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CTTAXONaIC 5DTES IN IRI, Ci()N APOON BAK'R

r'iv r 1:"---
Introduction

This study was undertaken to investigate species relationships

in the subsection Californicac, section Apogon, of the genus Iris.

The work was planned to utilize ecological, genetic, cytological,

and conventional taxonomic methods in an analysis of those relation-s

ships. No attempt has been made to interpret the relationship of

the subsection to other subgerieric rroups within the genus Iris,

According to Foeter (13), the genus Iris can be divided into

two major group', those with bulbous and those with rhioatoua

rootatocka, The section Apogon is distinguished from the other

six sections of the rhizoatous irises by the absence of iu1ti

cellular hairs on the sepsis. All but two of the species of 1orth

American iris belong to the Aoon Irises. Tho section is also

represented by species in :uroe, Asia and Africa.

The subsection Californicas of section pgon was considered

by Foster in 193? to consist of 12 species aii varieties. Since

that date he has added 2 new species (lit) and 3 species and 2

varieties have been described by :iss Alice astwood (10), (11),

(12). One of the species included by roster (I. tenuis 'ate.)

has been excluded from this study for c tolol.!ical and morholcnical

reasons which will be discussed in a later section, The reiain
ing 16 species are rhizomatous, clumpforming perennials
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characterized by a usually deltoid atia; 1)-shaped, cubical, or

ovoid seeds; the absence of foijaceous stem leaves; ax1 tough basal

leaves which are reddish at base. 1)ykes (9) arid Foster state that

few roots are produced by members of the subsection, but this

characteristic is not supported by fe1d observations. The roots

tend to break easily when pulled from the ground and herbarium

specimens often ahovt only a few roots.

General diotrtbution of the subsection is west of the Cascade-

Sierra crest from ashington to southern alifornua. Fioever, most

of the species are found in southwestern Oregon and northwestern

Calif onus.

Taxonotsicilly a number of characters have been used for dis-

tinguishing the species;

Stigma - The stigma is deltoid and entire in all speciei

except I. purdyt Eaetw. which has a tongue-shaped and bibbed stigma.

Style The style branches are petaloid and usually the same

color as the periarith. There aro variations in length and these

have been regarded is significant (I).

Periarith - The oethls are usually narrot' arid about th ie

lengtF as the epals. The sepals are linear to spa thulate in shape.

Color of the perisnth is variable, rangthg from white, purple, ale

yellow, golden yeU, to apricot and maroon. ecausc color ts

difficult to casure accurately, it has never been adequately

evaluated. It ay or may not have taonomic aignificance through-

out the subsection.



Stamens * The anthers are baeifixd, much longer than the fila..

iiients, and wrj in color rro cllz,w to lender nd purple.

Perianth tube - The periztnth tube varieB in length from 0.J to

12 centImeters. Perianth tube length is an important taxonoiic

character, especially wn considered in relation to the length of

the pedicel.

cent.

Capsule - The capsule 1 .3-6 aru',led and loculieidaUy debts-

seeds - The seeds are D-shaped, cubical, or ovoid. The surface

is retic'ui ate.

Pedicel - The pedicel varies in length approximately inversely

with the length of the pertanth tube. The relative length of thenc

t characters is taxonomically significant.

Bracts of the inflorescence - The bracts, or epathes, are

variable ii: hpe frcc ovoid to linear; in ienth front 2 to iS

centiiietere; and in podtion !roil opposite to 1 cent.ir.cters distant.

Stem leaves - The ;te1 leaves are bract-like and abort. In

some ta.x.a t}e are inflated and without blades.

Basal leaves - The basal leaves vary in width from 2 to 20

silUmetera or more. The are either green, glaucous, green on

one surface and glaucous on the other, or (I. brac teats ats.)

glossy green on one surface and glaucous on the other.

Rhiscme - The rhisome Is fairly unifora throughout.

Aside from Baker (3) in 1892 and the works previously cited, no



treatment of the subcction as a *ole has been ,.ade.

treatment, intended Ofli as a survey, has nonetheless provided a

sound basis to begin a cytotaxonoic analysis. F].oristic treatments

of all r part of the subsection are found in Abrama (1), Peck (20),

and ep3n (17).

Ctolo'-ical1y the species have been studied as a group only

by Foster and ionet (21). :hronosoie cunt of N 20 fsr

I. tenax Dougl. var. austra lie (Pariah) Foster and I. runzii Poster

have been reorted h; Lens (15). inonet reported counts f N 20

for I. doupiaeiana terhert and I. tenax and 2? = 0 for . tenax var.

ranii (Piper) Foster. Foster reported c 000e counts of

2N sppsrent1y QU for I. bracteata Wats. He confirmed Simont'

count of 2W 10 for I. tenax, I. tena oranil, and I,

?oster also reported 2W * I0 for , purdyi. astw. Foster s;iricd

his and prcvioua findings with the st teren t tht differences of

karyotype can he of little use in ditinuishin species In the

subsection CaLtfornicae.

Secic in the lifornice have been distinuished almost

entirely on cuantit.attve :rcin. TTt is, the differ es between

species are what have been called dtfierences in degree £md riot

dIfferences in kind, any of the species have been described frci

only a few apecineiw, in se cases on1i one. The occtrrence of

plants *hich seenod to be internodiate between some of tt.e species

made further Investigation eeen necessary. Accordingly, this study

was undertaken to Investigate species re1atonsh.ips and to evaluate



the rtomeneia ture.



1ethods

Three characteristics of the subsection detentined the !tethod

of analysis: (1) the quantitaU..ve nature of' the difference between

taxa, (2) the sugotion, b. Toster and others, that hybridization

ay have. played an iportnt role in the araoüt present, (3) the

similarity in chromosorie number and orpholo..

A rber of different but closely correlated 'iethods were used.

In each case the noenciathre of Foster and astwood was utilized as

a beginning point. AU. names used are based on their publications

unless otherwise indicated.

The first of those method conaisted of the ciroduction (by

Dr. rank H. sniith of the Totany Departmiient, Oregon State College)

of artificial hybrids of siany of the species and the subaequent

analysis of chromosome pairing in the pollen rother cells of those

F1 hybrids. For cytological atidy, young anthers were fixed in

MeClintock's solution, After several days to a week, the were

transferred to 70 percent alcohol. Ei t.her frnm the fixative or from

the alcohol, a 11 erment of an anther was reovod, smeared on a

slide in a drop f propionic-orcein and betcd jertiy over an

alcohol burner. The slides were mimade permanent by the vaor ar

method (IL). Observations on rroth habits, vidor, and general

niorphology of the hybrids were do in addition to united genetic

observations. Parent plants were analysed with regard to constancy

of taxonomic characters and vigor under cultivation.



