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SYSTENATIC CONSIDERATIONS AS INFLUENCED BY CERTAIN 

ECOLOGICAL FACTORS RELATED T PLANT DISTRIBUTION 

ON SERPENTINE SOIL IN CENTRAL CALIFoRNIA 

INTRODUCTION 

The serpentine soil is derived from ultrabasic rock 

especially rich in rnagnesitnn and iron. Serpentine rocks 

and soils are known to occur all over the world, and the 

distribution of vegetation on these soils is distinctive 

in contrast to the plants on non-serpentine soils in the 

saine regions. Rocks related to serpentine are usually 

included in the study of vegetation on serpentine soils. 

The chemical composition of serpentine is quite 

variable due to vast differences in weathering action. 

In the moist tropics and other regions of heavy rainfall 

most of the magnesitn is leached out, whereas it is 

retained in areas of less precipitation (Ll, p.19). It 

is believed that chromium and nickel, which also occur 

excessively in serpentine soils, are toxic to plants 

()4, pp.1-28). The low content of molybdenum, in certain 

serpentine soils, has been shown recently by Walker 

(;, pp.L173-J4.7S) to curtail normal growth of certain 

cultivated plants. It is in agreement with the views of 

most workers that chemical effects reduce the number of 

species of plants on serpentine soils. However, a 



relatively small number of :iechanical analyses of the 

soil have been made, and it is possible that the physical 

nature of the soil is responsible for the reduction in 

number of species to a greater extent than previously 

expected, particularly in a region where precipitation is 

comparatively low. 

Floras cf the serpentine soil have been investigated 

to a Peat extent in Europe, North Aniorica, and recently 

in Japan. In North America, serpentine floras have been 

studied in eastern Canada, Cuba, and in a few of the 

eastern states and the three Pacific coast states of this 

country. 

A preliminary investigation by the writer showed 

that a strikingly abnormal distribution of vegetation 

occurs on the serpentine soil Of the Sierra Nevada, thirty- 
five miles east of Fresno, California (21, pp.l-)4). Trees 

and shrubs are usually absent on the drier slopes of 

serpentine soil, and many species of plants, other than 

trees and shrubs, which are lacking on serpentine soil, 
are found on adjacent non-serpentine soils. There are 

two areas of serpentine in the foothills of the Sierra 

Nevada of Central California (30, pp.215-285). The larger 

area is located in iresno County, with a spread of 

approximately thirty square miles. The other is ifl Tulare 

County (13, pp.1-il8), just east of Exeter and Lindsay, 
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with about nine square miles. This study involves 

general investigation of the serpentino flora in Fresno 

County and a brief treatment of the one in Tulare County. 

Analysis of the flora; clone transplants of Stipa pulch.ra 

Iitch.; gernination tests and seedling cultures of 

I3rodiaea pulchelle. (Salisb.) Greene, Lupinus bonthami Hei., 

and Helianthus annuus . were made in this study, Voucher 

specimens are deposited in the Lregor4 State College 

Herbarium and duplicates in most instances are also 

deposited in that of Fresno State College. Chemical and 

physical properties of the serpentine and non-serpentine 

soils are compared. 
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REVIEW UP LITERATURE 

The peculiarities of vegetation or serpentine soils 

were first observed by Pani (37, p.6) in the mountains 

o.f Middle Serbia (Yugoslavia). It was not until 

TÀtnmermayr In 1926 (26, pp.369-L.O7; 27, pp.2O-39) 

followed with a series of papers which described the 

serpentine flora of the Austrian Alps that the subject 

was discussed in detail. Lixnrneriiiayr pointed out that 

serpentinomorphoses (serpentine races that show distinct 

morphological chanes) are caused by the increased light 

on the serpentine areas devoid of vegetation. 

Loew and May (28, pp.l-S3) examined the calciimi 

and magnesium of many soils and concluded that when the 

ratio of calcium to magnesium in the soil becomes less 

than one, the proper growth of plants is impeded. 1kwever, 

\Tlamis and Jenny (S3, p.L9) proposed that the excess 

magnesium merely makes calcium less available for normal 

plant growth. In this connection, Walker (5L., pp.1-103; 

f6, pp.26L-265) prepared lots of soil that varied from 

-8o per cent calcium of the total exchangeable cation 

ith 9L-19 per cent magnesium in a complcmLntary mannor. 

Leaf-tissue analyses of the tomato, rjcopersicon esculentum 

Mill. and serpentine endemic Streptanthus j1andu1osus 

Hook. var. puichellus (Greene) Jeps. grown on the various 

soils showed that the tomato plant absorbed large amounts 
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of magne sin at low levels of calcium, whereas Streptanthus 

absorbed approximately half as much at the same low 

levels, n this basis, Walker (SL1., p.100; S6, p.265) 

hypothesized that the species endemic to serpentine are 

tolerant to the low calcium level so prevalent in serpen- 

tine soils, while intolerant species are unable to make 

the adjustment. 

In addiion to higher tolerance of serpentine 

strains to high magnesium and to low amounts of calcium, 

phosphorus, and potassium, Tadros (L6, pp.l)-23) has 

shown that mmenanthe rosea (Brand) Constance, a species 

found only on serpentine in certain areas of the California 

Coast Ranb'e, was more susceptible to fungal decay than 

L. penduliflora Benth., a non-serpentine species, in the 

early seedling stage. Tadros concludes that excess or 

deficiency of certain soil nutrients may suppress the 
normal owth of micro-organisms; thus certain species 

have become adapted to the presence or absence of micro- 

organi sins. 

Gordon and Lipman (114., pp.291-302) proposed the 

idea that tue low amounts o nitrogen, phosphorus, and 

potassium caused the infertility of serpentine soils. The 

growth of plants was increased by the addition of these 

deficient elements In California serpentine soils by 

Vlarnls (S2, pp.14.53-14.66) without changing the calcium 



content of the soil. 

Anderson and Hubricht (3, pp.396-LO2) first intro- 

duced the term "introgressive hybridization" to explain 

the crossing of two species and the hybrids repeatedly 

backerossing to either of the parent. y successive back- 

crossing, cenes of one species may infiltrate the germ 

plasm of another usually because of partially sterile 

F1 hybrids. The stability of the introduced genes will 

depend upon selection advantages or n selection dis- 

advantages. Anderson and Hubricht were able to show that 

radcscantia canaliculata liaf. introgressed into T. 

occidentalis (Britt.) Sinyth and T. bracteata Srall. The 

introgressive types are established in habitats with 

ecological niches that are intermediate between parent 

species. 
Heiser (17, pp.1-127) crossed Helianthus annuus L. 

and !. bolandori Gray ssp. exilis (Gray) Heiser in the 

greenhouse. H. annuus is a weed found throuboui; most of 

tue United States and parts of adjacent Canada and Mexico; 

and H. bolanaeri asp. exilis is almost restricted to 

serpentine areas of California. Both species have 17 

pairs of chromosomes and the hybrids have melotic 

irregularities. The F1 hybrids are highly sterile; good 

pollen and seeds are few. kLïser concluded from the 

study of field specimens and herbariiii sheets that 
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±1. bolanderi (Gray) asp. bolanderl (Gray) Heiser, a 

valley weed form, is the result of hybr1ization of 

. 
anriuus and H. bolanderi ssp. ex±1ii. Hybridization 

probably started as recently as a few hundred years ago 

when tbe American Indians introduced H. annuu into 

Celifornia. Plie hybrid has been able to invade the valley 

as a weed, where .t is now very common. The great 

variability of H. bolanderi sap. bolanderi is due to 

introgressive hybridization of H. annuus into H. bolanderi 

sap. exilis, and several hybrid swarms ar located in 

central California. Heiser concluded that H. bolanderi 

SSP. bolarideri is the result of hybridization rather than 

gene mutation because hybridization is known to OCCUr. 

The serpentine flora and the problems generally 

relating to it as found in the Upper Tiber Valley In 

Tuscany were recently reported by Pichi-Sermolli (i.O, 

pp.1-378). In addition to chemical analyses the author 

made soil moistUre and mechanical analyses, pointing out 

peculiar types of plant communities. Pichi-Sermolli 

believes that tne pastLu'e represents the most advanced 

communities, and that the wood connunity originated else- 

where in the area and not on the serpentine. f the 

various ecological factors such as edaphic, microclimatic, 
topographic, blotic and historic, that influence the life 

of plants, he concluded that edaphic factors are the 
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rncst important. 

In dealing with the plants found only on the ser- 

pentine soil Pichi-Sermolli clessified them into three 

groups: the typical serpentinophytes, which grow on 

serpentine soils only; the preferentIal serpentinophytes, 

which exist particularly on serpentine soil, but 

occassionslïy cn other magnes1n soils; and the serpen- 

tinicolous relics, which were widely distributed on other 

kinds of soil in pÑst geolo;1ca1 times, but are found 

exclusivel:r or predominantly on serpentine at the present. 

Morphological changes are brought about by the 

serpentine environnent, and the author lists the following 

ac the most important: stenoyllism, glabrescence, 

plagiotropism, nanisrn, greater development of the root 

system, and glaucescence. 

A partial solution to the problem of serpentine 

endemism was approached through experimental taxonomy by 

Kruckeberg (23, pp.l-1S14; 2L, pp.LO8-149; 2, pp.267-27L). 

3y using near endemic subspecies Streptanthus glandulosus 

Hook, ssp. secundus Morr., and S. glandulosas Hook. ssp. 

typicus Morr., and several species called bodenvag 

species (species which occur both on and off serpentine), 

Kruckeberg demonstrated that these plants can be divided 

into serpentine -tolerant and serpentine -Intolerant races. 

The same researcher also seeded identical nixtures 



or several non-endemic weed species anu an endemic species 

in competition bins cntaining three difi'erent soils--a 

non-serpentine soil, a calcium-amended serpentine soil, 

and an unaltered serpentine soil. Germination and growth 

of the non-endemic (weed) species on the non-serpentine 

and altered serpentine soils was normal, but the serpentine- 

endemic species were almost absent. un the unaltered 

serpentine soil, the weed species were greatly sLunted, 

and eventually died or were completely absent, while the 

serpentine-endemic species were normal. From this 

experiment Kruckeberg concluded that serpentine plants 

are restricted to serpentine soils due to edaphic and 

biotic factors. 

Rune (12, pp.1-139) founc 1L10 species of vascular 

plants in the forty-one ultrabasic rock areas in North 

Sweden, where the altitude varied from 3O-1LOO meters. 

The author states that the flora is very poor in species, 

for this is 25 per cent of the total number of species in 

the region. 

Rune made no attempt to obtain a complete chemical 

analysis of the serpentine soil, but made analyses only 

for total calcit'ri oxide content, soluble potassium and 

phosphates, and pli. Mechanical analyses of two serpentine 

soils, one with coarse material and one without, both 

from one locality, were made. The composition of the soil 
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with coarse material was as follows: gravel (20-2mm.), 

18.72 per cent; sand (2-0.02 mm.), L2.96 per cent; silt 

(0.02-0.002 mm.), 2i.29 per cent; clay (0.002-0.000 mii.), 

l.15 per cent. The soll without coarse material showed 

30.77 and 8.80 per cent alit and clay respectively. 

The aithor groups the plants growlng on serpentines 

and other ultrabasic rocks as follows: 

A. Serpentine-characteristic plants. 

13. Serpentine-Indifferent plants. 

o. Serpentine-accidental plants. 

Group8 A and B included '7 species and varieties each, 

and group C contained 10E species and varieties. In 

group A, four new varieties endemic to serpentine are 

described. For each annotated list of species, its dis- 

tribution outside of serpentine is given. 

Rune came to the conclusion that the number of 

serpentinophytes is very small because all northern 

serpentine Lloras are young, caused by post-glacial 
differentiatiun as compared to serpentine areas of 

Southern urope. 

