California State University, San Bernardino

CSUSB ScholarWorks

Theses Digitization Project John M. Pfau Library

1979

Floristics and phytosociology of the pavement plains in the San
Bernardino Mountains, California

Jeanine A. Derby

Follow this and additional works at: https://scholarworks.lib.csusb.edu/etd-project

6‘ Part of the Plant Sciences Commons

Recommended Citation

Derby, Jeanine A., "Floristics and phytosociology of the pavement plains in the San Bernardino Mountains,
California" (1979). Theses Digitization Project. 87.

https://scholarworks.lib.csusb.edu/etd-project/87

This Thesis is brought to you for free and open access by the John M. Pfau Library at CSUSB ScholarWorks. It has
been accepted for inclusion in Theses Digitization Project by an authorized administrator of CSUSB ScholarWorks.
For more information, please contact scholarworks@csusb.edu.


https://scholarworks.lib.csusb.edu/
https://scholarworks.lib.csusb.edu/etd-project
https://scholarworks.lib.csusb.edu/library
https://scholarworks.lib.csusb.edu/etd-project?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F87&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/102?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F87&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.lib.csusb.edu/etd-project/87?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F87&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@csusb.edu

FLORISTICS AND PHYTOSOCIOLOGY OF THE PAVEMENT PLAINS
IN THE SAN BERNARDINO MOUNTAINS, CALIFORNIA

7A*Thési§f‘
iPteséhtéd”to thé
| lthéépify?of‘ |
'HCAiiforni§7s£;té

 091lége, San Bernardino

f‘I@”PafciéljFuifillﬁénf
.of thé ReQuireméhﬁé’fﬁr ﬁhéiDegfee'
| ﬁaé;ér*afHSciéﬁée;:
" in:;: o

_Biology

by
‘Jeanine Ai.Défbyr'

. March 1979



FLORISTICS AND PHYTOSOCIOLOGY OF THE PAVEMENT PLAINS
IN THE SAN BERNARDINO MOUNTAINS, CALIFORNIA

A Thesis
Presented to the
Faculty of
California State

College, San Bernardino

by
Jeanine A. Derby
March 1979

Approved by:

Hlares G 1879
ology Department Date  /
Graduate Committee

ommittée Member

Maj!r Professor

“RepreSeritative of the Graduate
Dean



ABSTRACT

Three pavement plains in the San Bernardino Mountains,
California were studied to determine the floristic and
phytosociologic similarities existing among pavements and to
correlate these with physical site conditions. Importance
Values were assigned to each perennial species on each study
area as a result of quantitative sampling. Successional
trends on pavement plains were also examined.

The following floristic and phytosociologic
similarities were found among all pavement plains studied.
One half of the perennial species present on any one pavement
plain were common to all others studied. Perennial grass
plays a dominant role in pavement plain phytosociology and
perennial species, in general, tend to be evenly spaced
throughout pavement plains. Two plant species which are
pavement plain endemics ranked high in Importance Value on
each study site. Densities for the pavement plain endemics
are inversely correlated with 1litter buildup and 1light
intensity under tree canopies. Some perennial species in the
pavement plain flora are definitely restricted to
microhabitat niches within pavement plains.

Site conditions which favor pavement plain endemics
act to exclude or inhibit tree encroachment within pavement

plains and thus, maintain them as physiognomically discrete

units within a forest climax.
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~ INTRODUCTION

;Tpgﬁémgﬁt tplainé> 'ob§§rvédi, in' the San:“Bérnardiﬁo:‘
’ MQ&ntai§s-.éupp6f;"é 'unique.i?egéfétidn. ihéluding isomé‘ fafe,

