20 s time increa~ ;1( 72 C. PCR
products were plllified using \Vizare! PCR Preps (Proll1ega

COIvoration, .\1adison, Wisconsin). Bolh str.\nds of the PCR
produn were S("(luenced tlsin~ the ARI Plism 377 D~A Se..

(jlIl'IlCl'r (l'nkin.Elmer, :\'orwalk, ConnectiCtIl). A Ore Ter-
minalor Cyde S('Cju('ncing Ready Reaclion Kit containing
:\mpliTaq D:'\A Polymerasl' (Perkin-Elmer) was lIsed for the

sequencing reactions, Tlte n'actions were carded oUl \\ith a

concentration of ~() to .10 ng of DNA tempJalc and 3.2 pmol
pJimer in a tot;,1 \'olullle of 10 ~L. The cycle sequendng re-
action was done hy PCR under conditions of 96 C for 30 S,50
C till' ]!'")s, and fiOC for -t min. This was repealed for 25 cycles.

D:'-:A was finally purified using Ccnui-Sep Spin columns
(Princeton Separations, Addphia, :'-:ew .Jersey) allli loaded
mHO tbe sequendng gel. Phylogenetic analysis oflhe ITSI and

ITS2 D~A s(.'ljuences W;L"iperformed hy ming the PACP (Phy-
logenetic Analysis L'sing P;lrsilllouy) :U.I pn>t-,'l-am (Swofford
199:\), The hrandl ;md hound algo1ithm, \\ith gaps nealcd as

a fifth chara("tel~ was med. COllfidence inten~\ls were deter.
mined u..ing a 100 hootslrap replic:uion... All uninf(>r1nati\'c
characters were ignolTd. Se(lucllces of C)', _\('ol)(oilOlland C),.

Jhm"dmllwl, pre\;ollsly puhlish(.'d hy.Jeng l'I al (1997), were
lised for COIl1I>3lison. In addition [0 thi.., ;1 sl'quelll-e of Fusar.

iUIII .\Ubgluti"am, dt'posiled hy Waah\ijk et ;11(199fi), was oh-
tained (E.\1BL ;t(cession number X941(7) and used ;LSout-
group.

1
j

,\lmf}/wlof.,riral mmjJllri.ww.-lsolates were cultured on '.:'0

malt extr;l(1 agar (.\IEA) (Oxoi(I), plated ()J1tl) (arnalil)ll.

Il'aL\gar (CL.\) (Cro\l..et al 1(92), incuhated at 25 C tinder
near-ultra\'iolet light, and examined after; d. Only material
occ\llTing on G\rJution I('a\"es \',:as examined. .\Iollnts were
prqMred in la(tophenol, cX;lIninccl under nomar<;ki and

phase contrast, and lIIeas\lre1HCOls m;\(lc at X 1000. \\ller-

e\"(.'r po..sihlc, each l1IeaS\lrel1lel1l repr('sents al I('ast 30 01,-
seI"\"alions, and extremes are gi\'en in parentheses. Cardinal
l('mpcr~HlIre H>quire!Uelll.. for gn)\\.lh :IIHI olltlll"al (hara\"-
f('rislks Wl're (1(.tnmilH'd ah(,I' ti II OJ) .\IE:\ lI..ing prot,

dllrt's described hy Crolls and \\'ing-Ill'hl (Hmol), and (olollY
colors codl'd ;)«."()Hlillg 10 Raynn (1970). Cultures of (\'.

fIlntldlll".,"1l wt'l"e illentil1l.d using lilt" keys of Cnms ;11111
Wingfield (I~nl).

REst'ITS

SI'Xlifll rtJmjmfibilify.-Allmatings l)('tw('('11 till' sell"n-

ed isolates rl"suh('d in pl'rithl'('ia cOlllainillg: (i.-nile

ascospores, ('x("t'pt \\'her(' STE-U ~ I f) \\,;IS ("()IICl'rnl'd

(FII:. I). \\'hethl'r Ihis isolate ("(Hlstitlltl'S alloth('r 11I;11-

illg: populatioll, or has lo."t till' ability to Illatt', n'-

mains 1I1IJ"t'so!n'd. COlltro! il1(JCllbtiolls indicatl'd

Ihat all isolates lIsl'd \\'ert' self steri!l'. !solates of the

sallie mating: typl' yielded 110 perit!1ecia \dwlI matl'd,

confirl1ling: Ihe hialklic, ht'll'rothallic maling: syslem

cOllllllonly found in ascolII)"lTtl's (\(HIe!" l'l al I~JH(j).

Four distinct mating: populations (Croups 1-.1) W'l'n'

obsel"\"l'd. :-\0 SIlCTl'ssfu! mating:s were (lhsl'l"\"ed he-

twcell the different mating groups, and subseC}Ul.'llI

crossings ht't\n.'cn ascospore progeny of prolific lIIat-

ing strains confirmed the distillctin.'ncss of the mat-

ing groups (results not shown).

.\'r'luenre 111Ifl~p;S.-';'\0 differences were delected be-
tween isolates for their 5.8S sequences. The four iso-
hues selected per mating group (T.\I\I.E I). ren'aled
ITS sequences that were ] 00% similar within each
group. irrespcctiYc of geographic location. For the
purpose of comparison a single sequence, represent-
ing the four isolates from one species, was subse-
quently ltsed to compare isolates of the foltr mating
populations. A number of single and double base
pair substitutions and deletions were found bet\\'een

all the species in the ITSI and IT52 regions. Pre\'ious
work donc by Jcng et al (1997) shm,.cd one 6-bp de-
letion and 3 single base substitutions when the se-
quences of C)'. jloridal1U11t and C)'. srojJf/rillUl were
compared, None of the other species sequenced con-
tained a 6-bp deletion found in the C)'. jlo,.idmlllUl
ITS2 region. Additional differences were obseryed in
the ITS I region of the fOllr species in the C)'. eaTl-
delabr1l11l complex. Single bp suhstitutions in the
ITS2 region could distinguish C)'. jlmidaJlllni from
the other species' sequences, while a similar single
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16114 + + + + + - + + +

