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THE ECOLOGY OF SERPENTINE SOILS
I INTRODUCTION

R. H. WHITTAKER

Bialagy Section, Departmicnt of Radialogical Sctences, Generval Electric Company,
Richland, Washington

Areas aof the soil-rock systems which may be
grouped together as “serpentines” occur in many
parts of the world and, wherever they accur, are
known far their remarkable plant life. Many
authors have deseribed the flora and vegetation of
serpentine areas i Europe: Sweden (Rune
1953},F Norway (Bjgrlikke 1938), Finland (Kao-
tilainen 1944, Rune 1953), Helgoland (Dahl
1912, 1915}, Great Britain (Hunter & Vergnana
1952}, Austria (Hayek 1923, Nevale 1926, Lim-
mermayr 1926, 1927, 19283, 1928b, 1934, Kret-
schmer 1931}, Czechaslovakia (Zlatnik 1928a,
1928h, Suza 1928, Novak 1928), Switzerland
(Beger 1922-3, Braun-Blanquet & Jenny 1926,
Zollitsch 1927, Braun-Blanquet 1951), Yugoslavia
(Pandic 1859, Novik 1928), Albania (Markgraf
1925, 1932}, Greece { Baydell 1921, Turrill 19293,
Ttaly (Messeri 1936, Negodi 1941, Bargani 1943,
Pichi-Sermolli 1948), Spain ( Palacios 19363, and
France (l.eGendre 1919). Serpentine vegetation
is reparted also from the Ural Maountains ( Novak
1926, Sacava 1927, Iljinski 19367, Sauthern Rho-
desia (Blackshaw 1921), Japan ( Yamanaka 1951-
2, 1952, Kitamura 1950, 1952a, 1952b, Kitamura
et ¢l 1930, 1932, 1953}, Karakelang in Indonesia
{(Lam 1927}, New <Caledonia (Daniker 1939,
Birrell & Wright 1945), New Zealand (Betts
1918, Cockayne 1921: 332), Cuba (Seifriz 1940,
1943, Carabia 1945, Beard 1953), Puerto Rico

* A sympasiom ariginally presented at the meetings of
the Northwest Seientific Association, Spokane, Washing-
ton, December 29, 1930, by R. H. Whittaker (presiding}.
Washington State Coliege, R. B. Walker, University of
Washington, and A. R, Kruckeberg, University of Wash-
ington.

' These citations are listed with those of the following
paper by Whittaker {see p. 000). Far additional Euro-
pean papers see Novik (1928). Pichi-Sermalli (19483,
and Rune {1953).

{(Holdridge 1945, Newfaundland (Fernald
1911}, Quehec (Law 1884, Fernald 1907, Ray-
mand 1950, Scoggan 1950, Rune 1953}, British
Columbia, and the United States. Apparently na
information on vegetation is available from some
areas af serpentine.

I the United States, scattered outcrops occur
along the Appalachian chain from western Massa-
chusetts through the largest Appalachian areas,
those of Pennsylvania and Maryland (Harsh-
berger 1903, 1904, Shreve 1910, Pennell 1910,
1913, 1930, Braun 1950: 248), south ta Georgia
{Radford 1948). The Pacific Coast states con-
tain much more extensive areas of serpentine. The
Califorma formations {Masan 194ab, Kruckeberg
1951, and the following papers by Walker 1954,
and Kruckeberg 1954} in the Sierra Nevada and
the Central and North Coast Ranges total several
thousand square miles. The major Oregon areas
adjoin those of the California Coast Ranges and
accupy much of the Siskiyou Mountain Range.
The principal locations 111 Washingtan are about
one hundred square miles in the Wenatchee
Moauntains in a belt lying just south of Mt Stuart,
about thirty square miles in the Twin Sisters
Range southwest of Mt. Baker, and portions of the
San Juan Islands.

These widely scattered serpentine areas have
many features in common. In almost all cases
they: {1) are sterile and unproductive either as
farm lands or timber lands, (2) possess unusual
floras, characterized by narrowly endemic species
of great interest to the plant taxonamist and ge-
neticist, and (3] support vegetatian in striking
physioghomic contrast with that on other soils.
The problems of serpentine soils are thus bath
ecanomically important and of special interest to
hiologists of several fields. The three features of
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serpentine areas above suggest three parts inta
which discussion of biological problems of serpen-
tine may naturally be divided: the edaphic, con-
cerning the soil itself and its relation to plant
ecology; the autecological, dealing with the re-
sponses of plant species to serpentine and non-
serpentine soils; and the synecological, cansidering
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In the
three papers following, students of these three
aspects of the serpentine problem in the western
United States will attempt to present a synthesis
of what is known concerning the ecology of ser-
pentine soils.

the peculiarities of serpentine vegetation.

THE ECOLOGY OF SERPENTINE SOILS
II. FACTORS AFFECTING PLANT GROWTH ON SERPENTINE SQOILS!

Ricmarp B, WALKER
Batany Department, Universitv of Washingfon, Seattle, Washingfon

The distinctive vegetations of soils derived from
serpentine and related rocks sharply set apart such
areas from adjacent non-serpentine terrain in
many regions of the world. The plant life of these
serpentine areas varies greatly with location, to-
pography, depth of soil, and other factors, but is
usually sparse or stunted, and characterized by the
preserice of many species which seem to be re-
stricted to the serpentine habitat. Many of the
species present on adjacent non-serpentine soils
fail to appear on the serpentine; others graw on
the serpentine hut are stunted, while only a few
plants graw equally well on either type of sotl,

These wvegetational differences often serve to
delineate the geologic discontinuities of an area
even to the casual chserver. An exaniple of such
differences is shawn in Figure 1, a scene in Lake
County, in the North Coast Ranges of Califoraia,
On the left is a serpeutine area (Soil W-30, Table
IT), an which the predonunant woody species are
Digger pine, Pinus sabiniang Dougl., chaniise,
Adesostema fosciculatum FL. and A., leather oak,
Quercus durata Jeps., musk-brush, Ceanothus jep-
souir Greene, silk tassel bush, Garrya congdont
Eastwood, and Christmas berry, Photinia arbuii-
folle L.indl., and on which a sparse herhaceous
flora occurs, including Chaenactis glabriuscula
D. C., Clavkia concinne (F. and M.) Greene,
Eriogowunm nudum Dougl., Erwophyltun lonatum
{Pursh} Forhes, Gilia capitata Dougl., Phacelia
corymbosa Jeps., Plantago cvecta Morris, Strep-
tanthus glandulosus Hook,, and . Breweri Gray.
On the right, lies a non-serpentine hillside {Sail

* The material reported in this paper is largely taken
from the zuthar's dissertation for the Ph.D. degree in the
Department of Botany, University of California, Berke-
ley. The encauragement and supervision of Professors
A, R. Davis, H. L. Mason, and P. R. Stout, and the

generous assistance of Dr. J. Viamis are gratefully
acknogwledged.

W-33, Table I}, on which is found an open
stand of blue oak, Quercus douglasty H. and A,
and a dense herbaceous cover which includes
Avena fatua L., Bromus spp., Brodigea lexe
{ Benth.) Wats,, and numerous other species. The
type of chaparral characteristic of serpentine areas
coverg thousands of acres in the California Coast
Ranges, and can he distinguished at a glance from
the oak-grass vegetation of hillsides of non-ser-
pertine origin.

In other regions, camparable contrasts exist be-
tween serpentine and nomn-serpentine areas. In
Oregon and Washington, slopes whose soils have
been derived from serpentine or related rocks may
he recognized readily by their barren, sparsely
forested appearance, which contrasts with the
presence of heavier forests an adjacent non-ser-
pentine terrain.  Robinson ¢t . (1935) describe
the infertile and harren soils formed from serpen-
tine rock in Marvland and Pennsylvania which
support scrubby timber ar poor farm crops, in
contrast with the fertile soils of surrounding non-
serpentine areas. The serpentine formations of
Europe weather into sterile residual soils on which
occur characetristic endemic species (Braun-
Blanquet 1932, Novak 1928). Birrell and Wright
(1945) described a serpentine scil in New Cale-
dania which bears a xerophyllous shrub vegetation
from 3-5 feet high, a most unusual appearance in
this region aof high rainfall in which tropical forest
is the ordinary plant cover. These examples serve
to indicate that the uniqueness of serpentine floras
is not a peculiarity of one region alone, but is
world-wide in nature. A detailed discussion of the
floristics of serpentine vegetation will be given by
Whittaker (1954).

The striking differences often ohserved between
the plant covers of serpentine and adjacent non-
serpentine areas have naturally led to attempts to
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Fu;. 1. Barren,
separated hy a meadaw of mixed rock arigin.

explain these phenoniena in terms of the physical
or chemical properties of the sail, or of the physio-
logical characteristics of the plants. Frequently
it has been supposed that plants restricted to, or
endemic on, serpentine “require” some features of
serpentine soil for proper growth, but the validity
af this hypothests can readily be attacked on the
basis that a considerahle number of these plants
have been cultivated successfully in non-serpentine
soils and even in culture solutions. Anather com-
man suggestion is that the endemic species grow
well on the rather barren serpentine sites where
competition is not severe, and are unable to sur-
vive on other soils where campetition is mare
rigaraus ; but this is a suggestion that has been
difficult to test experimentally. [t is apparent that
both the endemic and non-endemic species which
graw successfully on these soils possess a “toler-
ance” for the serpentine hahitat which is lacking
in the greater number of plants which will not
grow readily on this medium, and further that the
non-endenlic species possess some characteristic
which is lacking in the endemic species. The
problems of the possible restriction of endemic
species to serpentine through competition and the
differences which may exist between endemic and

RICHART} B. WALKER

hrush-covered serpentine hills {lef
[ake Caunty, Califarnia.
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St

t} and hlue-vak cavered non-serpentine hillside (right)

naon-endemic species will be discussed in the paper
by Kruckeberg (1954) which follows. The bal-
ance of this paper will be devoted first ta an out-
line of the general attributes of serpentine rocks
and soils, fallawed by discussions of the various
liypotheses which have been advanced ta explain
the tolerance or intolerance of plants for serpentine
sl

CHEMICAL PROPERTIES OF SERPENTINE
Rocks awp S01Ls

Serpentine rock is essentially a magnesium iran
silicate, formed hy metamorphasis from peridotite.
Although peridotite is often predaminantly olivine,
(Mg, Fe),Si0y, varying amounts of pyroxenes
and amphiboles are also present, so some Ca, Al,
Na, and Ti are included. Also, in many instances
chromite, FeCryOg, and garnierite, (Ni, Mg)
Si0s- n HaO, accur in appreciable proportions.
These variations in the composition of the rock
are reflected in the color, which may range from
shiny green to bluish or almost black. Soils formed
from the rack are usually reddish, brown, or gray
in color at the surface, often changing to yellowish
or greenish in the lower layers. Soils formed
from unserpentinized peridatite and peridotite-
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serpentine muxtures have similar physical and
chemical properties, so it will he convenient to
refer to all these similar forms under the general
term “serpentine soils” in this discussion. Since
there is a wide range in the compasition of the
parent racks, it is to be expected that the campo-
sitions of the resultant soits should vary consider-
ably, especially in the secaondary constituents such
as caleium, potassium, and the heavy metals. Even
small variation in these elements may have marked
effects, haowever, o the ability of the soils to sup-
port plant growth.

While the tatal compositian of the pavent rocks
is auly ane of the factars invalved in the formation
of soil, it 15 of considerable interest to exanine
analyses of some of these hasic igneaus rocks, and
af soils of this origin (Tahle 1). The contents of
the major constituents, Si, Mg, and Fe, are in the
same range in the rocks: aluminum is low in all
cases; arq values for all the other elements are
under one per cent. Although the contents of cal-
citttt and the heavy metals are small, they will he
seent to play tmportant roles in some of the hy-
patheses which attempt to explain the intolerance
af plants for serpentine soils. Magnesitun content
15 recluced hy weathering, and 15 seen to be much
lower in the soils than in the racks; it was noted
by Rabinson e al. (1935} that in most cases mag-
nesium 1s lower in the surface soil than in the
deeper soil tayers. Loss of this element 15 striking
in tropical soils such as the one from New Cale-
domia, in which the accumulation of iron is also
particularly noticeable.  Chromium is also espe-
clally high i the trapical soils. either because of
its ahundance in the parent rock or an accumula-
tion similar to that of tron.

