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TAXONOMIC STUDIES IN THE VERBENA STRICTA COMPLEX 

SUSAN C. BARBER

Robert Bebb Herbarium, U n iv e rs i ty  o f  Oklahoma, Norman, Oklahoma 73019

ABSTRACT

Ten s p e c ie s  o f  th e  genus Verbena and t h e i r  p u ta t iv e  i n t e r s p e c i f i c  

hyb rid s  form th e  V̂. s t r i c t a  complex. Breeding s t u d i e s ,  l i g h t  and scanning 

e l e c t r o n  microscopy o f  p o l le n  and n u t l e t s ,  and numerical methods based 

on morphological f e a t u r e s  were used to  ana lyze  n a tu ra l  h y b r id iz a t io n  and 

taxonomic boundaries w ith in  th e  complex. All sp e c ie s  a re  s e l f - c o m p a t ib le  

(4.9%-87.9% s e e d - s e t )  and c ro s s -co m p a t ib le  w ith  V. s t r i c t a . but th e  

g r e a t e s t  f e r t i l i t y  from i n t e r s p e c i f i c  c ro s s e s  was 55%. In most cases  th e  

n a tu ra l  s e e d - s e t  was g r e a t e r  than  t h a t  r e s u l t i n g  from in s e c t  ex c lu s io n  

experim en ts .  M orpholog ica lly ,  th e  s p e c ie s  a re  d i s c r e e t  w ith th e  excep tions  

o f  th e  spec ie s  p a i rs  )/. h a l e i - o f f i c i n a l i s  and V̂. I a s io s t a c h y s - r o b u s ta .

The sp ec ie s  a re  allogam ous, c ro s s -c o m p a t ib le ,  and o f te n  sym patr ic ;  th e re fo r e  

th e  p o te n t ia l  f o r  h y b r id iz a t io n  i s  g r e a t .  L im ited numbers o f  in d iv id u a ls  

a r e  m orpho log ica lly  in te rm e d ia te  in d ic a t in g  a hybrid  o r ig in .  However, 

i n t r o g r e s s io n  appears  t o  be r a r e .

^ Received f o r  p u b l ic a t io n

^ C urren t Address : Department o f  L ife  S c ie n c e s ,  Sam Houston S ta t e

U n iv e r s i ty ,  H u n ts v i l l e ,  Texas 77341 
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(INTRODUCTION)

Verbena L. (Verbenaceae) i s  a complex New World genus o f  approxim ate ly  

380 named t a x a ,  inc lu d in g  hybrids  (Moldenke, 1961). The genus in c lu d es  

two s e c t io n s  Verbena and G landu la r ia  w ith  th e  l a t t e r  s e c t io n  recognized  

as a s e g re g a te  genus by Sol b r ig  (1968) based in  p a r t  on d i f f e r i n g  

chromosome s iz e  and number, th e  s e c t io n  Verbena i s  f u r th e r  d iv ided  in to  

two s e r i e s  Pachystach.yae and Leptostachyae (P e r ry ,  1933). The s e r i e s  

Leptostachyae inc ludes  24 sp e c ie s  in  North American inc lu d in g  Verbena 

s t r i c t a . Based on herbarium specimens c o l l e c t e d  by Geyer, Engelmann (1844) 

proposed t h a t  i n t e r s p e c i f i c  hybrids  occur w ith in  th e  s e r i e s .  Moldenke 

(1958) proposed names f o r  16 p u ta t iv e  i n t e r s p e c i f i c  hybrids  ( F i g . l ) ,  many 

on th e  b a s i s  o f  s in g le  re c o rd s .  Ten sp e c ie s  which a re  th e  p u ta t iv e  

p a ren ts  o f  th e se  hybrids  and form th e  Verbena s t r i c t a  complex, a r e  w idely  

d i s t r i b u t e d  in  North America no r th  o f  Mexico and f r e q u e n t ly  c o e x i s t  

(Moldenke, 1958;and Perkins e t  a l^ ., 1975). Taxa w ith in  th e  complex a lso  

e x h ib i t  morphological over lap  and a re  d i f f i c u l t  to  c ircum scribe  (P e r ry ,

1933). With e x te n s iv e  sympatry, confusing  morphological types  ( in c lu d in g  

in te rm e d ia te  fo rm s) ,  and p ro fu s io n  o f  nomenclatural synonyms, th e  Verbena 

s t r i c t a  complex was in  need o f  a b io sy s te m a tic  and taxonomic in v e s t i g a t io n .  

Thus, th e  major goals  o f  my study  were to  e s t im a te  th e  in c id en ce  o f  

h y b r id iz a t io n  based on sy s tem a tic  and numerical analyses  o f  th e  d a ta  and 

t o  provide a r e v is io n  o f  th e  ta x a  o f  th e  complex.

METHODS AND MATERIALS—Living m a te r ia l s  f o r  rep ro d u c t iv e  s tu d ie s  

were c o l le c te d  from 1976 to  1978 and grown in  th e  U n iv e rs i ty  o f  Oklahoma 

greenhouse (see  Appendix A o f  B arber ,  1980). Voucher specimens a re  d e p o s i ted  

in  th e  Bebb Herbarium, U n iv e rs i ty  o f  Oklahoma (OKL) and th e  Oklahoma S ta t e



U n iv e rs i ty  Herbarium (OKLA).

Scanning e l e c t r o n  microscopy and l i g h t  microscopy—P ollen  samples 

were ta k en  from one herbarium sh e e t  o f  each sp e c ie s  and ace to lyzed  

(Erdtman, 1960). O ne-half  o f  each sample was mounted on a p lug ,  s p u t t e r - c o a te d  

with g o ld ,  and examined on a Super I I - I S I  scanning  e le c t ro n  microscope(SEM). 

A pertu re  number and s c u lp tu r in g  of th e  ex in e  was no ted . The remaining 

p o r t io n  o f  each sample was mounted on a g la s s  s l i d e  with g ly c e r in e  j e l l y  

and examined us ing  a Z e iss  l i g h t  m icroscope . P o la r  and e q u a to r ia l  

d iam ete rs  o f  10 p o l le n  g ra in s  o f  each specimen were measured, P/E 

(p o la r  a x i s / e q u a to r i a l  a x is )  in d ic e s  were c a l c u l a t e d ,  and s i z e  c l a s s  

d e te rm in a t io n s  were made f o r  each s p e c ie s .

N u t le t s  (when p re s e n t)  from every  sampled herbarium specimen 

were measured and examined under a Wild Heerburg s te reo sco p e  and 

morphological d i f f e r e n c e s  were n o te d .  A r e p r e s e n t a t iv e  sample was then  

mounted on a p lu g ,  coated  w ith  g o ld ,  and examined on th e  SEM to  de te rm ine  

d i f f e r e n c e s  in  th e  morphological f e a t u r e s  o f  th e  o u te r  and commissural 

face s  o f  t h e  n u t l e t s .

Numerical te c h n iq u e s - -Specimens were examined from th e  fo llo w in g  

i n s t i t u t i o n s :  Gray Herbarium (GH), Oregon S t a t e  U n iv e rs i ty  Herbarium (CSC), 

Southern I l l i n o i s  U n iv e rs i ty  Herbarium (S IU ), U n iv e rs i ty  o f  C a l i fo rn ia  

a t  Santa  Barbara  Herbarium (UCSB), U n iv e r s i ty  o f  Michigan Herbarium (MICH), 

Greene (NOG) and Nieuwland (NO) H e rb a r ia ,  L ou is iana  S ta te  U n iv e rs i ty  

Herbarium (LSU), Herbarium o f  Royal B o tan ic  Gardens, Kew (K), Herbarium



o f  th e  U n iv e rs i ty  o f  C a l i fo rn ia  a t  Berkeley (UC), Jepson  ( J ) ,  Iowa S ta te  

U n iv e rs i ty  ( IS C ) ,  U.S. N ational Herbarium (US), John G. S e a r le  Herbarium,

F ie ld  Museum o f  N atural H is to ry  ( F ) ,  M issouri B o tan ica l Garden (MO),

U n iv e rs i ty  o f  Colorado Herbarium (COLO), U n iv e rs i ty  o f  Washington Herbarium 

(WTU), New Mexico S t a t e  U n iv e rs i ty  Herbarium (NMC), C a l i f o r n ia  S ta te  

U n iv e rs i ty  a t  Chico (CHSC), U n iv e rs i ty  o f  Minnesota Herbarium (MIN),

U n iv e rs i ty  o f  Tennessee Herbarium (TENN), U n iv e r s i ty  o f  Arizona 

Herbarium (ARIZ), U n iv e rs i ty  o f  Georgia Herbarium (GA), Rocky Mountain 

Herbarium (RM), In term oun ta in  Herbarium (UTC), C a l i f o r n ia  S ta t e  P o ly techn ic  

U n iv e rs i ty  a t  Pomona Herbarium (CSPU), Rancho Santa  Ana B otan ic  Garden 

Herbarium (RSA), U n iv e rs i ty  o f  North C aro lina  Herbarium (NCU), Herbarium 

o f  P h i la d e lp h ia  Academy o f  Science (PH), Oklahoma S t a t e  U n iv e rs i ty  (OKLA), 

and Robert Bebb Herbarium (OKL).

F o u r ty - fo u r  morphological c h a ra c te r s  (T ab le  1) were measured on 

2,006 specimens ( s e e  Appendix B o f  B arber ,  1980). These s h e e ts  were s e le c te d  

by s o r t in g  th e  specimens in to  groups from 300 km/side q u ad ra ts  superposed 

on th e  range a f  th e  complex to  r e p r e s e n t  th e  v a r i a t i o n  a c ro s s  th e  

geographic  ranges  o f  th e  complex and each s p e c ie s .  I a t tem pted  to  s e l e c t  

30 s a m p le s /q u a d ra t ;  however, most o f te n  30 o r  more were u n a v a i la b le .  I f  

more than  30 were a v a i l a b l e  (7 o u t  o f  87 q u a d r a t s ) ,  I s e l e c te d  30 specimens 

to  measure. Specimens were measured from th e  United S ta te s  o n ly .  Simple 

s t a t i s t i c s  o f  th e  q u a n t i t a t i v e  c h a ra c te r s  o f  th e  q u a d ra ts  used in  numerical 

an a ly se s  were c a l c u la te d  and a r e  l i s t e d  in  Appendices C and D o f  Barber (1980) 

Four d a ta  m a tr ic e s  were gen e ra ted :  (1) 44 c h a r a c te r  by 87 o p e ra t io n a l  

taxonomic u n i t  (OTU) m a tr ix  where th e  OTU's a r e  re p re s e n te d  by th e  means



o f  the  q u ad ra ts  o f  th e  sampled specimens o f  th e  10 ta x a ;  (2) 44 c h a r a c te r  

by 150 OTU m a tr ix  w ith  p u ta t iv e  hybrids (Appendix E, B arber ,  1980) 

included in  a d d i t io n  to  th e  above d a ta  s e t :  (3) 44 c h a r a c te r  by 100 OTU

m atrix  where in d iv id u a l  sh e e ts  o f  V̂. h a l e i , V. o f f i c i n a l i s , r o b u s ta , 

and I a s io s ta c h y s  r e p r e s e n t  the  OTU's' and (4) 44 c h a r a c te r  by 10 m a tr ix  

o f  th e  grand means o f  c h a ra c te r s  fo r  each s p e c ie s  in  th e  complex.

Various m u l t i v a r i a t e  analyses  o f  th e  d a ta  were conducted on 

an IBM/370-158 computer using  the  NT-SYS package o f  R oh lf ,  K ishpaugh,' 

and Kirk (1974) a t  th e  U n iv e rs i ty  o f  Oklahoma. Pearson product-moment 

c o r r e l a t i o n  and average  taxonomic d i s ta n c e  c o e f f i c i e n t s  were used f o r  

comparison o f  th e  OTU's (Sneath and S o k a l , 1973). Two resemblance 

m a tr ice s  were c o n s tru c te d  — one fo r  s ta n d a rd iz e d  d a ta  and ano ther  fo r  

raw d a ta .  Phonograms were then  genera ted  by th e  unweighted p a i r  group 

method using  a r i t h m e t i c  averages (UPGMA) (Sneath  and S o k a l,  1973). 

Cophenetic c o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u la te d  to  measure the  

agreement between th e  v a lu es  o f  each phenogram and i t s  o r ig in a l  s i m i l a r i t y  

m a tr ix .  A product-moment c o r r e l a t i o n  m a tr ix  o f  c h a r a c te r s  was a lso  

computed and s u b je c te d  to  p r in c ip a l  components a n a ly s i s  (PCA)(Sneath and 

Sokal,  1973) and th e  OTU's p ro je c te d  in  a th ree -d im e n s io n a l  model. In 

a d d i t io n ,  d is c r im in a n t  fu n c t io n s  were c a l c u la te d  f o r  two d a ta  s e t s  

(one w ith  q u a n t i t a t i v e  d a ta  only  and one w ith  both th e  q u a n t i t a t i v e  and 

q u a l i t a t i v e  c h a r a c te r s )  u s ing  the  SAS computer package o f  B a rr ,  Goodnight, 

S a i l ,  and Helwig (1976) a t  th e  U n iv e rs i ty  o f  Oklahoma. Using d is c r im in a n t  

fu n c t io n  a n a ly s i s  th e  p r o b a b i l i t y  t h a t  each OTU belonged to  i t s  a ss igned  

sp ec ie s  was computed. Sneath and Sokal (1973) have in d ic a te d  seve ra l



problems w ith  d is c r im in a n t  a n a l y s i s ,  th e  two most im portan t a re  t h a t

( 1 ) th e  a n a ly s i s  assumes t h a t  a l l  o f  th e  c l u s t e r s  have th e  same s i z e ,  shape, 

and o r i e n t a t i o n  in  p h en e t ic  sp ace ;  and ( 2 ) th e  c l u s t e r s  have m u l t iv a r ia te  

normal d i s t r i b u t i o n s .  Data analyzed  in  numerical taxonomic s tu d ie s  o f te n  

do no t f i t  th e se  c r i t e r i a .

Reproductive system s—Most o f  th e  experim ents were conducted in  

th e  greenhouse and a n a tu ra l  pop u la t io n  a t  th e  c o rn e r  o f  48th Avenue 

S o u th eas t  and Cedar Lane in  Norman, Cleveland County, Oklahoma. In 

a d d i t io n ,  I s tu d ie d  a p o p u la t io n  o f  V_. s t r i c t a  and V_. h a le i  a t  

Fobb Bottom (Texoma P ub lic  Hunting Area) about 1 .5  km w est o f  W i l l i s ,  

Marshall County, Oklahoma in  th e  summer of 1977. Limited ob se rv a tio n s  

were a l s o  made a t  o th e r  a re a s  ( s e e  Appendix A o f  B arb e r ,  1980).

To t e s t  th e  c a p a c i ty  f o r  autogamy and agamospermy sp ikes  w ith  

unopened flow ers  were enclosed  in  parchment bags in  th e  f i e l d  o r  p la n ts  

were l e f t  to  s e t  seed in  th e  greenhouse. Spikes o f  a d d i t io n a l  p la n ts  were 

exposed to  p o l l i n a t o r s  and t r e a t e d  as c o n t ro l s .

I performed 388 i n t e r s p e c i f i c  h y b r id iz a t io n s  u t i l i z i n g  150 flow ers  

o f  )j_. s t r i e t a  as th e  p i s t i l l a t e  p a re n t  and 150 f low ers  o f  o th e r  members 

o f  th e  complex as  th e  s tam in a te  p a re n t .  The r e c ip ro c a l  c ro s se s  were not 

performed because o f  th e  l im i te d  a v a i l i b i l i t y  o f  f low ers  from sp ec ie s  o th e r  

than  2 . s t r i c t a  and th e  d i f f i c u l t y  in  c ro s s in g .  The stamens a re  ep ip e ta lo u s  

so th e  p o llen  r e c e p t iv e  p a re n t  was emasculated by removing th e  c o r o l l a .  

Verbena s t r i c t a  has th e  l a r g e s t  flow ers  among th e  s p e c ie s  in  th e  complex



and th e  ca lyx  does no t c lo s e  during the  p e r io d  necessa ry  to  make th e  

c r o s s ,  w hile  in  o th e r  s p e c ie s  i t  does c lo s e ,  making i t  v i r t u a l l y  im possib le  

to  t r a n s f e r  p o l le n .

RESULTS AND DISCUSSION—Light and Scanning E lec tro n  Microscopy— 

The mean p o la r  d iam ete rs  and the  mean e q u a to r ia l  d iam ete rs  a re  31-49 

j&m and 34-49 >mh r e s p e c t iv e ly  f o r  th e  te n  sp e c ie s  (Table  2 ) .  Erdtman 

(1969) d e s c r ib e s  f i v e  shape c la s s e s  f o r  p o l le n  g ra in s  based on th e  P/E 

index. All o f  th e  shapes c a lc u la te d  f o r  th e  examined Verbena p o llen  

a re  s u b d iv is io n s  o f  Erdtm an's major shape c l a s s ,  s u b s p h e ro id a l . Only 

s l i g h t  v a r i a b i l i t y  in  th e  shape o f  th e  po llen  g ra in s  e x i s t s  w i th in  th e  

complex (Table 2 ) .  The ex ine  s c u lp tu r in g  i s  a l s o  uniform throughout 

th e  complex; smooth ex ine  and t r i c o l p o r a t e  (F ig .  2 -1 ) .  Although the  

po llen  a n a ly s is  i s  no t  u se fu l  in  d e l im i t in g  sp e c ie s  o f  th e  complex, t h i s  

i s  th e  f i r s t  r e p o r t  o f  t h e i r  s iz e  and s u r fa c e  morphology f o r  th e se  te n  

s p e c ie s .

Whiffen and Tomb (1972), Crow (1979) and o th e rs  (reviewed by 

Crow) have dem onstrated  th e  importance o f  seed  morphology as an a id  in  

determ ining r e l a t i o n s h ip s  w ith in  v ar ious  taxonomic g roups. The seed 

s u r fa c e  f e a tu r e s  have proven e s p e c ia l ly  u se fu l  as  in d i c a to r s  o f  taxonomic 

boundaries .  F u r th e r ,  th e  techn ique o f  exam ination  o f  seeds using  a 

scanning e l e c t r o n  microscope i s  now o f te n  u t i l i z e d  to  d e s c r ib e  d ia g n o s t ic  

seed c h a ra c te r s  w i th in  c lo s e ly  r e la te d  g roups . I examined th e  o u te r  

s u r faces  and commissural fa c e s  o f  th e  n u t l e t s  o f  th e  complex. The o u te r  

s u r fa c e s  were g lab rous  and r idged  in  a l l  sp e c ie s  and lacked d is c r im in a n t



p a t te rn s  (F ig .  2 -2 ) .  However, th e  commissural f a c e s  o f  th e  n u t l e t s  

e x h ib i te d  d isco n t in u o u s  in te r ta x o n  v a r i a b i l i t y  w ith  alm ost no in t r a ta x o n  

v a r i a t io n  (F ig .  2-3 t o  6 and Fig. 3 ) .  The s u r fa c e  morphology o f  th e  face s  

is  g lab rous  in  1/. u r t  i c i  f o l i a  (F ig .  3-1) and V̂. h a s ta t a  (F ig .  3 -2 ) ;  

p a p i l l a t e  in  %. b r a c t e a t a  (F ig .  3 - 6 ) ,  V̂. ro b u s ta  (F ig .  2 -6 ) ,  and V̂. 

o f f i c i n a l i s  (F ig .  2 - 4 ) ;  to r tu o u s  in  \[. neomexicana (F ig .  3 - 3 ) ;  b u l l a t e  

in )/. la s io s tach .y s  (F ig .  2-5) and V̂. s t r i c t a  (F ig .  3 -4 ) ;  v e r ru c a te  in  

V. simplex (F ig .  3 -5 ) ;  and sag in o id  in  h a le i  (F ig .  2 -3 ) .  These s u r fa c e  

types appear c o n s ta n t  f o r  each s p e c ie s ,  w ith  the . excep tion  t h a t  o c c a s io n a l ly  

one o f  th e  specimens has a g labrous s u r f a c e  in s te a d  o f  i t s  more c h a r a c t e r i s t i c  

su r fa c e  ty p e .  This occured  most o f t e n  in  )/. s t r i c t a .

Numerical a n a l y s i s — D istance  and c o r r e l a t i o n  phonograms f o r  th e  

10 sp e c ie s  o f  th e  Verbena s t r i c t a  complex were c o n s tru c te d  based on 

c h a ra c te r  means f o r  each taxon from each q u a d ra t .  The phonograms produced 

were a lm ost i d e n t i c a l ,  and only th e  phenogram from th e  c o r r e l a t i o n  m a tr ix  

(F ig .  4) w i l l  be d is c u s s e d .  The -cophenetic c o r r e l a t i o n  c o e f f i c i e n t  was

0.947 which in d i c a t e s  t h a t  most o f  th e  v a r i a t i o n  was ex p la in ed .  There 

a re  th r e e  m ajor c l u s t e r s :  BRACT01-LASI003 (Group I ) ,  STRIC01-STRIC15 

(Group I I ) ,  and HASTA01-SIMPX08 (Group I I I ) .  W ithin Group I th e r e  a r e  s ix  

d i s t i n c t  s u b c lu s t e r s ,  each re p re s e n t in g  a s e p a r a t e  taxon: (1) BRACTOI-BRACTIO

re p re s e n ts  OTU's o f  b r a c t e a t a , (2) R0BUS01-R0BUS03, 1/. ro b u s ta  OTU's,

(3) NE0MXai-NE0MX05, V. neomexicana OTU's, (4) HALEI01-HALEI07, V. h a le i  

OTU's, (5 )  0FFIN01-0FFIN05, V. o f f i c i n a l i s  OTU's. and (6) LASI0C1-LASI0O3,

V̂. I a s i  o s tach y s  OTU's. The s u b c lu s te r s  w i th in  Group I e x h i b i t  very  l i t t l e  

in t rag ro u p  v a r i a b i l i t y  and, in  g e n e ra l ,  form d i s c r e e t  groups a t  a high



CORRELATION LEVEL ( 0 .8  o r  g r e a t e r ) .  The e x c e p tio n s  a re  0FFIN04, 

and \/. neomexicana and %. I a s i  os tachys  which e x h i b i t  in t r a ta x o n  

v a r i a b i l i t y  in  t h a t  they  c l u s t e r  a t  th e  0 .6  le v e l  o r  g r e a t e r .  Group I I  

c o n s is t s  e n t i r e l y  o f  %. s t r i c t a  OTU's. Group I I I  i s  d e f in ed  by th r e e  

s u b c lu s te r s  each re p re s e n t in g  a s p e c ie s :  (1) H/6 TA01-HASTA12 re p re s e n t s

V. h a s ta t a  OTU's. (2) URTICOI-URTICIO, V. u r t i c i  f o l i a  OTU's and (3) 

SIMPX01-SIMPX08, simplex O T U 's . . Again l i t t l e  i n t r a s p e c i f i c  v a r i a b i l i t y  

i s  noted as  most o f  th e  OTU's a re  c o r r e l a t e d  a t  approx im ate ly  th e  0 .8  

l e v e l ,  excep t V. u r t i c i f o l i a  OTU's which i n d i c a t e s  some v a r i a b i l i t y  in  

t h a t  th e  OTU's c l u s t e r  a t  th e  0 .6  l e v e l .  All 10 taxa  form d i s c r e e t  

s u b c lu s te r s  aga in  w ith  th e  excep tion  o f  V̂. h a le i  and V_. o f f i c i n a l i s .

P r in c ip a l  components a n a ly s i s  o f  c h a r a c te r s  y ie ld e d  10 components 

w ith  e ig en v a lu e s  g r e a t e r  than one (92.4% o f  t r a c e )  in d i c a t in g  t h a t  

the  c h a r a c te r s  a r e  no t  h igh ly  c o r r e l a t e d .  The f i r s t  th r e e  components had 

e igenva lues  g r e a t e r  than  5 and accounted f o r  56.5% o f  th e  v a r ia n ce  

(Table 3 ) .  Component I i s  e s s e n t i a l l y  a pubescence and general s i z e  

component w ith  c o r r e l a t i o n s  g r e a t e r  than  0 .5  f o r  p la n t  h e ig h t ,  p e t i o l e  

le n g th ,  l e a f  l e n g th ,  c o ro l l a  limb pubescence, g la b ro u s  n u t l e t ,  leaves  

with s c a t t e r e d  h a i r s ,  and calyx w ith  s c a t t e r e d  h a i r s .  I t  s e p a ra te s  

th e  s m a l le r  %. h a le i  , V̂. o f f i c i n a l  i s , V̂. b r a c t e a t a , V. neomexicana,

1 . ' I a s i  o s ta c h y s , and robus ta  group from h a s t a t a , u r t i c i f o l i a , 

y,. s im p lex , and )/. s t r i c t a .  Component I I  has lo a d in g s  g r e a t e r  than 0 .5  

f o r  p e t io l e  l e n g th ,  number o f  l e a f  c l e f t s ,  l e a f  c l e f t  l e n g th ,  g lab rous  

c o r o l l a ,  and p a p i l l a t e  n u t l e t .  This  component f u r t h e r  s e p a ra te s  th e  OTU's 

w ith  long p e t i o l e s  (V. h a s t a t a . u r t i c i f o l i a . and V̂. s im plex) from



th e  o th e r  t a x a .  Component I I I  has i t s  h ig h e s t  c o r r e l a t i o n s  with sp ike  

le n g th ,  l e a f  w id th ,  p i l o s e  s tem s, and p i lo s e  le a v e s .  This  component 

s e p a ra te s  th e  l o n g - s p ic a te ,  p i l o s e  %. I a s io s ta c h y s  from th e  o th e r  ta x a .

The m a tr ix  c o r r e l a t i o n  comparing th e  e u c l id e a n  d is ta n c e  m a tr ix  

o f  th e  model w ith  th e  s tan d a rd ized  d i s ta n c e  m a tr ix  was 0.912 in d ic a t in g  

t h a t  th e  r e s u l t i n g  3-D model (F ig .  5) i s  an a c c u ra te  r e p re s e n ta t io n  o f  th e  

o r ig in a l  data  m a tr ix .  There a re  th r e e  groups formed when th e  d a ta  a re  

su b jec ted  to  PCA. Group 1 c o n s i s t s  o f  b r a c t e a t a , %. la s io s ta c h .y s ,

h a l e i ,  V. neomexicana. V. o f f i c i n a l i s , and V. r o b u s ta . Group 2 c o n s i s t s  

o f  j/. s im plex ,  V. h a s ta t a  and 1/. u r t i c i f o l i a . Group 3 i s  rep re se n te d  by

2 .  s t r i c t a  OTU's. Within 2 and 3 s e p a ra t io n  o f  th e  sp ec ie s  can be most 

e a s i l y  noted a long  Component I I I .

In summarizing th e  a n a ly s i s  o f  th e  10 s p e c i e s ,  th e  c l u s t e r  and 

p r in c ip a l  component a n a ly s is  show t h a t  th e re  a r e  th r e e  major groups o f  

OTU's. The f i r s t  group c o n s i s t s  o f  s ix  ta x a :  (1) V.* b r a c t e a t a . a

subgroup which appears  to  be th e  most i s o l a t e d  o f  th e  s ix  in  Group 1 ,

(2)_V. h a l e i . (3) o f f i c i n a l i s . (4) ro b u s ta .  (5) I a s io s ta c h y s ,

and ( 6 ) V̂. neomexicana. The second c l u s t e r  group in c lu d es  th r e e  s p e c ie s :

(1) V. s im plex , a subgroup o f  th e  o th e r  two t a x a ,  (2) V. h a s t a t a . and

(3) %. u r t i c i f o l i a . F in a l ly ,  V. s t r i c t a  i s  s e p a ra te d  from th e  remainder 

o f  th e  taxa  in  t h e  complex. The numerical a n a l y s i s  o f  th e  complex 

y ie ld s  groups which can be recognized .

Upon casual o b se rv a t io n  during  p r e - s o r t i n g  o f  th e  specimens i t
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became apparen t t h a t  th e  sp ec ie s  were no t m orpho log ica lly  d i s c r e e t ,  

but r a t h e r  ( 1 ) two p a i r s  o f  taxa ( Verbena h a l e i - o f f i c i n a l i s  and 

]/. 1 a s io s t a c h y s - r o b u s t a ) w ith in  th e  complex e x h ib i t  i n t e r n a l  morphological 

c o n t in u i ty  and (2) occasiona l in te rm ed ia te s  u n i te  Verbena s t r i c t a  

and th e  rem ainder o f  th e  ta x a .  For one o f  th e  p a i r s .  P erry  (1933) 

s t a t e d  th a t  Verbena h a le i  is  c lo s e ly  r e l a te d  to  V̂. o f f i c i n a l i s , bu t i s  

e a s i l y  d i s t in g u is h e d  by th e  somewhat more s le n d e r  n u t l e t s .  In a d d i t io n  

she in d ic a te d  f o r  th e  second p a i r  t h a t  V̂. I a s i  o s tachys  c lo s e ly  resembles 

V. r o b u s ta , but i s  d e l im ite d  on th e  b a s is  o f  i t s  decumbent h a b i t ,  s o f t  

v i l l o u s  pubescence and e longated  sp ikes  whereas \/. ro b u s ta  i s  c o a r s e r  

and g re e n e r .  These f e a tu r e s  did not appear to  be c o n s i s t e n t .  T h e re fo re ,

I hypothesized  t h a t  V. h a l e i - o f f i c i n a l i s  and V. l a s io s ta c h y s - ro b u s ta  

comprised two sp e c ie s  in s te a d  o f  fo u r .  To t e s t  t h i s  h y p o th e s is ,  I 

s u b jec ted  th e se  fo u r  in c lu s iv e  taxa  to  v ar ious  numerical a n a ly se s .

Phonograms were genera ted  from th e  c o r r e l a t i o n  and d i s ta n c e  m a tr ice s  

between OTU's. S ince r e s u l t s  were v i r t u a l l y  i d e n t i c a l ,  on ly  th e  

c o r r e l a t i o n  phenogram ( F i g . 6 ) w i l l  be d isc u sse d .  The cophene tic  

c o r r e l a t i o n  c o e f f i c i e n t  was 0 .836 . There a re  two m ajor c l u s t e r s ,  

HALEI01-0FFIN23 in c lu d in g  th e  V̂. h a le i  and V̂. o f f i c i n a l i s  OTU's and 

ROBUSOl-LASIOll in c lu d in g  th e  2 '  robus ta  and V. l a s io s t a c h y s  OTU's.

Within th e  upper c l u s t e r  th e re  a re  n ine major s u b c lu s te r s  above th e  0 .3  

c o r r e l a t i o n  le v e l  (HALEIOl-OFFINll, HALEI02-0FFIN20, HALEI03-HALEI24, 

HALEI12-HALEI20, 0FFIN05-0FFIN17, OFFIN09-0FFIN10, HALEI18-0FFIN18, 

0FFIN22-0FFIN24, and 0FFIN01-0FFIN23). Many o f  th e  V. h a le i  OTU's 

comprise th e  t h i r d  s u b c lu s te r  and th e  m a jo r i ty  o f  th e  o f f i c i n a l i s
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OTU's occur in  th e  n in th  s u b c lu s te r .  However, th e  two ta x a  do not 

c l e a r ly  s e p a ra te  w i th in  th e  remaining s u b c lu s te r s .  The s l i g h t  seg rega tion  

apparen t in  F ig .  4 tends  to  d isap p ea r  when in d iv id u a l  specimens r a th e r  

than q uad ra t  means a r e  used as OTU's. Within th e  low er c l u s t e r  a re  2 

s u b c lu s te r s  o f  OTU's w ith  c o r r e l a t i o n  g r e a t e r  than  0 .2  (R0BUS01-R0BUS09 and 

R0BUS13-LA3I011). Verbena la s io s ta c h y s  and ]/. ro b u s ta  form two d i s c r e e t  

s u b c lu s te r s  w ith  th e  ex cep tio n  o f  R0BUS12 which i s  no t  c lo s e ly  c o r r e la te d  

w ith  e i t h e r  s u b c lu s te r  and R0BUS13 which occurs  w ith  th e  V. la s io s ta c h y s  

OTU's.

P r in c ip a l  components a n a ly s i s  o f  c h a ra c te r s  y ie ld e d  13 components 

w ith  e igenva lues  g r e a t e r  than one (83.7%of t r a c e )  in d i c a t in g  t h a t  

th e  c h a ra c te r s  a r e  n o t  h igh ly  c o r r e la te d  (Table  4 ) .  The f i r s t  3 

f a c to r s  had e ig en v a lu e s  g r e a t e r  than 3 accounting  f o r  38.6% o f  th e  

v a r i a t i o n .  For Component I th e  c h a ra c te r s  w ith  lo ad in g s  g r e a t e r  than 

0 .5  (Table  4) r e f l e c t  both q u a n t i t a t i v e  v e g e ta t iv e  v a r i a t i o n  such 

as l e a f  le n g th  (0 .508) and q u a l i t a t i v e  v a r i a t io n  such as  p i l o s e  leaves 

(0 .7 9 4 ) .  However, q u a l i t i a t i v e  re p ro d u c t iv e  c h a ra c te r s  a l s o  have 

high lo a d in g s :  b r a c t  len g th  (0 .515) and p i lo s e  calyx  (0 .8 2 6 ) .  This 

component s e p a ra te s  th e  p i l o s e  V_. la s io s t a c h y s - ro b u s ta  group from the  

h i r s u t e  V. h a l e i - o f f i c i n a l i s  group. Components I I  and I I I  have no 

load ings g r e a t e r  than  0 .5  excep t f o r  b u l l a t e  n u t l e t s  in  Component II 

which somewhat s e p a ra te s  V_. l a s io s t a c h y s  and %. r o b u s t a .

The f a c t o r  m a tr ix  was used to  g en e ra te  a p r o je c t io n  m a tr ix  which 

genera ted  a e u c l id e a n  d is ta n c e  m a tr ix  to  produce th ree -d im en sio n a l
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models (F ig .  7 ) .  The m a tr ix  c o r r e l a t i o n  comparing th e  e u c l id ea n  d is ta n c e  

m atrix  w ith  th e  s ta n d a rd iz e d  d i s ta n c e  m a tr ix  was 0.933 in d i c a t in g  t h a t  

th e  3-0 model (F ig .  7) i s  an a c c u ra te  r e p r e s e n ta t io n  o f  th e  o r ig in a l  

d is ta n c e  m a tr ix .  There a r e  two major groups produced when th e  da ta  

a re  su b je c te d  to  PCA (F ig .  7 ) .  Group I c o n s i s t s  o f  ]/. h a le i  and 

o f f i c i n a l i s  OTU's. The d i s t r i b u t i o n s  o f  t h e  two ta x a  a re  very 

s im i la r  along a l l  t h r e e  axes in d ic a te d  by th e  c lo s e  c l u s t e r i n g  o f  th e  

OTU's. Group I I  i s  re p re s e n te d  by ro b u s ta  and V.» l a s io s ta c h y s  

OTU's. They a l s o  e x h i b i t  s im i l a r  d i s t r i b u t i o n s  w ith  r e s p e c t  to  

Components I and I I I ;  however, along th e  a x i s  o f  component I I  a

continuum o f  OTU's i s  r e v e a le d .  The s e p a r a t io n ,  however, does no t  form

2 d i s c r e e t  g roups ,  bu t r a t h e r  a continuum o f  OTU's from V. la s io s ta c h y s  

to  2 . r o b u s ta .

D isc r im in an t fu n c t io n  a n a ly s i s  was performed in  an e f f o r t  to  

determ ine i f  a taxon  a ss ig n ed  to  a s p e c i f i c  group a c t u a l l y  belongs in  

t h a t  group. The OTU's o f  V. h a le i  and o f f i c i n a l i s  w ith  l e s s  than  

90% p r o b a b i l i t y  o f  be longing  to  a d i f f e r e n t  c l a s s  a r e  g iven  in  Table 5 

and ass igned  to  a d i f f e r e n t  c l a s s  i f  w arran ted .  In most cases  w ith  th e

V_. h a le i  and V. o f f i c i n a l i s  OTU's th e re  was some a f f i n i t y  w ith  th e  o th e r

s p e c ie s ,  bu t th e  p r o b a b i l i t y  o f  belonging to  th e  o th e r  s p e c ie s  was 

g e n e ra l ly  l e s s  than  10%. On th e  o th e r  hand HALEI21 has a 0.2872 p ro b a b i l i t y  

o f  belonging to  %. o f f i c i n a l i s . I s t i l l  c o n s id e r  i t  to  be a member o f  

th e  %. h a le i  group, bu t  w ith  some a f f i n i t i e s  w ith  %. o f f i c i n a l i s . O ther 

o b se rv a t io n s  in d i c a te  m i s i d e n t i f i c a t i o n s  o f  OTU's, i . e .  th e y  were probably 

ass igned  to  th e  wrong s p e c ie s .  For example 0FFIN36 has a 0.5292 p r o b a b i l i t y
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o f  belonging  to  th e  taxon h a le i  and a 0.4708 p r o b a b i l i t y  o f  being a

member o f  o f f i c i n a l i s ; t h e r e f o r e ,  based on th e  a n a ly s i s  I regrouped 

0FFIN36 to  V. h a l e i . There was on ly  one mi s i  d e n t i f i c a t i o n  among th e  

]/. l a s io s t a c h y s - r o b u s t a  OTU's w ith  th e  100% p r o b a b i l i t y  t h a t  R0BUS35 belongs 

to  ŷ . la s io s ta c h .y s .

The a n a ly s i s  was r e c a lc u la te d  on a d a ta  s e t  c o n ta in in g  q u a n t i t a t i v e  

da ta  only  s in c e  i t  i s  more l i k e l y  t h a t  th e se  data correspond more 

c lo s e ly  to  n o rm a l i ty .  R esu lts  w ere  d i f f e r e n t  from th o se  based on both 

q u a n t i t a t i v e  and q u a l i t a t i v e  d a t a .  The OTU's w ith  l e s s  than 90% 

p ro b a b i l i t y  o f  membership in  th e  p reass igned  s p e c ie s  a r e  l i s t e d  in  Table 6 . 

Note t h a t  0FFIN36 d is c u s s e d  above has a 100% p r o b a b i l i t y  o f  belonging to  

y .  o f f i c i n a l i s  u s in g  t h i s  d a ta  s e t .  However, th e re  a re  now more members 

o f  th e  y. l a s io s t a c h y s - r o b u s t a  group t h a t  do no t have th e  s t r i c t  100% 

p r o b a b i l i t y  o f  be long ing  to  i t s  p reass igned  taxon .