The method in grouping plants of serpentine soils 

used by iune Is not entirely new, for (38, 

pp.Ll-8L.) 39, pp.20-S39) study of the flora of the 

Conowlnjo Barrens of southeastern Pennsylvania grouped 

the plants in the following three main categories of 
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species: 

I. Those commonly round ori the barrens. 

A. Those quite or nearly confined to the barrens. 

3. Those mainly ocoirr1ng. on the barrens. 

II. Occasional species of the barrens, mostly straggling 

from surrounding flora. 

III. Some prominent introduced species. 

study covered part of the many serpentine areas 

that occur as small isolated areas, stretching in a much- 
broken chain close to the coastward edge of the Piedmont 

Plateau from New Lngland to North Carolina. 

The most recent floristic study of tho Siskiyou 

Mountains by Whitaker (9, pp.27-283) showed that the 

serpentine flora în that: area is not ncessariiy destitute 

floristically. It was the serpentine that was higher in 

number of species (113) than the non-serpentine diente 
which had only 101. These numbers were based on fifty 

transect samples, and where a species occurred only once 

or twice ifl the total number of transects, it was not 

included. The contrast was further shown by the coeffi- 

dent of community ("Of the lists cf 101 and 113 species, 

22 are shared of a total of 192 species occurring in 

either or both." Ther-fcre, the coefficient equals 
100 x 22/192.), which was only ll.S per cent. A transect 

diagram of vegetation patterns on serpentine and 
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non-serpentine soils of the various slopes of the 

Siikiyou i1ountaini of scuthwetern Oregon lndic&tes 

diffcrence related to different noii type5. The analrsis 

of vegetation types shows that the serpentine is richer 

in herbs but poorer in shrubs1 and particularly so in 

trees, Analysis by floristic areas shows that about twice 

as many species extend their range to the south on ser- 

pentine as on diorito and twice as many extend their range 

to the north on diorite as on serpentine. 

Although the composition of the serpentine flora 

may differ from one region to another, its general 

characteristics are about the saiie in different parts of 

the world, It3 vegetation is relatively poor in 

individuals as uell as in species. Its "infertility" hìs 

been attributed priiiiarily to excess raanesii and to the 

deficiency of nitrogen, phosphorus, and potassin. A 

biotic factor in the form of micro-organisms indicates 

that certain serpentine species are less tolerant to 

fungal decay than other non-serpentine species. 
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GEOLOGY OF TILE STUDY AW AS 

The serpentine area in Fresno Ccunty i situated 

along the western border cf trie central Sierra Nevada 

between the Kings River and the main h1hway from Fresno 

to Huntington [sake at the northern edge of the Dthuba 

Quadrangle. The area studied and mapped br Macdonsid 

(30, pp.215-2B), shows a single major outcrop covering 

approximately twenty-nine square miles and three small 

outcrops totaling less than i square mile. 

The topography of the area is rugged, and the 

relief lies between 00 and 3,000 feet. The crests of the 

ridges, which are oriented primarily northwest and south- 

east, are sharp, and the valleys are mostly V-shaped. The 

region contains rocks of the Bedrock Complex and the 

Superjacent Series of the Sierra Nevada. r2ho serpentine 

rocks, the oidor of the metamorphosed igneous rocks, occur 

here in great sills which intruded into volcnnic rocks and 

sediments and are estimated to be 8,000 feet thick. 

The sills of serpentine rocks were formed during 

the Late Paleozoic or Larly Mesozoic eras and subsequently 

folded in mountain-building and metamorphosed by 

dynamothermal action and by the intrusion of quartz- 

diorita contact action. Recrystalization in various 

stages of the serpentine occur due to this later mata- 

morphism. No trace of unmetamorphosed serpentine rocks 



11 

is found in this area, but the least metamorphosed rocks 

containing minute grains of iron ore in antigorite occur 

near the top o1 Hog Mountain, about 1.7 miles southwest 

of Trimmer. The freshly exposed dense serpentine rock is 

dark-greenish gray to brownish gray, and sometimes medium 

green in color, which changes to reddish brown because of 

weathering. 

The ultrabasic rock was in large part dunite 

originally, and the pyroxene has been altered to talc and 

taic-tremolite, whereas the magnesium-rich olivine is 

found in most of the serpentine specimens. Clinochlore, 

a very common constituent of the serpentines, is present 

in amounts from almost nil to 30 per cent of the rock. 

Generally speakinp, the minerals that make up serpentine 

rocks are not many. 

Alumina, in most specimfns, amounts to only 2 or 3 

per cent, but some rocks contain as much as 16 per cent. 

It is believed that the oriinal serpentine may have 

contributed to the presence of alumina where the content 

is low, and it is possible that additional alumina was 

introduced in the serpentinizatin of the peridotite. 

Another explanation is that the grnnitic intrusions added 

the alumina. 

Meta-gabbro, also an ultrabasic igneous rock, 

resembles serpentine rocks in physical appearance and has 
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somewhat similar chemical composition. The largest area 

of tesc rocks occurs at the southwest end of Black 

Mountain, covering an almost circular area of tbree 

quarters of a square mile. Two smailr areas are found 

within one-half mile of Piedra. The non-serpentine rocks 

of this area of study includo hornblende biotite, quartz 

diorite, hornblende gabbro and diente, meta-volcanic, and 

me ta-sedimentary. 

ifty miles southeast, an area of approximately 

nine square miles of serpentine whic. occurs in 7 variable 

sizes within a radius of two and one-half miles surrounds 

the Yokohl Valley in Tulane County (13, pp.1-li8). In 

every case the serpentine and meta-gabbro are adjacent to 

each other, and the contact between the rocks is grada- 

tional or intermin1ed. Sills of serpentine and nieta- 

gabbro of Woodlake Nountain to the northwest are not 

mapped, du6 to the small and coplox intrusions. 

The rocks of the Tulare County region also belong 

to the "Bedrock Complex" of the Sierra tevada, and were 

Involved in the Nevadan Revolution cf the Late Jurassic. 

The pregranitic rock, now altered to serpentine, intruded 
the volcanic and sedim&ntary rocks. Serpentine rocks 
oni4nated largely from peridotite, some dunite and 

pyroxenite; and ineta-gabbro in part from olivine gabbro. 

The topography of the Yokohi VlIey arca is not 
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quibe as rugged a the serpentine area in eastern Fresno 

Counr, and the elevation is lower--between 0O and 2,000 

feet. Bold outcrops of serpentine are not s conspicuous 

as in Fresno County. 
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CLIMATIC FACTORS 

Like most parts oÍ California, both areas uiave a 

wet and a dry seascn. Usually, nore than seventy-five 

per cent cf ti'ie precipitation occurs during the months 

between November and March, with those between May and 

September receiving very little or no rain. The higher 

ridges occasionally have snow. In the surrmicr months, the 

influence of the desiccating northwesterly winds from the 

Groat Interior Valley is considerable. Fog is common in 

winter, 

Piedra, at the southern end, and Auberry, eight 

miles to the north of the serpentine area of Fresno County 

were selected for their cliraatolo;ical data. Since there 

are no temperature records for Piedra, records of Friant, 

twenty-four railes to the northwest were substituted. In 

Tulare County, the serpentine area lies between Lemon 

Cove and Lindsay. The ternprature records of the two 

areas did not vary much, except that Auberry, which is 
located at a higher elevation, had a lower temperature. 

Altitude is an important temperature control in the 

Sierra Nevada, end the daily and seasonal ranes are 

large. Tables I and II show clirriatolo4cal data (50, 

pp.1-393) of the two arcas investiaated, 

Largely owing to the influence of mountains, marked 

differences in climate occur within short distances 



18 

because of the local toporaphy. The serpentino area of 

TilLare County rias cnsiderab1r less precipitation than 

Fresno. The difference is because of the lower elevation 

and the more gentle slopes of the serpentine area in 

Tulare County. 

High extreme summer temperatures as found in 

Central California undoubtedly exclude ntierous species 

from serpentine, because of the nature of the habitat, a 

fact tending to support the importance of temperature 

extremes in trie distribution of certain species of plants 

(8, pp.86-103; 31, p.190; 32, pp.l81-190; !7, p.37ì.). It 

is the periodic extreme temperatures that determine the 

distribution of species rather than the mean temperatures. 



TABLF I 

MONTHLY AVERAGE MAXIMUM AD MINIMUM TEMPERATURE (DEGREES F.) RECORDS AT VARIOUS 
LOCATIoNS FOR 19 

Fresno (.ounty :: Tulare County 

; Auberry Fririt Jovt. C9mp Cove : Lindsay 
: 

. 

198** : 

._______ 

i1O : : 

. 
13 : 39 

-. 
. 

:Max. : Min. 
. 

: '1tx. : sin. 
e s 

: : 

- 
:ax. : i-lin. 

. 

: Max. . Min. 
Month : : : : :: : : 

Jan. ;O.2 28.3 ç1.1 33.0 ;; ;1.)4 3L..1 1.O 32.7 
Feb. :56.7 : 29.8 : 61.3 : 3.1 :: 60.9 : 36.Lj. : 9.9 : 31.6 
Mer. :63.0 : : 68.!4. : 38.1 ;: 69.7 : 14.5 : 69.1 : 

Apr. :63.7 : 3!.1 : 0.7 : 38.1 :: 7l. : L2.8 : 71.9 : 39.0 
¡4ay :76.9 : ¿.Li : 81.3 : I.9.7 :: 82.9 : S3.0 : 82.8 : t.9.7 
Jufle :8S.O : L8.2 : 91.3 : 3.9 :: 91. : 57.2 : 90.14. : 

July :89.8 : : 96.6 : 7.Li :: 96.L : 9.7 : : 

Aug. :97. : 61.6 : 102.0 : 61.L. :: 100.3 : 61.7 : 98.9 : 60.5 
Sept. :90.6 : 5L.7 : 9L.8 : 56.3 :: 92.2 : 57.L. : 92.1 : 

Oct. :80.0 : Li1.7 : 8L..1 : L8.') :: 83.1 : L.9.1 : 81.8 : 1i6.7 
Nov. :62.9 : 3.8 : 65.0 : 39.5 :: 6L.3 : 39.9 : 65.2 : 36.7 
Dec. :53.9 

s 

: 37.7 : 57.) 
. 

: 1.3.6 

. 

:: 

I 

,6.6 : 

e 

L3.8 : 57.7 : 

. e 

L3.1 

* No temperature recLrds for Piedra (E;lev. 50 ft.); Friant Government Camp Is 25 miles to the northwest. 
-»* Numbers ìridicate elevation in feet. 
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TABLE II 

AVERAGE MONTHLY AND ANNUAL PRECIPITATI&.N (INcitEs) 

RECURDS AT VARIOUS LOCATIONS 

i1'resno County Tulare County 

t 

: Auberry : Piedra :: Lemon Covo : Lindsay 
Month : ¡ :: 

Jan. ; 3.f32 2.91 ;; 2.9 2.06 

Feb. 5.1S 3.i7 :: 2.68 . 2.12 

Mar. 14.19 ¡ 2.99 :: 2.S6 : 1.87 

Apr. 2.OL. 

: 

1.53 
:: 

i.LJ4 : i.oi 

May ; .83 : .L.2 .: .68 : 

June .12 : .08 .]. .11 

July 
: 

.03 
: 

.03 
:: : 

Aug. : .02 : .00 :: .02 : .01 

Sept. : .2) . .16 :: .16 .08 

cct. : 1.27 : .83 :: .68 : .L8 

Nov, : 2.33 : 1.36 1.24 : .8]. 

Dec. : L.17 : 2.78 :: 2.02 : 1.88 

TOTALS ; 

t 

2L.26 : i6.6 :: 11..22 : 

. 

10.88 
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TRE SERPENTINE SILS 

The soll derived from serpentine rocks in the 

Central Sierra Nevada foothills is characteristically 

reddish-brown, frequently brown, or occasionally gray in 

color. The soil mantle varies from a few to several 

inches, and very seldom becomes more than a Loot deep. 

