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CYTOTAXONGMIC STUDIES IM IRI®, SECTION APOOON BAKER
SUBSECTION CALIFORNICAE DIELS

Introduction

This study was undertaken to investigate species relationships

in the subsection Californicae, secction Apogon, of the genus Iris.

The work was planned to utilize ecological, genetic, cytological,
and conventional taxonomic methods in an analysis of those relation-
ships. No attempt has been made to interpret the relationship of
the subsection to other subgeneric groups within the gemus Iris.

According to Foster (13}, the genus Iris can be divided into
two major groups, those with bulbous and those with rhizomatous
rootstockss The section Apogon is distinguished from the other
8ix sections of the rhizomatous irises by the absence of multi-
cellular hairs on the sepals. All but two of the species of YNorth
American Iris belong to the Apogon Irises. 7The section is also
represented by species in Zurope, Asia and Africa.

The subsection Californicae of section Apogon was considered

by Foster in 1937 to consist of 12 species and 5 varieties. Since
that date he has added 2 new species (14) and 3 species and 2
varieties have been described by iiss Alice Rastwood (10), (11),
(12)« One of the species included by Foster (Io tenuis 7ats.)

has been excluded from this study for cytological and morphological
reasons which will be discussed in a later section. The remain-

ing 16 species are rhizomatous, clump-forming perennials



characterized by a usually deltoid stigma; D~shaped, cubical, or
ovoid seeds; the absence of foliaceous stem leaves; and tough basal
leaves which are reddish at base. Dykes (9) and Foster state that
few roots are produced by members of the subsection, but this
characteristic is not supported by f{ield observations., The roots
tend to break sasily when pulled from the ground and herbarium
specimens often show only a few roots.

General distribution of the subsection is west of the Cascade-
Slerra crest from %ashington to southern California. However, most
of the specles are found in southwestern Oregon and northwestern
California.

Taxonomically a number of characters have been used for dis-
tinguishing the speciess

Stigma - The stigma is deltoid and entire in all species
except I. purdyi Fasiw. which has a tongue-shaped and bilobed stigma.

Style -~ The style branches are petaloid and usually the same
color as the perianthe There are variations in length and these
have been regarded as significant (1).

Perianth - The petals are usually narrow and about the same
length as the sepals. The sepals are linear to spsthulate in shape.
Color of the perianth is variable, ranging from white, purple, nale
yellow, golden yellow, to apricot and marocon. Because color is
difficult to measure accurately, it has never been adequately
evalusted. It may or may not have taxonomic significance through-
out the subsection,



Stamens - The anthers are basifixed, much longer than the fila-
ments, and vary in color from yellow to lavender and purple.

Perianth tube ~ The perianth tube varies in lengih from 0.4 to
12 centimeters. Perianth tube length is an important taxonomic
character, especially when considered in relation to the‘length of
the pedicel.

Capsule - The capsule is 3-6 angled and loculicidally dehis~
cent.

- feeds - The seeds are D~shaped, cublecal, or ovoid. The surface
is reticulate.

Pedicel - The pedicel varies in length approximately inversely
with the length of the perlanth tube. The relative length of these
two characters is taxonomically significant.

Bracts of the inflorescence - The bracts, or spathes, are
variabtle in shape from ovoid to linear; in length from 2 to 15
centineters; and in position from opposite to L centizeters distant.

Stem leaves - The stem leaves are bract-like and shorte In
some taxa they are inflated snd without blades.

Basal leaves -~ The basal leaves vary in width from 2 to 20
millimeters or more. They are elither green, glaucous, green on
one surface and glaucous on the other, or (J. bracteata “ats,)
¢lossy green on one surface and glaucous on the other.

Rhizome -~ The rhisome is fairly uniform throughout.

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



treatament of the subsection as a whole has been made, Foster's
treatment, intended only as a survey, has nonetheless provided &
sound basis to begin a cytotaxonomic analysis. Floristic treatments
of all or part of the subsection are found in Abrams (1), Peck (20),
and Jepson (17).

Cytolozically the species have been studied as a group omly
by Foster and Zimonet (21). Chromosome counts of W = 20 for
I. tenax Dougl. var. australis (Parish) Foster and I. munzii Foster
have been reported by Lenz (18). Simonet reported counts of XN = 20
for I, douglasiana herbert and I. tenax and 28 = kO for I. tenax var.
gormanil (Piper) Foster. Foster reported chromosome counts of
2N = "gpparently LO" for I. bracteata Wats. He confirmed Simonet's

count of 2§ = L0 for I. tenax, I. tenax gormanii, and I, douglasiana.

Poster also reported 2N = L0 for 1. purdyi “astw. Foster summarised
his and previous findings with the statement that differemnces of
karyotype c¢can be of little use in distinguishing species in the

subsection Californicae.

Species in the Jalifornicae have been distinguished almost

entirely on quantitative zrounds, That is, the differences between
species are what have been called differences in degree and not
differences in kind, Hany of the species have bhean described from
only a few specimens, in some cases only one. The occurrence of
plants which seeued to be intermediate between some of the species
made further investigation seex necessary. Accordingly, this study

was undertaken to investigate species relationships and to evaluate



the nomenclature.



Hethods

Three characteristics of the subsection determined the method
of analysis: (1) the gquantitative nature of the difference between
taxa, (2) the suggestion, by Voster and others, that hybridization
may have played an important role in the variability present, (3) the
similarity in chromosome number and morphology.

A number of different but closely correlated methods were used.
In each case the nomenclature of Foster and Bastwood was utilized as
a beginning point. All names used are based on their publications
unless otherwise indicated.

The first of these methods consisted of the production (by
bre Frank He Smith of the Potany Department, Oregon State College)
of artificial hybrids of many of the species and the subsequent
analysis of chromosome pairing in the pollen mother cells of those
Fy hybrids. For cytological study, young anthers were fixed in
MeClintock's solution. After several days to a week, they were
transferred to 70 percent alcohol. Either from the fixative or from
the alcohol, a small segment of an anther was removed, smeared on a
slide in a drop of propioniceorcein and heated gently over an
alcohol burner. The slides were made permanent by the vapor jar
method (L). Observations on growth habits, vigor, and general
morphology of the hybrids were made in addition to limited penetic
observations, Parent plants were analysed with regard to constancy

of taxonomic characters and vigor under cultivation.