It 15 questionable whether the total analyses
quoted above give reliahle indications of the
amounts of the various lons which are availabie
for plant absorption. Important among the types
af analyses which are intended to measure the
levels of ions available to plants is the determina-
tion of the exchangeable cations hy means of the
ammanium acetate extraction miethod. The ex-
changeahle cation values, as well as H-ion concen-
trations, for a number of serpentine and non-ser-
pentine sails are given in Table I[I. Tle problems
af the forius of chromium and nickel which exist
in the soil and which may be absorbed by plants
have been studied wvery little, but values for the
exchangeable form of these ions are included in
the tahle where available. Since the percentage
of caletiun present among the exchangeable cations
is considered to bhe of particular importance in
cannection with soil fertility, this is also included
in Table II. The table shows that magnesium
much exceeds calclum except in the tropical soil
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Tapce 1. Total chewmical anadyses of cortain vacks and
soils
Peridotite | Serpentine | Serpentine )
Fresh (909 ali- o surface Serpentiue
serpienting virelt, matertal, soll, soil, 5-15
rack, Whateom | Mt. Tamal-| Dublin, in,, New
Cherry County, | pais, Caif- | Maryland | Caledonia
Hill, Washington| fornia No. 4721 | {Birrell &
Maryland ¢Pleiffer ¢ {Rohinson | (Rakinsan Wright,
{Rabinson 48] et al 19387 | ot al. 19RTY 19451
of gf. 1935)
Per cent Per cent. Ber cent Per cent. Per cent
Sa. ... 47 .98 43.7 4128 66 3 3.95
Tidz. ... .. 0.19 b #.12 0.83 —_—
Ay {4 1.5 2.56 7.17 —_—
AlaGa +Titda .. —_ — —_ — 1.8
Fenllz. .. ... 12.45 _ 8.3 644 7.
Fe.. ..... .. — 7.3 —_— —
MnG. . B ls * L .0 -
Crada... ..., 044 b .33 .17 4,05
N *- Teage .15 .44 0.4
Cal) ... .. Trace 3 Traes .20 &.05
Metd a7 68 6.0 A6 42 11,96 .04
Had o L .45 ** Trave 66 —_
Naaflooo 0. ** [ER V) 0.54 —_—
Palla. ..o 0.4 -* .2 0.3 —
303, (.52 s .85 0.1l —
Alkalis aud
undeteroined — —— —_ —_ 0,84
lgnition Joss. . | 14045 +1.5 14,24 5.55 [§.12

{Fram same area as soil W-207 ref, Tahble 11,
¥*Nat determined.
Ineluded i anather category,

from New Caledonia. The data also show that
there is a considerable range of calcium levels
among the serpentine soils, even though all are
low in this element. It will be shown later how
such differences wmay greatly influence the degree
af infertility of « partieular soil

PHyYsICAL CHARACTERISTICS OF
SERPENTINE S0ILS

Peridotite and serpentine formations are usuaify
intrusions of great depth and often of ancient
geologic origin; thus it might be anticipated that
the soils would be deep, and such is the case n
many of the Conowingo soils of Maryland, and
in tropical soils which have heen described (Rah-
inson et al. 1935, Birrell and Wright 1945}, On
the other hand, many serpentine sites are in roll-
ing or mountainous terrain, and the soils in such
locatians are usually shallow, presumably because
the steepness of the slopes and the sparseness of
the vegetation encourage continual erosion. In
many cases, these soils are made up largely of
relatively unweathered rock particles, and may be
called lithasals ; in many other instances, the shal-
low soils contain considerable clay and organic
material and might better he called azonal soils of
a relatively stable nature. Robinson et al. {1935)
believe that some serpentine rocks are too low in
alumina to form sufficient clav for the establish-
ment of a normal soil covering, regardless of the
topography. This hypothesis concerning insuffi-
cient clay formation may explain the existence of
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Tanie II. Exchaugeable cations in sails
NH,
Exchangeable eations adsorp. %
Soil No. Location and Parent, milliequivalents/100 gm aoil capacity Ca
deseription raterial pH m. e./100
Ca | Mg ¥ Na Ni Cr g
(B & WH* . New Caledonia Serpentine
(-5 in. layer 5.8 (0.6 |0.8 o == 1 0.12 | 0.026 9.8 6.1
5-15 in. layer 54 |06 0.3 e e o e 3.5 17
REBT 4722, || Dublin, Maryland Serpentine | 5.85 | 0.16 | 4.09 | 0.06 | .13 ; 0.012| 0.006 e e
W-301.. ... .| Lake Co., Calif. Serpentine | 6.80 | 2.12 712.1 | 0.11 | 4.05 | 0.026| 0.001| 14.2 14.9
Wa7T. ... Lake Co., Calif, Serpentine | 6.60 | 2.33 (19.7 | 0.13 | 0.04 [ ** e 22.3 104
W-52. Marin Co., Calif. Serpentine | 6.35 | 3.20 JI1.2 | 0.37 | 0.13 { 0.003| ** 17.0 18.8
W53, ... Chelan Co., Wash. Serpentine | 6.62 | 2.03 | 5.95 | 0.20 | ** o v £.66 23.4
w207, ... Whatcom Co., Wash. | Peridotite | 6.21 | 1.07 | 9.16 | ** e ** > 13.1 3.2
W38 ... Solana Ca., Calif. Sandstope | 7.20 |11.1 | 3.2 [ 0.23 | 0.09 b ** 13.1 /.7
W-53.. ... ... Lake Co., Calif. Sandstone | 6.75 (23.4 [11.2 } 1.42 | 0.14 1 0.005; nil 30.6 76 .4

*Data from Bireell and Weight (1945).

{The prefix B indicates data of the suthar, **Naot determined.

only a thin soil mantle on many rather level areas.
The textures of the soils vary from heavy clays to
light loams, with a friable, gravelly loam heing
the most coniman type i western United States.
From a series of detailed physical analyses, Rohin-
san et al. {1933} concluded that serpentine soils
possess 11¢ physical characteristic which woutd
render them particularly unfavorable for plant
growth, although in some cases the clay contents
of the subsoils were high enough to impede
dratage.

Undesirable physical characteristics, such as
shallowness of the soil mantle, gravelly texture,
low clay content, and steepness of topagraphy
which encourages erosion, have important effects
on the vegetation of serpentine areas, since they
result in reduced moisture and nutrient levels. On
maister serpentine sites, such as north slopes, the
plant cover is more ahundant, and often includes
additional species whicl are absent in drier situa-
tions. This presmuably indicates, at least in west-
ern United States, that plants which are wide-
spread on serpentine soils possess draught resist-
ance as well as tolerance for serpentine soils. The
various physical factors may have effects in con-
nection with soils of diverse parent materials, how-
ever, so the peculiarities of serpentine soils do not
appear to be explicable on the hasis of physical
characteristics.

HyroTHESES ADVANCED T0 EXPLAIN TOLERANCE
AND INTOLERANCE FOR SERPENTINE S0ILS

A number of hypotheses have been advanced
which attemipt to explain the peculiarities of ser-
pentine soils an the basis of soil chemistry. The
development of different viewpoints on the subject
probably can be attributed ta the fact that the soils
studied came from different climatic regions and
to the probability that two or more of the proposed
factors may operate simultaneously in many of the

tData from Rohinson, Edgington, and Byers {1435!.

soils. A discussion of eacl of the major hypoth-
eses follows in the succeeding paragraphs. Most
of these liypotheses have steinmed from the studies
by agriculturalists of the infertility of these soils
for crop plant production.  From the agricultural
viewpoint, serpentine infertility is equivalent to
serpentine tntolerance by crop plants, so these twao
terms will be used interchangeably below.

(1} Low levels of wajor wutrient eleinenty

Gordon and Lipman (1926) observed low
levels of nitrate and phosphate ions in the soil
extraets which they studied, showing that these
ions limited the grawtl of barley. [ater, Viamis
(1949 demonstrated that lettuce andd barley re-
sponded markedly to nitrogen and phasphate addi-
tions to a serpentine soil. The nature of such re-
sponse in both an agricultural spectes, the tomato,
Lycopersicon esculentuns Mill., and a non-endentic
but serpentine-tolerant species, the wall-flower,
Erysinuon capitatunr (Dougl) Greene, is shiown
by the results of greenhouse pot culture experi-
ments in Table IIT (Walker 1948a). The sail
used was abviously very deficient in nitrogen and
maderately deficient in phosphorus, although it is
recognized that under natural conditions in which
water or other factors may be lumiting growth,
such deficiencies would be less severe. It is also
a common observation that many types of soils,
regardless of origin, are deficient in these ele-
ments. In a recent experiment, a serpentine soil
from Chelan County, Washington, showed a se-
vere deficiency of sulfur when tested with tomato
plants in pot cultures. No doubt deficiencies of
major nutrient elements are common in serpentine
solls, but there s little evidence that any such
deficiency can serve as a general explanation of
paor plant growth on these soils, because in agri-
cuttural practice, heavy applications of nitragen,
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Tape III. Efects of uitrogen, phosphorus, and potas-
sium additions to a California serpenfine soil (1/-30) on
the vields of tomato and wall-flower, Evysimum capitatum

Fertilizer Weight of shoot Per cent of
addition {dry gm) NPK yield
Tamato
None 0.61 12
NPK. ... .. ... .. 5.06 100
Erysimum capitaium,
Nane 0.24 7
NPK. 3.42 100
PK. ... ......... 0.27 )
NK.......... ... 1.82 53
NP ............. 2.98 87

phasphorus, potassium, and sulfur have failed ta
correct their infertility,
(2) Alkalinity

Gordon and Lipman (1926} suggested that the
alkaline reaction of serpentine soils contributes to
their infertility. Whereas the Californian soils
with which they worked are alkaline, this is hat
true for the majority of serpentine soils, and it is
also known that many somewhat alkaline soils of
diverse origing are quite fertile. It is apparent
that alkalinity cannot serve, in any case, as a gen-
eral explanation for serpentine infertility.

(3} Low awailable molybdenuin

It has been found that a number of the Cali-
fornian serpentine soils are deficient in available
molybdenum (Walker 1948b, Johnson, Pearson,
and Stout 1952), This can be demonstrated by
growing agricultural species such as tomato and
lettuce 1n pot cultures with heavy nitrogen and
phosphate fertilization. As yet, no investigation
has been made to determine whether ar not this
low moalybdenum level is characteristic of serpen-
tine soils in general, nor are any data available to
indicate whether native plants may suffer from a
deficiency of this element. Such deficiency in the
field seems somewhat unlikely in view of the slow
growth rates of the plants, so it appears reasonable
to state at present that molybdenum deficiency
may contribute to the infertility of some serpentine
soils, but is probably not the dominant factor in
any case.

(4) Toxicity of chromium, nickel, or other
heavyt wetals

It has heen proposed that the presence of toxic
concentrations of heavy metals such as chromium
and nickel may be responsible for the unfavorable
nature of serpentine soils for plant growth (Robin-
son et af. 1935, Birrell and Wright 1945). Un-
questionably, the chramium and nickel contents
are generally higher in serpentine soils than in
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those of other origins, and appreciable ainounts of
these metals may be absorbed by plants. The
amounts absarbed may be as high as 86 parts per
million Ni and 4.5 parts per million Cr in the dry
leaf material of Pancheria glabrose growing on a
trapical soil with pH of 5.8 in the surface horizon
(Birrell and Wnght 1945). These values are
considerably higher than the levels found in either
field- or greenhouse-grown tissue from several
neutral serpentine soils of western United States
{Table IV}. Little is known about the factors
affecting the absarption of nickel and chromium
from soils, but it is probable that the pH, the na-
ture of the primary and secondary minerals, the
concentrations of anions such as phosphate, and
perhaps other soil characteristics have consider-
able influence on the uptake of the heavy metals.
The importance of pH in nickel availability was
stressed by Hunter and Vergnano (1952}, who
studied a glacial area in Scotland in which the
parent material is largely serpentine rock. Oats
growing on soils in this area accumulated 16 to
134 parts per million Ni in the expanded leaves,

Tasre IV, Nickel and chrowium aualyses of Teaf tissue
collected an sevpentine soils

Parts per million
in dry leaf tissue
Speciez Location Referance® e
Ni Cr
Blagkjack aak. ... .....| Dublin, Margland | Rohingon et i 4
al. [1925)
Redgak.............. Dublin, Maryland. | Robinson et i K
al. {1925)
Fancherta glabrose, . ..| New Caledania Birrell and A3 4.5
Wright
£1u45)
Arauearip mutlere. ... New Caedania Birrell 4nd g3 2.6
Wright
(1945)
Garrya conpdani .. ...} Lake County, 12 il
California
Quereus durede. ... ... .| Lake County, q.2 0.3¢
Califocnia
Arctottaphylos sp.. ... ..| Lake County, 14 0.42
California
Marglahe tomata ... ... Grown in pots on 29 1.5
sail W-30 fram
Lake Caunty, Caiif.
Pseudotsuga tazifolin. . | Chelan County, 3.7 0,42
Washingtan
(Bl W-85)
Marglabe tamata, .. .., Cirown 0 pots an 5.5 1.8
a0il. W-85 from
Chelan County,
Washingtan

*Analyses not otheewise eredited are thase of the authar.
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the larger amounts being absorbed from the more
acid soils and the smaller amounts from the less
acid fields. Concentrations of 30-40 parts per mil-
lion in the leaves of young plants caused moderate
toxicity symptoms, and higher concentrations
causec more severe chlorasis and necrosis, present
in longitudinal stripes.

Taxicity symptoms were noted by the writer in
tomato and sunflower (Helionthus) plants grown
in culture solutions if the cancentrations of chro-
miunt or nickel in the solutians were sufficiently
high to reduce plant growth appreciably, Haw-
ever, tomato and sunflower were grawn an several
serpentine soils from western United States (in
which the calcium was raised to a favorable level )
with excellent growth and with ahsence of toxicity
symptoms. This may be, of course, merely fur-
ther evidence that plants ahsorb less nickel from
these nearly neutral soils than from more acid
ones. Another aspect of toxicity which needs in-
vestigation with respect ta serpentine soils is the
fact that additions of miolybdenum may alleviate
toxicities caused hy excessive nickel, manganese,
ar other cations in culture solutions ¢ Milliken
1948y

As yet, there is insufficient evidence at hand to
evaluate the toxicity hypothesis critically. Large
amounts of chromium and nickel may be ahsorbed
fram sonie acid serpentine soils, hut much less is
available to plants from neutral sails. 1While this
toxicity factor is of much importance in specific
areas, it seems unlikely that it is alone responsihle
for the world-wide peculiarity of the serpentine
habitat.