I



[1

Analysis of Parent 2tantz and Pybrids

Parent plants and h:i4rids were irown first at the home of

Dr. Frank . Smith, Corvallis, Oregon, and later were transferred

to the experimental farr of the Department of Botany and ?lant

Pathology, Oregon State College. In each case the plants were

grown under adverse conditions. At the first site they were crowded

into a emaIl area on a heavy clay soil. At the second, the plants

were in constant competition with seeds. Despite these conditions,

both the i hybrids and the parents produced an abundance of flowers

and considerable vegetative growth.

The parent plants were ga red from the sources shown in

table 1 and were selected as typical representatives of the species.

Th. morphological characteriatica of the plants remained constant

upon transplanting. For at least five years, there ha been no

indication of temporal variation for any of the taxonomic character

istics used to distinguish taza within the subsection. if the ?j

offspring of any cross demonstrated much variability, both the

hybrids and the parents were discarded to prevent possible use of

natural hybrids as parents. This practice gives greater validity

to cytological generalizations but it reduces the genetic variation

available for analysis.

The F1 hybrids produced are listed in table 2. All the hybrids

were produced without difficulty, in most cases only a single

artificial pollination was required. There was no indication of



Species used as parents for the production of P hybrids.

AU locations are in Oregon unless otheiwise indicated.

Voucher specimens have been tiled at the Oregon State

College herbarium.

Species Location

brac teats Joaephine County
chrysophylla Lane County
douclasiana Curry County
hartweii !)utte County, California
inncinata Curry County
acrosiphon endoc ma County, California
purdyl !uiaboidt County, California
tenax Benton County
tenax australis San iernardtho County, California
tenax goriaanii ashington Cointy
tenuiasiiia Shasta County, California
thompeonit Curry County



Table 2

Fi hybrids produced and grown at Oregon. State Colleges

Voucher apeciena have been filed at the Oregon State

College harbari.

chrysophyfla bracteata
chx7eophylla x d3u.latana
chr'sophy11a x .acrosiphon
chryeophylla x tenax
chrysophylla tonax australia
chrysophylla x tenax gornanii
cbrysophylla x thcrnipsonti
douglasiana x brat teata
dougiasiana x chrysophylla
douglasiana x douglasiana
douglasiana x hartwegil
douglasiana x innominata
douglasiana x iacrosiphon
douglasiana x tenax
douglasiana x tenax australia
douglasiana x tenax gorianii
douglasiane x tenuissirn*
douglas lane x thompeonti
innominata x brat teata
innominata x chrysophylls
innomlnata x douglasiana
innorninata x hartwegii
innominata x tenax
innotninata x tenax iorraanii
purdyt x brac teats
purdyi x chryvoplla
purdyi x douglasiana
purdyi x innoiinata
purdyi x .tacrosiphon

purdyl x tenuiss5.ma
purdyi x thoapsonii
tenaic x bracteata
tenax x. chrysophlla
teriax x douglzuiana
tenax x hartwegii
tenax x lnnoainata
tenax x iacrosipbon
tenax x purdyi
tenax x tenax
tenax x tenax australia
tenax x tenax gornanii
tenax x thompeonli
tenax sue trails x brat teats
tenax aus traits x .acrosiphon
tenax gorTnanhi x purdyi
tenax gorinanli x tenax
tenulesima x chrysophylla
tenuissies x macrosiphon
tenuissims x tenax
tenutasiaa x tenax oranii
tenuiselina x thompsonii
thompsonii x bracteata
thompeonii x chrysophylla
thompeonil x douglasiana
thompeonit x innoainata
thoupsni1 x acrosiphon
thopeonil x tern
t}cmpsonti x tenax goraaniI



aborted seed in the parent plants following pollination and germina

tion was as high as from open pollinated flowers of the parents. A

limited number ° 2 hybrids were grown and seem vigorous and healthy.

Genetically, the artificial hybrids cannot be expected to

comnare with :rotural hybrdn In all details. The deliberate

selection away fro variation in choosing parent plants tende to

reduce the opportunity of producing exactly comparable individuals.

Also, the few plants used as parents for each cross cannot compare

with the large numbers available In nature. in addition, the

artificial hybrids are of the Fi generation while natural hybrid,

undoubtedly represent all degrees of hybridization. The possibilities

for recombiriation and se'regation available In nature cannot be

duplicated artificially. Nonetheless, the known hybrids are of

considerable value in understanding and Interpreting natural hybrids.

The Fi hybrids of any given cross are uniform with respect to

all traits with the exception of color. This indicates that the

parent plants are relatively homozygous for the ajor taxonomic

traits. The artIficial hybrids are intermediate between the parents

for .ost traits whiCh indicates quintttativo inhcrit.ance. SInce

nost taxononical characteristics of these Iris are inherited in

this way, natural hybrids can be ezpec ted to be intermediate

between their parents.

The inheritance of flower color is complex and has been

inadequately studied, if whiteflowered I. tenax is crossed with

whiteflowered I. douglasiana the offspring are purpleflowered.
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This indicates that at least two factors are necessary for the

production of urple flower color and that of these a different

factor is missing in each of the parento. Howev'r, crosses betwe

yellowflowered forms and purpleflowered forms result ifl offspring

with maroon, or reisi'lavonder flowers. This itution is die

cussed by innot, Dunn and Dobzhaneky (23). Red, blue and related

colors are due to anthocanin pig.ents while the yellow colors are

due to anthoxanthins. There ro enes w'hich control the presence

or absence of ch pigent and other -'erc whIch control the anount

of each piuent developed. Color inheritance in hybrids between

yellow and purpleflowered forms cannot be eaz3ii interpreted with-'

out extensive experimental work. In crosses between yellowflowered

forms, golden yellow appears to have ax dominance over pale

yellow and the rj hybrids of such a cross have golden yellow flowers.



Cytological results 

Chromosos in metaphase of the fIrst division of ieIosis were 

examined from the ft11owin F1 hybrids: 

I, chryosophyUa x t. dou1asian 

I. doulasiana x I. hawcg1I 

1. douglasiana ti. purdyi 

I. douasiana x I. tenax 

I. douç1asiana x I. tenuissima 

I. d.ourlaeiana x I. t opsonil 

I. innominata x I. chrysophylia 

I. innorinata x I. dolastana 

Innominata x I. tenax 

I. tenuissima x I. tenax 

I. thotnpsonii x I. innominata 

One F2 hybrid (I. innominata x I. dougiasiana) was also 

examined in the first division. Eetaphaae figures of these hybrids 

are illustrated in figures 1 to 12. All drawings were iade with 

the aid of a camera 1ucid at about 1OOX magnification. 

In addition to the first division figures, anaphase I eounts 

were made in the folloving F1 hybrids: 

!' doglasi x I. sia 

I. purdyi x I. macrosiphon 

I. tenax z I. bractaata 

I, tenuissima z 1. chrysophylla 



No frreulariti havt been ftund in any of the hybrids studied.