Field studies were conducted to search for natural hybrids and
to examine variation within species. A series of collections was
made wherever iwo species came together in an attempt to detect
poseible hybridization beyond the first generation. Wherever therse
was evidence of variability within a colony, mass collections were
made for which specimens were selected to represent the total
variation present. Where little variation was evident, only routine
herbarium collections were made. In all cases, notes were made on
ecological conditions.

In addition to experimental and field studies, a limited
amount of herbarium material was exsmined. Considerations based
on herbarium specimens will be discussed where appropriate. Speci-
mens were seen from the herbaria of the following institutions:
Oregon State College, University of Oregon, University of California
at Davis, Fresno State College, and the State College of Washington.
In addition, type specimens were borrowed from the herbarium of the
California Academy of Sciences and from the (ray Herbarium of

Harvard University.



Analysis of Parent Plants and ¥y Hybrids

Parent plants and hybrids were grown first at the home of
Dr. Frank He Smith, Corwvallis, ﬂfegon, and later were transferred
to the experimental farm of the Department of Botany and Plant
Pathology, Oregon State College. In each case the plant& were
grown under adverse conditions. At the first site they were crowded
into a small area on a heavy clay soil. At the second, the plants
were in constant competition with weeds. Despite these conditions,
both the F{ hybrids and the parents produced an abundance of flowers
and considerable vegetative growth,

The parent plants were gathered from the sources shown in
table 1 and were selected as typical representatives of the species.
The morphological characteristics of the plants remained constant
upon transplanting. For at least five years, there has been no
indication of temporal variation for any of the taxonomic character-
istics used to distinguish taxa within the subsection. If the 51
offspring of any cross demonstrated much variebility, both the
hybrids and the parents were discarded to prevent possitle use of
natural hybrids as parents. This practice gives greater validity
to cytological generaligations but it reduces the genetic variation
available for analysis,

The ¥, 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



Table 1

Species used as parents for the production of F; hybrids.
All locations are in Oregon unless otherwise indicated.
Voucher specimens have been filed at the Cregon State

College herbarium,

Species Location
bracteata Josephine County
chrysophylla Lane County
douglasiana Curry County
hartwegii Butte County, California
innominata Curry County
nacrosiphon Kendocino County, California
purdyi Bumboldt County, California
tenax Benton County
tenax australis San Bermardino County, California
tenex pormanii #ashington County
tenuissimza Shasta County, California
thompsonii Curry County
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Table 2

F1 hybrids produced and grown at Oregon State College.
Voucher specimens have been flled at the Oregon State

College herbarium.

chryeophylla x bracteata
chrysophylla x douglasiana
chrysophylla x macrosiphon
chrysophylla x tenax
chrysophylla x tenax australis
chrysophylla x tenax gormanii
chrysophylla x thompsonii
douglasiana x bracteais
douglasiana x chrysophylla
douglasiana x douglaziana
douglasiana x hartwegii
douglasisna x irmominata
douglasiana x macrosiphon
douglasiana x tenax ‘
douglasiana x tenax sustralis
douglasiana x tenax gormanii
douglasiana x tenuissima
douglasiana x thompsonii
innominata x bracteata
inmmominata x chrysophylls
immominata x douglasians
innominata x hartwegii
innominata x tenax

inmominata x tenax gormanii
purdyl x bracteata

purdyi x chrysophylla

purdyi x douglasians

purdyi x innominata

purdyl x macrosiphon

purdyi x tenuissima

purdyl x thompsonii

tenax x bracteats

tenax x chrysophylia

tenax x douglasiana

tenax x hartwegii

tenax z innominata

tenax x macrosiphon

tenax x purdyi

tenax x tenax

tenax x tenax australls
tenax x tenax gormanii
tenax x thompsonii

tenax ausiralis x bracteata
tenax ausiralis x macrosiphon
tenax goramanii x purdyl
tenax gormanii x tenax
tenuissima x chrysophylla
tenuissima x macrosiphon
tenuissima x tenax
tenuissima x tenax gormanii
tenuissima x thompsonii
thompsonii x bracteata
thompsonii x chrysophylla
thompsonili x douglasiana
thompsonii x innominata
thompsonii x macrosiphon
thompsonii x tenax
thompsonii x tenax gormanii
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aborted seed in the parent plants following pollination and germina-
tion was as high as from open pollinated flowers of the parents. 4
limited mmber of Fp hybrids were grown and seem vigorous and healthy.

Genetically, the artificisl hybrids cannot be expected to
compars with natural hybrids in all details. The deliberate
selection away from variation in choosing parent plants tends te
reduce the opportunity of producing exactly comparable individuala.
Also, the few plants used as parents for each cross cannot compare
with the large numbers available in nature. Tn addition, the
artifieial hybrids are of the F) generation while natural hybrids
undoubtedly represent all degrees of hybridization. The possibllities
for recombination and segregation available in nature cannot be
duplicated artificially. Honetheless, the knowm hybrids are of
considerable value in understanding and interpreting natural hybrids.

The Fy 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 major taxonomic
traits. The artificial hybrids are intermediate between the parents
for most traits which indicates quantitative inheritance. OSince
most taxonomical characteristics of these Iris are inherited in
this way, natural hybrids can be expected to be intermediate
between their parents.

The inheritance of flower color is complex and has been
inadequately studied. If white-flowered 1. tenax is crossed with

white-flowered I. douglasiana the offspring are purple-flowered.



This indicates that at least two factors are necessary for the
production of purple flower color and that of these 2 different
factor is missing in easch of the parents. lHowever, crosses between
yellow-flowered forme and purple-flowered forms result in of fspring
with maroon, or greyish-lavender flowers. This situation is dis-
cussed by Sinnot, Dunn and Dobszhansky (23). Red, blue and related
colors are due to anthocyanin pigments while the yellow colors are
due to anthoxanthins, There arc genes which control the presence
or absence of ecach pigment and other roneg which control the amount
of each pimment developed. Color inheritance in hybrids between
yellow and purple~flowered forams cannot be easily interpreted with-
out extensive experimental work. In crosses between yellow-flowered
forms, golden yellow appears to have some dominance over pale

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



Cytological Results

Chromosomes in metaphase of the first division of melosis were
examined from the following Py hybrids:
I. chryosophylla x I. douglasiana

I. douglasiana x I. harwegil
I. douglasiana x I. purdyi

I. douglasiana x I. tenax

Ie douglasiam x }_. tenuissing
I. douglasiana x I. thompsonii

Ts immominata x ’I.’ ﬂmﬁ?@ll‘
I. innominata x _1:. douglasians

Ia innmimtax}_‘ tenax

I+ temuissima x E. tensx

I. thompsonii x I. innominata

One Fy nybrid (_1_‘ innominata x I. dmxglasism} was also

exasined in the first division, Hetaphase figures of these hybrids
are illustrated in figures 1 to 12, All drawings were made with
the aid of a camera lucida at about 1800X magnification.