Mixed with the soil are varyin: amounts of sharp angular 

rock fragments of different sizes. 

The non-serpentine soils in the area are Lorned 

primarily from rocks of hornblende gabbro, diorite, and 

hornblende biotite quartz diente. The soil is deeper 

than serpentine, varying from several inches to three feet 

or more. Certain areas have large granitic boulders, and 

color varies freni light to dark gray and the texture is 

usually quite coarse. 

The field samples of soil for chemical and texture 

analyses weighed at least three kilograms and were taken 

from the top twelve inches, or less in the case of 

serpentine. The various sources of the samples are shown 

in Table iI., and their chemical analyses in Table 1V 

were determined by the Oregon State College JJepartrnent of 

Soils, using its regular laboratory procedures. The pH of 

the soil was determined in the laboratory of the Fresno 

State College by the electrometric method. The texture 

analyses shown in Table V were made by the use of soïl 
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TABLIY III 
THE VAIIIOUS SLitJRCES OF SOIL SAMPLES 

Sample ; ; Parent : soil 
ITo. : Location* : niatorlal : series 

s;-3 ;fIog It., T.12 S. H.2L L. :serpontine ;DClpiedra 
:Sect.2Lj, s.w. corner : : 

5-6 :Hog Mt., 2.12 :3, R.2L E. :serpentine :Dolpiedra 
:Sect.2, s.e, corner : : 

-8 :Tulsre Co., 3 mi. s.c. ol:serpcnti. e- : ------- 
:Yokohl al1ey :alluvium 

SS-44- ;ar1tc Ridg, T.12 S. R.;hornblende ;ista 
:2U E. 5oct.16, s.e. :biotite quartz : 

:ccrner :diorite 

S5-5 :Clovis, n.w. corner or :grnitie- :Rarncna 
:Copper and Willow Aves. :alluviuni 

s;-7 ;H(); Mt., T.12 S. R.2L. I±. ;hornblende ;111vy 

:Sect.19, s.w. corner :gabbro and 
: :diorite 

- All s arnples from Fresno County unless otherwise 
spe C i fie d. 
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screens for tbí coarser portion, and the Liner particles 

were further analyzed by the hydrometer method (6, 

pp.225-230). 

The results of the chemical analyses, Table IV, 

show that the exchangeable cation ratio of calcimi to 

magnesium was less than 1.0 in both samples 0f serpentine 

soil, which is characteristic of many similar soils. As 

observed in two samples the ratio is low, because cf the 

very hi&:h content of exchangeable-mariesium, and riot 

necessarily because of the low exchangeable-calcium. 

Numbers 55-L1. and 55-5 actually had less exchangeable- 

calcium, but at the same time had proportionally low 

quantiti s of exchange able -magne slum. Number 55-8, 

obtained from the serpentine area in Tulare County, was 

thought to be serpentine; however, careful study of the 

area showed trìet it was from a contact area of serpentine 

and non-serpentine soils. Estor that reason, the sample is 

relatively high in magnesium, but again coiparative1y 

high in calcium, thus making the ratio still greater than 

1.0. 

oth serpentine samples had greater quantities of 

nitrogen and potassium and one sample had a greater 

amount of phosphorus. Although these elements were more 

abundant in serpentine soils, except in a single case, It 

is common for many soil types of various origins to be 



2!. 

TABLE XV 

GERTAIN CHEMICAL CHARACTERISTICS OF SERPENTINE SOILS (s) 
COMPARLD WITH NONoeSERPENTINE SOILS (NS )* 

. s a , 

; s ; ; i11i-civa1ent/ioo m. 
Soil:and/or: : : soll :Ca/Mg 
no.: iS : pH : : P : K : Ca : Mg :ratio 

ES-3: s : 7.ÌS .o6) : .107 .639 : 3.8 : 10.7 : .36 

-6 s 7.05 . .117 : .029 : .767 : 3.9 : 1L.3 : .27 

NS: 7.20 : .0L.3 : .019 : .216 :11.0 : 9.0 : 1.22 

-Lt.: NS : 6.30 : .0L3 : .063 : .179 : 2.9 : 0.9 : 3.22 

Ns 6.60 : .oL3 : .029 : .257 : 2.1 : 0.9 : 2.33 

55-7: NS : 7.00 : .03 : .063 : .2L3 : 8.6 : 1.9: L..53 

* Numbers 55-3, and 55-u were used in transplants and 
seedling cultures. Clones of Stipa puichra iiere from 
soil numbers 55-3, and 55-5. 
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TABLE V 

MECHANICAL COMPìSITION (F SAME SOILS SHOWN IN TA3L 

; Per loo gin. soil ; Analyses below 2 inni. 

: : : :Fine : 

: : : :gravel : Silt : 

Soil: Above : f-2 : I3elow : and : .O- : Clay 
No.: 

. 

Tirn. : 

. 

mm. : 2 rnm.k 
. 

:sands*-: 
. 

.002 min.: 
. 

O.002 mm. 
. 

. 

Sf;-3:, 17.98 

. 

. 

8.71 

s 

e 

: 73.31 : O.8o : 2.77 
s 

: 23.L3 

16.So 9.00 7L.O : SL.98 : 27.18 : 17.8L1. 

s-8: 22.00 :l2.2 : 6.75 : 3.l6 : 2S.50 : 2l.3L 

5-L .71 : 6.o : 93.2L. 83.62 1l.L,6 : L.92 

5g-5 .L6 1.39 98.1 66.80 2L..28 8.92 

s-7: 9.O : 8.O : 82.00 : 73.98 19.18 : 6.8L 

* The portions above 2 ni. were hand screened and those 
below 2 ram. were determined by the hydrometer method. 

** Fine gravel, 2-1 mm.; total combined sands, l-0.OS mm. 



deficient In them. (if course, as has been observed, 

water or other factors may also limit proper plant growth. 

Texture analyses, Table V, of the two difrerent 

soll types substantiated the assumption of a rather 

higher content of clay and silt in the serpentine soils. 

The two contrasting soils used in the clone transplants 

and seedling cultures, serpentine (No. 53) and non- 
serpentine (No. 5-t) may be classified (29, p.L8) as 

clay loam and sand respectively, based on the portion 

below 2 millimeters. However, it must be kept in mind 
that the serpentine soils contain varying amounts of rock 

fragments. The finer particles of the serpentine soil 

indicate a higher water-holding capacity in this portion 

of the soil. Tests £or moisture equivalent were made by 

the centrifuge method, and the results were 18.7 per cent 

for serpentine and 5.8 per cent for the non-serpentine 

soil, using the portion below two millimeters. The value 

for serpentine soil is more than trLree times greater than 

for non-serpentine; however, it must be taken into account 

that the ttpermanent wiltinL percentage" for clay loam 

soil is higher tcian for sand (sl, pp.285-3OL), 

Chemical analyses and mechanical composition have 

shown that the serpentine soils of Fresno County are quite 
dureront from those of Northern California (2L, p.)40). 

Serpentine soils of Fresno County have greater amounts of 
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nitrogen, phosphorus, ai potasslìn, and have finer 

texture, Tarlier workers (LI.i, pp.128; 56, p.262) cori- 

eluded that the physical properties of serpentine soil do 

not explain the peculiar plant distribution that this soll 
displays. This may be true in regions of higher precipi- 

tation, but in semi-arid regions, the physical properties 

of the soll may be very important. 
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T1E SERPENTINE FLORA 

The flora or serpentines on the western slope of 

the Central Sierra Nevada presents a great degree of 

contrast in vegetation to a non-serpentine flora. Rune 

(2, p.L) montions that serpentine flora in North Sweden 

gives an impression of a high arctic or alpine Llora in 

appearance. A somewhat similar barren situation is found 

on the steep upper north slopes and ridges of the serpen- 

tine mountain just east of :Tumphreys Station. Here, the 

soil is very shallow, high in rock frajients, and outcrops 

of rocks are common. Species of plants such as Casti11ea 

miniata Dougi., Lornatin vaseyl C. & R., Dudlcya emosa 

(Iem.) Britt. ose, Chiorogalum pomcridianum (DC.) Kunth 

and Melica bulbosa Geyer are found in the spring. The 

warmer south and southwest slopesnerally have patches 

of rriophyllum heerrnannii (Dur.) Greene, Eschscholtzia 

lobbli Greene, Stipa ulcbra Hitchc., Eriogonum 

latifolium Sm. ssp. nudum (Dougi.) Stokes, and Platystemon 

californicus L3enth. The vegetation is quite variable, 
because of micro-environmental. differences. Various types 

of vegetation respond to diffcrences in elevation and 

slope. Figures 1, 2, and 3 illustrate such differences. 
In Tilare County where the elevation of the 

serpentine area i lower and the precipitation is 
considerably less, trees and shrubs are almost absent 



Figure 1. South end of Red Mt. looking west. 
Serpentine barren, except for the steeper 
northeast slopes with Quercus douglasil. 
Hi11.s in the foreground are granitic. 
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Figure 2. 3ottheast end o bg Mt. with 
chaparral on nortkest and east slopes on 
serpentine. Tree apocies un lower rttht are 
On nun-serpentine. 

Figure 3. 1 xtension of the picture above to 
the right. Trees in toreground are pritiarily 
uercus duu[rlaeU, Pinus sabiniana along line 

of contact of t two direrent soil types. 
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even on north slopes. The non-serpentine soils have 

prixiari1y Quereus dou;lasii Hook. Ar and . wislizenit 

A. DC., but scattered to a greater extent (Figures L and 

5). Shrubs such as Geanothus cuneatus (Hook.) Nutt. and 

Aretostaphylos mariposa Dudley are very scarce even on 

the north slopes of non-serpentine soils because of the 

drier environment. 

The sunrner flora of the serpentine in Fresno County 

is limited to about a dozen species. It is dominated 

primarily by the tarweed, Hemizonia virgata Gray, on the 

south and gentler north slopes where the soil is at least 
a few inches deep. (in the drier south slopes where the 

soil is very shallow and highly mixed with rock fragpients 

j. virgata is replaced by the perennial grass, Aristida 

divaricata ilumb. & Bonpi., which was preceded by 

avarretia pubescens (Bonth. ) Hook. & Am. in late spring 

or early summer. Heniizonia truncata (ray is primarily on 

the gentler north slopes, but its distribution is 
restricted to deeper soils. Although not entirely a 

summer plant, rriogonum latifolium sap. nudum is widely 

distributed on soils of varying depth, but mere abundant 

on shallower soils and south slopes and crests of ridges. 

Eriogonum gracile f3cnth. is sometimes found in ravines, 
on north slopes and loss frequently on south slopes. The 

bottoms of ravines protected from ari all-day exposure to 
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Pigure ).. Tu1ar6 Co., sevra1 miles souti- 
east of Yokohi Valley with Quercus douglasil 
on non-serpentine soil; lookin2 northwest. 

Figure 5. Talare Co., south slope of ocky 
Hill. Barren serpentine on the left, and 
Quercus wlslizonii on non-serpentine (quartz 
diorite), 
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sunlight present an eal habitat for issingia 
leptoclada (ray. (ither species .iith more limited distri- 
bution include Trictìostema lanceolata f3erith, usually on 

deeper soil of south slopes and remocarpus setigerus 
(ìiooP,) T3enth. aro found on disturbed soils along mine 

and animal trails. 
Evidences are many and distinct that th climatic 

factor is unable to superimpose. edaphic factors. In any 

given area the nature of variation within a given soil 
type presents the potential of great diversity of 

habitats (33, pp.209-226). Figures 6, 7, and 8 illustrate 
the response of vegetation on these diverse habitats. 
However, there is variation in the vegetational response 

to serpentine soils (2, pp.L5-5O). 
The study of the south-facing road cut-banks on 

the southeast end of Hog Mountain shows that the species 

first to be established on serpentino are Melica bulbosa, 

Erlogonum latifolium ssp. nudum, Stephanoncria virgata 
Benth., Mentzella lindleyl T. G., and Navarretia 

pubescens (Figure 9). On the non-serp-ntine cut-bank 

less than one hundred yards away with similar exposure 

are Lotus scoparium (Nutt.) Ottley, Eriodictyon caliror- 
nicum (H. & A.) Greene, Pinus sabiniana Dougi., and 

Pentstemon laetus Gray (Figure 10). At sorno of the 

serpentine and non-serpentine contacts Pinus sabiniana 
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Figure 6. Upper end of the West Fork of 
Huhes Creek with Ceanothus cuneatus and 
uercus dou.glasii on non-serpentine. Iooking 

north. 