Pairing appears to be constant for all the pairs, and no univa].ents

have been observed. The cromosozies are distributed regularly in

both divisions. The chromosome number is N 20 for all the aterial

examIned, During the preraration of elide for cytological study,

many mature pollen grains were examined. Although no particular

st.$y of this stage of development was made, no indication of

sterile pollen es observed and pollen production in all the bybrids

is high. The data demonstrate the absence of cytological barrIers

to hybridisation between the species studied. Because of the con

sistent karyotype reported for the subsection, it seems reasonable

to assume that there are no cytological barriers between the other

species. insufficient second eneraticrn hybrids have been studied

to determine fertility of later generations. ThIs will be considered

in connection with field studios.

In addition to the cytological study of chromosome pairing,

seeds of the hybrids have been exaidned for two consecutive years.

Yhile the examination was ade prior to full developent, there

was no in icatlon of defective seed. AU the capsules are well

filled by the first of dune and the aeed are plump and regular.
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Figures 3. -h. Metaphae in pollen iother el1s of
knoin hybrids. All are Fi -bride unless
otherwise indicated. ibout 1BOOX.

1. 1. innoninata x L. tenax

2. 1. doug1aaian x I. j.iurdi

3. . chrsophy11a x I. douglasiana

i. I, inncxiinata x I. douglasiana (F2)



a as
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Figure 1. Figure 2.

d,1l,,
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Figure 3. Figure L.



Figures 5 8. Metaphase in pollen tother cells of
known F1 hybrids. About 1800X.

! douplasiana x I. tenax

6, I. douglasiana x I. tenuissima

7. 1. dauglasiana x I. thopsonii

8. thopsonii x I. innorninata
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Figure S.
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Figure 6.
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Figure 7. Figure 8.
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Figures 9 - 12. etaphase in pollen mother cells ot 

knorn F1 ybrid. About 1800X. 

9. 1 tenuiasi.ma x I. tenax 

10. 1. dow1as1an* X I. h3rtteEii 
- -b---- - 

ii. I. innodnata x I. chrjsohy11a 

12. I. innoiainata x I. douglasiana 



4II4.'
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Figure 9.
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Figure 10.
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Figure 11. Figure 12.
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?teld Studies

I}espite the fact that differences between species are probably

quantitative, inadequate knowledge of the distribution of species

and of the variation within species sade it necessary to conduct

field studies on a qualitative basia. ?or these reasons such cow

parative terms as lanceolate, ovoid, broad, and narrow are used to

describe differences which would be ecpressed quantitatively had a

reliable Saitple been possible. Also, a cetailed quantitative study

of the morphelogical and ecological characteristics of ar of the

hybrid colonie in the folla:in discussion is a manor study in

itself. Such study is rot within the scope of this problem.

Constancy of the chardeteristics of each species has been

I. tenax I. cb sphylla hybrids

I. tenax is characterized by narrow, distant bracts; a perianth

tube from i to 9 millimeters in length and by lavender to purple



flowers with broad spathulate sepsis. The çaants are tail with

definite stems. Though the species is typically purple flowered,

two yellow-flowered populatioi have been found. One of these is

along Scoggin's Creek in Washington County, Oregon. It has been

treated as I. gormsnii Piper and more recently as I. t.nax var.

gormanit (Piper) Foster. The ecnd yellow-flowered population is

on Monuuent Peak, Linn County, Oregon. This local population is

apparently not well known and has not been cited in the literature

of the subsection. eit.hcr of the copulations can be distinguished

from the typical phase of I tenax by any trait other than color.

General range of the species is from the central part of

western Washington to southern Oregon. tcologica1ly it is a

species of unshaded conditions and is abundant en the oak-covered

hills of the Iill&iette and Umpqua valleys. It does not extend

into coniferous areas unless trees arc cut, roads hutit, or condi-

tions otherwise disturbed in 8u0h a way that shading is reduced,

Within the general range there seem to he no soil or moisture

factors limiting its distribution. Factors controlling the northern

and southern limits of the species range are probably climatic in

nature.

I. chrysophylia is characterized by la.nceolate, opposite

bracts; a perianth tube 5 to 9 (occasionally to 12) centimeters in

length; a pedicel 1658 than I centimeter in length; and by pale

yellow flowers with narrow peria.nth parts. In southwestern Oregon,

where the species is most abundant, well marked stems are produced.



In the Cascade mountains of northern Oreon, the plants are f ten

nearly stemless. Plants at two previously unreported etatione of

the species, pill Creek, Polk Count,, Oregon, and Prairie untain,

l3enton County, Oregcn, are of the Cascade type.

Ecologicalir I. chrysohylla is a species of open coniferous

forests. It grows best on drier soils and will tolerate more shade

than I. tenax. It is a characteristIc soecies of the ponderosa pine

and ponderosa pine - Doulae fir communities of southwestern Oregon.

Excessive moisture seems to be the limiting factor in the distribu

tion of I. spp)tj1la.

flitinctive hy.:'ridc btwn I. tenax and I. chrysophylla have

been found at three locations: (1) 1 ii1e u U.1 Creek from the

Dallas - 'a1iaee l3ridge highway, Polk County, Creo.n. 2) 13k

2iles southwest of Roseburg., i)ou1as County, Oregon, along Oregon

State highwa number 12. (3) Steep hills along the first tributary

of the North Santiam River west of the Detroit Dare, Marion county,

Oregon, These locations are shown on figure 13. In all three

locations conditions have been disturbed at the limits of the range

of I. 75opylla.

At all three sites individuals have been found w-ich are

intermediate between the parent species and which cannot be assigned

to either species. Parent species and tbrIds from the Dg1as

County location are shown in tignre 15. Bracte of the t'brids are

broder than is characteristic of T. tenax but not so broad as

those of 1. chrohy11a, and are opposite; flower color is maroon



Figure 13. Locations of natural hybrids.

4 I. tenax - I. chrysophylla hybrid*

I. bracteata - I. thoiipponLt hybrids

I. innoninata - 1 douglasiana hybrids



Figure 13.

2S
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Fiure 1I. pe eirnen of 1. thotpsonhi Foster.

Figure l. I. tenax, I. chrysophylia, and hybrid forms.

Plants from 13 miles southwest of Roseburg,

Douglas County, Oregon.

A. pica1 I. tenax.

. Probable backcroas hybrid.

C. Intermediate form which is possibly an
F1 hybrid.

0. Intermediate form which is possibly an
F1 hybrid.

E. Typical I. cyaop}Ua.



A.

Figure 114.

FLORA of NORTHWEST ACA

r.
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to grayish lavender; and the perianth parts are slender. The plants

are smaller than typical I. tenax but have a definite stem. Perianth

tube length in the natural hybrids averares 2.2 centimeters and the

pedicel averages i.1 centimeters. Coaperative measurements in the

known hybrIds are 1.8 and 2.5. This indicates that the hybrids are

possibly of the F1 generation. For other characters the natural

hybrids compare closely with the known hybrids.

