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CHROMOSOMECHROMOSOME STUDIESSTUDIES INI~ NORTHNORTII ANDAND CENTRALCENTRAL 
AMERICANAMERICAN SPECIESSPECIES OFOF PEenS L 

(COMPOSITAE:(COMPOSITAE: TAGETEAE)TAGETEAE) 
PECTIS L. 

DAVIDDAVID J.J. KEllKEIL 

ChromosomalChromosomal modificationmodification isis oflen aa majormajor factorfactor inin lhl: e\'o
lutionaryIUlioltllry diversificationdl\'ersiflCalion ofof aa large. rapidlyrapidlylarge, e\ohmg genus.genus. Pectis, 

often the evo
evolving PUIU.� 

largest the New WorldWorld tri~
thethe largesl andand mostmost widespreadwidespread genusgenus inin lhl: Ne~ tribe 
TageteaeTagelC'ae (Compositae),(Composit3e). hashas radiatedradiated intointo aa variety habitats\'ariet) ofof habilats 

its evolutionarye\'Olutionarv history. UntilUntil relatively recently, how-holloduringduring iu historv. rclati\'ely recently. 
ever, littlelillie hashas beenbeoen known ofof thl: rolerole ofof chromosomalchromosomal changechangee\"Cr. k~own the
 

the evolution ofof thethe genus.genus. Pectis was cytologically
inin thl: e\olution Prctis Iloas cy'lologicall) unknownunknown 
unlillhe sludles ofof Ra\"Cn andand K)hOS (1961)(1961) andand ofof Turner. flli
son, andand KingKing (1961).(1961). Subsequently,Subsequently, additionaladditional countscounts have 
until the studies Raven Kyhos Turner, Elli
SO'l, ha\'e 
been 1). ToTo date,date, ho"e\'er, onlyonlybttn reportedreported forfor severalseveral taxataxa (Table(Table I), however, 
aa few(~, ofof thethe speciesspecies havehave beenbeen studiedstudied cytologically,cytologically, andand thesethese 
onlyonly fromfrom aa fewfew populations.popUlations, the fourrour largeOfOf lhe thelargc generagenera ofof lhe 
'ageteae, PectisPro;s hashas mostmost cytoTagcteae, beenbeen thethe poorlypoorly representedrepresented inin cyto
logicallogical studies.studies. 

ThisThis investigationinvestigation isis seriesoneone ofof aa serics ofof studiesstudies ofof thethe evolutionevolution 
and Pectis. TheThe genusgenus reachesreaches itsits greatestgreatest diversitydiversity~nd taxonomytaxonomy ofof Pecfis. 
m America, thisIn thethe warmerwarmer areasareas ofof NorthNorth America. andand itit isis fromfrom lhis regionregion 

the collections werewerethatthat mostmost ofof thc collcctions uponupon whichwhich thisthis studystudy isis basedbased 
Illade.made. ofThroughThrough anan examinationexamination or thethe chromosomeschromosomes ofof asas manymany 
species asas possible, andand numerousnumerous ofof "ide~P«ies possible. fromfrom populationspopulations wide-

species, informationinformation regardingregarding lhe \'ariabililYthe variability ofof chromorangingranging ~pccies. chromo-
Pectis bebe with the evolutionarySOmessomes inh Pur;s cancan betterbeller correlatedcorrelated \loith lhe: e\o]utionary

h·
history systematics theISlory andand syslematlcs ofof lhe genus.genus. 

MATERIALS AND METHODS\lATEKIA15 "''l:D \IEfHODS 

ImmatureImmature capilUbcapitula werewere the modi-killedkilled andand fixedfixed inin lhe fieldfield inin modi· 
led Carnoy's fixative chloroform : ethanol : 1 aceticr~ U1moy's fixalhe (4(4 chloroform: 33 elhanol : I glacialglacial a~lic 

acid), refrigeration examination.aetdl. andand werewere keptkept underunder refrigeralion priorprior toto examinalion. InIn 
a the Beeks (1955), whole floreta modificationmodification ofof lhe methodsmethods ofof Reeks (1955). Ilohole florcl budsbuds 
^!re --ere Gained without heat) hoursslained (usually(usually withoul heal) forfor 2-482-48 hOUfS inin standardstandard 

0 acet°carmine acetocarmine were squashedItt acClocarmine oror ironiron acelocarminc solutionsolution andand \I"Cre squ3!ihcd 
[Vltnout Prior maceration Hoyer's solution. CameraCamera~~OUt Prio~ ma~ration inin aa dropdrop ofof HO)'~r's sol~tlOn. 

were fromfrom microsporocytesucidaida draWingsdrawings \\ocre preparedprepared meIoticmeiotic mlcrosporcx)"tes 
to0 documentdocument eacheach reportedreported counl.count. 



            

   

 

 

 

 

 

 
  

 
 

 
 

    
 
 
 

 
 
 
 
 

 
     

     
    

       
    

      
   
        

      
      
       
     
       

      
        

      
   
      

     
      

     
    

     
   
      

 

    
    

      
    
 

    

        
    

  
  

      
      

    
    
  

  

   
  

         
   

      

 
  
 

~TableTable I.I. Previously reported chromosome counts for Pectis. o0 '·... iou'l) ropor••d dlOomoo.o.... oounh roo 1'", ... 

1<,p<>rtN OOunl I,,)Reported count (n) 

12"12"� 
12"� 
12"12"� 
12 

~ca. 24" "� 12"12"� 
12"12 

12, 12 + fragment"12.12· fraement 
12"12"12"� 
12"12" 12 
12 "� " 36"� 

Ta.Of1Taxon 
angustifolia Torr. var. angustifoliaP.P. dnf:l'tltfolHl rorr. ''ilr. dn1:....'ijol'" 

(as P.r .fcf. texana,'..." .... Co'}lCory)(1" 
la. r. IHlKO'm/oI", run-.)(as P. angustifolia Torr.) 

angustifolia Torr. var. tenella (DC.) KeilP.P. ""1:"-"if'''''' Torr.•ar. ,~,...II" {DC.) I:.il 
(as tenella DC.)laJ P.P. Im~/'" LX") 

P. coulteri Harv. & GrayP.•00"I~n /fa ... &I Gra) 
1'. ~",n.u I efn.P. depressa Fern. 
P. filipes Harv. & Gray var. subnuda FernP fibf't'. Ifal'\' .t G",) ''iI. so<lonuJil I"un 

(as P. filipes Harv. & Gray)lal 1'. /il.,.,.. lIal'\'. II GBy) 
,. Im'WfUllnJ. &b. Kip .. G"",nm.P. latisquama Sch. Bip. ex Greenm. 
P. multiseta Benth. var. ambigua (Fern.) KeilI' mul,,,,,.IIonlh '"r. """'it.... lhrn.) "elF 
P ",WII",. Benth .,... ",,,lli,,l18P. multiseta Benth. var. multiseta 
P. papposa Harv. & Gray var. papposaP ,...,.,.... lla" &: G.ay n, "'1'''''' 

(as P. papposa Harv. & Gray)(u P "'I'~ lIa" II GnI») 
P. papposa Harv. & Gray var. grandis KeilP 1"'('1'0" HI"'. " G",,. '"r 1:f-m ",,' 

(as P. papposa Harv. & Gray)(a. r """pqw llarv " Gra)') 
P. pringlei Fern.l' 1",,«'" f "''', 
P. purpurea Brandeg. var. sonorae Keill' 1""pur" Ktande.. ,". ___ ".il 

(as P. palmeri S. Wats.)fl. 1'. ".1-.-1 'i WIIS) 
P. rusbyi Greene ex Gray, ""I>" G....... OK A.A. GB)� 

(as P. palmeri S, Wats.)las P ,..b¥n S ""liS I 
P. puberula Greenm.)(as(as 1', ".,,,,,,,,,/11 Glttnm.l,P. saturejaoides (Mill.) Sch. Bip...,,,",.,....I\ldlI 'ith R,p 

rP. sinaloensis Fern.'.-10 ......1. I"ern 
I', subsquarrosa (Hook, f.) Sch. Bip.I' ""'\If''''"'''' lll",,~ { I 'kh lI,p. 