Figure 7. (ne mile northeast of Wildcat Mt. 
A comparatively gentle north slope with 
Ceanothus cuneatus on non-serpentine. 
Looking west with Quercus doWlasii in 
background. 
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Figure 8. Scuth slope cf ttìe mountain a mile 
east of Humphreys Station. Note the Pinus 
sabiniana owing up the ravine. 
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Figure 9. Road cut-bank on southeast end of 
Hog Mt. Serpentine. The picture below is 
less than one hundred yards to the east. 

Figure lO. Road cut-bank also on woutheast 
end ot ilog Mt. Non-serpentine (hornblende 
gabbro and diente). 'stablished are typical 
Foothill Woodland CoTnrnunity species. (n the 
cut-bank are pninisrily Ttus scopanius and 
Fniodictyon californicuin. 
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appears to be the noRt tolerant woody species. 

in order to afford a more cwip1ete imc1rstanding 

(ir the serpexitln 21or, the writer here presents a list 
of the socie of vascular plants, Table JI, found on the 

sex'perLi;ine area studied in 1resno County. The forty- 

eight different famIlies are arrngd according to 

Engler's sjstem (12, pp.l-)49). The genera and species 

are arranged alphabetically within their respective 

families. Except Lor a single spec±es of Juncus, it was 

possible to identify all of the plants. 

The flora of the serpentine area in Fresno County 

is represented by 130 different species. Ai analysis of 

the flora according to growth-forms shows only four tree 

species. These are Pinus sabiniana, Quercus douglasil, 

!. wislizenhi, tnd Aesculus californica (Spach) Nutt. 

The distribution of Pinus and Aesciilus is limited to 

serpentine soil. Other tree species normally found on 

non-serpentine soil in this area are . chrysolcpis Liebm.,. 

Platan.us racemosa Nutt., and Slix gooddinii Ball, Lne 

half of the following shrub species arc restricted to 

higher elevation or north and northeast slopes (21, 

pp.l-)4): . dumosa Nutt., Umbellularia californica 

(Hook. & Am.) Nutt., Hubes roczlii Regel, Cercocarpus 

betuloides Nutt., Lupinus albifrons Benth., Psoralea 

macrostachys DC., flhus diversiloba T. & G., Ceanothus 
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durteatus, Rhamnus crocea Nutt. var. Illicirolia Greene, 

Arctostaphylos mariposa, and Eriodictyon californicum. 

TABLE VI 

LIST OF PLANTS ON SERPENTINE IN THE FOOTHILLS OF TIlE 
SIERRA NEVADA OF FRESNO COUNTY, AND THEIR 

CORRELATION WITH SEHPENTINE 

Species ; Corre1ation 
. A 

FL L) I 

. 

Cheilanthes .californica (Hook. ) Nett. 
, 

: : 

e 

: x 

Pellaea mucronata (D.C. Eaton) D.C. Laton ; 

Pityrogramma trianu1aris (Kaulf.) Maxon : : x 

Azolla filiculoides Lain. : : 

s 

: x 

Selar i ine11a hanseni Hieron. 
s 

: x : 
e 

Pinus sabiniana Dougi. : : : x 

Aristida divaricata Humb. & Bonpi. ' : x : 

Avena barbata Brot. : : 

s C 

X : 

Bromus mollis i.,. 

e 

; 

e 

x 
e 

: 

e 

Bromus rigidus Roth : : x : 

Bromus rubens L. : : x : 

Cynodon dactylon (L.) Pers. 

e 

; ; ; 

: : 

restuca pacifica Piper : : x : 

dordeum brachyantherum Nevski : : x 
t : 

* A (serpentine-characteristic plants), 
B (serpentine -indifferent plants), 
C (serpentine..accidental plants). 
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TABLE VI-continued 

Species : Correlation 
: J\:B:C 

Iorden leporinum Link : : : x 

Me].jca bulbosa Geyer 
. 

: x 
s 

: 

e 

: 

Muhienbergia rigens (Benth.) Hitenc. 
I 

: x 
0 

: 

Faspalum distichuzn L. : : : x 

i.a. cabrella (Thurb. ) Benth. 
: 

. 

: 

e 

: 

Polypogon monspeliensis (L.) Desr. : : x t 

t t 

Sitanion jubatum J.. Smith : : X: 

Stipa puichra itchc. 
: 

t X 
: 

t 

t t t 

Qyperus me1anostacIìus H.B.K. t t 

LemnarninorL. 
e 
e 

: 

e 
C 

: 

4 

: X 
e 
I 

Juncu balticus Wilid. : : x: 
: t t 

Juncus X 

Brodiaea ixioides (Ait. f.) Wats. ; ; 

: : 

Brodiaea laxa (}3enth,) S. Wats. : : x 

Brodiaea puichella (Salisb.) Greene : : x : 

Calochortus venustus Dou:l. : x 

Chicrogalum perneridianum (DC.) Kunth. : x : 

Quercus douglasii (look. & Arrì.) : 

Quercus duniosa Nutt. : X 

Q,uercus wislizenil A. DC. : : x 

Urtica holosericea Nutt, 
* I 

: : x 
: t 

Phoradcndron villosurn Nutt. : t 

I 

x 
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TAL vI --continued 

Species ; Correlation 
: A : 13 : C 
. . . 

Chorizanthe mcmbranacea Benth, : x : 

Eriogonum gracile ßenth. : x : : 

Eriogonurn latifolium Sm. : : 

ssp. nuthii (Dou?l.) Stokes x : : 

Polyonum punctatum f'lljott : : x : 

Calandrinia culata (Ruiz & Pavon) DC. ; : : 

var. menziesil (Hook.) J.G. Macbride : : x : 

iHontia rfo1iata (Donn) Howell ; ; 

Arenaría californica (Gray) Brewer : : : x 

Suene gallica ,. : : : x 

Deiphiniun decorum Fisch. & Mey. 
var. patens (Benth.) Gray : : : x 

Delphinium hesperiuin Gray 
. . a 

: X : 

Ca1ycantus occidentalis Hook. & Am. : : x 

Umbellularia californica (Uook. & Am.) : : : 

Nutt. : ; : x 

rschscholtzja lC)bbii Greene 
: ¡ 

: X : 

Pltystemon cailfornicus Benth. 
. e 

: : x 

Caulanthus coulterl S. : : x 

Erysirnurn capitatum (Doug]..) Greene : : x 

repidium nitidum Nutt. : x 

Rorippa nasturtium-aguaticum (L.) : 

Schinz & Thell. : x 

Thysanocarpus curvipes ilook. 
var. elegans (Fisch. & Mey.) Robinson : : x : 
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TABLE VI-.continued 

Species Correlation 

Dudleya cymosa (Lem. ) Britt. ? Rose : x : : 

Lithophrana bulbifera Rydb. : x 

Saxirraga californica Greene 
. 

: 

* 

: x 
. 

: 

a 
o 

e 
. s 

_Ip__ roezlil Regel : : x : 

Cercocarpus betuloides Nutt, : : : x 
: : 

Lotus humistratus Greene : 

s 

: 

s 

x : 

s 

Lotus purshianus Clements Clements 
s 

: 

s 

: x 
s 

: 

Lupinus albifrona l3enth. 

: : : 

Lupinus benthami Rel. : : z : 

: : 

Lupinus minus Dougi. : : : 

ssp. latifolius (Benth. ) Dunn : z : : 

Psoralea macrostachya DC. : 

s 

: 

s 

x 
s 

Trifolium albopurpureum T. & G. 
s 

; 

s 

: x 
t 

s 
o 

s 
t 

Trifolium ciliolatum Benth. : : x 

Trirolium microcephaluni ?ursli 
s 

: 

s 

; z 
s 

¡ 

Triroliu trideritaturn Lindi. : 

s 

: 

0 

x : 

irodium botrys Bertol. 
S 

: 

rodium cicutarium L'der. : X 

Eremocarpus setigerus (Hook.) benth. : 

. 

x : 

Euphorbia ocellata Dur. & Hilg. x 

t 

¡ : 

Rhus diversiloba T, & G. : x 

Aesculus californica (Spach) Nutt. 

t 

: 

S 

: x 
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TABLI VI --continued 

Species ; Correlation 
: A : B : C 

Ceanothus cuneatus (Hook. ) Nutt. ; ; ; 

Rhamnus cocea Nutt. : : 

var. illicifolia Greene : : : X 

Viola purpurea Kell. 
. 

:, 

s 

: x 
. 

: 

2 : 

Mentzella lindleyi T. & G. X : 

: : : 

Clarkia elegans Dougi. : : : X 

Godetia dudleyana Abrams : : x 

Lornatium cariurolluni (i. &.) C. 1. 
: 

: 

: 

: x 

Lornatium vaseyl C. & R. 
. 

: 

0 

x 
0 

Sanicula bipinnatifida Dougi. : 

s 

: 

o 

x 
O 

Arctostaphylos mariposa Dudley 
o 

: 

o 

: 

o 

: x 

Dodecatheon hansenil Greene : : x : 

Asciepias californica Greene : 

o 

: 

o 

X 
o 

Asciepias eriocarpa Benth. : : : x 

Convolvulus fuicratus Greene 
a 

j 

s 

. 

: 

o 

a 

: x 
a 

Gilia eitata Dou;l. 
I 

i 

a 

: 

a 

var. aciiilleaefolia Nason : : x : 

¶i1ia tricolor Benth. : : x : 

Linanthus ciliatus (lE3enth.) Greene i : x : 

T4lnanthus montanus Greene ¡ : 

a 

X : 

o 

tavarretia pubescens (ßenth.) hook. Am. : x : 

Phlox racilis (Hook.) Greene : x : 

0 0 0 

Friodictyon calirornicum (Hook. & Am.) ; ; 

Greene : : : 
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TAE3LI. vI--coritinued 

Species ; Correlation 
- 

: A:B:C 
iTernophila puichella Eatu. : : x 

: : 

Phcelia cicutaria Greene : 

a 

: x : 

s 

Amsinekia douglasiana DC. : 

s 

: X 
S 

Cryptantha flaccida (Dougi.) Greene : 

Salvia columbariaeßenth. 
S 

: 

s 

: 

a 

: x 
s 

Stachys albens Gray 
s 

: 

i 

: X 
s 

: 

Trichosterna lanceolatura Benth. 
a 

: 

a 

: x 
s 

: 

Castilleia iiniata Dougi. 
: 

: 

x 
: 

: 

: 

Collinsia heterophylla Buist : : x 

Mimulu.s do1asii (Benth.) Gray ; ; ; 

Mimulus guttatus Fischer 
a 

: 

a 

s 

: x 
s 

: 

S 

Crthocarpus linearilobus Benth. x 

Orobanche faciculata Nutt. 
I 

: 

U 

z 
s 

: 

s 

U 

s 

Plantago erecta Morris ; ; ; 

Lonicera interrupts 13enth. 
s 

: 

e 

: 

e 

s 

: x 
a 

Plectritis ciliosa Jep. 
a 

: 

s 

: X 

Echinocystis Labacea Naud. 
a 

: 

. 