(5} Status of caleirn and maguesivm in the soil

The predominance of magnesium aver calcium
in the ferro-magnesian rocks and soils was ad-
vanced by Loew and May (1901) as the reason
for poar growth an serpentine soils. They deter-
mined the calciunt and magnesium contents of
many scils by acid extraction or by tatal analysis
and related these values to the productivity of the
sails, concluding that the Ca: Mg ratio in the sail
should equal at least one for good plant growth.
Recently Vlamis and Jenny (1948) have used low
calcium saturation of the soil colloids as a madern
replacement for the old ratio hypathesis, attribut-
ing little importance to the magnesium except that
it makes calcium less available. The amounts of
adsorbed calcium and magnesium in some serpen-
tine and non-serpentine sails are listed in Table I1.
The quantity of calcium is low in every case, but
there is considerable difference in the percentage
saturation with this ion. Magnesium is the pre-
dominant cation in the neutral or moderately acid
serpentine soils of the temperate zone, while it may
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be almost entirely replaced by hydrogen mn the
highly weathered tropical ones.

Viaris (1949) demonstrated the relationshup
hetween calcium saturation of the soil and the
yield of barley and lettuce, obtaining yields which
were very low at 10% saturation, increased
sharply up to 20-25%, and leveled off at satura-
tions above 25%. The author has performed a
series of experiments involving both agricultural
and native species which lend considerable sup-
port to the calcium saturation viewpoint ( Walker
1948a). In the technique used, individual lots of
the field serpentine soil were leached with chloride
solutions varying in calcium and magnesium as
desired. After leaching, excess salt was washed
aut with water; the soils were dried, fertilized
with NPK. and used for greenhouse pat cultures.
In this manner, soil lots were prepared in which
calcium varied from 5% to 809% of the total ex-
changeahle cations, with magnesium varying in a
complementary manner from 94% to 19%, and
potassium remaining in all cases at about 1%.. The
results of representative experiments in which to-
mato, Lyvecopersican escrlentume MillL., variety Mar-
glohe, was campared with an endemic species of
crucifer, the jewel flower, Stroptanthus glandildo-
sus var. pudchelins (Greene) Jeps., are given in
Tahle V.

These data indicate that the growth of tomato
is miuch restricted at the calcium level of the field
soil, 1s reduced to nil as the saturation of 3.6% is
reached. hut increases strikingly at the calcium
levels ahove that of the feld snil. In contrast, the
vields of the Streptanthus plants were little
changed by the caleium level. This indicates that
the endemic species is mare talerant of the low-

TasLe V. Vields and leaf composition of Marglobe ta-
wiato and Streprauthus grown on lots of sevpeutine soil
{H7-38) woith varying Ca satuvation

Leaf-tissue analyses,
Per cent | Average | Per cent | milliequivalents per 100
Ca satura-| yield of | of vield dry grams
tion of shoot, on field
sl dry grams| sl Ca Mg K
Marglobe {omato
5.6 (.03 1.1 > b *x
8.3 0.09 3.2 27.7 4472 28.5
12.5 2.16 82 30.8 246 59.9
13.5* 2.63 100 35.5 233 50.2
25 7.74 294 38.2 117 29.9
34 7.52 286 54.7 9.5 | 38.5
Streplanthus glandulosus var, pulchelfus
5.6 3.73 75 21.8 222 56,8
8.3 3.59 73 2.8 166 58.3
12.5 3.68 74 54.6 120 58.6
13.5% 4.95 100 52.1 121 42.7
25 4.42 29 85.7 84.2 | 51.2

*Unaltered field aoil. _
**Plants died before end of graweh period.
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calcium medium than tomato, which seems to offer
a physiglogical explanation for serpentine toler-
ance. Similar experiments performed an other
agricultural species (lettuce, Lactuca sativae L.,
var. Romaine, and sunflower, Helianthus annnis
L., var. Russian Mammotli ], and two other native
species (serpentine-collected races of Helianthus
bolanderi Gray, subsp. exilis (Gray) Heiser, and
Streptanthus glandilosus Hook.) have given re-
sults of a stmilar nature. Native species whicl do
not invade serpentine areas react to low calcium
levels as do the agricultural species (Kruckeberg
1954).

Reasons for the differences in responses of
vartous plants to soils of low calcium saturation
are not apparent. One indication may lie in the
results of caleium and magnesium analyses of the
leaf tissue. In Table V it is seen that the Strep-
tanihus absorhed somewhat more caleium than the
tomata at comparable soil caleium levels, but the
most noticeable difference is that the magnesiun
absorption of the tomato greatly exceeded that of
Streptanthtus at the very low calcium saturations.
This excessive maguesiun in the tissues could in
some way hamper the normal utilization of the
calcium which is present, perliaps sunply hy ion
campetition at membranes or sites of absorption,
so that the ratio of calcium ta maguesium is ap-
parently mare nupartant than the absolute amownt
of calcium.  In lettuce and tomato. a Ca: Mg ratio
. the tissue of less than 0.20 15 accompanied hy
reduced yield and at least weipient calciut defi-
ctency, while ratios of less than .15 are associated
with severe calcium deficiency symptoms and great
reductions in yield.

The results reported above lend confirmation to
the proposal of previous warkers (Loew and Aay
1901, Vlamis and Jenny 1948) that the basic cause
of serpentine infertility is the low calcium level,
and the writer 1s of the opinion that in the larger
picture of serpentine tolerance and intolerance this
is likewise the principal factor. The role played
by the ather adsorbed cations in relation to cal-
cium is not clear, however, and probably varies
with different soils. The data given above indi-
cate that ahility to exclude magnesium may he a
characteristic of the tolerant species, hut in some
tropical serpentine sails magnesium has heen re-
placed to a large extent by hydrogen. and, in
such cases, unbalance hetween calcium and mag-
nesiwnt can he of no importance.  Vigmis and
Jenny {1948) noted that large amounts of ad-
sorbed potassium or strontium had eftects similar
to magnesium in inducing calcium deficiency. Al-
though the relationships of adsorbed hydrogen to
the other cations and ta the general problems of
soil infertility have received much attention {Hes-
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lep 1951), there is a lack of agreement concerning
effects of hydrogen. It is thus difficult to compare
the usual high-magnesium serpentine soils with
thase in which most of the magnesium has heen
replaced with hydrogen. [t is evident, however,
that in the latter group, calcium saturation is ex-
tremely low and probably of considerable inipor-
tance even if a factor such as heavy metal toxicity
should predominate in controlling plant growth.

Drscussron

Low levels of adsorbed calcium have heen
shown to limit the growth of serpentine-intolerant
species, as represented hy a number of comrmon
crap plants, but serpentine endemic species are
tolerant of calcium levels even lower than are
usually found in natural serpentine soils. There
is no doubt that only those plants which possess
the ahility to thrive on soils of low calcium status
can long persist in serpentine areas, while plants
lacking this ability will he excluded from them.

The effects of nickel and chromium depend
upon their availahility in the soil, the amounts ab-
sorhed by plants, and the seusitivity of individual
species to these metals. The amounts absorbed
from some soils by the native species appear to he
sufficiently high that more sensitive species might
be expected to he adversely affected, but this has
not heen confirned by experimentation. On other
salls, even though the total nickel and chromium
contents are known tg Le high, absorption by sen-
sitive crop plants is insufficient to induce toxicity.
It 1s apparent that considerable experimentation
involving serpentine soils from different regions
will e necessary hefore aspects of toxicity can he
evaluated fully.

It is cancluded that the hasic reason for the in-
tolerance exhibited by most plants for serpentine
soils is the low calcium level. In special cases,
heavy-metal toxicity may be more influential than
the calcium saturation, or at least serve as an addi-
tional major factor lmiting plant growth. The
possible effects of low available molybdenum and
high magnesium concentrations have vet to be
fully evaluated, but the influence of magnesium in
accentuating calcium defictencies must be of im-
portance in most serpentine soils. Often factors
not unique in serpentine sites, such as limited
water retention and low levels of various major
nutrients, contribute to making the serpentine en-
vironment unsuitable for many species. Plants
which grow well on serpentine soils must therefore
first he tolerant of low calcium levels and, in addi-
tion, be tolerant of one or more of the following :
high concentrations of chromium and nickel, high
magnesium, low levels of major nutrients, low
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available molyhdenum, and the drought and other
undesirahle aspects of shallow, stony soils.

SUMMARY

1. In an attempt to elucidate the factors in-
volved in the tolerance of same plants for serpen-
tine sails and the intolerance of others for this
unusual growth medium, a description has been
made of the plhiysical and chemical praperties of
these sails, fallowed by an exanunation of the vari-
aus hypotheses which have been advanced to ex-
plain the peculiarities of the sails with respect to
plant growth, They differ from other soils in these
principal characteristics: low contents of total and
adsorbed calcium, high magnesium content, and
high contents of chromium and nickel.

2. Serpentine areas usually suppart a stunted
tvpe of vegetatiar, unique i Its species Compasi-

tion. Such an area located in California 1s de-
scribed.
3.1t 15 well-estahlished that these sails are

infertile for the growth of maost plants, vet are
talerated by certain others. The follawing lhy-
potheses, which have been advanced ta explain
tolerance and intolerance of serpentine soils, are
examined : various pliysical factors, low levels of
major nutrient elements (especially nitrogen and
phaspharus), alkalinity, low available molyhde-
num, toxicity of nickel or chromium, and the
statug af calcium and magnesium in the soil.
While all of these have effects under certain cir-
cumistances, experimental evidence favars the view
that low calcium level 15 the basic cause of the
peculiarity of serpentine sails, with the other fac-
tars of secondary importance.

4. Tt is concluded that plants which grow well
on serpentine areas must first be tolerant of low
caleiunt levels and, in addition, must be talerant of
ane or mare af the following in special situations :
high concentrations of nickel and chromium, high
magnesium, low levels of major nutrients, low
available molybdenum, and unfavorable physical
aspects of shallow soils.
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IIl. PLANT SPECIES IN RELATION TO SERPENTINE SOQILS

ArTHUR R. KRUCKELDERG
Department af Batany, University of Washingtan, Seattle, 1 ashington

The North Bay counties ( Napa, Lake, Marin,
and Sonoma}) of central California have afforded
an ideal locale for study of the vegetational discon-
tinuities  assaciated with serpentine outcrops.
Here, large areas of serpentine racks are exposed ;
and ane 15 impressed at ance hy the sharp con-
trasts among vegetation types. \Walker (1954)
has described in detail the distinet differences in
vegetation that exist between the two soil phases
of this mosale of serpentine and non-serpentine
formations. The gross differences in aspect he-
tween the two types af vegetatian are particular-
ized when a tabulation of species is made. The
vegetation of nan-serpentine areas cansist mostly
of species cammaon to similar sites thraughout cen-
tral Califormia whereas serpentine autcrops sup-
port a flora rich in endemic species.  Such sclero-
phvllous shrubs as Quercus durata Jeps., Ceauo-
thus jepsoni Greene, Garryae cangdoni Eastwood,
and even the small tree, Cupressus sargentii Jeps.,
are unmistakable “indicator” species bhecause of
their typical restriction to and numerical dowi-
nance an serpentine soils.  Although 1ot endemic
to serpentine, Adenostoma fasciculatinn H. & A,
and Photinia arbufifolfa Lindl. are likewise charac-
teristic dominants in this vegetation pattern.

It is not these daminant woady species, haw-
ever, which have made these serpentine areas cele-
brated as a source of rare and endemic plants.
The transient spring flora of these dry serpentine
hills still continues to be a source of “‘new or
otherwise notewarthy” additions to the California
flora. The list of diminutive annuals and herba-
ceous perennials that merit the serpentine endemic
status is increased every year. From all accaunts
(Morrison 1938, 1941, Stebbins 1942, Masan
1946, Hoffman 19352), genera of the annual life-
form are hy far the richest saurce of variation
throughout the serpentine mosaic of central Cali-
fornia. One of the genera most characteristic of
the serpentine areas t§ Streptanthus, which will
serve as an example of some of the genetic prob-
lems of serpentine endemisn.

The distributional responses of different plant
species to serpentine soils raise three groups of
prablems: (1) Why are so many species excluded
from serpentine sails ¥, (2) Why are other species,
which accur with them off serpentine, able to

grow successfully on serpentine?, (3) Why is a
third group of species restricted to serpentine
sotls?  In this paper these three questions will be
examined further, seeking genetic and ecologic, as
well as edaphic, answers.