'" '" '" "" 121111211!In 147,
'" '" ''''625 + + + + + + +

HZ + + + + + - + + +
'" - + + - - + -
'>IS! + - + + + + +
9S~ + + + + + +
IH4 +

IMI' + + +

'" '" '"
'}(,(,

'"?26 + +
on - + -
'" + + + -
'" - - +
'>lIS+ + +

'" + + + +

S<:II()(:II E'I' .-\1.: C}'. (.'..IXl)r:/~-\Hm',\1 (:()\II'[.r~

A 1\1ATI-1
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II MATI-I

','

c MATI-I

D ~IATI-I

F1I;. I, RestlllS III' 11I;llillK slllliit's. Altlul\l~h malillKs \\'('1"(' !)('lftll'IIH'(1 ill aIIIH ,il'!t. nnnllillatiIHl.,. rnlilis <II'(' tJUly PI"(,-

senlt.d 1)('1\\'('('11 lIu' isoLIIt.s or lilt' 1\\'0 dillt'lTnl maliuK I)"I)("S (\1.-\'1'1-1 alld ~IATI-~) ill ('acll lIIalillK population, Ilorit:ontally

IIlll111H'rt.(\ isoLIICS 1'01111 1';\1-' or till' i\-t;\TI-1 I1I;Hillg' lypt'S ;u)(1 \.t,lticilly tllllnhnl'd isolates an' \IATI-:! tn;lIilJK types. \\'hen

ascosporn \\'('1(' prodl\('('(1111I' m;llillg_' ;111' ilidicl!t'd:l' slI("('t's,JIII (+). tJlI_..tlcn'ssfllllllatillg_' ;\\'(' illdit"alt'd wilh (-).

hast' diflcr('IH"(' ("ould cliff<'l'l'llli;111' Ihl' 1'0111' sp('cit's
;1\ the (,)'. 011/(/"',,111"1111I("Hllplcx fn)1II (~)'. .\ml)(11711111

.\lltl (~)'.Jloridulllilll. Additional single hast' deh-tions
and sllhstilllliOI1S distinguished all specil's 011 lite ha-
sis of seqw'llCt' dissil1lilarit),. A("("(H"dillgly. a phylogl'-
netic tree was produced using P,\UP analysis (S\\'ol:'
ford 199:~). FI<:l_:RE2 shows one of the I<Hlr most par-
simonious trees ohtained hy hranch and hOllnd anal-
ysis of the inforll1ati\'(~ sites of the ITS I, :J.SS and ITS2
D:-.JAregions f()r the six species mcntioned aho\'e. All

f'-il!" nlOst parsimonious trces indicated a doser re-
l;.llioIlShip hetween the sequences or (~)'. illSIl/arrw
and those of ~)'. smlHII1'IlUl and C)'. jlmidaulllII_ The
exact relationships uetween the other species were
ambiguous.

Alorphologirnl rOIllIJadsolls.-Sc\'cral morphological
characters wcre studied. This included the shape and
diameter of the terminal \'csides extcnding [1'0111the
conidiophore stipes, conidial size, conidiophore
br.,. "bing pattern, ascospore shape, size, perithecial
~olor, anatomy, lllorphol0t,'Y, and cultural character-
Istics.

The morphological similarities of the anf.\morph

'.

and Idt'olllOrph sl;1!('S ("()ITcspol1d('d \\"('11 \\.jl!i the re-

sults ohtained ill the lIIating studies, and grouped

i,..o\;ttt'S inlo fOllr c\istilH"t groups. The fOllr groups

idelltifl('d hased Oil Ihese f,.'"tun's \\"cre further sup-

ported hy their distinct 1)1'\:\ sequences, \\"hich led liS

to conclude that the)" represt'nt four hiological spe-

cies, \\"hich arc suhsequently described below.

Calol1cctria pauciramosa C. L. SChOC!1 et Crol1s, sp.
Flcs. 3-10no\".

i\!I({nuu!Jh. C}'lindrocladium pauciramosum C. 1..
Schoch et Crolls, sp. nO\'.

Perilhecia suhglobosa ad O\'oidea. ~50~100 I-lI11alta. 170-
:~OO I-lIII I<Ila, croce, ad rllhro-hnmnca, parielc exlt'riorc
\TITUCOS;I, o...qiolo papillalo. A5Ci da\'ali, in ~aipit('m longum

tt.>lHlcm gradalilll anguslalac, 70-140 X 8-23 1-ll11,8-spori.
Ascosporac hy;-,!inae, fusiformes, I-seplal<\c, nihil \'ellc\itcr

ad s('plllm constrict<\c. UW-)3:~-:\8(-40) X 6-7(-8) I-llll. Fi-
hll11 sq)talll1n, hplinum (120-) 180(-230) I-lm, in vesiculam
ohpyrifonnam ad late dlipsoidam (:>-)7-9(-11) I-lI11diam

lerminans. Conidia c}'lindrica, hyalina, l-scptala, apicibus
ohlllSis, (:~O-)45-55(-60) X (:~.5-)4-:) f.11I1.~,ticroc{)nidi-

ophol"a ignota.
II01.0T\'PES. IIRAZII. X SOUTH AFRICA IIRAZIL. E.\-



Cy. s('Oparilllll

76

81 C:V. .fIoridl/l1ll1ll

C:v. il1SlI/arae

()'. 111('XI('(/1111111

()'. cam/e/ahmlll

(:\'. /JtllfC;r1l1110.Hflll

V .",hgilI/iIIlIlIS

Flt;.:!. ()II(" of 10111- 11I0"" p,lI"illlolliou" 111'1'\ gC'III'Llh'd

with ;I hrallch ;lIul hOlilld ;dgolillull ill I',.\l')' :~.I.l 11011I

:t1ignl'd sn\w'uct'" 01 lilt" :I.HS gt"IU' :IIHI JLlllkilig ITSI. ITS:!

It'gillll' (I:, ...tep <:1 :=;; O.H,){I
== II.IXI;).

Boo"'LI!' '";111\("

;dul\r :,1)')'" .11(' showl!. :\ FII\f/riuJ/1\1fhglll/ilullI\'1'!jIlt'IIIt"

(E:\IBI. ;In (',\...ioll 1I1IIulln X!III!i7) \\':IS 11'1'11 :1\ 11111g1 (HIp.

111:\: ;-":ur,,('] y. F//ml.l/III/l "1'...1111. 1!)!I(), I\. C. ,\fji'l/l/\: I\.LI)''''-
11:1,..oil. ~o\'. I!I!II. I~ Ii: C/I/II\. IIl'h'lolh;llIic 1II:lliJlg ofSTE-
l1 lIi70 (PRE\I :1;'/:1:\ <llIamolph) X STE-U ~171 (PRE\!
;.,;,7:1:! ;111;111101"1'11IIOU >TYI'E). ,\pr. !!)!17 f.'. I.. Sd/(}(},

(PRE\! :1:17!'d It'kommph 1101.0T\'I'I-:).

h'IYlll%!-.,!'. Rdc.'rs to the relatin.'ly low III IIIIher of
conidiophore hral1dH's in the Sl)('{'ies.