In addition to the first division {igures, anaphase I counts

were mace in the following Fy hybrids:

_I_, dagﬁ}g, siana x 5. dmxgée siana

I. purdyi x I. macrosiphon
Je tenax x 1. bracteata

X. tenuissima x I. chrysophylla
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Fo irregularities have been found in any of the hybrids studied.
Pairing appears to be constant for all the pairs, and no univalents
have been observed. The chromosomes are distributed regularly in
both divisions. The chromosome number is N = 20 for all the material
examineds During the preparation of slides for cytological study,
many wmature pollen grains were examined. Although no particular
study of this stage of development was made, no indication of
sterile pollen was observed and pollen production in all the hybrids
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 sssume that there are no cytologlcal barriers between the other
species. Insufficient second generation hybrids have been studied
to determine fertility of later generations. Thisg will be considered
in comnection with field studies.

In addition to the cytological study of chromosome pairing,
seeds of the hybrids have been examined for two consecutive years.
¥hile the examination was made prior to full development, there
wag no indication of defective seeds All the capsules are well

filled by the first of June and the seeds are plump and regular.
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Fipures 1 = L.

1.
2.
3.
b.

Metaphase in pollen mother cells of
known hybrids, All are F] hybrids unless
otherwise indicated. About 1800X.

I, innominata x T. temax
Ie douglasiana x J. purdyi

.I_ﬁ ci':g sa@*lla x I daggl_giam
I. inmominata x I. douglasiana (Fa)
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Figures S -~ 8,

Se
6.
Te
8.

Hetaphase in pollen mother cells of
known Fy hybrids. About 1800X,

I. douglasiana x J. tensx

I. douglasiana x I. tenuissima

I. douglasiana x I. thompsonii
I. thompsonii x I. innominata
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Figures 9 - 12,

Ge
10.
1l.
12.

Metaphase in pollen mother cells of
known Fy hybrids. About 1800X.
I« tenuissima x I. tenax

E. ésaglasim % g. hartweril

I. innomineta x I. chrysophylla
I. innominata x I. douglasiana
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Fleld Studiles

Despite the fact that differences bhetween species are probably
quantitative, inadequate kmowledge of the distribution of species
and of the variation within species made it necessary to conduct
field studies on & qualitative basis. Farvthese reagons such com~
parative terms as lanceolate, ovoid, broad, and narrow are used to
describe differences which would be expressed quantitatively had a
reliable sazple been possible. Also, a detailed quantitative study
of the morphological and ecological characteristics of any of the
hybrid colonies in the following discussion is a major study in
itself. OSuch s study is not within the scope of this problesm.

Constancy of the characteristics of each species has been
studied in the field and on specimens from the herbaria cited.
Specimens have been collected as vouchers of the new information
presented in the following discussion of natural hybrids., 4ost of
these voucher specimens are mass collections and are filed as a
special series under the genus Iris at the Oregon State College
herbarium. A duplicate set of specimens are filed at the State
College of ¥ashington. Other specimens collected for this study

are deposited at the Oregon State College herbarium but will not

be retained in a special series.

I. tenax - I. chrysoplylla hybrids.
I+ tenax is characterized by narrow, distant bracts; a perianth
tube from L to 9 millimeters in length and by lavender to purple



flowers with broad spathulate sepals. The plants are tall with
definite stems. Thaugh the species is typically purple flowered,

two yellow-flowered populations have been found. One of these is
along Scopgin's Creek in Washington County, Oregon. It has been
treated as I. gormanii Piper and more recently as I. tenax var.
gormanii (Piper) Foster. The second yellow-flowered population is
on Honument Peak, Linn County, Oregon. This local population is
apparently not well known and has not been cited in the literature
of the subsection. MNeither of these populations 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 %ashington to southern Oregon. Tcologically it is a
speclies of unshaded conditions and is abundant on the oak-covered
hills of the ¥illamette and Umpqua valleys. It does not extend
into coniferous areas unless trees are cut, roads built, or condi-
tions otherwise disturbed in such a way that shading is reduced.
#ithin the general range there seem to be no soil or molsture
factors limiting its distribution. Factors controlling the northern
and southern limits of the species range are probably climatic in
nature. '

I. chrysophylla is characterized by lanceolate, opposite
bracts; a perianth tube 5 to 9 (occasionally to 12) centimeters in
length; a pedicel less than 1 centimeier in length; and by pale
yellow flowers with narrow perisnth parts. In soutlwestern Oregon,

where the species is most abundant, well marked siems are produced.
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In the Cascade mountains of northern Oregon, the plants are often
nearly stemless. Plants at two previously unreported stations of
the species, ¥ill Creek, Polk County, Oregon, and Prairie Y¥ountain,
Benton County, Oregon, are of the Cascade type.

Ecologically I. chrysoplylla is a species of open conifsrous

forestss It grows best on drier soils and will tolerate more shade
than I. tenax, It is a characteristic species of the pondercsa pine
and ponderosa pine - Douslag fir communities of southwestern Oregon.
Excessive moisture seems to be the limiting faclor in the distribu-

tion of I. chrysophylla.
Mstinctive hybrids between I. tenax and I. ghrysophylla have

been found at three locations: (1) L} miles up ¥1ll Creek from the
Dallas ~ %allace Bridge highway, Polk County, Oregon. {2) 133
miles southwest of Roseburg, Douglas County, Oregon, along Oregon
State highway number 42, (3) Steep hills alonz the first tributary
of the North Santiam River west of the Detroit Dam, Harion County,
Oraegon. These locations are shown on figure 13. In all three
locations conditions have been dis'mbed at the limits of the range
of 1. chrysophylla.

At all three sites individuale have been found which are
intermediate between the parent species and which cannot be assigned
to either speclies. Parent species and hybrids from the Douglas
County location are shown in figure 15. Bracts of the hybrids are
broader than is characteristic of I. temax but not so broad as

those of I. chrysophylla, and are opposite; flower color is marcon




Figure 13. Locations of natural b}*ﬁrida.

4 1. tenax - I. chrysoplylla hybrids
+ 1. bracteata ~ I. thompsonii hybrids

¢ 1. innominata - I. douglasiana hybrids
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Figure lhe Type specimen of I. thompsonil Foster.