The area of overlapping ranges is, in all three cases, small.

At Mill Creek and along the North Santiam highway, a transect of

less than lOC) yards extends through the area occupied by both

species. At the site eouthwe8t of ltoeehurg, a similar transect

extends less than onehalf mile.

}Iybridization between these two species appears to be intro

gressive toward I. tenax. Individuals of I. tenax ehaw definite

I. chrysophylla characteristics for at least ten riiee from typical

I. chrysophylla. Theso individuals exhibit a chaiwe in color toward

a pale purple; a reduction in sise; and a tendency toward broader

and less distant bracts, These odffications in I. tenax are what

might be expected as a result of hybridiaation with I. chrysophylla.

The intensedia tea previously discussed are found in the areas where

the two species occur together but I. chrysoohylla remains constant

and no individuals of that species have been found which exhibit

I. tenax characteristics.

Intragreasive bybridisation between these two species is a

close parallel of a situation described by Anderson (2) in which



rbridiation is followed by backerossing and selection of backcross

types. Apparcritl in this case, only the offspring of the

interxiediate I. tenax backorosa are selected. The factors of the

ecology and of the genetics of the organisms wtich bring about this

selection are not known. The introgression, however, has resulted

in a considerable increase in the var1ablity of I. tenax while

I. cbrysophyfla has remained cons tent.

The occurrence of I. ç sopyiis at two locations in the

Coast Range of Oregon was not unexpected. The presence of individu-

ala of I. ten*X in the Coast 1ange west of Corvallis, Oregon, with

lanceolate, opposite bracts suggested possible hybridization with

I. c )lla. At the ill Creek location in ?oik County, Oregon,

the two spe lea arc in contect at the present tie, as was previously

mentioned. At Prairie ountain, Benton County, Ore pn, there is no

present day contact on the north and probably not on the south.

I. chr'ysophylla is abundant on a broad, well-drained meadow, along

a south-facing slope near the sumiit of Prairie Mountain at an

elevation of about 3200 feet, I. tenax Is not now in contact on

the north esumably because of the dense growth of Pouglas fir an

that side. The south side of the mountain Is more oen and the two

species may cane together though no intermedIates have been found.

I. tenax specimens coilec ted at }orton, Lane County, eight miles to the

south, have a narrower and more pale perianth which suggests hybridi-

zation with I. chrysophylla.

Thirty itles north of Prairie t;ountain are individuals of



I. tenax vith lirtearlanceolate, opposite tracts, and narrow, pile

purple perirth parti. These i1antz are probh1y the result of

introgresion from I. chraophylla to I. tenax These hybrid forms

indicate either that I. chrysophyila is ore abundant in the Coast

Range than is no known or that it was more abundant in the past and

has survived only on the rore favorable sites. .ither hypothesis

nay be true in part, but it ses unlikely that these forms are the

result of recent hybr1diation, I. ch'ysophylla has not been found

in the Coast tanRe between Prairie Mountain and iU Creek, and

distances are probably too great for plants at thc*e locations to

be involved as parents. The iost probable exolanation is that

I chiysop?rUa was iiore abundant in the Coast ange of northern

Oregon in the past and ha reatned only at the dry, oen sites such

as iU Creek and Prairie ountain. The occurrence of a vari, dry

period in jostglacial t.Les, foUoed b enera1 cooling and in.

crease in ooicture (is) nakes this a roasonahl.e assuraotion. ihether

I. cso11a wa distributed throughout the general 'area of

nQrthweLtorn Oregon in the past or only on the Iiher peaka, in a

question which cannot be answered. In either case, abunLint

opportunities for hbridizatiori could have existed. Introgression,

such as occurs today, could have ciiven greater adaptive value to

I. tenax while I. C rysophi1a remained more constant nd more

subject to environmental change.

There is, however, no reason to suppose that the yellctflcered

forms of I. tenax on onunient Peak and in -ashin.ton County, Oregon,
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are of hybrid origin. all the hybrids between these two species,

including the artificial hybrids produced for this study, exhibit a

tendency toward the lanceolate, opposite bracts of I. chrysophylla.

The purple flower color is reduced to greyish lavender in the known

hybrids, and none of the hybrids found in nature hare yellow

flowers. An independent origin for this co.or trait is not ha-

probable. I. hartwogii, which is closely related to I. tenax, has

yellow flowers, and there are yellow-flowered forms in I. tacroeiphon

which is otherwise purp1e-1lowersd.

1. 1aaiana - I. innoninata hybrIds.

. dou4asiana is a tail species averaging about 60 centimeters

in height and is characterized by leaves about a centimeter wide; a

branching stern; lanceolato, opposite bracte; large, pale purple to

white flowers; and a perianth tube I to 2 centimeters in length.

'fwo or three flowers per branch are nroduced. Distribution of the

species in Oregon is limited chiefly to a. narrows open coastal

strip from Coquifle, Coos County, south. The species normally ex

tends inland only along river valleys. it has not been seen in

dense shade.

I. innominata is a low species averaging about 3! centimeters

in height and is charaeteri7ed b narrow leaves which are about 1&

centimeters wide; simple Etems; ovate, opposite bracts; small,

golden yellow flowors; and a perianth tube I to 2.S centimeters in

length. DistrIb.ition of the species is liitod to the open meadows



and hills of southern Douglas, Coos, and Curri counties, Oregon.

Hybrid colonies of about 100 p1ant each of the I. duiasiana -

T. inno:iinata cross have been found along 3aunder'e Creek, Curry

County, Oregon. The sites are 1 and 2; rriie fro the roue :üver,

3 iiilcs upriver from bid 3each, alo2'i, the s.uth side. The apprc?xi-

rato location of theio cOlonies is sbwn In fL!ure 13. The colonies

are C ourid in eut,ovor forest land ;ith most of the plants coip1ete1y

exposed to the sun, thou:h a 'et' arc found in the shade zif Uu-

lana californica. Io red or :aroon color2 such as are found in

the artificial hybricis have been seen in nature. Aside fro color,

aotie of the individuals are sbilar to the known hybrids grown for

cytological study. Periarith else and plant sire appear to he inter-

nediate between the parent apectea and the bracts are si'orter and

snore ovoid than are those of T. doulasian* hut are lonrer and

narrower than those of I. innoiina ta. These individuals nay be i

hybrids. Other plants appear to be the result of backcrossing and

segregation.