. 

: x 
a 

a 

: 

a 

Achyrachaena mollis Schauer : : x : 

JReseris heterophylla (Nutt.) Greene : : : 

var. crenulata Jepson : : x 
s 

Baena chrysostoma íisch. & Mey. 
¡ 

¡ : 

Calycadenla tnultiglandulosa DC. 
var. bicolor (Greene) Keck : x : : 

a 
s 



TAI3U. VI--continued 

Species 
: 

Correlation 

Centrornadia pungens (T. & G.) Greene : : x : 

Chaenactis glabriuscula DC. : x 

Circium californicum Gray 
: 

: 

: 

: x : 

Iriophyllin heermannhl (Dur.) Greene ; x 

Gnaphelium lutec-album L. : x 

Helianthus annuus i,. 
* 

: 

ò 

: x 

Helianthus bolanderi Gray ; ; 

ssp. exilis (gray) Heiser : x : : 

Heinizonia truncata Gray i i 

ifemizonia virgata Gray : X : : 

Eess1ngia leptoclacla Gray : x : : 

Stephanorrieria virgata }3enth. : x : 

Xanthium canadense : : : x 

TOTALS : 26 :73 :31 

Lighty-nine per cent or 115 of the total species, 

are herbaceous plants, of which sixty-seven species are 

annuals and three biennials, and forty-five species are 

perennials. i1urther analyses of the rrbaceous plants 

show that tue families best represented are the grasses 



and composites with sixteen species each. The icnes 

are well represented with ten species; other families 

varied troni one to several. 

There have been different ways of grouping plants 

in relation to serpentine soils (2L, p.Lll; 38, pp.5L.l- 

58L.; ¿O, p.2L3; L2, p.SO). In the practice of the writer, 

rather than to introduce a new method of classification 

which will add fnrtrier inconsistencies, the categories 

used by Rune (L2, p.SO) will be accepted here with 

special comments as needed. 

The species growing on serpentine soil may be 

grouped as follows: 

A. Serpentine-characteristic plants. .26 species (20%). 

B. Serpentine-indifferent plants.....73 species (56%). 

C. Serpentine-accidental plants. .. . . .31 species (2t1%). 

In group A, there was only one species endemic to the 

serpentine soil: the ecotype of Helianthus bolanderi 

Gray asp. exili8 (Gray) Heiser. Another species with a 

unique distribution is the parasite Urobanche Lasiculata 

Nutt. redominantly on serpentire, but also found at the 

contact of serpentine and granitic rocks in associatIon 

with Erie dietyon californi cuzu. The " serpentine - 

accidental" Helianthus annuus L. is discussed separately. 

To arrive at a logical conclusion through the 

comparison of the different floras of serpentine soils 
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does not seem possible, for the Llora of each region 

varies considerably. However, comparison with the 

adjacent flora of non-scrpcntine soils does reveal that 

the total number of species is reduced considerably on the 

serpentine. Certain families or certain genera c.re better 

represented than others on serpentine. In the summer, a 

relatively small number of species domíriate the vegatation. 

Some species appear to be represented by ecotypes 

(particular races) dífzering ecologically and also mor- 

phologically from the type races of the species. Many 

species occur very disjunctively on serpentIne. 
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DISTRIBUTION AND POSSIBlE HYBflIDIZATIO'l BETWEEN SPECI1Z 

0F 1LIANTHUS L. 

Ie1ianthus bolanderi Gray ssp. exilis (Gray) 

Heiser, a foothill entity confined to serpentine out- 

croppings, ha$ been collected in Siskiycu, Trinity, 

Humboldt, Plumas, Tehama, Mendocino, Colusa, Lake, Napa, 

Araador, Tuoluznnc, and San Luis Obispo counties (17, pp.1- 

127; 19, pp.17-2O8). The occurrence of this subspecies 

in Fresno County has not been reported previously, but is 

still not entirely surprisinr,, inasmuch as it was found 

growing only on serpentine soil. 
In Fresno County, a small colony of Helianthus 

bolanderi asp. exilis was first found (2916)1 on Hog 

Mountain two miles southwest of Trimmer. Subsequently, 

iarr:er colonies were located one-half mile northiest of 

Piedra, three-fourths of a mile north of Wildcat Mountain, 

along the upper part of Io11and Creek (Figure 11) and 

along much of ish Creek (3302, 3306, 331L, 3331). The 

colony was in each case eitrer growing on the south or 

southwest slope where the seepage of water appears to 

last until late spring or middle of the summer, or in 

creek beds arid along the creeks. 

1-Italicized numibers indicate the collection 
numbers of the writer. 



Since the subspecies grows primarily in the sum- 

mer it appears that it lias little competition with other 

plants and grows to a height of 9-10 feet in a rather 

thick colony and even provides sufficient shade to 

attract a deer, which was observed on one occasion 

(Figure 12). Where it grows along the creeks, it is 

shorter and scattered because of the rockiness of banks 

of the creeks (Figure 13). 

Figure 11. }{elianthus bolandori ssp. exilis 
in bed of upper end of Holland Creek wiuich is 
serpentine. Looking west. 
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FIgure 12. Heliantrius bolanderi asp. exilis 
on serpentine one mile northwest of Piedra. 
Plants blooming In foreground are Hernizonia 
virgata. 

FIgure 13. Helianthus bolanderi sap. exilis 
on serpentino along Fish Greek. The grass 
along the creek is primarily Polypogon 
rnonspe liensl 9. 



What appear to be hybrids (3319, 3332; iiures 1L1 

and l) of H. annuus and H. bolanderi asp. exilis were 

found growing at Piedra. The location is a natural site 
for hybridization to occur because the valley species 

J. annuiis grows along the Kings River which is deposited 

wit non-serpentine alluvial soil, and the H. bolanderi 

sap. exilis is restricted to the adjacent serpentine 

soil. The hybrids are easily distinguished by the shape 

of the involucral bracts. However, the hybrids are quite 

variable arid "introgrossive hybridization" (3, p.396) 

probably has occurred, although to find its direction and 

degree is beyond the scope and intention of this paper. 

Inasmuch as Heiser (17, pp.1-127; 19, pp.l7-2O8) has 

investigated the hybridization of the two species, no 

hybridization was done by the author. 

In the serpentine area of Tularo County, hybrids 

(333g) similar to the ones found at Piedra were located 

in the Yokohi Valley where the alluvial soil is highly 

mixed with serpentine. Although no subspecies exilis or 

II. bolanderi Gray sap. bolanderi (Gray) Heiser was found 

by the investigator, Heiser (bc. cit.) reports the 

subspecies bolanderi to occur in Tulare County. Inasmuch 

as the subspecies exilis occurs primarily on sorpontine 

and the subspecies bolanderi grows in the valley, it is 

possible that the hybridization is between H. annuus and 
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II. bolanderi ssp. exilis rather than between d. annuus 

and H. bolanderi ssp. bolanderi. There is no absolute 

proof, however, since no subspecies exilis was round 

thus far in the serpentine area of Tulare County. 

Figure 34. Shown are involuorni bracts of 
Helianthus bolanderi ssp. exilis (left), 
H. snnuus (right), and their hybrid (center). 
X 1/3. 

Figure 15. Leaves of H. bolanderi ssp. 
exilis (left), H. annuus (right), and their 
hybrid (center). X 1/3. 
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CLONE TRANSPLANTS OF STIPA PULCHRA IiITCHC. 

The use of clone transplants to test the genetic 

variability of a 4von species was introduced by Turesson 

(1.9, pp.2l1-3SO) who grow clones from various environmen- 

tal sources in a uniform habitat. Later, the technique 

was refined by Clausen, Keck, and Hiesey (10, pp.l-!52; 

11, pp.1-129) and inferences drawn from the results were 

universally accepted. 

The species selected for this particular experiment 

was Stipa pulcbra, a perennial grass native to tìis 
region. It was chosen because of its availability on 

both serpentine and non-serpentine soils and it potential 

value as a range improvement species. Since . pulchra 

does not grow in the ioothi1l Woodland Community except 

in serpentine areas the clones were obtained from two 

locations separated by L.O miles: those growing on serpen- 

tine from a rather steep southwest slope of Hog Mountain 

two miles southwest of Trimmer at an elevation of 

approximately 1,100 feet, and those from the non-serpentine 

soil from a rather level undisturbed area five miles 

northwest of Clovis at an elevation of about 300 feet. 
The serpentine soil for the transplants was 

obtained from very near the place where the plants grew. 

The non-serpentine soil was obtained from Granite 1idge, 

one and one-half miles south and four and one-half miles 
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we st of Trimmer, or two milo we st frox'i where the ser- 
pcntiie soll was obtained. only the top 1h-6 Inches of 

serpentine soll was available whereas the top 12 inches 

of the non-serpentine soil was used. ßoth were ut in 
"number 10" cans previously coated inside with black 

asphalt paint. 
Each of the fifty-five clones removed from the 

serpentine was equally divided to a size of one-half 
Inch stern base, clipped to a height of two inches, and 

planted in the two soil types on November 27, l95, A 

coin was flipped to determine which propagule (clone 

member) was to be planted in which soil, Siniiarly, each 

of the fifty-five c1one from the non-serpentine soil 
was planted in the two soil types a week later and 

watered to field capacity with distilled water. Fifty 
clones from each soil type were placed out-of-doors at 
the Fresno State College Farm School and received no 

further water except natural precipitation. Five clones 
from each soil type were placed in the greenhouse arid 

continued to receive distilled water sparingly until the 

end of the experiment. 

The clone transplants of Stip established them- 

selves exceedingly well, There was not a single case In 
which both propagules died. The growth of the clones 
placed out-of-doors was not as much as t}'iat placed in the 



greenhouse. Determinations wore made by using the sign 

method; a propagule that visually snowed greater growth 

was indicated with a plus sign and the other propagule 

from the same clone showing less growth was marked with 

a minus sign0 Twenty-six per cent o the transplants 

from serpentine oi1 grew larger on serpentine whuile 20 

per cent of those from non-srpentine soil grew larger 

on serpentine. (f those placed in the greenhouse, only 

one out of 5, or 20 per cent, of the propagules from 

serpentine grew larger when transplanted back on to ser- 

pentine, and none grew larger on serpentine for those 

propagules from non-serpentine. 

Regardless of the origin of the clones the ones 

transplanted on the non-serpentine soil grew much larger 

(Figures 16 and 17). However, the contrast in the 

quantity of growth between the plants on the two different 
soil types was greater where the clones ori1:inated from 

the non-serpentine soil, while the difference was slight 
when the clones were originally from serpentïne. There 

was a noticeable morphological difference in the leaves 

of the plants from the two sources, those from the ser- 

pentine soil having, broader and darker blades. the clones 

from non-serpentine developed infiero see ncc s be fore the se 

from serpentine soil. 
Difference in the amount of growth of the root 
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system in the two different soil types was noticed in 
the process of preparing the plants for preservation. 

The propau1es in the coarser non-scrpentine soil developed 

a greater amount of root system than those planted In the 

serpentine, even when the amount of growti of stems and 

leaves was about equal for the two soil types (3217, 327L). 

This result is contrary to one of the characteristics of 

serpentinomorphosis as described by Pichi-Serioll1 (L.D, 

p.309), who declared that serpentine soil caused greater 
developwnt of the root system. Mechanical analyses made 

by Pichi-Sermolli indicate a serpentine soil of coarser 

texture (.cit,, p.26). Generally accepted is the fact 

that well drained coarser soils tend to encourage greater 
root development, particularly when the amount of mois- 

turc available is limited. 
There are two rajor factors which may have caused 

less development oi' the root system in the serpentine 

soil in the case of clone transplants of Stipa. First, 

since both types of soil were watered to field capacity 
at the beginning of the experiment and the moisture 

equivalcnt of the serpentine soil was greater, clone 

members planted in serpentine may have had more available 

moisture resulting in less extensive development of the 

root system. Second, the finer texture of the serpentine 

soil, Table V, could have physically hindered the 
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Figure 16. Stipa puich.ra clone members re- 
cipro cally transp1nte d. Scrpentine strain 
on the left two rows and non-serpentine 
strain on the right; serpentine soil on the 
left in each case. Grown in greenhouse, 
fourteen weeks after transplanting. 