Figure 15. I. tenax, I. chrysophylla, and hybrid forms.
Flants froam 13} miles souttwest of Roseburg,
Douglas County, Oregon.

As Typical I, tenax.
Be Probable backcross hybrid.

Ce Intermediate form which is possibly an
?1 b;ybrid.

De Intermediate form which is possibly an
Fy hybrid.

E. Typical I. chrysopiylla.
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to greyish lavender; and the perlanth parts are slender. The plants
are smaller then typical I. tenax but have a definite stem. Perianth
tube length in the natural hybrids averages 2.2 centimeters and the
pedicel averages l.h centimeters, Comparstive measurements in the
known hybrids are l.8 and 2.5. This indicates that the hybrids are
possibly of the Fy generation, For other characters the natural
hybrids compare closely w»ith the known hybrids.

The area of overlapping ranges is, in all three cases, small.
At ¥ill Creek and along the North Santiam highway, a transeci of
less than 100 yards extends thranghktha area asccupied by both
species, At the site southwest of Hoseburg, a similar transect
extends less than one-half mile,

Hybridization between these two species appears to be intro-
gressive toward I. tenax. Individuals of I. tenax show definite

I. chrysophylla characteristics for at least ten miles from typical

I. chrysophyllas. These individuals exhibit a change in color toward

& pale purple; 8 reduction in sirze; and a tendency toward broader
and less distant bracts. These modifications in I. tenax are what
might be expected as a result of hybridiszation with I. chrysophylla.
The intermediates previously discussed are found in the areas where

the two species occur together but I. chrysophylla remains constant

and no individuals of that species have been found which exhibit
Z& tenax characteristics.

Introgressive hybridization between these two species is a
close parallel of a situation described by Anderson (2) in which
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hybridization 1s followed by backerossing and selection of backeross
types. Apparently, in this case, only the offspring of the
intermediate ~ I. tenax backeross are selected. The factors of the
ecology and of the genetics of the organisms which bring about this
selection are not known. The introgression, however, has resulted
in a considerable increase in the varisbility of I. tenax while

J. chrysophylla has remained constant.

The occurrence of I. chrysophylla at two locations in the
Coast Range of Oregon was not unexpected. The presence of individu-
als of I. tepax in the Coast Range west of Corvallis, Oregon, with
lanceolate, opposite bracts suggested possible hybridisation with
I. chrysophylla. At the ¥ill Creek location in Polk County, Oregon,

the two species are in contact at the present time, as was previously
mentioned. At Prairie Yountain, BSenton County, Oregon, there is no
present day contact on the north and probably not on the south.

I. chrysophylla is abundant on a broad, well-drained meadow, along

a south-facing slope near the summit of Prairie Yountain at an
elevation of about 3200 feet, I. tenax is not now in contact on

the north presumably becsuse of the dense growth of Douglas fir on
that side. The south side of the mountain is more open and the two
species may come together though no intermediates have been found.

I. tenax specimens collected at lorton, Lane County, eight miles to the
south, have a narrower and more pale perianth which suggests hybridi-

zation with }.Q Chs 2 59‘2&1}»&@

Thirty miles north of Prairie Yountain are individusls of
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Ie tenax with linear-lanceolate, opposite bracts, and narrow, pale
purple perianth parts, These plants are probably the result of

introgression fram I. chry sophylia to I. tenax., These hybrid forms
indicate either that I. chrysophylla is more abundant in the Coast

Range than is now known or that it wss mors abundant in the past and
has survived only on the more favorable sites, Tither hypothesis
nay be true in part, but it seems unlikely that these forms ars the

result of recent hybridirzation. I+ chrysophylla has not been found

in the Coast Range between Prairie Mountain and %ill Creek, and
distances are probably too great for plants at those locations to
be involved as parents. The most probable explanatlon iz that

I. chrysophylla was more abundant in the Coast Ranze of northern
Oregon in the past and has remained only at the éry, open sites such
as 3111l Creek and Prairie Mountain. The oceurrence of a warn, dry
period in postglacial times, followed by general cooling and ine
crease in moisture (15) makes this a rcasonable assumption, Whether

Le chrysophylla was distributed throughout the general area of

northwestern Oregon in the past or only on the higher peaks, is a
question which cannot be answered., In either case, abundant
opportunities for hybridiszation could have existed. Introgression,
such as occurs today, could have given greater adaptive value to
1. tenax while I. chrysophylla remained more constant and more
subject to envirommental change.

There is, however, no reason to suppose that the yellow-flowered

forms of I. tenax on Xonument Peak and in ¥ashington County, Oregon,
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are of hybrid erigin. All the hybrids between these two species,
irecluding the artificial hybrids produced for this study, exhibit &
tendency toward the lanceolate, opposite bracts of I. chrysophylla.
The purple flower color is reduced to greyish lavender in ihe known
Fy hybrids, and none of the hybrids found in nature have yellow
flowers, An independent origin for this color trait is not ime
probable. I. hartwegii, which is closely related to I. tenax, has
yellow flowers, and there are yellow-{lowered foras in I. macrosiphon
which is otherwise purple-flowered.

I. douglasiana - I. innominaia hybrids.

I. douglasiana iz a tall species averaging about 60 centimeters
in height and is characterized by leaves abont a centimeter wide; a
branching stem; lanceclate, opposite bracisj large, pale purple to
white flowers; and a perianth tube 1 to0 2 centimeters in length.
Two or three flowers per branch sre produced. Distribution of the
speclies in Oregon is limited chiefly to a narrow, open coastal
strip from Coquille, Coos County, souths The species normally ex—
tende inland only along river valleys. It has not been seen in
dense shade,

I+ innominata is a low species averaging about 35 centimeters
in height and is characterized by narrow lesves which are about L
centimeters wide; simple stems; ovate, opposite bracts; small,
golden yellow flowers; and a perianth tube 1 to 2.5 centimeters in
lengths. Distribution of the spscies is limited to the open meadows
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and hills of southern Douglas, Coos, and Curry counties, Oregon.
Hybrid colonies of about 100 plants each of the I. douglasiana -

J. innominata cross have been found along Saunder's Creek, Curry

County, Orezon., The sites are 1} and 2% miles fron the Rogue River,
3 miles upriver from Zold Beach, along the south side. The aporoxie
mate location of these colonies is shown in fipure 13. The colonies
are found in cut~over forest land with mést of the plants completely
exposed to the sun, though a few are found in the shade of Usbelly-

laria californica. Ko red or maroon cslors such as are found in

the artificial hybrids have been seen in nature. Aside from color,
some of the individuals are sinilar to the known hybrids grown for
eytological study. Perianth sigze and plant size appear to be inter-
nediate between the parent species and the bracts are shorter and
more ovoid than are those of 1. douglasiana but are longer and
narrower than those of I. innominata. These individuals may be Fj
hybrids., Other plants appear to be the result of backecrossing and
segregation.