Ref,renceReference 

Powell & Turner (1963)I'o""n II. Tum•• (1%3) 
Powell & Turner (1963)F'o".,,11 II. Tu....... Il96))� 

Powell & Turner (1963); Strother (1972);po..,,11 II. Tum... (l96ll: SI,odM" (1971~ 

Urbatch in Love (1974)Urhlidl '10 I ii•• I 197.) 
Keil(1975B)K,;11I975K) 
Powell & Turner (1963)I'o..en &: Ttl'..... tl96ll 

Powell & Sikes (1970); Fay in Löve (1974)I'o..."llll S,l.. (1970), hy i.. I~" {197.) 
1'0..,,1111 Tu..... (196)1Powell & Turner (1963) 

~Keil (I975B) sr 
o'" ",il (l975K) 

Keil (1975B) S.8."ed 0975K) 

•00 

Raven & Kyhos (1961); Watson (1973)flue.. &: ",hot, (l96l); WI'loOn (197)1 
Keil (1974); Keil & Stuessy (1975)"eil (191.): I:eil II. 'it",") (19n) 
Powell & Sikes (1970)POVIdl It Sl~.. (l91tl1 
Fay in Love (1974)fay '10 liS>... (l97.) 
Keil (1974)1(ed 1197.) 
Turner* Flyr(1966)Tu,.... , .t f I)" 119661 

Turner & Flyr(1966)TUlnel &: n), 1I1l66) 
Turner* Flyr(1966)h,,,,,, II 1"1>, 1196b) 
Turner, Ellison & King (1961); Powell & Turner (1963)Tu....... [Iii""" A: 1('101 (1961): I'o..,n II. Tu..... r 11963) 
Turner* Flyr (1966) <Turne,&; 11)'11061» 
Kyhos in Wiggins & Porter (1971)K>t- '"~ ""lU"" III I'on", 119111 •• 
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RESULTSRESULTS ANDAND DISCUSSIONDISCUSSION 

ChromosomeChromosome countscounts werewere obtainedobtained fromfrom 2828 taxataxa andand fromfrom fivefive 
hybrids (Table 1-34). OfOf thethe taxataxanaturalnatural interspecificinterspecific hyhrids Cfable 2;2; FiguresFigures 1~34), 

studied. 2222 arc diploidsdiploids withwith nn = 12. threethree arc tetraploidstetraploids withwith 
n = 24, ontone hashas bothboth aa diploiddiploid andand aa tetraploidtetraploid race,race, andand tv.o arc 
studied, are = 12, are 
11:= 24. two are 
hexaploidshexaploids withwith nn == 36.36. TwoTwo ofof thethe hybridshybrids areare triploidstriploids withwith 
8-J2 bivaJents andand correspondinglycorrespondingly 12-2012-20 univaJcnts atat meta8-12 bivalents univalents meta
phasephase 1 andand withwith veryvery irregularirregular mciotic behavior.behavior. TheThe remainingremaining 
hybrids areare diploidsdiploids withwith onlyonly sporadicsporadic incidenceincidence ofof 

I meiotic 
h}'brids functionalfunctional 
~eioticmeiotic irregularities.irregularities. SupernumerarySupernumerary chromosomeschromosomes werewere notednoted 
in hybrids. OfOf thetheIn threethree speciesspecies andand inin somesome ofof thethe interspecificinterspecific hyhrids, 
countscounts reported,reported, 1818 ofof Ihe taxataxa andand allall ofof thethe interspecificinterspecific hybridshybridsthe 
areare firstfirst repons,reports. 

SeveralSeveral evolutionaryevolutionary lineslines arc representedrepresented inin thethe newlynewly reponedare reported 
COUIllS.counts. linesSomeSome ofof thesethese Jines correspondcorrespond toto namednamed sectionssections ofof thethe 
genus.genus. However,However, sincesince sectionalsectional limitslimits havehave nevernever beenbeen appliedapplied 
to thethe entireentire genus,genus, andand inin somesome cases,cases, prc\'iously puhlished secpreviously publishedt~ sec
tionaltional limitslimits havehave beenbeen foundfound to10 be (Keil, 1977),he inin errorerror (Keil. 1977). notnot allall 

are presently toto sections.sections. Consequently,Consequently, inin thethetaxataxa arc present I)' assignableassignable 
followingfollowing discussion,discussion, taxataxa willwill bebe referredreferred whentoto sectionsection onlyonly v.hen 
thethe affinitiesaffinities areare v.ell established.established.well 

SectionSection Pt(,/OIhrixPectothrix AA. the best-knownGrayGray isis easilyeasily Ihe best-knov.n portionportion ofof 
known twothethe genusgenus cytologically.cytologically. CountsCounts areare koo\\" forfor allall exceptexcept t\\O 

species, Pectis vollmeri perus~cies. PeNi.i vol/mui WigginsWiggins andand thethe newlynewly describeddescribed P.P. pl'rll
\'lanaviana KeilKeil (Keil.(Keil, 1977). althoughalthough varietiesvarieties remainremain1977), uncounteduncounted inin 
two FirstFirst reportsreports forfor thisthis sectionsection twotwo westernwestern1"'0 otherother species.species. areare 

filipes var. filipes stenophylla var. biari-MexicanMexican taxa,taxa, P.P. jifipes vaT. jilipes andand P.P. sll'1Iophyl/a vaT. Mari· 
stS/ala,ata, aa ChihuahuanChihuahuan DesertDesert endemic,endemic, P. incisifolia,f'. illdsijofia. andand aa TexasTexas 
~f1d~mic,endemic, P.P. angustifolia var.var. faSlif{ialII. NumerousNumerous additionaladditionalall~u.f/ijofia fastigiata. 
COuntscounts areare reportedreported forfor P.P. allgustijoliaangustifolia vars.vars. anf{lIstijoliaangustifolia andand 
It'wl/a.tenella, ßlipes subnuda,slIbnllda, P. papposa vars.vars.P.P. ji/ipe.r vaT.var P, (lapposa papposapapposa andand 
grandis, pringlei, rusbyi, P. sinaloensis.g'andis. P.P. prinK/d. P.P. rusb)·i. andand P. .iilla/o('mis. 

Pectothrix chro-SectionSection l'e('/otltrix isis interestinginteresting fromfrom thethe standpointstandpoint ofof chro
mosomal which charIJlOs~mal uniformityuniformity andand thethe relativerelative lacklack ofof sterilitysterility "hich char
acterize~Ct~TIle thethe knownknown naturalnatural hybridshybrids withinwithin thethe group.group. OfOf thethe 
various hybridhybrid whichwhich have beenbeen cylo[o\anous combinationscombinations ha\'e studiedstudied cytolo
°gically, only one, Pectis angustifolia var. XX P.P./>O/Ipaplogically, Only one. angustifoliaP('Nis anXlIs/ijolia \1Ir. all~lIs/irolia 

P°sa grandis, displayingPosa var.var. Kfandis. waswas foundfound toto possesspossess individualsindividuals dIsplaying 
meiotic irregularities. InversionInversion bridge-fragmentbridge-fragment formationsformations andand~iotic irrelllularitics, 
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TableTabl. 2.2. New chromosome counts "" Pectis.iii ....· d1'0m0\Om~ coun" forfor taxa ofof I'm;'. 

Chrom(KoO"'" 
numbernumbrr (n)rn) Taxon with location and voucher11 

Chromosome 
Tuon ",nil Ionlt'OOlnd 'OIJ<'hcr' 

Pectis angustifolia var. angustifolia1212 PIOdi. .n'....ilolb Torr.Torr. 'At. n,,,,,ik>ti. 
Mexico, CHIHUAHUA 13.6 mi Cd. Jiménez, K&M\lhieo. OlJH'A."'''' 13" "" SS ofof Cd Ji",",",. K ", .1.1 

J81A; !S.6 mimi ofof JllIO>. ,,&. Pu ... -.oo 1.8 
E Nazareno,... fftlG. K 8c" M 8014A. Unitedt"'tt<! States,Stale-. COLORADO:C'Oloo...oD 

8387A; 25.6 N, Janos, K & MIf 8432A,lUJ}A. B.B. DURANGO: I 
mimi .. ofof Nu A. \I M)UA 
Fremont Indian Spring Campground, K 7637A; CanF'.......nt Co.:Co.: I",han SpnOI Campl"Ol.lfld. A 7631.4. C_ 
yon City, K 7638 (Figure I); Sedgwick Co.:Co.: 1.5'.5 mimi SS ofof 0.....)'Oft Cit)". A 76.18 (Fi,IIn' I). SnIp Ovid, 
KA 7634.16Jl NEBRASKA:" Keith Co.: 1 of Ogallala at Platte....'u Kenll Co. I mimi SS or Opllab., SS PLou. 

Siuessy ¡717; Keith-Lincoln SRiver,R,....,.. StuessySlUn.," &A s. u, /111: I(n,h.l'lICOln Co.Co. bline... atat S 
PlattePlallt River,ft."...... K 7635; LincolnllColn Co.:Co.: SS PlattePbue RiverRi~.....att HersheyA 16)$; Honbty 
Rd, K 7603; Platte River at Sutherland, 7620A. NEW'f"Rd. A 7661: SS P'lIllc Ri'm' II S",MrJand. KK 7610A 
MEXICO:"f,\1CO GrantGrant Co.:Co.: SS Sherman along Mimbres River,ofof ShtnT\lln alon. Mimb,"- R".". 
KA &&. MI( 8465A;8J6JA. 6.56.' mim, E ofof SantaSant. Rita,R" •• A dK & M 8740;.. II r#l 44 mimi N'\ 
ofof SilverSilw, City,City. AK&MII 8481A8~8IA';

b; Hidalgo Co.: NE of" Ihclalgo Co.; 7.27.2 mimi SE 01 
jctn. w/US... NM 90, K & MIf 8494A.849414. TEXAS: Brewster8't\II'>'Cf)CII\. US 7070 onon :'<1M 90. K" lHA... 

Big Bend Nati Park, K&M 7795A; 15.1 mi N Cas-Co.:Co.: 8ig Hmd "'all Par~. A .. If 7NJA; 1'.1 "', " ofof ca,.. 
tolon, K&M 7798A; Culberson Co.: Hudspethlolon. K & If liWJA; (' .. IMuon Co. 1.41.4 mimi SESE ofof Itudoipcln 

line 1-10, K&M1/ 7687;7687; HudspethlIud'~lh Co.:Co.: SESf ofof H It~n·Co.Co. Ii"" onon I 10. K &. Ft Han
cock, MIf 7665A,7665A. B; Pr~id,o 18.5Ig.S mimi SS ofof Morf•.rod. KK && 11: Presidio Co.:Co.: Marfa, 

& M 7741; 13.1 mi SE Presidio, K&M 7774A, BKK &. .II 7141,- 13.' n,i SF ofof "r••ld.o, K '" .11 7714A, 8. 