In summarizing th e  f in d in g s  f o r  V. h a l e i ,  V. o f f i c i n a l i s ,  

y. la s io s ta c h .y s , and y. ro b u s ta  th e  numerical a n a ly s i s  in d i c a te s  th e  

congruence o f  y. h a le i  and y. o f f i c i n a l i s ; ( 1 ) they  c l u s t e r  c l o s e l y ;

(2) in  PCA i t  i s  v i r t u a l l y  im poss ib le  to  s e p a ra te  th e  OTU's, and (3) 

d is c r im in a n t  fu n c t io n  a n a ly s i s  shows t h e i r  c lo s e  r e l a t i o n s h i p .  In 

th e  case  o f  y. l a s io s t a c h y s  and y. robusta  th e  taxa  s e p a ra te  in  c l u s t e r  

a n a ly s i s  and can be d i s t in g u is h e d  in  th e  3-D model, bu t  on ly  as th e  

extremes along a continuum o f  th e  OTU's. In th e  phenogram f o r  th e  

10 s p e c ie s  (F ig .  4 ) ,  y. b r a c t e a ta  and y. ro b u s ta  c l u s t e r  more c lo s e ly  

than y. ro b u s ta  and y. l a s i o s t a c h y s . However, in t r a ta x o n  v a r i a b i l i t y  

f o r  y. ro b u s ta  and y. l a s io s t a c h y s  i s  low as a l l  o f  th e  OTU's w i th in  each
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taxon a re  jo in e d  above th e  0 .7  phenon le v e l  and n e i th e r  group i s  

c lo s e ly  c o r r e l a te d  to  o th e r  g roups. Subspecies need no t  c l u s t e r  i f  

i n t r a ta x o n  v a r i a b i l i t y  i s  low and th e  o th e r  members o f  th e  c l u s t e r s  

form a continuum. I t  i s  im portan t to  no te  t h a t  c l u s t e r s  a re  formed in  th e  

p rocess  and continuous v a r i a t io n  may be obscured and PCA may g ive  a 

c l e a r e r  a n a ly s i s  o f  continuous v a r i a t i o n .  In PCA o f  th e  10 sp ec ie s  (F ig .  5 ) ,  

however, V. ro b u s ta  (c) f a l l s  between b ra c te a ta  and ]/. l a s i o s t a c h y s . 

Verbena ro b u s ta  d ive rges  from V. b r a c t e a t a  along Components I I  and I I  

and from V. la s io s ta c h y s  along Components I and I I I .  All seem to  be 

components o f  a c lo s e ly  r e l a t e d  s u b s e t .

Jensen  and Eshbaugh (1976a,b) analyzed  h y b r id iz a t io n  in  oaks 

u t i l i z i n g  numerical methods. The i n t e n t  o f  t h e i r  an a ly se s  using both 

c l u s t e r  and p r in c ip a l  components a n a ly s i s  was to  g a in  in s ig h t  in to  

th e  p robab le  paren tage  o f  h y b r id s .  These techn iques  were a l so  used 

in  t h i s  s tudy  to  t e s t  th e  hypo thes is  t h a t  i n t e r s p e c i f i c  h y b r id iz a t io n  

occurs  in  th e  complex.

Phenograms were genera ted  f o r  th e  te n  sp e c ie s  p lus  th e  tw en ty -fo u r  

h ybrids  from th e  c o r r e l a t i o n  and d i s t a n c e  m a tr ice s  o f  OTU's. The p o r t io n s  

o f  th e  c o r r e l a t i o n  phenogram which in c lu d es  most o f  th e  hybrids  (F ig s .  8 and 

9) w i l l  be d is c u s s e d .  The cophene tic  c o r r e l a t i o n  c o e f f i c i e n t  was 0.837 

e x p la in in g  70.1% of th e  v a r ia n c e .  Jensen  and Eshbaugh (1976a) 

in d ic a te d  t h a t  hybrids  have a s t ro n g  tendency to  c l u s t e r  w ith  one o f  

t h e i r  p u ta t iv e  p a re n ts .  This phenomenon appears to  be g e n e ra l ly  t r u e  

o f  hybrids  in  th e  Verbena s t r i c t a  complex. For a l l  h yb rid s  rep re sen ted
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in  F ig . 8  excep t HYBRD20, s t r i c t a  has been p o s tu la te d  to  be one o f  the 

p u ta t iv e  p a re n ts  (Moldenke, 1958) a l l  c l u s t e r  w ith  t h a t  s p e c ie s .  The 

p o s tu la te d  p a re n ts  f o r  HYBRD20 a re  V. H as ta ta  and V. s im p le x . In F ig . 9 

HYBRD06, HYBRD07, and HYBRD05 c l u s t e r  w ith  V̂. u r t i c i f o l i a  one o f  the  

p u ta t iv e  p a r e n t s .  HYBRD19 and HYBRD04 c l u s t e r  w ith  j/. h a s t a t a  a p u ta t iv e  

p a ren t  o f  th e  two h y b r id s .  P u ta t iv e  p a re n ts  f o r  HYBRDOl a r e  %. h a s ta t a  

and )l_. s t r i c t a  and f o r  HYBRD08 a re  V̂. h a s ta t a  and \/. u r t i c i f o l  i a .

P robable  p a ren tag e  may a lso  be p re d ic te d  examining a s i m i l a r i t y  

m atrix  (Table 7 ) .  HYBRDOl has as i t s  p u ta t iv e  p a re n ts  V.. h a s ta t a  and 

y_. s t r i c t a .  In th e  c l u s t e r  a n a ly s i s  i t  jo in e d  w ith  V̂. h a s t a t a  and V_. 

u r t i c i f o l i a  and th e  mean s i m i l a r i t y  i s  h ig h e r  f o r  V. u r t i c i f o l i a  than 

e i t h e r  p u ta t iv e  p a r e n t ;  th e r e f o r e  I propose t h a t  HYBRDOl i s  more l i k e ly  

a hybrid  between V_. h a s ta ta  and V_. u r t i c i f o l  i a . A lso , i t  could be o f  

t r i h y b r i d  o r i g i n .  HYBRD03 c l u s t e r s  w ith  V. s t r i c t a  (F ig .  8 ) and has a 

high s i m i l a r i t y  c o e f f i c i e n t  w ith  V̂. s t r i c t a  (0 .4 1 8 ) ,  however, th e  s im i l a r i t y  

c o e f f i c i e n t s  f o r  V. u r t i c i f o l i a  and %. h a s ta t a  a re  very  c lo s e  so th r e e  

p a ren ts  a re  p o s s ib le :  V_. s t r i c t a .  V̂. h a s t a t a . and V̂. u r t i c i f o l  i a . The 

same s i t u a t i o n  e x i s t s  f o r  HYBRD16 w ith  th r e e  p o s s ib le  p a r e n t s :  V. s t r i c t a . 

ŷ . b r a c t e a t a . and V̂. l a s i o s t a c h y s . However, %. la s io s t a c h y s  does not 

occur in  I l l i n o i s ,  th e  c o l l e c t io n  s i t e  f o r  HYBRD16, th e r e f o r e  i t s  o r ig in  

i s  p ro b lem a tic .  HYBRD06 and HYBRD08 c l u s t e r  w ith  V̂. u r t i c i f o l  ia  and have

high s i m i l a r i t y  c o e f f i c i e n t s  w ith  V̂. h a s ta t a  and )/. u r t i c i f o l  i a . These

a re  th e  two p u ta t iv e  p a re n ts  f o r  th e  hybrids  and they  a r e  probably  c ro sses

between th e  two s p e c ie s .  HYBRD14 i s  a pu rported  hybrid  between V̂. s t r i c t a

and V. s im plex . However, s in c e  HYBRD14 has a n e g a t iv e  c o r r e l a t i o n  with
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1 -  s t r i c t a . t h i s  sp e c ie s  i s  probably  n o t  in  i t s  p e d ig re e .  HYBRD18,

HYBRD20, and HYBRD21 f i t  th e  s i t u a t i o n  d iscu ssed  f o r  HYBRDOl where a 

s i m i l a r i t y  c o e f f i c i e n t  i s  h ig h e r  w ith  a sp e c ie s  t h a t  i s  no t a p u ta t iv e  

p a ren t  than  with both t h a t  a r e  p u ta t iv e  p a ren ts  and a re  probably  

m i s id e n t i f i e d .

The f i r s t  10 components in  PCA o f  a l l  c h a r a c te r s  gave e igenvalues  

o f  g r e a t e r  than  one (79.8% o f  v a r i a t io n )  again  showing t h a t  th e  

c h a ra c te r s  a re  no t h igh ly  c o r r e l a t e d  (Table 8 ) .  The f i r s t  t h r e e  components 

had e igenva lues  g r e a t e r  than  0 .4  y ie ld in g  47.2% o f  th e  t r a c e .

The f i r s t  component has i t s  h ig h e s t  c o r r e l a t i o n  w ith  p la n t  h e ig h t  

( 0 .5 6 5 ) ,  c o r o l l a  w ith  pubescent limb (0 .5 4 6 ) ,  and h i r s u t e  stem (0 .513) 

(Table 8 ) .  On th e  second component most o f  th e  c h a ra c te r s  w ith  high 

load ings  a r e  q u a n t i t a t i v e  and q u a l i t a t i v e  l e a f  c h a ra c te r s  and th e  t h i r d  

component summarizes th e  v a r i a t i o n  o f  p la n t  h e ig h t  (0 .6 2 4 ) ,  sp ik e  leng th  

(0 .5 8 6 ) ,  and l e a f  w idth (0 .5 0 7 ) .  The m a tr ix  c o r r e l a t i o n  comparing th e  

eu c l id ean  d is ta n c e  m a tr ix  w ith  th e  s ta n d a rd iz e d  d i s ta n c e  m a tr ix  in  t h i s  

a n a ly s i s  was 0 .831.

When s u b jec ted  to  PCA (F ig .  1 0 ) ,  th e  t h r e e  major groups o f  OTU's 

d iscu ssed  p rev io u s ly  can be d i s t in g u i s h e d .  The hybrids  ( re p re s e n te d  by 

th e  OTU's w ith in  th e  broken l i n e )  c lo s e  th e  gaps between th e  groups.

Special no te  i s  made t h a t  most o f  th e  hybrid  OTU's a re  in te rm e d ia te  

between Group 2 (V. s im p lex , V. u r t i c i f o l i a , %. h a s ta t a )  and Group 3 

(V̂ . s t r i c t a ) , th e  sp e c ie s  most o f te n  involved  in  h y b r id iz a t io n .
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Goodman (1967) and Sneath and Sokal (1974) have shown t h a t  

d is c r im in a n t  a n a ly s i s  i s  u se fu l  in  c a te g o r iz in g  h y b r id s .  The a n a ly s i s  

w il l  p lace  th e  hybrid  w ith  some group; however, th e  p r o b a b i l i t y  o f  

m i s c l a s s i f i c a t i o n  o f  th e  hybrid  can be determined using  a p o s t e r i o r i  

p r o b a b i l i t i e s .  The more d i s t a n t  a taxon i s  from th e  c e n t ro id  o f  th e  

group, th e  l e s s  th e  p r o b a b i l i t y  t h a t  i t  a c t u a l l y  belongs to  t h a t  group 

and t h a t  i t  i s  a member o f  a n o th e r  group. I f  a taxon has any p r o b a b i l i t y  

o f  belonging to  two g roups ,  then  p o s s ib le  hybrid  o r ig in  may be assumed.

When d is c r im in a n t  fu n c t io n  a n a ly s i s  was performed on th e  h y b r id s ,  on ly  

HYBRD02 had th e  p r o b a b i l i t y  o f  belong to  V̂. h a s ta t a  (47% change) o r  

V̂. s t r i e t a  (53% chance).  All o th e r  hybrid  OTU's were s i t u a t e d  n ea r  

(90% chance o r  g r e a t e r )  th e  c e n t ro id  va lues  o f  one group o r  a n o th e r  

in d ic a t in g  t h a t  perhaps th e y  a r e  n o t  o f  hybrid  o r ig i n .

There a r e  two p l a u s i b l e  e x p la n a t io n s  f o r  th e se  r e s u l t s .  Goodman 

(1967) s t r e s s e d  th e  im portance o f  norm ally  d i s t r i b u t e d  c h a r a c te r s  as 

d id  Sneath and Sokal (1973).  Taxonomic d a ta  o f te n  a re  no t  norm ally  

d i s t r i b u t e d .  Perhaps t h i s  f a c t  would fu n c t io n  in  p a r t  to  produce 

r e s u l t s  t h a t  appear n o n -su p p o r t iv e  o f  th e  p r in c ip a l  components and 

c l u s t e r  d a ta .  However, a n o th e r  p o s s ib le  ex p lan a tio n  i s  r e l a t e d  to  th e  

degree o f  c lo sen e ss  o f  th e  groups formed in  th e  d is c r im in a n t  a n a l y s i s .

The Verbena s t r i c t a  complex i s  a c lo s e ly  r e l a t e d  group o f  ta x a  w ith  

th e  c e n t ro id s  o f  each taxon n ea r  each o th e r .  S ince one would n o t  n e c e s s a r i ly  

expec t e x a c t  morphological in te rm e d ia te s ,  th e  p r o b a b i l i t y  would be high 

t h a t  an unknown OTU would f a l l  near  th e  c e n t ro id  o f  one group in d i c a t i n g  

non-hybrid  o r ig in  when in  f a c t  th e  OTU i s  a h y b r id ,  bu t no t  a m orphological 

in te rm e d ia te .
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Breeding system s— The numerical an a ly se s  sugges t t h a t  hyb rid s  can 

and do e x i s t  in  th e  Verbena s t r i c t a  complex, but s tu d ie s  o f  th e  breed ing  

systems were conducted in  an e f f o r t  to  c o r r e l a t e  morphological in fo rm a tion  

w ith  b reed ing  system d a ta .

Perk ins  e t  al_. (1975) s tu d ie d  in  th e  p o l l i n a t i o n  ecology o f  fo u r  

sym patric  sp e c ie s  o f  th e  complex in  sou thern  Oklahoma (V.- s t r i c t a ,

V̂. b r a c t e a t a , V̂. h a l e i , and V̂. u r t i c i f o l  i a ) . They found t h a t  _V. s t r i c t a  

i s  p r im a r i ly  a llogam ous. The o th e r  th r e e  form a s e r i e s  o f  in c re a s in g  

autogamy: b r a c t e a t a , ]/. h a l e i , and V. u r t i c i f o l i a . Verbena s t r i c t a

was a l s o  v i s i t e d  by th e  g r e a t e s t  number and d i v e r s i t y  o f  f l o r a l  v i s i t o r s  

and shared  th e  g r e a t e s t  number and d i v e r s i t y  o f  f l o r a l  v i s i t o r s  w ith  th e  

o th e r  s p e c ie s .  These au th o rs  a l s o  determined t h a t  V. s t r i c t a  i s  

g e n e t i c a l l y  com patib le  w ith  th e  remaining s p e c ie s ,  bu t  seed s e t  in 

i n t e r s p e c i f i c  c ro s s e s  i s  g r e a t l y  reduced. On th e  b a s is  t h a t  %. s t r i  e t a  

i s  allogamous and sh a re s  p o l l i n a t o r s  and t h a t  th e  o th e r s  a r e  autogamous, 

Perk ins  e t  (1975) concluded t h a t  V̂. s t r i c t a  i s  more l i k e l y  to  e n t e r  

i n t e r s p e c i f i c  h y b r id i z a t io n s .

The f l o r a l  morphology o f  th e  members o f  th e  complex (F ig .  11) 

su g g es t  t h a t  s e l f - f e r t i l i z a t i o n  i s  l e s s  l i k e l y  to  occu r  in  V. s t r i c t a  

(F ig .  11-3) because th e  an th e rs  a r e  2 mm above th e  stigm a and th e  p o l le n  

remains a t  t h a t  l e v e l .  The d i s t a l  o n e - th i rd  o f  th e  tube  i s  n e a r ly  

h o r iz o n ta l  which p rev en ts  p o l le n  from f a l l i n g  on th e  s tigm a. The dense 

h a i r s  a t  th e  t h r o a t  o f  th e  c o r o l l a  a p p a re n t ly  a lso  fu n c t io n  to  p reven t 

s e l f - p o l l i n a t i o n .  V̂. s t r i c t a  a l s o  has male s t e r i l e  p la n ts  which com ple te ly  

p r o h ib i t s  autogamy in  th o se  i n d iv id u a l s .  S p a t ia l  s e p a ra t io n  o f  a n th e rs
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and s tigm as i s  l e s s  in  o th e r  sp ec ie s  as i l l u s t r a t e d  by \l_. u r t i c i f o l i a  

(F ig .  11-1) and h a le i  (F ig .  11 -2 ).  Also th e  d i s t a l  p o r t io n  i s  no t 

h o r i z o n t a l ,  t h e r e f o r e  in d ic a t in g  t h a t  autogamy i s  more l i k e l y  to  occur 

( c f .  P erk ins  e t  1975).

Table 9 summarizes p e rce n t  s e e d - s e t  o f  my in s e c t  ex c lu s io n  

experim en ts .  The low numbers in  )f_. s t r i c t a , V̂. neomexicana, and V̂. simplex 

a re  p r e d ic ta b l e .  All have l a r g e r  f low ers  and a s t r i c t a - type  f l o r a l  

morphology to  p reven t s e l f i n g .  The low s e e d - s e ts  in  V̂. u r t i c i f o l  i a .

V̂. l a s i o s t a c h y s , and %. ro b u s ta  were no t expected as t h e i r  f l o r a l  

morphology i s  a p p a re n t ly  conducive to  s e l f i n g .  They have very  small 

f low ers  and a n th e rs  n ea r  th e  s tigm a. Whether th e se  r e s u l t s  a re  r e f l e c t i v e  

o f  th e  b reed ing  system o r  an a r t i f a c t  i s  u n c le a r .  Perk ins  e t  (1975) 

d id  f in d  t h a t  j/. u r t i c i f o l i a  had a high s e e d - s e t  in  t h e i r  autogamy 

experim ents (47.3%). Verbena h a le i  and V. b r a c te a ta  were autogamous 

which was a p r e d ic ta b l e  r e s u l t  on th e  b a s is  o f  t h e i r  f l o r a l  morphology 

and fo llow s th e  r e s u l t s  o f  th e  experiment by Perk ins  e t  aj_. (1975).

S e e d -se t  v ia  allogamy i s  g r e a t e r  than t h a t  through autogamy f o r  

a l l  o f  th e  sp e c ie s  on which both s e t s  o f  experiments were conducted.

The f a c t  t h a t  th e  s p e c ie s  produce more seeds when l e f t  to  open p o l l i n a t i o n  

than  when i n s e c t s  a r e  excluded leads  to  th e  conclusion  t h a t  th e  sp e c ie s  

s e t  a t  l e a s t  some seed v ia  allogamy. T here fo re  th e  p o s s i b i l i t y  f o r  

h y b r id iz a t io n  d e f i n i t e l y  e x i s t s  in  a rea s  o f  sympatry most e s p e c i a l l y  

in  a re a s  where V̂. s t r i c t a  occurs  as i t  shares  the. g r e a t e s t  number o f  

p o l l i n a t in g  ta x a  w ith  o th e r  members o f  th e  complex.
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I n t e r s p e c i f i c  c ro s se s  were conducted in  an e f f o r t  to  determ ine i f  

F ^ 's  can be produced. The r e s u l t s  a r e  summarized in  Table 10. Although 

p o te n t ia l  f o r  h y b r id iz a t io n  i s  p r e s e n t ,  g e n e t ic  in c o m p a t ib i l i ty  mechanisms 

must e x i s t  because th e  i n t e r s p e c i f i c  f e r t i l i z a t i o n s  do not approach t h a t  

o f  th e  open c o n t ro l s  w ith  th e  g r e a t e s t  s e e d - s e t  being 55% f o r  j/» s t r i c t a  

X Y" neomexicana.

TAXONOMY OF THE VERBENA STRICTA COMPLEX

According t o  Moldenke (1958) th e  Verbena s t r i c t a  complex i s  compromised 

o f  10 c lo s e ly  r e l a t e d  ta x a .  On th e  b a s is  o f  th e  da ta  p resen ted  in  t h i s  

s tu d y ,  I conclude t h a t  s ix  o f  th e se  ta x a  a re  d i s c r e e t  s p e c ie s :  Verbena 

b r a c t e a t a . ]/. neomexicana, ]/. s im plex . u r t i c i f o l  i a , ]/. h a s t a t a . 

and s t r i c t a . The remaining fo u r  sp e c ie s  named c o n s t i t u t e  two sp ec ie s  

p a i r s ,  V.. h a l e i - o f f i c i n a l i s  and V. l a s i o s t a c h y s - r o b u s t a . Small recognized  

_V. h a le i  in  1898, p r io r  to  t h a t  time both phenodemes were inc luded in  

th e  Linnaean )/. o f f i c i n a l i s . He d i s t in g u is h e d  th e  two on th e  b a s is  o f  

n u t l e t  le n g th .  He considered  Verbena h a le i  and )/. o f f i c i n a l i s  to  be 

sym patric  in  F lo r id a ,  G eorg ia , and South C a ro l in a ,  however, V̂. o f f i c i n a l i s  

i s  o f  European o r ig i n  and i s  n a tu ra l iz e d  in  th e  United S ta te s  along th e  

A t la n t i c  seaboard s t a t e s ,  whereas V_. h a le i  i s  n a t iv e  to  th e  s o u th e a s te rn  

United S ta t e s .  On th e  b a s is  o f  numerical a n a l y s i s ,  V. h a le i  and %. 

o f f i c i n a l i s  cannot be s e p a ra te d .  Moldenke (1958) named p u ta t iv e  i n t e r s p e c i f i c  

hybrids between th e  two ta x a .  As hybrids  have been named and th e  two 

a re  very  c lo s e ly  r e l a t e d  m o rp h o lo g ica l ly ,  I f e e l  t h a t  th e  two taxa  a re  one 

sp ec ie s  w ith each taxon re p re s e n t in g  a s u b sp e c ie s ;  p la n ts  w ith  p a p i l l a t e  

commissural fa c e s  r e p re s e n t  subspec ies  o f f i c i n a l i s  and p la n ts  w ith sag ino id
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commissural f a c e s  r e p re s e n t  su b sp ec ies  h a l e i . The r e s u l t a n t  sp e c ie s  

e x h i b i t s  an i n t e r e s t i n g  d i s t r i b u t i o n a l  p a t te r n  w ith  su b sp e c ie s  h a le i  

o f  New World o r ig i n  ad su b sp ec ies  o f f i c i n a l i s  from th e  Old World.

Raven and Axelrod (1974) in d ic a te d  t h a t  subfam ily  V erbenoideae, which 

in c lu d es  t h e  genus Verbena, has an a p p re c ia b le  L aurasian  e lem ent.  With 

th e  ev idence  o f  Raven and Axelrod (1974) th e re  i s  a p la u s ib le  ex p lan a tio n  

f o r  th e  d i s t r i b u t i o n s  o f  th e  two s u b sp e c ie s .  Verbena o f f i c i n a l i s  

probably  evolved  p r io r  to  th e  s p l i t  o f  L aurasia  in  th e  N orthern  Hemisphere 

and su b se q u en tly  subspec ies  o f f i c i n a l  i s  evolved in  Europe and subspec ies  

h a le i  evolved in  North America. R ad ia tion  however was s l i g h t .  The weedy 

taxon su b sp e c ie s  o f f i c i n a l i s  was then  in troduced  in to  th e  United S t a t e s .

The o th e r  sp ec ie s  p a i r  in  q u e s t io n  i s  th e  Verbena la s io s t a c h y s - r o b u s t a  

group. When th e  numerical d a ta  a re  assessed  th e  arguments f o r  merging 

th e se  two ta x a  a r e  weaker than  f o r  th e  prev ious p a i r .  The two tax a  

s e p a ra te  in  c l u s t e r  a n a ly s i s  and can be d i s t in g u is h e d  in  th e  3-D model; 

although th e r e  i s  a continuum o f  OTU's in  the  l a t t e r .  Typical )/. ro b u s ta  

has h i r s u t e  and scabrous leaves  and s h o r t  sp ikes  whereas ) L  l a s io s ta c h y s  

has p i lo s e  le av es  w ith  r e l a t i v e l y  lo n g e r  s p ik e s .  However, t h e r e  i s  an 

a r ra y  o f  in te rm e d ia te s  u n i t in g  th e  two, inc lud ing  p la n ts  w ith  both 

p i lo s e  and scabrous le a v e s .  The argument f o r  merging th e s e  two in to  one 

sp ec ie s  in c lu d in g  two subspec ies  does not d im inish  when d i s t r i b u t i o n  is  

co n s id e re d .  Verbena la s io s ta c h y s  occurs  from sou the rn  Oregon (F ig .  12) 

throughout C a l i fo rn ia  w h ile  V. robus ta  has a narrow d i s t r i b u t i o n  o f  sou thern  

C a l i fo rn ia  and Baja C a l i f o rn ia  (F ig .  12).  V. rob u s ta  i s  poo r ly  c o l le c t e d  

and most s h e e ts  a r e  from Santa C a ta l in a  I s la n d ,  Los Angeles County.

Verbena l a s io s t a c h y s  su b sp ec ies  ro b u s ta  may have evolved on th e  i s la n d
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a f t e r  th e  i s la n d s  s e p a ra te d  from th e  mainland w ith  subsequent re in v a s io n  

o f  th e  mainland. Because v a r i a t i o n  i s  con tinuous as shown by th e  OTU's 

in  th e  PCA and V̂. ro b u s ta  i s  a narrow endemic which occurs w i th in  th e  

range o f  th e  more w idespread l a s i o s t a c h y s . I recommend t h a t  rob u s ta  

should  be cons idered  a s u b sp e c ie s  o f  l a s i o s t a c h y s .

Following a re  th e  keys and d e s c r ip t io n s  which a re  based on th e  

recommendations o u t l in e d  above.

KEYS AND DESCRIPTIONS TO THE VERBENA STRICTA COMPLEX

Perenn ia l h e rb s ;  e r e c t  (ex ce p t V_. b r a c t e a t a ) ; 9-150 cm t a l l ;  leaves  

o p p o s i te ,  o f te n  p i n n a t i f i d ,  7-115 mm lo n g ,  2-60 mm wide; in f lo r e s c e n c e  

s p i c a t e ,  t e rm in a l ,  m ostly  d en se ly  f lo w ered ;  4-90 cm long; 2-10 mm wide; 

f low ers  subtended by b r a c t s  1-11 mm long ; ca lyx  tu b u l a r ,  5 -a n g le d ,  1-6 mm 

lo n g ,  c o ro l l a  s l i g h t l y  zygomorphic w ith  5 lo b e s ,  sa lverfo rm  o r  funnel 

form , tube  s t r a i g h t  o r  cu rved , 2-8  mm long ; stamens 4 ,  didynamous, in s e r t e d  

on th e  upper h a l f  o f  th e  c o r o l l a  tu b e ;  ovary  2 -ca rp e l  l a t e ,  4 -c e l  l e d ;  f r u i t  

o f  f o u r  n u t l e t s .  Chromosome number n=7 w ith  one r e p o r t  o f  n=14 in  

V_. b r a c t e a ta  ( S o lb r ig ,  1959).

1. B rac ts  lo n g e r  th an  t h e  ca lyx  tu b e ,  r e f le x e d  a t  m a tu r i ty ;  p la n t s

p r o s t r a t e  1. ]/.  b r a c t e a ta

1. B rac ts  equal to  o r  s h o r t e r  than  th e  ca lyx  tu b e ,  no t r e f le x e d  a t  

m a tu r i ty ;  p la n ts  e r e c t  (sometimes s p re a d in g ) .

2 . Lower leaves  p i n n a t i f i d  o r  c l e f t

3. Stems g lab rous  o r  o c c a s io n a l ly  w ith  s c a t t e r e d  h a i r s

....................................................................................................2. V. o f f i c i n a l i s
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Stems dense ly  pubescen t

4 . C o ro lla  tubes  4-7 mm long ; sp ik es  lo o s e ly  f low ered ;

n u t l e t s  2-3 mm l o n g ....................................... 3 . neomexicana

4 . C o ro lla  tubes  2-5 mm long ; sp ik es  den se ly  f low ered ;

n u t l e t s  1 .5 -2  mm l o n g .................................. 4 .  l a s io s ta c h y s

Lower leaves  d e n ta te  o r  s e r r a t e ,  but not c l e f t  (o c c a s io n a l ly  

one lobe  p re sen t)

5. Leaves s e s s i l e ,  dense ly  pubescen t; c o r o l l a  tubes  4-9 rran

lo n g ,  c o r o l l a  limb width g r e a t e r  than  7 mm 5. s t r i c t a

5 . Leaves p e t l o l a t e ,  w ith  s c a t t e r e d  h a i r s ;  c o r o l l a  tubes 1-6 

mm long , c o r o l l a  limb width l e s s  than  7 mm 

6 . N u tle ts  2-3 mm lo n g ,  pubescent; le av es  l i n e a r  to  

l a n c e o la t e ,  much longer  than  b road ; p la n ts  l e s s  than

75 cm t a l l .................................................................... 6. simplex

6 . N u tle ts  1-2 mm long ,  g la b ro u s ;  le av es  b roadly  l a n c e o la te  

to  o v a te ;  p la n ts  g e n e ra l ly  over 75 cm t a l l  

7. C o ro l la  tubes  1-2(3) mm lo n g ,  sp ik es  1-2 mm wide

....................................................................7. ŷ . u r t i c i f o l  la

7. C o ro lla  tubes  2-5 mm long ; s p ik e s  2-5 mm wide 

...................................................................  8. V. h a s ta ta
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1. Verbena b r a c t e a ta  Lag. & Rodr. Anal. C iene. Nat. 4: 260. 1801.

Synonyms :

V. b ra c te o sa  Michx.

V. squ arro sa  Roth

V. canescens Chapman

V.. b rac teo sa  v a r .  b rev i  b r a c t e a ta  Gray

X. rudi s Greene

V. c o n f in i s  Greene

V_. b rac teo sa  v a r .  a l b i f l o r a  C ockerell 

V. im b rica ta  Wooton & S tand iey  

Zapania b ra c te o sa  P o i r .

P r o s t r a t e  p e r e n n ia l ,  9-55 cm t a l l ;  stems h i r s u t e ;  leaves  8-55 mm 

long ,  4-28 mm wide, u s u a l ly  3 -lobed  w ith  c l e f t s  to  18 mm, narrowed 

in to  a p e t i o l e  2-20 mm lo n g ,  h i r s u t e ;  sp ik e  5-15 cm long , 2-10 mm 

wide; b r a c t s  lo n g e r  than  th e  calyx  4-11 mm lo n g ,  re f le x e d  a t  m a tu r i ty ,  

h i r s u t e ;  ca lyx  2-4 mm lo n g ,  h i r s u t e ;  c o r o l l a  tube  2-8 mm long , 

limb 3 mm w ide, g lab rous  o r  w ith  a pubescent lim b; n u t l e t  2 mm long, 

p a p i l l a t e  commissural s u r f a c e .

D is t r ib u t io n :  D is tu rbed  a re a s  th roughou t North America.

Flowering Time: A p ril-O c to b e r

2. Verbena o f f i c i n a l i s  L. Sp. P I .  20. 1753.

Synonyms :

V. s p u r ia  L.

V_. dominqensis Urb.

le u c a n th e m ifo l ia  Greene 

V_. h a le i  Small
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E rec t  an n u a l ,  o r  weakly p e re n n ia l ,  22-90 cm t a l l ;  stems g labrous  

o r  e s s e n t i a l l y  so ; leaves  15-70 mm lo n g ,  2-40 mm w ide, p i n n a t i f i d ,  

c l e f t s  to  25 mm long, narrowed in to  a p e t io l e  3-40 mm lo n g ,  h i r s u t e ;  

s p ik e  4-38 cm long, 2-8 mm wide; b ra c t s  1-3 mm lo n g ,  h i r s u t e ;  

ca lyx  1-4 irni long , h i r s u t e  o r  g la n d u la r ;  c o r o l l a  tu b e  2-7 mm long ,

5-7 mm w ide, g labrous to  s p a r s e ly  pubescent; n u t l e t  2 mm long ,

p a p i l l a t e  o r  sag ino id  commissural s u r fa c e .

2 su b sp ec ies  a re  inc luded:

Calyx g la n d u la r ;  commissural seed s u r fa c e  p a p i l l a t e  . subsp . o f f i c i n a l i s

Calyx h i r s u t e ;  com m issural seed su r fa c e  sag in o id  . . subsp . h a le i

(Sm all) Barber, ji. comb. (V. h a le i  Sm all, B u l l .  T o rr .  Bot. Club 

25: 617. 1898)

D is t r ib u t io n :  Subsp. o f f i c i n a l i s : D is tu rbed  a r e a s .  Old World, 

A t la n t ic  S t a t e s ,  Washington and Oregon (F ig .  12) 

subsp. h a le i  S ou theas te rn  U nited S ta te s  (F ig .  12) 

Flowering Time: March-July

Verbena neomexicana (Gray) Small F I. S o u th ea s t .  U. S. ed . 1: 1010.

1903 and ed. 2 1913.

Synonyms :

\/. canescens va r .  neomexicana Gray 

V̂. o f f i c i n a l  is  v a r .  h i r s u t a  T o rr .

Weakly p e r e n n ia l ;  10-71 cm t a l l ;  stems h i r s u t e ;  le a v e s  7-60 mm 

lo n g ,  2-30 mm wide, u s u a l ly  w ith  c l e f t s  to  2 mm lo n g ,  h i r s u t e ;  

sp ik e  4-29 cm. long , 2-7 mm wide; b r a c t s  2-5 mm lo n g ,  h i r s u t e ;
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calyx  2-5 mm long , h i r s u t e ;  c o r o l l a  tu b e  3-7 mm lo n g ,  limb 2-7 

mm wide, g labrous  to  s p a r s e ly  pubescen t;  n u t l e t  2 mm long ,  

to r to u s  commissural s u r f a c e .

D is t r ib u t io n :  Texas, New Mexico, and Arizona (F ig .  13).

Flowering Time: A pril-A ugust

4 . Verbena la s io s ta c h y s  Link Enum. H ort.  B e ro l . 2: 122. 1822.

Synonyms :

V̂. p r o s t r a t a  R. Br.

%. ro b u s ta  Greene 

E rec t  to  sp read ing  p e r e n n ia l ,  17-115 cm t a l l ;  stems h i r s u t e  o r  

p i l o s e ;  le av es  15-110 mm lo n g ,  8-60 mm wide, u s u a l ly  w ith  2-10 

c l e f t s ,  up to  20 mm long ,  narrowed in to  a p e t i o l e  2-35 mm long, 

h i r s u t e ,  scabrous an d /o r  p i l o s e ;  sp ik es  4-34 cm lo n g ,  3-10 mm 

w ide; b ra c t s  1-4 mm long , h i r s u t e  o r  p i l o s e ;  ca lyx  2-4 mm long, 

h i r s u t e  o r  p i l o s e ;  c o r o l l a  tube  le n g th  2-5 mm lo n g ,  limb 3-5 mm w ide, 

v a r io u s ly  pubescent; n u t l e t  1 -1 .5 (2 )  mm long ,  p a p i l l a t e  o r  b u l l a t e  

commissural s u r fa c e .

2 subspec ies  a re  inc luded :

Pubescence p i l o s e ,  commissural seed s u r fa c e  b u l l a t e  ....................................

......................................................................................................... subsp . la s io s t a c h y s

Pubescence h i r s u t e  an d /o r  s cab ro u s ,  commissural seed s u r fa c e

p a p i l l a t e ....................................subsp . ro b u s ta  (Greene) B arber ,  n.. comb.

(V̂ . ro b u s ta  Greene, P i t t o n i a  3: 309. 1898)

D is t r ib u t io n :  subsp. l a s io s t a c h y s :  Southern Oregon and C a l i fo rn ia
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( F i g . 12)

subsp. r o b u s ta ; Southern C a l i f o r n ia  and Baja 

C a l i fo rn ia  (F ig .  12)

Flowering Time: May-August

5. Verbena s t r i c t a  Vent. H ort.  C e ls .  53, p i .  53. 1800.

Synonyms :

%. a lopecu rus  Cav.

%. r iq e n s  Michx.

V̂. cunei f o l i a  Raf.

s t r i c t a  v a r .  m o l l is  T o rr .

1* m o l l i s  Raf.

s t r i  e t a  f . ro se i  f l o r a  Benke 

s t r i c t a  f . a lb i  f l o r a  Wadmond 

P e r e n n ia l ,  29-90 cm t a l l ;  stems tom entose; le av es  30-100 mm long, 

14-50 mm w ide , u s u a l ly  s e s s i l e ,  o c c a s io n a l ly  w ith  p e t i o l e  to  10 

mm lo n g ,  d en se ly  h ir su te - to m e n to se ;  sp ike  4-43 cm lo n g ,  3-9 mm 

w ide; b r a c t s  3-6 mm long ,  h i r s u t e ;  ca lyx  3-6  mm lo n g ,  h i r s u t e ;  

c o r o l l a  tu b e  4-8  tran lo n g ,  limb 7-9 mm w ide, h i r s u t e ;  n u t l e t  2-3 

mm lo n g ,  b u l l a t e  commissural s u r f a c e .

D is t r i b u t io n :  E astern  and C entra l United S t a t e s  to  Rocly Mountains.

Reported from E. Washington and W. Idaho , where i t  is  

probably in t ro d u ced .  (F ig .  14)

Flowering Time: June-September

6 . Verbena sim plex Lehm. Sem. H ort.  Hamb. 17. 1825; in  Nova Acta K.
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Acad. Leop. ( P u b i l l .  P I .  1: 37) 14: 824. 1828; Linnaea 3:

L i t t . - B e r .  10. 1828.

Weakly p e re n n ia l ,  21-72 cm. t a l l ;  stems s p a r s e ly  pubescen t; leaves  

20-80 mm long ,  3-15 mm wide, narrowed in to  a p e t i o l e  to  20 mm long, 

s p a r s e ly  pubescen t;  sp ik e  5-25 cm lo n g ,  2-5 mm wide; b ra c ts  2-6 

mm lo n g ,  s p a r s e ly  pubescen t;  ca lyx  3-6 mm lo n g ,  s p a r s e ly  pubescent; 

c o r o l l a  tube 3-6 mm lo n g ,  limb 4-6  mm w ide , g lab ro u s  o r  w ith a 

pubescent lim b; n u t l e t  2-3 mm lo n g ,  v e r ru c a te  commissural s u r fa c e .

D is t r ib u t io n :  E as te rn  United S ta te s  w est to  Nebraska (F ig .  14).

Flowering Time: May-September

7. Verbena u r t i c i f o l i a  L. Sp. P I .  20. 1753.

Synonyms :

V. d i f f u s a  P i r .

V. d i f f u s a  Desf. ex Sprang.

V. u r t i c i f o l i a  v a r .  simplex Farwell 

P e re n n ia l ,  33-140 cm t a l l ;  stems s p a r s e ly  pubescen t;  leaves  40-110 mm 

lo n g ,  15-60 mm w ide, p e t i o l e  to  30 mm lo n g ,  s p a r s e ly  pubescent; 

sp ik e  8-90 cm lo n g ,  1-3 mm wide; b r a c t s  1 mm lo n g ,  s p a rs e ly  pubescent; 

calyx 1-3 mm lo n g ,  s p a r s e ly  pubescen t;  c o r o l l a  tu b e  1-3 mm long , 

limb 1-2 mm w ide, g lab rous  o r  w ith  a pubescen t lim b; n u t l e t  1-2 mm 

lo n g ,  g labrous  commissural s u r fa c e .

D i s t r ib u t io n :  E as te rn  United S ta t e s  w est to  Nebraska (F ig .  13). 

Flowering Time: June-September
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8 . Verbena h a s t a t a  L. Sp. P I .  20. 1753.