TOLERANCE TO SERFENTINE SAILs

From the careful work of Viamis & Jenny
(1948), Vlamis (1949), and Walker (1948,
1954}, we may state a warking hypothesis on ser-
pentine talerance: A major criterian far serpen-
tine talerance must he the capacity of serpentine
plants to grow on soils af lozer calciuvm levels. Tt
has heen shown by these authors that crop plants,
which grow poorly in serpentine soils, are unahle
ta ahsorb sufficient calcium from them. In addi-
tion, Walker (1948) propased that serpentine
endemics appear to be characterized hy their
ahility to obtain sufficient calcium, even at the low
cancentrations characteristic of serpentine soils.
Some native species accur bath on and off serpen-
tine, however, and studies of these may further
clarify the problen.. We might expect ta find,
within species of this latter type, some populations
adapted to serpentine and others not so adapted.
The demonstration of such serpentine and non-
serpentine races, if they do exist, would praovide
some basis for a genetic interpretation of serpen-
tine endemism. These species which oceur both
on and off serpentine may he called bodenwag
plants (Unger 1836 i1 contrast to bedensiet spe-
cies which are restricted by a requirement for a
specific chemical substance in the soil. The use
of serpentine and non-serpentine populations of
bodenzag species may be especially effective in the
study of serpentine adaptation, since the popula-
tions being compared should be closely similar in
every respect except that with which we are most
concerned—adaptation to serpentine.

Seeds of a number of bodenvag species were
callected from hoth serpentine and nan-serpentine
sites. These paired populations of the same spe-
cies were then grown on serpentine sails adjusted
to different levels of exchangeable caleium. In-
variably, the serpentine populations were much
more tolerant of low calcium levels {less than 25%
exchangeable Ca) than the populations from ather
soils.  Same of the most striking results were ob-
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tained with two strains of the Phacelia californica
Cham.—P. unbricate Jeps. complex. The non-
serpentine strain was from Las Alanmas Creek,
Sonoma County, where it grows on soil derived
from basalt; the serpentine strain came from the
rather extensive serpentine outcrop on Tiburon
Peninsuta, Marin County. Seeds of these two
strains were sown on triplicated 1600-gram ali-
quots of serpentine soil prepared in the following
manrner ; The series represented by pot “A" in Fig-
ure | was treated with gypsum (Ca»SO,2H;0)
in the amount equivalent ta 2 tans to the acre and
pot “B™ in amount equivalent to 4 tans to the acre,
while “C" {5 unaltered serpentine soil and “D" the
serperitine soil plus a nitrogen-phasphorus-potas-
sium treatment {NyP,K3). The photographs of
Figure | show the rather clear-cut differences in
growth response with tliese soil treatments. In
line with Walker's hypothesis of tolerance to low
caleium levels, it is seen that only the serpentine
strain grew at the low calcium level of the feld
soil, whereas the non-serpentine strain required a
significant calcium amendument before its growth
became comparable to the serpentine form. The
results of the NFPK treatment shed additional light
ol the specificity of the effect of calcium an the
growth of the two strains. Only the serpentine
strain showed goad growth on the fertilized ser-
pentine soil.  The usn-serpentine strain grew no
hetter an this sail than on the unaltered serpentine
soal, Thus it is seet that an NPK amendment did

Fic. 1. serpentine and

Reaction  of
straing of Phacelig califarnica to unaltered and recansti-

tlon-serpentite

tuted secpentine soil. Pot A: 2 tons/ acre Ca,30, H,0;
pot B: 4 tons/ acre Ca,50,.H,O; pot € unaltered ser-
pentine; pat D: serpentine plus N4P K, Plants of ser-
pentine and rou-serpentine strains appear an right and
feft halves of pots, respectively.
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not ameliarate the poor growth of the non-serpen-
tine strain on a soil of low calcium level.

The results of tissue analyses further substan-
tiate the suggestion of Walker that serpentine spe-
cies may absorb calcium in preference to other
cations, notably magnesium. The most significant
feature of the graph in Figure 2 is the difference
between the two strains in ameunts of calcium ab-
sorbed. Even thouglh both strains showed increase
in caleium absorption as calcium level in the soil
was Increased, there was a decided difference in
the absolute amounts ahsorbed by each strain. At
each of the three soil-calcium levels, the serpentine
race had absorbed greater amounts of calcium and
had absorbed less magnesium than had the nan-
serpentine race.

To complete the picture of the calcium effect,
results of additional related experiments may be
sunumarized

(1} Several native bodenvag species were
grown on a series of serpentine soils adjusted to
levels of exchangeable calcium ranging front 3%
to 80%. For the non-serpentine strains, the mini-
mum. caleium level for normal growth was 25%
of the total exchange capacity of the soil. In sharp
contrast, the serpentine strains showed vigorous
growth at 13% and at least fair growth at 0%,
the latter calcium level being well below that of
unzaltered serpentine soil.

(2} A fertile soil of the Yolo series was recon-
stituted so as to simulate a serpentine soil in low
calctum and high magnesium levels. The growth
of serpentine and non-serpentine strains of Phe-
celur on this “serpentine” Yalo soil was compared
with that on an unaltered (contral) Yolo soil. As
might he expected, the low-calcium Yolo replica-
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Fic. 2. Comparisons between serpentine (S) and non-
serpentine (NS} strains of Phacelia californica. Total
cation absorptian (m.e. cations/gm tissue ¥ relative
yield) plotted against soil calcium level.
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F1e. 3. Response of two serpentine and four non-serpentine strains of Saleia columbariae

to serpentine soil (abave) and nen-serpentine soil (belaw),

and 5-167.

tions gave the same all-or-none picture that was
s0 characteristic for the two Phacelia strains
grown on unaltered serpentine soil. The non-
serpentine strain was unable to grow in the “ser-
pentine” Yolo soil, presumably because of the
same adverse low calcium level as in the unaltered
serperntine soil.

(3) Differences in response appeared among
different bodenvag species. Of 21 species of sev-
eral plant families tested, 12 showed definite dif-
ferentiation into serpentine and non-serpentine
races.  Most of the annual and perennial herhs

The serpentine strains are $-148

other thau grasses showed the differentiation into
races, but none of the grass species studied did.
Several examiples of the rather definitive responses
of races of hodenvag species to serpemtine are
cited elsewhere (Kruckeberg 1951). The ¢lear-
cut ecotypic response of biatypes to serpentine soil
i1s typified in the example of the annual sage, Sai-
wa columbarice Benth. (Fig. 3). In contrast, the
herbaceous perennial, Achillea borealis californica
(Poll.) Keck, gave 2 mixed response (Krucke-
herg 1951}, Some non-serpentine strains of
Achillza were quite uniform in their intolerance
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of serpentine, while others were variable in this
respect. As yet, the uniform tolerance of a non-
serpentine strain {a maritime form) to serpentine
soil is unexplained.

(4} Results were abtained which peint to dif-
ferences in low-calcium tolerance even among ser-
pentine endemics. Certain Streptanthus species
(subsection Hesperides) grew quite well in a 3%
caleium soil, while others (subsection Pulchelli)
made a much poorer showing at this extremely
low calcium level. These results seemt to be cor-
related with field ohservations of the distribution
on serpentine outcrops of these two groups of
endemic Streptanthi. The former group (better
adapted to the 3% level) is more frequently found
an the barren patches of “raw’” serpentine and on
loose, fine talus. The other group (less tolerant
of the 3% level) occurs predominantly where some
development of the serpentine soil has taken place.

The experumental results seem in agreement with
those of Walker. The importance of factors ather
than calcium-level for some plants cannot be ex-
clided, but there 15 good reason to stress the de-
gree of calcium saturation of the soil as of major
significance in the serpentine problem. It appears
probable that an important requirement for exist-
ence of serpentine endemics on serpentine soil is
their capacity to obtain calcium at low levels, It
may also be held that those species growing both
on and off serpentine are able to do so because
eitlier their whole populations or, more frequently,
their specially adapted serpentine populations pos-
sess that same adaptation to low calcium levels,
The plants growing on serpentine may, in addi-
tion, be adapted to the low levels of other nutri-
ents, fo the openness and strong exposure to evap-
oration in the serpentine communities, and to
other factors.

That such is the case is suggested by the phe-
momenon of “serpentinomorphism” Many ser-
pentine populations show at least slight morpha-
logical distinction from non-serpentirne populations
of the same species, and some are distinctive
enough to have been named as varieties. Often
the serpentine populations are of reduced stature,
with denser branches and smaller, thicker, more
pubescent leaves than the non-serpentine popula-
tion. These characteristics of serpentine plants are
discussed by Pichi-Sermolli (1948) and Rune
(1953). Pichi-Sermolli recognizes six tenden-
cies: reduction in size of leaves and other organs,
shrubbiness of growth, stunting or dwarfing,
greater development of the root system, increased
glaucousness, and reduced pubescence (there are
contrary indications of increased pubescence in
some species; consistency among different species
need not always be expected). Most of these dif-
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ferences, both in serpentine species compared with
congeners and in serpentine populations of hoden-
vag species, are those to he expected of plants
growing in dry and open situations. [t thus seems
likely that serpentine plants are physiologically
adapted to the open characteristics of serpentine
communities as well as to the special soil condi-
tions, and that the physiological adaptations of
serpentirie plants triay have some degree of mor-
phological expression.

GENETIC ASPECTS OF SERPENTINE ADAPTATION

The foregoing results, together with field ohser-
vations, may provide some basis for considering
genetic and evolutionary aspects of the serpentine
problem. One of the characteristic genera of ser-
pentine plants in California, Streptanthus, is espe-
cially instructive in this respect (Kruckeberg
1951).  All of the dozen or more species of the
section Euclisie of this genus are serpentine plants,
oceurring here and there in northern California, the
total range of a species being in some cases only a
few square miles of serpentine. Some of these
species are quite strictly confined to serpentine,
athers occur predominantly on serpentine but alsa
maintain substantial populations on ather soil ma-
terials.  Still other species of Streptanthus have
not heen observed on serpentine, or occur pre-
dominantly on other rocks but maintain popula-
tions pn serpentine.

It was, in part, some of these annual species
endemic to serpentine outcrops that led Stebbins
(1942} to seek a genetic explanation of endemism.
Stebbins proposed that there are twa types of en-
demics. The “depleted” species is an old (but
not necessarily senescent) species which has ac-
quired endemic status through the loss of mast of
its biotypes which formerly allowed the species to
exploit a greater variety of habitats. Thus, by
“blotype depletion,” the species has been pared
down to but one or a few hiatypes specifically
adapted to serpentine or some other local or spe-
cialized habitat. The other type of endemic, the
“insular” species {which may occur as well on a
continent as on an island) could have ariginated
from a few isolated individuals pre-adapted to a
specific habitat situation. Such a species, ab tnitio,
1s an endemic. The “depleted” and “insular” spe-
cies are suggestive of the more familiar concepts of
paleo- and neocendemic species, but may have little
to do with age of the species.

Both types of species origin may be postulated
for the serpentine endemics in Streptenthus. It
1s probable, moreaver, that we can observe deple-
tion in progress in some species. Streptanthus
glandidosus Hoaok. is the most wide-spread serpen-
tine species of the genus in California. [t oceurs
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mainly on serpentines from San Luis Obispo
County north to Del Norte County, hut accasional
non-serpentine localities for the species are also
encountered, Streptanthus glandulosus was sub-
mitted to the same experimental procedures as
ather bedenvag species, with seed of both serpen-
tine and non-serpentine strains grown reciprocally
on non-serpentine and serpentine soils (Krucke-
berg 1951). The non-serpentine forms proved to
he much less tolerant of serpentine soil than their
serpentine relatives; at least two biatypes of dif-
ferent plhysiological tolerance are present in the
species.  Streptanthus glandulosus may conse-
quently be interpreted as a species originally pos-
sessing several edaphic hiotypes, of which the non-
serpentine hiotypes are almost eliminated from the
population, leaving the species very nearly a de-
pleted serpentine endemic. This interpretation
seemy generally miare plausible than that a serpen-
tine spectes is extending its range off serpentine.
While S. glandulosus appears to he only a few
steps fram complete serpentine encenisni, such
cangeners as S, brewprt Gray. S. barbiger Marri-
son (in ed. 19417, and 5. batrachopus Morrison
are ohligate serpentine endemics.

On this basis, a reasonahle, if necessarily some-
what speculative, interpretation of the develop-
ment of serpentine endemism i3 a2 genus may he
suggested. A species characteristic of normal soils
extends its range into an area where serpentiues
atternate with other soil tvpes. Amaong the popu-
lations of the species are some individuals at least
partiaily adapted to low caicium levels and other
conditions on serpentine; seeds of these individ-
uals may fall on serpentine soils or the transitional
soils along the margin of a serpentine area, develop
to maturity. and reproduce. Amang the progeny,
those individuals survive that are hest adapted ta
the environment on serpentine. In tinie, through
this selection, various genes favarable for survival
on the serpentine sites accumulate, while other
genes of this ariginaily non-serpentine population
are eliminated by the selective action of the ser-
pentine enviranment. The serpentine papulation
thus develops its own genetic pattern of adaptation
to serpentine enviromments; it becomes a biotype
distinct from that on nearby nan-serpentine soils
within the confines of a bodenwag species. If, now,
the non-serpentine biotypes gradually lose ground
in competition witll other plants until they ulti-
mately hecome extinct, the species has beconie a
depleted serpentine endemic. It has, step by step.
gone through a hypothetical sequence from ser-
pentine exclusion to serpentine endemism which
appears to exist contemparanecusly among the
different species of a genus (e.g., Streplanthus).

Once established an serpentine. the species may
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brancli out further. Occasional seeds from one
outcrap ar area of serpentine may reach other
outcraps or areas, to which they are fairly well
pre-adapted. The soils of various serpentine out-
crops may he significantly different, however, and
the plants growing on them may encounter some-
what different microciimates and different asso-
ciates. In adaptation to these environmental dif-
ferences and by genetic drift, the separated popu-
lations of the species may gradually diverge into
different hiotypes and eventually different “insu-
lar” species. An additional possibility is that a
hodeonvag species coming in contact with a number
of serpentine outcrops may, on each, differentiate
into a lacal hiotype: and these may, with further
divergence and extinction of or separation from
the parenut species, become local serpentine en-
dennics.  In either of these ways there may arise
thase clusters of closely related serpentine species,
eaclt on its own outcrap ar area, which we abserve
in genera stich as Streptanthus.