12°12* PectisPmi$ angustifolia.n~u,.i'o~1 Torr.Tnrr. var.\I. fastigiata Gray) Keilf.,.I~;II' (A.(A. Gflyl K.il 
UnitedI·nil.d States.SI.In. TEXAS:rn~s Sutton Sonora, Keil & RobertsSulTon Co.:Co.: Sono.a. K.d d RI,/vrlJ 

10074 (Figure1001' pop.pop. IFigure 2).2). 

1212 Pectis angustifolia Torr. var.\If tenella (DC.) KeilPm;" In~"'liro~. To,. .....11. IDe.) Kril 
México. COAHUILA: mi Piedras Negras, K&M\I.,ioo. rn~Htll-~ 107107 m, SS ofof PlOdru ....gr... K &. 1/ 

7849A,18'9A. B,8. C.. mi Piedras Negras, K&MK d 7860A;C; 114114 n,i SS ofof PlOd... :-'.gra.. If 7MO.· 
,_-. ROIJLlI Mon<:kn-.. A I: M 7865A; 1L41Inbetween.....n Nueva Rosita andlnet Monclova, K <& \t]86J -t. It 4 

of Monclova, K & M 7875; mi Monclova, & Mmimi SS or Mondcr.... A" \11 ". 2727 m, SS ofof Mondo'... KK &. If 
7879A, B (Figure 3); mi Monclova, & M1I1'9t17911 A;A] 1'9A, B/Firuro J): 6060 Ill' SS ofof \fondou. KK &. 
22.5 of Paila, K Si M 7944A; mi Paila, K&Mll-S mimi EE or P.,g. A 6. ,\1 1'9'4-", 16.716.7 m, EE ofof P.ila, A 01 1/ 
1'9jlJA.7950A, B;8. 5.3U mi E Paila. K & M 7954A'; 13IJ mimi " Paila.... F. ofof P••Ia. A 01 \t "'95'A .. W ofof 1',,110. 
A dK & M 7960A, B; 8.6 mi Emiliano Zapata, K&M 7996;\I "I'lWJA. B. 86m, EE ofof Emli~no 7..apall. A &. If '9\11I; 
4.2 mi S of Acatita, K&M 8052A; mi N of Acatita, K & M4 2miSof AcaIIQ. A" II Mil!A. 2.12.1 fl1I'ofAcalill." 4" 
8065A; N Acatita, K&MIf Ibn8072...A; 1.11.1 mimi SS ofof RanchoR.ndtO8OISJA. 7.87.8 mimi , ofof Anllla, A 6. 

Cinco, K&M 8102A; 10.3 mi of Rancho los Charcos,ElEl Cinco. A & It II0!A, 10J Ill' SS or R.nd>o \ol; ChlfC'Cl'. 
K&M 8165A, B. DURANGO Mapimí, K&M 8186AA &. 1/,I6JA. 8 ,.....~ ..c.o EE ofof ""''''11I1. " '" II IMA 
United States, TE.XAS: Hidalgo Co.: 0.8 mi E of jctn. w/Texaslnht1l S'.'"". TH"" IIldll", Co 01 Ill' £ 0'- ;e.n." T..u' 
FM rd 886 on 83, K C 9247A, B; Starr Co.: 1 mi W ofF\l rdlS60n USUS J. A && C9141.. , 8. S1."Co,: ImiWd
joe.n."jctn. w/TexasTu,..t""FM rdrd 1.'01430 onon USUS 83.83. A & ("91'1/6,1L6 ....K & C 9248B; 11.6 n" 
SF.SE orof jeln.jctn. '4'w/Texas FM US 83, K & 9249ATu.. f\l rdrd 20982098 onon us 83. A &. CC 9149,4 
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Chromosome 
number (n) 

12* 

24* 

12*".� 

2^*".� 

".� 

12"� 

Tab'- 2-t<>~tinuWTable 2 • continued 

Taxon with location and voucher 

I"IOCI;' btrl:ondini IX' 
Mexico.:'>Ih>to. TAMAULIPAS. justj ....t of Magiscatzan, K & 9235 

Pcctis berlandieri DC. 
T~\t~nll'\~ EE ol \1ap.ealUn. K'" CC 9!JJ 

9238B; Magi-A,A. B,B. C;C: 3J mimi EE ofof Mante,MIDlt. KA &'" CC 91J81J: 8.98.9 mi"" WWofof Mac>
scatzan, K & 9240A (Figure 4), B.lQlUn. K'" CC 9140A If"ipt 4). II. 

Pectis bonplandiana H.B.K."l'diJ bonpl.ndian. II RIC. 
Guatemala,G... , .......Ia. SUCHITEPEQUEZ: PuentePuente Si,...can. 9439A~~("Kll[I'FOUI Siguacan, KK ~J9A 

(Figure(Fillu.e 5);S); 5.4SA kmIfm E£ ofof jeln. '" ,d 10 CIuclanoa Oll. CA 2, Ajctn. w/rd to Chicanoa on CA-2, K 
9442A;'#4}A; 11.5 of Siguacan on CA-2, K9448Ad.II.S kmkm EE ol PuentePuente S>,~n 00 CA 2. A"U#.A·, 

I"IOCI;" capilli~ (!knill.) llem,l. 
Honduras, CHOLUTECA: j""t 'i or SanSan AntonioAnto~i<.> ded. Flores,F1ocfl. 

Pectis capillipes (Benth.) Hemsl. 
llondu..... UIOLUT[CA just S of 
9505A (Figure 6), B, pop.; W of Choluteca 9517KK 9JQJA (Fi,u,. 6). B. pop,; 8.48.4 kmkm Yo' o( Cboluttc:o KK 9JI1 

pop."" 
Pectis cylindrica (Fern.) Rydb.Pte"lo qlind,ita (Fttn.) R)·db.� 

Mexico.:'olhito. COAHUILA:roMRtt ~ 9.49.4 mimi SS ofof RanchoRancho los"" Charcos,
C~UC05. KK && MII 
8161 (Figure 7). SONORA: 28.5 mi W A'lamos,816/ pop.pop. (Fi,ure 1). '.,N.'.A 285 m; Yo' ofof Alamos. KK && CC 
8663861H pop.pop. 

Pectis filipes Harv. & Gray var. filipes"I'dil fiNp<'S Ibn". &. Gn.y \lr. filipn 
México, SONORA. 2lI mimi SS ofofllmnosillo.Hermosillo, KA &&: CC MiI7A.'lhito. SO'OfI\, 28 8617A,
 

B, 3.8 mi of jctn. w/Mexico 15 rd to Alamos,^ &
B. C;C; J,lI m, EE ol jetn. "" \I.ut<> IJ onon Id '0 Alamoo.. K'" CC� 
&lJ9A.8659A, B;B. 11.111.8 mimi EE ofof jctn.jan. '"w/Mexico" 15 rd to Alamos,
•• it<:! IS onon ,d 1O Ab..-.. 
K & 8665A, C;C; 1.27.2 mimi SESE ofof '.'0;0.. K'" CC 8725871JAAA <I CC .f66jA. Ifg, Navojoa, K &
 
(Figure
' ....'ure 8).8). 

Pectis filipes Harv. & Gray var. subnuda Fern.Ptnft I'iliPft II.", &. Gn.) 'at ,\1bft1Olb "an. 
"México, (""'"lCHIHUAHUA:\Ill \ 2a IlU N ofof ,""".. C...,u Gta.ndn...ito. 24 mi , Nueva Casas Grandes, 

AK & M\f MOllA.8406A, l,.;United.... NaIl". ARIZONA:'" B.B. States. \."0'\ CochiseCoc"",,, Co.Co.: 
0.5 mi Paradise, K Sí M 8512A; Chiricahua Nati Monu-O.S mr SS ofof PI..ad"". A '" .If BJIJA; Ou.oll"" ",.,1 Mon... 
ment, '"& M 8528A (Figure TEXAS:IfH' P'~IOPresidio Co.:Co., IllS_nt. KK If BJ18A lfi,lurc 9).9). 18.5 
mimi SS ofof Marfa,\!a.fa. AK <I& M 7742A, B; 1.4 mi N Cíbola CreekIf 771!,... 8. I 4 m, , ofof Cibola Cm:k 
on 67, & M 7749A; Brewster Co.: 15.1 mi N of Castoon USUS 61. KK oJ I' 71494. Ilre"'iltr Co.. IS I ml "of CUI... 
lón, K & M 7797A. B, D; 12.5 mi N of Castolón, K & MIOn. A " It 7797A. B. C.C. lJ. 11.S m, 'or C...olOn. A &. I' 
7811A.78/1A 
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('h'OlnO'OmcChromosome 
numbu 1,,1number (n) 

12*12" 

12*12' 

12*12' 

12*12° 

36*36" 