The taxonoiic significance of the hybrids is considerable,

aside from the deionstration of enetic continuity between species,

Figure 18 sow ixiduals froi one of the !yhrid co1onie in corn-

earls on wit individuals referred to I. thoupsonti Foster. There-

is a stron' suctiori of tie hybrid origin of that taxon. The

type specLen of I. t1oinponil is shown in fIre lb. I. jnii

has been collected along the !orue diver and along U.. highway

nunber 101 froiii Carpentervilie to Brookins, Curry County, Oreron.
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Flgure i6 I. 1nnonirat, I. douglaeiana and hybrid

forrn fzor ¶auner's Creek, Curr County,

Oregon.

A. Typical I. innoninata

B. - . ?brid individuals

F. ypicaI 1. douglas lana
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Figure 16.



In California it has been collected along tith iiver, northeast of

Crescent City, Del Norte County. The species can be distinguished

trti I. inno!ninata by the more lanceolate bracte and by the pale

purple to lavender flower color. It also seeiss to be taller aver

aging about b centrneters. These are characteristics which eould

be fixed by hackcrossinF of the I. olasiaa - r.

hybrids to I. innominata.

similar hypothesis can be erected to explain those specimens

with more ovate bracts and lavendergrey flowers referred by Foster

(13) to a new variety, I. douglasiana var. oregonensis. ackcroas

ing of the tntertediate hybrids of the I. doulasiana I. irniominata

cross to I. doupiasiana could result in the fixing of these

1. innoiinata traits in otherwise tyoical I. dow'lasiana.

while both assumptions are largely hypothetical, they are lent

support by the occurrence of these variants in an area where the two

species cone together and hybrIdize. The only barriers seem to be

ecological, though exact factors cannot be stated. The reioval øf

the forest trees with the acconpanying reduction in shade hs

apparently removed thc barrier to hybrid Iation in the case discuaed

here, but elevation and soil f.ictors ry he i:portant in other loca

tions. ;awever, hybrids robab1 -!aill c found wherever the hills

of Coos arid Curry Countio are noar the ocean and condttoris are

disturbed or where I. doulas1ana eitends inland along river valleys.

In these areas, at least, the two species can be epec ted to occur

together.



1 L th.peonit hbrkti.

I. is a tU ptcies a'eraging aboizt O oe.tieters

in he1ht with a tick perianth tub O.! to 1.) centieter in

a pedtcei 3 t 6 contieters long, and o1den yeU flrers.

¶jpicaUy the 1ives ar a g&ry ren on the upper urtAc, anc

1ucus on the ?or, Th cie az bm c&t t1y in )uth-

western ozep}:ine County, Oreon, and rort.haa tern 1 orCQunt

Cs1ifornia1 co1ogicU it 1i rtrtctd t p1acw.

apecies ie fn in rctt a. re 4thin ero. i-

nitte, but it & on citover forest 1t ndr

a cover or rcn fern.

I tit ha beori cweed i ath10 hybri e'ste

of the I. 1as - I. innoztinat cro45. Ca1oni et

developed alo.: the 1r lth Uwr, from 12 to 1 ile northtt

of Lrebc.ent City, C1ifornt. in this location, thi 1oni u

eU etab1ishd on open rocky hi11i1ea, ani have zot been ceen

in the ehad,.

Proceedin nttwrd fro Jedediah ith ?ark in

)e1 orte Count, over the :isdyou munt1n tnto (.rccrt, the

ccoti becone ore ide to1errt. CoLor c Lan graufl I

predonirianti a1e pur1e t1oer to predoinant1 UO 11OWe1'$

in th colony, tho:-h & * itef1ord pntj. arr rnt.

Ct char.A tict ' to tuLAt uori t txo

ecie, raii frc ovo5 and c tiuter 1on, to

nrowr 7 centLetr ion. ci:F.t of the plant a10 bec--s



progressively greater as colonies near typical I. braeteata are

examined. Three miles north ot the summit of the S.iskiyou mountains

only typical I. bracteata has been seen. Specimens repreaenting

three colonies are shown in finre 17 to illustrate te transition.

o individuals that compare with the Fi hybrids have been

found. The transition between the two species i gradual, probably

because of ecological requirements which peiit .ore hybridization

and survival of moat of the hybrid offspring.

I. brac teats - 1. cbry.sophylla hybrids.

Distinct hybrids between these two species have not yet been

clearly demonstroted. Despite the pronounced morphological differ

ences between the two, only one individual has been secured which

can be considered interediate. The relationship of the perianth

tube to the pedicel is reversed in these two species. I. s
phylla baa a perianth tube 5 to 6 times longer than the pedicel.

In I. bracteata the pedicel is 5 to 6 times longer than the pertanth

tube. Ia the intermediate speci.iien cited above, the pedicel is

twice the length of the perianth tube, clearly not characteristic

of either I. chrysophya or I. bracteata. This specimen was

collected near Bridgeview, Josephine County, Ore'on, where the two

species occupy the same general area.

Complementing this admittedly limited evidence, field esamina

tion reveals hybrid characteristics which are not readily demon

atrable with pressed specimens. Near Cave Junction, Josephine County,



Figure 17. 1. thoipsonii, I. bracteata and hybrid form.

A. I. thompeonii.

I Hfbrid form.

C. I. bracteata.

Figure 18. TNo spec iiene of 1. thompsonii front
Carpcnteril1e, Curry County, Oregon,
and two hybrid plants from the
I. innominata - I. douglasiana cross,

County, Oregon.

AB. 1. thoipaonii.

Cfl. Rybrid forms.
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there are imiividual5 of I. bracteata with narrow perianth cgnents

characteristic of I. chysophy1ia. The hybrid origin of these

iixilviduais is supported by the fact. tht afl the kflown hybrids

involving, I. chr1sophylla as a parent exhibit the narrow perianth

of that species. There re a10 apcciiens, ir the Cave (uncti3n

area, of I. chrysophylla with perianth color eiTilar to the golden

iflow of I. bracteata. The knzwn . bracteta x I. o2lla

hybrid ha& g1don ycUw 1owers axd eli other crosses involving

golden yelio' and pale yellow-flowered parents show the flower

color of the golden dUow parent.



s et.

The £ol14n peies concept is based on the rk of

Stebbins (25), Uohzhansky (8), :ar (19), itpson (22), Huxley (16),

Clausen, Keck azxi iesey () (6) (7), and others. In addition,

nuxcrous disciss.tons with col1eaues have aided in clarifying the

ideas ex,resed h t ose authors, The necies concept has been

deceloped roind two prirtc .p1ea: The noienclatu.re should reflect

the hio10 o' the oranis!s, and it shoi1d be as objective as

possible.