Interpretation of the autecology and evolution
of serpentine plants requires recognition of
edaphic biatvpes within the species. These adap-
tivelv differentiated populations within the species.
or ecofvpes, are very well known in madern hio-
systematics through many studies, heginning with
the pianeer work of Turreson {19223, The out-
standing work of the team of Clausen. Keck, and
Hiesev (1940, 1948) has shown, for example. the
existence of chains of more or less discrete, cli-
matically adapted types in various perennial spe-
cies ranging from sea-level to abave timberline in
California. Such physiclogically adapted habitat-
types probahly exist either as discrete populations
ar as camplex gradients of variation in most wide-
spread species occupying diverse habitats. Almost
all the reported ecotypes have been delimited on
the hasis of climatic, or climatic and geographic,
criteria.

The demaonstration of edaphic ecotypes tmplies
the existence of a levei of ecotypic variation within
the species in addition to the clmatic and geo-
graphic level. The relation of the edaphic-local
and climatic-geographic ecotypes may be illus-
trated hy some df the work af Clausen, Keck, and
Hiesey. In their report of transplant work on
clones of the herhaceous perennial Achillea bore-
alts ecalifornica (Pall.) Keck (Clausen, et al.
19487}, the existence of climatic races in the species
along an altituclinal transect was established. One
of these ecotypes, that of the inner Coast Ranges
and Sierra Nevada foothills, was studied by the
present author (Kruckeberg 1951} in relation to
serpentine and non-serpentine soils ; the existence
of at least two edaphic ecatypes was shawn. There
are thus edaphic subdivisions within climatic ones
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in this species, fe., ecotypes within ecotypes.
Moreover, since the geographic area accupied by
the faothill climatic ecotype is very diverse litho-
logically and therefore is a2 mosaic of different soil
types. additianal edaphic ecotypes may very well
be expected. The superpasition of ecotype on eco-
type at least suggests that there exists a mucl 11ore
complex genotypical response to the habitat than is
implied in consideratian of single environmental
factors. Viewed from a holistic standpoint, ecotypic
differentiation must be in relation to the whole pat-
tern of selective forces in the environment. Analy-
sis of either a climatic or edaphic ecotype by itself
thus takes a segment of the species population out
of context from the whole of its pattern of re-
spanse to edaphic, climatic-geagraphic. and hiatic
envirommental factars in relation to which its vari-
ous sub-populations are maintained. To he sure,
the holistic viewpont is untenable as an experi-
mental approach, far these various factors st
he analvzed one hy one. .\ holistic iuterpretation
of the causes of vegetational patterning can he-
cowe an experimentally substantiated concept only
when analyses of each factor has heen acliieved
and the results integrated into a unified picture.

FExcrnusioN or SERFENTINE ENDEMICS FROM
NoN-SERPENTINE SolLs

If the preceding discussion offers same interpre-
tation of serpentine adaptation, there remains the
problem of serpentine restriction —why some spe-
cies o not grow on soils other than serpentine.
(e possible answer would he that the serpentine
endentics “need” some condition of serpentine
soils.  While it is hard to conceive of a plant
“needing” a very short supply of calciun, serpen-
tine plants might still conceivably he so adapted
that they require high levels of magnesiwn, iran.
nickel. chromium. or some other substance in
abundant supply in at least some serpentite soils.
It is easily shown hy experiment that sucl is not
the case. Plants of many serpentine species and
serpentine papulations of bodenvag types lave
heen grown by the author and athers on serpen-
tine and non-serpentine soils. The growth of
these serpentine plants is usually hetter on the
nan-serpentine than on the serpentine soils. and
apparently no case has heen reparted in which
growth of a serpentine species is inhibited hy the
canditions of a non-serpentine soil. While these
results would have surprised some previous in-
vestigators (Navak 1928, [Lammermayr 1927,
Morrison 1941), who were convinced that serpen-
tine species were restricted to serpentine hecause
of some essential substance furnished by that seil,
it seems clear that we must seek elsewhere for the
explanation of serpentine restricrion,
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Field observation may offer some suggestions.
Even to the unpracticed eye, the demarcations be-
tween serpentine and naon-serpentine vegetation,
where swaths of chaparral cut through the oak
waondlands, are remarkably abrupt. Such con-
spictous discontinuity could conceivably be pro-
duced directly by edaphic discontinuity if the ser-
pentine species did require some special substance
in serpentine soil, but it is also suggestive of a
dynamic discantinuity between kinds of individuals
from different populations or species. The ser-
pentine vegetation itself may appear from a dis-
tance to be an almost inipenetrable scruh, except
far the scattered hare spots. Yet, on foot in the
head-high brush, one natices that eacl sclerophyl-
laus hush 1s separated from its neighbor by 2
rather uniform distance. Under the shrubs and
i the intervening spaces there are only scattered
herbaceous plants; most of the ground surface is
hare serpentine sail, lightly covered in places hy
dead scleroplivll leaves. The hare areas of ser-
pentine rock appear to be truly pioneer hahitats,
ouly heginning to he occupied by plants, while the
chaparral is also an “open’ comumunity with nuch
apparently unoccupied space for plant growth,
This open appearance ahove the soil surface does
not necessarily miean that more serpentine plants
can graw there than at present; the chaparral ap-
pears in fact to he in a stable and self-maintaining
condition with its present population.  Tu contrast
to this apen comumunity on serpentine. however,
adjacent plant communities on other soils appear
“closed.” having either a forest canopy, though
nnt a denge one (in the hlack oak-madrane forest),
ar an open tree stratum with a closed herh stratum
daminated hy grasses (in the blue oak waoodland).

A working hypothesis on the restriction of ser-
pentine plants to serpentine thus suggests itself.
The serpentine endemics are able to maintain
themselves in open serpentine communities where
conlpetition s not severe, but not in the more
rigorous competition of uon-serpentine commu-
nities.

The first step toward an evaluation of this hy-
pothesis would he to determine whether non-ser-
pentine plants affect the growth of serpentine
endemics when the two are grown together on a
fertile non-serpentine sail. The next step—if
competition, per se, is demonstrated in the initial
step—wauld he to dissect the campetition factor
intg its eomponents. That is to say, ta analyse
experimentally this apparent hiotic effect. s the
effect produced by competition for some factor
limiting in the environment, or, as suggested hy
H. I.. Mason f{oral comm.), does some specific
element of the environment (hiotic, edaphic, etc.}
inhihit the grawth of the serpentine endemic spe-
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cies? The first step should be a fairly simple ane ;
the next step—the analysis of competition—is the
difficult ane. As yet, results from the first pro-
cedure only can be presented.

A rather simple procedure was followed in the
fArst experiments. Identical mixtures of weed
seed-—niustard ( Brassica}, filaree (Erodium),
perennial rye-grass (Lolium), bur clover {edi-
cagn), wild oats (Avena)—and endemic Strep-
tanthies seed were sown on each of two unaltered
soils, a fertile Yolo fine sandy loam and un-
screened serpentine soil (Henecke gravelly clay
loam). These cultures were periodically irrigated,
and witiin a week or so significant differences in
the two could he detected. At maturity, the two
bhins had a remarkably different aspect. The Yolo
hin was covered with a lush growth of mustard,
bur clover, and wild oats—hut not a single en-
demic. Fram a distance the serpentine bin ap-
peared rather barren, but closer nspection showed
that it was covered with a good scattering of
Streptantfiug and rather stunted grawth of grasses
{mostly rve-grass and wild oats). Conspicuous
on the serpentine was the absence of even a single
seedling of mustard, while ather dicat weeds soon
died. Knawing from previous greenhouse cul-
tures that Streptanthi do well on Yolo sail by
themselves, it seemed apparent that the weedy
annuals in same way affected the growth of the
endewmics. That this is a reasonable explanation
is further suggested by the fact that during the
early seedling stages on the Yolo sotl, several seed-
ling Streptanthi were ohserved. These clisap-
peared as the weed crop matured.

Encauraged by these results, similar competi-
tion hins {Figure 4} were set up the following
year, but on a larger scale. By this time it had
heen established that calcium amendments to ser-
pentine made it possible for non-serpentine plants
ta da well on that otherwise uifertile medium,
Hence, a calcium-recanstituted serpentine soil was
the medium for ane competition plot, in addition
ta the unaltered serpentine and Yolo soil bins.
These three bins were sown with a mixture of
weed and Streptanthus seed. On the unaltered
soils, results identical with those of earlier experi-
ment were observed. Tn addition. the expected
results an the calcium-altered serpentine bin were
realized. Here, mustard, clover, and filaree
sprouted freely, while Streptantius plants were
conspicuounsly absent.

In these experintents with competing plants, a
serpertine plant occupies a serpentine environment
while its potential comipetitors are excluded by
edaphic factors. On the non-serpentine soil, in
contrast, the serpentine plant is excluded by the
presence of other plants, though very well able to
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Fiz. 4.
stage i1 hins.
cal mixtures of endemic and weed seed. Bin A contains
unaltered serpentine soil; Bin B, non-serpentive soil; Bin

Appearance of competition during seedling
All three soil hins were sown with ideati-

C, calcium-reconstituted serpentine soil. Note ahsence of
Brassica seedlings on serpentine (Bin A), but their pres-
ence when calciuni has heen added to serpentine (Bin C}.

grow oh non-serpentine soil in their absence. [t
wauld he premature to consider that these experi-
ments fully substantiate the hypothesis affered.
The “campetition” shauld be further analyzed to
deterinine what actual factors exclude the serpen-
tine plants from an environment occupied by non-
serpentine plants, and alternative possibilities
should be further cansidered. An interpretation
of the reciprocal exclusion of many serpentine and
non-serpentine plants from non-serpentine and ser-
pentine soils may, however, be at least tentatively
offered. Some hodenzag species are able to range
from nou-serpentine onto serpentine soils because
their serpentine populations, at least, are adapted
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to low soil caleium levels {and other factors) ; these
species usually contain distinct serpentine ecotypes.
Other species lacking these adaptations are ex-
cluded and their populations abruptly limited at
the margin of the serpentine area. Still other spe-
cies adapted to serpentine soils and the open ser-
pentine communities are unable to maintain them-
selves against the rigorous competition of non-
serpentine plant communities; their distributions
are cansequently terminated along the same ser-
pentine border, though by dynamic or biotic,
rather than simply edaphic factors. Perhaps on
this basis the contrasts and discontinuities so im-
pressive in the foothill mosaic of woodland and
chaparral may be understood.

SUMMARY

1. In California, the chaparral vegetation on
serpentine includes some genera of annual herbs
that show a striking development of serpentine
endemism and provide material for its study.

2. Experimental results are reported which sup-
port those of Walker (1954} in showing that tol-
erance of low calcium levels is a principal adapta-
tion required for growth of plants on serpentine
soils. Bodenwvag species occurring both on and off
serpentine are able to do so because their serpen-
tine populations are adapted to law calcium levels.
It 1s shown that in most cases the population on
serpentine is ecotypically distinct from that on
non-serpentine soils.

3. All degrees of serpentine tolerance appear in
the genus Streptanthus. Adaptation to serpentine
followed by “biotype depletion” (Stebbins 1942},
and the develapment of some isolated populations
into “insular’” endemics provide reasonable evolu-
tionary explanations for serpentine endemism,

4. Experimeunts are reported showing that ser-
pertine plants may be restricted to serpentine hy
intolerance of the more rigorous competition in
tian-serpentine plant communities. Thus, edaphic
factars on the one hand, biatic or dvnamic factors
on the other, may produce the sharp discontinui-
ties hetween serpentine and non-serpentine vege-
tation.
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IV, THE VEGETATIONAL RESPONSE TO SERPENTINE SOILS!

R. H. WHITTAKER
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Richland, W ashington.

The distinctiveness of serpentine vegetation has
been indicated in the preceding papers. Although
the types of serpentine vegetation in different
parts of the world are diverse, some cominon char-
acteristics or tendencies may suggest themselves
when serpentine vegetation is in each case coni-
pared with adjacent vegetation on other soils. As
a basis for considering these tendencies, a particu-
lar area of serpentine vegetation, that of the Sis-
kiyou Mountains of southwestern Qregon, will be
treated in detail. The present paper will discuss
Siskiyou serpentine vegetation first in terms of
populations and vegetation structure, or physiog-
nomy, and second in terms of flora or species com-
position, and will then seek to interpret the vege-
tational response to serpentine soils.