12*12· 
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2 • continuedTableTable 2 eol'lunUotd 

runn ",th Iocauon a.... \oltChe.Taxon with location and voucher 

Pectis haenkeana (DC.) Sch. Bip.Ptnio hamL.."" (DC,) ow,h DIp 
México, GUERRERO: Iguala. K&C 9144A, B;.."hiro. (.l HUM) 2 rn' SS ofof I,w.l:a. A JI3.2 mi {' 9/-1"", 

1.4 mi N Sabina Grande. K&C 9115A (Figure 10), B; 2214 mi:'> ofof So.b"u OnllCk. A.I C'IIISA IM"'ll' 10\.11::2 
mi.... SS ofof Iguala,lpqb. K&CA .( C 9111A.9117A; 22:: mim, N" ofof Zunl~n", dd R'"Zumpango del Rio. 
K&CA & C o/IOA.9119A, B;B. 4.54 j mi of Iguala México 95-D, K&Cm, NN 011"...1:0 onon MhlC'O 95 D. A .I C 
9137A, MORELOS:_riO' 25.7!S.l mim, N..; ofof Mortlol-G""rm.. bound1f)91J1A. B.B. Morelos-Guerrero boundary 
on México 95-D, K&C 9140A.On Mhic'll 9S D. A ... C 9/lfJA 

Pectis incisifolia I. M. JohnstonPM;" iotci..tolia I 111 JohMlon 
México. COAHI'H.A: S of Laguna del Rey, K & M 8101A:\Ihiro. co,II. "" <; "f 1.a,ul\lI Ikl Rey. A.( 118101A 

(Figure 11). E; 8102A; 8105A, B; 8109A, B.(h,o.( Ill. B.B. D.D. £.810114. a/OJA. R. ll/()QA. Il. C.C. 

Pectis leavenworthii Standl.Pff';" IUH""'o"hii S,andl. 
México. MICHOACÁN: 5 E Apatzingan, Stuessy &'1"'''0. \l1("11O"C"~' j mimi r ofof Apall1npn. S"""O' J 

Hoj"rtl J7U pop.pop. (fi8u,e 12).12).Roberts 3744 (Figure 

Pectis1'«1i< longipesIon~ilJ'f' GrayA.A. Gra>' 
Santa Cruz So-Unitedlnited SlateStates.•. ARIZONA:UI/"'" San,a C'UI Co.:Co.: 2.52.5 mi"]I N... ofof So

noita, K & M 8566A (Figure 13).nona. K.I II 8jf)tJA (Fi,ure 13) 

Pectis multiflosculosa (DC.) Sch. Bip.Pf<'" multin.,.,....l0", (1)(')!Kh H,p. 
México. siNALOA: Mazatlán, Keil Roberts 10I60B;'Ihito. "'MO. Ma/a,!jn. Atil && R,,fo,m IOI6IJB. 

Mazatlán, Stuessy & Gardner 3040 (Figure 14).\1a/aILin. S"...... ,·.4 G""ht" J{)40 pop.pop. (f'I!UK 141. 

Pectis oerstediana Rydb.Put;" ~ncrdia... R>db 
Guatemala, JUTIAPA: 7.7 km jctn. w/rd to QuesadaCO ...,nn."'. JI n~~~ 7.1 \m EE ofof Jetn." rd,o ~ 
CA-1, K 9413B (Figure 15).onon CA 1. A. IUIJBIF"...." lSI 

PectisPOd;" P"~papposa IhI'"Harv. & Gray var. papposa<l Gnty ur P"~ 
México. siNALOA: Altata, K&CA. C 678785A,511. B. 'iO...oIl'SONORA:.\lhito. ~,~,O~ AI...,.. '" II. C.C. 

72 mi Benjamin Hill Mexico 15, K & 8609A, &;n "" SS ofof !knp.mlft H,II onon \lnlCO IS. A. '" CC 1609~, 6 
SS ofof 1t~11o. A. C ~J6A. mi NW of Cd.1212 ....mi Hermosillo, K&C'" 8616A, B;It 77 m; :,,'" or Cd 

Obregon, Stuessy G",d1Wf'Gardner 3015A,JOI.'A, B, C.C. United :-fal'"States.ObrtJOn. S,......, && A l·nj,... 
ARIZONA: Maricopa Co.: 1212 111' '\ ofof It,",Riggs RdRd onon I 10. A. C.....,m... \Iancopa Co.. mi N I-10, K "& <• 
8576B: Pima Co.: 13.6 mi NW Cortaro exit on 1-10.~76B. P1..... Co U 6 .... '" ofof C<H1aro RdRd UII on I IG. 
K&C 8579A; Pinal Co.: 2.3 mi NW of jctn. w/StoreyA. & C S57911. PiMI Co. :U m, Xl,\, or JC1n .. StOK\ RdRd 
on 1-10, K&C 8578A. NEW MEXICO: Hidalgo Co.: 2.5 mi SOn I 10. A. J. C~! II 'f'" -..1'trO HMlal", Co 2-S ",.5 
of I 80, K& M 8496A, S (Figure Ciénega Lakeor 1 1010 onon USUS . A. '" \18J~II. BIF'JI"t 16);16); Cic:ntp I~\· 
turnoff on US 80. K & M 8500A.,.. ,...,ff on l:S SO, A '" \f "0011 
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ChromosomeChromosome 
nu.nbe, ('I)number (n) 

12"� 

'2"� 

".� 

2.%".� 
12* 

ChromosomeChromosome Studies-KcilStudies•Keil 

TableTable� 2-eo01;nued2 • continued 

TaxonTaxon ...ith 'o<'ation andand \'Oueherwith location voucher 

1',<1.. papJlO'a Harv.Harv. &: GrayGray "a" lr.ndi. KeilKeil 
Mexico, CHIHUAHUA: 15,4 mimi 1'1N ofof CdCd Canmrgo. KA"& MM 

Pectis papposa & var. grandis 
~Ihie". CIlIIIIIM'IA 15.4 Camargo. 

8252-1A; 20.2 N" Janos. KK MIf 84.'9:8429; 25.62H. mimi ofof1I!51-f/4; 2(1,2 mimi ofof Jano$. && N" 
Jano•. KK .. MM 84)),4. llnilrd SIal..... ~f" "n'n' o.:.~aJanos, & 8433A. United States, NEW MEXICO: Doña 
AnaAna� Co,: 2~ mimi " ofof la, Cru~~. K 7654/4. (' (figu", 17):Co.:	 28 N Las Cruces, A' 7654A, C (Figure 17); 
I mimi� I' ofof jeln. I 10 && II 25.25. A' 16J.5/4. B.B. 'OXA' Bre",I,r1	 N jctn. 1-10 K 7655A. TEXAS: Brewster 
Co.:Co.: lIig Bond Nall Park. KK && If 78/8A'; EI Pa.o Co.:Co.: 
llor;7onHorizon Cil)'City eXilexit onon 1t 10. KK ..& MM 165911.7659A. B; 2.6 

Big Bend Nati Park, M 7818Á: El Paso 
8; 2.b mimi :-. W or 

exit I-10,I 10. K & M\f 7664A;16,'j,fA; PresidioPrC)idio Co.:Co.: 2.72.7 01' 
10,	 NW of 

TornilloTornillo uil onon K" mi 
Sf.SE orof Redford,Redford. KK ..& M 7778A.,II 7118A. 

P«li, prinll.i Fern.Fern. 
Mexico, nnWCHIHUAHUA:A"I'A miOIl N " to f...:al~n 

Pectis pringlei 

Mh"o. 0.60.6 I' ofof jeln.jctn. w/rdrd 10 Escalón 
onon MhicoMéxico 49.49, KK"& M 8206-2A. B, C; Jiménez,If 810fJ-1A. 8. C: 29.929.9 mimi SS ofof Jim~l\Cj. 

A� .t If 8l18A (F;gur, 18).18). COAlIl",A Jt>.9 mimi WW or Pait... 
M 7976A, B,S. C. rd 10 SanSan PedroPCilro onon Mhieo 

K &	 M 8218A (Figure COAHUILA. 36.9 of Paila. 
KK && .It 7916A. C, D;I); jctn.jeln....w/rd to México 
40.40, KK & MM 79//IIA. B; mi los7988A, II:� Charcos,.. 10.310.3 01; SS ofof RanchoRancho 10. Charco•• 
KK & MM 8I64A. "lRA'<GO mi Nazareno, &...\1.. Sf".,A. DURANGO. 17.517.5 01; SS ofof Nal.areno. KK M 
8033B, C; Nazareno, K & 8041A.80)3IJ. C: 2222 mimi SS ofof .\a7.a",00. K" MM 8O-~/A. 

Pectis prostrata Cav.1'«* p .....".la Ca>'. 
LA LIBERTAD: Santa Tecla, K9400El[/ Salvador,S.'~.dor. lA' '''!.RIM' II kmkm EE ofof San~ 'tecla. ~:9JOO 

pop. GUll.mala.Guatemala, EL PROGRESSO. 4343 kmkm WW ofof FI ProgrC)'o.pop, II p"oousso El Progresso, 
K 9417A; WW ofof El£1 Progresso, KK NI8A9418A (Figure(Fi~ur. 19).19).I( NIlA; 2323 kmkm P,OgreiSO.� 
0'GUATEMALA:... HMAl .... SE Cd. Guatemala, K 9398A. JUTIAPA.
3030 kmkm S[ ofof Cd, GUII'mala. 1(9398A. Jl.""'P'" 

d,n Id 10 Jalpalagua onon CA 9409A.7.37.3 kmkm WW ofof jctn.jeln....w/dirt rd to Jalpatagua CA-J,I. KK 9~09A.
 