}'nilltaifl orange 10 red-hrowll. suhglohosl' to

O\uid. 2:,0-,100 fl.11I high. 170-:WO f-L11lwide. turtling

dark red in 3% 1\.011; oSliole papillatc. I'erithecia

rough-\\'alled. wall consisting of two layers: outside

layer of lexlllm K/o/m/oso, ~O-:)O fl.1II wide; inner layer

of It'xlum anglt/mis, :")-10 fl.11l widl', outer rells -1{)-55

X 15-:~5 fl.Jll; hymenial1ay{'r of Irxlllm Jni,\111alirfl, hy-

alint.'. 5-10 fl.1ll wide; perithccial hase lip to 100 f.lm
wi(k, consisting of dark red, angular ('('lis. Asri 8-

spored, da\'ate. 70-HO X R-25 f.lTll, tapering to a

long thin stalk. AsrosjJot"l'S aggregated in the upper

[hiI'd of the ascus. hyaline, fusoid with roull(kd cnds,

straight to slightly cun'cd, I.:-;cp[ate. not or slightly

constrined at Ihe 'eptnm, (:\0-)3:\-3H(-~0) X 6-7(-
H) fl.TIl. l\1fltTOrrHlidioplton'J comprised of a stipe. a

sterile elongation and a penicillatc arrangement of

krtile branche,. Slipe ,eptate, (120-) 1HO(-2:\O) j.Lm

long, terminating in an ohpyrifonn to hroadly ellip-

soidal \'esicle, (5-)7-9(-11) f.lln diam; primary

hranches aseptate or l.septate, 12-.15 X f)-G fl.m; sec-
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Fit." :\-;1, Cnlfllln!,.;" /HI/U';'(/!IIII,\(!;u)(1 its ;Ul;\11\Olph ()-
Iil/llmdurliUIIl /l(l1l1";m 11I11\11III. :\. Tellnin;!! \'('sidt's 011 slipt'

t',\1('!I'.iolls.'1. (:ollidiophClit. ;11111 ("ollidi;1. :). ,,-,,('j ;IIHI as("o-

sporn. Ib.. = 10 1J.1I1.

ol1dar)" hranches aSl'ptatl'. 15-20 X [) f.llll, and tertia-
ry hranches aseptate, 12-15 X [) fl.III, ('ach terlllinal
branch producing 2-G phialidcs; phialides doliilc)J'1II
to rClIiform, hy.diue, aseptate, 10-13 X 2.:)-4 !-LIll,
apex \\'ith minute periclinal thickcning and incoll-
spicuolls collarctte. Conidia cylindrical, rounded at
bOlh ends, straight, (30-)45-55(-60) X (3.5-)4-5

!-L1H,I-septate, lacking a \"isible abscission scar, held
in cy1indrical dusters by colorless slimc. Alicro(Oni-

dioJJ/lOr('J not ubsen-cd. Ch/amy/osjJOres dark hrown,
thickened, fornled in extcnsi\"c numbers throughollt
the medium, alld aggregated to form microsclerotia.

Cultures. C010l1)' color (underneath) 13i ful\"olls,
(surface) 13i sienna with ahundant white aerial my-

celia. Colony lIIargin irregular, with extcnsi\'e chla-
mydosporcs and sparse sporulation on aerial m)'ce1ia.
Colonies obtaining a radius of 17-20 nun diam on
.\lEA after G d ill the dark at 25 C. Cardinal temper-
aUIres for grO\\'th "'erc min abo\'e 5 C, max helow 35
C, opl 25 C. This is hoth a high and 10w temperature
sp{:cics, growill!.{ below 5 C, and above 30 C.
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1-'1< 1)-10. (."((IIJI/atrill Ilfl/lf'iuIII/II\f' ;\1](1 ils ;lILlIl1()ll)h (.\I/lld//lI!({(liIlIll11fllllili/1/II!\/lIII. (i. \'('Ili!';d s('cli'jl\ 111I(JlIgh;I pC li-

lll('ciwn. 7. As( 1)SP'jl ('S. ,~-I O. TtTlllill;d \'('siclcs. lbrs .-= I
()

lUll.

,)'1(1)\(/(/11'. :\UII'/O IYI'III/lS, ,\::0/('(/ sp., ,.;,,((11.\'/1/11.\

'ipp., F,a,1:.'Ulri(/ sp., J',o(1'fI sp., JU/fu{()(Ir'!IduJ// "'IL, soil.

IJi\(,.i/m(/o/l. i\\lslr;lIia, Br;\lil, (:OIOlllhi;\, i\kxicl),

SmtIh i\!ric;\.

,\rld/liolull 1"1IIt III 1'1 /',\'iIIl/i/(l'lI. ,\1 :STRAI.L\. (2LTEI'::'\S-
L:\,,\, I): 1.4)cdil\' III\kl](I\\"1I, SILl\\'ht'IT\'. l~)ql, I). 11/111011

(:--':1f;i/~11
""

S'J'E-I! 1i;~Jl: ;s.;:tF)FII ",,' STE-IT IW~). BRA-

ZIl.. It\11 L\: \'i\'inm, 1':/lmh/J/II\ Sp...lld, I !)~)(). ,\. C. i\lji'lI((I

(IT\' ~;j
""

STE-IT Ifi70; LT\' ~i
""

STE-l! 1Iii I). S:\:'\T,\
.

\L\RI;s.;:\: FIOli;IIl/}polis, soil, AI)1. I!P) I. ,\/..J. \\'illp,/Idd

E-l'~)[ I-~)U, ~I:n-!)~!")). COLO\II~["\. CtlRIH)[',\: La Sd-

\';\. ,11111. 1!1~1:~),,\/. I \\'illp,/idtl (S'1'E-U IltiO-1 H;:~), \!LXI-

co. \'I-:R:\(:Rl.l"/.: (:aln]1;ICO, Laglll1;1 EIlCUlI;u\;t, soil. ApI.