Synonyms :

X. p in n a t i f i d a  Lam.

V_. p a n lc u la ta  Lam.

p a n ic u la ta  v a r .  p i n n a t i f i d a  Schauer 

h a s ta t a  v a r .  p in n a t i f i d a  Gray 

h a s ta t a  v a r .  p a n n ic u la ta  Farwell 

h a s ta t a  f . ro sea  Cheney

Y" h a s ta t a  v a r .  p a n ic u la ta  f .  ro sea  Farwell 

P e r e n n ia l ,  17-150 cm t a l l ;  stems s p a r s e ly  pubescen t;  le aves  30-115 mm 

lo n g ,  7-38 mm w ide, p e t i o l e  3-25 mm lo n g ,  o c c a s io n a l ly  w ith  one 

h a s t a t e  lo b e ;  sp ik e  2-70 cm lo n g ,  2-5 mm wide; b r a c t s  1-3 mm long , 

s p a r s e ly  pubescen t;  ca lyx  1-3 mm long ,  s p a r s e ly  pubescen t; c o r o l l a  

tu b e  2-5 mm lo n g ,  limb 3-4 mm w ide, pubescent lim b; n u t l e t  1-2 mm 

lo n g ,  g lab ro u s  commissural s u r f a c e .

D is t r ib u t io n :  Throughout North America 

Flowering Time: June-O ctober

CONCLUSIONS

In summary, t h e r e  a re  two b a s ic  d i f f i c u l t i e s  in  sp ec ie s  c i rc u m sc r ip t io n  

in  th e  Verbena s t r i c t a  complex. The f i r s t  invo lves  th e  d i s t i n c t n e s s  o f  th e  

s p e c ie s .  The ev idence i n d i c a te s  t h a t  V̂. h a le i  and ]/. o f f i c i n a l i s  a re  

c o n s p e c i f ic .  The s p e c i f i c  s t a t u s  o f  la s io s t a c h y s  and V. ro b u s ta  i s  

a l s o  q u e s t io n a b le  and I b e l ie v e  t h a t  th e  two taxa  re p re s e n t  geographic 

morphodemes a t  th e  s u b s p e c i f ic  rank .  The o th e r  s ix  ta x a  a re  d i s t i n c t ,
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but closely related, species.

The second problem concerns t h a t  o f  h y b r id iz a t io n  w ith in  th e  group. 

Some o f  th e  hyb rid s  named would be h igh ly  improbable in  n a tu re  because 

th e  sp ec ie s  a r e  a l l o p a t r i c .  However, t h e  morphological and breeding 

evidence in d i c a te  t h a t  h y b r id iz a t io n  o f  sym patric  sp e c ie s  w ith in  th e  

group i s  p o s s ib le .  The p o te n t ia l  i s  reduced between most sp ec ie s  because 

th e  p o l l i n a t o r s  a r e  sp e c ie s  co n s tan t  and because g e n e t ic  in c o m p a t ib i l i ty  

mechanisms a re  in d ic a te d  by th e  lower seed s e t s  o f  i n t e r s p e c i f i c  c r o s s e s .  

A lso , only 24 o f  2,006 specimens a re  m orpho log ica lly  in te rm e d ia te ,  

in d ic a t in g  t h a t  h yb rid s  a r e  e i t h e r  no t very common o r  have been overlooked 

by c o l l e c t o r s .  Im p o r tan tly  th e re  i s  no ev idence f o r  in t r o g r e s s io n .  

T herefo re  th e  h yb rid s  a r e  s p o ra d ic a l ly  occuring  and a re  i n t e r e s t i n g  

anomalies and do no t s i g n i f i c a n t l y  in f lu e n c e  in te r ta x o n  boundarie s .
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Table 1. L i s t  o f  morphological c h a r a c te r s  chosen f o r  a n a ly s i s ,

C harac ter

Number

C h a rac te r

Number

1 P la n t  H eight 23 Stem P i lo s e

2 . Spike Length 24 Stem Tomentose

3 Spike Width 25 Stem H irs u te

4 P e t io le  Length 26 Stem Scabrous

5 # o f  Leaf C le f t s 27 Leaf w ith  S c a t te r e d  H airs

6 Length o f  Leaf C le f t 28 Leaf H irs u te

7 Leaf Length 29 Leaf P i lo s e

8 Leaf Width 30 Leaf Tomentose

9 C oro lla  Tube Length 31 Leaf Scabrous

10 B ract Length 32 Calyx G landular

11 Calyx Length 33 Calyx H ir su te

12 N u tle t  Length 34 Calyx P i lo s e

13 C oro lla  Limb< 5  mm 35 Calyx w ith  S c a t te r e d  Hairs

14 C oro lla  Limb = 5 mm 36 N u t le t  P a p i l l a t e

15 C oro lla  Limb"Z 5 mm 37 N u t le t  Tortuous

16 C oro lla  Glabrous 38 N u t le t  Saginoid

17 C oro lla  Limb Pubescent 39 N u t le t  B u l l a te

18 C oro lla  w ith  S c a t te r e d  H airs 40 N u t le t  V erruca te

19 C oro lla  H ir s u te 41 Spike W idth/Spike Length

20 N u tle t  Glabrous 42 Leaf W idth/Leaf Length

21 N u tle t  Pubescent 43 Spike L en g th /P la n t  Height

22 Stem Glabrous 44 Calyx L eng th /C oro l la  Length
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Table 2. P o llen  S ize  Comparisons in  Verbena s t r i c t a  complex.

Verbena
taxa

P/E Index & Shape J J
P o la r  Axis 

-•1 m
s .d .

Diameters
E qua to r ia l

m
s . d .

h a s ta ta 1 .15 P ro la te  sphero ida l 39 0.044 34 0.032

h a le i 1.05 P ro la te  sphero ida l 41 0.048 39 0.047

simplex 1.02 P ro la te  sphero ida l 49 0.047 48 0.046

neomexicana 0 .95  O blate  sphero ida l 42 0.032 44 0.041

b ra c te a ta 0 .92  O blate  sphero ida l 34 0.037 39 0.042

s t r i c t a 0 .88  O blate  sphero ida l 43 0.000 49 0.048

u r t i c i f o l i a 0 .79  Suboblate 31 0.045 39 0.000

o f f i c i n a l i s 0 .79  Suboblate 34 0.043 43 0.044

la s io s ta c h y s 0 .79  Suboblate 34 0.048 43 0.033

robusta 0 .79  Suboblate 34 0.045 43 0.000

W
CXI

1 I Index and shapes from Erdtman (1969)



Table 3. Loadings f o r  th e  f i r s t  th re e  p r in c ip a l  components o f

th e  10 sp e c ie s  o f  th e  Verbena s t r i c t a  complex based on a l l  

c h a r a c t e r s .

C harac ter
I

Components

I I I I I

P lan t  Height 0 .554 -0.487 0.445

Spike Length -0 .126 -0 ,154 0.658

Spike Width -0 .694 -0 .012 -0 .378

P e t io le  Length 0.755 0.509 0.239

Number o f  C le f ts -0 .299 0.652 0.597

Length o f  C le f t -0 .444 0.769 0.266

Leaf Length 0.760 -0 .512 0.152

Leaf Width 0.199 -0.441 0.507

C oro lla  Tube Length -0 .722 -0.526 0.014

B ract Length -0 .739 -0 .005 -0 .499

Calyx Length -0 .6 1 4 -0 .486 -0 .107

N u tle t  Length -0 .427 -0.676 -0 .162

C oro lla  Limb<5 mm 0.457 0.694 -0 .077

C oro lla  Limb = 5 mm ' -0 .466 -0.719 0.087

C oro lla  Limb‘> '5  mm -0 .009 0.027 -0 .028

C oro lla  Glabrous -0 .162 0.525 -0 .098

C oro lla  Limb Pubescent 0.589 -0 .177 -0 .420

C orolla  w ith S c a t te re d  
H airs

0.003 0.309 0.454

C oro lla  H irsu te -0 .460 -0.771 0.146

N u tle t  Glabrous 0.569 -0.542 0.096

N u tle t  Pubescent -0 .5 6 9 0.542 -0 .096
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Table 3. Continued

C h arac te r

I

Components

I I I I I

Stem Glabrous -0 .095 0.433 0.356

Stem P i lo s e -0.067 0.219 0.659

Stem Tomentose -0.341 -0 .5 8 8 0.123

Stem H ir s u te 0.339 -0 .046 -0 .725

Leaf w ith  S c a t te r e d  H airs 0.908 -0 .151 -.0296

Leaf H ir s u te -0 .488 0.707 -0 .1 7 8

Leaf P i lo s e -0 .067 0.219 0.659

Leaf Tomentose -0 .475 -0 .846 0.128

Leaf Scabrous -0 .096 0.209 -0 .067

Calyx G landu lar -0 .055 0.246 0.096

Calyx H ir su te -.0788 -0 .164 -0 .185

Calyx P i lo s e -0 .067 0.219 0.659

Calyx w ith  S c a t te r e d  Hairs 0.869 -0 .066 -0 .230

N u t le t  P a p i l l a t e -0 .417 0.539 -0 .3 4 8

N u t le t  Tortuous -0 .186 0.124 -0 .111

N u t le t  Saginoid -0 .062 0.314 0.319

N u t le t  B u l l a te -0 .468 -0 .634 0.462

N u t le t  V erru ca te 0.218 -0 .007 -0 .426

Spike W idth/Spike Length -0 .496 0.183 -0 .550

Leaf W idth/Leaf Length -0 .630 0.146 0.372

Spike L en g th /P la n t  Height -0.573 0.402 -0 .166

Calyx L eng th /C oro l la  Length 0.380 0.070 0.060

Eigen va lue 10.088 8.627 5.581

P e rcen t  Trace 23.460 20.060 12.980
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Table 4. Loadings f o r  th e  F i r s t  Three P r in c ip a l  Components o f

Verbena h a l e i .  L  o f f i c i n a l i s .  L  ro b u s ta  and V. l a s i o s t a c h y s 

based on a l l  c h a ra c te r s

C harac te r
I

Components
I I I I I

P lan t  Height 0.248 -0 .106 0.247

Spike Length -0 .236 0.350 -0 .305

Spike Width 0.814 -0 .269 0.079

P e t io le  Length 0.057 0.074 0.004

Number o f  C le f t s 0.348 0.028 -0 .239

C le f t  Length -0 .135 0.163 0.053

Leaf Length 0.508 -0 .255 0.155

Leaf Width 0.474 -0 .211 0.030

C oro lla  Tube Length 0.088 0.053 0.164

Bract Length 0.515 -0 .273 -0 .056

Calyx Length 0.204 0:111 0.233

N u tle t  Length -0 .561 0.044 -0 .059

C oro lla  L im b o s  mm 0.012 -0 .270 -0 .031

C orolla  Limb = 5 mm -0 .012 0.270 0.031

C oro lla  Glabrous 0.356 -0 .517 -0 .036

C oro lla  Limb Pubescen t -0 .012 0.123 0.009

C oro lla  With S c a t t e r e d  H airs -0 .244 0.373 0.040

C orolla  H ir s u te -0 .172 0.141 -0 .013

N u tle t  Glabrous 0.392 0.385 0.080

N u tle t  Pubescent -0 .359 -0 .401 -0 .082

38



Table 4. Continued.

C harac ter
I

Components
II I I I

Stem Glabrous -0 .8 9 8 0.180 -0 .0 5 4

Stem P i lo s e 0.853 0.284 -0 .047

Stem Tomentose 0.165 -0 .140 -0 .9 4 8

Stem H irsu te 0.162 -0 .693 -0 .1 2 9

Stem Scabrous 0.165 -0 .140 -0 .9 4 8

Leaf With S c a t te re d  H airs 0.165 -0 .140 -0 .9 4 8

Leaf H irsu te -0 .7 7 5 -0.417 0.137

Leaf P i lo s e 0.794 0.438 -0 .1 2 3

Leaf Scabrous 0.227 -0 .674 0.214

Calyx G landular -0 .243 -0.159 -0 .029

Calyx H irsu te -0 .572 -0 .245 0.059

Calyx P i lo s e 0.826 0.293 -0 .043

Calyx w ith  S c a t te re d  H airs -0 .177 0.123 -0 .0 0 3

N u tle t  P a p i l l a t e -0 .119 -0.809 -0 .0 3 5

N u tle t  Saginoid -0 .629 0.381 -0 .0 4 5

N u tle t  B u l l a te 0.747 0.558 0.088

Spike w Idth /Spike Length 0.562 -0 .385 0.247

Leaf Width/Leaf Length 0.229 -0 .094 -0 .105

Spike L eng th /P lan t  H eight -0 .431 0.318 -0 .397

Calyx Leng th /C oro lla  Length 0.094 0.008 0.091

Eigenvalue 8.086 4.363 3.401

Percen t Trace 20.220 10.910 8.500
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Table 5. P o s t e r io r  P ro b a b i l i ty  o f  Membership in  a P reass igned  

Species  o f  Verbena h a le i  and o f f i c i n a l i s  us ing  th e  

q u a n t i t a t i v e - q u a l i t a t i v e  d a ta  s e t .

OTU R e c la s s i f i c a t io n V. h a le i V. o f f i c i n a l i s

HALEI05 0.8948 0.1052

HALEI07 0.8611 0.1389

HALEI21 0.7128 0.2872

HALEI23 0.7765 0.2235

HALEI24 0.8181 0.1819

0FFIN35 V. ha le i 0.6049 0.3951

0FFIN36 V. ha le i 0.5292 0.4708

0FFIN38 V. ha le i 0.9962 0.0038

0FFIN41 V. ha le i 0.6806 0.3194

0FFIN42 V. ha le i 0.5252 0.4748

0FFIN43 V. ha le i 0.9616 0.0384

0FFIN45 V. ha le i 0.8271 0.1729
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Table 6 . P o s te r io r  P ro b a b i l i ty  o f  Membership in  a P reass igned  Species o f  Verbena h a l e i , 

V. o f f i c i n a l i s ,  V. ro b u s ta ,  V. la s io s ta c h y s  using  th e  q u a n t i t a t i v e  da ta  s e t .

OTU R e c la s s i f i c a t io n V. h a le i V. o f f i c i n a l i s V. robusta V. la s io s ta c h y s

HALEI08 V. o f f i c i n a l i s 0.3156 0.6842 0.0000 0.0003

0FFIN35 V. h a le i 0.9197 0.0803 0.0000 0.0000

0FFIN38 0.4301 0.5699 0.0000 0.0000

R0BUS51 0.0000 0.0000 0.8248 0.1752

R0BUS56 0.0000 0.0000 0.8896 0.1104

LASI085 0.0000 0.0000 0.3527 0.6473



Table 7. Mean Similarity matrix of nine hybrids with the members of the Verbena stricta complex.

4^ro

STRICTA SIMPLEX BRACTEATA ÜRT1CIF0L1A HASTATA NEOMEXICANA HALEI OFFICINALIS ROBUSTA LASIOSTACHYS

HYBRDOl .177* * -0.73 -.287 .381 .214* -.599 -.332 -.244 -.218 -.096

HYBR003 .41B* -.304 -.396 .083 .064* -.198 -.167 -.162 -.098 -.103
HYBRD06 -.328 .117 -.365 .383* .377* -.233 -.078 -.090 -.107 -.111
HYBRD08 -.212 -.055 -.343 .550* .382* -.433 -.217 -.193 -.090 -.091

HYBRD14 -.119* .585* -.128 .053 .225 -.174 -.256 -.213 -.193 -.100
HYBR016 .263* -.168 .163* -.061 -.240 -.162 -.178 -.121 .027 .165
HYBRÔ18 .001* -.100 -.050 -.162 -.238 .304 .358* .211 .163 .050
HY6RD20 .381 .181* -.336 -.044 .224* -.191 -.436 -.374 -.351 -.342
HYBR021 .366* -.316 -.295 .121* .111 -.162 -.215 .106 -.202 -.162

_1|Taxa with astrisks represent putative parents.



Table 8 .  Loadings f o r  th e  f i r s t  t h r e e  p r in c ip a l  components o f  th e

members o f  th e  Verbena s t r i c t a  complex and hybrids  based on 

a l 1 c h a r a c t e r s .

C h a rac te r
I

Components

I I I I I

P la n t  H eight 0.565 -0 .168 0.624

Spike le n g th -0 .084 0.055 0.586

Spike Width -0 .587 -0 .149 -0 .428

P e t i o le  Length 0.375 0.672 0.141

Number o f  C le f t s -0 .568 0.583 0.426

C le f t  Length -0 .585 0.515 0.155

Leaf Length 0.787 -0 .191 0.303

Leaf Width 0.257 -0 .162 0.507

C o ro lla  Tube Length -0 .470 -0 .597 0.114

B rac t Length -0 .616 -0 .270 -0 .572

Calyx Length -0 .427 -0 .545 -0 .034

N u t le t  Length -0 .287 -0 .736 -0 .150

C o ro lla  Limb<5mm 0.022 0.665 -0 .107

C o ro lla  Limb=5mm 0.020 -0 .573 0.063

C o ro lla  LimbySmm -0 .140 -0 .340 0.148

C o ro lla  Limb Pubescent 0.546 -0 .136 -0 .226

C o ro lla  w ith  S c a t te r e d  
H airs

-0 .136 0.351 0.412

C o ro lla  H ir s u te -0 .265 -0 .669 0.256

N u t le t  Glabrous 0.771 -0 .238 0.208

N u t le t  Pubescent -0 .771 0.238 -0 .208
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Table 8. Continued.

C harac te r
I

Components

II I I I

Stem Glabrous -0 .232 0.313 0.285

Stem P i lo s e -0 .321 0.327 0.432

Stem Tomentose -0 .220 -0 .819 0.282

Stem H ir s u te 0 .335 0.567 -0 .557

Leaf P i lo s e -0 .262 0.355 0.536

Leaf Tomentose -0 .206 -0 .853 0.280

Leaf Scabrous -0 .141 0.211 0.015

Calyx G landu lar -0 .069 0.059 0.070

Calyx H ir s u te 0.012 0.242 0.225

Calyx P i lo s e -0 .451 0.417 0.014

Calyx w ith  S c a t te re d  H airs 0.293 -0 .544 -0 .221

N u tle t  Tortuous -0 .590 -0 .271 -0 .101

N u tle t  Saginoid -0 .267 0.375 0.531

N u tle t  Bui l a t e 0.775 0.051 -0 .191

N u tle t  Verrucat e 0.256 0.015 0.069

Spike W idth/Spike Length -0 .349 -0 .061 -0 .613

Leaf W idth/Leaf Length -0 .521 0.058 0.211

Spike L e n g th /P la n t  Height -0 .541 0.191 -0 .155

Calyx L eng th /C oro l la  Length 0.164 0.144 -0 .252

Eigenvalue 7.471 7.084 4.813

P ercen t  Trace 18.220 17.280 11.740
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Table 9. Number and P e rcen t S eed -se t  in  Autogamy and Allogamy 

Experim ents.

Species Autogamy 

P o te n t ia l  Seeds % Se t

Allogamy 

P o te n t ia l  Seeds % Set

V. u r t i c i f o l i a 3340 15.5 3000 87.3

V. simplex 5840 16.1 3000 97.2

V. l a s io s t a c h y s -  
ro b u s ta

9140 5.0 - -

V. neomexicana 5360 4 .0 - -

V. s t r i c t a 4608 18.3 5480 89.2

V. b r a c te a ta 2220 87.9 1000 93.9

V. h a le i 996 58.3 4492 78.6

V. h a s ta t a - - 1000 98.5
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Table 10. Number and P e rc e n t  S e e d -se t  o f  th e  I n t e r s p e c i f i c  H y b r id iza t io n s  

i n th e  Verbena s t r i  e t a  complex.

Hybrids P o te n t ia l  Seeds P e rcen t Se t

V. s t r i c t a  x V. la s io s ta c h y s 120 44

V. s t r i c t a  x V. neomexi cana 40 55

V. s t r i c t a  x V. h a le i 88 8

V. s t r i c t a  x V. simplex 32 53

V. s t r i c t a  x V. b ra c te a ta 48 44

V. s t r i c t a  x V. u r t i c i f o l i a 36 11

V. s t r i c t a  x V. s t r i c t a  x V. simplex 24 0
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NEOMEXICANALASIOSTACHY

URTICIFOLIA
OFFICINALî

ROBUSTA
HALEI

SIMPLEX HASTATA

BRACTEATA

F igure  1. Taxa com prising th e  Verbena s t r i c t a  complex. Lines between taxa

In d ic a te  named I n t e r s p e c i f i c  hybrids  o f  Moldenke (1958) .
47



F igure  2 -1 . Verbena s t r i c t a  p o llen  x 2000

2-2 . O uter seed  s u r fa c e  o f  Verbena ro b u s ta  x 50.

2 - 3 ,4 ,5 ,6 .  Commissural su r fa c e s  o f  Verbena h a l e i , o f f i c i n a l i s . 

l a s i o s t a c h y s . ad r o b u s ta , r e s p e c t iv e l y  x 400.
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F igure  3 . Commissural fa c e  s u r f a c e s  o f  Verbena u r t i c i f o i l a .  h a s ta t a

neomexicana, s t r i c t a , s im p lex , and b r a c t e a t a . r e s p e c t iv e l y ,  x 400.
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Figure 4 . C o r re la t io n  phenogram o f  87 OTU's r e p re s e n t in g  sample

means o f  q u ad ra ts  f o r  th e  10 ta x a  in  th e  Verbena s t r i c t a  

complex. Based on unweighted p a i r  group method using  

a r i th m e t ic  averages  (UP6MA) f o r  44 c h a r a c te r  measurements, 

Cophenetic c o r r e l a t i o n  c o e f f i c i e n t  i s  0 .947 .
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Figure 5. P ro je c t io n s  o f  th e  87 OTU's o f  th e  te n  taxa  in  th e

Verbena s t r i c t a  complex onto th e  f i r s t  th r e e  axes based 

on a m a tr ix  o f  c o r r e l a t i o n  o f  a l l  c h a r a c te r s  (View 8 ) .
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Figure  6. C o r re la t io n  phenogram o f  100 OTU's o f  Verbena h a le i  

o f f i c i n a l  i s . r o b u s ta , and la s io s t a c h y s  based 

on unweighted p a i r  group method using  a r i t h m e t i c  averages 

(UPGMA) f o r  44 c h a ra c te r  measurements. Cophenetic c o r r e l a t i o n  

c o e f f i c i e n t  i s  0 .836 .
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Figure 7. P ro je c t io n s  o f  th e  100 OTU's o f  Verbena h a l e i , \l_. o f f i c i n a l i s , 

V_. r o b u s ta . and V̂. l a s io s t a c h y s  onto th e  f i r s t  th r e e  

axes based on a m a tr ix  o f  c o r r e l a t i o n  o f  a l l  c h a r a c t e r s .
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F igure  8 . P o r t io n  o f  c o r r e l a t i o n  phenogram o f  150 OTU's o f  members 

o f  th e  Verbena s t r i c t a  complex and h yb rid s .  Based on 

unweighted p a i r  group method using a r i th m e t ic  averages  

(UPGMA) f o r  44 c h a r a c te r  measurements. Cophenetic 

c o r r e l a t i o n  c o e f f i c i e n t  i s  0 .837.
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Figure 9. P o r t io n  o f  c o r r e l a t i o n  phenogram o f  150 OTU's which in c lu d es  

members o f  th e  Verbena s t r i c t a  complex and hyb rid s .  Based 

on unweighted p a i r  group method us ing  a r i th m e t ic  averages  

(UPGMA) f o r  44 c h a ra c te r  measurements. Cophenetic c o r r e l a t i o n  

i s  0 .837 .
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Figure 10. P ro je c t io n s  onto th e  f i r s t  th r e e  p r in c ip a l  components axes 

o f  t h e  150 OTU's t h a t  a re  members o f  th e  Verbena s t r i c t a  

complex and h y b r id s .  Based on a m a tr ix  o f  c o r r e l a t i o n  

o f  a l l  c h a r a c te r s .
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Figure 11. Representative floral types in the Verbena stricta complex.
11-1 . V, u r t i c i f o l i a

11-2 . V. h a l e i .

11-3. V. s t r i c t a .
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Figure 12. Verbena o f f i c i n a l i s  (E as te rn  and N.W.) D is t r ib u t io n  o f  

Verbena h a le i  ( S .E . ) ,  Verbena la s io s ta c h y s  (Western) 

and Verbena ro b u s ta  ( B a ja ) .
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Figure  13. D is t r ib u t io n  o f  Verbena u r t i c i f o l i a  ( E a s te r n ) ,  Verbena 

neomexicana (S .W .).
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Figure 14. D is t r ib u t io n  o f  Verbena s t r i c t a  (E as te rn )  and Verbena 

simplex (E a s te rn -  broken l i n e s )
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Appendix A. C o llec t io n  and O bservation  S i t e s .

ARIZONA: Santa  Cruz Co. :  Near E lg in  a t  j e t  Ariz 82 and road to  E lg in .

ARKANSAS: Boone Co. :  1 mi W j e t  U.S. 62 and U.S. 65. C a rro l l  Co. :  0 .1

mi E j e t  Ark 187 and U.S. 62 on U.S. 62. Iza rd  Co. :  0 .6  mi SW 

ARK 58 and 7 mi E j e t  U.S. 69 and ARK 58. Lawrence Co. :  10.6 

mi S j e t  U.S. 62 and U.S. 63 and ARK 115. Marion Co. : 0 .5  mi

from j e t  ARK 178 and Broadway in  f r o n t  o f  Bull Shoals Community 

H o sp i ta l .  Sharp Co. : 0 .7  mi E j e t  Pershing Way Rd and U.S. 62

a t  en tran ce  o f  Arkansas Folk T h ea te r .

CALIFORNIA: Kern Co. :  Upper Emigdio Canyon, 1 .9  mi E Mill P o r t r e ro  Rd

on Mill P o r t r e ro .  Monterey Co. :  6 mi N Lucia on CA 1, f o o t h i l l s

o f  Santa Lucia Mts. San Luis  Obispo Co. :  9 .8  mi E Santa 

M argarita  Lake H eadquarters  on CA 229; 2 mi ESE j e t  CA 229 

and CA 58, Santa M argarita  Lake Fork; 10 mi SW Shandon on 

CA 41. San Mateo Co. :  0 .1  mi W j e t  Farm Rd and Hidden Valley

Rd in  P o r to la  V alley . Santa  Barbara Co. :  Lopez Lake; N

Goleta near  San Marcos P a ss ,  R iver Valley o f  Ynez R iver;  1 mi 

below summit o f  Refugio Peak. Santa Cruz Co. :  S en tra n c e  on 

CA 9 to  Cowell S ta t e  Park . T u la re  Co. :  ea 7 mi NE S p r in g v i l l e  

on CA 190.

MISSOURI: Greene Co. :  Fm Rd 150 ou t o f  S p r in g f ie ld ,  0 .2  mi to  Fm Rd 185.

Laclede Co. :  AA S ta t e  Rd o f f  U.S. 64 to  P ro sp e r in e  B a p t is t  

Church, then  3 .6  mi W on g rav e l  road ; 1.5 mi N o f  o a s is  canoe 

camp.
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Appendix A continued.
NEW MEXICO: Torrance Co. : 4 .2  mi N Punta on NM 14.

OKLAHOMA: Cleveland Co. :  2 mi E j e t  OK 9 and U.S. 62; OK 9 toward Lake

Thunderbird; OU lawn. Garvin Co. : 5 mi S P u rce ll  on OK 77.

Grady Co. ;  0 .9  mi N j e t  OK 17 and U.S. 81. Johnston Co. :  a t

j e t  OK 7 and OK 99 N. Marshall Co. :  Buncombe Creek c ro s s in g ,

1.5 mi E j e t  OK 99 and OK 32; OU B io lo g ica l  S ta t io n  grounds; 

Buncombe Creek R ecrea tion  Area, 1.2  mi E W i l l i s ;  W il l i s  ro a d s id e ;  

1.7 mi N Enos Church o f  C h r i s t ;  1.9 mi E j e t  OK 99 and OK 32,

then 2 .1  mi S on paved road ; 9 mi W j e t  U.S. 70 and OK 199,

then 1 mi S on s e c .  road , then E on road N o f  McMillan cem etery. 

Murray Co. :  Buckhorn Springs ca 6 mi S Su lphur.  Ottawa Co. :

, 2 .3  mi W j e t  U.S, 66 and OK 10, then 2.1 Mi S on sec .  ro ad ,  then

0 .3  m W on s e c .  road . Stephens Co. :  3 mi E j e t  U.S. 81

ad P la ta  Rd. in  Duncan.

OREGON: Jackson Co. :  1 .6  mi W j e t  F ie ld e r  Creek Rd ad West Evans Creek

Road. Joseph ine  Co. :  8 .7  mi W M erlin on M erlin -G alice  Rd, 

then 0 .3  mi S on Onion Mt Rd.
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Appendix B. Herbarium specimens measured in  th e  Verbena s t r i c t a  complex. 

Verbena b r a c t e a ta

ARIZONA: Apache Co: R.H. Peebles 13568 (ARIZ); R.R. Raise 154 (ARIZ);

Anderson & Young 60 (ARIZ); T.L. Burgess 748 (ARIZ); C.F. Deaver 

41010 (ARIZ); B a r r ,  Brewer, Mason 61-197 (ARIZ); Gould &

P h i l l i p s  4796 (ARIZ); R.R. R a ise  286 (ARIZ); R.R. Raise  231 

(ARIZ);

Cochise Co: Darron, P h i l l i p s ,  Gould & P u itz  1486 (ARIZ);

Coconino Co: G.A. Pearson 4 (US); M.N. C lu te  93 (US);

B.B. McCougall s . n .  (ARIZ); H .J .  Fulton  s . n .  (ARIZ); D.T. 

MacDougal 286 (ARIZ); L.N. Gooding 45-48 (ARIZ); L.N. Gooding 

s .n .  (ARIZ); J .T .  Rowell 24600 (ARIZ); J .T .  Rowell 24405 (ARIZ);

Thornbar (ARIZ); R.E. Lee 7138 (ARIZ); L.R. Gooding 163-49

(ARIZ); A. Purchase ARP-485 (ARIZ); C.F. Deaver 6234 (ARIZ);

C.F. Deaver 2509 (ARIZ)

Navajo Co: Mrs. W. Raugh s . n .  (US); L.F. Ward s . n .  (US)

CALIFORNIA: Los Angeles Co: E. Braunton 379 (US)

T u lare  Co: E. Palmer 2699 (US)

COLORADO: Boulder Co: J .  Ewan 1090 (US,WTU)

Cornejos Co; P. S tand ly  6496 (US)

Denver Co: A. Eastwood 25 (US); W.G. Smith s . n .  (US)

El Paso Co: F .S . Clements s . n .  (US); V an d erb il t  1082C (US)

C u r t i s s  s . n .  (US)
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Appendix B. con tinued .

La P la t a  Co: E.O. Wooten 2836 (US); F. Tweedy 433 (US)

Larimer Co; J .H . Cowen 2019 (US); J .H . Cowen 404 (US). 

O tero Co; R. F i tc h  17503 (US); C.S. C randall s . n .  (US).

GEORGIA: Dekalb Co: J .K . Small s . n .  (US).

Gwinnett Co: H.A. A lla rd  207 (US).

IDAHO: ^ C o : .  S.A. C lark  279 (US).

Bingham Co: J.M. C o u lte r  s . n .  (US); Palmer 255 (US) 

C u s te r  Co; L.F. Henderson 4070 (MICH).

Canyon Co; MacBride 200 (US).

INDIANA: Howard Co; C.M. EK 16 (US).

LaPorte Co: C.C. Deam 1272 (US).

M arshall Co: H.W. C lark  1745 (US).

IOWA: F ran k lin  Co: P.H. Monson 2020 (ISC).

Fremont Co: W.S. Craig s . n .  (ISC).

G uth rie  Co: L.H. Pammel 562 (ISC).

Hamilton Co: L.H. Pammel1 & B.B. Zimmerman 300 (ISC).

Hardon Co: B. Shimek s . n .  (ISC).

Johnson Co: M.P. Somes 3596 (US).

Webster Co: M.P. Somes 3062 (ISC ); F.W. Paige  s . n .  (ISC).

Winneshiek Co: E.W. Holway s . n .  (ISC ); R.D. A lber tson  315-101

(ISC).
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Appendix B. continued.

KANSAS: Douglas Co: W.H. Horr  E570 (US); W.C. Stevens s . n .  (US).

Finney Co: P.O. C o v i l l e  24 (US).

Grant  Co: C.H. Thompson 42 (US).

Gree ley Co: J . P .  Anderson s . n .  (ISC).

Jewel 1 Co: W.H. Hoor 4394 (US).

Morton Co: R. F i tch  17106 (US).

Osborne Co: C.L. Shear  62 (US).

R iley  Co: J .B .  Norton 392 (US).

Marion Co: W.H. Horr 3472 (US)

Sedqewick Co: T.L.  Andrews s . n .  (ISC).

Woodson Co: E.W. Lathrop 1276 (US).

Wyandotte Co: Smith s . n .  (US).

MINNESOTA:Anoka Co: R . I .  C r a t t y  s . n .  (ISC).

Hennepin Co: J .H .  Sandberg 267 (ISC).

Jackson Co: R . I .  C r a t ty  s . n .  (ISC).

S tea rn s  Co: Dr. R. G'ruelin s . n .  (ISC).

S tea rns  Co: E.B. Watson s . n .  (ISC).

MISSOURI: Bates Co: N.C. Henderson 65-373 ( IS C ) .

Buchanan Co: N.C. Henderson 65-578 (ISC);  N.C. Henderson 65-456 

(ISC).

L iv ings ton  Co: S. S p a r l i n g  522 (ISC);  S. S pa r l ing  188 (ISC).

MONTANA: Fla thead  Co: W.E. Booth 6380 (WTU).
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Appendix B. continued.

Sweetgrass  Co: C.L. Hitchcock & C.V. Muhlick 13305 (WTU).

Dawson Co: L.H. Pammel s . n .  (ISC).

G ran i te  Co; R. Riggins 856 (ISC).

NEBRASKA: B uffa lo  Co: L.H. Pammel & J .C .  B r in l e e  s . n .  (ISC).

L ancas te r  Co: E. Robinson s . n .  (WTU).

NEVADA: Clark  Co: I.W. Clokey 8096 (WTU, ISC & GA).

NEW MEXICO: B e r n a l i l l o  Co: D. T u t t l e  166 (ARIZ)

Dona Ana Co: Wotten s . n .  (ARIZ); Wooten & S tand iey  3330 (ARIZ) 

Grant Co: Mason & N i le s  607 (ARIZ); Anderson, R h inehar t ,

& Nelson 1245 (ARIZ); W. Hess 1353 (ARIZ); O.B. Metca lfe 137 

(ARIZ).

Otero Co: Mason 2514 & N i le s  595 (ARIZ). .

Sandoval Co: V.L. Bohrer  1311 (ARIZ).

San Juan Co: G. T ie rney  151 (ARIZ).

S i e r r a  Co: O.B. M etca l fe  897 (ISC & WTU).

Taos Co: P.S.  Mart in s . n .  (ARIZ).

NEW YORK: Brooklyn Co: J .  Monachino 122 (ISC).

OHIO: B u t l e r  Co: D. Demaree 27351 (ISC).

OKLAHOMA: Caddo Co: D. Demaree 12533 (MIN)
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Appendix B. continued.

Cleveland Co; D. Demaree 12471 (MIN); N.E. Bruner s . n .  (ISC).  

Cimarron Co; D. Demaree 13307 (MIN).

Harmon Co: G.N. Stevens 1051 (MIN).

Kiona Co; G.W. Stevens 1192 (MIN).

LeFlore Co: O.W. Blakley 1462 (MIN).

McClain Co; M. Hopkins 13358 (MIN).

Payne Co: G.B. Fink 4 (ARIZ); M. Crowder s . n .  (ARIZ); D.G.

Clark 67 (ISC);  C.O. Chambers s . n .  (ISC).

OREGON: Baker Co: W.A. Weber 3148 (WTU).

Harney Co: A.N. & D. Steward 6838 (ISC);  A. Cronquis t  8570 (WTU) 

Multnomah Co: J.W. Thompson 3789 (WTU).

Union Co: B a r t l e t t  & Grayson 862 (MIN).

PENNSYLVANIA: Lehigh Co: J .R .  Churchi l l  s . n .  (MIN).

P h i l a d e lp h i a  Co: J.M. F o t t  9870 (PH & MIN).

SOUTH DAKOTA: Bon Homme Co: J . J .  Thornbar s . n .  (ARIZ)

Brookings Co: J . S .  Mooore 1575 (MIN); E.C. Pammel s . n .  (ISC).

Brown Co: J.W. Moore 1577 (MIN).

Fall  R iver  Co: J.W. Moore 1578 (MIN); J.W. Whitham s . n .  (ISC).

Hand Co: J.W. Moore 2082 (MIN).

Harding Co: J.W. Moore 153 (MIN).

Lawrence Co: E.P. Thatcher 13 (MIN); P.A. Rydberg 179 (MIN). 

Meade Co: L.R. Moyer s . n .  (MIN).
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Appendix B. continued.

Spink Co: A.E. Ricksecker  66 (MIN).

Todd Co: W.L. To l s t ead  4-527 (ISC).

Turner  Co: V.P. Fressenden s . n .  (ISC).

TENNESSEE: Montgomery Co: T.L.  Andrews s . n .  (ISC).

TEXAS: Brewster  Co: V.L. Cory 9147 (ARIZ)

Denton Co: V.L. Cory 57306 (MIN).

El Paso Co: T.R. Van Devender s . n .  (ARIZ).

Hale Co: U.T. W ate r fa l l  3703 (ARIZ).

J e f f  Davis Co: T. Head 20 (ISC).

Moore Co: B & H. J e s p e r s e n  2708 (MIN, WTU, MICH).

P r e s i d i o  Co: L.C. Hinckley s . n .  (ARIZ).

Roberts  Co: C. Wal l i s  4978 (ARIZ).

T a r r a n t  Co: A. Ruth 109 ( ISC);  W.L. McCart 39 (MIN); A. Ruth

109 (MIN).

Tay lo r  Co: S.M. Tracy 8001 (MIN).

UTAH: Beaver Co: Parker ,  McLintock,  and Robbins 6347 (ARIZ).

G a r f i e ld  Co: N. Holmgren, J .  Reveal & LaFrance 2101 (MIN);

H. Buchanan 464 (ARIZ).

M i l l a rd  Co: J .A .  H a r r i s  25142 (MIN).

P i u t e  Co: P.A. Rydberg & C ar l ton  7043 (MIN)

S a l t  Lake Co: W.S. Cooper 4000 (MIN).

Tooele  Co: J .  H a r r i s  20564 (MIN).
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Appendix B. continued.

Utah Co: J .A .  H ar r i s  28113 (MIN).

Washington Co: J . L .  Gentry & E. Jensen  2255 (MIN); F.W. Gould 

2027 (ARIZ); R.W. C h r i s t i a n  1050 (ARIZ).

VIRGINIA: Southhampton Co: A.A. H e l t e r  1012 (MIN).

WASHINGTON: Benton Co: L.S.  Rose 48153 (ARIZ).

Chelan Co; C. Abai r  s . n .  (MIN).

Grant  Co: Sandberg & LEibexq s . n .  (MIN).

Spokane Co: L.R. Moyer s . n .  (MIN); P.O. Kreager 474 (MIN). 

Whitman Co: Lake & Hull s . n .  (MIN); A.D.E. Elmer 324 (MIN). 

Yakima Co: C.S.  Pa rke r  653 (MIN).