The taxonomic significance of the hybrids is considerable,
aside from the demonstration of genetic continuily between species.
Figure 13 shows individuals from one of the hybrid colonles in com-
parison with individuals referred to I. thompsonii Foster. There
is a strong suggestion of the hybrid origin of that taxon. The
type specimen of I. thompsonii is shown in figure lhs I. thompsonii
has been collected along the Rogue River and aleng U.S. highway

number 101 from Carpenterville to Brookings, Curry County, Oregon.
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Figure 16. I. innominata, I. douglasiana and hybrid
forms from Saunder's Creek, Curry County,
Oregon.

Ae Typical 1. innominata
B. = B« Hybrid individuals

Fe Typical ;.c ﬁ E&Bﬁiﬁlﬂ
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In California it has been collected along Suzith River, northeast of
Crescent City, Del Norte County. The species can be distinguished
from I. innominata by the more lanceclate bracte and by the pale
purple to lavender flower color. It also seems to be taller, aver-
aging about L5 centimeters. These are characteristics which ecould
be fixed by backcrossing of the 1. douglasiana - I innominata
hybrids to I. imnominata.

4 similar hypothesis can be erected to explain those specimens
with more ovate bracts and lavender-grey flowers referred by Foster

(13) to a new variety, I. douglasiana var, oregonensis. BRackeross=—

ing of the intermediate hybrids of the I. douglasiana - I. innominata

cross to I. douplasiana could result in the fixing of these
I. innominata traits in otherwise typical I. douglasiana,

¥hile both assumptions are largely hypothetical, they are lent
support by the occurrence of these variants in ars area where the two
species come together and hybridize. The only barriers seem to be
ecological, though exact factors cannot be stated, The removal of
the forest trees with the accompanying reduction in shade has
apparently removed the barrier to hybridiszation in the case discussed
here, but elevation and soil factors may be important in other loca~
tions. However, hybrids probably will be found wherever the hills
of Coos and Curry Counties are near the ocean and conditions are
disturbed or where I. douglasiana extends inland along river valleys.
In these arcas, at least, the two species can be expected to occur

together.



I. bractests - I. thompsonii hybrids.

Ie bracieata is a tall species averaging sbout 50 centimeters
in height with & thick perianth tube 0.5 o 1.0 centimeter in
lengih, a pedicel 3 to 6 centimeters long, and golden yellow flosers.
Typically the leaves sre & glossy green on the upper surface and

glaucous on the lower., The species has been seen only in southe
western Josephine County, Oreson, and rortheastern Jel Norte County,
Californias ‘mologicslly it is rectricted to shaded plsces, The

species le found in greatest abundance within ponderosa plne oome

munities, but it is sonetimes found on cuteover forest land under
a cover of bracken farne

Xs thompsonli has besn discussed as a posaible hybrid segregate
of the I. dourlasiana -~ 1. innominata cross. Colonies sre test

developed along the lower Smith River, from 12 to 15 wiles northesst
of Crescent City, Californise In this location, the colonies ave
sell established on open rocky hillsides, and have not besn seen
in the shade.

Froceeding northeasteard froo Jedediah Snitk State Park in
Uel Horte County, over the Siskiyou mountains into Orezon, the
colonies become ::aara shade tolerante Color changes gradually fros
predominantly pale purple flowers to predominantly yellow flowers
in the colony, though a few white~flowered plants are prusent.
Zract characteristics appear o be intersedlate betwesn the two
specles, changing gradualily from oveid and ¢ centimeters long, to

rarrower and 7 centimeters long. lieight of the plant also becones
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progressively greater as colonies near typical I. bracteata are

exanined. Three miles north of the summit of the Siskiyou mountains

only typical }_ » bracteata has’ been seen. Specimens representing

three colonies are shown in figure 17 to illustrate the transition.
Ko individuals that compare with the Fy hybrids have been

‘ found. The transition between the two species is gradual, probably

because of ecological requirements which permit more hybridisation

and survival of most of the hybrid offspring.

X+ bracteata - I. chrysophylla hybrids.

Distinet hybrids between these two species bave not yet been
clearly demonstrated. Despite the pronounced morphological differ-
ences beiween the two, only one individual has been secured which
can be considered intermediate. The relationship of the perianth
tube to the pedicel is reversed in these two species. Is chryso-
phylla has a perianth tube 5 to & times longer than the pedicel.

In . bracteata the pedicel is 5 to & times longer than the perianth
tube. In the intermediate specimen cited above, the pedicel is
twice the length of the perianth tube, clearly not characteristic

of either I. chrys: 1la or I. bracteata. This specimen was 4
collected near Bridgeview, Josephine County, Oregon, where the two
speclies occupy the same general area.

Complementing this admittedly limited evidence, field examina-
tion reveals hybrid characteristics which are not readily demon-

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



38

Figure 138.

I. thompsonii, I. bracteats and hybrid form.

Ao go thmwﬁﬁiio
B. Hybrid form.

C. 1. bracteata.

Two specimens of I. thompsonii from
Carpenterville, Curry County, Oregon,
and two hybrid plants from the

J. innominata - I. douglasians cross,
Saunder's Creek, Curry Gounty, Oregon.

A-B. E‘v thG?x‘iESDﬂiit
C-D. BRybrid forms.
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there are individuals of I. bracteats with narrow perianth segments
characteristic of I. chrysophylla. The hybrid origin of these
individuals is supported by the fact that all the known hybrids
involving I. chry ‘wg}*ggila a8 & parent exhibit the narrow perianth
of that species. fThere are also specimens, in the Cave Junction
area, of I. ch__g sophylla with perianth color similar to the golden

yellow of I, bracteata, The known I. bracteais x I, chrysoohylla

hybrid has golden yellow flowers and all other crosses involving
golden yellow and pale yellow-flowered parents show the flower

color of the golden yellow parent.




Species conce

Taxonomy

t.

The foll
Stebbins (25)
Clausen, Xeck
numerous disc

ideas express

developed aro

the biolozy o
possible.