H)!)!. 1\1.1 l\'illg/uM (STE-LJ ~F}l). SOL'TI! AFR[CA. KW:\-

ZULL'-:'\XI'i\I.: !\.\\,;\lII!JOI];Ul1hi, Fl/m(\/J/II,1 g/llllrli\ sc('d-
hngs, F('h. I ~)~)O, F \\: (.'/(J//,\ (STE-U ~.17, ~.19, 2:Wi, 2:~)7, ~71,
27.1, :).1.1, :~,\(i); 1~'llmIY/J/lIs gmndi,l, OC!. J~J~I;~),J~ \\: Cml/\

(STE-L' 12Y); Picit'llllaril/hurg. 1':lIm(Y/JII/s nif/'II.\, \br.

1q!JO. I~ \ \: CUJ//.I (STE-U :HJ I); \\'ESTER~ (~.\I'E: AI({(iu

'''/!I, .lId. I~)~)O, .\1. M(J/"ris (C\I\1 ~):):~
""

STE-L 1I;~n):
(. gt', ,-\:01/'(/ hIlS!WS, F('h. l~)!):~, S' IJ/ll/jnl'('''1 (STE-l~
:>7:)); I\.nysu;\, soil. :'\()\'. 1~)~I'I.J~ \\: (,'/1111\ (STE-l' ~Jil, ~O~);

i\lI'L' .\1.-\[ .:\;s.;( ;:\: 1"lIis[ol1(cin, 1':lImh/JfI/\ i..',HlIllli\ lnll!!;',

,'-'t'pl. I~IS~I, 1'11: (."/(J/il (.<..;TF.l' 1:'0:-1,11:\): ,'--;;dlic, soil. Ft'h.
1~)~)iJ, I~ II: (:/lUII (.<";TI':-l' :"-I!i, 'FI,,,), Kl1pkr;r;d, 1'."lIm(YI){t/,\

,!.!:/(l/)(I/\ ,St'("(lIil\gs, [:('11. 1~1(1(). I~ \1: (."//U{\ (ST1':-I' ~,~Ii-~XX);

\\'illi\in. .\:({I/'{/ sp" ,\b~' IQ')I), .11 I,({III/J//'dl! (STI'>U :~79,

:)XO); :,\'( )I~ II [U~:s.: I'R< >\'1:\( :1':' Pi('l l{l'lid. pill(, cllnings.
,'\0\', !~I~II. I~ II: (:tnl/I (SIT-l~ ~FI'~, ~1:lq); TUIHTII, J~'II(((-

'Y/J/II,I ,1.!,'JlllIrli,1s('('(llil\gs, Fell. 1~)q(), I~ II' (."/111/,\(STE-U 2H2-

~Sl), 1-:11/(/"/)(1/\ ,!..',HII/lIi\ ('lInings, .11111. 1~1~!I), ,II. rll' UlliJ,wU

(STE-li .!l!i, ,117).

( :(flon('((fi({ \hCOlaXOI1 tlO: 341

F["s.II-17( 1~1~11) .
,\n(/"{()ljJl/. (,)'!i1lt!mdwlillfll ((/IIt!e!a{,,-ufII Viegas,

1\,<1",\1\[;<1 Ii: '~7() (1 Qlli).
IIOI.OT\"I'ES. BR:\Z[L. B.\IIIA. Pic;\(LIO, Conceit-an de

Barra. Lllm(rjJ/II,\ ,1.!,'/lllldil,{\pr. I~)~)~, r\. C. AlJi'JI({s &- E A.

FI'/'I"l'im (PRE\! :JI
() I:~);s.;H )T\"PE or lckolllOJph; (:1'OIlS ct

;\1 I !)~):b); Cop(,lIn, I:'//('(/(\'/J/II.\ oSp.. A C. AlJf'llfl.\, PREM
:~)I ().I.I (:'\H )'1'\"I'E or an;uw Irpll; (:roU'i cl ;\1 19Q:b), culture

('''-(\'1)(' I'PRI ,II~G,
n.,.i(!if'I'ia n'd-hro\\,ll, :-;uhgloJJose 10 ()\'oid, :r)O-450

M-111high, :W(J-:~:)() M-Ill \\'idc, turning dark red in .:~%



~IH(11 ()I.I.\

I

J

FII II-I:\. CallJllI,(/,.iu\m/mria ;11](1 il... .IILIIIIIIII'Ii (\-
/i/ldrodadilllll ('(tlll/dtl/nlill/. \1. 'rClnlill;\! \( i,\I "11 ...ti\w

(.xlt,lI...illll I~. (:IIllitiiophol C' ;IIICIIOllidi;1. 1:\. ;\"'1 i ;\1111;....-
Co pOlI'-". Ibl :::; 10 lun.

KOII. frequ(,lItly ill clusters of :~-.I; ostiole papillate.

Peril!leci;\ I"CHlgh-\\'all('d, wall cOllsisting oft\\"() laye!"s:

oUlside b\(T 01 Il'sl/im glolmlrJ\o, :-)()-IOO ~Ill \\-ide;

inller IaYI"!" (I' fr'.\"/lfm (II/guion'" :-)-10 ~1lI ,,'ide, outer

(ells :G-,F) X lX-:W ~1ll; hy"\('nial layer of I('s/um

j}/";wllIl;af. hy;dil1e, :1-10 f-L1ll \,'ide; perithe('ial basv

lip 10 1:)0 ~m wide, ('onsisting' of dark red, angular

("ells, ..Ivi K-spored, clavate, 70-lJO X 7-15 f-LIII, la-

pering 10 a long thin stalk, ~b(o.\j)()'-(,s aggregated in

thl' upper third or the ascus, hyaline, fllsoid wilh

rounded ('IHls, straight to slightly Cl1rn'd, I-Sl'pLlle,

not to slighlly constricted at the septulll, (.10-).1:)-

:)O(-()O) X :)-(i 1.1.111: hecoming :~-Sl'plall' OIH"(' dis-

ch;lrged, .\!OtTtI('(/JI;tliOjJ!tOH'.\ comprised of a slipI', a

sledle l'Itl1Igaiioll alld a pelJicilblC anangl'IIH'llt cd

II..nile hralldh's, Stipe eplalt:. (100-) 170(-~~0) 11m

long, !cl'llIill;llillg ill all ellipsoidal III narro\\'ly oh~

pyrii"orlll \nidl', (:,-)li-7(-H) l.llli dialll; pril\l;try

hrandll's ;\:'>t'pl;I\C III' I-st'pla!t', ~(J--F) X .1-:) 11m; Sl'('-

IIlIdary 111";\lI("I)(,s ;\ ("pl;lIl.', I:)-:.!:I X .I-t) f-LIIl, Il'I'li;I1'y

hL1nclH's a"'("pLIIl', I~I-:.!() X ,1-:1 lUll, ;lnd Cju;lleJ'H;lry

hr;uldH's ;\SI'I'I;llt', 10-15 X .1-:) l.tlll, l',I("!i (ennill;d

1Ir;1I \1"11 prlldllcing ',!-li phi;\lidc.'';; phi;dides doliilolill

III rt'llilollll, h~';"i,H', ;1,'iCpl;I!C. IO-',!() X :~-.l'.lIIl, apt'\:

wilh tnilllllt' IHTiclin;l!lhickcllillg ;\11<1 illrolispiclIlIll-"

colbrl'lIc', (:/I/Iirlill (ylilldrical. nllllllkd ;11 holh ('IHIs.