SANTA ROSA: jctn. w/rd to Culiapa CA-1,
S"'''TA ftos... · 3.53.5 kmkm NWNW ofof jeln, " rd 10 Coliapa onon CA-1. 
9400A; 11 kmkm Puente Culiapa on l, KK 94059~05A:A;KK 94ooA: II� CA-1,EE ofof Poen(e Coliapa On CA 

" Jalpatagua KK 9406A.9~OfJA2.12.1 kmkm EE ofof ,KIn,jctn. w/rdrd '0to Jalpa'agua onon CA-1.CA-1,
 
ZACAPA: 3.13.1 Puente ".lmilla onon CA-1, A 94:4A.�7AC"'PA, kmkm EE ofof 1'1ICnl~ Palmilla CA-J. K 9424A.
 

México,Mhieo. CHIHUAHUA: 4.54.5 nli N ofof Galeana,Gakana. KK && M 8388.
nmWMtllA mi " If 83//8.� 
COAHUILA.COAHUILA: 4747 mimi SS ofof MOllC'lo\·,.Monclova, KK && ~f 7901A. C.C. MEXICO.
M 7901A, MH'CO 

mi Zitacuaro, Stuessy <& Gardner 3126A. NAYARIT:2020 m; SSESSE ofof Zitaeuaro. S/lU'H.~ GafJ"", 3/MA. ~AYA~'l 
Acaponeta, 8959A, SINALOA: 8.7 mi4444 mimi� SESE ofof Aeaponela. KK && CC S1I59A. pop.pop. ''''''LOA 8.7mi� 

Rosario, 8948A. VERACRUZ: II 01' Sf. ofof Tan-Tan�SESE ofof Ro"",no. KK && CC 8948A . • , RACRll mi SE 
toyuca, K & 9227B. United States, NEW MEXICO: Grant10)o<:a. A·" CC 11117S, l'ni'e<l SI..... ~E" 'IH'Ct> Gram 
Co.: 6'/ E Santa Rita, 8472Co., 6'h2 mimi F ofof Sanll Rnl. KK && MM 8~1! pop.pop. 

Pectis repens Brandeg.1'«1.. f'jlt'M IIrandeg. 
Mexico, JALISCO. 6.1 mi Nayarit-Jalisco boundary.\I"'i<o. JAlISC<>. 6.' nti EE ofof "a}'ari.-Jali...:o boondary 

onon Mexico 15, C 8993 (FigureM'xiro 15. KK && (' 899) pop.pop. (Figor~ 20).20). 

México. MÉXICO: mi N Guerrero-MéxicoMhieo. "rx,co 0.50.5 n,; " ofof Goe"ero·Mhieo boundaryboundary 
on Federal Rte 55, K & C 9097 pop. (Figure 21).On Fed~ral Rl' 55. K" CIl(}97 fN'Ir (F;gu~ 11). 
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36 
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Table 2 • continued 

Taxon with location and voucher 

Pectis rusbyi.....b)i GreeneCrft_ exu A. GrayGr.)P~I;" 1\ 
Mexico. siNALOA: 20.6 mi Sonora-Sinaloa boundary\1hico. ~1'~10~ 206 m, SS ofof Sonon-Si....10.1 ......1IliI~ 

Mexico 15, K & C 8738A, B; 1.8 mi E of San Bias, K&Conon \lhico IS. A cl C"'J,fA, B. II lII' Eofs"n 1l1a•• K" C 
8744A, B, C. SONORA:\&\0... just SS ofof Mapl.lena, K&CA & C 8594A,Ij94A.6UU, B. C ju" Magdalena, 
B,II, C\C". D;D. 71 minil SS of01 Magdalena,\hpkl\.&. K&CA <I C 8595A;859j14: 1717 mi"" SS ofIII 
Hermosillo,11"""",110. AK&CC 86I4B;""/48..28 mi SS ofof Hermosillo,Ik• ..-illo K&C.. m, A .I ( 
8621MlfA.A; 6.56.S mimi SS ofof jctn.JCII......w/rd,d to10 BahiaBah,. KinoK,~ onon Mexico 15,Muiro 15. 
K&C 8629A; jctn. w/rd to Bahia Carlos on MexicoA " C 86.'914. jc1n w nl 10 Iblu. SanSan C.,1os ..... '10<"0'0 
15, &	 8632A; 0.7 mi of jctn. w/Sonora 19 MexicoIS. KK A CC #IS).?A. 01 m, SS or }t.n... Son,,", 1'1 onon McolllO 
15, K &" 8654 (Figure 14.1 W ofof Álamos,"b.mll!o.. StuessyS'll'ft$tIS. I( CC M14 (Fi,II'. 22);22); 1. I mimi V. 
&" GardnerG",dPrn 3022JO]1 pop.;pop.; 29.3 mi WW of Alamos, Sturm &&293 lUI or Alamo.. Stuessy 
GardnerG4,J'ft', 3024)014 pop.pop. United States. \~"'OH Maricopa Co.:I nil", ",",". ARIZONA. \Ilricop;. Co. 
White Mountains, A M70 pop.;pop.; YavapaiY.. Co.: 2.5l!"miWhItt TankTank Moun'.,n,. K 8570 "pai Co 

of Beaver Creek Ranger Station, K 8575A A, BB.SS or Iklu, Crttk Rinser Slaloon. I( 6.l7.lAA. Sll. 

Pectis saturejaoides (Mill.) Sch. Dip.pmi'. ... '''uj.old.... (M,It) 5ch flIp. 
r."atcmll.. [J PROGRESSO.Guatemala, EL rROGR' ~'o 5.65.6 km~m EE ofof turnoffturnoff to10 ElEI 

Rancho on CA-9, K 9423A (Figure 23), B, C;C: 0.50.5 kmkm WW ofofRanch" On ell 9. I( 941),01 (Ilwur< 23). B. 
turnoff to El CA-9, K 9427A, B.curnofflO EI RanchoRancho onon ell 9, A 941714, Ii 

Pectis sinaloensis Fern.PC'<Ii'> ";n.]O<'",I, Fe.n 
México. siNALOA: Altata, K & C 8786G; Mazatlán, K&C.\lhie<>. ~I"'OA Ahall. A " ('67866; MI,.llin. I." ( 

8810A, B, C, D (Figure 24), E.88/0A. Il. C f) (Fi,un 24). F:. 

Pectis stenophylla Gray var. hl..i'lIl. CR)db.) Kril,"«I;" "ftlophjll. A.A. G..) , .. , biaristata (Rydb.) Keil
 
Mexico.\Ihito. siNALOA:~''',IO, 16.' m' .... El Fuerte, KA. &JI CC�16.8 mi W ofof EI f-lItn~. 8752A,·5....1· 

B, (Figure 25).Il. CC (FillU~ ~) 

Pectis subsquarrosa (Hook, f.) Bip.1-'«,0. .ukqoq.rro.. (llook n Sch.Sch. HlP 
Galapagos Islands: Hood Island, C. H. Racine s.n. (Fig-Gua,.to\ 1".IICk· 1l00d IWand. C If R¥IN UI· Ifill'" 

ure 26)."tt 261. 

Pectis swartziana Less.P«I" , .. .,riafta 1"'1\ 
Honduras. VALLE: 1.9 km of jctn. w/CA-5 on CA- •11.-. , .. 'Il I' In' SS 01 jelO. "'. CA ~ 0'1 ell I. 

(Figure 27), pop.KK 9510A9510A (F ,~ 17~ pop 

Pectis uniaristata var. holostema A. GrayPn1..."",'''.,. DC.DC. '~r IKlIo\lrm. A Gr.) 
El Salvador, LA LIBERTAD: km N Quetzaltepeque
U Slhador. , .. 11111 ....0 10.110.1 k", 'I ofof Qur:1r.~<'P"'l'" 

exit on El Salvador I, K 9452A, Honduras. CHOLUTEC*u;, on EI� $at,..dor I. A 'U51A. B.B. 1I0ndi>,.... ("HOI' rr("~ 
of Choluteca, AK 9~/lA9512A IFi,ur.(Figure 2S);28); :020 kmkm 1\2424 kmkm WW 01 Chol"'~ClI.	 W o 

Choluteca, K 9515A.CholultCll. A 95/5..1 
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COfIllnuedTableTable 22 • continued 

Chromosome
 
number (n) Taxon with location voucher
Tuon ."th loallon andand HI''''',,", 

12"12* PectisPuriollniariuatauniaristata DC.DC. nr jan~ad~tS, \~) Knlvar. jangadensis (S. Moore) Keil 
México,\lhiN. GUERRERO:GLfllllUO 12 mi Chilpancingo, K & C 912712mi SS ofof Chdpa..... n.... K& C9/!1 

JALISCO: mi NW Magdalena airport, K &pop.pop. Htr-a;> 2.12.1 nll '''' ofof Map""" airport A <I CC 
9004A,9QO.IA. B; 1.71,1 mim, NW"W ofof jctn.pn w/MéxicoMblic:o 1070 onon Mexico 15.8. _ \luiro J~. 