A specie

nwing species concept is based on the work of

s Dobzhansky (8), vayr (19}, Simpson (22), Huxley (16),

and liiesey (5) (6) (7), and others. In addition,

ussions with colleagues have aided in clarifying the

ed by trose authors. The species concepl has been

und two principles: The nomenclature should reflect

¥ the organisms, and it should be as objective as

5 is considered to be a population or series of inter-

fertile populations which are reproductively isolated from other

such groups.
refor to smpal
breeds To us

viewed not as

population of

#hile th
objectivity 1
nent because
populations.
period of nan
set arbitrary

developed by

The term population is used in a general sense to

1 or large numbers of individuals whickh freely inter-
L thig definition, the individual specimen must be

& unit in itself but as a representative of the
which it is a member.

is definition is an atteapt to attain complete

n nomenclature, such an end is impossible of attaine
of the varying degrees of intersterility between
Ticept In rare cases, sterility develops over a

5 years and at any one point it may be necessary to
liuits to a species. iteproductive isolation is

the accumulation of genetiec differences between




populations to the extent that hybrid offspring either do not
survive or do not reproduce, Complete isclation is not abruptly
developed and not all the hybrids between two populations will have
the same degree of genetic imbalance.

Study of chromosome pairing and distribution in hybrids is one
method of evaluaiing the penetic differences between populations.
%hile pairing and distribution may be regular and the organism still
be sterile, or pairing and distribution be irregular and some
fertility still be present (2L), cytological studies correlated
with pollen and sced condition give a reliable estimate of hybrid
fertility.

In this subsection, apparently the only factors which keep the
populations distinct are envirommental. Fcological isolation almost
axiomatically indicates genetic differences between populations.

If these genetic differences continue to develop, internal barriers
can occur and the species of this definition evolve, However, the
absence of internal barriers does not mean that a group as complex
as this subsection should be couwbined into a single nomenclatural
catezory. Ttere remains the question of delimiting interspecific
entities. For that reason, the nomenclature of the subsection

Californicae will be revised only where field study is thought

sufficient to indicate the limits of the various taza.

Oregon species.

X tenuis ¥ats. clearly does not belong in the subsection with
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the other members of the Californicae., The speciee differs morpho~

logically and also in chromosome number (2N = 28)., Hybride between

this species and other members of the Califormicae could not be

produced and have not been obegerved in the field.

The species is distinpuished by its wide, pale graen,beaaifarm
leaves; slender, branched stems; small, scarious bracts; and narrow
white flowers. In most of these characters 1t resembles the castern
I. cristata Ait. ¥%bile such a relationship is not impossible from
the viewpoint of geography, there are promounced cytological

differences beitween I. tenuis and I. cristata. I. cristata hae a

diploid chromosome number of 2N = 32 according to both Foster and
Simonet. !llowever, Foster cites a report by Longley of N = 12,
Whichever count is accepted, there is a difference of L chromosomes
between I. tenuis and I. cristata which must be accounted for. The
loss, or gain, of chromosomes is not impossible but it cannot be
assuned without study. One method of analysis which might establish
the relationships of I. tenuis is the detailed analysis of the
chromosome morphology of I. tenuis and its suspected allies. In the
nmeantime, no disposition of the species is proposed.

Nomenclatural revision will be proposed for the remainder of
the Oregon species. DBecause there are no apparent cytological
barriers there is pood reason to suppose that hybrids will be found
wherever two of the taxa occur togethers A key to the Oregon taxa
retained is given below. Cowplete descriptions and citations are

not given because they are readily available in Fostera. Though
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there are hybrid forms which will not fit the key, descriptions have
not been emended to include these individuals bhecause that would
result in a taxonomic category so broad as to obscure relationships
and make recognition of distinct populations difficult. Subspecies,
rather than variety, is used as a nomenclatural category to
emphasize the ecological and geographical isolation present in

these forms. I. lenax Dougl. is the oldest valid nawe in ‘this group
and in the subsection and must be retained as the binomial combina~

tione.

EKey to the Oreson Subspecies

Ae DBracis distant, perianth tube 1 cm. or less long.
1e .I_t temx 88D tenax

AL, BPBrac ts oppos ite -

Be Perianth tube at least 5 em. long.
2, I. tenax ssp. chrysophylla.

BBs Perianth tube not more than L cm. long.
Ce Bracts lanceolate.

D. Flower pgolden yellow.
3« I. tenax ssp. bracteata.

DD. Flowers dark to pale purple or sometimes
white,
‘be I. tenax ssp. douplasiana.
CCe Bracts ovate.

De Flowers golden yellow.
5. 1. tenax ssp. innominata.

DD. Flowers pale purple.
6s I. tenax ssp. thompsonii.



l. 1. tenax Dougl. subspecies tenax (I. tenax Douglas ex

Lindley, Bote Rege xv. t. 1218, 1829). This subspecies includes

the typical form which bhas been discussed previously in this paper
as I, tenax. Also included, without nomenclatural distinction is
the yellow-flowered I. tenax var, gormanii, The yellow-flowered

form from “onument Peak, linn County, Oregon, will be included

within I. tenax gormanii and therefore within I. tenax itensx with~

ont nomernclatural distinetion.

2. I. tenax subspecies chrysophylla (Howell) (J. ch

Howell, Fl. H.W. America i 633, 1902). ¥No type specimen was

designated for lowell's I, chrysophylla. tHowever, filed with the

type specimen collection at the herbarium of the University of
Oregon is a specimen labeled "type specimen® in the distinctive
handeriting of Thomas Howell. This specimen, collected at frants
Pass; Josephine County, Oregon, in ¥ay 1837, must be considered the
type specimen for lowell's specles and therefore for the proposed
subspecies.

3+ 1. tenax subspecies bracteata (tatson) (I. bracteata
%atson, Proc. Auer. Acad. xx. 375, 1885). This subspecies includes
the species as described by Jatson.

L. I. tenax subspecies douglasiana (iierbert) (I. douglasiana
Herbert, Bot. Beech. Voy. 395, 18k1). Included in I. tenax
douglasiana without nomenclatural distinction is I. douglasiana
var. oregonensis Foster. So long as it is understood that Foster's

variety is probably of hybrid origin, there is no need to distinguish
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a form which obvisusly belongs to what has been described as

I+ douglasiana. Since this subspecies is found in California as
well as Oregon, this new cowbination must necessarily include the
California plants. This does not mean that the California plants
of this taxon should be ignored in any further study. There is
undoubtedly considerable variation present that 1s not included in
the Oregon representatives.

5. I. tenax subspecies innominata (Henderson) (I innominata
tenderson, fhodora xxxii 23, 1930). This subspecies has been re-
tained as originally described except for the reduction in rank.