-"lr;ligltl. (.F,-):)~~liS(-:-:O) X .1-:~)(-li) 1.lI1I, !-SI'JlLllt',

tltking ;1 \i...ihl(" ;.JI:'>('issioll Sl';lr, hl'ld ill ('ylilldl ical

("III...II'IS hy (ol"rlt,-"s -"linH', l\1iollnl/lirli/ljJ!t/JI/'s !lnl oh-

-"(,I\"t'd, (:ttllllllydmjmlf'" dark 111"11\\'11, lliickt'lwcl,

Ii 1I'llIl'd ill ('\.II'llsin' 1I11I1I1H'rs 1111tIllgholll IIIl' 1I\('(li~

lilli, ;1111\ ;lgglq':;llt'd III !C)J"l1l lIIinll-"t"iC'J"olia.

F[(;s. 14-17. (.'a/oll/'{"I,.;a .\'("{J/lfm'a and its al1;ulIOIph C)'IiIU/mdadilllll wlldrla/IIIIII/. 1.1. \'nlica1 ...c('tioll through a pnilh('-

cium, I:), A-,,('o"'poJ"('s, Iii, 17. Tt'nninal \"Csicks. Itlls = 10 11111.



S<:IIO<:l1 ET AI.: CL Cr\X/JJLUUW,\f <:O\II'LE:\

Cultures. Colony color (underneath) 13i ful\'ous,
(surface) 13i sienna. Colony margin irregular with
sparse to moderate aerial mycelia, and extensive chla-
mydospores. Colonies obtaining a radius of 12-17
mm diam on i\1£A after 6 d in the dark at 25 C.
Cardinal temperatures for growth were min above 5
C, max below 35 C, opt 25 C. This is both a high and

low temperature species, )vith medium sporulation
on aerial mycelium.

Substrate. EucalyjJtus spp., Luma sp., soil.
Distribution. Brazil, Venezuela.
Additional sl)ecilllms d"l)()sited. BRAZIL. BAHt\.: Vi\'ieros,

soil, heterotallic mating of STE-U 1675 (PRE~1 55755 ana-
morph) X STE-U 1677 (PRE~I 55756 anamorph), Apr.
1997, C. L :';rlwrh, (PRE.~1 55757 lclcomorph).

Additional ,1l/turfJ f'xaminl'rl. BRA,ZIt. A~IAZO:-.JAS:Lo-
calit)' unknO\\"I1. EuralyJ)/IH sp" 1991, A, C. Alfrn(H (UFV
117 ~ STE-U 1675; UF\' 118 ~ STE-U l1i76; UF\' ]21 ~

STE-U 11;77; UF\' 122 ~ STE-U 1678; t;F\' 126 ~ STE-U
11;79; nv 128 ~ STE-tJ 1680; UF\' 129 ~ STE-tJ 11;81; tJF\'
1:~() = STE-U II;S~; UFV l:W :::: STE-U 16I't~); 1~'llm/)'J)III.,,'
SIJ., 1~)91,l r:. /Jifl/ll'Sf' (l)I():~H = STE-U l(lH.I); Belt'ln, /':/1-
m~)l)/II\ sp" F('h. I~J~I(),AI.). \1'i/lg/uM (STE-U :\1 :~): B..\IIIi\:
Copelin, /~'l/m(YI"'1.\ sp..Jul. I~)~IO,1\. <:. Alfi'lIll\ (lJFV (;:~

= STE-U 1117.\); \,ivitTos, I-;II("(//Ylltl/\ sp.. .1111. I~I~I(), ,\(.A
(lJF\' :!~J = STE-li 1()7~); ~11;\jAS (;ERAIS: Ip;llin~;\, Film.

~Y/J//I.\ sl'...lnl. I!I~IO, 1\, <:. ,\//i'/II/\ (LJFV .\:, = STE-lJ ](i7:~);

B()I"<~iL.J\'<I./'''lIm~)'IJ/II.\ Sp."ILII. PI~I(). i\. <:. ;\//i'l/lI.\ (l:FV 170

== STE-lJ 11;:'(',); BOllI Iksp;LCho, !-;lIm~)'/"If.\ sp., .Jui. I~)~)(),

A. (:, .\//i'l/lI.\ (lJF\' 17'2 == STE-lJ 1(;K(;j; S.\() 1'.\t'I(): S;;il

\';udo, Fllm/Y/J/I/\ cUllings, :->'bL I~)~n, /~ n: Cmlls (STE-lJ

:),~I;, :IQl, :1~}7, (i()()-(i()~, liOl, (iWJ). \'E~EZlJU.t\ I,ocilil)'

IHlkl1!)wl1, soil..!IIIL EI~I;I, M.l \I';lIg/ItM, (STE-U I J:-U).

Caloncctria insuJaris C, 1.. Schoch ct Crolls, sp. 11()\'.

FI<;s. IH-2.1
AllamorjJlI. Cylindrocladium insularac C. L.

Schoch l't Crolls, sp. no\'.

Pt'ritlw("i;\ sllhglohos;\ ad o\'oidca. :FI()-.!:J() f.1111aha. :\()()-

?';')O I..Ul1bta. croce;! ad !'Ilhra, pariele cXleriof{' \'t:!"J'ucosa,
o>;tiolo p;\pillalo. Asci cla\';tli, in slipilem longlllll tnllH'1I1

.:..;T,ublim ;UlgIISI;II;U'. 70-1'20 X 7-IK f.1111,H-spOl-i. Ascospo-

r;H' hyalinae, fusifonnes, J-sept;ltae, ;\(1 septum nihil con-
sll-ictat', (:!7-):\O-:~(i(-4'2) X :1-fi(-7) f.11l1.Ascosporac C\'o-
Jenles u>;t)uc ;\t! cOl1strict;\e dismissal' ab ;\ co. Filum sl'pt;\-
HUll, hYZLlinllm (110-) 16()(-~:)O) f.1IH, in \'t:,sicubm obpyri-

formam ad lall' ellipsoi(lam (.t-)7-10(-1:~) j.l.1II diam

tenninans. Coni(tia cylindrica, hyalina, I-septala, apicihlls
Obtllsis, (:n-).tO-:)O(-60) X :~.5-4 j.l.1J1.~Iicroconit!i()plwra

ignota.