K 9024 pop. , .. r""11 18 miml SESf ofof T"1'~ KK && CC 1911-18971-1Jo. && CC P()!~ pop NAYARIT: I Tepic, 
pop.; mim, W of01 Nayarit-JaliscoNayafll.Jaliooo boundaryboulldary on MéxicoMexICOPOP. 16.316.3 '" De 

I~. 8997A (Figure 29), B. D.15, KK &<I CC 69'J1A ,F"....~ 29). It. 1> 

al\J:USlifo(ia _ar x papposa".'2* Pectisf"ftth angustifolia Torr.To.. var. angustifoliaanfU\fifolia X P.f". pap""", 

Harv. & Gray var. grandis KeillIaO', &I: Gra)" ,-ar uand" Kfd 
United States, TEXAS: Big Bendflfnd Nati'atl Park,Pa,~.I niled ~Ia.~ Brewster Co.:If'''' !ltn>',tft Co.; 11<1 

KII &.. M" 7797;1191: Presidio Co.: mi S of Cíbola Creek, K M" .... 0<1'0 Co., 1010 m, "of Obol.a Cr..L. II && If 
ny, II' (hflure 30). lO (h,urf JI~7756 hA (Figure 30), V (Figure 31). 

1211·J2I'.12 II + 12I*; p1'«1;"ect¡s bonplandiana_plandiana H.II B. K. X prostrata Cav.9. K )( P.P. prmlr". eav� 
8Jj'21)I'� Guatemala. SUCHITEPEQUEZ: Puente Siguacan K& C9438A, 

B (Figure 32). 

8 " + 2° I* (;lIat"",ala. ~"CIllH"-Ql U I'u.n'. Si.""un II & (,'NJ/IA. 
B(FiEu•• J2). 

•2*". Pectis filipes Ih,,'. &: GrayGray var._If, P. papposa Harv.I'fClh fltiJlf> Harv. & filipesIlll~ XX 1'. p'Pf'D'-ll Ib,,'. 
& var. papposa&: GrayGray "ar. papp"sa 
México, SONORA. Benjamin Hill Mexico.\Ihioo. W'O." 7272 mimi SS ofof flfnJam,n IJili onon ,\lox;';" 

15. K & C8611Db (Figure 33).,~. K& C8611r1Wigurt'JJl 
12* Pectis papposa Harv. & Gray var. papposa sinaloensis". Pf.l;" pappo>a lIa". " Gral 'If, pa"posa XX P.P. sin.IofoI>" 

Fern. (Pectis salina Brandeg.)r.m (Pff,i, XX kll"", Brandfl.) 
Altata, && (' 11668. DMexico.\Ih;'o. siNALOA:SI'AlOA Allata. KJo. C 8786B, C,C. n (Figure(Figure 

34), F.)4). F 

Cll. 99 IIII • Pectis swartziana Less. •at. holostemaca. + Pur.. surlrn.na I.ns. XX PP......uniaristatarMala DC.DC. var. h.....oma 
II18 I'!* A. GrayA Gu.y 

Honduras, CHOLUTECA: 2020 k'" '" ofof Choluteca,C't>oIut«-a.. KA 9514B.951411lion......... OK.lll'l£C" km W
 

Previously unreported taxon hybrid combination.
.~ 

........sI) n'fpOflai tawn oror h}b"d CombonillOfl 
\I AIlem. ...hollS 01Abbreviations of «lImon.collectors' ""names:..... K • UaudDavid Keil;"nl; KA .II& M= Keil & Lyle A.A 101· "f,J.t l)k A 

CGill; K & c = Keil & Judith M. Canne. Voucher specimens are deposited at';;GI1I:. A " C _ Kfll &. Jlldnh 101 Can... \'OUfhf, 'r«'IlW'" a", dqIowled al 
e^Orno State University Herbarium (OS)...ot.t. Staff I'n"fn'l) Ikmnu"'los~ 
,.;II. 12 II+-2 w:qd ...prmUmn3f1n• small supernumeraries. 
Anaphase I bridge observed some cells.~... I lM'1d,. obwr\a1 inin """'"' ""lb. 
^ome cells contain one or two anaphase 1 bridges associated fragments.h, ocn~ fOn''',n On< 01 t_1> ana......lof I bndl6 andand a>O<XllIlai fral"'"''''� 

r• •~ 12'2 IIII +-+ I1 'l1l.I11small ,u",,",""""raf),supernumerary.
 
.ome cells contained two anaphase I bridges associated fragments,
OW Sontt cdb cont~'nN oneone oror t"o ..naphas<' I bridCu andand ",_,aln! r.~,.....nts. 

y^apsis in some cells resulted in formation of 10 I IV..~ 'n """"" ""III InuliN 'n format,on 0110 IIII ++ I 1\ 
n ,2 u~ 6 small supernumeraries which synapsed irregularly; oneff ~.. 12 II ++ b 5m.:oll )uprrnuIIYn"", ,"hlCh Il""~ lfrqul"'I)': on< pairpair ofof 

III -sized chromosomes occasionally failed to synapse."Slrfd chromusomn occa"onaJJo. f~,kd 10 s)n~~ 
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FilUm. I 16 Camera lucida drawings of meiotic chromosomes of Pectis 
and h)briob..hybrids. Voucher\our:hrr ~cirncl5specimens aR <lI"d ,n T.bk 2 figures are dr sa'" 

Figures U16. Ca-... lwid. d....... t!' oIllW'iotic ."'_ 01 rod_ U'"a
 
.. are cited in Table 2. AllAll filum arc the sani 

angustifolia var. tvlXIN,t<>lOll.angustifolia, diakinesis,dIlL,-. In2If .. 1212 II angusttfoJQk.scale. I.I, P.P. ~Jltfol", '";If = II. 2,2. P.P. 4~1l" 
Utvar. f"l'~""ll.fastigiata, d",LIllCSOs,diakinesis, 2»2Jl ..= II. J.3, .P.I' II~Jlifolangustifolia var. tenella, metaphase1212 II .. •:a'. "..n•. I••:t.~ I. 
2« = II. ...4, P. berlandieri, metaphase I, In = 12 II. S."5, P. ~~bonplandiana, diakine-"ia~"'"2It .. 1212 II ,. ~'W"'/wr~ lnf<laphaK I. ln_ 1211 
sis, 2/7 = 6, P. capillipes, metaphase I, 2» • II. 7, P. cylindrica. meta>IS. 211- 2424 II.II. 6,1'. ,tqJfl5pn. ...apllaK I. 2If .. 1212 II 7." nilltd,,,,.. .-.. 
phase I, 2/7 = 8."8, P. flipsßlipes 'Ifwar. ßlipes,fl1'P'J, anaphase.~phu< I.""I, n - 12.12. 9,1'. filJrti'~ph.aK I. 2rr .. 2424 IIII. 9, P.filipe*** 
SIIM_subnuda, mnaphametaphase I, In ~- II. 10."10, ~,.,_. _taplla... - 11I. 2n 1212 II P. haenkeana, metaphase I,I. In2n .. 1^ '2

111, incisifolia, anaphase I, n = 12, P. leavenworthii, telophase I, n II. P.P. INtii/O"" phase I. " .. 12.12. '2. I' IN,..." .._,"". ulophaK I."" 
13, P. longipes, diakinesis, 2/7 = II. P. multiflosculosa, diakinesis, 2« = 36ll. P ,,~,(1'#'J. d",L.nel.1l. 2n" 1212 II 14,14, P ""'/,,/1oJfulo.... d ...~inw.. l .. -)6 t1 
I~.15, 1'.P. MWrd_.oerstediana, "",.aph3Sl:metaphase I.I, 1n"2/7 = 1212 IIII. 16, P. papposa var. papposa, me,...eJ'"16.1'. J>QPPOSIl '"ill.~' 
phase I.I, 2Ir2« = 1212 II.II.pha~ _ 
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Hgures 17-34. C._r.Camera lucida d, i"C'I ofoK meiotic chromosomes ofor Pectis"KI.. 
1:Iou .nd h}brid... var. ~n.,.d". br" 1212 II 

h'lI'., 17-34 lucid. drawings ....iolit dlt_ 
taxa and hybrids. 17,P.17.P. f1GN>OfIIpapposa ' , grandis, diakinesis.d.aIt'IWi.... 2« = II. 18.18. P.P. 
Pringlei, dll~In<'\fS.diakinesis. In = II. 19, P. prostrata,proW.'., metaphasemt1.ptaa,.. I,l. In2rt .. 1212 II.II. 20.:!O, P.P1"'"",~~ br" 1212 II 19. P = 
repens metaphase (polar view), In = II. 21, P. repens, diakinesis. In = 12 II."Prm tntI.Iph.,~ II (poI;Ir 'Y.. l, 2n" 2424 II 21. P "pm', d..It",n... 2n" 1211 
;-

2- PP. ,..$/>rusbyi,... ....,.pNStmetaphase I,I, 2n" 1212 IIII. 23,23, P "'U~,J". me1.pM~ I.:!II = II.In - P. saturejaoides, metaphase I, In = 1212 II 
4

2n" 1212 II.II. P mtU•- PP- '_klm",.sinahensis, d"'~I1"'''s.diakinesis, 2n = 25,~. P. stenophyUa."",-",rt•• var.,-aT. """1Jlbiaristata, meta-
Phase I, 2n = i2 ¡j P. suhsquarrosa. metaphase I, In = II. swartziana,Pba'C l. z" .. 1211 26,26, P ""'~qud"ottI mrup/LI... r. 2n ~ 3636 II 27.27. P.P. , ,,:..,_ 

P II.~1tlM1".diakinesis, 2"2n ..= 2424 IIII. .28,28, P. u"",ml~'11uniaristata •••var. 1rtoH,,_.holostema. doakinnis.diakinesis, 2n:2n"= 12I~ II 
• P uniaristata /II1'¢'I<krni1. meu.pha,.. I,I, u. JO. P. angustifolia 

var. angustifolia X />. papposa var. grandis, anaphase I, « = double inversion 
. P- --"'"," ......var. jangadensis, metaphase In = 1212 II.II 30. P,II'f.(r.IJ'(oI.. 