Just north of the California-Oregon houndary,
west from O'Brien, Oregon, is ane of the extensive
areas of serpentine vegetation in the Siskivou
Mouatains, occupying an almost continuous area
of more than 150 square miles of peridotite and
serpentine (Wells et al. 1949). Across tle Illi-
nois Valley from it, in and near the Oregon Caves
National Monument, “typical” vegetation for the
ared accurs on quartz diorite and other rocks. A
comparisan of vegetation in these twa areas
formed the hasis of the study. So different are
their vegetations that one might imagine oue had
traveled to another part of the continent in cross-
ing the few miles fram the diorite area to the ser-
pentine, if it were not difficult to think of anather
area much resembling the Siskivou serpentiues.
The mountains of diorite and other rocks east of
the Illinois Valley are cavered hy dense evergreen
forests and are valuahle timber lands for the
Douglas fir and Port Orford cedar these forests
contain. Pines and other conifers in open, stunted

A contribution from the Department of Zoalagy,
Washingtan State College, completed hefare joining Gen-
eral Electric Co. This study was supported in part Dby
the funds for hiological and medical research of the State
of Washington Initiative Measure No. 171. The authar
is much indebted to M. Qwnhey and A. Cronquist for
determining the specimens of the difficult flora of the
Siskiyous; the voucher specimens have been deposited in
the herbarium of Washington State College. All three
authors are indebted to H. L. Mason and W. D. Billings

for eritical readings of the manuscripts before they were
suhmitted for publication.

stands, which the loggers are generally content to
leave alone, occupy the serpentine grea, Bath too
steep and too infertile for farming, the serpentine
mountains are almost without present econontic
value except for limited grazing and mining.

The approach of gradient analysis (Whittaker
1951, 1952, ¢f. Curtis and MclIntash 1951, Brown
and Curtis 1932} was used for the study. Vege-
tation site-samples were taken at random, so far
as possible, over the mountain surface. FEach
sample included a stand-count of trees for 0.1 or
0.2 hectare, undergrowth counts for 25 square-
meter plots, and data on soil material, topographic
position, and location. Fifty of these samples for
undisturbec stands in each area at elevations he-
tween 2,000 and 3,000 feet were used in the tabu-
lations. The samples were first arranged into
transects by topographic pesition, and the plant
species were grouped into four classes, from mesic
to xeric, on the hasis of the positions of their
populations along the moisture gradient. Weighted
averages of stand compasition hased on these
classes give a more sensitive expression of the
moisture relations of stands (ef. Curtis and Me-
Intosh 1951, Brown and Curtis 1932). Using
these weighted averages, the samples were ar-
ranged 11 series from most mesic to mast xeric
and grouped into ten sets of five samples each
along the moisture gradient. The resulting tables?
shawing the change in plant populations fram most
nmesic ravines to most xeric southwest slopes on
diorite and on serpentine are the basis of the fol-
lowing comparison and interpretation of these
vegetations.

Descrirrion aF DIGRITE AND SERFENTINE
VEGETATION

In the diorite area, well-developed, closed
micuntain forests prevail. In ravines Dauglas fir,
Pseudotsuga taxifolie (Lamb.) Britt.. and Port
Orford cedar, Chamaecyparis lawsoniana Parl.,
dominate the stands, with a low-tree stratum in
which deciduous species are more important than

A manograph on the vegetation of peridotite, olivine
gabbro, and quartz diorite is in preparation. Since it 1s
expected that data for the three transects will be presented

together at that time, the extended tables for two of the
sail materials are not given with this shorter account.
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sclerophylls.  (fauftheria shallon Pursh and Ber-
beris nervasa Pursh are tnportant shrubs, accur-
ring along with a variety of mesic herbs of wide
distribnition.  As one proceeds from these ravines
to northerly and easterly slopes, Port Orford cedar
and the other species mentioned, except Douglas
fir, gradually decrease in numbers until no longer
present. In the ahsence of cedar, Douglas fir is
the canopy daminant (with sote Piuns lamher-
tiang Dougl ) above a dense lower tree-stratium of
scleraphvllous trees, mainly tanoak, Lithocarpics
densiflorus (H. & A} Rehd.  As one follows
the maoisture gradient from intermediate slopes to
xeric southerly ones, the Douglas fir canapy be-
cotmes more and mare open untif, an the driest
slapes, these large trees are anly scattered abave
a canopy of sclerophylls including canvon liveaak,
Quercus clirvsolepls Tiebn, ehinquapin, Casta-
nopsig chrysoplhivile Dougl.) A DC., and ma-
drome, Arbuties mensiesit Pursh, as well ay tanoak
(Fig. 1}. Undergrowth caverage in the diorite
stands is low, except in mesic sites. In general
character, the diorite vegetatian is a pattern of
closed forests dominated by Douglas fir and the
sclerophylls, with progressive change from Doug-
las fir, Port Orford cedar, and deciduous species
i more mesic sites toward stands of scleraphylls
with Douglas fiv in mave xeric anes.

Part Orford cedar and Douglas fic appear also
as dominants at the wmesic extreme of the [rttern
on serpentine. hut form open stands of swmaller
trees along with swestern white pine, Pinus wmonfi-
cola Dougl., and other species (Fig. 2}. Riodo-
dendron gceidentale (T, & () Gray is the most
important shruh,  The herl) stratum shows an un-
usual mixture of rare serpentine species ( Tvillium
rivale \Wats., Lilivn howellit Johnst., Cypripediim
californicum. Gray) with more familiar species
from hogs and warshes (Darlingtonia californica
Torr., Rudbeckia californica Gray, Helensum bige-
lovie. Gray, Tofieldia glutinesa spp. occidentalis
(Wats.) C. L. Hitche.). In intermediate sites,
mixed stands of Douglas fir, white pine. sugar pine,
P lonthevtiana Dougl, Jeffrey pine, P. jeffrevi
Grev. and Balf., and incense cedar. Lihocedrus
decurrens Torr, occtir (Fig. 3). with a rather
dense stratum of sheubs ( Quercus chrysolepis var.
waccinifolte (Kell.) Engelm.. Lithocarpus densi-
florus vav. wmontanus (Mayr.) Rehd.. Facefnium
parvifoliupe Smith,  Arctostaphylus  nevadensis
Gray, an unnamed shrubby variant of Dinhellu-
laria colifornica Nutt., Rhauwnus califoriica var.
ocetdentalis How., Garrva buvifelia Gray, Rase
gvinttacarpa Nutt., Berberis pumila Greene, and
Autelanchior gracilis Heller), Tlus shrub layer is
dominated by sclerophyllous species, many of them
shruhby varieties of the sclerophyllons trees of
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A xeric stand on quartz diorite, open south
siope above Graybhack Creek, Siskivou Mountains, south-
western Oregon, at 2300 ft. elev. Psendotsnga tavifolia
with Lithacarpus densiflorus, Quercus chrysolepis, and
Arbutug menziesii; Phis lambertione, Rasa gymnocarpa,

Boschniokia hookeri Walp., and Apocynmie  prsilum
{Gray) Greene present. QOctober 10, 1951,

diarite ar shrabhy cougenevs of these trees. The
tree laver. however, 1s almost entirely coniferous.
The iiroacteaved trees so important qan diorite are
conspicuous by their absence from serpentine, ex-
cept for occasional madvones. Tt is as if, with the
opening and reduction i size of the forest an ser-
pentine. the hroadleaf tree stratum lad heen
dwarfed to a shrub laver.

In more mesic sites. shirub caverage may be 80
per cent ar more, with scattered apen patches of
grass; hut in more Xeric sites, the shrubs them-
selves aceur only in seattered patches. The under-
growth of intermediate sites on serpentine has a
distinet two-phase structure which is often cou-
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Fig. 2.
the Wimer
Oregon, at 2100 ft. elev.
Finus lambertigng, and P. mouticole, Rhododendron occi-

A mesic stand on serpentine in a ravine pear
Road, Siskivou Mountains, southwestern
Chamaccyparis laswsoniang,

dentale, Darlingtonia  californica, Helenium  higelovii,
Lilium aceidentale Purdy, Carex spp. July 21, 1951,

spicucus in sampling quadrats along a tape; the
sampler finds himself working in shrubs for a few
meters, then in grass, then back in shrubs. As if
to make this two-phase structure the more appar-
ent, there is a reversal of phase along the gradient.
The shrubs form the continuous phase in the more
inesic sites hut decrease along the moisture gradi-
ent while the grass increases, until the shrubs are
the discontinuous phase in the grass of mare xeric
sites. The tree and herb populations respond to
the difference of environment of the two phases,
While the same tree species grow in hoth, there
is a difference of relative abundance in the two
phases probably determined by effects of the dif-
ferent undergrowth environments on seedling sur-
vival. The more mesic tree species, Douglas fir,
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Frs 3. An intermediate stand on serpentine on an open
east slape of Josephine Mitn., Siskiyou Mountains, south-
western Oregon, at 3800 ft. elev. Puus monticola with
Libocedrus decurrens and Finus feffreyi; shrub caverage
50 per cent with (Quercus chrysolepis var. waccinifolia
predaminant, Rhamnus californica var. occidentalls, and

Garrya burifolia. July 20, 1950,

white pine, and sugar pine, tend to be concentrated
int the shrub phase and the more xeric Jeffrey pine
in the grass phase, while incense cedar shows no
¢clear preference.

The shrub stratum just described is absent from
r1ost xeric sites, and here the whole vegetation re-
sembles the grassy phase of subxeric sites. Jeffrey
pine is the dominant tree, often with no other spe-
cies but incense cedar present, and forms a very
open stand above a grassy floor (Fig. 4). The
community is thus a woodland or “temperate sa-
vanna,” which perhaps may best be described as
pine steppe and compared with similar communi-
ties formed by Pinus sylvestris and other species
in Europe. Scattered Arctastaphylos viscida Parry
may appear as a high shrub stratum, with Con-
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Fre. 4. A xeric stand on serpentine on an open south-
east slope above Rough-and-Ready Creek, Siskiyou
Mounaing, southwestern Oregon, at 1900 ft. elev. Pinus
Jeffrevi with Libacedrus decurvens and Pseudotsuga tori-
folia; sparse shrub coverage of dretostaphytos ziscida
with Querens clivysolepis var. vaceinifolia and [Dmbelln-
laria california; Nevophyllum tenax {Pursh) Nutt. and
grass spp. The soil is roackier and less developed than in
most stmilar stands,  July 17, 1950.

volvulus polymorphus Greene and Rhamnus cali-
fornica var. occidentalis the only other shrub-
layer species present. The grasses are widespread
bodenvag species; Stipa lemmont (Vas) Scribn,
and Sitauion jubafum . G. Sm., are usually maost
impartant. Among the hierbs aother than grasses
ave some of the many Siskiyou and Klamath en-
demics of the serpentine area. A few of these
endemics which occur with square-meter frequen-
cies of 5 per cent or more for the whole transect
{Vancouweria chrysantha Greene, Lomatium ho-
wellii. (Wats.) Jeps., Galium ambiguem Wight,
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Iris bracieata Wats.,, Hieractum cynoglossoides
var. nudicaule Gray, Samwicula peckiona Machbr.,
Horkelia sericeta Wats,, and the prostrate Cea-
nathus pumilus Greene) may be mentioned as
most important.

The pattern of low-elevation serpentine vegeta-
tion 1s thus one in which pine species share domi-
nance with other conifers in the open stands of
small trees, a pattern which changes continuously
along the nuwisture gradient from Port Orford
cedar-white pine-Douglas fir stands in ravines,
through mixed pines and Douglas fir with two-
phase undergrowth in intermediate sites, to the
Jeffrey pine steppe on xeric slopes. The contrast
with the diorite vegetation pattern may be illus-
trated by a transect diagram {Fig. 5) as well as
by photographs. The Douglas fir-sclerophyll for-
est on diorite (the Mixed Evergreen Forest of
Munz and Keck 1949) is a widespread vegetation
type of the Klamath Mountain region and north-
ern Coast Ranges. The Jeffrey pine steppe of
xeric serpentine sites is, in superficial appearance,
part of a vegetation type of even wider range, the
yellow pine steppes dominated by Pinus ponderosa
and relatives. The remaining serpentine vegeta-
tion types, however, are as distinctive and anoma-
lous in vegetation structure as in floristics.

Exclusion of growth-forms important on one
soil from the vegetation on the other is responsible
for much of the contrast of diorite and serpentine
vegetation. The broad-leaf trees are absent or
represented anly by shrubs on serpentine; the
pines (except sugar pine), grasses, and charac-
teristic scleraphyllous shrubs of serpentine are ah-
sent or of minor importance on diorite.  Some
further basis of the contrast may be seen in the
effects of serpentine on the population of Douglas
fir. The average population density of this tree
on serpentine is less than half that on diorite, com-
paring the whole transects (average number of
stems 1 inch and above d.bh. per hectare, 177
on diorite vs. 78 on serpentine). The trees on
serpentine are, furthermore, noticeably smaller.
Increment barings indicate a growth rate on ser-
pentine about two-thirds that on digrite (average
diameters at 100th ring, breast height, of 114
inches for 20 diarite stems, 7.4 inches far 5 ser-
pentirie stems). With the sclerophyllous trees
nearly excluded and Douglas fir kept to a low
population of small trees, the serpentine stands are
necessarily open ones.

THE FLorisTics oF SERPENTINE AND DIORITE

The species listed for the two transects may pro-
vide a basis for floristic comparison also. When
species which occur only once or twice in the fifty
samples of a transect are excluded, about a hun-
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VEGETATION PATTERNS IN THE SISKIYOU MOUNTAINS
Change of veqgetation along the moisture grodient ot low elevations, 2000 feet
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Figure 5. Transect diagrams of wvegetation pattern
sites on left to most xeric sites an right, Siskiyou Mau

dred species remain for each—101 on diorite, 113
on serpentine. These numbers may indicate well
enough that the vegetation on Siskiyou serpentines
is by no means floristically impoverished. The
breakdown of the two floras in terms of major
growth-forms (Table I) shows a more evident
contrast. Half as many tree species maintain
themselves on serpentine as on diorite ; all but one

TasLe [ Floristic measurenients of vange and grea for

serpentineg and diorite flovas in the Siskiyvou Mountains.