6. I. tenax subspecies thompsonii (Foster) (I. thompsoniil
Foster, Rhodora xxxviii 199, 1936). The only real difference between

this proposed new subspecies and I. tenax imnominata is in the

purple flower color of I. tenax thompsonii. Since it has been

suggested that I. tenax thompsonii may be of hybrid origin with

Is tenax innominata as one parent, a close morphological relation-

ship is to be expecteds The two taxa différ slightly in distribu-

tion, I. tenax thompsonii is a species of elevations betwesn 40O

and 1000 feet while I. tenax innominata is usually at sites over

1500 feet. For that reason and because I. tenax thompsonii does

fora distinct colonies, it is retained.

California species.

Romenclatural revision of the California species of the

subsection will not be undertaken until adequate field studies can
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be made because the complexity present in this group cannot be
sufficiently analyzed by an exazination of herbarium material.
Hield wrk with the Orcgon species has denonstrated the inadequacy
of herbarium specimens to represent the sometimes grest variation
present within a small colony. A discussion of the California

taxa follows,

I« nartwegii Daker.

This species has been recognized (13) as a close relative of
I tenax tenax, It differs only in being smaller and having yellow
flowers. Since yellow flowers are present in typical L+ ltenax and
herbarium material is often inadequate in representing size, there
seems 1o be no good reason to retain I. hartwegil as a separate
species. tHowever, pending field study it will not be reduced in

nomenclatural rank.

I. tenax Dougl. var. australis (Parish) Foster

The only taxonomic question regarding this variety in recent
years 1s concerned with whether it should be retained as a variety
of 1, hartwegii or of 1. tenax. Cince it has been sugrested that
I. hartwegii is closely related to I. tenax, there is no good
reason wby this variety should not be included within I+ tenax,
Purther work is necessary hefore a decision can be made regarding
whetber this variety should be retained or be included within

I« tenax subspecies tenax.
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e mungii Foster

This species is known only from Tulare County, California. 1In
appearance il resembles E, tenax but is much larger, with lanceoclate
bracts, and has leaves nearly a centimeter wide, In his original
description (1k) Poster cited five specimens, of which the type has
been seen,

Three specimens of I. harteegii borrowed from the herbarium of
Fresno State Collepe seem to be transitional between I. hartwegii
and I. ?22533‘ The bracts are quite Sreaé and long and the flowers
are larger than is typlcal of I. hartwegii. These specimens are all
from Fresno County, Califarmia, and bear the following Fresno State
Collere accession nunbers: 5676, 6079, 6L72.

Comparison of the type specimen of I. munzii with the known
hybrids grown at Orezon State College shows a3 close morphological
relationship between I, munzii and the I. hartwegil x I. douglasiana
kybrids, Yowever, I. douglasiana has never been reported from the

Sierra habitat of I. hartwegii.

I. douglasisna Herbert
This taxon haes been discussed with the Orepon species. One

variety (I. douglasiana var. mendocinensis Fastw.) is probably a

hybrid between I. douglasiana and I. macrosiphon, but it will be

included within I. tenax douglasiana of this thesis until better

known. TIts hybrid origin is indicated by the narrow perianth

segments, narrow bracts, and slender perianth tube of the type

SpeCcingne



J. fernaldii Foster

This epecies is known only from the type specimen cited by
Toster In his original deseription (lL). Tt is similar to
Ie macrosiphon and is probably best included in that complex

species until additional material is studied.

I. macrosiphon Torr.
This species is variasble with purple and yellow-flowered forms

present. It has been seen in the field in the Redwood forest of
northern california, on chaparral-covered hills near Ukiah, Califor-
nia and on the east side of the Sacramento valley near Chico,
California. It is probable that hybridization with other species

is contributing to the diverse scological and morphological charac—

teristics of this species.

1. macrosiphon Torr. var, elata Castw.

This variety was described by ¥iss “astwood (11) from a
specimen collected at Clear Lake Park, Lake County, California. The
variety is distinguished from the typical form of the species by
its greater height. The original description states that the
variety and the typical form are found growing together. In a com=
plex species, it is doubtful if such minor variants should be

accorded nomenclatuyral status,

_I;o citrina vastw,

This species was considered by uiss ¥astwood (12) to be allied
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to I. macrosiphon. ZIxamination of the typs specimen indicates that
this species should be included in I. wacrosiphon as a basis for fur-

——

ther study.

1. humboldtiana “astw.

This species was described from Humboldt County, California.
The species is clearly allied to I. macrosiphon and was so con-
sidered by ¥iss fastwood (11). This species should also be included
within I. macrosiphon as a basis for planning further study. The

type specimen has been seen.

I. lansdaleana Yastw,

In the course of field work for this study, specimens of
I. lansdaleana were collected at the type area, Hichardson's (rove,
¥endocino County, California. These specimens are similar to the
type specimen cited in the original descristion (10). An early

flowering species, I. lansdaleana has been collected in flower in

early ilarch and April. Specimens seen suggest a close relationship

between I. purdyi Tastw, and I. lansdaleana.

I. purdyi “astw.

The inflated stem leaves and comparatively short perianth
tube on the type specimen sugrest that T+ purdyi 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. FHowever, the truncate, lobed stigma would seem to
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make this species quite distinct fros all others in the Californicae.

The reliability of thischaracteristic must be evaluated in the

field because of difficulty in studying the stigma on pressed plants.

I. tenuissima Dykes var. purdyifornis Foster

Foster suggested the possibility of this variety belng a hybrid

between I. temuissima and Y. purdyi. ZExamination of a photograph

of the iype specimen indicates that this sugpestion is not ime
probable.

I. tenuissima Dykes
This species was placed by Foster in the same complex as

I, chrysophylla. The limited material seen for this study indicates

a close relationship between I. chrysophylla and I. tenulssima.