A specie is considered to he a population or series of inter

fertile popu1tions which are reproductively isolated frcn other

such groups. The terui population is used in a eerieral sense to

refer to ama11 or large rurnibers of individuals which lreely inter

breed. To us This definition, the individual soectnen ut be

viewed not as a unit in itself but as a representative of the

population of which it is a meuber.

hile ths definition is an atte-pt to attain cop1ete

objectivity i onenclzture, such an end is irpossihie of attain

rent because of the varyin' deees of intersterility between

popu1aton. Tcot in rare ca:e, terflit develops over a

period of a

developed by

years and at .y one ooint it ay be necessary to

liiiits to a species. steproductive isolation is

he accumulation of ,erietic differences beeen
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populations to the extent that hybrid offspring either do not

survive or do not reproduce, Complete isolation is not abruptly

developed and not all the hybrids between tto populations wiU have

the saris degree of er!etic imbalance.

Ptudy of croosoe pairin and distribution in hybrids is o

method of evaluating the enetic dif±ereres bCen populations.

TThi1e pairin; and distribution ay be reguJar and th or nisr still

be sterile, or pairing and distribution be irr ular and sie

fertility still be present (213), cytological studies correlated

with pollen and seed condition give a reliable estimate of hybrid

fertility.

In tH.s subsection, apparently the only factors which keep the

populations dietinet are environmental, !cological isolation aliost

axiomatically indicates genetic differences between populations.

if these genetic differences continue to develop, internal barriers

can occur and the species of this definition evolve. Powever, the

absence of internal barriers does not an that a group as coiplex

as this subsection hou1d be ccbined into a single nomonclatural

category. riere rea ins the question of delinitn inthrsecific

entities. ox' that reason, the nosionclature of the subsection

Galiforniese will be revised only where field study is thouht

sufficient to indicate the limits of the various taxa.

Oregon species.

I tenula ats. clearly does not belong in the subsection with



the other rtber of the Californicae. The species differs norpho

logically and also in chroiiiosoiie nurbor (2 28). HybrIds between

this species and other eib'r ol' the Californicae could not he

produced and have not been observed in the field.

The species is distinguished b its wide pale reen, ensiform

leaves; slender, branched stems; srnall, scarious bracts; and narrow

white flowers. In moat of these characters it resc;ble the eastern

I. cristata Alt. J'ile such a relationship is not inposihle from

the vlc'ooint of eojra:hy, there are pronounced cytological

difference& between I. tenuis and T. cristata. I. cristata has a

diiloid chromosome nwuher of 214 32 according to both Foster and

S1aonet. Iowever, roster cites a report by Longley of ! = 12,

Whichever count is accepted, there is a difference of b c}romosomes

between I. tenuis and I. cristata which iust be accounted for. The

loss, or gain, of cbrouiosomes is not Impossible but it etnnot be

assumed without study. One method at aflalysis w lob cight establish

the relationships of I. tenuis is the detailed analøis of the

chromosome morphology of I. tenuis and its suspected allies. In the

meantt'ne, no disposition of the species is proposed.

Nomenclatural revision will be proposed for the remainder of

the Oregon species. Because there are no apparent cyto1oical

barriers there is good reason to cuoose that hy.rids will he found

wherever two of the taxa occur to;:ether. A key to the Qrion ta:ca

retained is .tven below. Coclete descriptions and citations are

not given because they are readily available in Poster. Though



there are hybrid rorrn which will not fit th key, descrlptiorm have

not been emended to include these individuals becauce th.t would

result in a thxonotic catecory so broad s to obscure .rlaionshipe

and iake recontion of distinct populations dirficuit. Subspecies,

rather than variety is used as a ncxaenclatural category to

emphasize the ecological and eogrsphical isoletion prsent in

these forms. I. tenax Dou4. is the oldest valid naae in this "roup

and in the subsection arid &ust be retained as the binornial cnbina

tion.

Key to the Or-on Subspecies

A. E3racts distant, perianth tube I em. or loss long.
1. asp. tenax

AL. 13racte opposite.

13. Perianth tube at least 5 ezii. long.

2. 1. tenax asp. chiypphylla.

BB. Perianth tube not aore than b c. long.

C. Tracte larolate.

0. Flower golden yellow.

3. I. tienax sap. bracteata.

DO. Flowers dark to pale purple or soetirnes
white.

I. I, tenax asp. doulasiana.

CC. Bracts ovate.

0, Flowers golden yellow.
. I. tenax sap. innoninata.

DO. Flowers pale purple.
. I. sap.
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1. 1. x Dougi. 8ubspecies tanax (i tenax iJow1as ax

Lindley, Bat. keg. xv. t. 1213, 1829). This subspecies irc1Ades

the trpiea1 form irich has been discussed previus1y in this paper

as I. tenax. Also included, ithout noenc1atur1 distincti3n is

the ye11v-floered I. tenax ar. çoraanii. The yeUo-f1owered

form £roa onuaent Pc;k, Ltnn Count, Crcgn, will be iciuded

within I, tenax or;ian.ii and thcre ore within I. tnax ten&. with-

out nornenc1aturt1 distinction.

2. 1. tenax subsecies cJ.?sor;Lia (Heel1) (I. c::ryophyiia

iweU, Fl. N.(. erica 1 633, 1902), No te speciien was

designated for owdU'e I. chrsoph1la. owever, filed with the

type spec iien c ôllec tion at the herbriu of the University of

Oregon is a pecinen labeled "type specimen" in the distinctive

handwriting of Thoias owe11. This specirmen, collected at 'rints

iass, Josephine County, Oregon, in \ay 183?, must be eonsidered the

type epecien for o11s species and therefore for the proposed

subspecies.

3. 1. tenax subspecies bracteita (vaton) (I. bracteata

Watson, Proc. er. Acad.. icx. 375, l38). This subspecies includes

the species as described by atson.

Li. I. tenax uhsoccie dcuglasiana Cierbert) (1. dougla$.iana

Herbert, Bat. Beech. Vo1. 395, ia).i). Included in L' tenax

douglasiana without ioi-nc1atura1 dictincton Is I. duis1ana

var. oreonensis Foster. So long as it is understood that

variety is probbly of hybrid ori.in, there is no need to distinguish



$ form which obviously belongs to what has been decribed as

I. douglasiana. Since thts aubpecies is found in California as

well as 0reon, this new cobintion must necessarily include the

California plants. This doez not mean that the Cal ifornia plants

of this taon should be ignored in any further s tud. There is

undoubtedly considerable variation presmt that is not included in

the Orc 'on rcr3resentatives.

. I. tenc subspecies innoinata (Fenderson) (I. irrnomtnata

Henderson, Lodora xcxii 23, 1930) This subspecies has been re

tamed as originally described ecept for the reduction in rank.

6. I. tenax subspecies thopsonii (Foster) (i thoupsoaii

Foster, Rhodora mviii 199, 1936). The only real difference between

this proposed new subspecies end I. tenax innominata is in the

purple flower color of i. tenex thoipsonii. Since it has been

sugeted that I. tenaic thopsonii may be of hybrid origin with

I. tenax innorinata as one parent, a close iorphologicaTL relation

ship is to he expected. The two taica diffdr slightly in itribu

tion, I. tenax thompsonii is a species of elevations between I00

and 1000 feet while I. tenax i.nnowinata i8 usually at sitev uver

10 feet. For that reaEon and because I. tenax 0. onit does

forr distinct co1on1e, it is retained.