WISCONSIN: Racine & Kenosha Co: S.C. Wadmond 3062 (MIN).

Rock Co: S.C.  Wadmond 3765 (MIN).

Walworth Co: S.C. Wadmond 13034 (MIN)

Waukesha Co: R.N. Pohl PI 203 (MIN).

WYOMING: Albany Co: A. Nelson s . n .  (MIN); A. Nelson 7671 (MIN).

ALABAMA: Co: F.S.  Ear le  C.F.Baker s . n .  (MICH).

ARIZONA: Apache Co: 6 . J .  Goodman C.L. Hitchcock 1317 (MICH).

Craighead Co: D. Demaree 27044 (OKL).

Desha Co: D. Demaree 45863 (TENN).
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Appendix B. continued.

Independence Co; R.D. THomas 19903 (TENN).

Marion Co; D. Demaree 47929 (TENN).

CALIFORNIA: Freno Co: F. Beyl ik  59 (RSA).

Kern Co: E.C. Twisselmann 10239 (RSA); E.C. Twisselmann 8479 (RSA) 

Lassen Co: I .L .  Wiggins & D.B. Wiggins 16338 (RSA).

Los Angeles Co: F.W. Pe i r son  1038 (RSA); R.S. Thorne C.W.

T i l f o r t h  40646 (RSA); L. Abrams 2574 (MO); R.F. THorne 36679 (RSA); 

R.F. Thorne 36516 (RSA).

Monterey Co: G.B. Hardham 10390 (RSA).

Orange Co: E.L. Paddock 12733 (RSA); E.R. Johnson 11285 (RSA).

R ive rs ide  Co: J .  Ewan 5220 (MO); F.W. Pe i rson  11477 (RSA).

San Bernardino Co: J .  & L. Roos 4413 (RSA).

San Luis Obispo Co: E.C. Twisselmann 15646 (RSA); R.S. F e r r i s

9770 (WTU); R.S. F e r r i s  9770 (MICH).

S tanis laws  Co: R. Baeiga lupi  L. Constance (WTU).

Ventura Co: H.M. P o l l a r d  s . n .  (RSA).

COLORADO: Boulder Co: J .  Ewan 11419 (WTU).

Larimer Co: C.S. Crandal l  172 (MICH).

Sedgewick Co: W.A. Weber 6407 (WTU).

GEORGIA: Clarke Co: W.H. Duncan 12696 (TENN).

i

IDAHO: Boise  Co: C.L. Hitchcock & C.V. Muhlick 9960 (WTU).
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Elmore Co; C.L. Hitchock & C.V. Muhlick 22627 (WTU).

Idaho Co; J .H.  C h r i s t  12668 (WTU); Q. Jones 366 (WTU)

Nez Perce Co: F.W. Gail s . n .  (WTU); M. Ownbey & W.A. Weber

2746A (WTU).

ILLINOIS: Cook Co: H.R. Bennet t  s . n .  (WTU).

S t .  C l a i r  Co: A.S. Hitchcock s . n .  (MO)

INDIANA: Clark Co: J . P .  Bai rd  s . n .  (MICH).

LaPorte Co: W.S. M offa t t  1685 (WTU); H.H. B a r t l e t t  s . n .  (MICH) 

Putnam Co: R.C. F r i e s n e r  17832 (MICH)

S t .  Joseph Co: M.W. Lyon, J r .  s . n .  (MICH).

KANSAS: E l l i s  Co: R .J .  Baalman 209 (OKL).

Kearney Co: A.S. Hitchcock 1129 (MICH).

Wallace Co: D. Demaree 40393 (OKL).

MASSACHUSETTS: B r i s t o l  Co: W.R. T ay lo r  29463 (MICH).

MICHIGAN: Alger Co: R.H. Read 3116 (MICH).

Antrim Co: E .J .  Cole 5687 (MICH).

Cheboygan Co: J .H .  Ehlers  627 (MICH); E.G. Voss 12736 (MICH); 

J .H.  Eh lers  1771 (MICH); J .H .  Ehlers  472 (MICH).

Dickinson Co: C.A. Dayis 243 (MICH); M.L. Fernald A.S. Pease 

3495 (MiCH); J . S .  P r in g le  836 (MICH).
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Emmet Co: E.G. Voss 2420 (MICH).

Houghton Co: C.A. Davis s . n .  (MICH); C.D. Richards 2710 (MICH)

Keweenee Co: F . J .  Hermann 509 (MICH).

Leelanau Co; C.R. Hanes s . n .  (MICH)

Menominee Co: C.O. Grass! 2620 (MICH).

Hennepin Co: C.E. Burglehaus 8455 (WTU).

Saginaw Co; Mr. & Mrs. H.A. Davis 8953 (WTU).

MISSOURI: B u t l e r  Co: J .H .  Kellogg 15276 (MO).

Marion Co: J .  Davis 9039 (MO).

S t .  Louis Co: H. Eggert s . n .  (MO); V.M. G l a t f e l t e r  s . n .  (MICH)

Wavne Co: E . J .  Palmer 6106 (MO).

MONTANA: Broadwater Co: C.L. Hitchcock & C.V. MUhlick 11825 (WTU).

C a r t e r  Co: W.E. Booth 2669 (WTU).

F la thead  Co: D.B. Dunn 10850 (RSA).

G a l l a t i n  Co: C.L. Hitchcock & C.V. Muhlick 12478 (WTU); J.W.

Blankenship s . n .  (MICH).

Missoula Co: J .H .  Sandberg s . n .  (UC).

Park Co: C.L. Hitchcock & C.V. Muhlick 13567 (WTU).

Pondera-Co: H.H. B a r t l e t t  & J . F .  Grayson 400 (WTU).

Powell Co: C.L. Hitchcock & C.V. Muhlick 11520 (WTU).

Rosebud Co: J.W. Blankenship s . n .  (WTU); J.W. BLankenship s . n .  

(WTU).
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NEBRASKA: Otoe Co: E.H. Jones 8 (WTU)

NEVADA: Clark  Co: I.W. Clokey 5571 (WTU); I.W. Clokey 8473 (WTU);

A.M. Alexander L. Kellogg 1739 (WTU).

Humboldt Co: N.A. Archer 1966 (MICH).

S to rey  Co: C.A. Purpus 5946 (UC).

White P ine  Co: N.H. Holmgren J .L .  Reveal 1023 (WTU)

NEW JERSEY: Camhden Co: Dr. Hornbaugh s . n .  (PH); I.C. M art inda le  s . n .

(PH); C.F. Parker s . n .  (PH).

NEW MEXICO: Eddv Co; C.O. Grassl (MICH).

NEW YORK: Saratoga _Co: H.D. House 29411 (OKL)

OHIO: Hamilton Co: C.G. Lloyd s . n .  (MICH).

OKLAHOMA: Cimarron Co: C.M. Rogers 4668 (MICH).

PENNSYLVANIA: Berks Co: N.C. Brumbach 3931 (PH).

Lehioh Co; H.W. P re tz  12280 (PH).

P h i l a d e lp h i a  Co: E.T. Wherry s . n .  (PH); E.L.  Linbrook s . n .  (PH)

SOUTH DAKOTA: Cus te r  Co: W.H. Over 2020 (WTU).

Fall  R iver  Co: G.N. Jones 35991 (WTU).
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TENNESSEE: Benton Co: E.B. Harger 7138 (TENN).

Decatur  Co: G.L. Ames s . n .  (MICH).

Ches te r  Co: K.E. Rogers 8140 (TENN).

Montgomery Co: E.W. Ches te r  2710 (TENN).

Obion Co: H.H. l i t i s  1747 (TENN).

Shelby Co: F.D. Bowers & K.E. Rogers 45217 (TENN); K. Rogers

33496 (TENN).

T ip ton  Co: S. F a i r c h i l d ,  E. C lebsh ,  A .J .  Sharp 8261 (TENN).

TEXAS: Bexar Co: J .B .  Darz 11 (UC).

Floyd Co: J .  Roberts  140 (OKL).

Hale Co: E. Whitehouse 9926 (MICH).

Parmer Co: C.M. Rowell 8631 (OKL)

Tom Green CO: R. Eckhardt  1753 (MICH).

UTAH: S a l t  Lake Co: R.K. Vickery ,  J r .  2374 (UC).

WASHINGTON: Adams Co: R.G. J e f f r e y  s . n .  (WTU).

Benton Co: C. Nelson s . n .  (WTU)

WYOMING: Big Horn Co: C.L. POrter  323 (WTU)

Verbena h a l e i

ALABAMA: Mobile Co: B. Har r ing ton  340 (CSPÜ); R. Deramus D83 (NCU) 

Russe l l  Co: R. Krai s . n .  (PH).
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ARKANSAS: M i l l e r  Co: D. Demaree 39156 (GA); D. Demaree 39156 (OKL).

Stone Co: D. Demaree 31874 (OKL).

FLORIDA: Alachera Co: F.H. Sargent  6207 (GA); E.S.  Ford s . n .  (GA).

GEORGIA: Ben H i l l  Co: W.R. F a i r c l o t h  5082 (MO).

Turner Co: B.B. Higgins s . n .  (GA).

LOUISIANA: Calcas ieu  P a r . :  Small 1008 (LSU).

Cameron P a r . :  C.A. Brown 9271 (LSU).

East  Baton Rouge P a r . :  S. Brown s . n .  (LSU). M.F. Pe te rson  s .n .  

(LSU); C.A. Brown 1156 (LSU), C.A. Brown 2118 (MICH).

L a fa y e t t e  P a r . :  G.C. Claycomb 51135 (LSU)

Madison P a r : R. Jones 210 (NCU).

Natchi toches  P a r . : L. Urbatsch 2392 (LSU).

Orleans P a r : G. Montz 2577 (LSU).

Poin tee  Coupee Par ;  M. Chaney 399 (LSU).

S t .  Charles  P a r : G. Montz 3089 (LSU).

S t .  Helena P a r ; C.M. Allen  990 (LSU); C.M. A l len  675 (LSU).

S t .  Mary P a r : R.D. THomas, R. Reid,  C.A. Smith,  R. Dooley

27020 (NCU); Bynum, Ingram, Jaunes  s . n .  (LSU); G. Montz 4033 

(LSU).

S t .  Tammany P a r : L. Bougere 1087 (LSU); G. Arsene 12242 (LSU),

Tanqipahua P a r : O.S. & H.S. C or re l l  9254 (ND LSH).

Terrebonne P a r : Small 1009 (LSU).
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Vermin ion P a r : J .L .  Kil lmer 35 (LSU); C.A. Brown 18279 (LSU);

C.A. Brown 21409 (LSU).

Vernon P a r : J .  Turba s . n .  (LSU).

West F e l i c i a n o :  Curry,  M ar t in ,  Allen  437 (LSU)

Ninn P a r : K. Vincent  925 (GA); K. Vincent  956 (GA).

MISSISSIPPI: Adams Co: F.A. Barkley 86 (OKL).

Harr i son  Co: D. Demaree 30585 (MICH).

Issaquena Co: L.C. Temple 8247 (GA).

Jackson Co: A.D. Lowe 85 (GA); J .  Skehan 1599 (MICH).

Lawrence Co: S.B.  Jones 11740 (GA).

Neshoba Co: S.B.  Jones 18695 (GA).

OKLAHOMA: Atoka Co: M. Hopkins & A. & R. Nelson 1092 (WTU); M. Hopkins 

& A.R. Nelson 1092 (OKL); C. Per ino & J .  Williams 706 (OKL).

Bryan Co: T a y lo r ,  S i l v e r ,  Fox 1221 (OKL); R.A. Nelson H. Holland

6010 (OKL).

C a r t e r  Co: K. & M. Crook 1022 (OKL); J .  & H. Massey 2403 (OKL);

G.J.  Goodman 7853 (OKL); J .  & H. Massey 2403 (NCU); C.H. Per ino  

J .  Massey 813 (OKL); A.G. Payne 38 (OKL).

Choctaw Co: H. Eggert s . n .  (MO); UT W ate r fa l l  2102 (OKL); R.A.

Nelson & H. Holland 6017 (OKL)

J e f f e r s o n  Co: K. & M. Crook 943 (OKL); UT W ater fa l l  7829 (OKL)

Love Co: J .E .  Williams 353 (NCU).

McCurtain Co: UT W ater fa l l  10470 (CSPU); UT Waterfa l l  11829 (CSPU);

U.T. W a te r fa l l  11829 (US)^^
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Pushmataha Co: V. Board 215 (NCU)

SOUTH CAROLINA: Aiken Co: W.L. E l l i s o n  & E.L. E l l i s o n  1010 (MO, OSC).

TEXAS: Anderson Co: J.W. Hardin 531 (MICH).

Archer Co: E. Whitehouse 9721 (MICH).

Austin Co: P ro f  Hugo s . n .  (LSU).

Bastrop Co: C.L. & A.A. Lundell 10344 (MICH).

B e e C o i  F.A. Barkley 16T421 (OSC).

Bexar Co: Mr. & Mrs. J .  Adams 502 (CSPU); Mr. & Mrs. J .  Adams 

970 (CSPU); B.H.A. Groth 75 (US); R. Bebb 2282 (OKL); C.R.

Ball 927a (US); E.D. Schulz s . n .  (MICH); E.O. Shulz s . n .  (MICH);

E.G. Schulz 518 (US); E.D. Schulz 766 (US); V. Havard s . n .  (US);

V. Havard s . n .  (US); E.D. S hu l tz  103 (US).

Bowie Co: D.S. & H.B. C or re l l  12421 (MICH).

Brazor ia  Co: D. Demaree 61546 (GA).

Brazos Co; H.S. Jenn ings  s . n .  (MICH); D. Unger 37 (LSU); L.

T a l l e r i n e  30 (LSU); V.L. Cory 50627 (MICH); J .N.  Weaver 490 

(MICH); N.L. Byrd 401 (OSC); C.E. Gray 23 (MICH).

Brooks Co: J .R .  & H. Massey 2913 (NCU).

Brewster Co: V.L. Cory 2294 (GH).

Brown Co: J .  M i l l e r  2 (GA); J .  Bingham 8 (OKL).

Calhoun Co: D. Demaree 61559 (GA).

Cameron Co: Mrs. M. Cannon (MICH); E.U. Clover 736 (MICH);

C.L. & A.A. Lundell 8623 (MICH); L . I .  Davis s . n .  (MO); W.C. & M.W.

Muenscher 14448 (GH); H.P. Chandler  7082 (US); C.L. Lundell 10689 (MICH)
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Cass Co: H. Gentry 3482 (NCU)

Chambers Co: B.C. Tharp s . n .  (MICH)

Cherokee Co; F.A. Barkley 13585 (NO).

Coke Co: W. King 320 (MICH).

Coleman Co: B.H. Warnock 46341 (MO)

Culberson Co: U.T. Water fa l l  4496 (GH); V.L. Cory 53037 (MICH).

Dallas  Co: M.E. Jones  s . n .  (CSPU); C.L. & A.A. Lundell 12107

(MICH); C.L. & A.A. Lundell 8346 (MICH); C.L. & A.A. Lundell

8579 (MICH); C.L. & A.A. Lundell 10398 (MICH).

Denton Co; B.L. Lipscomb 1309 (NCU); A.W. Roach F.W. Wyatt s . n .  

(OSC); W.L. McCart 2006 (MICH).

Dimmit Co; N.D. Atwood 2030 (NCU).

Duval Co: A. F lo re s ,  A. Chavez, G. Hein ,  J r .  43 (GH).

E l l i s  Co: D. Sanders 19 (MICH).

Erath Co; P. Hois ington  241 (OKL); P. H ois ington  84 (OKL).

Faye t te  Co: B.H. Warnock 46436 (CSPU).

Fr io  Co: W.L. McCart 8020 (WTU); C.L. & A.A. Lundell 10139 

(MICH).

Galveston Co. :  V.L. Cory 51017 (MICH).

Goliad Co; C.L. & A.A. Lundell 10060 (MICH).

Grayson Co: J .H.  O yste r  s . n .  (MICH).

Hardeman Co; R.A. Norr is  2485 (CSPU).

H ar r i s  Co: K. Luke s . n .  (LSU); L.C. Higgins 3925 (MICH); E.

Hall 632 (CSPU).

Hidalgo Co: J .T .  P o in t e r  F.A. Barkley 14428 (MO); E.U. Clover 

672 (MICH); E.U. Clover 600 (MICH); C.L. & A.A. Lundell 10035 (MICH)
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Hidalgo Co: C.L. & A.A. Lundell 10035 (MICH).

Howard Co: J.M. M il l igan  s . n .  (US).

J a s p e r  Co: J . F .  Jooc s . n .  (MICH); C.L. & A.A. Lundell 10513 

(MICH).

Jim Wells Co: C.L. & A.A. Lundell 10076 (MICH).

Kaufman Co; F . J .  T y le r  s . n .  (US); C.L. & A.A. Lundell 8506 (MICH) 

Kenedy Co: B.D. Tharp 49098 (PH); R.P. Wagner & F.A. Barkley

16T392 (GH); S .F .  Glassman 2201 (OKL); C.L. & A.A. Lundell 

10847 (MICH); J .  & C. Taylor  3587 (OKL).

Kerr  Co; E . J .  Palmer 10037 (US, MO).

Kleberg Co; V.L. Cory 51322 (MICH).

LaSal le  Co: C.L. & A.A. Lundell 10143 (MICH); K.M. & M.C.

Wiegand 2002 (CSPU).

Leon Co: C.L. & A.A. Lundell 10391 (MICH); R.A. Norr is  715 (CSPU) 

Llano Co: C.L. & A.A. LUndell 9040 (MICH); S .E .  Wolff  3067 (US). 

Love Co: Nelson,  Goodman, Water fa l l  5706 (WTU).

Matagorda Co; V.L. Cory 51091 (MICH).

McIntosh Co: W.H. Duncan 20214 (US).

McLennon Co; R. Gordon s . n .  (NCU)

Medina Co; D. S e i g l e r  K. Beckes DS-3069 (OKL).

Milam Co; C.L. & A.A. Lundell 10374 (MICH)

Montgomery Co; L.C. Higgins 5471 (NCU) .

Nueces Co; B.C. Tharp 5603 (US); A.A. H e l l e r  1419 (US).

Palo P in to  Co: G.C. Neal ley s . n .  (US)

LOUISIANA: Plaquemine P a r : V. K e l l e r  s .n . (LSU) .
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TEXAS: Polk Co: B.X. Windier 2605 (NCU).

Reeves Co: U.T. W ater fa l l  4388 (OKL).

Robertson Co: C.M. Rowell ,  J r .  8029 (MICH).

San P a t r i c i o  Co: E.R. G u t i e r r e z  70 (ISC);  S. Sanderson 11 (ISC);

V.L. Cory 51259 (WTU); E.G. Holden s . n .  (MICH); C.L. & A.A. 

Lundell 10082 (MICH); G.G. Wiliges  4-W (NCU); G.G. Goodman 

7470 (NCU).

S t a r r  Co: C.L. & A.A. Lundell 9924 (MICH); Miss M.B. C ro f t  s . n .  

(GA).

T a r r a n t  Co: W.H. Aiken s . n .  (CSPU); A. Ruth 108 (PH); C.L. &

A.A. Lundell 8522 (MICH).

T e r r e l l  Co: E.M. F a r r  s . n .  (PH).

Tom Green Co: C. Smith 151 (OKL).

Trav is  Co: Westly s . n .  (MICH); L.E. Urbatsh 1559 (LSU); C.L.

York 49001 (NO); D.L. & A.A. Lundell 10308 (MICH).

Uvalde Co: E .J .  Palmer 13564 (US).

Val Verde Co: B.H. Warnock 254 (MICH).

Van Zandt Co: A. Eze ll  5699 (US).

V ic t o r i a  Co: R. McVaugh 12422 (MICH).

Webb Co: A. P e rk in s ,  J.M. Hall 2627 (CSPU).

Wichita Co: E. Whitehouse 10474 (MICH); R.S. F e r r i s  & C.D.

Duncan 3337 (MO).

Willacy  Co: J .  & C. Tay lor  3494 (OKL); C.L. & A.A. Lundell 

8786-(MICH); V.L. Cory 51489 (MICH).

Wilson Co: S .S .  White 1359 (MICH).

Zapata Co: F. Guajardo 39 (ISC).
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Verbena h a s t a t a

CALIFORNIA: Contra Costa Co: M.A. Nobs & S.G. Smith 942 (RSA).

Mendocino Co: V.K. Chestnut  5840 (US).

San Joaquin Co: H.L. Mason 5425 (ÜC); A.L. & H.N. Moldenke 

30290 (MIN); J.W. Congdon s . n .  (MIN); J.W. Congdon s . n .  (MIN); 

J.W. Congdon s . n .  (MIN); E.E.  S tan fo rd  721 (RSA).

S has ta  Co: M.A. Nobs S.G. Smith 1040 (RM,US).

COLORADO: Adams Co: L. Kelso 1441 (RM).

Boulder Co: F. Tweedy 5124 (RM); F. Ramaiey 748 (RM); W.W.

Robbins 2554 (RM).

C lea r  Creek Co: ME. Jones s . n .  (RSA).

Denver Co: A. Eastwood 41 (US,NCU).

Fremont Co; I . S .  Brandegee 464 (UC).

J e f f e r s o n  Co: M.E. Jones 523 (RSA); D. Fambrough 536 (NCU). 

Larimer Co; W.F. Marshall 2016 (RM); W.F. Marshall 2015 (RM); 

C.S.  Crandall  2014 (MIN); W.T. Marshall  2016 (US); J .H .  Cowan 

405 (US).

yield Co: G.E. O ste rhout  8210 (RM); G.E. O s te rhou t  s . n .  (MIN). 

Yuma Co: W.W. Eggleston 1555 (RM).

CONNETICUT: F a i r f i e l d  Co: C.L. po la rd  186 (US).

L i t c h f i e l d  Co: N.M. W h i t f i e ld  s . n .  (MIN).

IDAHO: ^ C o :  J .A.  Clark 253 (MIN,UC,US)
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Canyon Co; J . F .  MacBride 304 (WTU,MIN,US).

Kootenai Co; H.J .  Rust 209 (OKL)

Latah Co; L.G. Henderson s . n .  (US).

Owyhee Co: J.M. Johnson 254 (NSU.US).

INDIANA: Clay Co: R.C. F r i e s n e r  21768 (US).

Greene Co: R.C. F r i e s n e r  22294 (US).

Lake Co: L.M. Umbach 8243 (MIN).

Pulaski  Co: R.C. F r i e s n e r  9768 (ISC).

Wayne Co: F.W. Pennell  9813 (MIN).

Monroe Co: J .D.  Lipps s . n .  (US).

ILLINOIS: Adams Co: A.A. Evers 802 (MIN).

Cook Co: R. Bebb 1686 (MIN); H.R. Bennet t  s . n .  (MIN); R.

Bell  2109 (MIN).

Jackson Co: J .  McCree & G. Wilson 1021 (MIN). . 

J e f f e r s o n  Co: R.A. Evers 65196 (NCU).

Johnson Co: C. Schwab 309 (NCU).

Lawrence Co: W.M. B a i l e y ,  J .R .  Swayne 1745 (NCU).

Per ry  Co: W.M. Bai ley & J .R .  Swayne 137 (NCU).

P eor ia  Co: J .R .  S twar t  s . n .  (F ) .

P i l o t  Co: G.S. Winterr imyer 626 (F ) .

Pope Co: J .  & W. Rapp 62 (F) .

Randolph Co: W.M. Bai ley  1614 (NCU).

Richland Co: R. Ridgeway 427 (F ) .
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S t .  C l a i r  Co; J .O .  N e i l l  11161 (NCU); J .O.  N eil l  15458 (NCU). 

S ta rk  Co: V.H. Chase 981 (F ) .

Vermil l ion Co: D. S i e g l e r  5080 (MIN).

IOWA: Cook Co: H.S. Fawcett  s . n .  (ISC).

F aye t te  Co: B. Fink s . n .  (ISC);  B. Fink s . n .  (ISC).

Howard Co: D. I s e l y  10795 (ISC).

J e f f  Co: C.L. G i l l y  & M. McDonald 834 (ISC).

Johnson Co: R. Riggins 278 (ISC).

Linn Co: B. Shimek s . n .  (ISC).

Louisa Co: B. Shimek & P.C. Myers s . n .  (ISC).

Mitche ll  Co: R .J .  C ra t ty  s . n .  (ISC).

Muscatine Co: Pammel, Kelso,  Harlan s . n .  (ISC);  M.E. & R.G.

Brown s . n .  ( IS C ) .

Palo Alto  Co: R .J .  C r a t t y  s . n .  (ISC).

Pocahontas Co: J .D .  Brotherson  1485 (ISC).

S c o t t  Co: D.H. Hull s . n .  (ISC) .

Sioux Co: N. Newell 20785 (ISC).

S tory Co: Pear l  Clayton 137 (ISC);  L.H. Pammel s .n .&ISC);  L.H. 

Pammel1 78 (ISC).

Union Co: B. Shimek s . n .  (ISC).

Van Buren Co: J .  F u l t s  s . n .  (ISC).

Webster  Co: C.H. Churchi l l  3059 (ISC);  O.M. Oleson 3059 (ISC);  

M.P. Somes 12078 ( ISC);  D.W. Augstine  668 (ISC);  D.A. Niemann 

447 (ISC).
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Winneshiek Co; W. Holway s . n .  (ISC) ;  R.D. A lber tson  181-61 

( ISC);  P.M. Monson 174 (ISC).

KANSAS: Douglas Co: R.L. McGregor 14570 (NCU).

F ra n k l in  Co: R.L. McGregor 12699 (MIN).

Osage Co: G. Tucker 6174 (NCU).

Reno Co: J .  P o index te r  195-23 (NCU).

MAINE: Aroostook Co: G.D. Chamberlain s . n .  (UC)!

Kennebec Co: N.C. F a s s e t t  s . n .  (MIN).

L incoln  Co. J .A .  Steyermark s . n .  (F ) ;

P i s c a t a g u i s  Co: M.L. Fernald  296 (MIN).

Waldo Co: G.B. Rossback 6509 (NCU).

MARYLAND: P r in c e  Georges Co: J .  Tides trom 6611 (F ) ;  B.F.  Hyacinth 1786

(F ) .

MASSACHUSETTS: B a rns tab le  Co: R. Murdoch 1433 (F) .

F ra n k l i n  Co: S. Garanin 7219 ( ISC) ;  S. Garanin 7219 (MIN).

Hampshire Co: M.E. H a r r i s  s . n .  (MIN).

MICHIGAN: B e r r ie n  Co: O.E. Lansing 3276 (F ) .

Cheboygan Co: C.A. Kofoid s . n .  (ISC).

B e r r ie n  Co: O.E. Lansin 3241 (F ) .

Door Co: C.F. Millspagh 3647 (F ) .
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Emmett Co; H.A. Gleason J r .  & Sr. 162 (ISC);  F.C. & M.T.

Gates 10708 (MO).

Houghton Co: C.D. Richards 3849 (MIN).

Jackson Co: S.H. & D.R. Camp s . n .  (F ) .

Kalamazoo Co; A.G. Burgess 493 (F).

Kent Co: C.W. Bagnin 3287 (F) .

Mason Co; M i l l e r  E 1049 (GA); R.W. Chaney 81 ( F ) ;  R.W. Chaney 

31 (MO).

MINNESOTA: Anoka Co: R.G. C o t t r e l l  s . n .  (MIN); J.W. Moore 25129 (MIN);

R .J .  Benson 6 (MIN); E.E. Jukkola 120 (MIN); J.W. Moore 25287 

(MIN).

Becker Co: M.F. Buell  2019 (MIN); M.L. Grant 3073 (ISC).

B e l t r an  Co: J .S .A .  271 (MIN); E.L. Nie lsen  (MIN).

Benton Co: J.W. Moore N.L. Huff 18846 (MIN).

Brainerd  Co: E.B. Watson s . n .  (ISC).

Brown Co: E.P. SHeldon 5366 (MIN).

I s a n t i  Co: J .N.  Moore 25647 (MIN); 0. Isaak 17 (MIN).

Kelly  Lake Co: L. Clapper s . n .  (ISC).

K i t t so n  Co: C.A. B a l l a rd  2647 (MIN); J.W. & M.F. Moore 11641

(MIN)

Koochiching Co: 0.  Lakela 191988 (MIN).

Lake Co: 0.  Lakela 5814 (MIN).

Lake o f  t h e  Woods Co: J.W. & M.F. Moore 10977 (MIN); G.

Swanson s . n .  (MIN); J.W. & M.F. Moore 12028 (MIN); J.W. & M.F. 

Moore 12217 (MIN).
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O t t e r t a i l  Co: P. Johnson 545 (ISC).

Polk Co: J .E .  Campbell s . n .  (F)

MARYLAND: Benton Co: J .A .  Steyermark 68670 (F ) ;  J .A .  Steyermark 7268 

(F) .

MONTANA: Bates Co: N.C. Henderson 65-584 (ISC).

Johnson Co: J .A.  s teyermark 24528 (F) .

LaClede Co: J .A .  Steyermark 72389 (F ) .

LaFayette  Co: J .A .  Steyermark 24745 (F) .

L iv ings ton  Co: S.  Sp a r l in g  1363 (ISC);  S. S p a r l in g  240 (ISC),

Miss Co: J .A .  Steyermark 72229 (F) .

P e t t i s  Co: J .A .  s teyermark  21340 (F ) .

S t .  Louis Co: H. Eggert s . n .  (MIN); H. Eggert  s . n .  (ISC).  

G a l l a t i n  Co: D.B. Swingle s . n .  (RM); D.B. Swingle s . n .  (WTU) 

J e f f e r s o n  Co: M.E. Jones s . n .  (RSA).

Lewis & Clark Co: F.D. Kelsey s . n .  (RSA).

Rava ll i  Co: C.L. Hitchcock C.V. Muhick 21937 (WTU).

NEBRASKA: Buffa lo  Co: W.E. 8.  s . n .  (US).

Brown Co: S. Stephens 24438 (NCU).

Cass Co: T.A. Will iams s . n .  (US).

Hooker Co: P.A. Rydberg 1515 (US).

Holt  Co: O.E. White s . n .  (US); E. Hodges E.L. Nie lson 3495 

(MIN).

Sher idan Co: J .B .  Hatcher s . n .  (UC).
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NEW HAMPSHIRE: Coos Co: W. Deane s . n .  (MIN).

H i l l sb o ro  Co: C.F. B a tche lde r  s . n .  (MIN).

NEW JERSEY: Cape May Co: M.A. Johnson s . n .  (ISC).

Mercer C6: A. S cho t t  s . n .  (F ) .

NEW MEXICO: Socoro Co: E.G. Wooten s . n .  (US).

NEW YORK: Albany Co: N.H. Russel l  817534 (MIN).

Columbia Co: W.A. Weber 1414 (ISC).

Delaware Co: B. Envir  & B.M. O t t l e r y  2685 (ISC).

J e f f e r s o n  Co: W.C. Muencher B. MaGuire 2501 (MIN).

Madison Co: H.D. House 23127 (US); W.R. Maxon s . n .  (US). 

Monroe Co: O.E. Pearce s . n .  (US); W.A. Matthews 3154 (NCU). 

Rensse la r  Co: J .  Hall s . n .  (F ) .

Sereca Co; J.W. Chickering s . n .  (US).

Shu.vter Co: McCarthy s . n .  (US).

S u l l i v a n  Co: W.A. Weber 208 (ISC).

Tompkins Co: W.C. Muchscher 340 (ISC);  H.E. summers s . n .  (ISC)

O.E. Pearce s . n .  (US).

NEVADA: Lincoln Co: M.E. Jones s . n .  (RM).

NORTH CAROLINA: Allegany Co: S.W. Leonard, A.E. Radford,  D. Culwel l ,

F. Greenlee 2073 (NCU).

Wake Co: S. Leonard & J .  Moore 5525 (NCU).
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NORTH DAKOTA: Bensen Co: J .  Lunell 547 (MIN); J .  Lunell 870 (MIN);

J .  Lunell s . n .  (MIN); J .  Lunell s . n .  (US).

Bot t ineau  Co: E.L. N ie l ssen  1214 (MIN).

Bur le igh Co: J .  Koch 276 (NCU).

Grand Forks Co: S.L.  Rider 128 (F) .

Grant Co: W.B. Bell 1348 (UC).

McClean Co: P.P.  M etca lf  427 (US).

Pembina Co: H.F. Bergman 2256 (GA).

Richland Co: O.A. Stowes s . n .  (US).

Stutsman Co: E.L. N ie lsen  2186 (MIN).

Ward Co: 0 .  Lakela 291 (MIN); L.F. Lau tensch la ger  823 (MIN)

OHIO: Champaign Co: D. Demaree 11689 (MIN).

Cuyahoga Co: J .R .  Watson s . n .  (MIN).

E r ie  Co: C.S. Mead 3059 (F ) ;  0. A lb r igh t  187 (MIN).

Hamilton Co: E.L. Braun s . n .  (US).

Lorain Co: A.E. Rickseeker  s . n .  (US).

Richland Co: E. Wilkinson 8461 (MIN).

Tama Co: J.W. Peuduff  s . n .  (ISC).

Wayne Co: E. w i lk inson  s . n .  (MIN).

OKLAHOMA: Alfal . ia  Co: R. J .  Baalman 490 (MIN).

Bryan Co: J .  & C. T ay lo r  2479 (OKL).

E l l i s  Co: G.W. Stevens  2901 (MIN).

Grant Co: G.W. Stevens  1791 (MIN).

89



Appendix B. continued.

Muskogee Co: C.S. W al l i s  7728 (GA); E.L. L i t t l e ,  J r .  2435 

(GA)-.

Oklahoma Co: M. Hopkins 121 (OKL); UT W ater fa l l  3074 (OKL)

Okmulgee Co: T.R. Stemen 547 (OKL).

Ottawa Co; G.W. Stevens 2308 (US).

Sequoyah Co: C.W. W al l i s  5557 (OKL).

OREGON: Marion Co: E. Hall s . n .  (F ) .

Umat i l la  Co: M.E. Peck 10461 (F ) ;  J .B .  Leiberg 2630 (US).

PENNSYLVANIA: Cameron Co: H.A. Wahl 831 (ISC).

KENTUCKY: Powell Co: D.D. Higgins 1681 (NCU).

Tioga Co: A.L. & H.N. Moldenke 31139 (US).

Tr igg  Co: E. Wofford 02268 (ISC).

PENNSYLVANIA: Union Co: A.L. & H.N. Moldenke 31150 (US). 

Westmoreland Co: L.K. Henry 551 (ISC).

RHODE ISLAND: Newport Co: P. Spalding s . n .  (US).

SOUTH DAKOTA: Fal l  R iver  Co: P.A. Rydberg 933 (US).

Roberts Co: W.H. Over 14384 (US).

Sheridan  Co: R.E. Buchanan s . n .  (ISC) .

Todd Co: W.L. T o l s t ead  s . n .  (ISC).
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TENNESSEE: C a r ro l l  Co: E. & A. Clebsch A.J .  Sharp 6008 (TENN).

Co.i.ie Co: R.E. Shank, A.J.  Sharp,  E. Clebsch 5234 (TENN).

C hes te r  Co: A .J .  Sharp,  E. & A. Clebsch 9434 (TENN).

Henry Co: E. & A. Clebsch A.J.  Sharp GllO (TENN); E. Clebsch

& A. Clebsch 7737 (TENN).

Morgan Co: A.S. Perc iva l  s . n .  (F ) .

TEXAS: Hemphill Co: V.L. Cory 50298 (US); C.M. Rowell 10596 (MIN);

E.L. Reed 4034 (RM).

UTAH: S a l t  Lake Co: I .H .  Pammel & R.E. Blackwood 3638 (ISC) .

Utah Co: S.L.  Welsh & G. Moore 3249 ( ISC) ;  B.F.  Harrison

11865 (US); B.F.  Harr ison  9217 (US UC); I .  T ides trom 1718 (US);

C. King 822 (US); J .H .  H arr i s  C27628 (MIN); M.E. Jones 487 (RSA); 

C.V. Morton 9217 (UC); M.E. Jones 1487 (F ) ;  R.E. COombs 1510 

(ISC).

VERMONT: Bennington Co: M.A. Day 149 (US).

VIRGINIA: Campbell Co: G.W. Ramsey, R.S. F r e e r ,  W. Thacker ,  N.F. Ruska

4568 (NCU).

Fonquier  Co: H.A. Alla rd  5349 (GH); H.A. A l l a r d  3281 (US).

Lee Co: J .K.  Small s . n .  (F ) .

Montgomery Co: W.A. M urr i l l  s . n .  ( ISC) ;  L . J .  U t ta l  10837 (NCU); 

L . J .  U t ta l  8163 (NCU).
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Randolph Co; H.H. Smith 1546 (F)

Roanoke Co: C.E. Wood, J r .  6239 (GH).

Sussex Co: M.L. Fernald & Bayard Long 9624 (GH).

Smyth Co: J .K .  Small s . n .  (GH,F).

WASHINGTON: Benton Co: Mrs. A. Gotfredson 90 (RSA).

Clark Co: C. E n g l i sh ,  J r .  477 (US).

Multnomah Co: E.P.  Sheldon S11167 ( CSPU,MIN,WTU,F); H.M. Gilkey

s . n .  (CSPU, WTU).

Okanogan Co: A.O.E. Elmer 537 (MIN)

Spokane o r  S tevens Co: F.O. Kreager 469 (MIN,US); R.K. B e a t t i e  

R. Chapman 2188 (US).

Walla Walla Co: R.M. Homer 17 (US)

Yakima Co: A.R. Kruckeberg 2545 (RSA); R.F. Hoover 5930 (RSA);

C. Abair  s . n .  (MIN); J .S .  Cotton 1396 (US); J . S .  Cotton 787 

(US).

WEST VIRGINIA: Cabell Co: F.A. G i l b e r t  1000 (GH).

Grant Co: M. Brown s . n .  (NCU).

G reenbr ia r  Co: F.W. Hunnewell 2795 (GH).

Tucker Co: H.A. Alla rd  9233 (US)

Wood Co: W.M. Pollock s . n .  (F)

WISCONSIN: Brown Co: J .H .  S chae t te  90 (F) .

Calumet Co: H.C. Benke 386 (F) .

Dane Co: N.C. F a s s e t t  8686 (ISC)
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WYOMING: Sheridan Co: A. Nelson 2258 (RM,US); A. Nelson 8489 (RM,US);

Vie W i l l i t s  468 (RM).

Verbena l a s i o s t a c h y s

CALIFORNIA: Alameda Co: Michener & B i o l e t t i  s . n .  (MICH); I .L .  Wiggins 

8957 (WTU).

Alpine Co: R.F. Hoover 4161 (CSPU,UC).

Amador Co: G. Hansen 1823 (NOG).

Butte  Co: Mrs. R.M. Aust in  s . n .  (NOG).

Colusa Co; R. S t i n c h f i e l d . 375 (CSPU).

Contra Costa Cor. J .A .  Ewan 9719 (WTU).

Fresno Co: H.P. Kelley s . n .  (UC); C.H. Quibell  522 (CSPU);

S. Simonian 01203A (CSPU); F. Beyl ik  53 (CSPU); Mrs. J .  Clemens 

s . n .  (CSPU); J .  McDonald s . n .  (US); E.C. Twisselman 17522 (RSA).