Hased an 113 serpentine and 101 diovite species occurving

in the low-elenation composite tramsects. iarite left;
serpentine right (bold foce)

(rasges COiher
& sedges herha Sheabs Trees Tatal
Numbher af species. .. . 8 58 N 19 17 16 8 1 113
Number af endemies, . qg4a 2 25 0 & a0 2 10
Extent; Worth. ... .. 4.4 33 (3.7 v9 (a6 1.6 (3.2 2626 2.1
East. ....... 4.2 3.9 (21 1.9 |25 1.7 (22 24|24 2.2
South. ... ... 249 34|28 1.7|26 22(3.1 38|28 2.1
Direction of greatest
extent: North..,... .| 3 4 27 19 18 3 72 50 28
East........ 38 12 8 00 0 a 15 T
Sauth. ... ... 0 4 7T 4 9 6 4 17 36
Indeterminate., . .. 21 12 25 2 5 302 19 33

s on serpentine and on quartz diorite, from most mesic
ntains, southwestern Oregor.

of these are conifers and four of them are pines,
The number of shrub species is reduced slightly
on serpentine; but the greatest change in compo-
sition of this stratum is the dominance on serpen-
tine of the evergreen-sclerophyllous shrubs, which
are a nmunority on diorite. The herb stratum on
serpentine is distinctly richer floristically than on
diorite, and includes about twice as many grasses
and sedges.

The extent of the floristic contrast may be fur-
ther shown by some such measure as Jaccard's
(1912, 1932} coefficient of community, Of the
lists of 101 and 113 species, 22 are shared of a
total of 192 species occurring in either or hoth.
A coefficient of 100 X 22/191 — 11.5% results, a
value which is surely phenomenally low for twa
areas of vegetation a few miles from each other
under the same general climate. Comparing vari-
ous districts of Switzerland, Jaccard (1932: 171)
obtained values ranging from 30% to 36%, com-
paring floras of gneiss and limestone soils in one
district produced a value of 48%. Use of species
lists as large as Jaccard’s (300 or more), taken
for all elevations and soils on opposite sides of the
[llinois Valley would raise the coefficient but ob-
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scure the real contrast of diorite and serpentine
floras at comparable elevations. Since, as shown
by Kruckeberg (1954), the populations of most
bodenvag species are distinct, the actual percent-
age of ecotypie populations which are shared by
the two vegetations within the limits of the study
areas is well below 11.5%.

A breakdown by flaristic areas further illus-
trates the contrast (Table IT}. The extent of
narrow endemism for which serpentine vegetation
is perhaps more celebrated than any other feature
is at ance apparent. Seventeen of the serpentine
species are restricted to the narrower area of the
Siskivou Mountains along the Califarnia-Oregon
barder ; thirteen others are restricted to the hroader
Klamath Mountain region of northern California
and sauthern Oregon. These are a small fraction
of the narrow endemics of serpentines and other
soils in the Siskiyous. In the diorite transect, a
single Siskiyou endemic appears { Tauschia kel-
loggi (Gray) Macbr.) Half of the diorite flora
(30%) 1s made up of widespread western and
nearctic species. These are reduced to 30% in the
serpentine vegetation, in which the endemics to-
gether with the less widespread Sierran and
Coastal groupings made up the majority.

Tasre 11, Eepresentation of flaristic areas in serpentine

and digrite flovas, Siskiyouw Mountains. Percentoges in

worigus flovistic groupings of 113 serpenting specias and

101 digrite species oaccurring in the low-elevation cam-
posite transects

T
Flaristic grouping Serpentine Diarite
Siskiyou endemie. . ... . 15 1
Klamath endemic. . . . 12 i
Caseadian. . ... .. ... . 2 1
Sterran. .. ... ... ... 11 4
Sterra-Caseadian . 3 8
Sierra-Coastal ... .. .. 14 6
Coastal, ... ... .. 17 29
Western. .. ... .. ... ... 21 34
Nearctic,. ........... a 16

A further means of expressing some foristic
features quantitatively has heen developed for this
comparisan. The range of each species was ex-
pressed in terms of the distance of its extent north,
east, and south of the Siskiyous, by a scale in
which Q indicated restriction to the Siskiyous in
a given direction, 1 restriction to the Klamath
Mauntain region, and each further unit a 200-mile
interval to the limits of the continent. The con-
trast in average extent of range is at once apparent
{Table T). In the grouping of herbs other than
grasses, the diorite flora has almost twice the
average extent in a given direction, hence almost
four times the average area of distribution. A
similar contrast appears among the shrubs but is
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less apparent in the other two growth-forms. The
designations “Californian” and “Northwestern”
were not considered very meaningful for the
breakdown of Table LI, but the cantrast in direc-
tion of greatest extent is revealing. Numbers of
species with their greatest extent of range to the
narth or to the sauth may be compared in Table I.
About twice as many species have their greatest
range to the north on diorite as on serpentine, and
about twice as many species have their greatest
range to the south on serpentine as on diorite. In
this sense, the serpentine flora may he described as
Californian and the diorite flara as Northwestern
in affinities, althaugh both occur in the floristic
center lying between these two regions.

SUCCESSIONAL STATUS OF SERPENTINE
VEGETATION

It has heen one of the assumptions aof the cli-
matic chmax theory (Clements 1928, 1936, Phil-
lips 1934-5, Cain 1939) that the distinctive vege-
tation of special sails is seral or successional and,
given time for development of soil maturity, will
converge ta essential identity with the climatic
climax vegetation on more typical sails {Clements
1928 284-5, Cain 1939: 150, Daubenmire 1947 :
35). This assumption implies that much or all
of the physiognamic and floristic pecularity of ser-
pentine vegetation should disappear when it
reached the climax. It further suggests that the
narmal process aof ecological succession should de-
velop mature soils on serpentine as productive as
soils developed from other rocks. Criticisms of
the climatic climax theory have heen cansidered
elsewhere by the author {Whittaker 1951, 1933).
Without reviewing these here, the fallowing evi-
dences on whether the Siskiyou serpentine vege-
tation is seral or climax may be adduced:

1. Seedling data from undergrowth quadrat
counts show that the dominant trees on serpentine
are reproducing (except knobeone pine, P. atie-
nuate Lemm.)., There is no evidence that the
sclerophyllous trees of diorite are effectively en-
tering the serpentine stands, as trees. The size-
distributions of trees on serpentine show the J-
curve form (Meyer and Stevenson 1943) of self-
maintaining stands (except knobcone pine and
Jeffrey pine steppe}. The serpentine vegetation
shows the characteristics of self-maintenance to be
expected of vegetation stabilized in relation to its
site.

2. The soils on both diorite and serpentine are
shallow and racky scils of mountain slopes, and
there is no evidence that those on serpentine are
less mature than those on diorite. Valley and
outwash serpentine soils along the western edge of
the Illinois Valley support serpentine vegetation,
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3. Islands or exclaves of each rock in the area
of the other show the persistence of differences in
vegetation. Islands of other soils in the serpen-
tine area support sclerophyllous trees or Douglas
fir-sclerophyll stands.  Islands of serpentine in
the diorite area bear open stands dominated most
frequently by knobcone pine and Jeffrey pine,
which are serpentine species in the areas studied,
and have serpentine undergrawth flora, the extent
of development of which seems roughly propor-
tional to extent of the outcrop and proximity to
major serpentine areas.

4. The stand-to-stand regularity ar predicta-
bility of patterning (\Whittaker 19533 indicates
that serpentine vegetation is stabilized, sa that
similar climax populations have heen estahlished
in similar sites.

3. Successions in the two areas are different.
Plants of hare serpentine rock and expased ser-
pentine soil are, as indicated by Kruckeberg
(1954), serpentine plants together with some
bodenvag grasses; such sites in the dicrite area
bear more familiar plants of newly exposed or
disturbed situations. Recent, mare severe burns
are indicated on diorite by dense young stands of
sclerophyllous trees, hut on serpentine hv stands
af knoheane pine.

These lines of evidence point uniformly toward
the same conclusion : Siskiyou serpentine vegeta-
tion is not a seral stage to the vegetation of other
soils hut is a distinctive climax of its awn distite-
tive successions. Canclusions an climax status
must allow faor the extent of past fires in the Sis-
kiyous ; bath the diorite and serpentine vegetations
have been burned. In the dry-summer climate
of this area, light summer fires are part of the
enviromuental complexes in relatian ta which the
present vegetations of hoth areas have developed.
Only some stands, affected hy niore severe fires,
are clearly successional. Allowing for the effects
of fire, the author would interpret the serpentine
vegetation of the Siskiyous as a complex and fully
developed climax patteru in its own right, part of
the still more intricate pattern of vegetation an
serpentine, diorite, gahbro, and other rock types
represented in the Siskiyou Mountains. What-
ever the interpretation according to the three cli-
max hypotheses (Whittaker 1953)-—as a stabi-
lized edaphic sub-climax, as one of a numher of
edaphic climaxes of the area, or as a climax pat-
tern itself—, there is no reason to helieve that the
Siskiyou serpentine soils and vegetation are he-
coming more like those of surrounding, economi-
cally more valuahle areas.

INTERPRETATION AND CaNcCLUSION

Impressive as sote of the contrasts of serpen-
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tine and non-serpentine areas are individually, it
seems appropriate to try to draw together these
details of the three papers in cancluding the sym-
posium,

It was shown by Walker and Kruckeberg that a
deficiency of calciumi underlies the effects of ser-
pentine soils. With due allowance for other pecu-
liarities of serpentine soils, and for the individu-
ality of both serpentine soils and plant species, we
may consider the nutrient deficiency, especially of
this elemment, as the most crucial and general char-
acteristic of serpentine sails affecting plants.

Plant species encountering serpentine soils
within their ranges show various distributional
responses, ranging from complete exclusion from
serpentine to camplete restriction to serpentine.
Species retricted to serpentine are characterized
by tolerance of the low calcium levels in these soils,
Some bodenwag species naturally tolerant of low
calcium levels may be able to grow on serpentine
without ecotypic differentiation; but most plant
species, as Kruckeherg has shown, are able to
occupy serpentine hahitats only as distinct edaphic
ecotypes. The physiclogical adaptation of these
serpentine plants ta low calcium levels and other
peculiarities of serpentine habitats is often ex-
pressed morphologically, in serpentinomarphism.

When_species accur both on and off serpentine
soils, the non-serpentine populations may in time
lose out in competition with ather plants, leaving
the serpentine populations isolated an their soil.
Many serpentine species have probably hecame,
ov are hecaming, serpentine endemics by this proc-
ess of “biotype depletion.” Other endemics have
arisen as “insular” species by the differentiation
of a local, serpentine-adapted population from the
population of a parental species. Kruckeberg's
experiments indicate that in either case, these en-
cdemics are probably restricted to serpentine hy
their intolerance of the mare rigorous competition
on other, mare typical soils. As may often be the
case with the populations of special or extreme
habitats, these are able to survive in environments
of especially exacting physical conditions ta which
they are adapted, but are unable to compete else-
where with other species which are excluded by
those conditions.

While each species responds to serpentine soil
according to its own potentialities, some relative
differences of response among plant growth-forms
appear. The experimental data of Kruckeberg
and the field data of the author indicate that
grasses are more easily able to accupy serpentine
environments than are many other herbs and sug-
gest that some grass species may do so without
ecotypic differentiation. The field data for conif-
erous trees suggest they may occupy serpentine
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habitats with the same facility ; all the diorite coni-
fers except Tasus brevifolia Nutt, (as a shade-
plant necessarily excluded from serpentines in this
area} occur also on serpentine. Deciduous trees
are virtually excluded from Siskiyou serpentines;
and, although stands of caks and other deciduous
trees accur on serpentine in some areas, deciduous
forests on serpentine are on the whole much less
extensive than conifercus stands. The evergreen-
sclerophyllous shrubs appear more successful than
deciduous shrubs on serpentine in the Siskiyous
and in most, but not all, other areas. Although
these can be only tendencies, it may he suggested
that the needle-leaved or coniferous trees (and
especially pines), evergreen-sclerophyllous shrubs,
and grasses (and sedges) succeed more generally
on serpentines than broad-leaf trees, broad-leaved
deciduous shrubs, and many broad-leaved herbs,
Most serpentine vegetations throughout the world
appear to be daminated by some one or by some
combination of these three adaptable growth-farms
—coniferous trees, sclerophyllous shrubs, and
grass-like plants.

The physiognomy of serpentine vegetation may
further be understood on the basis of stunting or
impoverishment of growth, referred ta by all three
authors. The reduction of both population level
and growth rate in Douglas fir on serpentine has
been mentioned ; from this and the exclusion or
reduction to shrubhy equivalents of the broad-
leaved trees, the stunted, open appearance of Sis-
kiyou serpentine vegetation results. The openness
of the tree stratum permits species intolerant of
the shade of a closed canopy to reproduce; thus
several pine species are able to maintain papula-
tions on serpentine, The sparse canopy coverage
permits much light to reach lower strata, and may
also imply a reduced demand on the available soil
water by the trees. A development of undergrowth
far heyond that on diorite is thus possible. Flo-
ristically, the undergrowth on serpentine in the
Siskiyous is richer in species than that on diorite ;
in relatian to physiognomy, the serpentine under-
growth is of greater coverage and more massive.