Figure 17. Some of the clones grown out-of- 
doers, broufht indoors for photographing. 
Clones and soils arranged similar to above 
figure. Nineteen weeks after transplanting. 
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development of the root system. 

The results of clone transplants indicate ttiat 

there 1F some difference in the amount of growth betNeen 

the two sources of Stipa pulchra, but the dirrerence is 

very little. rji implication here is tnat even thou{h 

the serpentine strain produced more foliag.e o.n non- 

serpentine soil, the possible origin of serpentine strain 

from pre-existing non-serpentine populations (23, pp.1- 

1514) 15 indicated. Therefore, if the species is to be 

used to improve the range on serpentine soil, it would be 

probably advantageous to use seeds of plants or clones 

growing on serpentine soil, since the experimental clones 

from serpentine were more viperous vegetatively. Although 

the reciprocal transplants of Stipe. clones on the two 

types of soils sug;ests some difference in the magnitude 

of serpentine tolerance, the results are not conclusive 

in entirety because the length of time of the experinient 

for a perennial species was not as long as desired and 

the factor of pre-conditloning, of the clones differs in 

the two environments. 



SEEDLING CULTURES, PRELIMINARY TESTS 

Seeds of Hc1ianthu annuus, Lupinus benthami, arid 

Brodiaea pulch6lla were collected from plants growing on 

the two different soil types, The seeds were then planted 

on December 3, l9 in serpentine and non-serpentine soils 
obtained and prepared in a manner similar to that used 

for the cultivating of clone transplants of Stipa. Twenty- 

five seeds were planted in each of H. annuus, 10 seeds of 

t. benthami, and fifty seeds of B. puichelia. There were 

five replications of cach. They were placed in the 

greenhouse and watered sparsely with distilled water 

until the end of the experiment. 

Helianthus annuus . 

No appre ciable dîffere rice in se rpe ntine -to le rance 

between the serpentine and non-serpentine strains of 

Heliarithus bolanderi ssp. bolanderi and H. bolanderi ssp. 

exilis was found by Kruckeborg (23, p.103). Similar test 

for H. annuus had not been made, primarily because it is 

not known to occur on serpentine. However, on the north 

bank of the Kings River just below the Pine Flat lam 

there is a colony of H. anrìuus which is on serpentine 

soil unmapped by Macdonald (30, p.28!). The very unusual 

characteristic of this colony is that it blooms vigorously 

during the winter months as well as the rest of the year. 



Whether this ability to uiower in the winter is due to 

frost resistance of the plants or beccuse the area i 
relatively free from killing frost has not been e stab- 

lished. In any event, the p1ant are exceedingly vigorous 

(2925, 3181, 3333) and live as long as one and one-half 

years, deve1opin a stem as large as three inches in 

diameter in some instances. 

At the end of thirteen weeks the serpentine strain 
ohtaind at Pine Flat Dam was more vigorous and gener11y 

larger in each soil type than the nQn-serpentine strain 

obtained at the Fresno State College Farm School (i1gure 

18; 3276, 3305). The plants on the non-serpentine soil 

generally grew larger than those on serpentine. 

The germination rate of the; serpentine strain 

seeds was considerably loiter than that of the non- 

serpentIne strain seeds. The average number of plants 

for each replication on serpentine and non-serpentine 

soils was 3.6 and 3,2 respectively for the serpentine. 

strain seeds. For the non-serpentine strain seeds, the 

average was 8.0 and 7.8 respectively for each replication 
of serpentine and non-serpentine soils. Whether the 

difference in germination affected the difference in the 

total growth is difficult to determine. 

The preliminary results of the experiment suggest 

that the straIn of Helianthus annuus growing in the Pine 



Flat Dam area is more 

the plants grown from 

College Farm School. 

house conditions the 

lete1y intolerant of 

them grew taller than 

soil. 

6 

tolerant of serpentine soil than 

seeds collected at the Fresno State 

It furtner stiows that under green- 

non-serpentine strain is not corn- 

the serpentine soil, for one of 

the serpentine strain on serpentine 

Lupinus benthami ¡lei. 

Seedling cultures of the Lpinus bonthami seeds 

from the two different soil types showed little difference 
(Figure 19; 3269, 3i) between the two strains. Similar 

to the cultures of Helianthus arinuus, the seedlings on 

the non-serpentine soil grew better than the plants on 

serpentine soil, regardless of seed source. The indi- 
vidual plants on the non-serpentine soil were quite 

variable in size, but the ones on serpentine were quite 
uniformly dwarfed. 

L. benthaini showed no separation into serpentine- 
tolerant and serpentine-intolerant strains in the 

preliminary te sta. 

Brodiaea puichella (Salisb.) Greene 

Unlike the other two species of seedling,s grown, 

the F3rodiaea seedlings of seeds from the serpentine soil 
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Li 
Figure 18. ileliantkius annuus seedlings; 
serpentine strain on left two rows, non- 
serpentine strain on the right two rowe. 
Serpentine soil on the left in each case. 

3271 
L 

3269 -- - 

Figure 19. Lpnus bentharni seedlings; 
serpentine strain on left two rows, non- 
serpentine strain on the right two rows. 
Serpentine soil on the left in each case. 
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showed bettor growth on serpentino than on the non- 

serpentine soli (Figure 20; 3272). Results of this 

nature have not ben reported pr6viously. The number of 

seedlings that survived nti1 the end of the experiment 

was fifty-one and L7 on serpentine and non-serpentine 

soils respectively. Whether the seedlings growing, in the 

serpentine soil would continue to do better by extending 

the period of the test is unknown. 

Unfortunately, the germination of seeds on non- 

serpentine was too low, seven on serpentine arid 16 ori non- 

serpentine for evaluation. It is possible that these 

particular seeds have a longer period of dormancy than 

the others used in tnis experiment, for some were still 
germinating at the end of the tiirteenth week. PLie seeds 

troni the two different sources wore collected the same 

day and appeared to he equally mature, although the seeds 

from the non-serpentine plants were considerably s'naller. 
A precise conclusion cannot be drawn from this 

particular experiment because of the incomplete data. 

However, it has thrown a different light on the subject 

of serpentine tolerance when the J3rodiaea seedlings of 

seeds from serpentine soil grew larger on serpentine than 

on non-serpentine. If any conclusion is to be drawn, eno 

can state that certain species react differently, and it 
is possible that the serpentine soil is moro suitable 
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than the non-serpentine in the case of Brodiaca puichella. 

3273 

«igure 20. i3rodiaea pu.lcholla seedlings. 
Serpentine strain on the left two rows, non- 
serpentine strain on the righto rows. 
Serpentine soil on the left in each cast. 
Noto the greater growth on the serpentine 
soil of the serpentine strain. 
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GERMINATION TESTS AND FURTHER SEEDLING CULTURES 

Helianthus annuus L. 

Germination tests of Helianthus annuus seeds from 

serpentine and non-serpentine strains, Table VII, were 

made prior to planting in large wooden bins. Fifty seeds 

were usd from each source. The results at temperatures 

prevalent for the season, September 23 to october, 1956, 

are shown in Table VIII. 

TABLE VII 

SoURCES OF kIELIANTHUS ANNUU SEEDS TESTED FOR RLACTION 
TO SLRPENTINL AND NON-SERPENTINE SOILS 

e 
. 

e 
. 

4 
a 

Col. no,:Soil series: 
a e 
. . 

Location : Date 
e 
e 

S3339* Delpiedra :Pine Flat Dam :Nov. 6, 1955 

Delpiedra ;Pine Flat Darn U4ov. 6, 1955 

S-3369 Delpiedra :Pine Flat Darn :July Li., 1956 

NS-3376 Vista :1 ml. w. Pine Flat Darn ;Au. 18, 1956 

NS-3379 Vista :1- mi. ri. Pine Flat Resv.:Aug. 18, 1956 

NS-3381 : ----- ** :1 mi. s.e. Copper King :Aug. 18, 1956 
a 

a 

: 

a 
- 

Mine 
- 

: 

I 

* Plants of serpentine orip:in are prefixed with an "S," 
and plants of non-serpentine with "NS." 

*. Non-serpentine, inietavolcanic ori3n. 



TABLE VIII 

GERMINATION TEST OF IIF.LIANTFJUS ANNUUS. FALL, 196. 

I 

Co).. no. : Per cent germination 

S-3339 6 

S-33LO 6 

S-3369 

NS-3378 6 

NS-3379 

NS-3381 : Li. 

The vcry low germination is not clearl:T under- 

stood; it could not be dormancy £ntir1y due to time 

between harvest and planting for some of the seeds were 

collected almost 11 months prior to the test. Germination 

tests made later in the spring of 1957 showed increases 

in some of the seeds particularly after the seeds were 

chilled. 
Also made were germination tests at the A4i4 Seed 

Testing Laboratory in Fresno at 20 degrees C. (night) and 

30 degrees C. (day) during Februsry 22 to Mcrch 21, 1957, 

using 100 seeds treated with Arasen. At the end of the 

second week, the seeds wore chilled for five consecutivo 
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days and riihts at 10 degrees C. and returned to tempera- 

tures prescribed above The results of the tests are 

shown in Table IX below. 

TABLE IX 

LABORATORY GRMINATION TESTS uF HELIANTHtJS ANNUIJS. 
SPRING, 1957 

: 
Days counts made 

Collection: : : : : : :Per cent 
Number Li : 7 : 10 : l. : 21 : 28 :and total 

3-3339 : 5 : 5 : O : O : 2 : 6 : 10 

S-33L0 

. 

2 

. . 

7 o 

0 

i : 3 : L1. : 17 

s-3369 : O : 2 : O : O : O : i : 3 

NS-3378 

. 

o 

. 

; 

. 

2 6 

. . 

3 : 7 

. 

:30 : L8 

NS-3379 : O : O : O : O : i : 3 : 

NS-3301 : 0:0 
. 

: 0:0:0:11: 
s s 

s 
s 

11 

Further germination tests were made in nursery 

flats containing the two different types of soils obtained 

from the same location as the previous year using 100 

seeds from each source. Due to insufficient number of 

seeds the collection nibcrs S-3369 and NS-3375 were not 

used. The seeds trcatod with the fungicide Sernesan were 
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planted on J?obruary 23, arid gro'-rn until April , l97. 
The rate arid total gerriinttion of the !ie1ianthus seeds 

are shown in Table X, and the growth of the plants in the 

two soil types are shown in FIgures 21 and 22. 

TABLE X 

GERMINATI.ìN TESTS OF HELIANT}ItJS ANNUUS IN NURSERY 
FLATS. SPRING, 197 

4 e 

Collection: : Totals 
Number : Days counts made : at 

: 

e 

: endet 
s e 0 C 0 S 

e 

: : 

j 

: 

e 

: : 

e 

: 

e 

: 

e 

: 

S S 

:4. :6 
: 

: 

S : 7 
: 

: 10 
: 

: 

: 

1! : 21 
: 

: 

: 

28 : 

: 

35 : L.2 

: 

:wks.:wks. 
: 

. 

. 