IIOI.OTYPES, ~IADAGAS(d\R: Tamatan', soil, ApI". 1997,

'. II: Cunu, hetemthallie mating of STE.-U 71j() (PRE.~l

55758 an;\\Horph IIOLOTYPE) X STE-U 7118 (PRE)'! 5;)7:~)~)

anamorph), Apr. 1997, C. L ,\'dul/"h, (PRE~t 55760 Ieleo-
morph IIOLOTYPE).

EtJ1ll%gJ. III rdt:'rencc to its geographic distribu-

tion.

,
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FII ;S. I H~~O. Ca/olln/ria inwlmis and its anamorph C)'-

lilltlmdrulil/III i,I.\Itlflml'. IH. Terminal \'csiclcs on stipc cx-

(('1\~il)lI-". I~I. Conidiophore ~\I1d conidia. 20. Asci and asco-

SpOrt's. Ibr = 10 f.llli.

!'nit!t('(ia orange to red, subglobose to O\'()id, 350-
4;-){),un high, :WO-:\.:jO IJ-Illwide, turning dark red in

;~9'(.'KOII; oSlio1e papillate. Perithccia rough-walled,
wall cOllsisting or t\\'o layers: olltside layer of lextuta
g/O/JIl/O.HI,-to-HO IJ-IIlwide; inner layer of tex/ura an-
gll/aris, 5-10 IJ-Ill ,,'ide, outer cells 25-45 X 20-35

IJ-Ill; hYlllenial layer of /('X/llm jJ1ismalica, hyaline, 5-
10 IJ-lll wide; perithecial base up to 100 IJ-m wide,
consisting of dark red, angular cells. Asci 8-spored,
clavate, 70-120 X 7-18 IJ-m, tapering to a long thin
stalk. AscusjJOres aggregated in the upper third of the
ascus, hyaline, fusoid with rounded ends, straight to
slightly curved, I-septate, not constricted at the sep-
tUIll, becoming constricted once discharged, (27-)30-
;~G(-42) X S-G(-7) f-lrH. l\IaO"oconidiophorescomprised

of a stipe, a sterile elongation and a penicillate arrange-
nlen( of fertile branches. Stipe septate, (110-) 160
(-2:')0) IJ-m long, terminating in an obpyriform to
broadly ellipsoidal ,'eside, (4-)7-10(-13) 1-1.111cliam;
primary branches aseplate or I-septate, 10-45 X 4-

5 IJ-Ill; secondary hranches aseptate, 10-25 X 4-5
IJ-Ill, teniary hranches aseptate, 10-17 X 4-5 flill. and
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FI<;s. '21~'2,1.

'2'2. Ascospo]es.

(:"ltIIlf'("lliu il'-\/I/o/'is ;11](1 il.s ;!l\;!]]]()l"j)]\ (,\lilli!mdflllilllll il/,\II{"/(/I'.

'2:\, '2.1. Tnmi1l;d \'{'sicl('s. Bars = ]
0 11-111.

'21. \'('[lied s('('lioll throug-I! ;, ]Wril]wciu])!.

qll;\l('rnary hranclH"s ,\scpt;\[(', 10-1 ~ X -1-:) j..ltll, (',ICII

lerllli1J,d In,lIIeli producing ~-() phi;\lidcs; phialidl's

doliirorlJ1 to 1"l'lIiforll1. hyalille, ascptal(', ~)-1'1 X :~-!)

/-ll11, 'IJH'X with IlIil1l1t(' pcriclillal thickcning ,111(1 ill-
(,ol!.spicu()us ('olbr('{(c, Conidia cylilldrical, roullded

al h01h (,!lds, straight, cn-).IO-:,O(-()(») X :~.!)_.J ~1111,

I-s('ptal(', Licking a visihk ahscissioll scar, held ill cy-

lindrical clusters hy colorless slime. Alirwrollhlio/J-

!Ion's not ohs('r\'('d. Dark hro\\"l1, thickened rhlru/lylo-
sjJO}"('s fOJ'lJ1t'd in extt'llsin' IltIlIlhers throughout the

I11nliuJ11, and aggregated to form microsclerotia.

Cultures. Samc characteristics as Cy. j)({uciwnwsu1ll

with colonies ohtaining a radius of 18-23 ITJIll diam

un ~lEA after G d in the dark at 25 C. Cardinal tem-

peratures fur growth were mill abo\'e 15 C, max

abo\'e 35 C, opt 25-;)0 c. This is a high temperature
species.

Substrate. Ac(/(ia sp., Aur(/{"aria llf'temjJIl)'lla,

(ago sativ(J, Pnse(l a1llnl((Jllu, Pisunl sativunl,

l)j)/1l5 sp., soil.

DistJilmtion. Brazil, Hawaii, Indonesia, ~fadagas-

car, Malaysia, ~Jauritills, ~fexico.
Addifional nil/1m's ('Xalllinfd. BRAZIL. A,\Ir\ZONAS: Be-

]i:m, soil, ApI'. 199:), AI../. Wingjidd (STE-U 61G, 620, 625.
(26). INDONESIA. SU)'lATRA.: Sei Kohan), A(([ria 1J/(J!l~

f:.,riWIIrhizosphere, .Ian. 199'1, A. C. 1\ (lnw,\ (STE-U 722).

)'lADAGASCAR. Tamat,wl', soil, ApI'. 199,1, I~ \V C1'OIi.\
(STE-U 7(in, 7()~). ),1AL\YSIA ),1A.LAY PENI:--JSUl.:\: Ke-
masik, 1\(([l'ia sp., Dee. 1995, A1../. Wingjidd (STE-U 12H1,

12H2). )'l,\URrnus. Ri\'ii're Noire, soil, Apr. 19~)('i,II. Smith

l'derli-

1::u("(/-

(STE-lJ 1'17:~, 1,17,1). l'amp;dn!()lIsscS, _~oil. ApI. ]~}~H;, II.