Superficially, the only difference lies in the shorter, more ovoid
bracts of I. tenuissima, I. tenuissima, a species of the mountaing

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

I+ pinetorum Fastw.
Anown only from the type specimen, this species is probably a
hybrid between I. hartwegii and I. tenuissima. The bracts are distant

suggesting & close relationship with.zg hartwegii, but the perianth

tube is longer than is found in I. hartwegii,



Summary and Conclusions

The chromosomes of eleven F hybrids (I. chrysophylla x T.

douglasiana, J. douglasiana x I. hartwegii, I. douglasiana x J.

purdyi, I. douglasiana x I. tenax, I. douglasiana x I. tenuissima,

I. douglasiana x I. thompsonii, I. innominata x I. chrysophylla,

I. imnominata x I. douglasiana, I. innominata x I. tenax, I.

tenuissima x I. temax, I. thompsonii x I. innominsta) and one Fp

hybrid (J. innominata x I. douglasiana) have been examined in meta-

phase of the first division of meiosis. Anaphase I and second
division figures have been examined in these four osther hybrid com=
binations., All these hybrids show regular pairing and distribution
of chromosomes and all have the same chromosome number (¥ = 20), The
same rumber has been reported for all the other species of the sube

section Californicae which have been studied. Decause of these data,

the absence of cytological barriers to hybridization is assumed.
Pollen production in the hybrids is high and the pollen seems normal.
The hybrids were produced without difficulty and are vigorous plants.
The hybrids, and their parents, are stable upon transplanting and
show no annual variation. For the major taxonomic traits, the
hybrids are intermediate beiween their parents.

Field studies were conducted during which natural hybrids

were found between I. tenax and I. chrysophylla; I. innominata and

I. douplasiana; I. bracteata and I. thompsonii; and I. bracteata
and I. chrysophyllas The origin of L« thompsonii as a hybrid




segragate of the T. innouinsta - I. douzlasiana cross 1s suggested.

Hecause there are no apparent cytological harriers to hybridie
zation batween the six Oregon species named above, and nataral
hybridization does occur, reduction in nomenclatural rank to sube
species is proposed for all six species. I. tenax is retained as
the binomial.

Further work is needed to clarify certain problems. The work
preszented in this thesis has been conducted on a qualitative and
observitional basis. Yuantitative work can 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 morphological changes in the plants due
to hybridization. Sufficient information is available so that
reliable sampling can be planned. Turther cytological work is also
needed to provide evidence for some of the conclusions which have
been assumed as reasonable., Additional field work is also needed
to aid in clarifying the taxonomy of the California species of the
subsection.

The Oregon subspecies of the subsection Californicae are not

easily placed in ¢roups. I. tenax innominata and I. tenax thompsonii

are distinguishable only on a color basis. Sinee a hybrid origin
for I. t. thompsonii has been proposed, a close relationship is
reasonable. The gradual transition between I. te bracteats and
Ie e thompsonii suggests a close relationship between those sub-

species, I. t. tenax and I. tenax chrysophylls appear to be quite




distinct morphologically and ecologically. Hybrids between the
two do occur, but the apparent introgression toward I. i. tenax
indicates the presence of at least partial barriers. The exact
nature of those barriers will probably require detailed ecological

stud‘.y -

Since all the members of the subsection Californicae appear

to be closely related cytolozically, a further study must be made
before complexes within the subscctlion can be understoode. However,

I. tenax tenax, I. tenax var. australis, 1. hartwegil, and I. munzii

all exhibit narrow, distant bracts and a perlanth tube less than
one centimeter long and are apparently closely related. T« te

chirysophylla and I. tenuissima, because of long perianth tubes and

narrow perianth, asppear to be closely related., They also appear
to be more closely related to I. macrosiphon than to other taxa.
I. t. douglasiana does not appear to belong to any group of taxa,
remaining distinct because of the branching stem. I. purdyi and
I. bracteata appear to be closely related because of inflated stem
leaves and similar perianth tube lengths. Naterial available for

other species is insufficient to sugrest relationships.



55
Bibliography

l. Abraas, LeRoy. Illustrated flora of the pacific states,
2d printing. Vol. 1. Stanford University, Stanford
University Press, 19h0. 538p.

2e Anderson, Ydrare Introeressive hybridization. HNew York,

3. Baker, John J. Handbook of the Iridese, London, Teorge Bell
and Sons, 18%92. 132p.

e Bridges, Calvin B. The vapor method of changing reagents and
of dehydration. Stain technology 12:51-52. 1937.

Se Clausen, Jens, David D, Keck ::d ¥illiam Ue Hlesey. Rxperi-
mental studies on the nature of speclies, Vol. le.
Washington, D.C., Carnegie Institution, 1940, L52p.

b « Experimental studies on the nature of
species, Vol 2. Washinrton, D.Cs Carnezie Institue
tion, 19&5. l?hp‘

Te » Fxperimental studies on the nature of
3?9@1“- Vol. 3. %QShington, I}’Qag Qﬁmegﬂ& Institue
tion, 19h8. 129p.

3« Dobghansky, Theodosius. Genetlcs and the origin of species.
2d ed., HNew York, Columbia University Press, 1%9il. ULlibp.

9« Uykes, william Rickatson., The genus Iris. London, Cambridge
University Press, 1913. 2LSp.

10, Eastwood, Alice. New californian plants. Leaflets of western

il. « HNew western plants. Leaflels of western

12. « & botanical expeditien to Log Spring ridge.
Leafiets of western botany 3:121-126. 19h2.

13. Foster, Hobert Ce A cyto-taxonomic survey of the North
American species of Iris. Contributions from the Cray
Herbarium of Harvard University 119:1-82. HNov., 1937.

1k, ' o Iridis species novae., Cambridge, Harvard
University, 1938. 3p.




15,

16,

17.

18,

19,

20,

2.

224

23,

2he

25,

56

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, 19L7.

Huxley, Julian. The new systematics. London, Oxford Univer-
5ihy Press, 19h0.‘ SBBp.

Jepson, Willils Linn, A manual of the flowering plante of
California., Berkeley, University of California Press,
19250 1236?. :

lenz, Lee ©¥, Chromogsome munbers of some western American
plants, 1. El aliso 2:317. 1950,

Mayr, Ernst, E. Corton Linsley and Robert L. Usinger, lethods
and principles of systematic zoology. New York, Helrawe
Hill, 1953. 328p.

Peck, korton E, Manual of the higher plants of Oregon.
Portland, Binfords and vort, 1941. 866p.

Simonet, Harc. Nouvelles recherches cytologiques et genetques
chegz les Iris. Annalea des sciences naturelles:
Eetﬁniquec ger. 10, 163229‘383. 193&.

Simpson, Ceorge Gaylérd. The major features of evolution,
New York, Columbia University Press, 1953. L3hp.

Sinnot, Fdmund W., Le Ce Dunn and Theodosius Dobshansky.
Principles of genetics, Lth ed. New York, McOraw-
Hill, 1950, 505p.

Stebbins, Gs L., Jre The cytological analysis of species
hybrids:2. The botanical review 11:L63-436. 19L5.

. Variation and evolution in plants., WNew
York, Columbia University Press, 1950. 6L3p.