Serpentine: 

S 
S 

: 

S 
4 

: 

S 
5 

: 

5 

: 

. 
0 

: 

S 
5 

: 

S 
5 

: 

S S 
5 5 

: : 

c i . i.jjj_ e 
q 
e 

S 
a 

S 
e 

S 
e 

S 
S 

S S 
S 

t S 
S S 

S-3339 : 7 : L: !: O : O : O : i : O : 1 :16 
S-33LO :9: 3 : 3 : 2: 0: 0 : O: O :17:17 

NS-3379 : O: O z 2 : O : O: 1 : O: O : 3 : 3 
NS-3351 : O : O : O : 2 : O: O : O : O : 2 : 2 

: : : : : : : : : : 

Non- : : ; ; : ¡ : ¡ ¡ 

Serpentine: : : : : ; : : : 

S-3339 6 ; ; L; 2 : O: O ; O ; ; ; 

S-33iO :11 : 5 : L. : i : O : i : i : O : 22 : 23 
NS-3379 : O: O : O : O : 1: 0: 0: 0: 1: 1 
NS-338]. :0:0: 0: 1: 1: 0: 0: 1: 2: 3 

The seeds of serpentine strain sown in both types 

of soils showed similar results in the laboratory tests 



Figure 21. Heliarithus annuus on serpentine 
soil. Serpentine strain on left, non- 
serpentine strains on right. Five weeks. 

Figure 22. II. annuus on non-serpentine soil. 
Serpentine strain on left, non-serpentine 
strains on right. Five weeks. 
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which were run concurrently. fliereas, the seeds of non- 

serpent±ne strain were very low in germination in either 
type of soll, Table X Indicates that most o1 the seeds 

germinated by the end of lLj. days. When Tabie IX and X 

are compared, it suggests that tue chilling of the seeds 

Increased germination, particularly or tne seeds f non-. 

serpentine strain. Since the seeds numbers S-3339 and 

S-33i4O, wich are from serpentine origin, were collected 

in November, l9S, they were exposed to natural chilling 

and there was a grenter length of time between harvest 

and planting; the others were collected during the simer 

or 1956 when chilling. of the seeds was not probable in 
their natural environment and the duration or harvest to 
planting time was comparatively shorter. Seeds exposed 

to chilling during after-ripening or during germination 

have been known to increase germination (5, pp.L.28-L.31). 

At the end of rive weeks, the serpentine strains 
were considerably larger than the non-serpentine strains 

on both trpes of soils (Figures 2]. and 22). Also, one 

of the serpentine strains, S-3339, grow the largest on 

the non_serpentine soil. The greater magnitude of dif- 

ference in the amount of growth on the two types of soils 
is brought out in tiie tests made for a longer period. 

Serpentine and non-serpentine soils were placed 

in two separate large wooden bins, 3 by 9 feet and 8 
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inches deep, located in a greenhou. Planted in ran 

doiaized rews (L3, pp.1O-13) on October 7, 1956, were 50 

seeds from each source. The plants were subsequently 

watered with distilled water throughout the 2)-week 

growth period ending March 3, 1957. 

The seeds were very slow to germinate; ticre was 

no germinaticn on the non-serpentine soil until the end 

of the fiftcì week and on serpentine none until the end of 

the sIxth week. The per cent stnd (nwìiber of plants 

divided by the number of seeds sown) at the end of 21 

weeks ìs shown in Table XI. The total niiber of plants 

on the non-serpentine was 50 per cent greater than on the 

serpentine. Only a single plant from NS-3379 was lost 

which occurred on the non-serpentine soil. The lower 

per cent of germination in serpentine soil was possibly 

caused by the tendency of the serpentine to become drier 

than the non-serpentine soil in the dry atmospheric 

condition in the fall. While seeds sown in nursery flats 
during the following spring showed less difference in the 

per cent of germination; this was possibly due to the 

better germinating conditions and the use of wet burlap 

cloths until the end oî the third day after planting when 

it became necessary to remove the burlaps. 

Regardless of seed origin the dr weIghts of the 

largest plants and the total wel'hts were greater for 
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plants grown on non-sei'pentine oi1 t'rian those grown on 

erpntin6 . Cm serpentIno, each of the 1argcst plants 

of scrpentno strain we.gIìed more than any of the plants 

of non-serpentine strain. With the exception of S-3339, 

the largest plants of serpentine strain weighed more than 

any of the plants of non-ser2cnt:Lne strain when grown on 

non-serpentine soll. 

Un serpentine soil, the height of each of the 

tallest plants of serpentine strain was greater than 

plants of non-serpentine strain. Again the tallest 

plant regardless of origin was on the non-serpentine 

soil. Aithouh the tallest plant S-3369 on non-serpentine 
soll was of serpentine strain, two of the tallest plants 
of non-serpentine strain were taller than two of the 

tallest plants of serpentine straIn. Figures 28-28 show 

the plants on the two types of salis. 
It hes been shown that the non-serpentine soil is 

more suitable Cor the growth of Helianthus arinuus 

regardless of seed origin, and there is a tendency of 

plants of serpentine strain to be more vigorous than 

plants of non-serpentine strain on both types of soils. 

Height measurements and dry weights of plants grown on 

the two types of soils under greenhouse conditions, and 

field observation indicate that there is a colony of 

. annuua at the Pine Flat Darn area which is well adapted 
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TATLT XI 

JIFIGItTS, DP WFIGIT, AND PFR TNT STAND CF ITFLIANrImS 
ANNIJUS GR(JWN IN SERPENTIff AND NUN.-SERPENTINE 

SOIL3 CONTAINFD IN TARGF WOODFN BINS 

- 
: : : : : : 

:Thllest:Largest:Wgt. por: lotal : lotal: Per 
(.o11ectiun: plant, : plaùt, : plant, .wgt.gni. . nc. . cont 

Number : cm. . gin. : gin. . .plants:stand 

Serpentine ' : : 

Soil : : : . 

S-39 : 18.9 : 0.79 : 0.790 : 0,79 : i : 2 

S-337 : 21.1 : O.7 : 0.198 : 0.79 : i : 8 

S-33b9 : 17. : 1.39 : O.38! : 2.31 : 6 . 12 
NS-337B : 1J.L. : J.L.8 0.163 1.3J 8 : 16 

NS-3379 : ---- : ---- : ----- : ---- : O : O 

NS-3381 : 
57 : 0.12 : O.00 : 0.20 : L : 8 

: : : : : 

Non- : : : : 
Serpentine: : : : : 

Soil : : : : : 

S-339 : 2.O : 0.86 : 0.360 : 2.52 : 7 : 

S-33 O L4.3 : .3O : 1.S28 :12.22 . 3 : 16 
S-33b9 : 69.2 : 8.52 : 3.102 :15.5). : 5 : 10 

NS-33(t3 : 55.7 : 1.357 : 9.O : 7 : 11. 

NS-3 : L.7.L1. : 3.21 : 1.518 : 9.14 : 6 : 12 
NS-33U1 : 30.7 : 1.31 : LJ.367 : 2.20 : 6 : 12 

e e 
s . 

to serpentine soil. The isolation mechanisms operating in 

serpentine habitat3 tend t increase evolution. For many 

species of plants the serpentine nvirenxnent is not desir- 
able, but species that have established thomselves on the 

serpentine usually thrive well because of the lack of corn- 

petition. A number of serpentine endemics have risen in e. 

single isolated area (33, pp.215-218). Inasriuch as H. 

annuus is an introduced species from the Great Plains 
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(22, p.1)76), the serpentine-tolerant strain established 

at the Pine Flat Darn area is an "insular9 biotype rather 

than a "depleted" biotype (14k, p.24). 



Figure 23. Serpentine strain of liellanthus 
annuus on the serpentine soil. Twenty-one 
weeks. 

Figure 21h.. Serpentine strain of H. annuus on 
non-serpentine soil. Twenty-one weeks. 



Figure 25. Helianthus annuus on serpentine 
soil. S-3369, a serpentine strain; NS-3381,a 
non-serpentine strain. Twenty-one weeks. 

Figure 26. on-serpentine strain cf H. annuus 
on non-serpentine soil. Twenty-one weeks. 



Figure 27. Non-serpentine strains of delianthus 
annuus on serpentine soil. No germination of 
NS3379. fwenty-one weeks. 

Figure 28. H. annuus on non-serpentine 
S-3369 is a serpentine strain; NS-3378 
NS-3379 are nun-serpentine strains. 21 

soil. 
and 
we e k s. 

76 
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Lupinus bonthami kiel. 

Planted similarly to Melianthus annuus in large 

wooden bins on (ctober 7, l96, were Lupinus benthami, 

using SO seeds from each source, Table XII. The plants 

were watered also witì distilled water for a period of 

16 weeks ending January 26, 1957, and harvested for dry 

weight determinations. 

TABL XII 

SOUROES OF LUPINUS BENTHAMI TESTED FOR REAGTION TO 
SERPEN TINE AND NON SERPENTI NE SUI LS 

: : 

Gol.no.:Soil series: Location : Date 

S335o; Delpiedra Palmer's, near :Apr. 19, 1956 
: : fdison Flat 

S-3351: Llpiedra : Lombardo's Fishing :Apr. 19, 1956 
: : Village : 

S-3352: Delpiedra : 1 mi. e. Copper King :Apr. 19, 1956 
: ; Mine 

NS-33Li6 Tivy : Edison Elat :Apr. 19, 1956 

NS-fl53: Vista : 3/Lt mi. s.e. Copper :Apr. 19, 1956 
: : King Mine : 

NS-3356: Vista : 1 mi. w. Pine k1at :Apr. 19, 1956 
: : Dam 

Germination was lower in the non-serpentine soil 

than in the serpentine soil with the exception of S-; 



73 

this Is contrary to the germination tests made later in 

nursery flats, Table XIII. The lower germination was 

possibly because the secds were not treated with a fun:i- 

cide as done with those sown in £1ts. A total of 10 

plants of seroentirie strain were lost apparently due to 

damping-off; 8 from one seed source and one each from two 

other sources. Eight plants of non-serpentine strain 
were lost; the seeds were from a single source. All of 

the losses occurred on the nn-serpontine soil; no plant 

was lost on the serpentine soil regardless of seed source. 

Although more plants were lost of serpentine strain than 

plants of non-serpentine strìin, it is not sufficiently 
indicative that plants of nonoeserpentine strain are more 

resistant to damping-off than plants of serpentine strain. 

However, since no plant was lost in the serpentine soil, 
it suggests that the serpentine soil is a poorer medium 

for the growth of certin fungi (L6, pp.13-23). 

The differences in the amount of growth of the 

plsnts on the two types of soils are shown in Figures 29 

and 30. The average oven dry weights of 3-largest plants 

grown on non-serpentine soil were approximately 12 and 

three times greater than on serpentine for plants of 

serpentine strains and for plants of non-serpentine 

strains respectively. On the non-serpentine soil, the 

plants of serpentine strains weighed twice as much as 
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TA3LF XIII 

DRY WEIGHT JETERMINATIUNS AND PER CENT STAND OF LUPINUS 
BENTFIAMI GROWN UN SERPENTINE AND NUN-SERPENTINE SOILS 

, 
: 

. 

co11ct1on; 3 largest : Total ; No. : Per cent ; o. 
i'Twnber 

: 

plant, 
': : 

Plants : Stand : Lost 

Serpentine: : : : 

Soll : : 

s 

: : 

0 

: 

3,3350 

. 

0.6 : 2.1k: 

0 

21 : L2 : O 

S-3351 : 1.9 : 1.8 : 3Li. : 68 
: 

° 

S-3352 
: : : 

30 : O 

(iverage) : 0.97 : 2.9 : 23.3 : L6.7 : O 
e 

NS-33L6 
. 

: 1.7 

. 

: 3.9 

0 

: 29 

0 

¡ 8 : O 

NS-333 
: 

1.6 : ,.7 37 
: 

O 

NS-336 : 1.7 ; L..i 2S ; 

(Ave:age) : 1.73 : .57: 3O.3 : 60 

: 

Serpentine: : : : : 

Soil : : : : 

S-33S0 

e 

13.1 

e 

: 2.O 
e 

: 15 30 
¡ 

: 8 

S-331 12.9 : 19.1: 22 : L ' 

: 

S -ìa 
: 

8 6 
: : 

20 
: : 

(Average) : 11.53 : 19.LO: 19 : 38 : 3.3 

NS-33L46 3.9 : ¿4.9 : 19 : 38 : O 

3-3353 : 9.3 : 17.2 : 2)4. 