~••. 11..."..,,,(,,1;,, )( P f'Uf'f"OJQ Ut. f{rtI",h.. ....rha<t I. " .. 12.12. dOtl\r1e In,,,",,,,, 
ndge plus fragments. 31, angustifolia var. angustifolia XP. papposa var.ridl'l' pi.., f'.,mo:"l'. JI. P.P. "'~ut"r<JbD '-ar. 11"'1:"'''('''''' ><P. f'Urf'O'" ' •• 

~'IItrJ,grandis,.. Irlrl.pha"..metaphase l.I, 2»u. ~= 11 + 66 .u~mumr'If"'''' 32, P. bonplandianaII IIII ++ 22 II .,. supernumeraries. n. P """pID",1Mu

; Prostrata, metaphase I, 3« = +I :!O20 II (lnrkllCll. JJ.33, PP. filipes[iIi,.,• •var.-at. filipes{.lim ><XPP 1""'''",". "'".rh.", I. 3" '" II8 IIII (triploid). 
•Papposa var. papposa. metaphase 2n = 12 II + supernumeraries. X'/'dpp<,,,, .ar. """""... _Iapha", I,I, 2to 1211'" 22 lu""mum.nnt'". 34.34. P.P. )( 

"/'''''.wina. mrlarha,.metaphase I.I, 2to2« ..= 1212 11II. 
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possible translocationtranslocation multivalentmultivalent formationsformations werewere foundfound inin aposSIble a 
fewfew individuals. butbut C\'cn inin thesethese individuals. nOI nearlynearly allall cellscells 
exhibitedexhibited thethe irregularities.irregularities. BasedBased uponupon thethe frequency 

individuals, even individuals, not 
lowlow frequenc)' ofof 

microsporocytesmicrosporoc}'tcs containingcontaining anaphaseanaphase II bridgn. itit wouldw()(.L1dbridges, appearappear 
thatthat thethe in\'crted segmentssegmentsinverted arearc relati\'c:ly smallsmall andand arearerelatively notnot anan 
effective isolatingisolating mechanism. Muhi\'alents at;n e\~ndfttth'c nw::hanism. Multivalents occuroccur anan even 
lower1ov..er frequencyfrequcTlq thanthan bridgesbridges andand likewiselikewise dodo notnot appearappear toto bebe 

effectiveeffective barrierbarrkr to10 hybridh}'brid fertility.fcnilit}. SOffit: hybridshybrids possessedanan Some pos~ 

oneone to10 sixfromfrom si:"l smallsmall supernumerarysupernumerary chromosomeschromosomes whichwhich pairpair 
irregularly. TheseThese extraextra. chromosomeschromosomes were notnot limitedlimited hyirregUlarly. wen: toto hy· 
brids,brids. however,howc\'cr. ;t$ theythey occasionallyoccasionally appearedappeared ininas non-hybridnon-hybrid 

well.plantsplants asas wrll. 
striking Pectothrix PectisPerhapsPerhaps thethe mostmost siriking hybridhybrid inin sect.sect. Peclothrix isis Ptelis XX 

salina, aa fertilefertlle hybridhybrid betweenbetween P.P. papposapoppoJQ var.\"ar. papposapaPPOSQ andand P.P.Jolina. 
diverse pall:nls. wellsinaloensis,s;nQfO("Rsis. morphologicallymorphologically twotwo very"ery di"eue parents. AA .....ell· 

developed wherewhere thesethese twot"'o taxalaxa grogrowllde"eloped hybridhybrid swarmswarm hashas formedformed 
togetherlogether al Altala. Sinaloa.Sinaloa.at Altata, sterilityNoNo evidenceevidence ofof chromosomalchromosomal nerilif) 
barriersbarriers hashas beenbeen foundfound inin anyany membersmembers ofof thisthis population.population. TheThe 
twotwo parenls inin thisthisparents populationpopulation areare closely re-probablyprobably notnot veryvery closel)' re
lated.lated, butbut apparentlyapparently havehave retainedretained ancestral holIncestral chromosomalchromosomal ho
mology.mology. TheThe hybridhybrid populationpopulation hashas apparentlyapparently beenbeen inin existenceexistence 
forfor atat leastleast 7070 yea~.years. 

evolutionary threeAA distinctlydistinctly differentdifferent e\o!utionary lineline isis representedrepresented byby thrte 
Pectis elongaia complex:speciesspecies ofof thethe taxonomicallytaxonomically difficultdifficult PeNis elongolQ complex; 

berlandieri, P.P. oe-rsledionooerstediana andand P.P. uniaristaia. PectisPenis oerstedi-Mme,I;·P.P. bedal/diui, uniaristotQ. 
ana,ana, taxon.aa CentralCentral AmericanAmerican taxon, mightmight betterbetter bebe treatedtreated asas a.. 
variety\.... riet) o{of P.P. elongata, aa South which itel0tlKu/D, Soulh AmericanAmerican speciesspecies withwith ",hieh II 

often varieties uniQrislotD areare re-rehashas oflcn beenbeen confused.confused. TwoTwo \'arietlCs ofof P.P. uniaristata 
portedported here.here. One, var. holostema (P. dichotoma Klatt), pre-One. "ar. holoSlelllQ (P, ,hclfOfOllla Klall). isis aa pre
dominantlydominantly CentralCentral AmericanAmerican taxon.taxon. TheThe: otherother variety\'aOety isis oneone 

those taxataxa with anan amphitropicalamphitropical distribution. \11thofof Ihose unusualunusual lIlith distribution, wit 
west-central Mexico In SouthernSouthern Brazil-Bruil. AAllpopulationspopulations inin "'est~mral \lexico andand in 

thethe countscounts areare fromfrom thethe .\lexican rangerange o{ thetheMexican of taxoo. Recognitiontaxon. Recogrulloll 
ofof thethe conspecificity BrazilianBra,ilian populalJOfIconspecificit)' ofof thethe MexicanMexican andand population 

followingsystemssystems hashas necessitatednecessitated thethe (ollowing newnew combination:combination: 

PeelisPectis unianstal.uniaristata DC.DC. 99. 1836.1836. var. jangadensis (SProdr.Prodr. 5:5: 99 \·ar. jangadensiS IS 
Moore)Moore) KeitKeil, comb.comb. nov.nov. (Figure(Figure 35).35). BASIONYM: Pectis jangaB...SIO'W\l· Penis ja1lf,~ 

o\1oore. Trans.Trans. Bot. 4: 1895deruisdensis S.S. Moore, Linn.Linn. Soc.Soc. LondonLondon Rol. ~: 389.389. 189' 
Tv,,!:TYPE.- Rralil. \tATOBrazil. MATO GROSSOGROSSO, Jangada, 1891, Moorenearnear Jangada. SepSep 1891. S.S. ,\/()Ofl 

256 (Holotype: BM, isotypes, B.8. photophoto LS'. K~. ,V').156 (Holot)pc: 8\1. notnot seen;seen; isotypc~. US!, K!, NY!). 



    

               
        

          
   

           
            

 
          
          

           
          
          
         

            
            
        
         

           

9191 
1977] ChromosomeChromosome Studics-Keil'.771 Studies•Keil 

- - ..... .......�, 
Braz,lianadpne- e^ Mexican collections of Pec/is uniaristata van jang' and
 

"' Malme 31'0 (GH) and Feddema 2190 (MICH).
 

also yetT}"picalypical PectisPtrlis uniaristata,lI1/ioriJ/olo, al.so aa Mexican\1c~ican taxon,laxon. hashas notnot )CI
*en studied cytologically.~n Studicd c)tological1v. 
tio table polypIoids nave, Stablc polyploids ha~e arisenarisen inin al leaSI lhree differentdifferent e\'olu. at least three evolu

ry uneslines inin Pectis.Peetis. SectionSection LorentealIOnary Loren/eo A.A. Gray,Gray, perhapsperhaps thethe 
most tnePnrnit'veprimiti\e of lhe genus. containscontains bothboth diploidsdiploids andand pol}"Plodrn~t °f genus, poly
ploids_ Three spec.:ies fromfrom thethe stttion. P.P. haml..l'tIna, P.P. leall'nworth- Tee species section, haenkeana, leaven
"'of/h" ao p P. saturejaoides, areare knownkno.... " diploids,If allid P- sorurejDoideJ. onlyonly asas dIploids. andand� 
oncPl'squama nas .� p, '. • OllSquan1a. has ~n reporled onlyonly al thethe tetraplOId level.Pecti > been reported at tetraploid level, 
::'" reptns, also aa member ofof secl, Lo,entt'O. apparentlyapparently hashas� 

1P and
 
both H'T*7" a'S° member sect. Lorentea, 

h diploid and tetraploid FurtherFurther studystudy ofof addilional 
frPU!ahO0r th 

0nsns will bebe necessarynecessary forfor anan the 
Popul tetraP'°'d races.races. additional 

w^l understandingunderstanding ofof lhe basisbasis 
t0Orr theS(' differentdifferent races.races. TheThe two levelslc\'cls maymay eventuallyeventually PTO\'CIwO prove 
a wid reSent cryPtical,~o y species. Ptrlis mll"if1o~uIOJQ.r~preS('nl Cl)'plically differingdiffering spec-its. Pectis multiflosculosa, 

a(*°each Perennial occursoccurs PacificPacific <:>cc:an~lde:spread !'<'rennl31 speciesspecies whichwhich onon Ocean 
rom to Peru, is of the two knownhe:s from SinaloaSinaloa 10 Peru. is oneone oflhe tv.o lnollinhexaploidshexaploids 
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inin thethe genus.genus. ThisThis species, inin itsits long-ereeplO&long-creepingunusualunusual species. uniqueunique 
habit. rna)' bebe aa membermember ofof sect.sect. l..or('lIIt'u.habit, may Lorentea. 