Similar physiognomic effects appear in other
serpentine vegetations which have heen described,
almost all of them from forest climates. Sparse
alpine meadow or tundra-like communities {east-
ern Canada and Scandinavia, Fernald 1907, 1911,
Rune 1953) and open coniferous stands (north
Urals, So¢ava 1927} accur in northern forest or
taiga regions. In temperate lower latitudes, ser-
pentine vegetations include pine steppe (Europe,
Beger 1922-3, Suza 1928, Zlatnik 19281, Kret-
schmer 1931, Markgraf 1932, Bargoni 1943:
Japan, Kitamura and Momotani 1952, Kitamura
and Murata 1952, Yamanaka 1952; eastern
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United States, Radford 1948 ; and Oregon, present
paper) and ather open coniferous stands (Wash-
ington and Oregon; south Urals, Iljinskd 1936;
Spain, Palacias 1936; Japan, Yamanaka 1952),
deciduous forest { Yugoslavia, Pandi¢ 1859; Al-
barnia, Markgraf 1932; eastern United States,
Harshberger 1903, 1904, Pennell 1910, Radfqrd
1948) and deciduous shrubs (fapan, Yamanaka
1952), chaparral (California), live-oak (Spain,
Palacios 1936), and lande (France, LeGendre
1919}, and edaphic steppe (Ttaly, Messeri 1936,
Pichi-Sermolli 1948 ;: Czechoslovakia, Suza 1928 ;
eastern United States, Pennell 1910, Braun 1950 :
248). In tropical climates, serpentines support
savanna (Karakelang, Lam 1927 ; Cuba, Carahbia
1945, Beard 1953), and scrub (New Caledania,
Daniker 1939, Birrell and Wright 1945; Cuba,
Seifriz 1940). In south temperate New Zealand,
luxuriant Nothofagus forests are replaced on ser-
pentine by tussock grassland and shrub communi-
ties (Betts 1918, Cockayne 1921). The physiog-
notnic types an serpentine are varied; but in each
of these the tree stratum is reduced and the lower
strata Increased, compared with vegetation on
other adjacent soils: the concentration of plant life
in the cammunity moves down one ar two staries.

It 1s familiar that increasingly favorable en-
vironments (maoisture and temperature especially )
permit increased closing, elevation, and differen-
tiation inta strata of the community (Dansereau
1951 : 219}, In serpentine vegetation we see the
generalization in reverse: with less favorable en-
vironment (nutrients) there is opening, lowering,
and reduction of the community toward the lower
strata. Differences in relative productivity of
natural communities and relative amount of plant
life or biomass maintained in them must underlie
these phenomena. Increasingly favorable condi-
tions of temperature, moisture, and nutrients per-
mit irncreasing community productivity and with
this increasing development of community struc-
ture from the lower strata upward.

There is thus a very rough parallelism in the
effects of decreased moisture, temperature, and
nutrients on vegetation structure, to which may
be related anather peculiarity of serpentine vege-
tation. Serpentine vegetation is xeromorphic. In
the marphology of some of its species and in the
morphology of the vegetation itself it shows some
of the marks of adaptation to dryness. In the
various occurrences of serpentine vegetation cited,
the serpentine vegetation is in each case a step
more Xeric in appearance than vegetation an other
soils. Physical characteristics of serpentine sail
described ahave by Walker (1954) may contribute
to the dryness of serpentine habitats ; but in some
cases; as in the Siskiyous, physical characteristics



April, 1934

of serpentine and non-serpentine soils are similar.
Since the serpentine vegetation occurs side by side
with other vegetation, receiving the same rainfall,
its physiognomic response may best he interpreted
as a pseudo-xeromorphism. The effects of de-
creased maisture are simulated by the effects of
decreased nutrients, because basic productivity is
reduced in hath cases and because some of the
same plant growth-forms are adapted to hath dry-
ness and infertility.

Characteristics of vegetation which parallel
these in part, although in response to different
edaphic factors, appear on some other special soit
parent-materials: gypsum  ( Dziubattowsks 1923,
1926. Weiss 1924, Mrugowsky 1931, Sokolowa
1935, Leontjev 1935, Emerson 1935, Campbel] and
Camphbell 1938, Meusel 1939, 1941, Johnston 1941,
Waterfall 1946, Braun-Blanquet 1951, Gilliland
1952} and magnesite (Lammermayr 1928a, 1928h,
1933, 1934, 1935, Bjérkman 19373}, some dolo-
wites and Hmestones, as in the cedar glades of
eastern North Aterica (Harper 1926, Freeman
1933, Ericksan ef af. 1942, Quarterman 1950a,
1950b) and European edaphic steppe aud pine
steppe from Balkan Karst north to Baltic Alvar
vegetation (Turrill 1929, Allorge 1921-2, Kaiser
1926, Dziubattowski 1926, Zlatnik 1928z, Kozlow-
ska 1928, Gams 1930, 1938, Klika 1932, 1933; Du
Rietz 1923, Sterner 1925, Vilherg 1929, Jalas
1950, Albertson 1930), Appalachian shale barrens
{Steele 1911, Wherry 1930, Core 1940, Allard
1946, Platt 1951), zine and copper soils { Schwick-
erath 1931, Robyns 1932, Braun-Blanquet 1951,
Rune 1953}, Australian soils low in phosphate
(Beadle 1953}, porphyry hills in Germany (Meu-
sel 1940}, and altered andesite in Nevada (Billings
195304,  One notable reversal of the tendency for
serpentine vegetation to he of reduced stature
compared with the vegetation of other soils ap-
pears where twa of these edaphic vegetation types
meet on the Greek island of Euhoea—Karst steppe
an litnestone and pine forest on serpentine (Baoy-
dell 1921, Turrill 1929). To varying degrees
these other vegetations of special soils also re-
semble serpentine vegetation in floristic peculiarity
and occurrence of endemic species. Rune (1953)
has recently suggested that relict and palecendemic
species tend to be more characteristic of soils of
high calclum or magnesium content (serpentine,
magnesite, limestone and dolomite, gypsum), neo-
endemic populations of soils characterized by
heavy metals—nickel (serpentine)}, zinc (cala-
mine}, copper, and perhaps others. As serpentine
soil combines chemical praperties of both groups
of soils, so serpentine floras include both palecen-
demics and neaendemics (Rune 1953: 108).

Rune's description of serpentine communities
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across the North Atlantic from one another also
illustrates a major contrast in the flaristics of ser-
pentines in far-northern and southern regions.
The serpentine communities of Scandinavia and
eastern Canada are relatively poor in numbers of
species and extent of narrow endemism, compared
with southern serpentine areas. In the western
United States, the serpentine vegetation of Wash-
ington 1s not floristically rich and includes few, if
any, narrowly endenic species.  The major serpen-
tine areas from the Siskivou Mountains south into
California are floristically rich and are remarkahle
for the extent of narrow endermism among their
species, as are tropical serpentines still farcher
south. [t is possibte that contrast between serpen-
tine and non-serpentine soils is less marked in
humid far-northern climates. Serpentine rocks
are of varied chermical properties and are subject
to processes of soil-farmation which differ in dif-
ferent climates. The relative importance of en-
demics vs. hodenvag specles among serpentine
floras may presumably be partly correlated with
the extent of contrast hetween serpentines and ad-
jacent sails {and hence the degree to which ser-
penttine areas represent environmental extremes,
Detling 19483,

It is also true that the northern serpentine areas
have heen expaosed to glaciation, and there has
consequently been much less time for the processes
deseribed by Kruckeberg to produce endemic ser-
pentine species and distinctive serpentine ecotypes.
The surrounding, non-serpentine floras of the
northern regions are less rich. and hence offer a
smaller stock of species from which these processes
can, in time, produce distinctive serpentine flaras.
The narthern serpentine areas are also relatively
small {though some are larger than some southern
areas with rich serpentine floras), and the extent
of development of serpentine floras is partly re-
lated to extent of serpentine areas. The informa-
tion on serpentine floras permits na real evalua-
tion of the signicance of extent of serpentine area,
time the serpentine surface has heen exposed, and
vichness of surrounding flora. The infarmation is
nat inconsistent, however, with the passibility that
bath richness in species and extent of endemism in
serpentine flaras are partially correlated with each
of these. Age, area, and richness in species are
not causal factors affecting plant populations
{ Mason 1946a), hut may have indirect relations
with the number of species which occupy a serpen-
tine area as ecotypes and endemics. [t is of in-
terest to compare these considerations on the
floras of serpentines, as edaphic islands, with thase
on the floras of oceanic islands (Szymkiewicz
1938, Cain 1944 : 215-21, Mason 1946a).

The physiognomic distinctiveness of serpentine
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vegetation may suggest some further interpreta-
tion of its floristic peculiarities. The openness of
serpentine vegetation implies penetration of more
light to the lower strata, greater exposure to alr
movement and evaporation, exposure to higher
afternoon temperatures, and retention of heat by
the exposed rocks and soil. Any autecological in-
terpretation of the Siskiyou serpentine flora de-
seribed here must allow for this contrast in light,
evaporative, and temperature conditions. Micra-
climates around the foliage of herbs and shrubs on
serpentine are at times drier, and tend to induce
greater loss of water by transpiration, than micro-
climates within the forests on diorite. Possession
of morphological characteristics of growth in dry
and exposed conditions by species of drier serpen-
tine sites may thus be no accidental imitation of
xeromorphisnt. To the warmer and drier condi-
tions in communities of serpentine and other spe-
cial soils may he related also the xerothermic char-
acter of same of their relict species and the inter-
pretation of some of these conununities as xero-
thermic in character by European authors {Suza
1921, 1935, Gams 1930, Sillringer 1931, Klika
1933, Meusel 1939, 1940, 1941).

The necessity of considering environmental fac-
tors as parts of a complex has been indicated by
Kruckeberg and recently stated hy Billings
{19527. If we consider environment and natural
community together as farming the ecosystem,
then serpentine vegetation offers an ecosystewnic
environment differing widely in edaphic, micro-
climatic, and biotic characteristics from that on
diorite, On this basis, we may understand why
so few species have succeeded in bridging, even
with ecotypic differentiation, the diverse and fun-
damental differences between diorite and serpen-
tine habitats within the lmits of the study areas.
We may also understand, however, why a number
of species which have failed to occupy both soils
within these Hrmits have been able to do so else-
where under different conditions. Thus a number
of the Siskivou “serpentine species” of this study
occur on not-serpentine soils in drier or more ex-
posed habitats at higher elevations, farther east in
the Siskiyous, or farther south into California. On
the ather hand, a number of “diorite species” ex-
cluded from serpentine at lower elevations enter
denser forest stands on serpentine at higher eleva-
tions. The fundamental contrast in total-environ-
ment thus may provide a hetter explanation than
edaphic difference alone for the low coefficient of
community obtained and for the contrast in per
cent of endemism and extent of average range in
the two floras. The contrast in total-environment
may also account for the difference in flonistic af-
finities between the serpentine flora and the shade
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plants of the diorite forests. Even apart from spe-
cies shared with serpentine chaparral in California,
we might expect mare of the species of open ser-
pentine vegetation to extend southward into the
drier woodland, chaparral, and grassland vegeta-
tion of California, more of the species of closed
forests on diorite to extend into mesaphytic for-
ests of the Northwest.

The natural communities on serpentine and dio-
rite differ in almost every feature we can describe
ar measure. Underlying their various contrasts
is a fundamental difference in nuatrient conditions
and one which is nat counteracted by succession
even as hundreds of feet of serpentine rock are
weathered down through thousands of years. Tt
is unreasonable to expect the miature ecosystems
or climaxes on the two sails, developing in relation
to differing nutrient levels and representing differ-
ent nutrient econamies, ta converge. If we regret
that serpentine soils will not in tune become fertile,
our regret may well be tempered by the considera-
tion that their very lack of value will help to save
from exploitation these areas of extraordinary
interest.

SUMMARY

1. Vegetations of low elevations on serpentine
and on quartz diorite were compared with tech-
niques of gradient analyses in the Siskiyou Moun-
tains of southwestern QOregon.

2. The vegetation pattern on dionte is charac-
terized by closed Douglas fir-sclerophyll farests,
whereas apen, stunted stands of pines and other
canifers appear on serpentine. Undergrowth in
intermediate stites on serpentine shows an unusual
development of a two-phase structure of grass and
shrub patches, and in all sites on serpentine nu-
merous endemic herb species occur.

3. Relatively few plant species occur on both
diorite and serpentinie, and the two floras are
shown to he in marked contrast in representation
of floristic regions. A tneans of expressing aver-
age range and direction of greater extent for a
flora was devised. This shows the serpentine flora
ta be much more restricted in average extent and
to have its greatest extent toward the south, in
contrast to the diorite flara.

4. Evidence indicates that Siskiyou serpentine
vegetation is climax, although affected by fires.

3. Serpentine vegetations appear in general to
be characterized by apparent xeromorphism re-
sulting from basic reduction of productivity, re-
ductiaon of structure toward the lower strata, and
dominance of conifers and especially pines, sclero-
phyllous shrubs, and grasses. As parts of eco-
systemis differing fundamentally in nutrient econ-
amy, vegetation patterns an serpentine and diorite
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differ in almost every respect which can be de-
scribed or measured,
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