Glenn Co; R.E. Nelson 159 (WTU).

Humboldt Co: J . P .  Tracy 18090 (WTU,UC); L. Constance 660 

(UC); J . F .  Tracy 2775 (NCU); H.E. Parks 5072 (UC); A.L. &

H.N. Moldenke 30232 (US); J . P .  Tracy 18090 (CSPU).

Kern Co: L.R. SHort & I .H .  Johnson (UC); E.C. Twisselmann 

8767 (RSA); F.V. C o v i l l e ,  F. Funston 1110 (US).

Lake Co: W.L. Jepson 18935 (UC); W.L. Jepson 21227 (UC); A.A.

H e l l e r  5919 (WTU); H.N. Bolander 2683 (US).

Los Angeles Co: H.H. Smith 5063 (UC); F.W. Peir son  175 (UC);

E.D. Palmer s . n .  (UC); F.R. Fosberg 706 (UC); F.A. MacFadden 92E 

(UC); I .  Johnston 1320 (US); H.E. Hasse s . n .  (US)L. Abrams 2481 

(RSA);W.H. Brewer 31 (US); C. Crum s . n .  (UCSB)J.R. H a l l e r  151 (UCSB);
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J . F .  James s . n .  (US).

Marin Co: H.A. Davis s . n .  (WTU).

Mendocino Co: L.S. Rose 39140 (US); J .  McMurphy 320 (US);

J .B .  Davy W.C. Blasdah 5892 (US); Miss H.A. Wal lar  211 (UC);

W.L. Jepson 7643 (UC); W.L. Jepson 17668 (UC); W.L. Jepson 

20869 (UC); W.L. Jepson 9279 (UC); W.C. Matthews 174 (UC);

D.E. Breedlove  2931 (UCSB); J . P .  Tracy 5059 (WTU).

Monterey Co: F. Chisak i ,  H. Sharsmith ,  O.T. S o lb r ig  2823 (US);

C.B. Hardham 10466 (RSA); J .R .  Howell 11562 (RSA); C. Dudley s . n .  

(WTU); A.A. H e l l e r  6778 (WTU); L.W. Reinecke s . n .  (WTU); M.

Bench s . n .  (WTU); F. Youngberg s . n .  (WTU); A.A. H e l l e r  6778 

( ISC);  W.L. Jepson 9738 (UC); L.C. Wheeler 4294 (ND); G. Keaton 

s . n .  (UCSB).

Nevada Co: M.E. Jones 2598 (CSPU).

Orange Co: W.H. Brewer 717 (US); D.L. Crawford s . n .  (CSPU);

L.M. Booth 1171 (CSPU); J .T .  Howell 448 (CSPU); L.M. Booth 1171 

(UC)N. Murbarger 218 (UC); P.A. Munz 6734 (UC).

R ive rs ide  Co: J .T .  Howell 1040 (CSPU); L.B. Z i e g l e r  s . n .  (CSPU). 

San Ben i to  Co: V.F. Hesse 26060 (UC); W. Hickey s . n .  (UC); A .J .  

P i e t e r o  s . n .  (MICH).

San Bernardino Co; H.L. Wedberg 1121 (UC); G.W. Dunn s . n .  (NDG) 

P.A. Munz 12313 (WTU); S.B. P a r i s h  8464 (WTU).

San Diego Co; R.D. Alderson s . n .  (UC); I .L .  Wiggins 2967 (UC);

I .L .  Wiggins 2614 (UC); R.D. Alderson s . n .  (UC); L. Abrams 3787 

(RSA); M.F. Spencer 994 (CSPU); E.R. Johnson 1308 (CSPU); C.B.
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Wolf 2252 (CSPU); R.D. Alderson s . n .  (MICH); C.R. O rcu t t  s . n .  

(MICH); I .L .  Wiggins 2614 (WTU); E. Hewlett  51 (UC); C.V.

Meyer 240 (UC).

San Joaquin  Co: E.L. Greene s . n .  (NDG).

San Mateo Co: L.S.  Rose 32321 (UC); M.L. L i n v i l l  16 (OSC)

L.S.  Rose 32321 (WTU.ND).

Santa  Barbara Co; D. Demaree 18103 (ISC);  W.L. Jepson 12,144 

(UC); I.W. Clokey 5041 (ND); D.E. Breedlove 2856 (UCSB); J .  

Z e l l h o e f e r  26 (UCSB); J .  DeWitt 21 (UCSB); H .J .  Rocke 160 (UCSB); 

J .  Nowell 46 (UCSB); Y.A. Rocke 160 (UCSB); D.E. Breedlove 122 

(UCSB); A. W h i s t l e r  2A (UCSB); F. Smith 1348 (UCSB); A.D.E.

Elmer 3846 (RSA).

Santa  Clara  Co: D. Demaree 9205 (ND); T96 (CSPU); L. Abrams

s . n .  (CSPU).

Santa  Cruz Co: J .T .  Howell 11615 (Rancho Snata Ana); J .H.

Thomas 3219 (RSA); J .H.  Thomas 3188 (RSA); Mallory 245 (RSA);

E.E. S tan fo rd  488 (OSC); M. Epling 8310 (OSC).

Shas ta  Co: W.L. Jepson 21226 (UC); P.P. Nut t ing  s . n .  (CSPU).

S isk ivon  Co: G.D. B u t l e r  83 (UC); G.D. BUtler  943 (UC); L.C.

Wheeler  3315 (ND); E.L. Greene 860 (NDG); W.B. Cooke 15149(0SC); 

L.C. Wheeler 3315 (CSPU); D. Barbe 017 (CSPU); C.B. Wolf 1047 

(CSPU).

Sonoma Co; L.M. Newlon 271 (UC); W.L. Jepson 9486 (UC); M.E.

& E. Van Ferguson 238 (UC); A.A. H e l l e r  5785 (RSA).

Tehama Co: P.A. Munz 16963 (CSPU).
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T r i n i t y  Co: W.J. F e r l a t h  B.D. Rogers 2031 (UC); P.A. Munz 

16588 (CSPU); E.K. B a l l s  13802 (CSPU); E.R. Johnson 1163 (CSPU). 

Tu la re  Co; Miss Vastwood 4210 (CSPU); W. Fry 333 (UC); G.T.

Robbins L.R. Heckard 3542 (UC).

Tuolumne Co: R.L. Konrod 10412 (CSPU); A.L. Grant s . n .  (UC);

W.L. Jepson 6419 (UC); A.L. Grant  s . n .  (UC).

Ventura Co: 0 .  Thacher 40 (UC); J .T .  Howell 1028 (RSA); A.

Simontacch 74 (UC); H.M. P o l l a rd  s . n .  (MO).

OREGON: Curry Co: D.L. F r iebe  s . n .  (OSC); M.E. Peck 8702 (OSC); W.H.

Baker 4207 (UC.OSC); W.H. Baker 4368 (OSC).

Douglas Co: M.E. Peck 23722 (OSC); V.L. Crosby 00132 (OSC);

M.E. PEck 7450 (OSC); M.E. Peck 20215 (OSC); I.W. Thompson 4412 

(MO).

Jackson Co: J.W. Thompson 12409 (ND,MO); A.N. Steward 7188 (OSC); 

L . J .  & Z.B. Dennis 2255 (OSC); Mrs J .D .  H o ls t  s . n .  (OSC); L . J .

Dennis 2536 (OSC); H.M. Gilkey s . n .  (OSC); M.E. Peck 14961 (OSC);

O.P. Rogers s . n .  (OSC); M.E. PEck 7451 (OSC); M.E. Peck 16357

(OSC); E.W. Hammond 322 (US,MO).

Joseph ine  Co: T. Howell s . n .  (OSC).

Verbena neomexicana

ARIZONA: Cochise Co: F.W. Gould, L.M. P u l t z  3164 (UC); L.N. Gooding

2246 (UC); A.L. Hinckley s . n .  (ARIZ); Maguire,  R ichards ,

Meolle r  11065 (ARIZ); Kearney,  Peebles  13847 (ARIZ); Lemmon s . n .  

(F,ARIZ); L. Grines 7138 (ARIZ); Harr ison  & Kearney 5796 (US,ARIZ);
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J .C .  Blumer 2170 (US); J . I .  Carlson s . n .  (US); J .O.  Blumer 

1804 (MIN.NMC); 0. Anderson & E. Rh inehar t  1292 (NMC).

Gila  Co: Mrs. R.E. Collum 355 (US); P a rk e r ,  McClintock, Robbins

6121 (ARIZ); A. & R. Nelson 2018 (RM).

Maricopa Co: L.R. Albee s . n .  (NMC); E. Lehto 4643 (NCU);

E. Lehto 5126 (NCU); E. Lehto 416 (NCU).

Pima Co; Peeb les ,  H a r r i s o n ,  Kearney 3790 (US,ARIZ); G.J.

Harri son  4778 (US,ARIZ), C.B. C a r t e r  s . n .  (NMC); H.H. Nichol 

S .n .  (ARIZ); Peebles 7928 (ARIZ); J .  Arnold s . n .  (ARIZ); L.

Benson s . n .  (ARIZ); T.H. Kearney & C.H. Peebles 10355 (ARIZ).

Pinal  Co; Peeb les ,  H a r r i s o n ,  Kearney 1753 (ARIZ); Lehto,

H ense l , Pinkova 11033 (US); R.H. Peebles G.J. Harrison 1649 

(ARIZ); H'arrison & Kearney 1488 (ARIZ).

Santa Cruz Co- Kearney & Peebles  13863 (ARIZ); C.G. P r in g le  s . n .  

(F ) ;  I .  Tidestrom 872 (US); A. Hesse lberg  s . n .  (ARIZ); L.N.

& C. Gooding s . n .  (ARIZ); Darrow s . n .  (ARIZ).

Yavapai Co: M.E. Jones s . n .  (US); F.W. Gould, R.A. Darrow 4180 

(US,ARIZ), F.S.  Crosswhite 718 (NCU).

NEW MEXICO: B e r n a l l i l o  Co: E.O. Wooten 3852 (NMC).

Eddy Co: B.E. McKechnie 360 (MO).

Grant Co: N.W. Eggleston 16505 (F ) ;  D.A. & A.D. Zimmermann DAZ-ADZ 

2239 (ARIZ); E.L. Greene s . n .  (F,MO); W.W. Eggleston 16399 (F ) ;

E.L. Greene s . n .  (US); J.M. Holz inger  s . n .  (US).

Lincoln Co: Wharton, Huber s . n .  (MO); F.S.  & E.S. Ear le  387 

(RM); Turner s . n .  (NMC); Turner  s . n .  (NMC).
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Otero Co: W. Huber s . n .  (F ) ;  E.O. Wooten s . n .  (NMC).

Santa Cruz Co: W.E. N i le s  759 (MINARIZ).

S i e r r a  Co: E.L. Greene 955 (NMC).

Socorro  Co: C.L. Merrick (NMC); 0 . 8 .  Metca lfe 612 (MO,NMC); 

R . J .  Fleetwood 670 (US); E.L.  Greene 610 (RM).

TEXAS: Bell  Co: S.E. Wolff 539 (F ) ;  C.L. & Ger trude York 54448 (M,N).

Bexar Co: Metz 2156 ( F ) ;  H.’c .  C u t l e r  901 (MO); B.H.A. Groth

16 (F ) .

Brewste r  Co: R.R. Innes B.H. Narnock 537 (GH); A.R. Kruckeberg 

4796 (UC); R.R. Innes & B ru n e l l e  Moon 1200 (GH); D. Su ther land  

2802 (NMC); O.E. Sperry 477 (US); Missouri  Bo tanical  Garden 

357 (US,MO); E.G. Marsh 219 (F)E.D. SChulz 2026 (F ) ;  C.H. 

Muel le r  8139 (F ) ;  E.G. Marsh 249 (F,MO); J .A .  Moore & J .A .  

Steyermark 3277 (GH,MIN) ; B.H. Narnock s . n .  (ARIZ); A. & R. 

Nelson 5129 (RM); B.C. Tharp s . n .  (RSA).

Brown Co: J .  Reverchon 737 (F).

Comal Co: Lindheimer 1074 (GH); Lindheimer 1074 (GH.NMC).

Dimmit Co: M.E. Jones 28293 (RSA).

Edwards Co: L.C. Higgins 5608 (NCU).

Hudspeth Co: B.D. Tharp 43-804 (MO).

J e f f  Davis Co: L.C. Hinckley 170 ( F ) ;  Tharp ,  Janszen 49-1144 

(MIN); L.C. Hinckley s . n .  (ARIZ); E . J .  Palmer 30791 (MO); M.E. 

Jones  26224 (RSA).

Kerr  Co: A.A. H e l l e r  1732 (GH).
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P r e s id io  Co; L.C. Hinkley 1971 (US); S.D. McKelvey 2046 (US); 

C.L. & A.A. Lundell  14340 (US); L.C. Hinckley 1254 (GH);

L.C. Hinckley 3246 (GH); L.C. Hinckley 2709 (GH); H.C. Hanson 645 

(GH,US); B.H. Warnock 46615 (F,US); L.C. Hinckley 1089 (F.ARIZ); 

T.R. Van Devender s . n .  (ARIZ): L.C. Higgins 5070 (NCU); L.C. 

Hinckley s . n .  (GH).

San P a t r i c i o  Co: S.D. McKelvey 1710 (GH).

San Saba Co: E. Howell 12 (NCU).

T rav i s  Co: B.D. Tharp s . n .  (F,MO); E. Hall 530 ( F ) ,  C.L.

York 49003 (MIN); B.C. Tharp s . n .  (GH); C.L. & A.A. Lundell

8876 (GH).

Tom Green Co: E . J .  Palmer 12382 (RM).

Val Verde Co: G.B. Rossbach 4826 (UC).

Webb Co: Thpar & York 52-153 (RM); H.S. Gentry & A.S. Barc lay 

18439 (US); A. & R. Nelson 5138 (RM); B.C. Tharp 3687 (US). 

Wharton Co: J .K .  Small s . n .  (GH).

Verbena o f f i c i n a l i s

ALABAMA : Barbour Co: R.M. Harper 4333 (GA).

DeKalb Co: H. Egger t  s . n .  (MO); H. Eggert  s . n .  (US).

Mobile Co: C. Mohr s . n .  (US); C. Mohr s . n .  (US); C. Mohr s . n .

(MICH); S. J e w e t t  s . n .  (MICH).

DELAWARE: New C a s t l e  Co: C. S pu r ia  s . n .  (GH).

FLORIDA: Alachura Co; F.H. S a rgen t  6207 (CSPU)
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Jackson Co; R.K. Godfrey 53168 (GA).

Pasco Co: P. G ene l le ,  G. Fleming 198 (CSPU).

Volus ia  Co: 0 .  Lakela 31863 (CSPU).

GEORGIA: Decatur  Co: R.A. Norr is  377 (GA).

Dougherty Co: R.F. Thorne 3629 (GA).

M i l l e r  Co: R.F. THorne 5437 (GA).

Wilkes Co: J .A .  Lowell s . n .  (GH).

LOUISIANA: Acadia P a r : F.W. Pennell 10201 (GA).

E as t  C a r ro l l  P a r : B i l l y  Thompson 151a (WTU).

L inco ln  P a r : R.D. Thomas, K. Gremil l ion  2487 (UCSB).

MARYLAND: Worcester  Co: R.R. Ta tna l l  2377 (GH); R.H. True 13 (PH).

MASSACHUSETTS: Essex Co: W. Oakes s . n .  (GH).

MISSISSIPPI: Newton Co: L.C. Temple 8610 (GA).

Warren Co; T.M. Pullen  64609 (GA).

NEW JERSEY: Cambden Co: C.F. Parker  s . n .  (GH); C.F. Parker  s . n .  (GH)

Cape May Co: L. Griscorn 10518 (GH).

NEW YORK: Dutchess Co: J .  Hall s . n .  (F) .

Bronx Co: H.N. Moldenke 20562 (CSPU).
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B_rook1yn Co: J .  Schrenk s . n .  (MO).

Suffo lk  Co; E.S. M i l l e r  s . n .  (F ) .

Yates Co; S.H. Wright s . n .  (MICH).

OREGON: Marion Co: J .C .  Nelson 1693 (GH).

Multnomah Co: W.N. Suksdoy 1894 (GH); J .C .  Nelson 4841 (OSC); 

J .C .  Nelson 835 (GH).

PENNSYLVANIA: Dauphin Co: T.C. P o r t e r  s . n .  (GH); J .K.  Small s . n .  (F ) .  

Delaware Co: B. Long 38759 (PH); J.M. Fogg, J r .  5695 (GH). 

L ancas te r  Co: W. Stone 2166 (PH); T.C. P o r t e r  s . n .  (PH,6H). 

P h i l a d e lp h ia  Co: A.H. Smith s . n .  (PH); C.F. Parker  s . n .  (PH); 

C.F.  Parker  s . n .  (PH); H.B. Meredith s . n .  (PH); B. Long 24578 

(PH); H.B. Meredith s . n .  (GH); C.F. P a rke r  s . n .  (F ) ;  E.C.

M artindale  1960 (SIU).

York Co: A. MacElwee s . n .  (PH); A. MacElwee 873 (GH).

SOUTH CAROLINA: Anderson Co: J .  Davis 8493 (US).

TENNESSEE: Carro l l  Co: H. Eggert  445 ( F ) .

C a r t e r  Co: J .K.  Smal l ,  A.A. H e l l e r  4848 (F ) .

Knox Co: A. Ruth s . n .  (MO,WTU).

TEXAS: Wilson Co: D. N ind le r  403 (SIU) .
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VIRGINIA: Accomee Co: H. Wilkens 5372 (PH).

Dinwiddie Co: M.L. Fernald  B. Long 10798 (GH).

Henriw Co: M.L. Ferna ld ,  8.  Long 12451 (GH).

NORTH CAROLINA: Madison Co: J .D.  Smith s . n .  (US).

Catawba Co: J .K.  Smal l ,  A.A. H e l l e r  s . n .  (F) .

Guiford Co: J .K.  Smal l ,  A.A. H e l l e r  s . n .  (F ) .

Rowan Co: J .K .  Smal l ,  A.A. H e l l e r  484 (F) .

Curr i tuck  Co: L.F.  & F.R. Randolph 587 (GH).

Washington Co: L.F.  & F.R. Randolph 645 (GH).

Polk Co; E.C. Townsend s . n .  (US).

Macon Co: L.N. Johnson 1960 (F) .

Bladen Co: Bi l tmore  4762 (GTT).

VIRGINIA: Norfolk Co: H.B. Meredith s . n .  (MICH).

P r incess  Anne Co: M.L. F e rna ld ,  B. Long 4152 (GH); M.L. Fernald

B. Long 12452 (GH); K.K. Mackenzie 1679 (CSPU,MO).

Smyth Co: J .K.  Small s . n .  (US).

Southhampton Co: M.L. F e rn a ld ,  B. Long 14395 (GH); A.A. H e l l e r  

964 (US).

WEST VIRGINIA: J e f f e r s o n  Co: E.L. Greene s . n .  (F) .

Ohio Co: H.N.M. & G. Guthenberg 1960 (F) .

Verbena robus ta

CALIFORNIA: Alameda Co: W.L. Jepson 12935 (UC); Michener & B i o l e t t i  123 (GH);
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R.P. Brandt  s . n .  (UC); M.S. Baker 10504 (UC); Michener &

B i o l e t t i  s . n .  (UC).

Contra Costa Co: R. Brandt  s . n .  (UC); P.M. Raven 2489 (UCSB);

J .A.  Ewan 9726 (UCSB); M.L. Bowerttian 393 (UC); M.L. Bowerman 371 

(UC); M.L. Bowerman 464 (UC); K. Brandeger s . n .  (UC).

Los Angeles Co: C.F. Millspaugh 4588 (F ) ;  E.C. Knopf 160

(F ) ;  L.W. N u t t a l l  125 ( F ) ;  E.C. Knopf 246 ( F ) ;  W.X. Knopf 138 

(F ) ;  J . F .  MacBride 850 (GH,M0); K. Brandeger s . n .  (UC); R.F. 

Thorne,  P. E v e r e t t  35007 (CSPU); C.B. Wolf 3612 (UC); R.F. THorne 

36670 (CSPU); R.F. Thorne 36508 (CSPU); F.R. Fosberg 54843 (UC);

F.R. Fosberg 54606 (UC); F.R. Fosberg 54741 (CSPU.ND); M.B.

Dunkle 1955 (CSPU); J . F .  Car lson s . n .  (GH,M0); L.W. N u t ta l l  348 

(F).

Marion Co; W.L. Jepson 21230 (UC); G. Keaton s . n .  (UCSB); A. 

Eastwood s . n .  (GH).

Monterey Co: A. Eastwood,  J .T .  Howell 5808 (WTU,GH); C.M.

Bel Shaw 2731 (GH).

Santa Barbara Co: 0 .  Thacher s . n .  (UC); D.E. Breedlove 833

(UCSB); R.E. Broder & M.R. Benedic t  B64-32 (UCSB); C.B. Wolf 

4160 (UC,WTU); F.H.E.  38-291 (MICH); I.W. Clokey 5041 (MICH);

M.E. Jones SM-11-26 (CSPU); M.W. Williams 42 (CSPU); E.K.

B a l l s ,  E.R. B la ke ly  23677 (CSPU,UC).

Santa C la ra  Co: J .B .  Davy 289 (UC); L.S. Rose 65098 (WTU);

J .H. Thomas 4309 (MICH); C.P. SMith 1155 (MICH).

San Diego Co: C.R. O rc u t t  539 (F ) ;  C. Ep l ing ,  M. D ars ie ,
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C. Knox, W. Robinson s . n .  (UC); E. Palmer 310 (F,GH).

San Luis Obispo Co: M. Cooper 49 (UCSB); I .L .  Wiggins 3618 

(WTU); C.B. Wolf 3614 (CSPU); E. Palmer 341% (GH).

San Mateo Co; A.D.E. Elmer 4950 (UC,OSC); J .T .  Howell 14745 

(CSPU).

Solano Co: W.L. Oepson 20250 (UC); W i l l i s ,  L. Jepson s . n .

(UC); J.W. Congdon s . n .  (GH).

Tuolumne Co: Mrs. N .J .  Will iamson 189 (CSPU).

Verbena simplex

ALABAMA: Blount Co: C.F. Baker s . n .  (US).

Choctaw Co: C. Schucher t  s . n .  (US).

F rank l in  Co: J .  Massey 4638 (NCU).

Jackson  Co: J .  Massey, R.D. Whetstone 4610 (NCU).

Mobile Co: C. Wohr s . n .  (US).

Montgomery Co: E.M. F a r r  s . n .  (PH).

ARKANSAS: Bax te r  Co: D. Demaree 28939 (ISC).

Boone Co: D'Arcy, P o r t e r ,  Demaree 4394 (ISC) .

Independence Co: C.C. Smith s . n .  (OKI); D. Demaree 26752 (MIN), 

I z a rd  Co: D. Demaree 23378 (OKI).

Lawrence Co: P.H. Rolfs  s . n .  (ISC) .

Marion Co: D. Demaree 29249 (ISC) .

Searcy  Co: R. Bebb 4027 (OKL).

S e b a s t i a n  Co: H. Ayers s . n .  (MICH).

Sharp Co: D.B. Dunn 12814 (GA).
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CONNETICUTzNewHaven Co: W.E. Sa f fo rd  216 (US).

DELAWARE: New C a s t l e  Co: B. Long s . n .  (PH).

GEORGIA: Bartow Co: W.H. Duncan 8427 (GA).

Catoosa Co: O.K. Small s . n .  ( ISC ,F) .

Cherokee Co: W.H. Duncan 8349 (GA).

Dade Co: W.H. Duncan 2600 (GA).

Floyd Co: H.C. Jones 155 (GA).

Meriwether Co: H.E. W ethe r i l l  s . n .  (PH).

Walker Co: A. Cronquis t  5280 (GA.MICH).

W h i t f i e ld  Co: H.G. DiGioia 15 (GA).

ILLINOIS: Cook Co: L.M. Umbach s . n .  (PH,MIN); E. summers s . n .  (MIN); 

H.F. Munroe s . n .  (MICH); N.V. Haynie 2626 (F ) ;  N.V. Haynie 

1846 ( F ) ;  H.H. Smith 5670 (GH); A. Chase 1620 (GH); G.H. Shull

s . n .  (OKL); R. Bebb 1683 (OKL).

G a l l a t i n  Co: Voight & Weber 1846 (MIN).

I ro n  Co: S. S tu l l  85 (F)

Lake Co: F.C. Gates 1127 (MICH).

Monroe Co: P.P.  Wunderlin 2817 (NCU).

Per ry  Co: W.M. B a i ley ,  J .R .  Swayne 111 (NCU).

S t .  C l a i r  Co. J .O.  N eil l  10691 (NCU).

Stephenson Co. C.F. Johnson s . n .  (MIN)

L.M. Umbach s . n .  (US); I . E .  Boyce s . n .  (ISC) .

Winnebago Co: S.C. Wadmond 3763 (MIN); L.H. Pammel, V.C. Fish
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291 (ISC).

INDIANA: Cass Co: C.C. Deam 25916 (PH).

DeKalb Co: C.C. Deam 3234 (MIN).

Har r ison  Co: R.M. Tryon 2733 (MIN); C.C. Deam 16429 (MIN).

Lake Co: E.D. McDonald s .m. (US); J.W. T h i e r e t  620 (F ) .

Monroe Co: J .  Wynn 63 (GA,MIN).

P o r t e r  Co: H.R. Bennet t  s . n .  (F,MIN); H.R. Bennet t  7127 (F) 

Posey Co: F . J .  Hermann 6640 (MICH).

Warren Co: R.C. F r i e s n e r  22854 (MICH).

IOWA: Black Hawk Co: B. Shimek s . n .  (MIN); L.H. Pammel s . n .  (ISC) .  

C lin ton  Co: T .S .  & M.K. Cooperr ider  1290 (NCU,MIN).

Jones Co: T.S.  C ooperr ide r  291 (MIN).

Lyon Co: L.H. Pammel s . n .  (ISC).

Muscatine Co; B. Shimek s . n .  (MIN); M.E. & R.G. Brown s . n .  

(ISC).

S to ry  Co: R.W. Pohl 7195 (ISC).

KANSAS: Anderson Co: A.S.  Hitchcock 791 (GH-US).

Coffey Co: W.H. Horr  3476 (GH).

Crawford Co: T.M. Sperry  4003 (NCU).

Douglas Co: W.H. Horr  E76 (US,PH); W.C. S te rns  s . n .  (US). 

Labe t te  Co: S.  Stephens 11037 (NCU).

Miami Co: L. Hauser,  R. Brooks 2887 (GH).
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Osage Co: G. Tucker 132 (NCU).

Woodson Co; E.N. Lathrop 204 (GH); E.W. Lathrop 282 (US,GH).

KENTUCKY: Boyle Co: M.E. Wharton 1002 (MICH).

B u l l i t t  Co: C.R. Gunn 40 (NCU).

Edmonson Co: C. Schwab 138 (ISC);  H.W. Lix 217 (US).

Faye t te  Co: C.W. SHort s . n .  (MICH).

Grayson Co: C. Schwab 48 (ISC).

Jessamine Co: E.L. Braun s . n .  (US); E.L. Braun 921 (US).

Madison Co: R.E. F o th e r g i l l  s . n .  (MICH).

Nelson Co: M.E. Wharton 4058 (MICH).

Rockcast le  Co: L.B. Smith,  A.R. Hodgdon 3705 (US); M.E. Wharton 

2595 (MICH).

S c o t t  Co: J.W. S inger  178 (US).

Wayne Co: E.L. Braun 3083 (US).

MARYLAND: Cecil  Co: J . J .  C a r t e r  s . n .  (PH).

Montgomery Co: A .J .  P i e r t e r s  s . n .  (MICH); F . J .  Hermann 9533 

(.MICH).

Pr ince  Georges Co: E.H. Walker, F.R. Fosberg 2855 (GA). 

MASSACHUSETTS: Hempshire Co: H.G. Jesup  s . n .  (F ) .

MICHIGAN: Chippewa Co: E.G. Voss 12389 (MICH); C. & B. Horne 153 (MICH).

Lenawee Co: J .  Wright s . n .  (MICH).
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S t .  C la i r  Co: C.K. Dodge s . n .  (MICH); O.K. Dodge s . n .  (MICH);

W.S. Cooper s . n .  (MIN).

MINNESOTA: Fil lmore Co: H. H uoslef  s . n .  (MIN).

Rock Co: Moore, Tryon 17580 (MIN).

S c o t t  Co: C.A. B a l l a r d  B212 (MIN).

MISSISSIPPI: l ^ C o :  T.M. P u l le n  64388 (GA).

Oktibbeha Co: C.L. P o l l a r d  1312 (F) ,

Tishomingo Co: T.M. P u l len  64445 (GA).

MONTANA: Barry Co: B.F.  Bush 206 (US).

Boone Co: D. & D. Wade 2192 (PH).

Burton Co: J .A.  Steyermark 7430 (F) .

Callaway Co: J .A .  Steyermark 26145 (F) .

Cole Co: J .A .  Steyermark 24905 (F).

Cooper Co: J .A.  Steyermark 21810 (F).

F rank lin  Co: E.E. S h e r f f  1010 (F ) .

Greene Co: P.L.  Redfea rn ,  Or. 3599 (GA); P.O. S tand ley  8311 (US);

P.C. S tandley  9336 (US).

I ron  Co: J .R .  Church i l l  s . n .  (MIN).

Jackson Co: B.F.  Bush 914 (US).

J e f f e r s o n  Co; G.B. Ownbey 737 (MIN).

Lincoln Co: J .  Davis s . n .  (MICH).

Montgomery Co: C.O. Elamson 1707 A (MICH).
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Polk Co: J .A .  Steyermark 24049 (ISC).

Ozark Co: E . J .  Palmer 34766 (GH); P. Maycock s . n .  (NCU).

Phelps Co: M. Ganz, D. Keil s . n .  (NCU).

S t .  Louis Co; G. Engelmann s . n .  (GH,US); V.M. F l a t f e l l e r  s . n .  

(MICH).

Stone Co: P.L.  Redfearn ,  J r .  18876 (NCU).

NEW JERSEY: B u r l in g to n  Co: B. Long s . n .  (PH).

Cambden Co: B. Long 4320 (PH); J .B .  Br in ton  s . n .  (PH).

G louces te r  Co: E.B. Bertram s . n .  (PH); I .  Burk s . n .  (PH);

C.S. Wilhamson s . n .  (PH).

Hunterdon Co: H.L. F i s h e r  s . n .  (PH).

Mercer Co: A.R. S lack  s . n .  (PH); E. volk  s . n .  (PH); E.B.

Bertram s . n .  (PH).

Warren Co: T. Seal s . n .  (PH).

NEW YORK: Columbia Co: R. McVaugh 2239 (PH).

NORTH CAROLINA: Chatham Co: P.A. K es s l e r  573 (GA).

Durham Co; W.B. Fox, R.K. Godfrey,  L.E. Anderson 3624 (GA);

A.E. Radford 44754 (US).

G ra n v i l l e  Co: R.K. Godfrey 5117 (GH); W.T. Batson ,  J r .  1206 (PH); 

A.E. Radford ,  O 'B r i a n t  45472 (MIN); A.E. Radford 43888 (MIN).

Polk Co: E.C. Townsend s . n .  (US).

Rowan Co: W.W. Davis 249-5 (PH)
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OHIO: Adams Co: E.L. Braun s . n .  (US).

B u t l e r  Co: L.H. Wehmeyer, C.N. Waters 42 (MICH).

Champaign Co: E.C. Leonard 19069 (US).

E r i e  Co: D. A lb r igh t  182 (MIN); E.L. Mosely s . n .  (US); H.H.

York s . n .  (PH).

Hamilton Co: E.L. Braun s . n .  (US).

Highland Co: E.L. Braun s . n .  (US).

Ottawa Co: C.S. Mead 3060 (F ) ;  H.H. York s . n .  (PH).

Trumbull Co: A.N. Road 1057 (MIN).

Washington Co: T. Schoepf le  s . n .  (MICH).

OKLAHOMA: Brvan Co: J .  & C. Taylor  795 (OKL); Bryan Co: J .  & C. Tay lor

4071 (OKL).

Cherokee Co: R. Bebb 4377 (OKL).

Choctaw Co: UT Water fa l l  8901 (GH); C. Smith,  W. Radel 69 (GH).

Craig Co: U.T. Water fa l l  6852 (OKL).

Harmon Co: D. Demaree 12216 (OKL).

LeFlore Co: C. & J .  Tay lor  16333 (OKL).

McCurtain Co: E.L. L i t t l e ,  J r . ,  C.E. Olmstead 104 (GH); H.W. 

Houghton 3622 (GH); H.W. Houghton 3646 (OKL); P.B. Sears 1432 (OKL). 

Marshall Co: G.H. Ware s . n .  (OKL).

Mayes Co: J .  F i r s t  42 (OKL).

Muskogee Co: E.L. L i t t l e  J r .  1584 (OKL); E.L. L i t t l e ,  J r .2346(0K L); 

E.L. L i t t l e  J r .  1785 (OKL); S.E.  Reins s . n .  (OKL).

Ottawa Co: G.W. Stevens 2299 (OKL); G.W. Stevens 2299 (GH,MIN). 

Osage Co: U.T. W ater fa l l  8179 (OKL); A.H. Valkenburgh 434 (OKL);
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G.W. Stevens  1980 (MIN).

■Pavne Co: A.H. Valkenburgh 399 (OKL).

Rogers Co: U.T. W ater fa l l  1453 (OKL).

l y l s a  Co : J .B .  McFarlin s . n .  (OKL); M.B. Clark 342 (OKL);

G.H. Per i  no 283 (OKL).

Wagoner Co: R. Bebb 4324 (OKL).

Washington Co: G.W. Stevens 2080 (MIN).

PENNSYLVANIA: Berks Co: H. Wilkens 5191 (PH); D. Berkheimer 2540 (PH). 

Cent re  Co: H.A. Wahl 17474 (NCU); H.A. Wahl 1316 (ISC).

F rank l in  Co.: W.F. W es te r f ie ld  13802 (NCU).

L a n c a s te r  Co: J .K .  Small s . n .  (US).

Lehigh Co: R.L. S c h a e f f e r  35931 (US).

TENNESSEE: Anderson Co: L.M. Rohrbaugh 206 (OKL); W.H. E l l i s  28806

(GA).

C a r ro l l  Co: D. Demaree 30781 (ISC).

C a r t e r  Co: J .D.  Smith s . n .  (US).

Davidson Co: W.N. Eggles tone 4430 (US); G.G. A i n s l i e  s . n .  (MICH) 

Knox Co: A. Ruth s . n .  (MIN); F. Lamson-Scribner s . n .  (US).

Lewis Co: W. Hess 1135 (OKL).

Roane Co: F.R. Neose 517 (US).

Ruther ford  Co: D. Demaree 45755 (GA).

S tew ar t  Co: R. Riggins 735 (ISC).

Wayne Co: W.B. McDougall 1059 (US).
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VIRGINIA: Bedford Co: A.H. C u r t i s s  s . n .  (MICH); A.H. C ur t i s s  s . n .  (MICH)

Lee Co: J .K.  Small s . n .  (PH,MIN).

London Co: H.O. House 875 (US).

Mecklenburg Co: F.R. Fosberg 15466 (PH).

Middlesex Co: Leonard Kil l  ip  534 (US).

Roanoke Co: C.E. Wood, J r .  3692 (PH); C.E. Wood, JR. 1223 (PH).

Rockbridge Co: O.W. Gupton 3256 (NCU)

WASHINGTON D.C.: D.L. Topping s . n .  (MIN), G.B. Sudworth 538 (MICH),

G.B. Sudworth 750 (MICH); A .J .  P i e t e r s  s . n .  (MICH); E.S.

S t e e l e  s . n .  (MIN); C.S. Sheldon s . n .  (MIN).

Verbena s t r i c t a

ARKANSAS: Baxter  Co: 0.  demaree 23606 (GH); D. Demaree 29314 (MIN).

Clay Co: D. Demaree 27030 (MIN).

Craighead Co: D. Demaree 27113 (MIN); D. Demaree 30772 (MIN);

D. Demaree 5085 (OKL).

Green Co: D. Demaree 26698 (MIN).

Independence Co: D. Demaree 23800 (OKL).

I za rd  Co: D. Demaree 23376 (OKL).

Lawrence Co: D. Demaree 26152 (MIN).

Logan Co: D. Demaree 17723 (MIN); D. Demaree 25194 (OKL).

P h i l l i p s  Co: D. Demaree 15224 (MIN).

P o in s e t t e  Co: D . Demaree 17568 (MIN).

Pope Co: D. Demaree 19871 (GH).

Randolph Co: D. Demaree 30963 (OKL).

Sharp Co: D. Demaree 26270 (MIN)
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Stone Co; D. Demaree 27888 (MIN).

Washington Co: F.L. Harvey s . n .  (MIN)

COLORADO; Denver Co: A. Eastwood 90 (US)

Kit  Carson Co: M. Ownbey 1363 (RM)

Las Animas Co: C.M. Rogers 4967 (MICH); C.M. Rogers 6076(MICH) 

C.M. Rogers 6956 (MICH); C.M, Rogers 6111 (MICH).

Washington Co: R.L. Piemeisel  1576 (US).

Weld Co: G.E. O s te rhout  6473 (RM).

Yuma Co: G.E. O s te rhout  4039 (RM); R.L. Piemeisel  1533 (US);

W.W. Egglestone 15528 (US).

ILLINOIS: Adams Co: E.W. Erlanson 18 (MICH).

Cass Co: H.F. Galos 551 (MICH).

Champaign Co: H.E. Ahles & R.H. G i lp in  8148 (NCU).

Cook Co: E.R. Shipman s . n .  (MICH); M.H. Clark s . n .  (MICH);

A.P. Anderson 2066 (MIN); G.H. Shull  s . n .  (NCU,MIN).

DuPage Co: L.M. Umbach s . n .  (MIN).

G a l l a t i n  Co: B a i ley ,  Swayne 473 (MIN).

Henderson Co: H.N. P a t t e r s o n  s . n .  (US).

Peor ia  Co: F.E. McDonald s . n .  (MIN).

Pike Co: J .  Davis 6370 (MIN).

McDonough Co: C.H. Kauffman s . n .  (MICH).

Stephenson Ga>: C.F. Johnson s . n .  (MIN).

Will Co: L.M. Umbach s .m. (MICH).

Winnebago Co: S.C. Wadmond 3769 (MIN).
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INDIANA: C ar ro l l  Co: K. M i l l e r ,  W. Mils tead  130 (NCU).

Jennings  Co: C. Hendricks s . n .  (NCU).

Marion Co: H.H. B a r t l e t t  s . n .  (MICH).

Newton Co: W.H. Welch 1729 (MIN).

P o r t e r  Co: R.M. Tryon 1513 (MIN).

Posey Co: C.C. Dean 16841 (MIN); C.C. Deam 16862 (MIN)

Pulsaki  Co: R.C. Fr iesnex  22373 (MICH).

Putnam Co: T.G. Yuneker 3677 (MIN).

IOWA: Allamakee Co: B. Shimek s . n .  (MIN).

Boone Co: Pammel, Henning s . n .  (MIN)

Cedar Co: M.J. Fay 688 (NCU).

Clay Co: A. Hayden 3005 (MIN).