Sn!ilb (STE-lJ ].17:~)). ~1EXIC(). VERACRt)!,: COl!cios. ]'11-

{'11!e Nacional, .~()il. ApI'. I ~}~).I. A1..f. \ \'iup,/lIM (STE~LJ ~):):!,
~I:),I). US,\. I ]A\\'AII: Locdily nnkn()\\"Il, M,.dlmgo .\'(1(11'(/,

I~)HI, i\l. i\m.w/lii (A HqO :::: STE-lJ lIiH7); ;\III(/(will !irla-

O/dl /{", 1\1.'-'7,i\1. Amg"lii (A 1:,70 :::: STI'AJ IliHH); I'i.\/IIII
\(111111/11/,!~!HH, M. i\!'II,!!.'fIhi(,\ IH2:~ :::: STE-U IliH~I):I'('/:\{'"
(/!Ii('J"iml/(/, 19HH. AI. Amg(/lii (A IW):), :::: STE-U 11;~)()).

CaIollcctria mcxicana

!lO\'.

C. L. Schoch ct Crous, sp.
F]( ;S. 25-;)4

mcxicallum C. L.AJ/U1!IOljJ!t. Cylindrocladimll

Schoch et Crous, sp. !lOV.
Pnithccia suhglo])osa ad o\'oidl'a, '100-'1:)0 f..un alta, :~:)()-

'1:>() fJ.JTIlata, crocea ;H! rubra, pariete exteriore H'ITUCOSa,

ostio!o papillato, Asci da\'ali, ill stipilem long-1l1II tl'JllIl'lII
gradatim angllstatae, 70-120 X 10-20 fJ.m, 8-spori. Ascos~

porae hyalinae, [usiformes, l-septalae, nihil \'el1e\'itl'r con-

slrict<\e ad sepluHl, (~5-)40-55(-G5) X 5-G(-7) Mill. As(o-

poral' e\'o1entes usque acllres septa dismissae ah asco. Filum
sept<\tul11, hy,dinulI1 (1(iO-)lRO(-250) fJ.11I,in \'esiculam late
ellipsoida]]} apicihus papillatis (7-)8-10(-12) !--tilldiam ter-

minans. Conidia cylindrica, hyalina, I-septata, apicibus ob-
lusis, (:~5-HO-48(-52) X :~-'I (-4.5) '.un. )'licroconicliopho-
ra iguot,1.

HOLOTYPES. )"tEX1CO. YCCATAN: Uxmal, soil., Apr.
1994, iVl..f. \Vingfif'ld; 1-IOIJ'ECJlf~N: Campeche, soi!.,Apr.
1994, A1. J H'ingjif'ld, hClcrothallic mating of STE~lJ 927
(PRE~1 :>:>761 anamorph 1-I0L01'1'PE) X STE-U 941
(PRE),'1 55762 anamorph), ApI". 1997, C. L SdW(-!l (PRE~t
:)!)76~{ ldcomurph I-IOLOTYl'E).
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FII; ~!:1-~7. (.idlll/l'dria lJU'ximlUt ;ulIl its ;UI;IIIIIIIIIII (~)'-

limlmrlwli"w IlU'.'\";OIl/l11ll. 2:1. Tt'rmill;IJ \'t'~idt's Oil ~til't. ('X.

tl'n~ions. ~(). Cunidiophore ,11111 nlllidi;\. ~7. /h("j ;11111 ;Isn.-

,1"n'", Ibr = 10 !.LIIi.

Etymology. In !"C!'l'I'l'IHT \0 its ("ountry (I! origin.
Perillinio orange to red, sllbglohw'l' 10 ovoid. .100-

450 ~Ill high, 3;J()-.I:)O ~111wide, turning dark red in
3% KGII: ostiole papillate. Pcritheda rough-wallc:d,

''-'all consisting of two layers: outside la)'cl" of It'xlllm
glohulosa, 3:)-90 ~m wide; inller layer of It'xlum 011-
,!~,~r:ri\, :)-1;-) !-t1l1wide, outer cells ~()-:\:) X 20-:W
!-till; hytllenialla)'l'1' or I('xlura jn7s1!lutim, hyaline, 5-
10 !-tIn wide: pcrithccial base up to 100 ~m wide,
consisting of dark red, angular cells. Asci 8-sporcd,
clavate, iO-120 X 10-20 ~Ill, tapering to a long thin
stalk, AscosjJOres aggregated in the upper third of the
ascus, hyaline, fusoid with rounded ends, straight to
slightly curved. I-septate, not or slightly cOllstrictcd
at the septum, (35-)40-,,5(-(;:,) X 5-G(-7) fLm; be-

comins ~~-septatc once discharged, Al({cwconidio-
jJllOtes comprised of a stipe, a sterile elongation and
a penicillate arrangcment of fertile hranches, Stipe

septate, (160-) 180(-2~)O) J.lm long, terminating in a
broadly ellipsoidal vesicle with a papillate apex, (i-
)8-10(-12) J.lm diam; primary hranches aseptatl: or
l-septate, I i-45 X 4-fi J.llll; secondary hranches asep-

I

295

tatc, 15-25 X 4-5 I-un, tcrtiary hranches aseptate, 1]-
I i X 3-5 jJ.11I,and quaternary hranches aseptate, ]0-
15 X 2.5-4 1-1111,each terminal hranch producing 2-
6 phiaIides; phialides doliiform to reniform, hyaline,
aseptate, 7-16 X 3-4 J.lI11,apex with minute periclin-
al thickening and inconspicuous collarenc. Conidia
cylindrical, rounded at both ends, straight, (35-)40-
48(-52) X 3-4(-4.5) fLl1l, I-septatl', lacking a visible
abscission scar, held in cylindrical clusters by colorless
sHme. MicroronidiajJlwres not observed. Chlamyla.
sjJores dark hrown, thickened, formed in extensive
numbers throughout the medium, and aggregated to
fonn microsclerotia.

Culturf,}". Colony color (underneath) 13b-13i (or-
ange to sienna), (surface) similar as underneath with
moderatc while aerial mycelia, Colony margin irreg-
ular with extensive chlamydospores and sparse spur-
Idatioll on ;'\el'ialmycelium, Colonies obtaining a ra-
dius of 17-20 mm diam on "lEA after 6 d in the dark
at ~:) C. Cardinal temperawres for growth werc min
ahm'e 10 C, llIax abon~ 35 C, opt 25-30 C. This is
hoth a high and low temperature species.