: 

L8 : 8 

N3-336 : 3.2 : 6.2 ¡ 21 : L2 : O 

(Averae) : 

: 

5.63 
: 

: 

¡ 

9.14.7: 21.3 
: 

: )4.2.7 : 2.7 
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the plants of non-serpentine strains; however, on the 

serpentine soil, plants of serpentine strains on the 
average of 3-largest plants weighed half as much as the 
plants of non-serpentine strains. 

A total of 6 plants bloomed on the nonserpent1ne 

soil; 2 each from two different serpentine sources, and 

2 from a single non-serpentine source. None of the plants 

bloomed that were on serpentine soil. Lupinus benthami 

in its natural environment showed little difference in 
the time of blooming on the two different types of soils. 

Figure 29. Lupinus benthami on serpentine soil. 
NS-33L6, NS-3353, and NS-33.6 are non-serpentine 
strains. S-3350 and S-3351 are serpentine 
strains. Sixteen weeks. 



Figure 30. Luoinus benthami on non-serpentine 
soil. are serpentine strains. 
NS-3353 and NS-336 re non-serpentine strains. 
Sixteen WEeks. 

Because o the prolonged period of germination of 
Lupinus bentharni, germination tests were conducted In the 

laboratory and in nursery flatc using the two different 
types of soils. Temperature in the laboratory was 20 

degrees C. and for a period of L weeks, the method nor- 

iialiy used for testing ornamental varieties of lupine. 
The fungiide Ai'asan was used in the laboratory tests. 
The seeds treated with Sernesan for gcrìiination tests in 
flats, located in the gre.nhouse, werL watered with 
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distilled water. Fifty setds from each swirce were used 

In all of the tests. 
In the laboratory tests, all of the seeds of 

serpentine strains showed greater germination than seeds 

of non-serpentine strains at the end of rour weeks, 
e 

Pable XIV. Sirriilar results were found with a species of 

Gula by Kruckeberg (4, pp.Ll2-L.l3). In the flat tests, 

regardless or seed source the germination was greater in 

non-serpentine than in serpentine soil at the end of 6 

weoks, which was not entirely the case at the end of t 

weeks. Figures 3l-3L show the sedling cultures in flats 
containing, the two types of soils. 

TABLE XIV 

GERMINATION TESTS OF LUPINUS BENTHANI IN THE LABORATORY, 
AND IN SERPENTINE AND NON-SERPENTINE SIL3 

e 

: Per cent germination 
Collection: 

Number : : 

: Lab. : Flats 
: : md of L. weeks : Lnd of b weeks 
: : Serp. : N-Serp.: Serp. : -Serp. 

s-1350 : L.O 32 : L2 : L2 : 

S-3351 : 1O : 22 : 26 : 22 : L.O 

S-3352 : 60 : 28 : 26 : 32 : L8 
Averae : L6.7 : 27.3 : 31.3 : 32 : L6.7 
NS - 33Lt6 : 32 : 16 : 2L4. : 20 : 3 

- 353 : 26 : 28 : 16 : 32 : 3L. 

- 3356 : 36 : 21 : 32 : 36 : L6 
Average : 31.3 : 22.7 : 24 : 29.3 : 38 



Figure 31. L. benthami on s6rpoiiine soil. 
Non-serpentine strain on left, serpentine 
strain on right. Four weeks. 

Figure 32. Lupinus benthanii on serpentine seil. 
Non-serpentine s trains on left, serpentine 
strains on right. Six weeks. 
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Figure 33. L. benthami on non-serpentine soil. 
Non-serpentine strain on loft, serpentine 
strain on right. Six weeks, 

Figure 3L.. Lupinus benthami on non-serpentine 
soil. Non-serpentine strains on left, serpen- 
tine strains on right. Six weeks. 



Germination tests and seed11n cultures have shOwn 

that the serpentine soil is less suitable than 

serpentine for the growth of L. benthami. The loss of 

plants was entirely on the non-serpentine soil and the 

low erminat1on of seeds untreated with a funficide 

planted In large wooden bins indicates that the serpentine 

soil is a poorer meditan for the growth of micro-organisms. 

The development of infloresc'nces indicated earlier 

maturation of plants on the non-serpentine soil than on 

serpentine. Unexplained is the fact that the dry weights 

of the plants of serpentine strain were considerably 

greater than of the plants of non-serpentine strain on 

the non-serpentine soil, while the plants of serpentine 

strain performed rather poorly on their native soil type. 

Evidences presented show little indication of difieren- 

tiation into serpentine-tolerant and serpentine-Intolerant 

races or ecotypes of L. benthami. 



SUMMARY 

Serpentïne are commonly rich In magnesium, 

iron, cbromium and nickel, and low in calcium, nitrogen, 

phosphorus, and potassium. They are Lound throughout 

the world, and isp1ny a different distribution pattern 

of vegetation than do non-serpentine soils in the same 

regions. In addition to the effects of these chemicals, 

the physical properties of serpentine soil are important 

in a semi-arid region as found in the western slopes of 

the Contrai Sierra Nevada, where the contrast in vegeta- 

tion is greatly pronounced. 

The investigation involvd a detailed study of 

the serpentine flora approximately twenty-five miles east 

of Fresno, California, and a general treatmont of the 

serpentine area in the Yokohi Valley area of Tulare 

County to the southeast. Gìemical and physical analyses 

of the two different types of soils, transplants of 

clones, germination tests, and the culture of seedlings 

are features of the investigation. 

The unusual pattern of plant distribution on 

serpentine was reported as early as l89, but it was not 

studied in detail until 1926. In the past sevíral years 

interest in the study was renewed, particularly in 

Turope and in the Pacific coast states of this country, 

from the standpoint of taxonomy and ecology. Among the 
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several methods used to croup the various plants of the 

serpentine, those of Pichi-Sermolli, Kruckeberg, Rune, 

and Pennell aro here discussed 

The importance of the calcium:magnesium ratio was 

recoí'nized by r.oew and May in 1901, and the deficioncies 

of nitrogen, phosphorus, and potassium in most serpentine 

soils were reported in 1926 by Gordon and Lipman. Since 

l9L8, various workers, primarily in California, have 

experimented with a number of species native to serpen- 

tine and crop plants using; varying amounts of elements 

in which the soils were deficient. 

The geology and topography of the two study areas 

are described, The steep and rugged mountains, varying 

from OO to 3,000 feet in elevation, oriented northwest 

and southeast, contain sills oi serpentine rocks formed 

daring the Late Paleozoic and later involved in the 

Nevadan Revolution. They were for the most part 

ori4na11y dunite in Fresno County serpentine, and 

peridotite in those of Tulare County. The non-serentine 

rocks of the areas are primarily hornblende biotite, 

quartz diorite, hornblende gabbro and diorite, and to a 

lesser extent meta-volcanic and meta-sedimentary. 

Climatological data show that the average maximum 

and minimum temperatures do not vary greatly between the 

two sites, but the total precipitation of the area in 
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Fresno County vari from 16.56 to 2Lj.26 Inches, while 

that of Tulare County, fifty miles to the southeast, 

ranges frovi 10.88 to 11.22 inches. It is almost entirely 

In the form of rain during the wInter months, and 

practically nonexistent in the sì.»mner months. 

The results of the cherilcal analyses of the six 

soil samples indicate that serpentine is not entirely 

poorer than non-serpentine. Except in one instance, the 

serpentine soils contained greater quantities uf nitrogen, 

phosphorus, and potassium. Characteristically, tuìe 

calcium:rnagnesitmi ratios of the serpentine soils were 

less than one, while those of non-serpentine were greater. 

The serpentine soils with many rock fragrents are 

actually of finer texture, and they may be classified as 

clay loam, while non-serpEntine may be grouped as sand. 

Moisture equivalent was 18.7 per cent for serpentine and 

5.8 per cent Lcr non-serpentine. 
The vegetation on various slopes, elevations, and 

soil conditions is reviewed by eni.nerating many spring 

and summer species for the serpentine area in Fresno 

County. The serpentine area in Tulare County has very 

few trees, and, where they occur on non-serpentine soil, 
they are scattered to a greater extent than on similar 
soils to the northwest. 

The 130 species of vascular plants on serpentine 
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of Fresno County maj be grouped, as listed in Table VI, 

according to Rune's nethod as follows: 26 species 

serpentine-characteristic, 73 specie s serpentine- 

indIfferent, 31 species serpentine-accidental. Helian- 

thus bolanderi asp. exilis was the only species endemic 

to serpentine, and It had not been reported previously 

from this area. When the same species were grouped 

according to growth-forms, there were only tour of treos, 

11 of shrubs, and ll of' herbs, 

The serpentine-endemic species, Helianthus 

bolanderi asp. exills, was found mostly along creeks 

between Piedra and Wildcat Mountain. Possible hybrids 

between this species and Helianthus annuus were found at 
Piedra, and similar hybrids were located in the Yokohi 

Valley to the southeast. 

Clones of Stipa plchra from two different types 

of soil were reciprocally transplanted hack on to the 

two types of soil, and determinations were made by the 

sign method. The results appeared to indicato that the 

serpentine strain is somewhat better adapted to the 

serpentine, and propagules grown on non-serpentine soil 
grew larger. The contrast in the amount of growth 

between the clone members from the same clone on the two 

different types of soil was greater where the clones 

originated from the non-serpentine. The propagules 



appeared to develop greatcr root systems in the coarser 

non-serpentine soil. 
In the preliminary tests, seeds of Helianthiis 

annuus, Lupinus benthami, and Brodiaca puichella 

collected from plants on the two different types or soils 
were planted in a manner similar to clone transplants. 

J!. annuus showed possible differentiation into serpentine- 

tolerant arid serpentine-intolerant races. The seedlings 

of L. berithami were considerably dwarfed on the serpen- 

tine, and indicated no difference between the two strains. 
The germination of 3. pulchella seeds from non-serpentine 

was too low for evaluation, but unlike other species 

grown In this particular experiment, the seedlings grown 

from seeds of serpentine origin grew larger on serpentine 

than on non-serpentine soil. 
Germination tests in the laboratory showed that 

Hellanthus annuus seeds are possibly influenced by 

chilling during certain period of germinatitn. Gernlna- 

tion tests in the two different types of soils contained 

In flats indicate very little difference at the end of 

four weeks and six weeks. However, seedling cultures In 

the two types of soils contained in large wooden bins 

grown for a period of 21 wecks resulted in higher germina- 

tion on the non-serpentine than in the serpentine soil, 
and the amount of dry matter produced was greater by the 
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serpentine strain on both types of soils. Under green- 

house conditions, the two strains of H. annuus showed 

different magnitude of serpentine tolerance. 

Laboratory germination tet of Lupinus benthaini 

showed that the serpentine strain had higher germination 

than the non-serpentine strain, and in flats containing 

the two types of soils indicated that at the end of 6 

weeks germination was higher in non-serpentine soil than 

in serpentine soil. The amount of dry matter produced 

on the non-serpentine soil was considerably greater than 

on the serpentine, but it was not possible to differen- 

tiate the two strains into serpentine-tolerant and 

serpentine -intolerant races. 
When compared to the adjacent non-serpentine 

flora the flora of the serpentine is poorer in nwnber of 

species. Certain species have separated into strains 

that are moro tolerant to serpentine, while others show 

no difference, The peculiarities in the distribution of 

vegetation on serpentine are still not fully explained. 

Chemical and physical analyses of the soli have added 

much information. Many of the problems are ecological, 

and a physiolo;lcal approach will undoubtedly add much 

light to the study. 
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