California species,

oaenc1atura1 revision of the California species of the

subsection will not be undertaken until adequate field studies can



be rade because the ccwplexity present in thi.s r'roup cannot- be

sufficiently ana1yed by an exanination of herbarium material.

'ield wrk with the Or'gon species has deonstrated the inadequacy

of herbarium soecinens to reresent the soietiries reat variation

present itbn a small colony. A discussion of the California

taxa follows.

I. hr.rt'aerii 'raker.

This species has been reconizcd (13) s a close re].:tive of

I. tenax tenax. It differs only in be lnc saller and having yellow

flowers. Since yellow flowers are present in typical I. tenax ad

herbarium material is often inadequate in representinr size, there

seuas to be no good reason t retain I, hartegii as a separate

species. owever, pea1ing field study it will not he reduced in

nomencla tural rank,

tenax Dougi. var. uetalia (Parish) Foster

The only taxonoinic question rearding this variety in recent

years is concerned with whether it should be retained as a variety

of I. rgit or of I. tenax, Since it has been sues ted that

I. hartwegii is closely related to I. tenax, there is no good

reason why this variety should not be included within I. tenax.

Further work is necessary efore a decision can be regarding

whether this variot' should be retaired or be included within

I. tenax subspecies toriax.



I. niunzii Foster

This specie5 i known only from Tulare County, Caiifornta. In

appearance it rcehles I. tenax but is ruc larger, with lanceolate

bracts, and has leaves nearly a centimeter wde. In his oriinal

description (114) ?oster cited five specien, of WMCh the type has

been seen.

Three spec ineris of I. hartegii borrowed rrm the herbrriu of

Fresno Staite Col1ee sees t he transitional between 1. hartwei

arid I. ruunii. The bracts are quite broad and loni and the flowers

are larger than is typical of I. These specimens are all

from Fresno ount, a1i ri: betr the folleiin reno State

College acceosion nurbers: 676, 6079, 61472.

Comparison of the type specimen of I. triunt with the known

hybrids grown at 0reori thte Collemc sF'ow a close morphological

relationship between I. munii and the I. harti x . dour'lasi

hybrids. However, I. dourlasiana has never been reported from the

Sierra habitat of I. hartwegii.

I. douglasiana Herbert

This taxon has been discussed with t. a Oregon species. One

variety (I. dcuL.'1asiana var. stendocinenais Sastw.) is probably a

hybrid between I. doulaeiana nd I, tnacrosiphon, hut it will be

included within I. tenax dou1'lasiana of this thesis until better

known. Its hybrid origin is indicated by the narrow perianth

seg!ients, narrow bracts, and slender perimith thbo of the type

spec izmen.



I. £raldii Voter

This species i8 known on1 fr the tpe pcci.en cited by

Theter tn his ri.tna1 description (IL). It 1 siji1ar to

I. acri2h2n and is probably best included in that caiplex

specieE until additional terial is studied.

I, macrosiphon ?orr.

This species is variable with purple and yellow-flowered £orS

present. It has been seen in the field in the edwood forest of

northern California, on chaparral-covered hills near Ukiab, alif or-

nia and on the east side of the Sacramento vaUev near Chico,

California. It i probable that hybridiastion with other species

is contributing to the diverse eco1oica1 and morphological charac-

teristics of t}is species.

I. inacrosiphon Torr. var. data ::astw.

This variety was described b iss astwood (U) fr* a

apeciiaen collected at Clear Lake Park, Lake County, California. The

variot is distinguished frcn the typical fonu of the species by

its greater height. The original description states that the

variety and the typical forn are found growing together. In a com-

plex species, it is doubtful if such minor variants should be

accorded nomericlatural statue.

citrina astw.

This species wa corsidered by iss astwood (12) to be allied



to I. sion. a'ination of the tpe spocien indicte$ that

this sp;cies should be inciuded in I. macrosiphon s a basis for fur

ther study.

I. hiboldtiana astw.

This species was described frotn Humboldt County, California.

The species is clearly allied t I. rihon and was so con

aldered by iss astwood (11). This species should also be included

within I. macreiphon as a basis for planning further study. The

type specimen has been seen.

I. lanadaleana 1astw

In the course of field work for this study, specimens of

I. lansdaleana were collected at the tpe area, ichardsonts Grove,

Mendocino County, California, These spec imens are similar to the

type specimen cited in te iriina1 doscriDtion (10). An early

flowering species, I. lansdleana has ber collected in flower in

early arch and ?pril. Specimens seen suggest a close relationship

between I. pirdi Tastw. and I. lansdaleana.

I. purdyl 'astw.

The inflated stem leaves and coiiparatively short perianth

tube on the type specimen suggest that I. purdi may be of hybrid

origin, with I. bracteata as one parent. The perianth tube is

nearly intermediate in length between that of I. bracteata and

I, macrosiphon. however, the truncate, lobed stigma would seem to



j1

sake this species quite distinct from all others in the Californicac.

The reliability of this characteristic iiust be ev1uated in the

field because of difficulty in studying; the tica on pressed plants,

I. uisiia var. rdjiforLic Thter

Foster su-.estod the possihilit of this va.r.iet; being a hybrid

between I. tenuissima and T urdii. xa1nation of a ohoto:rah

of the type specimen indicat.s that this su,eston is not mi-

I. tenuissima Dykes

This species was placed by Foster in the saue coplox as

I. chryeopiylla. Thc limited material seen for this study Indicates

a close relationship between I chrysaphylla and I. tenuisiiaa.

Superficially, the only difference lies in the shorter, zore ovoid

bracts of I. temissima, I. tcnuissLa, a soecies of t aountaina

of northern California, occur within the range of I. chrysophylla.

I rInctoruLi ctw.-

Known only fro. the tpe spein, this 5pies is probhly

hybrid between I. hartwegii and I. tenuisaima. ilie bracta are distant

suggesting a close relationship with I. hartwegii, but the perianth

tube is longer than is found in I. hartwegii.



Summary and Conclusions 

The chomosoes of eleven F1 hybrids (I, chrsophila x I. 

doulasiana, I. ucv'li x I. hartwegii, I. dou:lasiana x I. 

pur4yi, I. dourlasiana x I. tenax, I. douglasiana z I. t.enuissima, 

I. dou1asiana x I. thompeonli, I. inncxninata c I. chrysohjl1a, 

I. innorninata x I. dou'lsiana, I. innomtnnta x I. tenax, I. 

tenuissima x I. tenax, I. thoupsonii I. innoniinata) and one 

hybrid (i Innominata x I. dou1asiana) have been ecind in raeta 

phase of the first division of reiosis. Anaphase I and second 

division figures have been examined in these four other hybrid conz- 

binatlons. All these hybrids sho reu1r pairing and distribution 

of chromosomes and all have the sare c ro ostxie nurbcr ( 20). The 

same nunber has been reported for all the ether species of the sub 

section Californicae which have been tudid. icause of these data, 

the absence of cytological barriers to hybridization is assuiied, 

Pollen production in the hybrids i high and the pollen seeis normal. 