Seclion the~('/is isis rtpresented atat bothboth the: diploiddiploid andand thethe tetra
levels.k\"c:ls. TheThe discoverydiscovcr)' lhal Pectis1'('('1'$ prostrataprostrolD isis aa diploiddiploid 

Section Pectis represented tetra
ploidploid that
 
whereas very P.P. cylindrica isis tetraploidtetraploid addsadds con-con�.... hcr(as thethe \1"1')' similarsimilar {-.rUne/rl('o aa 

weight....~i8ht to that two' .... 0 treatedsiderablesiderable 10 thethe argumentargument [hal thethe shouldshould bebe truled 
(Keil, Pectis bonplandiana P.asas distinctdistinct speciesspecies (Kcil. 1975A).1975A). PUlis bar/plane/iaM andand P 

swartziana, two closel)' andand very SImilar speciesspecies (Keil,(KnlSMQrt:/ona, I\loO closely relatedrelated \1"1') similar 
1974),1914). areare bothbOth tetraploids.tttraploid<. Further study may that theseFunher stud) rna)' indicateindicate lhal thot 
two(\000 taxata~a conspecific.areare actuallyactually conspecirlC. 

TwoT",o triploids,lnploids. thethe result ofof diploid-tetraploiddiploId-tetraploid hybrids,bothboth miU11 hybrid!. 
representrepresent thethe firstfirst reportsreports ofof thisthis polyploidpol) ploid Ic\(1level inin PU-IU.Pectis. InIn 
bothboth hybrids,h)bnds. bonplandiana prostrata swartzianaP.P. bOllplQIIl!iana XX P.P. pmuroto andand P.P. u"QrI:iantl 
X P.P. uniaristata,IlI/iuri.flOIa. partialpartial pairin!'l occurred. indicatingindicating al leastleastat somesomex pairing occurred,
 
homologyhomology oror homoeologyhomoeology ofof thethe parent chromosomechromosome comple-comp~
pall:nt 

however, thatments.ments. TheThe evidenceevidence isis insufficient,insufficient, ho\\ever, toto indicateindicate (hat thethe 
diploids involved inin thesethese areare involvedin\olved in thethediploid~ in\"ohed hybridshybrids directlydirectly ill 
ancestryancestry ofof thethe respectiverespective telraploids.tetraploids. AsAs waswas above,indicatedindicated abo\'e, 

parts Pectis has notevolutionevolution inin somesome pans ofof Puris ha~ nOl beenbeen accompaniedaccompanied byby 
chromosomeschromosomalchromosomal isolation,isolation, andand thethe chrom~omes ofof quitequite differentdifferent 

pairing. The uniaristataspeciesspecies maymay bebe capablecapable ofof fullfull pairing, Thc abilityability ofof P.P. uniarislalO 
var. holostema toto hybridizehybridize withwith aa membermember ofof sect.'ecl. PectisPeC/is sug-sug'\ar. JIOJosltma 

that therethere bebe fairlyfairly' closeclose relationshiprelationship bety,een lhegestsgests thaI maymay aa between the 
p tJo,,~ola complu andand sect.sect. PeC/is. 

TheThe onlyonly speciesspecies knoknown.....n Ameri-
P. elongata complex Pectis. 

cytologicallycytologically fromfrom thethe SouthSouth Amen
regionregion isis PectisPenis subsquarrosa,slIhsquorrnMJ, aa thecancan hexaploidhexaploid endemicendemic ofof (he 

level that speciesGalapagosGalapagos Islands.Islands. TheThe hexaploidhexaploid le\'el suggestssuggests Ihat thisthis spee~ 
hashas hadhad aa complexcomplex e\OIUlional')' hislol').evolutionary history. Current research (Ken-Currenl usearch (Ktll 

suggests that pattern adaptive radiation subunpubl.)unpubl.) suggesu thai aa pallern ofof adaplh'e radialion andand sub
have part the evolution osequentsequent migrationmigration maymay ha\e playedplayed aa rart inin Ihe e\'0Iull01'1 of 

P. subsquarrosa tenuifolia Bip-, alsobothboth P, subsquarroMJ andand P.P. Ittllli(olio (DC.)(DC.) Sch.Sch. Bip.. akO 
endemic to the theseen(lt-mic 10 IhI: GalapagosGalapagos Islands.Islands. FurtherFurther samplessamples ofof ItldC 

additional provide informationspeciesspecies fromfrom addilional islandsislands maymay pro\K1e moremore mformauall 

the evolution these Both Islandsregardingregarding lhe n'olUlion ofof IheSoe species.species. Bolh GalapagosGalapagos lsland~ 
South section ospeciesspecies areare membersmembers ofof anan unnamedunnamed Soulh AmericanAmerican seclion 01 

Pectis.PUliS. 

DiploidDiploid counlscounts areare reportedreported herehere forfor the firstfint timeIhe twolime forfor 1,,0 
perennialperennial speciesspecies ofof uncerlain affinilles.uncertain affinities. Pectis longipes appeal~rlis lonf(iP's appearS 
10to bebe most closelyclosely Il:lated 10 secl. Pectothrixm~t related to sect. Pl'rlUlhri:r butbut alsoalso posstSst">possesses 

PeC lsect. Lorentea. PtrllJfeaturesfeatures inin commoncommon withwith somesome membersmembers ofof secl. Lo""/I'o. 
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capillipes (P. creCfaerecta Fern.) mOSI closelyclosely relatedrelated totocapillil"'S (I'. fern.) appearsappears toto bebe most 
elongata complex, perenmembersmembers ofof thethe P.P. elollgala complex. perhapsperhaps throughthrough thethe peren

nialnial P. diffllSa Hook.Hook. && Arn.Arn. 
Thirty-fourThirty-four inin Pectis cytologically, somc 

p. diffusa 
taxataxa Peelis areare nownow knownknown cytologicillIy. some 

many populations, far,fromfrom milny populations. somesome fromfrom onlyonly one.one. ThusThus far. onlyonly oneone 
basebase number,number, xx = 12,12, ha, beenbeen reponed forfor thethe genus.genus. ThisThis situa
tiontion isis inin strongstrong contrastcontrast toto thatthat foundfound inin thethe otherother largelarge generagenera 

= has reported situa

ofof thethe Tageteae,Tageteae, whichwhich areare allall muhibasic: D.1"Ssodia. x:: 7.8.(12·!).multibasic: Dyssodia, x = 7,8,(12?), 
1313 (Johnston(Johnston && Turner. 1962: Strother. 1969): POfUphdhllll. xx ==Turner, 1962; Strother, 1969); Porophyllum, 
IL 12. 1515 (Johnson. 1969): i1nd Tageles. x = 11.1211.12 (Strother.(Strother. 1969).1969). 
Inin variability these 
11, 12, (Johnson, 1969); and Tagetes, x= 

lightlight ofof thethe vilriability ofof thethe chromosomechromosome numbersnumbers ofof thcse 
relatedrelated genera,genera, itit isis surprisingsurprising thatthat suchsuch aa widespreadwidespread andand diven.e 
gellusgenus asas PectisPeelis hashas remainedremained monobasic. CertainlyCertainly notnOt allall ofof 

diverse 
monoba,ic. 

Peois examinl'd cytologically,thethe taxataxa ofof Pectis havehave beenbeen examined c}lOlogically. andand thethe 
po,sibility stillstill existsexistspossibility thatthat additionaladditional base numbers maymay yetyetba\c number, bebe 
discovered. TheThe probability anan isis how·diSCOvered. eventevent lessened, howprohability ofof suchsuch lessened. 
ever, byby thethe the hashas no"' beenbeenever. broadbroad spectrumspectrum ofof thc genusgenus whichwhich now 
sampled.sampled. 

TheThe largestlargest gapsgaps inin thethe presentpresent knowledgeknowledge ofof thethe cytologycytology ofof 
Pectis West rangerange ofof thethePeetis lielie inin thethe Wesl IndianIndian andand SouthSouth AmericanAmerican 

value memgenus.genus. OfOf particularparticular v'alue willwill bebe countscounts fromfrom additionaladditional mem
bers Pectis, thebefl; ofof sect.sect. Peetis. particularlyparticularly fromfrom thc CaribbeanCaribbean region.region. 
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