Dickinson Co: E.R. Mathews 90 (NCU)

Faye t te  Co: B. Fink s . n .  (MIN).

Fremont Co: B. Shimek s . n .  (MIN).

Hamilton Co: 6. Blanch 141 (NCU).

Hardin Co: B. Shimek s . n .  (MIN).

H arr ison  Co: L. Kellogg 174 (MICH).

I ^ C o :  J .L .  C a r t e r  1122 (MIN).

Lee Co: B. Shimek s . n .  (MIN).

Lynon Co: B. Shimek s . n .  (MIN).

M il l s  Co: M.J. Fay 3593 (NCU).

P o r t e r  Co: M.W. Lyon s . n .  (MICH).

Po ttawattam ie  Co: D. Demaree 23662 (NCU).
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Pnweshiek Co: N.H. Russel l  NR6285-215 (MIN).

Sioux Co: J .L .  C a r te r  1271 (NCU).

Sto ry  Co: C. Schwab 204 (NCU); M.A. Anderson 29 (NCU); B.

Mart in  86 (MIN); F.C. S tew ar t  s . n .  (MIN).

KANSAS: Barber  Co: J .  B a r re l l  38-72 (US); J .  Po index te r  201-11 (NCU);

J .  P o in d ex te r  201-56 (NCU).

Crawford Co: D.J.  Housholder 966 (NCU); H.F. Becker s . n .  (MICH)

Douglas Co: W.C. Stevens s . n .  (US).

E l l i s  Co: R . J .  Bealman 131 (OKL); E. Runyon 175 (MIN).

Greenwood Co: J .  Engleman 1079 (OKL).

OHIO: Hamilton Co: E.L.  Braun s . n .  (US); C.H. Thompson 154 (US).

KENTUCKY: Marshall  Co: W.W. Eggles ton  4837 (MIN).

KANSAS: Mead Co: 0 .  Poindexter  166-12 (NCU).

Osage Co: W.H. Horr E33 (MIN).

R i l ey  Co: A. Abel s . n .  (OKL); M. Varnay s . n .  (MICH); P. Maus

s . n .  (MICH).

KENTUCKY: Union Co: H.T. S h a c k l e t t e r  506 (MICH).

KANSAS: Wabaunsee Co: D. S e i g l e r ,  D. Dusek DS-4077 (OKL).

OHIO: Wood Co: E.L. Mosely s . n .  (MICH).
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KANSAS: Woodson Co: E.W. Lathrop 1268 (MIN); E.W. Lathrop 842 (MIN);

E.W. Lathrop 1275 (MIN).

MICHIGAN: B e r r i e n  Co: F.A. Swink 16 (MICH).

Char levoix  Co: J .H.  Ehlers  642 (MICH).

Cheboygan Co: J .H.  Ehlers  5165 (MICH); J .H.  Ehlers  5613 (MICH);

E.G. Voss 1038 (MICH); E.G. Voss 1315 (MICH).

Dickinson Co: M.L. Fernald ,  A.S. Pease 3496 (MICH).

Emmet Co: J .H .  Ehlers  3489 (MICH); J .H .  Ehlers  2453 (MICH).

Grant  T rav e r se  Co: J.V.A D i e t e r l e  1850 (MICH).

G r a t i o t  Co: C. Davis s . n .  (MICH).

Kalkaska Co: J .  LaRue 95 (MICH).

Kent Co: W.E. Mulliken s . n .  (MICH); G.W. Parmelee 826 (MICH); 

W.E. Mull iken s . n .  (MICH); C. Bozin 2232 (MICH); W.E. Mulliken 

s . n .  (MICH).

Menominee Co: C.O. Grassl 2750 (MICH).

Missaukee Co; E.G. Voss 3065 (MICH).

Oakland Co: O.A. Farwell 6359 (MICH).

S t .  Joseph Co: E.G. Voss 7494 (MICH).

Van Buren Co: R. Weaver s . n .  (MICH).

Wayne Co: F.G. Schmid s . n .  (MICH).

Wexford Co: E.G. Voss 7606 (MICH).

MINNESOTA: Anoka Co: R.G. C o t t r e l l  s . n .  (MIN); R.G. C o t t r e l l  s . n .  (MIN).

Blue Earth  Co: J.W. Moore, Y. Hsi 23375 (MIN); J.W. Moore 26793

(MIN).
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Brown Co: E . J .  Cahoon 84 (MIN); E.P.  Sheldon S1113 (MIN).

Chippewa Co: L.R. Moyer s . n .  (MIN).

Clay Co: O.A. Stevens 1271 (MIN).

Goodhue Co; J .H.  Sandberg s . n .  (MIN).

Hennepin Co; J .H.  Sandberg s . n .  (MIN); E. Morean s . n .  (MIN); 

O.W. Oestheud s . n .  (MIN); C.O. Rosendahl 2304 (MIN); J .S .  

McCartney 80 (MIN); T.S. Roberts s . n .  (MIN); D. Houghton 29 

(MICH).

Houston Co; W.A. Wheeler 402 (MIN).

Jackson Co; N. Hotchkiss ,  P. Jones 303 (MIN).

Kandiyohi Co: W.D. F ros t  293 (MIN).

Le Seuer Co: G.G. A in s l ie  3061 (MIN).

Murray Co: J .A .  Scharf  s . n .  (MIN).

P ipes tone  Co; O.A. Stevens s . n .  (MIN).

Ramsey Co: H. Eneboe 9 (MIN).

Redwood Co: G.W. Moore, C.O. Rosendahl 13354 (MIN).

Renvil l  e Co; C. MacMillan s . n .  (MIN).

S c o t t  Co: G.B. Ownbey 4591 (MIN).

S t .  Louis Co: 0 .  Lakela 2669 (MIN); 0.  Lakela 5176 (MIN. 

S tea rn s  Co: R. Westkaempor s . n .  (MIN).

T rave rse  Co: J.W. & M.F. Moore 10478 (MIN).

Wabasha Co: S.M. Manning s . n .  (MIN).

Washington Co: J.W. Moore 16667 (MIN).

Yellow Medicine Co: E.L. Niel son 2882 (MIN).
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MONTANA: J e f f e r s o n  Co: J .A.  Steyermark 1110 (MO).

Johnson Co: D. Cas taner  4183 (MO).

Marion Co: J .  Davis 6246 (MO); J .  Davis s . n .  (MICH). 

Reynolds Co: W.G. D'Arcy 4644 (MO).

S t .  Louis Co: N.M. F l a t f e r h  s . n .  (MICH); W.T. Kennel! s . n .

(MO).

Wayne Co: E . J .  Palmer 6107 (US).

NEBRASKA: Antelope Co: J .B .E .  Wennecke 11965 (MICH).

Cedar Co: F. Clements 2663 (MIN).

Bauaer Co: C.L. & M.W. P o r t e r  8752 (MIN).

Cherry Co: B.T. Ostenson 1 (MICH).

Douglas Co: Miss A.C. Lawton 1 (F ) .

Kearney Co: H. Hapemen s . n .  (MIN); H. Hapemen s . n .  (MIN);

H. Hapeman s . n .  (MIN).

Keith Co: C.O. Elanson 2260 (MICH).

S a l in e  Co: W. S e i g e r i s t  s . n .  (MIN).

Sherman Co: W.T. Barber 2861 (MIN).

Webster Co: J.M. Bates s . n .  (MIN).

NEW JERSEY: Hudson Co: W.M. Van S ic k le  s . n .  (US).

Ocean Co: F.F.  Hunnewell 6996 (GH).

NEW YORK: P l a t t e  Co: A. Nelson 8354 (RM); A. Nelson 3646 (RM).

Warren Co: H.D. House 28901 (GH).
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NORTH DAKOTA: Cass Co: O.A. Stevens s . n .  ( F ) ;  O.A. Stevens 2030 (MIN).

Richland Co: O.A. Stevens 318 (MIN,F).

OKLAHOMA: A l f a l f a  Co: R .J .  Baalman 344 (OKL).

Beaver Co: F. Hindman 254 (OKL); A. Laverty  7363 (OKL).

Beckham Co: B. Osborn 1368R (OKL).

Brvan Co: J .  & C. Taylor 4175 (OKL); T ay lo r ,  S i l v e r ,  Fox

1223 (OKL).

Caddo Co: A.H. Valkenburgh 34 (OKL).

C a r t e r  Co: S. Kinnan 91 (OKL).

Cherokee Co: R. Bebb 4376 (OKL).

Cleveland Co: M.B. George 29 (OKL); W.S. Myers 55 (OKL);

C.T. Eskew 1019 (OKL); D. Demaree 13077 (OKL); M. F i e l d e r  100 

(OKL); R.L. Gowan 46 (OLK); M. Babb 108 (OKL); M. Flowers 

67 (OKL); R.E. J e f f s  s . n .  (OKL).

Comanche Co: C.T. Eskew 1089 (OKL); G.W. Stevens  1354% (OLK);

C.T. Eskew 1089 (OKL); M. Koeiser  33 (OKL); D. Demaree 12996 

(OKL).

Craig Co: U.T. W ate r fa l l  8193 (OKL).

Cus te r  Co: R.E. J e f f s  s . n .  (OKL); L. Meric le  1825 (OKL); L.

Mer ic le  1629 (OKL); D. S e i g l e r  1569 (OKL).

Delaware Co: S. & R. Olney 65 (OKL).

Dewey Co: G.W. Stevens  875% (OKL).

E l l i s  Co: G.W. Stevens  2930 (OKL).

G ar f i e ld  Co: M.B. Gephardt 769 (OKL).

Garvin Co: C. Kennedy 317 (OKL).
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Grady Co: L. Wall 3 (OKL); R.L. Albers 46 (OKL); R. Pearce 

657 (OKL); M.W. Shackleford  s . n .  (OKL).

Greer Co; G.W. Stevens 1034 (OKL).

Kay Co: C. Barker  40 (F ) .

McCurtain Co: W.A. Nation 19 (RM).

Murray Co; G.M. M e r r i l l ,  W.A. Hagen 1215 (F ) .

Oklahoma Co; U.T. W ater fa l l  2849 (OKL); U.T. Water fa l l  1483 

(OKL).

Osage Co; F. Johnson s . n .  (OKL).

P i t t s b u r g  Co: J .E .  McClary 58 (OKL); M.P. Mauldin s . n .  (F ) .

Tu lsa  Co; E.R. Force s . n .  (OKL); B. Fran tz  s . n .  (OKL);

M.B. Clark 366 (OKL).

Woods Co; P . J .  White 26852 (RM); P. Nighswonger, S. Bel lah  1037 

(OKL).

PENNSYLVANIA: Lancas te r  Co: J .K .  Small s . n .  (F ) ;  J .K .  Small s . n .  (F)

A.A. H e l l e r  s . n .  (F ) ;  J .K .  Small s . n .  ( F ) ;  A.A. H e l l e r  638 (US). 

Montgomery Co: W.M. Findley s . n .  (F ) .

SOUTH DAKOTA: Cus te r  Co: H.E. Hayward 2561 (F,RM).

Deuel Co: J . F .  Brenckle 4602 (F ) .

Fall  River  Co: P.A. Rydberg 932 (US); G.E. Osterhout  7777 (RM).

Lawrence Co: C.L. & M.W. P o r t e r  8359 (RM); P. Johnson s . n .  (MICH);

H.E. Hayward 202 (F ) ;  H.E. Hayward 2591 (RM); P.A. Rydberg 118 (F ) .  

Meade Co: W.H. Forwood 299 (US,RM); C.P. Pase 645 (US).
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Pennington Co: A.C. McIntosh 521 (RM); R.G. S to l z e  306 (F ) ;  

Visher ,  Greenman 1129 (F ) ;  S.S.  Visher s . n .  (F ) .

Sanborn Co: S.S .  V isher  4450 (F ) .

Shannon Co: H.E. Hayward 2518 (F,RM).

Washabauqh Co; S .S .  V isher  2034 (F ) .

TENNESSEE; Henry Co: A.J .  Sharp ,  E. & A. Clebsch 7724 (GH).

Obion Co: D.E. & M.S. Eyies 61 (GH).

TEXAS: D al las  Co: J .  Reverchon s . n .  (F ) .

Hemphill Co: V.L. Cory 50269 (US); J .  Blassingame s . n .  (NCU). 

Lipscomb Co: A.H. Howell 64 (US).

Wheeler Co: L.C. Higgins 4537 (MICH).

WISCONSIN: Dane Co: J .R .  Heddle 691 (F ) ;  J .R .  Heddle 2540 (F ) ;  W.N.

Terry  s . n .  (MICH).

WYOMING: Albany Co: C.L. P o r t e r  7151 (RM); E.B. Payson 3819 (RM); B.

Hammel 521 (RM).

Crook Co: V.J .  Wetherel l  301 (RM); H.E. Heywood 212 (RM); A. 

Nelson 2188 (HM); S .L .  Welsh, G. Moore, E. Matthews 9269 (NCU)

Goshen Co: C.L. P o r t e r  20 (RM).

Natrona Co: F.X. Jozwik 186 (RM).

P l a t t e  Co: A. Nelson 505 (RM).

Weston Co: C.L. P o r t e r  3413 (RM).
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Verbena u r t i c l  f o l i a

ALABAMA: Baldwin Co: C.H. F i t z g e r a ld  455 (GA); S.M. Tracy 8037 (US).

ARKANSAS: Bradley Co: D. Demaree 23865 (OKL).

Craighead Co: 0. Demaree 25777 (ISC).

Hot Springs Co: D. Demaree 16520 (OKL); D. Demaree 15609 (OKL);

Hot Springs Co: R. Runyon 1487 (US); 0.  Demaree 17887 (ISC).  

Johnson Co: D. Demaree 20282 (GA).

Lawrence Co: P.H. Rolfs  s . n .  (ISC).

Nevada Co: M.P. H o l l i s t e r  110 (US).

Polk Co: M.O. H i l l  512 (OKL).

Pulaski  Co: D. Demaree 8632 (US).

Searcy Co: R.D. THomas 9480 (GA).

Sharp Co: D. Demaree 26273 (ISC).

CONNETICUT: L i t c h f i e l d  Co: F.C. Seymour 19889 (MO).

FLORIDA: Manatee Co: S.M. Tracy 6652 (US).

GEORGIA: Bartow Co: W.H. Duncan 8535 (GA).

Clarke Co: Mrs. K.M. Drury E6650 (GA); M.T. Holder E8338 (GA).

Dawson Co; W.P. Adams, Wit t  Duncan 19032 (GA).

Decatur  Co; R.F. Thorne 4637 (GA); W.R. F a i r c l o th  2755 (GA). 

Hall Co: W.H. Duncan 19433 (GA); W.H. Duncan 19017 (GA)

H ar r i s  Co: S.B. & C. Jones 22219 (GA).

Rabun Co: J .R .  Massey, H. Massey 3647 (OKL).
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T a l i a f e r r o  Co: W i t t  Duncan 11359 (GA).

W h i t f i e l d  Co; H.G. DiGioia 46 (GA).

ILLINOIS: Cook Co: R. Bebb 2107 (OKL); R. Bebb 1681 (OKL).

F a y e t t e  Co: D. S e i g l e r  7861 (OKL).

Madison Co: A.F.  Buchol tz s . n .  (MO).

V erm i l l ion  Co: D. S e i g l e r  5070 (OKL).

INDIANA: Fu lton  Co: R.C. F r i e s n e r  23098 (MICH).

Jenn ings  Co: C.C. Deam 58280 (OKL).

Lake Co: O.E. Lansing ,  J r .  2806 (US).

Lawrence Co. J . Wynn 90 ( GA).

Marion Co: H.H. B a r t l e t t  s . n .  (MICH).

Marshall  Co: B.W. Evermann G86 (US).

Monroe Co: W.H. Duncan 228 (GA); J .D .  Lipps s . n .  (OKL) 

P o r t e r  Co: M.W. Lyon s . n .  (MICH).

IOWA: Adams Co: D. I s e l y  5714 (GA).

Mahaska Co: D.W. Augustine  412 (OKL).

S to ry  Co: R.E. J e f f s  s . n .  (OKL).

KANSAS : A tchison  Co: W.H. Horr ,  R.L. McGregor #531 (OKL).

Geary Co: F.C. Gates 21405 (GA).

KENTUCKY: Bath Co: M.E. Wharton 3174 (MICH).

Boyle Co: M.E. Wharton 2919 (MICH).

Edmonson Co: H.W. Lix 433 (US).
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E s t i n  Co: M.E. Wharton 30106 (MICH).

Lexington  Co: E.A. McGreger 258 (US).

Madison Co: M.E. Wharton 835 (MICH).

Montgomery Co: M.E. Wharton 3076 (MICH).

LOUISIANA: E. Baton Rouge P a r : E.L. Hunt 6 (LSU); C.A. Brown 1071 (LSU).

L a fa y e t t e  P a r : G.B. Claycomb s . n .  (LSU).

P o in te  Coupe P a r : C.A. Brown 3893 (LSU); M. Chancy 42 (LSU).

S t .  C h ar le s  P a r : G.N. Montz 2950 (LSU); G.N. Montz 3433 (LSU). 

S t .  Helna P a r : C.M. A llen  349 (LSU); R.G. K i rk p a t r i c k  16 (LSU);

C.M. A llen  1161 (LSU).

S t .  Tammany P a r : G. Arsene 11391 (US); G. Arsene 12069 (US).

MARYLAND: C harles  Co: E.P. K il l  ip  770 (GA).

G a r r e t t  Co: J .D . Smith s . n .  (US).

W orcester  Co: T.H. Milby 88  (OKL).

MASSACHUSETTS: B e rk s h i r e  Co: G.L. Ames s . n .  (MICH).

F ra n k l in  Co: R.G. Poland s . n .  (MO).

Middlesex Co: F .S . B e a t t i e  s . n .  (OKL).

MICHIGAN: A lger  Co: E.G. Voss 968213 (MICH).

A llega  Co: C.H. Kauffman s . n .  (MICH).

B e r r i e r  Co: C. B i l l i n g t o n  s . n .  (MICH).

Branch Co: E.G. Voss 7484 (MICH).
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Cass Co; H.R. B en n e tt  2708 (US); E.G. Voss 7528 (MICH).

C lin to n  Co: C.A. Brown 2650 (MICH).

G r a t io t  Co: C.A. Davis s . n .  (MICH).

Jackson  Co: H.H. B a r t l e t t  s . n .  (MICH).

Kent Co; E .J .  Cole s . n .  (MICH); W.E. M ulliken  42632 (MICH);

H.M. B a i le y  s . n .  (MICH); E .J .  Cole 5687 (MICH).

L iv in g s to n  Co: F.N. Hamerstrom 197 (MICH).

S t .  C l a i r  Co; C.K. Dodge s . n .  (MICH); C.K. Dodge s . n .  (MICH). 

Washtenaw Co; N.A. Harvey s . n .  (MICH); C. LaRue s . n .  (MICH); 

E.C. Almendinger s . n .  (MICH); M.W. H arr in g to n  (MICH).

Wayne Co: L. Foote s . n .  (MICH); H.H. Rush s . n .  (MICH).

MINNESOTA: Brown Co: E .P . Sheldon 1091 (MIN).

C arver  Co: C.A. B a l la r s  B667 (MIN).

Clay Co: C.A. B a l la rd  3170 (MIN); J .N . Moore 23050 (MIN).

C le a rw a te r  Co: Ownbey & Bloom 3462 (MIN); Buell 1689 (MIN). 

Cottonwood Co: H o tch k iss ,  Jones 316 (MIN).

Crow Wing Co: Moore & Moore 475 (MIN).

Goathue Co: N.L. T. Nelson s . n .  (MIN).

Grant Co: J.W. Moore 21255 (MIN).

Hennepin Co: O.W. E as t land  s . n .  (MIN); J .C .  Kessube s . n .  (MIN;

E .P . Sheldon 4223 (MIN); T .S . Roberts  s . n .  (MIN); J .H . Sandberg 

s . n .  (MIN).

Houston Co: W.A. Wheeler 548 (MIN).

Hubbard Co: M. G raf ts trom  155 (MIN).
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Appendix B. continued.

K it t so n  Co: Moore, McAndrews 24836 (MIN).

L inco ln  Co; E.P. Sheldon 1575 (MIN); Moore & Ownby 22330 (MIN). 

Newman Co; G.B. Ownby 4663 (MIN).

Nobles Co: S.A. S k inner  269 (MIN).

P ipe  S tone Co: O.A. S tevens s . n .  (MIN).

Pope Co: B.C. Tay lor  809 (MIN).

Rice Co: I .  M errell s . n .  (MIN).

S c o t t  Co: C.A. B a l la rd  530 (MIN).

S te a rn s  Co; J .E .  Campbell 97 (MIN); R. Westkaemper s . n .  (MIN). 

Wabasha Co: J.W. Moore, A.O. Dahl 18290 (MIN); S.M. Manning s .n .  

(MIN).

Washington Co: R. Gunderson 587 (MIN).

MISSISSIPPI: B o l iv a r  Co: L.C. Temple 5577 (GA).

Holmes Co: L.C. Temple 10263 (GA).

L a fa y e t t e  Co: T.M. P u l l e r  64779 (GA).

Smith Co: S.M. Tracy s .n .  (MIN).

T a te  Co: L.C. Temple 5738 (GA).

Warren Co: D. Demaree 25493 (OKL).

W ilk inson  Co: S.B. Jo n es ,  C. Hudson, B. Noble 13476 (GA);

S.B . & C. J o n e s ,  C. C lark  19809 (GA).

MONTANA: Greene Co: P .L. Redfearn , J r .  3701 (GA); P.C. S tan d ley  9435 (US);

F.W. Dewart 18 (MO).

Johnson Co: D. C as taner  4309 (MO).
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McDonald Co: E .J .  Palm er 4229 (US,MO).

M i l l e r  Co: W. T r e le a s e  719 (MO).

R a l ls  Co: B. H in te r th u e r  667 (MO).

Reynolds Co; W.G. D'Arcy 4639 (MO).

S t .  Louis Co: A. C hand le r  4832 (MO); G.H.M. Goehring 427 (LSU);

H. Eggert s . n .  (US); V. Muehlenbach 3129 (MO); V. Muehlenbach 3836 

(MO).

NEBRASKA: J e f f e r s o n  Co: L.M. Rohrbaugh 167 (OKL).

Knox Co: F. Clements 2743 (US).

S a l in e  Co: W. G r i g r r i s t  (MIN).

NEW HAMPSHIRE: G rafton Co: H.E. S a rgen t s . n .  (OKL).

H il l sb o ro  Co; C.F. B a tc h e ld e r  s . n .  (MIN).

NEW JERSEY: Somerset Co: H.N. Moldenke 1330 (MICH).

NEW YORK: Albany Co: C.A. Brown 742 (MICH); H.N. R ussell 8245424 (MIN). 

Columbia Co: R. McVaugh 14767 (MICH).

Dutchess Co: P.C. S ta n d le y ,  H.C. Bollman 11996 (US).

Madison Co: H.D. House 13648 (GA); W.R. Maxon s . n .  (US).

Orange Co: H.M. Raup 7603 (MICH).

Oueens Co: J .A . H a r r i s  C15997 (MIN).

Tompkins Co: P. H o is in g to n  74 (OKL).
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NORTH CAROLINA; G ra n v i l l e  Co: M.F. Buell 1438 (US).

Lee Co: D.F. Houck 476 (MIN).

Yadkin Co: A.E. Radford 44917 (US).

NORTH DAKOTA: Cass Co: H.F. Bergman 869 (MIN).

Stutsman Co: J .  Lunell 549 (MIN).

OHIO: B u t l e r  Co: Wehmeyer, Waters 111 (MICH).

Champaign Co: A. J e w e t t  s . n .  (MICH); D. Demaree 11704 (MIN); 

E.C. Leonard 1608 (US).

Cuyahaqa Co: J.M. Greenman 1380 (MO).

HamiHon Co: C.G. Lloyd s . n .  (MICH).

L ora in  Co: A.E. R icksecker  s . n .  (US); W.M. Dick s . n .  (MICH).

Ottawa Co: R.H. Moore s . n .  (OKL).

R ichland  Co: E. W ilkinson 8467 (MIN).

OKLAHOMA: Bryan Co: J .  & C. T ay lo r  827 (OKL); J .  & C. T a lo r  3400 (OKL).

Canadian Co: C.S. T ay lo r  260 (OKL).

C a r t e r  Co: M. Hopkins 6366 (OKL).

Choctaw Co: H.W. Houghton 4015 (OKL).

C leveland  Co: C.T. Eskew 2001 (OKL); M. Hopkins 1094 (OKL). 

Drew Co: D. Demaree 17897 (OKL); D. Demaree 17909 (OKL); D. 

Demaree 17620 (OKL).

G a r f ie ld  Co: H.B. Gephardt 655 (US).

Grady Co: R. Pearce 970 (OKL).

Johnston  Co: G.T. Robbins 3163 (OKL); G .J .  Goodman 6325 (OKL)
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Kax Co: G.W. Stevens 1821 (MIN).

McCurtain Co: I .E .  H ornuff s . n .  (OKL).

Major Co: G.W. Stevens 1742 (MIN).

M arshall Co: E. P e rk in s  366 (OKL).

Muskogee Co; C.S. W allis  7719 (OKL).

Oklahoma Co; U.T. W a te r fa l l  1415 (OKL); U.T. W a te r fa l l  2895

(OKL).

Payne Co: S.E. Myers s . n .  (MIN).

Seqouyah Co: C.S W a l l is  7704 (OKL).

Woods Co: G.W. Stevens 1673 (US,MIN).

Woodward Co: G .J .  Goodman, C. Lawson, J .  Massey 8114 (OKL).

PENNSYLVANIA: Northampton Co: R.L. S c h a e f fe r  3327 (OKL).

B u t l e r  Co: L.K. Henry 552 (US).

F u lton  Co: W.F. W e s te r f ie ld  15246 (OKL).

L a n c a s te r  Co: A.A. H e l l e r  s . n .  (US).

Lebanon Co: C.H. Kauffman s . n .  (MICH).

SOUTH CAROLINA: W illiam sburg Co: R.K. G odfrey, R.M. T ryon, J r .  466 (US)

SOUTH DAKOTA: Clay Co: W.H. Over 4037 (US).

R oberts  Co: J .N .  Moore 849 (MIN).

TENNESSEE: Anderson Co: L.M. Rohrbaugh 214 (OKL).

Roane Co: F.R. Nease 515 (US).
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TEXAS: £ Ê l i £ f l :  - S . E .  W olff 1329 (US).

D a lla s  Co: M.R. Stephenson s . n .  (US).

E l l i s  Co: 0 .  Sanders 5 (MICH).

Lamar Co: S .T . T urner s . n .  (MICH).

Newton Co: B.C. Tharp s . n .  (MICH).

T a r r a n t  Co: O.K. K i l l i a n  6933 (US).

VERMONT: Bennington Co: M.A. Day 147 (US); F.C. Seymour 26620 (MO). 

C h it tenden  Co: L.A. C h a r e t t e ,  P.T. Sawyer 2506 (MIN).

VIRGINIA: F au q e ie r  Co: F.R. Fosberg 33538 (US).

F ra n k lin  Co: 0 .  T idestrom  7334 (US).

G re e n s v i l l e  Co: M.L. F e rn a ld ,  B. Long 10801 (OKL).

London Co: E.C. Leonard 891 (US).

Nansemond Co: T.H. Kearney, J r .  1739 (US).

Page Co: F.R. Fosberg 48000 (US); E.H. Walker 2668 (US).

Sussex Co: M.L. F e rn a ld ,  B. Long 7588 (US).

UpShur Co: W.M. P o llock  s . n .  (US).

Wythe Co: J .K . Small s . n .  (MIN).

WEST VIRGINIA: Lewis Co: G.B. Rossbach 8745 (GA).

WISCONSIN: Dane Co: N.C. F a s s e t t  8677 (MIN).

LaCrosse Co: T.G. H a r t le y  1962 (US).

Milwaukee Co: R.M. S trong  s . n .  (MICH).

S t .  Croix Co: F.R. & J . S .  Banner 105 (MIN); N. R usse ll  s . n .  (MIN)
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Walworth Co: S .C . Wadmond 3770 (MIN).

WASHINGTON D.C.: F.L.O. B o e t t c h e r 221 (ISC ); F .L .J .  B o e t tc h e r  176 (ISC);

G.B. Sudworth 603 (MICH); E.S. S te e le  s . n .  (MIN).
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Appendix C, Grid Sample Means of Members of the Verbena stricta complex.

Verbena bracteata # 1 N MEAN VAR. S. D. RANGE

Plant Height ■ 19 26.000 38.81 6.23 18-40 cm

Spike Length 21 8.381 8.64 2.96 5-15 cm
Spike Width 20 7.400 3.42 1.85 5-10 mm

Petiole Length 20 6.150 10.89 3.30 2-11 mm
Ü of Leaf Clefts 19 1.421 0.26 0.51 1-2
Length of Cleft 19 7.632 18.92 4.35 2-20 mm
Leaf Length 20 28.100 106.09 10.30 11-55 mm

Leaf Width 20 15.700 15.13 3.89 8-25 mm

Corolla Tube Length 15 3.333 0.67 0.82 2-4 mm
Bract Length 21 2.905 1.37 1.17 4-9 mm
Calyx Length 21 2.028 0.19 0.44 2-4 mm

Nutlet Length 18 2.028 0.01 0.12 2-3 mm

Verbena bracteata # 2

Plant Height 17 26.294 96.04 9.80 9-50 cm
Spike Length 19 7.737 13.54 3.68 1-15 cm
Spike Width 19 7.684 3.13 1.77 2-9 mm
Petiole Length 19 6.211 17.31 4.16 2-20 mm

# of Leaf Clefts 19 1.000 0.00 0.00 1

Length of Cleft 19 7.000 11.90 3.45 2-10 mm
Leaf Length 19 30.579 113.00 10.63 15-50 mm

Leaf Width 19 14.842 42.77 6.54 6-28 mm

Corolla Tube Length 13 4.077 0.08 0.28 4-5 mm
Bract Length 18 7.722 0.92 0.96 6-9 mm
Calyx Length 19 2.947 0.05 0.23 2-3 mm

Nutlet Length 14 2.000 0.00 0.00 2 mm
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Appendix C. Continued.

Verbena bracteata # 3 N MEAN VAR.

Plant Height 12 19.417 67.74
Spike Length 14 7.929 6.71
Spike Width 14 7.500 1.96
Petiole Length 12 6.167 13.39
if of Leaf Clefts 12 1.167 0.15
Length of Cleft 12 6.250 6.92
Leaf Length 12 27.667 71.23

Leaf Width 12 16.583 48.44

Corolla Tube Length 8 3.625 2.86

Bract Length 14 7.857 1.51
Calyx Length 14 2.929 0.69
Nutlet Length 14 2.000 0.04

Verbena bracteata # 4 •

Plant Height 16 20.563 63.68
Spike Length 16 7.063 7.24
Spike Width 16 8.438 1.06

Petiole Length 16 4.813 3.76

# of Leaf Clefts 16 1.000 0.00
Length of Cleft 16 5.813 10.43
Leaf Length 16 23.688 53.58

Leaf Width 16 12.813 42.25

Corolla Tube Length 14 4.071 0.07

Bract Length 16 7.188 1.37
Calyx Length 16 3.000 0.14

Nutlet Length 14 2.000 0.00

S. D.

8.47 

2.59 

1.40 

3.66 

0.39 

2.63 

8.44 

6.96 

1.69

1.23 

0.83 

0 .20

7.98

2.69

1.03

1.94

0.00

3.23

7.32

6.50

0.27

1.17
0.37

0 .0 0

RANGE 

11-34 cm 

4-12 cm

5-9 mm

2-16 mm 

1-2

3-12 mm 

19-50 mm

7-35 mm 

2-7 mm

6-9 mm 

2-4 mm

1-3 mm

10-30 cm 

2-11 cm

6—9 mm

2-9 mm 

1

2-11 mm 

15-35 mm

7-31 mm 

4-5 mm 

6-9 mm 
2-4 mm

2 mm
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Appendix C. Continued.

Verbena bracteata # 5 N MEAN VAR. S. D.

Plant Height 21 18.333 52.71 7.26
Spike Length 23 7.304 10.76 3.28
Spike Width 23 6.957 1.69 1.30
Petiole Length 23 4.870 5.02 2.24
ÿ of Leaf Clefts 23 1.000 0.00 0.00

Length of Cleft 23 4.217 5.71 2.39

Leaf Length 23 18.783 41.60 6.45

Leaf Width 23 11.304 19.54 4.42

Corolla Tube Length 18 3.944 0.18 0.42
Bract Length 23 • 6.478 1.08 1.04

Calyx Length 23 3.000 0.00 0.00

Nutlet Length 20 2.000 0.00 0.00

Verbena bracteata # 6 •

Plant Height 58 26.017 126.56 11.25
Spike Length 59 9.017 11.63 3.41
Spike Width 59 7.458 2.31 1.52
Petiole Length 59 5.627 7.45 2.73
ÿ of Leaf Clefts 59 1.153 0.20 0.45
Length of Cleft 59 5.339 13.54 3.68

Leaf Length 59 22.729 61.78 7.86
Leaf Width 59 13.237 35.40 5.95
Corolla Tube Length 44 3.182 0.38 0.62
Bract Length 59 6.560 1.85 1.36
Calyx Length 59 2.729 0.20 0.45

Nutlet Length 53 2.000 0.00 0.00

RANGE 

8-30 cm 

3-19 cm 

5-9 mm 

2-10 mm 

1

1-10 mm 

11-35 mm 

5-20 mm

3-5 mm

4—9 mm 

3 mm 

2 mm

9-57 cm 

3-24 cm 

5-11 mm 

1-11 mm 

0-3

0-18 mm 

7—42 mm 

5-30 mm 

2-5 mm 

5-9 mm 
2—3 mm 

2 mm
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Verbena bracteata # 7 N MEAN VAR.

Plant Height 36 23.472 51.55

Spike Length 40 8.100 10.96

Spike Width 40 7.800 1.74

Petiole Length 39 5.026 7.24

# of Leaf Clefts 37 1.081 0.18

Length of Cleft 37 5.595 12.11

Leaf Length 38 24.632 103.43

Leaf Width 38 12.553 34.57

Corolla Tube Length 21 3.762 0.59

Bract Length 40 7.800 1.39

Calyx Length 40 3.000 0.20

Nutlet Length 36 2.000 0.00

Verbena bracteata # 8

Plant Height 30 23.233 67.90

Spike Length 32 7.438 7.67

Spike Width 32 8.719 5.24

Petiole Length 33 4.697 4.33

ÿ  of Leaf Clefts 33 1.061 0.06

Length of Cleft 33 5.636 5.62

Leaf Length 33 25.182 36.97

Leaf Width 33 14.758 35.50

Corolla Tube Length 23 3.609 0.52

Bract Length 33 7.212 1.37

Calyx Length 33 2.939 0.25

Nutlet Length 28 2.000 0.00

7.18

3.31

1.32 

2.69 

0.43 

3.48

10.17
5.88

0.77

1.18 

0.45 

0 .00

8.24

2.77

2.29

2.08

0.24

2.37

6.08
5.92

0.72

1.17

0.50

0 .00

RANGE 

13-37 cm

3-15 cm

5-11 mm 

2-15 mm 

0-3
0-15 mm 

12-50 mm

4-25 mm 

3-5 mm

6-11 mm 

2-4 mm

2 mm

9-50 cm

4-14 cm

5-15 mm 

2-11 mm 

1-2

2-11 mm 

12-35 mm 

5-30 mm 

2-5 mm 

5-9 mm 

2-3 mm 

2 mm
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Verbena bracteata # 9 N MEAN VAR. S. D. RANGE

Plant Height 10 20.700 38.44 6.20 15-28 cm

Spike Length 11 8.636 14.82 3.85 6-15 cm

Spike Width 11 8.091 1.49 1.22 6—9 mm

Petiole Length 11 4.545 5.29 2.30 2-9 mm

# of Leaf Clefts 11 1.091 0.09 0.30 1-2

Length of Cleft 11 4.727 18.23 4.27 1-15 mm

Leaf Length 11 23.727 78.15 8.84 10-41 mm

Leaf Width 11 12.000 40.98 7.14 4-29 mm

Corolla Tube Length 7 3.857 0.14 0.38 3-4 mm

Bract Length 11 7.273 1.21 1.10 6—9 mm

Calyx Length 11 2.910 0.09 0.30 2-3 mm

Nutlet Length 11 2.000 0.00 0.00 2 mm

Verbena bracteata # 10

Plant Height 16 26.000 74.48 8.63 11-42 cm

Spike Length 18 8.500 15.21 3.90 3-17 cm

Spike Width 18 7.000 1.54 1.24 5-9 mm

Petiole Length 18 5.889 11.42 3.38 2-10 cm

# of Leaf Clefts 18 1.167 0.14 0.38 1-2

Length of Cleft 18 5.389 5.52 2.35 2-10 mm

Leaf Length 18 22.056 99.00 9.95 8-42 mm

Leaf Width 18 13.722 31.15 5.58 4-25 mm

Corolla Tube Length 12 3.333 0.24 0.49 3-4 mm

Bract Length 18 6.444 1.79 1.34 4-9 mm
Calyx Length 18 2.778 0.30 0.55 2-4 mm
Nutlet Length 15 2.000 0.00 0.00 2 mm
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Verbena bracteata # 11 N MEAN VAR. S. D. RANGE

Plant Height 20 25.903 52.73 7.26 15-40 cm

Spike Length 24 8.637 14.42 3.80 4-20 cm
Spike Width 24 7.502 1.04 1.02 6-9 mm
Petiole Length 24 5.500 4.96 2.23 0-10 mm

# of Leaf Clefts 24 1.138 0.11 0.34 1-2

Length of Cleft 24 6.382 11.29 3.36 2-14 mm

Leaf Length 24 24.673 53.88 7.34 12-40 mm

Leaf Width 24 15.000 34.43 5.87 7-30 mm

Corolla Tube Length 18 3.671 0.47 0.69 3-5 mm

Bract Length 24 7.208 1.48 1.22 5-9 mm
Calyx Length 24 2.750 0.28 0.53 2-4 mm

Nutlet Length 19 2.000 0.00 0.00 2 mm

Verbena bracteata # 12 ,
•

Plant Height 10 31.300 100.90 10.04 19-50 cm
Spike Length 11 8.455 9.67 3.11 5-16 cm
Spike Width 11 8.545 1.27 1.13 6-10 mm

Petiole Length 11 5.727 10.02 3.17 2-12 mm

# of Leaf Clefts 11 1.364 0.45 0.67 1-3

Length of Cleft 11 8.000 20.20 4.49 2-25 mm

Leaf Length 11 30.000 123.60 11.12 10-43 mm

Leaf Width 11 18.091 64.29 8.02 5-32 mm

Corolla Tube Length 8 3.750 0.50 0.71 3-4 mm

Bract Length 11 7.727 0.82 0.90 7-9 mm

Calyx Length 11 2.727 0.22 0.47 2-3 mm

Nutlet Length 9 2.000 0.00 0.00 2 mm
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Verbena halei # 1 N MEAN VAR. S. D.