The hybrids were produced without diff1cu1tr and are vigorous plants. 

The hybridz3, and their parents, are stable upon transplanting and 

show no annual variation. For the major txonoaic traits, the 

hybrids are intermediate between their parents. 

Field studies were conducted durint. wIich natural hybrIds 

were found between I. tenax and I. chrysophylia; I. inncinata and 

I. as; I. bracteata and I. thcpsonii; and I. bracteata 

and I. chophja. The origin of I. thopsonii as a hybrid 



segr'ate of t:e T inn - I. dot:iasia1a cross Is su:es ted.

Because tiere are no apparent c tloical harriers tt h'bridi

zation between th5 SIX OC.Ofl $OCiCB nad acoe, and natural

hybridization does occur, reduction in noaenc1atura1 rank to sub

species is proposed for aU six species. I. tenax is retained as

the binoaial.

Further work is needed to clarify certain prob1ens. The work

presented in this thesis has been conducted on a qualitative and

observational basis. uantitative work ca now be done to evaluate

ecological relationships between species. This can be done at the

locations where natural hybrids occur and can be correlated with a

quantitative analysis of ;aorphological changes In the 1ants due

to hybridization, Sufficicnt inforation is available o that

reliable sampling can be olanned. iurther c;.to1oial iork is also

needed to rovide evidence for soc of the coiclions which have

been assuaed as reasonable. Additional field rk is also needed

to aid in clarifying the taxonozy of the California speciec of the

subsection.

The Oregon subspecies of the subsection Californicas are not

easily placed in roups. I. tenax innoiIrtata and I, tenax thompsonii

are distinguishable only on a color basis. Since a hybrid origin

for I. t. thonpsonii has been proposed, a close relationship is

reasDnable. The gradual transition between I. t. bracteata and

I. t. thonpsonii suggests a close relationship between those sub

species. I. t. tenax and 1 tenax çysophylla appear to be quite



distinct norpholog*cally and ecologically. Pyrids between the

two do occurs but the apparent introgression toward I. t. tenax

indicates the presence of at least partial barriers. The exact

nature of those barriers will probably require detailed ecolo.ical

study.

Since all the menibers of the subsection Californicae appear

to be closely related cytologically, a firther study rust be iade

before c;op1aes within the s'ection can be understood. Fowever,

I. teriax tenax, I. tenax var. aus traits, I. hart.wegii, and I. rcainzii

all exiibit narrow, distant bract$ and a perianth tube less than

one centiraeter long and are apparently closely related. I. .

chrysop?lla and I. tenuisain%a, because of long periarith tubes and

narrow perianth, appear to be closely related. Tiej also appear

to be tiwre closely related to I. macrosiphon than to other ta'ca.

I. t. douglasiana does not appear to belong to any group of taxa,

remaining distinct because of the branchin: stem. I. purdyi arid

I. bracteata appear to be closely related because of inflated stem

leaves and sLiilar periarith tube lengths. aterial available for

other species is insufftcit to sugest relationships.



Mbliograpy

1. Abrans, LeFoy. Illustrated flora of the pacific states.
2d prthtirF. Vol. 1. Stanford University, Stanford
University Press, 19h0. 533 p.

2. Anderson, ar. Introre8s1vo hybrIdivtion. N York,
Uey, 19b9. lJ9p.

3. Baker, oln . handbook of the iridese. London, 'eorge e1l
arii ;ons 1392. 132p,

14. BriUes, lvin E. The vapor netbod of changin reagents and
of dehydration. Stain techno10 12:51-2. 1937.

Clausen, Jens, David D. Keck d iflia' . iesey. ceri-
iental studies on the nature of species. Vol. 1.

washington, D.C., Carnegie Institution, 19140.

6. _________________ FxporLnenta1 studies on the nature of
species. Vol. 2. ashinton, D.C. Carne'i6 Istitu
tion, l9145. ?Thp.

7. _________________ Txperimen tal s tudien on the nature of
species. Vol. 3. ashington, D.C., Carnegie Inetitu
tion, 19148. 129p.

a. Dobhanaky, Theodosius. Cenetics and the origin of species.
2d ed. }e York, ColumbIa rJniversity Press, l91l. U46p.

9. Dkes, illiaai aickatson. The genus IrIs, London, Carnbridge
University Press, 1913. 2145p.

10. Esatwood, Alice. New californian plants Leaflets of western
hotarr 2:18-193. 1939.

11. ei tern plants. Leaflets of we;tern
botar 223-263. £9140.

12. ______________ A botaiicai expedition to Log pring ridge.
Leaflets of western botany 3:121-126. 19142.

13. Foster, obert C. A cyto-taxonoic survey of the North
American species of Iris. Contributions from the ray
1-erbariura of Iiarvard Jniversit' 119:1-82. Nov., 1937.

lb. . India species novae. Catabridge, Harvard
Univiiiity, 1938. 3p.



56

15. Hansen, Henry P. Postglacial forest succession, climate and
chronology in the pacific northwest. Transactions of
the American philosophical society, New series, 37,
part 1:1-130. 19137.

16. Huxley, Julian. The new systematica. London, Oxford Univer-
sity Preas 19130. 583p.

17. iepson, Willis Lirm. A manual or the flowering plants of
California. Berkeley, University of California Press,
1925. 1236p.

18. Lens, Lee W. Chromosome numbers of sone western American
plants, 1. El Aliso 2:317. 1950.

19. iayr, Ernst, B. Gorton Linaley and obert L. Usinger. Methods
and principles of systematic zoology. New York, McGraw-
Hill, 1953. 328p.

20. Peck, korton E. Manual of the higher plants of Oregon.
Portland, Binfords and tort 19131, 866p.

21. Simonet, Marc. Nouvelies recherchee cytologiquea at genet4lies
chee lee Iris. Annales des sciences naturolles:
Botanique. Ser. 10, 16,229-383. 19313.

22. $impaon, George Gaylord. The major features of evolution.
New York, Columbia Unieveity Press, 1953. 13313p.

23. Sinnot, Edmund W., L. C. Dunn and Theodosius Dobehanaky.
Principles of genetics. 13th ed. New York, McGraw-
Hill, 1950. 505p.

213. Stebbins, 0. L., Jr. The cytological analysis of species
hybrids :2. The botanical review il1363-h86. 19Li5.

25. . Variation and evolution in plants. New
YkiTolumbia University Press, 1950. 6133p.