S/lb.\tml,.. Soil.
/JisiJih/ll;rlJ/, i\lcxico,
,\ddiliol/,,! nilfllll'S r'.'\(fllliJ/l'fl. MEXICO, CA~tPECHE:

Ilolp('('ht"II, soil, ApI'. !!)!).(, At,I H'illgjil'ld (STE-U 941-~H?"

~lli!i, !)()7); YUCATAN: UXIII;II,soil, ApI'. 1994, At. J. \Ving.
/i/'M (STE-U !)~ti-!J:!H, ~),I,I-9,1I»).

This study was illiti;ul'd in order 10 illn,'stigate the
I1lOrpl1ologiral \'ariahilil)' obsern'd within the C)', can-
ddnhnl1ll species COll1plex, Mating swdies revealed
the existence of rOllr distinct mating populations in
this complex, These findillgs wen.' further supported
hy diflerenn's in morphology, and sequence data. In
accordance with the hiological species concept, dif-
Ic:rel1t species were therefore proposed for each mat-
ing population.

Previous mating studies betwecn isolates of C.y. sco-
jJariultl and C). r(ll1delnhnu/I shm cd these species to
be !(enetically isolated (CrotlS et al 1993a). Within
the C)'. ral1delabrum-complex, howe,'er, prominent
differences were obsen'ed when perithecia of SOllth
African X SOllth African, or South African X Brazil-
ian matings were compared with some Brazilian X
Brazilian matings, ]n light of the distribution data of
sOnle of these species (Cy, jJallciramOSllltl and C)'. ((tJ/-
delabnllll) as circumscribed in the present study, it is
ol)\'ious that the \'i.uiation observed by Crous et al
(l9~l:\a) can now be ascrihed to different biological
species. In light of the results presented here, pre\'i-
ous mating groups ohsen"ed ill ~)', ((llldr[abnull (as
(:y. smjm,ium; Rihein) 1978), suggest that y('t other,
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1"11;", ~X-:~I" (:ollll/l'Il,i" 1IIt'.\-irOl/f1 ;11111 ii' ;111;1111.111111 (,:y!iIltI,"dml;fIlI/ 11I1"\-;((1111111I, ~X. \'t'llied "('("Iilill Ihnlllgh;\ IWlilllt.-

tilll1l. ~~I, 1\"1'11"1'111 :~O" ,\\I'i, :~I. <:oniditll'ho/t, wilh ("'Inlding "Iipl' ;\lltlltTmin;!1 ,"('"ide, :~~-:~-1. 'li.'rll1in;tI "t',ir!('s, B;tls =
10 p.lII.

undcscrihed hiological specics could (':-.;ist ill this

complex. Re("('lIl 11Iokrular work dOIl(, ill auol!wl"

homothallic species rOlllpk:-.;, <-y. ./!oridlllfulI/ (Victor

et al 1997), stlgg('sts that this aggregalion of dislill('1

hiological taxa ill species cOlllple:-.;('s is 11111("11IIIOIT

C01111110n ill (,'fimlmdwliulI/ th.1I1 e:-.;p{'cu'd earlier.

The high proportion of Sll(("('SSflll matings oh-

tained in the present study, and receutly by CrOlls l't

al (19~)H) in C)'. mia/lint, ran possihly he ascrihed to
[he E\ct that these matings \\'('re condllcted at 22 C,

compared 10 prc\'io\ls studics that IIsl'd I:) and 2:-.. C

as optimum temperature. \\'ithill each spccies, !l0\,'-

e\'l"r, isolates sho,,'ed ,'arying degrccs of success ill
l1Iating with opposing mating types. For e:-.;amph', ill

(.)'. !)(lIlcim1llo"\Ilf1/ STE-U l:~H mated only with two

other opposing mating type strains, \"hile in Cy. ("flll-

dfla!Jru m STE-U I hiB matcd slicressflllly in all in-

stanfes. Age of isolall's as well as differel1Cl's in their

feJlJale fertility cOlild anolillt for this yariatioll. It ap-
pears Ihat C)'. !)(fll(immo\/Ull and (~\,. iU"Hllar(/(' arc
largely alJopalric in chara('ler, with isolates a'h,tilahle
fn>l1l \'aritHIS I(JCalitil's.

Se<jut:IHT data (all quantify relatcdness among
taxa, alld is (,ollll1lonly IIsed to clarifY diff"(.'rcilt taxo-
nomic questions (\'iljocn et al 199:~, Reimer and Sa-
IllUeiS I~)~J!)).The scqlH"n\l.'S of the ITSI and 2 flank-
ing regions of the :).8S ribosomal genc indicated
slIlall. hlll (,o!lsistent differellccs bct".ccn the species
proposed in this study. Although a high degree of
sequclJce variatioll in this region has bcen reported
bcf()re (Ch,IIJlhers et al 19XG). a low amOllllI of ,'ari.
at ion ,,"as ohsen"cd bctwl'l'I) the L)'lilldrodw/i1l1ll spe-
cies examined in the pn'sl.nt study, \\'ithin a hiolog-
ical species no \'ariation could be uhsern'd at all.
En~n ill [he case of Cy. in"HI/amt', identical sequences
were ohser\'l'd (If" isolates from disparate geographic
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areas like i\ladagascar, I"texico and Brazil. \Vhcn COlll~
pared to a similar situation in Gibberella /ujilwroi,
where sevcral mating pop1l1ations exist bet\veen iso-
lates with similar morphological features (Lcslie
1995), the high relatedness in the C)'. candelabnun

complex becomes more evident. Hmvever sequences
of the 5.8S gene and ITS 1 and 2 flanking regions
proved problcIllatic in differentiating the different
mating populations in the Gibberdla fujilwroi com-
plex (WaalwUk et al 1996). Although the species in
this study could bc differentiated using sequence n>
suits, funher consideration will have to be given to
other, more variable DNA regions. Studies conducted
in the hypocrealean genus F/tsariunt (O'Donnell
1996), could prove useful in this regard.

Crolls et al (1997a) reccntly provided a key to Ca-
Im/alria spp. with Cy nllulcla!JrulJ/-likc anamorphs
that have I-septate conidia. The following key call
therefore be lIsed in C()]~jlllJction to idelltif)' the spc-
cies occurring ill the Cy. mnddabrum complex,

Kt,y ['() SI'I,_cn:s I\: TIlE (,Y/,/,\'{)/((H:t.,I1)/{',\l

C\.\'{)}'./..\/;/,'/.'.\I (:(),\I/'I.FX
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