Plant Height 8 44.000 309.43 17.59

Spike Length 9 15.667 11.00 3.32

Spike Width 9 2.111 0.11 0.33

Petiole Length 7 10.571 36.29 6.02

ÿ  of Leaf Clefts 7 1.889 1.61 1.27

Length of Cleft 7 4.000 9.00 3.00

Leaf Length 7 30.571 67.29 8.20

Leaf Width 7 14.286 25.24 5.02
Corolla Tube Length 9 3.333 0.25 0.50

Bract Length 9 1.889 0.11 0.33
Calyx Length 9 3.000 0.00 0.00

Nutlet Length 6 2.000 0.00 0.00

Verbena halei # 2

Plant Height 34 50.500 86.44 9.30

Spike Length 41 14.805 22.51 4.74

Spike Width 41 2.098 0.09 0.30

Petiole Length 36 14.611 30.42 5.52

ÿ of Leaf Clefts 38 2.829 1.02 1.01

Length of Cleft 35 6.114 10.75 3.28

Leaf Length 36 31.722 72.55 8.52

Leaf Width 35 14.771 22.42 4.73

Corolla Tube Length 40 3.763 0.23 0.48

Bract Length 39 2.000 0.00 0.00

Calyx Length 41 3.000 0.15 0.39

Nutlet Length 28 2.000 0.00 0.00

RANGE 

28-74 cm 
12-22 cm

2-3 mm 

0-19 mm 

0-4

0-8 mm 

20-40 mm

7-21 mm

3-4 mm

1-2 mm 

3 mm 

2 mm

33-68 cm 

5-27 cm

2-3 mm 

5-30 mm

1-4

2-18 mm 

20-45 mm

9-50 mm

3-4 mm 

2 mm
2-4 mm 

2 mm
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Verbena halei # 3 

Plant Height 

Spike Length 

Spike Width 

Petiole Length 

# of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Corolla Tube Length 

Bract Length 

Calyx Length 

Nutlet Length

Verbena halei # 4 

Plant Height 

Spike Length 

Spike Width 

Petiole Length 

f of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Corolla Tube Length 

Bract Length 

Calyx Length 

Nutlet Length

N

26

29

29

26

24

24

26

26

27

28 

29 

23

39

43

43

35

34

34

35 

35 

39 

43 

43 

34

MEAN

48.538

16.931

2.138

13.769

2.750

9.625

37.038

17.308

3.704

2.000

2.845

2.000

VAR. S. D.

53.615

17.023

2.209

13.600

3.500

5.059
35.086

14.771

3.795

2.081

3.081

2.044
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65.30

47.50

0.12

63.37

1.07

39.03

87.08

05.10

0.37

0.14

0.27

0 .00

81.09
20.02

0 .22

44.19

1.53

35.81

15.43

47.24

0.38

0.09

0.21

0.07

12.86

6.89

0.35

7.96

1.03

6.25

13.68

10.45

0.61

0.38

0.52

0.00

113.45

4.48

0.47

6.65

1.24

5.98

110.74

6.87

0.61

0.31

0.45

0.26

RANGE 

30-72 cm 

9-38 cm

2-3 mm 

3-35 mm 

0-4

0-25 mm 

15-70 mm 

5-40 mm
3-5 mm

1-3 mm

2-4 mm 

2 mm

32-79 cm 
11-26 cm

2-4 mm 

0-25 mm 

0-7

0-25 mm 

20-55 mm 

2-25 mm

3-5 mm 

2-3 mm 

2-4 mm 

2-3 mm



Appendix C. Continued.

Verbena halei # 5 N MEAN VAR. S. D. RANGE

Plant Height 26 48.692 255.58 15.99 30-87 cm
Spike Length 32 18.288 30.70 5.54 11—30 cm

Spike Width 31 2.258 0.26 0.51 2-4 mm

Petiole Length 26 13.962 53.08 7.29 5-30 mm

# of Leaf Clefts 26 3.385 0.64 0.80 1-5

Length of Cleft 26 10.077 22.39 4.73 4-25 mm

Leaf Length 27 34.259 289.81 17.02 .5-105 mm

Leaf Width 27 17.148 68.51 8.28 6-45 mm

Corolla Tube Length 26 3.942 0.61 0.78 3-7 mm

Bract Length 31 1.984 0.22 0.47 1-3 mm

Calyx Length 31 2.919 0.18 0.43 2-4 mm

Nutlet Length 20 2.000 0.00 0.00 2 mm

Verbena halei # 6 '

Plant Height 6 44.667 159.47 12.63 30-60 cm
Spike Length 7 16.429 71.95 . 8.48 9-29 cm
Spike Width 7 2.000 0.00 0.00 2 mm
Petiole Length 7 12.143 40.48 6.36 5-20 mm
# of Leaf Clefts 7 3.286 0.24 0.49 3-4
Length of Cleft 7 6.571 11.95 3.46 2-10 mm

Leaf Length 7 32.143 140.48 11.85 20-45 mm

Leaf Width 7 11.000 28.67 5.35 5-20 mm

Corolla Tube Length 6 3.833 0.17 0.41 3-4 mm

Bract Length 7 1.857 0.14 0.38 1-2 mm

Calyx Length 7 2.714 0.24 0.49 2-3 mm

Nutlet Length 5 2.000 0.00 0.00 2 mm
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Appendix C. Continued.

Verbena halei # 7 N MEAN VAR.

Plant Height 18 43.000 200.00
Spike Length 23 15.783 36.18
Spike Width 23 2.087 0.08

Petiole Length 20 13.850 34.13

if of Leaf Clefts 21 2.905 1.09

Length of Cleft 21 8.333 30.73

Leaf Length 21 38.667 157.83

Leaf Width 21 18.476 65.76

Corolla Tube Length 22 3.773 0.26

Bract Length 23 2.022 0.10

Calyx Length 23 2.957 0.13

Nutlet Length 15 2.000 0.00

V. h a s t a t a  #1

Plant Height 11 77.833 890.47

Spike Length 19 9.632 15.25

Spike Width 19 3.000 0.44

Petiole Length ■ 19 11.316 28.89

if of Leaf Clefts 19 0.105 0.10

Length of Cleft 2 9.000 2.00

Leaf Length 18 73.278 447.62

Leaf Width 18 21.33 65.76

Corolla Tube Length 15 3.267 0.64

Bract Length 19 1.632 0.47

ëalyx Length 19 2.263 0.20

Nutlet Length 12 2.000 0.00

14.14

6.01

0.29

5.84

1.04

5.54

12.56

8.11

0.51

0.32

0.37

0 .00

29 .84

3 .9 0

0 .67

5 .38

0 .3 2

1 .41

21.16

8.11

0 .80

0.68

0 .45

0.00

RANGE 

30-74 cm 

8-30 cm

2-3 mm

7-30 mm

1-5

2-20 mm 

20-60 mm

8-30 mm

3-5 mm

1—3 mm

2-4 mm 

2 mm

45-140 cm

4-19 cm 

2-4 mm

5-25 mm 

0-1

8 - 1 0  mm 

60-95 mm 

11-40 mm 

2-5 mm

1-3 mm

2-3 mm 

2 mm
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Appendix C continued.
V. h a s t a t a  #2 N MEAN VAR.

Plant Height 5 89.000 505.00

Spike Length 8 8.375 3 .98

Spike Width 8 2.375 0 .27

Petiole Length 8 14.125 11.27

# of Leaf Clefts 8 0 .0 0 0 0 .0 0

Length of Cleft 8 0 .0 0 0 0 .0 0

Leaf Length 8 89.875 149.27

Leaf Width 8 28.250 41.36

Corolla Tube Length 6 2.667 0 .27

B &ct Length 8 1.125 0.13

Calyx Length 8 2.125 0.13

Nutlet Length 7 2 .0 0 0 0 .0 0

V. h a s t a t a  #3

Plant Height 24 62.292 315.78

Spike Length 32 9.031 75.45

Spike Width 32 2.625 0.37

Petiole Length 34 9.647 15.20

i f of Leaf Clefts 34 0 .0 0 0 0 .0 0

Length of Cleft 34 0 .0 0 0 0 .0 0

Leaf Length 33 69.848 296.82

Leaf Width 33 19.272 54.20

Corolla Tube Length 27 3.000 0 .54

Bract Length 34 1.309 0 .2 1

Calyx Length 34 2.235 0 .25

Nutlet Length 26 2 .0 0 0 0 .0 0

S. D.

22.47 

1.99 

0 .52 

3.36 

0.00 

0.00 

12.22  

6.43 

0 .52 

0 .35 

0 .35 

0.00

17.77

8.69

0.61

3 .90

0.00

0.00

17.23

7.36

0.73

0.46

0.50

0.00

RANGE 

65-120 cm 

7-12 cm 

2-3 mm 

1 0 -2 0  mm 

0

0 mm 

70-98 mm 

15-35 mm 

2-3 mm

1 -2  mm

2-3 mm 

2 mm

24-90 cm 

3-13 cm 

2-3 mm 

3-21 mm 

0

0 mm 

35-99 mm 

7-38 mm 

2-5 mm 

1 -2  mm 

1-3 mm 

2 mm
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Appendix C continued.
V. h a s ta t a  #4 

Plant Height 

Spike Length 

Spike Width 

Petiole Length 

ÿ of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Corolla Tube Length 

Bract Length 

Calyx Length 

Nutlet Length

V_. h a s ta t a  #5 

Plant Height 

Spike Length 

Spike Width 

Petiole Length 

# of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Corolla Tube Length 

Bract Length 

Calyx Length 

Nutlet Length

N MEAN VAR.

10 74.500 314.94

22 9.591 7.02

22 2.637 0 .34

22 12.909 37.61

22 0 .0 0 0 0 .0 0

22 0 .0 0 0 0 .0 0

22 8.455 212.74

22 22.864 24.32

21 3.190 0 .6 6

22 1.500 0.26

22 2.273 0.49

16 2 .0 0 0 0 .0 0

11 71.364 526.25

19 7.105 6 .54

19 2.684 0.67

19 10.632 19.13

19 0 .0 0 0 0 .0 0

19 0 .0 0 0 0 .0 0

19 75.211 150.94

19 19.474 15.82

18 3.278 0.57

19 1.395 0.24

19 2.158 0.14

13 2 .0 0 0 0 .0 0

S. D.

17.75

2.65

0 .58

6.13

0.00

0.00

14.59

4 .93

0.81

0.51

0.70

0.00

122.94

2.56

0 .82

4.37

0.00

0.00

112.29

3 .98

0.75

0.49

0.37

0.00

RANGE 

40-90 cm

6-15 cm 

2-4  mm

7-25 mm 

0

0 mm 

55-110 mm 

15-30 mm 

2-5 mm

1 -2  mm

2-3 mm 

2 mm

33-110 cm 

4-12  cm 

2-4  mm

3-20 mm 

0

0 mm 

50-99 mm 

14-29 ran 

2-5 mm

1 -2  mm

2-3 mm 

2 mm
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Appendix C continued.
V. h a s ta t a  #6

N MEAN VAR. S. D. RANGE

Plant Height 5 96.000 692.50 26.32 70-140 cm

Spike Length 11 9.000 12.40 3.54 5-15 cm

Spike Width 11 2.636 0.45 0.67 2-4 mm

Petiole Length 11 16.000 17.20 4.15 1 0-21  mm

# of Leaf Clefts 11 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 11 0 .0 0 0 0 .0 0 0 .0 0 0

Leaf Length 11 81.273 316.42 17.79 60-99 mm

Leaf Width 11 23.546 67.47 8 .2 1 10-36 mm

Corolla Tube Length 2.889 0 .8 6 0.93 2-4  mm

Bract Length 11 1.455 0 .27 0.52 1 -2  mm

Calyx Length 11 2.091 0.29 0.54 1-3 mm

Nutlet Length 8 2 .0 0 0 0 .0 0 0 .0 0 2 mm

V. h a s ta t a  #7

Plant Height 5 55.400 34.80 5.90 48-60 cm

Spike Length 27 7.611 7.81 2.80 2-15 cm

Spike Width 27 2.852 0.75 0 .8 6 2-5 mm

Petiole Length 26 13.192 25.68 5.07 3-20 mm

# of Leaf Clefts 26 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 26 0 .0 0 0 0 .0 0 0 .0 0 0

Leaf Length 26 84.154 172.30 13.13 45-100 mm

Leaf Width 26 19.692 24.78 4 .98 10-27 mm

Corolla Tube Length 23 3.043 0.59 0.77 2-5  mm

Bract Length 27 1.519 0.57 0.75 1-3 mm

Calyx Length 27 2.167 0 .2 1 0.46 1-3 mm

Nutlet Length 17 2 .0 0 0 0 .0 0 0 .0 0 2 mm
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Appendix C continued.
V. h a s ta ta  #8 N MEAN VAR. S. D. RANGE
Ptent Height 13 70.846 227.47 15.08 50-100 cm

Spike Length 36 7.361 14.35 3.79 2 -2 0  cm

Spike Width 36 3.028 0.49 0.70 2-5 mm

Petiole Length 37 14.108 44.49 6.67 0-35 mm

# of Leaf Clefts 36 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 36 0 .0 0 0 0 .0 0 0 .0 0 0

Leaf Length 33 83.303 356.97 18.89 50-132 mm

Leaf Width 36 21.722 36.00 6 .0 0 12-38 mm

Corolla Tube Length 33 3.303 0.33 0.57 2-4 mm

Bract Length 37 1.730 0.23 0 .48 1-3 mm

Calyx Length 37 2.243 0 .16 0.40 2-3 mm

Nutlet Length 25 2 .0 0 0 0 .0 0 0 .0 0 2 mm

V. h a s ta t a  #9

Plant Height 14 76.429 535-.80 23.15 43-132 cm

Spike Length 34 7.382 8.67 2.94 3-15 cm

Spike Width 34 2.691 0.45 0.67 2-4 mm

Petiole Length 34 11.353 19.20 4.38 3-21 mm

ÿ of Leaf Clefts 34 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 34 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 35 76.457 258L08 16.06 42-115 mm

Leaf Width 35 19.057 39.47 6.28 10-30 mm

Corolla Tube Length 31 2.823 0.44 0.67 2-4 mm

Bract Length 35 1.400 0 .2 2 0.47 1 -2  mm

Calyx Length 35 2.014 0 .1 1 0.33 2-3 mm

Nutlet Length 32 1.984 0.06 0.24 1-3 mm
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Appendix C continued.

V. h a s ta ta  #10 N MEAN VAR. S. D. RANGE
Plant Height 15 79.400 410.11 20.25 45-120 cm

Spike Length 40 8.975 11.87 3.45 4-19 cm

Spike Width 40 2.550 0.51 0.71 2-5 mm

Petiole Length 42 13.380 21.36 4.62 7-25 mm

# of Leaf Clefts 42 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 42 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 41 82.756 230.19 15.17 40-110 mm

Leaf Width 41 20.171 44.55 6.67 11-35 mm

Corolla Tube Length 35 3.058 0.23 0.48 2-4  nrni

Bract Length 42 1.381 0 .2 0 0 .45 1 -2  mm

Calyx Length 42 2.119 0.14 0 .38 2-3 mm

Nutlet Length 27 2 .0 0 0 0 .0 0 0 .0 0 2 mm

V. h a s ta t a  #11 .
•

Plant Height 6 84.500 425.50 20.63 60-120 cm

Spike Length 12 9.250 12.93 3.60 4-15 cm

Spike Width 12 2.667 0.61 0 .78 2-4  mm

Petiole Length 12 15.333 25.15 5.02 9-25 mm

# of Leaf Clefts 12 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 12 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 12 81.167 2 1 0 .8 8 14.52 50-99 mm

Leaf Width 12 22.500 17.72 4.21 13-28 mm

Corolla Tube Length 9 3.111 0.61 0 .78 2-5 iren

Bract Length 12 1.333 0.24 0 .49 1 -2  mm

Calyx Length 12 2.333 0.42 0 .65 2-4 mm

Nutlet Length 10 1.900 0.44 0 .2 2 1 .5 -2  iwn
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Appendix C continued.
V. h a s ta t a  #12 N MEAN VAR. S. D. RANGE
Plant Height 5 77.600 511.30 22.61 40-98 cm

Spike Length 29 8.966 15.75 3.97 4-22 cm

Spike Width 29 2.379 0.39 0.62 2-4 mm

Petiole Length 29 13.414 12.54 3.54 1 0-20  mm

# of Leaf Clefts 29 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 29 0 .0 0 0 0 .0 0 0 .0 0 0

Leaf length 29 81.276 133.85 11.57 50-99 mm

Leaf Width 29 19.759 25.26 5.03 10-30 mm

Corolla Tube Length 27 2.667 0.38 0.62 ■ 2-4 mm

Bract Length 29 1.293 0 .2 1 0.45 1 -2  mm

Calyx Length 29 2.103 0.17 0.41 2-3 mm

Nutlet Length 19 2 ,0 0 0 0 .0 0 0 .0 0 2 mm

V. l a s io s ta c h y s  #1

Plant Height 12 63.417 210.82 14.52 38-84 cm

Spike Length 22 15.773 21.61 4.65 10-27 cm

Spike Width 22 4.591 1.30 1.14 3-8 mm

Petiole Length 20 8 .1 0 0 18.73 4.33 0-18 mm

^  of Leaf Clefts 20 3.800 0.59 0.77 3-5

Length of Cleft 20 5.350 13.08 3.62 2-15 mm

Leaf Length 20 41.100 257.88 16.06 20-70 mm

Leaf Width 20 21.500 60.79 7.80 10-30 mm

Corolla Tube Length 19 3.816 0 .2 0 0.45 3 -4 .5  mm

Bract Length 22 2.364 0.24 0.49 2-3 mm

Calyx Length 22 3.136 0.24 0.49 2-4 mm

Nutlet Length 17 1.412 0 .1 0 0.32 1 -2  mm
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Appendix C continued.
V. la s io s ta c h y s  #2 N MEAN VAR. S. D. RANGE

Plant Height 16 59.938 258.86 16.09 29-83 cm

Spike Length 23 15.630 51.19 7.82 4-34 cm

Spike Width 23 4.348 0.60 0 .78 3-6 mm

Petiole Length 22 13.909 31.61 5.62 5-30 mm

# of Leaf Clefts 22 3.591 2.25 1.50 1-7

Length of Cleft 22 5.682 10.80 3.29 2-15 mm

Leaf Length 22 45.045 176.24 13.28 21-85 mm

Leaf Width 22 25.545 52.16 7.22 9-36 mm

Corolla Tube Length 20 3.800 0.38 0.62 3-5 mm

Bract Length 23 2.413 0.38 0.62 1-3 mm

Calyx Length 23 3.000 0.45 0.67 2-4 mm

Nutlet: Length 19 1.605 0 .1 0 0 .32 1 -2  mm

V. la s io s ta c h y s  #3

Plant Height 14 62.571 171.81 13.11 37-82 cm

Spike Length 21 16.286 36.81 6.07 7-28 cm

Spike Width 21 4.619 0.35 0.59 3-5 tran

Petiole Length 21 11.238 44.69 6.69 0-30 mm

if of Leaf Clefts 15 4.733 1 .21 1 .1 0 3-7

Length of Cleft 15 7.267 2 1 .2 1 4.61 3-20 mm

Leaf Length 19 51.316 280.12 16.74 30-80 mm

Leaf Width 19 26.158 104.81 10.24 12-45 mm

Corolla Tube Length 19 3.579 0.26 0.51 3-4 mm

Bract Length 21 2.405 0.32 0.56 2-4  mm

Calyx Length 21 3.000 0.28 0.52 2-4 mm

Nutlet Length 18 1.583 0.15 0.39 1 -2  mm
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Appendix C c o n tin u ed .  

V. la s io s t a c h y s  #4 N MEAN VAR.

Plant Height 14 50.714 307.76

Spike Length 21 13.429 18.26

Spike Width 21 4.810 0 .96

Petiole Length 21 10.619 48.35

i f  o f  Leaf Clefts 20 4.800 10.59

Length of Cleft 19 6 .2 1 1 17.51

Leaf Length 21 46.143 230.03

Leaf Width 21 24.524 92.96

Corolla Tube Length 19 3.712 0 .43

Bract Length 21 2.548 0 .2 2

Calyx Length 21 3.190 0 .16

Nutlet Length 13 1.462 0 .34

V. la s io s t a c h y s  #5 

Plant Height 8 47.750 225.00

Spike Length 20 15.350 26.24

Spike Width 20 4.900 0.73

Petiole Length 20 11.550 35.63

# of Leaf Clefts 20 4.850 3.92

Length of Cleft 20 5.800 12.17

Leaf Length 20 52.350 232.03

Leaf Width 20 28.050 93.94

Corolla Tube Length 19 3.579 0 .37

Bract Length 20 2.600 0 .36

Calyx Length 20 3.025 0 . 2 2

Nutlet Length 8 1.500 0 .07

s. D.

17.54

4.26

0 .98

6.95

3.25

4 .18

15.17

9.64

0.65

0.47

0.40

0.19

115.00

5.12

0.85

5.97

1.98 

3.49

115.23

9.69

0.61

0.60

0.47

0.27

RANGE 

17-80 cm 

8-19 cm 

3-7 mm 

3-35 mm 

0-15 

2 -2 0  mm 

30-70 mm 

14-45 mm 

3-5 nrni

2-3 mm

3-4 mm 

1 -2  mm

26-63 cm 

6 -2 2  cm 

4-7 iren 

5-25 mm 

3-9

1 -1 2  mm 

25-80 mm 

11-40 mm 

2-4 mm 

2-4 mm 

2-4 mm 

1 -2  mm
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Appendix C continued.
V. la s io s ta c h y s  #6 N MEAN VAR. S. D. RANGE

Plant Height 6 45.000 323.20 17.98 30-70 cm

Spike Length 12 13.000 20.91 4.57 4-17 cm

Spike Width 12 4.167 0 .52 0.72 3-5 mm

Petiole Length 12 11.417 26.99 5.20 1 -2 0  mm

i t of Leaf Clefts 12 2.833 0.70 0.83 1-4

Length of Cleft 12 5.833 16.70 4.09 2-15 mm

Leaf Length 12 42.500 188.64 13.73 30-70 mm

Leaf Width 12 23.917 224.08 14.97 10-60 mm

Corolla Tube Length 12 3.917 0.27 0.51 ’ 3-5 mm

Bract Length 12 2.292 0 .48 0.69 2-4 mm

Calyx Length 12 2.917 0.45 0.67 2-4 mm

Nutlet Length 6 1.333 0.07 0.26 1 -1 .5  mm

V. la s io s ta c h y s  #7 

Plant Height 7 56.857 512.14 22.63 40-100 cm

Spike Length 16 15.375 43.98 6.63 5-25 cm

Spike Width 16 4.375 0.92 0.96 3-6 mm

Petiole Length 16 13.813 44.56 6 .6 8 4-30 mm

i t of Leaf Clefts 14 4.071 1.46 1 .2 1 3-7

Length of Cleft 14 8.357 28.09 5.30 3-20 mm

Leaf Length 15 51.333 405.24 20.13 20-90 mm

Leaf Width 15 23.267 142.35 11.93 10-40 mm

Corolla Tube Length 15 3.567 0.25 0.50 3-4  mm

Bract Length 16 2.500 0.30 0.55 2-4 mm

Calyx Length 16 2.969 0 .15 0.39 2-4  mm

Nutlet Length 12 1.500 0.18 0.43 1 -2  rran
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Appendix C continued.

V. necmexicana #1 N MEAN VAR. S. D. RANGE
Plant Height 23 44.391 174.16 13.20 25-71 cm

Spike Length 30 15.700 28.22 5.31 10-25 cm

Spike Width 30 3.867 1.36 1.17 2 - 6  mm

Petiole Length 30 7.933 23.10 4.81 0 -2 0  mm

# of Leaf Clefts 29 2.034 0.96 0.98 0-4

Length of Cleft 28 6.143 16.72 4.09 1 -2 0  mm

Leaf Length 30 25.867 103.43 10.17 7-45 trati

Leaf Width 30 13.367 43.55 6.60 3-25 mm

Corolla Tube Length 26 4.500 0.74 0 .8 6 3-6 mm

Bract Length 30 3.000 0.34 0.59 2-4 mm

Calyx Length 30 3.233 0.25 0.50 2-4 tren

Nutlet Length 14 2 .0 0 0 0 .0 0 0 .0 0 2 mm

V. necmexicana #2

Plant Height 13 37.846 214.81 14.66 19-68 cm

Spike Length 14 15.000 39.85 6.31 6-31 cm

Spike Width 14 3.571 1.49 1 .2 2 2-5 mm

Petiole Length 14 5.142 20.75 4.55 0-16 mm

^ of Leaf Clefts 14 1.286 1.14 1.07 0-3

Length of Cleft 10 4.700 8 .0 1 2.83 2 -1 1  mm

Leaf Length 14 21.357 38.40 6 .2 0 10-31 mm

Leaf Width 14 7.857 24.59 4.95 2-19 mm

Corolla Tube Length 10 4.800 1.07 1.03 3-7 mm

Bract Length 14 3.143 0.44 0 .6 6 2-5 mm

Calyx Length 14 3.286 0.53 0.73 2-5 mm

Nutlet Length 11 2 .0 0 0 0 .0 0 0 .0 0 2 mm
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Appendix C continued.

V. necmexicana #3 N MEAN VAR. S. D. RANGE
Plant Height 21 30.476 158.06 12.57 10-65 cm

Spike Length 22 11.500 15.60 3.95 5-20 cm

Spike Width 22 3.500 1.98 1.41 2-7 mm

Petiole Length 22 2.545 19.50 4.42 0 -1 0  mm

# of Leaf Clefts 22 1.045 1.75 1.33 0-5

Length of Cleft 11 1.273 0 .2 2 0.47 1 -2  mm

Leaf Length 22 23.273 82.30 9.07 10-35 mm

Leaf Width 22 6.273 9.83 3.13 2-15 mm

Corolla Tube Length 21 4.619 0.35 0.59 4-6  mm

Bract Length 22 2.909 0.37 0.61 2-4 mm

Calyx Length 22 3.682 0.42 0.65 3-5 irni

Nutlet Length 16 2 .0 0 0 0 .0 0 0 .0 0 2 mm

V. necmexicana #4 •

Plant Height 11 21.727 69.42 8.33 15-37 cm

Spike Length 11 9.636 24.25 4.92 4-15 cm

Spike Width 11 3.182 1.56 1.25 2 -6  mm

Petiole Length 11 6.455 30.27 5.50 0-15 tran

f of Leaf Clefts 11 1,818 0.96 0.98 0-3

Length of Cleft 10 2.500 0.50 0.71 1-3 mm

Leaf Length 11 25.182 72.36 8.62 12-40 mm

Leaf Width 11 10.455 7.87 2.81 4-15 mm

Corolla Tube Length 7 4.143 1.14 1.07 3-6 mm

Bract Length 11 3.364 0.45 0.67 2-4 mm

Calyx Length 11 3.000 0 . 6Ô 0.77 2-4 mm

Nutlet Length 9 2 .1 1 1 0 .1 1 0.33 2-3 mm
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Appendix C continued.

ŷ . necmexicana #5 

Plant Height 
Spike Length 

Spike Width 

Petiole Length 

it of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Cozolla Tube Length 

Bract Length 

Calyx Length 

Nutlet Length

Plant Height 

Spike Length 

Spike Width 

Petiole Length 

ÿ of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Corolla Tube Length 

Bract Length 

Calyx Length 

Nutlet Length

N

10

10

10

10

10

10

10

10

7

10

10

7

MEAN

24.600

11.900

3.600

5.500

1.800

2.300

27.001

9.000 

3.857 

3.200 

2.700

2.000

VAR.
31.82

6.32

1.38

41.39

0 .84

2 .0 1

51.11

10.44

0.48

0 .40

0 .46

0 .0 0

S. D.
5.64

2.51

1.17

6.43

0 .92

1.42

7.15

3.23

0.69

0 .63

0 .67

0 .0 0

RANGE 
14-32 cm 

8-15 cm

2-5 mm

0-15 mm 

1-4

1-5 mm 

10-35 mm

5-15 mm

3-5  mm

2-4 mm 

2-4 mm

2 mm
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Appendix C continued.
V. o f f i c i n a l i s  #1 N MEAN VAR. S. D. RANGE

Plant Height 16 41.750 289.80 17.02 22-78 cm

Spike Length 24 12.417 12.08 3.48 6 -2 1  cm

Spike Width 24 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Petiole Length 24 7.500 6.17 2.48 3-10 mm

# of Leaf Clefts 24 2.167 1.80 1.34 0-5

Length of Cleft 22 6 .0 0 0 4 .29 ■ 2.07 3-10 mm

Leaf Length 24 34.625 138.59 11.77 20-60 mm

Leaf Width 24 18.333 67.97 8.24 5-40 mm

Corolla Tube Length 19 2.895 0 .43 0 .6 6 2-4  mm

Bract Length 22 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Calyx Length 24 2.083 0 .17 0.41 1-3 mm

Nutlet Length 19 2 .0 0 0 0 .0 0 0 .0 0 2 mm

V. O f f ic in a l i s  #2

Plant Height 9 48.333 160.25 1 2 .6 6 32-65 cm

Spike Length 9 16.333 30.25 5.50 10-27 cm

Spike Width 9 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Petiole Length 9 7.333 7 .00 2.65 3-10 iran

# of Leaf Clefts 9 2.333 0 .50 0.71 2-4

Length of Cleft 9 5.000 5.25 2.29 2-9 irni

Leaf Length 9 31.889 44.61 6 .6 8 22-40 mm

Leaf Width 9 . 18.556 43.03 6.56 10-27 tran

Corolla Tube Length 8 3.375 0 .27 0.52 3-4 mm

Bract Length 9 1.889 0 .1 1 0.33 1 -2  mm

Calyx Length 9 2 .2 2 2 0.19 0.44 2-3 mm

Nutlet Length 9 2 .0 0 0 0 .0 0 0 .0 0 2 mm
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Appendix C co n tin u ed . 

V. o f f i c i n a l i s  #3 N MEAN VAR. S. D. RANGE

Plant Height 13 51.154 255.31 15.98 33-90 cm

Spike Length 14 13.643 9.48 3.08 10-21 cm

Spike Width 14 2.071 0.23 0.47 1-3 mm

Petiole Length 14 7.643 6.25 2.50 3-10 mm

Ü of Leaf Clefts 13 1.923 1.74 1.32 0-4

Length of Cleft 11 6.455 9.48 3 .08 2 -1 2 mm

Leaf Length 14 28.429 126.88 11.26 15-60 mm

Leaf Width 14 13.786 44.95 6.70 4-30 mm

Corolla Tube Length 12 2.375 0.32 0.57 2-3 mm

Bract Length 14 1.143 0.13 0 .36 1 -2 mm

Calyx Length 14 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Nutlet Length 12 2 .0 0 0 0 .0 0 0 .0 0 2 mm

V. o f f i c i n a l i s  #4 

Plant Height 7 60.428 205.62 14.34 44-84 cm

Spike Length 8 21.125 44.13 6.64 14-30 cm

Spike Width 8 2.375 0.27 0.52 2-3 mm

Petiole Length 7 14.714 153.57 12.39 4-32 mm

# of Leaf Clefts 7 4.286 4 .90 2 .2 1 2-9

Length of Cleft 7 6.714 7.24 2.69 3-10 mm

Leaf Length 7 39.286 161.90 12.72 25-60 mm

Leaf Width 7 18.000 23.00 4.80 15-25 mm

Corolla Tube Length 8 3 .438 0.67 0.82 2-4 mm

Bract Length 8 1 .6 8 8 0.49 0.70 1-3 mm

Calyx Length 8 2.375 0.27 0 .52 2-3 mm

Nutlet Length 8 2 .0 0 0 0 .0 0 0 .0 0 2 mm
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Appendix C continued.
V. o f f i c i n a l i s  #5 N MEAN VAR. S. D. RANGE
Plant Height 2 75.500 180.5 13.44 66-85 cm

Spike Length 4 14.500 17.67 4 .20 13-20 cm

Spike Width 4 2.500 0.33 0 .58 2-3 mm

Petiole Length 4 7.000 6 .0 0 2.45 5-10 mm

ÿ of Leaf Clefts 4 2.250 0.92 0 .96 1-3

Length of Cleft 4 7.500 9.00 3.00 5-11 mm

Leaf Length 4 38.750 39.58 6.29 30-45 mm

Leaf Width 4 24.750 36.92 6 .08 19-30 mm

Corolla Tube Length 3 3.000 0 .0 0 0 .0 0 3 mm

Bract Length 4 1.750 0.25 0 .50 1 -2  mm

Calyx Length 3 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Nutlet Length 3 2 .0 0 0 0 .0 0 0 .0 0 2 mm

V. ro b u s ta  #1

Plant Height 5 54.000 491.50 22.17 27-79 cm

Spike Length 14 1 0 .0 0 0 9.69 3.11 6-15 cm

Spike Width 14 5.571 0 .58 0 .76 5-7 mm

Petiole Length 14 12.214 29.72 5.45 5-20 mm

# of Leaf Clefts 13 3.462 2.44 1.56 2 -8

Length of Cleft 13 5.154 8.81 2.97 3-12 rran

Leaf Length 14 41.071 158.38 12.58 15-60 mm

Leaf Width 14 23.214 62.18 7 .89 8-40 mm

Corolla Tube Length 12 3.833 0.33 0 .58 3-5 mm

Bract Length 13 3.000 0 .0 0 0 .0 0 3 mm

Calyx Length 14 2.929 0.23 0 .47 2-4 mm

Nutlet Length 12 1.500 0.45 0 .2 1 1 -2  mm
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Appendix C. continued

V. ro b u sta  #2 N MEAN VAR. S. D.

Plant Height 7 63.857 563.81 23.74

Spike Length 13 12.462 30.93 5.56

Spike Width 14 5.571 1.96 1.40

Petiole Length 14 13.214 61.41 7.84

# of Leaf Clefts 14 3.000 0 .62 0.78

Length of Cleft 14 7.214 18.95 4.35

Leaf Length 14 55.071 353.92 18.81

Leaf Width 14 28.500 91.65 9.57

Corolla Tube Length 11 3.364 0 .65 0.81

Bract Length 14 2.607 0 .39 0.63

Calyx Length 14 2.857 0 .13 0.36

Nutlet Length 12 1.588 0 .05 0 .2 2

V. ro b u sta  #3

Plant Height 5 48.400 341.30 18.47

Spike Length 13 13.923 31.58 5.62

Spike Width 13 5.077 1.24 1 .1 2

Petiole Length 12 8.667 17.88 4.23

# of Leaf Clefts 10 3.000 0 .2 2 0.47

Length of Cleft 10 4.700 ■ 4 .67 2.16

Leaf Length 12 42.667 129.88 11.40

Leaf Width 11 • 20.909 19.89 4.46

Corolla Tube Length 13 3.692 0 .56 0.75

Bract Length 13 2.615 0 .42 0.65

Calyx Length 13 2.846 0.47 0.69

Nutlet Length 10 1.350 0 .58 0.24

RANGE 
29-97 cm

5-25 cm 

4-9 mm 

2-35 mm 

2-4

4-20 mm 

25-90 mm 

20-52 rran 

2-4 mm 

2-4 mm

2-3 mm 

1 -2  mm

28-78 cm

4-17 cm 

3-7 rran

5-20 mm

2-4

2 -1 0  mm 

25-65 mm

10-25 mm

3-5 mm 

2-4 mm 

2-4 mm

11-1 .5  mm
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Appendix C. continued.
V. ro b u s ta  #4 N MEAN VAR. S. D. RANGE
Plant Height 7 57.429 676.95 26.02 30-92 cm

Spike Length 17 10.176 8.40 2.90 4-15 cm

Spike Width 17 5.235 0.69 0 .83 4-7  mm

Petiole Length 16 11.375 15.72 3 .96 7-20 mm

ÿ of Leaf Clefts 16 3.125 0.92 0 .96 . 1-5

Length of Cleft 16 5.563 20.13 4.49 2 -2 0  mm

Leaf Length 17 56.882 326.49 18.07 30-110 mm

Leaf Width 17 26.118 54.86 7.41 20-44 mm

Corolla Tube Length 16 3.938 0.46 0 .6 8 2-5 mm

Bract Length 17 2.706 0.35 0 .59 2-4 mm

Calyx Length 17 2.882 0 .1 1 0 .33 2-3 mm

Nutlet Length 7 1.643 0.60 0 .24 1 .5 -2  mm

V. sim plex  #1 •

Plant Height 9 33.222 39.69 6 .30 24-40 cm

Spike Length 10 12.500 14.06 3.75 6-17 cm

Spike Width 10 3.800 0.40 0 .63 3-5 mm

Petiole Length 10 8 .1 0 0 40.32 6 .35 0 -2 0  mm

# of Leaf Clefts 10 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 10 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 10 43.500 172.50 13.13 30-70 mm

Leaf Width 10 4.500 1.17 1.08 3-6 mm

Corolla Tube Lebgth 7 4.429 0.29 0 .53 4-5  mm

Bract Length 10 4.050 0.36 0 .60 3-5  mm

Calyx Length 10 4.200 0.18 0 .42 4-5  mm

Nutlet Length 9 2.278 0.13 0 .36 2-3 mm
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Appendix C. continued
V. sim plex #2 N MEAN

Plant Height 18 36.722

Spike Length 22 12.273

Spike Width 22 3.636

Petiole Length 22 8.500

ÿ of Leaf Clefts 22 0 .0 0 0

Length of Cleft 22 0 .0 0 0

Leaf Length 22 44.318

Leaf Width 22 5.909

Corolla Tube Length 19 4.316

Bract Length 22 3.818

Calyx Length 22 3.909

Nutlet Length 16 2.406

V. sim plex #3

Plant Height 16 33.688

Spike Length 20 12.650

Spike Width 20 3.150

Petiole Length 20 7.200

If of Leaf Clefts 20 0 .0 0 0

Length of Cleft 20 0 .0 0 0

Leaf Length 20 45.100

Leaf Width 20 5.650

Corolla Tube Length 19 4.263

Bract Length 20 3.350

Calyx Length 20 3.500

Nutlet Length 13 2.077

VAR.

71.98

16.97

0.62

27.12

0 .0 0

0 .0 0

188.80

6 .6 6

0.56

0.25

0.28

0.17

40.76

24.66

0.24

7.22

0 .0 0

0 .0 0

125.46

5.40

0 .2 0

0.24

0.26

0 .04

S. D.

8 .48

4 .12

0.79

5.21

0 .0 0

0 .0 0

13.74

2 .58

0.75

0 .50

0.53

0 .42

6 .38

4 .97

0 .49

2.69

0 .0 0

0 .0 0

11.20

2.32

0 .45

0 .49

0 .52

0 .19

RANGE 

26-60 cm 

7-21 cm

2-5 mm 

0 -2 0  mm

0

0 mm 

20-65 mm 

2 -1 2  mm 

4-7  mm

3-5 mm 

3-5 mm 

2-3 mm

27-42 cm 

5-20 cm

2-4 mm

2 -1 0  mm 

0

0 mm 

130-70 mm

3-10 mm 

4-5  mm

3-4 mm 

3-4  mm 

3-4 mm
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Appendix C. continued.
V. sim plex #4 N MEAN VAR. S. D. RANGE

Plant Height 21 36.905 95.19 9.76 26-62 cm

Spike Length 23 11.478 16.53 4.07 5-20 cm

Spike Width 24 3.625 0 .6 8 0.82 2-5  mm

Petiole Length 23 8.870 13.39 3.66 0 -2 0  mm

if of Leaf Clefts 0 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 0 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 23 50.391 202.25 14.22 20-90 mm

Leaf Width 23 6.304 J . 4 9  ■ 2.55 2 -1 1  mm

Corolla Tube Length 19"* 4.263 0.32 0 .56 4-6 mm

Bract Length 24 3.667 0 .32 0 .56 3-5  mm

Calyx Length 24 3.833 0.23 0 .48 3-5  mm

Nutlet Length 16 2.188 0.13 0.36 2-3 mm

V. sim plex #5

Plant Height 21 34.905 125.49 1 1 .2 0 24-61 cm

Spike Length 25 12.680 17.48 4 .18 6 -2 2  cm

Spike Width 25 3.040 0 .62 0 .79 2-5 cm

Petiole Length 24 8.083 15.91 3.99 0 -2 0  mm

i f of Leaf Clefts 25 0 .0 0 0 0 .0 0 O'. 00 0

Length of Cleft 25 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 25 51.400 186.42 13.65 30-70 mm

Leaf Width 25 6.680 6.81 2.61 3-13 mm

Corolla Tube Length 18 4.444 0 .49 0 .70 3-5  mm

Bract Length 25 3.680 0 .39 0.63 2-5 mm

Calyx Length 25 3.760 0 .19 0.44 3-4  mm

Nutlet Length 17 2.074 0 .31 0 .56 2-3 mm
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Appendix C. continued.
V. sim plex #6 N MEAN VAR. S. D. RANGE

Plant Height 28 36.607 109.88 10.48 23-66 cm

Spike Length 28 12.643 14.53 3.81 7-18 cm

Spike Width 28 3.643 0.76 0.87 2-5 mm

Petiole Length 29 9.517 14.04 3.75 4-20 Iran

f of Leaf Clefts 29 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 29 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 28 47.786 138.40 11.76 30-75 mm

Leaf Width 28 6.964 8.33 2.89 3-15 mm

Corolla Tube Length 26 4.346 0.31 0.56 3-5  mm

Bract Length 29 3.586 0.32 0.57 3-5  mm

Calyx Length 29 • 3.827 0.29 0 .54 3-5 mm

Nutlet Length 21 2.214 0 .1 1 0 .34 2-3 rran

V. sim plex #7 '

Plant Height 17 37.118 81.36 9.02 24-56 cm

Spike Length 18 14.778 13.24 3.64 10-23 cm

Spike Width 18 3.333 0.94 0.97 2-5 rran

Petiole Length 18 7.500 11.56 3.40 0 -1 0  rran

Ü of Leaf Clefts 18 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 18 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 18 46.389 114.14 1 0 .6 8 30-70 mm

Leaf Width 18 5.611 3.90 1.97 3-10 mm

Corolla Tube Length 17 4.118 0 .1 1 0 .33 4-5  mm

Bract Length 18 3.556 0.26 0.51 3-4  mm

Calyx Length 18 3.722 0 .2 1 0 .46 3-4  mm

Nutlet Length 17 2.176 0.09 0 .30 2-3 mm
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Appendix C. continued.
V. sim plex #8 N MEAN VAR. S. D. RANGE

Plant Height 15 42.533 153.41 12.39 30-65 cm

Spike Length 19 13.316 24.12 4.91 9-28 cm

Spike Width 19 3.474 0.71 0.84 2-5 irnn

Petiole Length 19 9.895 13.65 3.70 2-19 mm

# of Leaf Clefts 19 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 19 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 19 53.000 135.44 11.64 22-75 mm

Leaf Width 19 6.895 5.32 2.31 4-10 mm

Corolla Tube Length 19 4.105 0.99 0.32 4-5  mm

Bract Length 19 3.158 0 .58 0.76 2-5 mm

Calyx Length 19 3.579 0.37 0.61 3-5 mm

Nutlet Length 16 2 .0 0 0 0 .0 0 0 .0 0 2 mm

V. sim plex #9

Plant Height 15 32.467 131.70 11.48 20-43 cm

Spike Length 16 11.813 12.83 3.58 7-18 cm

Spike Width 16 3.375 0.65 0.81 2-5 mm

Petiole Length 16 6.938 10.06 3.17 2-15 mm

9 of Leaf Clefts 16 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 16 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 16 43.625 108.92 10.44 25-70 tran

Leaf Width 16 4.938 3.13 1.77 2-9 mm

Corolla Tube Length 16 4.125 0 .1 2 0.34 4-5  mm

Bract Length 16 3.438 0.26 0.51 3-4 mm

Calyx Length 16 3.563 0.26 0.51 3-4  mm

Nutlet Length 12 2.167 0 .1 1 0.33 2-3 mm
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Appendix C. continued.
V. s t r i c t a  #1 N MEAN VAR. S. D.

Plant Height 9 50.778 170.19 13.05

Spike Length 10 16.300 44.90 6.70

Spike Width 10 5.200 0 .40 0 .63

Petiole Length 11 a 000 0.00 0 .00
ÿ  of Leaf Clefts 11 a 000 a 00 0 .00
Length of Cleft 11 a 000 0.00 0.00
Leaf Length 11 49.82 28.37 5.33

Leaf Width 11 23.73 17.62 4 .20

Corolla Tube Length 11 6.000 0.60 0.77

Bract Length 11 4.455 0 .27 0 .52

Calys Length 11 4.364 0 .25 0 .50

Nutlet Length 6 2.917 0 .04 0.20

V. s t r i c t a  #2 •

Plant Height 12 63.583 267.54 15.36

Spike Length 25 15.720 33.71 5.81

Spike Width 25 5.280 0 .8 8 0 .94

Petiole Length 25 0.000 0.00 0.00
# of Leaf Clefts 25 0.000 0.00 0.00

Length of Cleft 25 0.000 0.00 0.00

Leaf Length 25 57.480 148.34 12.18

Leaf Width 25 27.560 34.67 5.89

Corolla Tube Length 22 6.136 0 .8 8 0.94

Bract Length 25 4.640 0.41 0 .64

Calyx Length 25 4.640 0 .41 0 .64

Nutlet Length 16 2.781 0 .13 0 .36

RANGE

30-76cm 

10-26 cm

4 -6  mm 

0 mm 

0

0 mm 

40-60 mm 

19-30 mm

5-7  mm 

4 -5  mm 

4 -5  mm

2 .5 -3  mm

40-90 cm 

8-29 cm 

4-7  mm 

0 mm

0

0 mm 

40-75 mm 

20-41 mm 

4-7  mm

3-6  mm 

3-6  mm 

2-3  mm
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Appendix C. continued.
V. s t r i c t a  #3 N MEAN VAR. S. D.

Plant Height 5 72.600 230.80 15.19

Spike Length 9 15.000 25.50 5.05

Spike Width 9 6 .1 1 1 3.86 1.96

Petiole Length 9 0 .0 0 0 0 .0 0 0 .0 0

ÿ of Leaf Clefts 9 0 .0 0 0 0 .0 0 0 .0 0

Length of Cleft 9 0 0 0

Leaf Length 9 64.889 185.11 13.61

Leaf Width 9 31.667 60.75 7.79

Corolla Tube Length 9 5.555 0 .78 0 .8 8

Bract Length 9 4.333 0.25 0 .50

Calyx Length 9 4.333 0.25 0 .50

Nutlet Length 4 3.000 0 .0 0 0 .0 0

V. S t r i c t a  #4

Plant Height 8 63.250 241.36 15.54

Spike Length 12 17.083 30.27 5 .50

Spike Width 12 4.417 0.81 0.90

Petiole Length 12 0.000 0.00 0 .0 0

$ of Leaf Clefts 12 0.000 0.00 0 .00

Length of Cleft 12 0.000 0.00 0 .00

Leaf Length 12 46.417 78.81 8 .8 8

Leaf Width 1 2 . 25.083 39.90 6.32

Corolla Tube Length 11 6.455 0.87 0.93

Bract Length 12 4.667 0.42 0 .65

Calyx Length 12 4.833 0.33 0.58

Nutlet Length 5 2.900 0.05 0 .2 2

RANGE 

58-90 cm 

9-25 cm 

5-11 mm

0 mm 

0

0  mm 

55-99 mm 

22-50 mm 

4-7  mm 

4 -5  mm

4-5  mm 

3 mm

40-82 cm 

9-25 cm

4-7  mm 

0 mm 

0

0 mm 

36-70 mm 

17-30 mm

5-8  mm

3-5  mm

4-6  mm 

.5 -3  mm
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Appendix C. continued.
V. s t r i c t a  #5 N MEAN VAR. S. D. RANGE
Plant Height 6 51.333 279.47 16.72 30-68 cm

Spike Length 10 14.100 35.43 5.95 7-21 cm

Spike Width 10 5.600 0.93 0.97 4-7 mm

Petiole Length 10 0 .0 0 0 0 .0 0 0 .00 0 mm

i f of Leaf Clefts 10 0.000 0 .00 0.00 0

Length of Cleft 10 0.000 0.00 0.00 0 mm

Leaf Length 10 52.000 2 1 2 .2 2 14.57 30-75 mm

Leaf Width 10 26.100 61.88 7.87 14-30 mm

Corolla Tube Length 10 5.700 1.13 1.06 4-7 mm

Bract Length 10 4.300 0.45 0.67 3-5 mm

Calyx Length 10 4.300 0.45 0.67 3-5 mm

Nutlet Length 
V. s t r i c t a  #6

8 2.938 0.03 0.18 2 .5 -3  mm

Plant Height 12 54.750 192.57 13.87 40-74 cm

Spike Length 17 13.118 34.86 5.90 4-24 cm

Spike Width 17 5.353 0.62 0.79 4-7  mm

Petiole Length 17 0.000 0.00 0.00 0 mm

i f of Leaf Clefts 17 0.000 0.000 0.00 0

Length of Cleft 17 0 .000 0.00 0.00 0 mm

Leaf Length 17 54.235 151.82 12.32 40-85 mm

Leaf Width 17 28.706 60.10 7.75 15-46 mm

Corolla Tube Length 16 5.750 1.13 1.06 4-7 mm

Bract Length 17 4.412 0.38 0.62 4-6  mm

Calyx Length 17 4.471 0.51 0.72 4-6 nrni

Nutlet Length 8 2.875 0.13 0.35 2-3 mm
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Appendix C. continued.
V. s t r i c t a  #7 N MEAN VAR. S. D. RANGE

Plant Height 20 57.350 258.13 16.07 27-90 cm

Spike Length 25 12.440 29.09 5.39 5-28 cm

Spike Width 25 5.480 1.76 1.33 3-8 mm

Petiole Length 25 0 .0 0 0 0.00 0 .0 0 0 mm

# of Leaf Clefts 25 0 .0 0 0 0.00 0 .0 0 0

Length of Cleft 25 0 .0 0 0 0 .00 0 .0 0 0 mm

Leaf Length 25 50.600 70.92 8.42 35-70 mm

Leaf Width 25 25.360 42.16 6.49 14-32 mm

Corolla Tube Length 23 6.261 0.75 0 .8 6 5-8 mm

Bract Length 25 4.520 0.43 0.65 3-6 mm

Calyx Length 25 4.640 0.49 0.70 3-6 mm

Nutlet Length 11 2.818 0 .1 1 0.34 2-3 mm

V. s t r i c t a  #8

Plant Height 10 60.500 349.17 18.69 37-85 cm

Spike Length 17 12.882 12.99 3.60 7-19 cm

Spike Width 17 4 .824 1.40 1.19 3-7 mm

Petiole Length 18 0 .0 0 0 0 .00 0 .0 0 0 mm

t  of Leaf Clefts 18 0 .0 0 0 0 .00 0 .0 0 0

Length of Cleft 18 0 .0 0 0 0 .00 0 .0 0 0 mm

Leaf Length 18 57.667 162.82 12.76 34-85 mm

Leaf Width 18 29.778 95.59 9 .78 15-55 mm

Corolla Tube Length 18 5.611 1.44 1 .2 0 4-8 mm

Bract Length 18 4.167 0.62 0.79 3-5 mm

Calyx Length 18 4.278 0.57 0.75 3-5 mm

Nutlet Length 8 2.750 0.14 0 .38 2-3 mm
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Appendix C. continued.
V. s t r i c t a  #9 N MEAN VAR. S. D. RANGE
Plant Height 14 60.214 220.95 14.86 39-85 cm

Spike Length 24 13.167 28.49 5.34  , 5-26 cm

Spike Width 24 4.542 0.69 0.83 3-7 mm

Petiole Length 24 0 .0 0 0 0.00 0 .0 0 0 mm

# of Leaf Clefts 24 0 .0 0 0 0.00 0 .0 0 0

Length of Cleft 24 0 .0 0 0 0.00 0 .0 0 0 mm

Leaf Length 24 52.833 101.45 10.07 30-72 mm

Leaf Width 24 25.375 63.49 7.97 15-50 mm

Corolla Tube Length 23 6.087 0.63 0 .79 5-8  mm

Bract Length 24 4.708 0.56 0.75 3-6  mm

Calyx Length 24 4.667 0.49 0.70 4-6  mm

Nutlet Length 10 2.950 0 .03 0 .16 2 .5 -3  mm

V. s t r i c t a  #10

Plant Height 10 59.500 . 462.50 21.51 29-90 cm

Spike Length 19 15.211 69.18 8.317 3-30 cm

Spike Width 19 5.526 0.60 0 .77 4-7  mm

Petiole Length 19 0 .0 0 0 0.00 0 .0 0 0 mm

# of Leaf Clefts 19 0 .0 0 0 a 00 0 .0 0 0

Length of Cleft 19 0 .0 0 0 a 00 0.00 0 mm

Leaf Length 19 54.000 102.33 1 0 .1 2 35-75 mm

Leaf Width 19 26.368 40.80 6.39 20-40 mm

Corolla Tube Length 16 6.250 0.60 0.77 5-7 mm

Bract Length 19 4.579 0.48 0.69 3-5 mm

Calyx Length 19 4.737 0.43 0 .65 3-6 mm

Nutlet Length 10 2.800 0 .18 0 .42 2-3 mm
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Appendix C. continued.
V. s t r i c t a  #11 N MEAN VAR. S. D. RANGE

Plant Height 14 65.429 106.73 10.33 48-90 cm

Spike Length 23 16.913 93.90 9.69 3-27 cm

Spike Width 23 5.217 1.09 1.04 3-7 mm

Petiole Length 23 0 .0 0 0 0.00 0 .0 0 0 mm

# of Leaf Clefts 23 0 .0 0 0 0 .00 0 .0 0 0

Length of Cleft 23 0 .0 0 0 0.00 0 .0 0 0 mm

Leaf Length 23 56.217 134.09 11.58 30-75 mm

Leaf Width 23 26.522 68.99 8.31 11-45 mm

Corolla Tube Length 22 5.682 0.89 0.95 4-8  mm

Bract Length 23 4.391 0 .52 0.72 3-6 mm

Calyx Length 23 4.391 0 .52 0.72 3-6 mm

Nutlet Length 11 2.910 0 .04 0 .2 0 2 .5 -3  mm

V. s t r i c t a  #12 •

Plant Height 12 71.000 166.73 12.91 50-95 cm

Spike Length 17 13.824 36.90 6.07 5-29 cm

Spike Width 17 4.941 1 .6 8 1.30 3-7 mm

Petiole Length 17 0 .0 0 0 0.00 0 .0 0 0  mm

# of Leaf Clefts 17 0 .0 0 0 a  00 0 .0 0 0

Length of Cleft 17 0 .0 0 0 0.00 0 .0 0 0 mm

Leaf Length 17 63.471 198.01 14.07 4 5 -100mm

Leaf Width 28.529 138.26 11.76 19-50 mm

Corolla Tube Length 15 5.467 1.27 1.13 4-7 mm

Bract Length 17 4.118 0.49 0.70 3-5 mm

Calyx Length 17 4.000 0.50 0.71 3-5 mm

Nutlet Length 8 2.9375 0.03 0.18 2 .5 -3  mm
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Appendix C. continued.

V. s t r i c t a  #13 N MEAN VAR. S. D.

Plant Height 7 75.710 267.57 16.36

Spike Length 10 15.600 12.27 3.50

Spike Width 10 5.100 2.322 1.52

Petiole Length 10 0 .0 0 0 0 .0 0 0 .0 0

# of Leaf Clefts 10 0 .0 0 0 0 .0 0 0 .0 0

Length of Cleft 10 0 .0 0 0 0 .0 0 0 .0 0

Leaf Length 10 62.500 245.83 15.68

Leaf Width 10 30.300 132.90 11.53

Corolla Tube Length 9 5.889 1.36 1.17

Bract Length 10 4 .300 0 .90 0.95

Calyx Length 10 4.300 0 .90 0.95

Nutlet Length 6 2.833 0.17 0.41

V. S t r i c t a  #14

Plant Height 5 6 8 .2 0 0 479.20 21.89

Spike Length 15 16.867 45.98 6.78

Spike Width 15 5.800 0 .46 0 .6 8

Petiole Length 15 0 .0 0 0 0.00 0 .0 0

# of Leaf Clefts 15 0 .0 0 0 0.00 0 .0 0

Length of Cleft 15 0 .0 0 0 0 .0 0 0 .0 0

Leaf Length 15 63.600 298.83 17.29

Leaf Width 15 . 33.733 79.35 8.91

Corolla Tube Length 12 5.583 0 .27 0.51

Bract Length 15 4 .200 0.31 0.56

Calyx Length 15 4 .467 0.27 0.52

Nutlet Length 9 2.833 0.13 0.35

RANGE 

57-98 cm 

11-21  cm

3-8 mm 

0 mm 

0

0 mm 

40-85 mm 

13-49 mm

4-8  mm 

3-6 mm 

3-6 mm 

2-3 mm

38-98 cm 

8-26 cm 

5-7 mm 

0 mm 

0

0 irnn 

40-98 mm 

20-55 mm 

5-6 mm

3-5 mm

4-5 mm 

2-3 mm
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Appendix C. continued.
]/. s t r i c t a  #15 

Plant Height

Spike Length
Spike Width

Petiole Length

# of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Corolla Tube Length 

Bract Length 

Calyx Length 
Nutlet Length

V. s t r i c t a  #16 

Plant Height

Spike Length

Spike Width

Petiole Length

# of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Corolla Tube Length 

Bract Length 

Calyx Length 

Nutlet Length

N MEAN VAR. S. D.

15 63.867 316.26; 17.78

23 13.783 55.45: 7 .45

24 6.125 1.42 1.19

25 0 .0 0 0 0 .0 0 0 .0 0

25 0 .0 0 0 0 .0 0 0 .0 0

25 0 .0 0 0 0 .0 0 0 .0 0

25 59.040 137.46 11.72

25 32.040 95.37 9.77

21 5.667 1.03 1 .0 2

25 4.440 0.26 0.51

25 4.640 0.41 0.64

11 3.000 0 .0 0 0 .0 0

8 73.625 273.41 16.535

11 14.636 44.25 6.652

11 4.545 • 0.47 0.69

11 0 .0 0 0 0 .0 0 0 .0 0

11 0 .0 0 0 0 .0 0 0 .0 0

11 0 .0 0 0 0 .0 0 0 .0 0

11 57.000 90.00 9.49

26.909 56.89 7.54

11 5.818 0.56 0 .75

11 4.364 0.25 0.40

11 4.364 0.25 0.50

4 3.000 0 .0 0 0 .0 0

RANGE

35-95 cm 

3-32 cm 

4-8  mm 

0 mm

0

0 mm 

30-80 mm 

17-50 mm 

4-7 mm 

4-5 mm 

4-6  im 

3 mm

49-93 cm 

9-27 cm

3-5 mm 

0 mm 

0

0 mm 

42-70 mm 

15-35 mm

4-7 mm 

4-5  mm 

4-5  mm

3 mm
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Appendix C. continued.
V. u r t i c i f o l i a  #1 N MEAN VAR. S. D. RANGE

Plant Height 13 74.385 304.42 17.45 48-99 cm

Spike Length 25 15.200 21.25 4.61 8-25 cm

Spike Width 25 2.080 0.24 0 .49 1-3 mm

Petiole Length 25 14.120 22.03 4.69 10-30 mm

# of Leaf Clefts 25 0 .0 0 0 a 00 0 .0 0 0

Length of Cleft 25 0 .0 0 0 0.00 0 .0 0 0 mm

Leaf Length 25 83.640 209.16 14.46 40-103 mm

Leaf Width 25 38.840 90.64 9.52 20-60 mm

Corolla Tube Length 19 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Bract Length 25 1 .0 0 0 0 .0 0 0 .0 0 1 mm

Calyx Length 25 1.920 0 .08 0.28 1-2  mm

Nutlet Length 17 1.718 0 .1 1 0.33 1-2  mm

V. u r t i c i f o l i a  #2 '

Plant Height 3 92.000 93.00 9.64 81-99 cm

Spike Length 12 14.333 10.06 3.17 7-18 cm

Spike Width 12 1.917 0.27 0.51 1-3 mm

Petiole Length 12 17.667 68.42 8.27 10-40 mm

# of Leaf Clefts 12 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 12 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 12 81.833 281.97 16.79 55-99 mm

Leaf Width 1 2 . 33.833 101.24 10.06 22-52 mm

Corolla Tube Length 11 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Bract Length 12 1 .0 0 0 0 .0 0 0 .0 0 1 mm

Calyx Length 12 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Nutlet Length 6 1.450 0 .1 2 0 .34 1 -2  mm
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Appendix C. continued.
V. u r t i c i f o l i a  #3

N MEAN

Plant Height 4 89.000

Spike Length 20 15.050

Spike Width 15 1.933

Petiole Length 20 16.800

ÿ of Leaf Clefts 0 0 .0 0 0

Length of Cleft 0 0 .0 0 0

Leaf Length 20 83.900

Leaf Width 20 35.100

Corolla Tube Length 20 2 .0 0 0

Bract Length 20 1 .0 0 0

Calyx Length 20 1.900

Nutlet Length 11 1.682

V. u r t i c i f o l i a  #4

Plant Height 8 83.500

Spike Length 20 15.550

Spike Width 20 2.050

Petiole Length 19 14.053

# of Leaf Clefts 20 0 .0 0 0

Length of Cleft 20 0 .0 0 0

Leaf Length 20 85.050

Leaf Width 20 36.250

Corolla Tube Length ' 16 2 .0 0 0

Bract Length 20 1 .0 0 0

Calyx Length 20 2 .0 0 0

Nutlet Length 11 1.818

VAR. s. D.

4 8 .6 7 1 6 .98  

14.16 I 3 .76 

0.67 0.26

37.75 I 6 .14

0.00 I 0.00 

0.00 I 0.00

190.52 1 13.80

100.00 I 10.00 

0.00 0.00 

0.00 I 0.00

0.31 0 .55

0 .16  0 .40

396.57

46.05

0.26

31.61

0 .0 0  

0 .0 0

96.47

95.04

0 .0 0  

0 .0 0  

0 .0 0

0.06

119.91

6.79

0.51

5.62

0 .0 0

0 .0 0

9.82

9 .75

0 .0 0

0 .0 0

0 .0 0

0.25

RANGE

79-95 cm

8-19 cm 

1-3 mm

9-30 mm 

0

0 mm 

50-99 mm 

20-60 mm 

2 mm 

1 mm 

1-3 mm 

1 -2  mm

55-108 cm 

6-28  cm 

1-3 mm 

6-30 mm 

0

0 mm 

60-97 mm 

16-55 mm 

2  iron

1 mm

2 mm 

[1 .5 -2  mm
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Appendix C. continued.
V. u r t i c i f o l i a  #5 N MEAN VAR. S. D. RANGE

Plant Height 5 63.400 272.80 16.52 51-91 cm

Spike Length 13 12.538 16.27 4 .03 6-15 cm

Spike Width 13 2.154 0 .47 0 .69 1-4 mm

Petiole Length 14 14.857 18.75 4 .33 1 0 -2 0  mm

if of Leaf Clefts 14 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 14 0 .0 0 0 0 0 0 0 .0 0 0 mm

Leaf Length 14 83.786 199.72 14.13 50-110 mm

Leaf Width 14 39.929 73.46 8 .57 30-52 mm

Corolla Tube Length 13 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Bract Length 14 1 .0 0 0 0 .0 0 0 .0 0 1 mm

Calyx Length 14 1.714 0 .18 0 .43 1 -2  mm

Nutlet Length 7 1.528 0 .2 2 0 .47 1 -2  mm

V. u r t i c i f o l i a  #6

Plgpnt Height 7 69.571 560.95 23.68 49-120 cm

Spike Length 15 14.733 38.71 6.23 8-28 cm

Spike Width 15 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Petiole Length 15 15.200 55.03 7 .42 5-32 mm

# of Leaf Clefts 15 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 15 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 14 85.571 156.26 12.500 60-99 mm

Leaf Width 14. 30.714 113.60 10.659 21-59 mm

Corolla Tube Length 14 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Bract Length 14 1 .0 0 0 0 .0 0 0 .0 0 1 mm

Calyx Length 14 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Nutlet Length 9 1.388 0 .1 1 0 .33 1 -2  mm
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Appendix C. continued.
u r t i c i f o l i a  #7 

Plant Height

Spike Length

Spike Width
Petiole Length

ÿ of Leaf Clefts

Length of Cleft

Leaf Length

Leaf Width

Corolla Tube Length

Bract Length

Calyx Length

Nutlet Length

u r t i c i f o l i a  #8 

Plant Height 

Spike Length 

Spike Width 

Petiole Length 

# of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Corolla Tube Length 

Bract Length 

Calyx Length 

Nutlet Length

N

4

10

10

10

10

10

10

10

7

10

10

6

6

12

12

11

12

12

12

12

8

12

12

10

MEAN

86.500

16.500

1.700 

16.100 

0.000 

0.000

87.900

37.400

2.000

1.000

1.700 

1.583

VAR. S. D.

75.167

17.000

2.000

13.455

0.000

0.000

80.083

35.333

2.000

1.000

1.833

1.300
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669.67

20.50

0.23

24.77

0.00

0.00

47.88

116.71

0.00

0.00

0.23

0 .04

25.88

4.53

0 .48

4 .98

0.00

0.00

6.92

10.80

0.00

0.00

0 .48

0.20

431.77 

44.18 

0.00 

20.07 

0.00 

CL 00 

326.81 

161.33 

0 .29 

0.00 

0 .15  

0 .03

120.78

6.65

0.00

4 .48

0.00

0.00

18.08

112.70

0.53

0.00

0.39

0.18

RANGE

62-123 cm 

10-27 cm 

1 -2  mm 

7-22 mm 

0

0 mm 

80-98 mm 

24-56 nm 

2 iran 

1 mm 

1 -2  mm 

1 .5 -2  mm

46-98 cm 

8-25 cm 

0

7-20 mm 

0

0 mm 

40-99 mm 

20-53 mm 

1-3 mm 

1 mm 

1 -2  mm 

1 .1 .5  mm



Appendix C. co n tin u ed . 

V. u r t i c i f o l i a  #9
N MEAN VAR. S. D. RANGE

Flanc Height 12 63.000 878.00 29.63 33-116 cm

Spike Length 22 12.364 32.24 5 .68 4-27 cm

Spike Width 22 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Petiole Length 23 15.826 38.88 6 .24 7-30 irni

f of Leaf Clefts 23 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 23 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 23 80.043 308.86 17.57 50-99 mm

Leaf Width 23 35.261 130.29 11.41 19-60 mm

Corolla Tube Length 12 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Bract Length 23 1 .0 0 0 0 .0 0 0 .0 0 1 mm

Calyx Length 23 1.870 0 .1 2 0 .34 1 -2  mm

Nutlet Length 15 1.353 0.07 0 .27 1 -2  mm

V. u r t i c i f o l i a  #10 

Plant Height 

Spike Length 12

-99

11.417 31.17 5 .58 4-22 cm

Spike Width 12 1.917 0.27 0.51 1-3 cm

Petiole Length 12 16.500 36.27 6 .0 2 9-25 mm

# of Leaf Clefts 12 0 .0 0 0 0 .0 0 0 .0 0 0

Length of Cleft 12 0 .0 0 0 0 .0 0 0 .0 0 0 mm

Leaf Length 12 84.750 226.93 15.064 55-99 mm

Leaf Width 12 31.667 38.42 6.199 20-39 mm

Corolla Tube Length 9 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Bract Length 12 1 .0 0 0 0 .0 0 0 .0 0 1 tran

Calyx Length 12 2 .0 0 0 0 .0 0 0 .0 0 2 mm

Nutlet Length 7 1.271 0 .05 0.23 1 -1 .5  tran
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Appendix D. Grand Means of the Members of the Verbena stricta 
Verbena bracteata

Plant Height 

Spike length 

Spike Width 

Petiole Length 

ÿ of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Corolla Tube Length 

Bract Length 

Calyx Length 

Nutlet Length

Verbena halei 
Plant Height 

Spike Length 

Spike Width 

Petiole Length 

if of Leaf Clefts 

Length of Cleft 

Leaf Length 

Leaf Width 

Corolla Tube Length 

Bract Length 

Calyx Length 

Nutlet Length

N

275
297
297
293

291

291
291

291
208

297

298 
255

180

204
204
179
172

172

177

177

187
204
204

205

MEAN

23.950
8.161

7.758
5.296

1.203

5.780
24.660
14.017
3.611

7.070

2.876

2.000

49.006

16.461
2.142

14.140
3.052

7.965
34.288

15.576

3.743
1.973
2.953

2.000

VAR. S. D.
compex. 

RANGE

81.00
10.69 
2.62 

7.73 

2.10

11.70 
75.17 

36.97
0.53

1.66

0.21

0.00

180.63

28.41
0.14
70.73
1.08

25.70 

145.68

54.91

0.35
0.13
0.20

0.00

9.00

3.27
1.62
2.78

1.45

3.42

8.67

6.08
0.73
1.29

0.46

0.00

13.44

5.33
0.38
8.41 

1.04 

5.07

12.07

7.41 

0.59 
0.36 
0.45 

0.00

9-55 cm
5-15 cm
2-10 mm
2-20 mm

0-3

0-18 mm
8-55 mm
4-28 mm

2-8 mm

4-11 mm

2-4 mm
2 mm

26-75 cm

4-38 cm
2-4 mm
3-30 mm

0-7

0-25 mm

5-105 mm
2-35 mm

2-7 mm
1-3 mm
2-4 mm

i 2 mm
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Appendix D . Continued. 
Verbena hastata N MEAN VAR.

Plant Height 131 74.748 591.46
Spike Length 297 9.517 268.63
Spike Width 295 2.686 0.50
Petiole Length 297 12.703 25.20
ÿ of Leaf Clefts 9(294) 1.000 0.00

Length of Cleft 9(294) 12.556 13.03
Leaf Length 295 79.783 251.22
Leaf Width 295 20.695 38.94
Corolla Tube Length 255 3.043 0.50

Bract Length 296 1.537 0.42

Calyx Length 299 2.181 0.18

Nutlet Length 225 1.964 0.03

Verbena lasiostachys 

Plant Height 97 54.742 331.97
Spike Length 171 15.018 31.70
Spike Width 171 4,614 0.94
Petiole Length 168 11.399 36.24
9 of Leaf Clefts 160 3.981 3.65
Length of Cleft 160 6.000 15.60
Leaf Length 165 46.806 Î56.00
Leaf Width 165' 24.910 97.02
Corolla Tube Length 156 3.721 0.34
Bract Length 171 2.444 0.30
Calyx Length 171 3.082 0.29
Nutlet Length 113 1.489 0.11

177 1

s .  D.

24.32 

16.39 
0.71 

5.02 
0 .0 0  

3.61 

15.85 
6.24 
0.71 

0.65 
0.43

0.17

0.97
6.02

1.91
3.95

RANGE 

17-150 cm

2-70 cm 

2-5 mm

3-25 mm 
1

8-20 mm 

30-115 mm 

7-38 mm 

2-5 mm 
1-3 mm 
1-3 mm

1-2 mm

18.22 117-115 cm 
5.63 I 4-43 cm

3-10 mm 

0-35 mm 
0-15 
0-20 mm

18.00 I 20-90 mm 

9.85 I 9-60 mm
0.58

0.55
0.54

0.33

2-5 mm

1-4 mm
2-4 mm 

1-2 mm



Appendix D. Continued.

Verbena neomexicana N MEAN VAR. S. D. RANGE

Plant Height 108 35.509 200.22 14.15 10-71 cm
Spike Length 119 13.891 29.27 5.41 4-29 cm
Spike Width 119 3.571 1.44 1.20 2-7 mm
Petiole Length 114 7.263 38.69 6.22 0-30 mm

# of Leaf Clefts 118 2.025 2.89 1.70 0-10

Length of Cleft 118 3.483 11.90 3.45 0-20 mm

Leaf Length 118 25.771 90.25 9.50 7-60 mm
Leaf Width 118 10.576 37.95 6.16 2-30 mm

Corolla Tube Length 99 4.586 0.79 0.89 3-7 mm

Bract Length 118 3.025 0.36 0.60 2-5 mm

Calyx Length 119 3.261 0.46 0.68 2-5 mm
Nutlet Length 74 2.000 0.00 0.00 2 mm

Verbena officinalis

Plant Height 69 49.594 247.43 15.73 22-90 cm
Spike Length 88 14.534 30.47 5.52 5-20 cm
Spike Width 88 2.091 0.11 0.33 1-3 mm

Petiole Length 85 9.929 45.83 6.77 3-40 mm
# of Leaf Clefts 84 2.643 1.93 1.39 0-9
Length of Cleft 84 6.500 14.59 3.82 0-20 mm
Leaf Length 85 34.506 132.71 11.52 15-65 mm

Leaf Width 85 18.235 55.35 7.44 5-40 mm

Corolla Tube Length 79 3.089 0.52 0.72 2-5 mm

Bract Length 88 1.597 0.30 0.55 1-3 mm
Calyx Length 88 2.227 0.25 0.50 1-4 mm
Nutlet Length 72 2.00 0.00 0 .00 2 mm
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Appendix D. Continued.

Verbena robuste N MEAN VAR. S. D.

Plant Height 25 56.800 480.05 21.91

Spike Length 61 11.582 21.07 4.59
Spike Width 61 5.377 1.04 1.02
Petiole Length 60 9.517 43.69 6.61

# of Leaf Clefts 57 3.228 1.44 1.20

Length of Cleft 57 5.386 10.50 3.24

Leaf Length 60 48.600 305.55 17.48

Leaf Width 60 24.433 90.06 9.49
Corolla Tube Length 55 3.727 0.50 0.71

Bract Length 61 2.746 0.32 0.57
Calyx Length 61 2.885 0.20 0.45
Nutlet Length 44 1.505 0.05 0.23

Verbena simplex

Plant Height 205 36.044 105.47 10.27
Spike Length 228 12.772 31.58 5.62
Spike Width 228 3.386 0.69 0.83
Petiole Length 228 8.509 16.65 4.08
# of Leaf Clefts 228 0.000 0.00 0.00

Length of Cleft 228 0.000 0.00 0.00

Leaf Length 228 47.539 153.76 12.40
Leaf Width 228 6.307 8.76 2.96

Corolla Tube Length 205 4.288 0.34 0.58

Bract Length 228 3.616 0.36 0.60
Calyx Length 230 3.761 0.28 0.53
Nutlet Length 166 2.199 0.11 0.33

RANGE 

27-97 cm 

4-26 cm 

4—9 mm 
2-35 mm 
2-8

2—20 iTim

115-110 mm 

8-52 mm 

2-5 mm 

2—4 mm 
2—4 mm 

1-2 mm

21-72 cm 

5-25 cm
2-5 mm 

0-20 mm 
0

0 mm 

20—80 mm 

3-15 mm
3—6 mm

2-6 mm
3—6 mm 
2-3 mm
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Appendix D . Continued. 
Verbena stricta N MEAN VAR. S. D. RANGE

Plant Height 172 62.413 295.50 17.19 29-90 cm
Spike Length 282 14.840 45.02 6.71 4-43 cm
Spike Width 282 5.248 1.23 1.11 3-9 mm
Petiole Length 18(285) 5.056 7.13 2.67 2-10 mm

# of Leaf Clefts 12(285) 1.000 0.00 0.00 1

Length of Cleft 12(285) 6.250 11.30 3.36 2-12 mm
Leaf Length 286 56.378 153.26 12.38 30-100 mm
Leaf Width 286 28.273 70.56 8.40 14-50 mm
Corolla Tube Length 261 5.885 0.88 0.94 4—8 mm

Bract Length 287 4.443 0.45 0.67 3-6 mm
Calyx Length 287 4.505 0.45 0.67 3-6 mm
Nutlet Length 145 2.886 0.07 0.27 2-3 mm

Verbena urtlclfolla 

Plant Height 92 76.783 533.15 23.09 33-140 cm
Spike Length 245 14.958 50.98 7.14 8-90 cm
Spike Width 245 2.061 0.21 . 0.46 1-3 mm
Petiole Length 243 14.881 31.70 5.63 5-30 mm
ÿ of Leaf Clefts 245 0.000 0.00 0.00 0

Length of Cleft 245 0.000 0.00 0.00 0 mm
Leaf Length 246 81.935 222.90 14.93 40-110 mm
Leaf Width 246 33.943 102.21 10.11 15-60 mm
Corolla Tube Length 191 1.963 0.07 0.26 1-3 mm
Bract Length 248 1.000 0.00 0.00 1 mm
Calyx Length 248 1.859 0.14 0.37 1-3 mm
Nutlet Length 166 1.496 0.11 0.33 1-2 run
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Appendix E. Hybrid Specimens measured.

h a s ta ta  x s t r i  e ta

1) B.F. Bush 14088, Leavensw orth, KS

2) B. Shimek s . n . ,  D ickinson Co, IOWA

3) F. Thorne 87, L aS a lle  Co, ILL.

4) H. E ggert s . n . ,  S t .  Louis Co., MO.

h a s ta ta  x u r t i c i f o l i a

5) L.H. Pammel s . n . ,  C layton Co, IOWA

6 ) H. E ggert s . n . ,  S t .  Louis Co, MO

7) J.K . Small s . n . ,  Luzerne Co, PA

8 ) M.S. Bebb s . n . ,  F o u n ta in d a le , ILL 

hybrids ?

9) P a tte rso n  s . n . ,  Oquawka, ILL

10) P a tte rso n  s . n . ,  Oquawka, ILL

1 1 ) P a tte rso n  s . n . ,  Oquawka, ILL

s t r i c t a  x sim plex

12) L.H. Pammel s . n . ,  C lin to n  Co, IOWA

13) B. Shimek s . h . .  B lack Hawk Co, IOWA

14) E.L. Braun s . n . .  Cook Co, ILL 

b ra c te a ta  x s t r i c t a

15) P a tte rso n  s . n . ,  Oquawka, ILL

16) P a tte rso n  s . n . ,  Oquawka, ILL

17) P a tte rso n  s . n . ,  Oquawka, ILL 

s t r i c t a  x h a le i

18) G.L. F ish e r  33129, H a rr is  C o., IX
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Appendix E con tin u ed . 

h a s ta ta  x sim plex

19) M.L. Bebb s . n . ,  F o u n ta in d a le , ILL

20) H.H. Smith 979, Iron  Co, MO

s t r i c t a  x u r t i c i f o l i a

21) H. Eggert s . n . ,  C a iro , ILL

22) ? ? , IND.

b ra c te a ta  x u r t i c i f o l i a

23) P a tte rso n  s . n . ,  Oquauka, ILL

24) M.S. Bebb s . n . ,  F o u ta in d a le , ILL.
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