‘: éndéﬁiCSf :vPéfhapé;E£h§  ﬁbétf unusual ‘é#d ;qétabié  féétﬁfe‘.qf E
'fhESe siteéhis{fﬁét'tﬁéy do‘ﬁQt sqpp#fﬁkfrées. .Tﬁéy ﬁppéér;
'agiSlénds‘ofy;pérgeJIQQIg;owing;Végeéation>with‘a éurfaéé‘l

feature of Saragosa Quartzite rock pavement within forests of

Jéffrey bine (Pinus.jeffreyi‘GIey. &'Baif, injA;'Mdrr.):or‘

i'Voodlaﬁdst 6f ibinyﬁn;_pine "(?i5§s  ?6noph§1lé  Toff;'1& Frgm.).
A@onglfhe 33vpiant sbecies Qf thé‘paVémént piain f1o£g.are
five San Bernardino‘Mouﬁtain'éﬁdemics; Atvieast‘two»ofyﬁhe
endemics occur‘ oﬁly;‘Qn‘.paﬁemént ‘piaiﬁs (Derby and »Wilsoh,
1978). | | |
Thgvfirsﬁ‘réported observatioqs 6f theseiunﬁsuél 1énd
featufesfwith théir‘ﬁnique assOciatéd végetation were madeiiq
vJuly 1975 (Dérby, 1975). ihbfne (1976) compared Table
Mountain in the Saﬁ Gabrie1 M§untéin§_to‘fhe Sén Bernardino '
jMountéin.sités;‘ HoweQér, neither-thekséﬁe‘plént associétionr
nqu éimilar undeflying geélogy exist 'in the “Séﬁ Gabriel
Hoﬁntains,‘ ‘thereforei 'ghat  cOméarisoﬁb vcannbt ” bé.> fuily
substantiated. » | »
| Expanding 'upon“the‘ earlier  f16fisti§ descfipinné
(Derby and ‘.Wiléqn, ‘v1978); i‘;his‘.,stﬁdyv examiﬁés ' fhfee
individual pa#ement_plaihs to:detefmiﬁefwhetﬂef‘fiorié;ic and

phytosociologic similarities ekist. This studyiproposes'tﬁat
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theré are unique floristic and phytosociologic similarities
among pavement plains in the Sén Bernardino Mountains and
further that soil substrate éonditions along with other
physical parameters interact to maintain pavements as
discrete vegetative units. This work will prepare fhe way
>for further ecological studies, including the interactions
between pavement associations and adjacent plant communities

"through time.



STUDY AREA

Location and Habitat

All pavement plains presently documented are found
within an area of approximately 240 square kilometers in the
northeastern San Bermnardino Mountain range. The main range
for pavement plains centers around Big Bear Basin and Holcomb
Valley. An isolated portion of the range is shown centered
around Coxey Meadow (Figure 1). Elevations of the plains
range from 1,830 to 2,288 meters. Each is a level or gently
sloping site, ranging from one to sixteen hectares in size
(Figure 2). Distinctive physical features are soil color and
texture, vegetation physiognomy and rock pavement surface of
Saragosa Quartzite (Figures 3, 4, and 5). Though pavements
existing at high elevations on Sugarloaf and Onyx peaks
appear similar in some respects, a comprehensive
geomorphologic investigation of San Bernmardino Mountain
pavements as land features is needed before these sites can
be placed in proper perspective.

The dominant vegetation types within the Big Bear
Basin are Jeffrey Pine, Mixed Conifer and Pinyon Pine Series

(Derby, et. al, 1978). Associated tree and shrub species are

Juniperus occidentalis Hook, SSp. australis Vasek,

Cercocarpus ledifolius Nutt., and Amelanchior pallida Greene.

Nomenclature corresponds to Munz (1974).

The climate in the northeastern San Bernardino



Fig .

1. Infrared photography (Scale df?l:131,000 or approxi-

mately 1/2 inch = 1 mile) showing the northeastern San
Bernardino Mountains. Three study sites, 1) Sawmill, 2)
Van Duesen and 3) Arrastre Flat are indicated within the
heavy black line outlining the range of those pavement
plains presently documented. Dotted lines. indicate high
elevation "pavements" on Sugarloaf Rldge. Onyx Peak is
just off the photo. o :






Fig. 2. A typical pavement plain in the San Bermardino
Mountains, Sawmill study area, surrounded by pinyon
and Jeffrey pines.






Fig. 3. Van Duesen Canyon pavement with snow drifts lin-
gering on the north side of trees in early spring.
Snow melt produces a very wet soil which rapidly drys to
a brick-hard surface within one month.

Fig. 4. Van Duesen Canyon pavement showing the character-
istic low growing vegetation, reddish clay soil and
surface rock pavement of Saragosa Quartzite.

Fige 5. A soil profile from a soil pit on Van Duesen pave-
ment, San Bernardino Mountains. Soils contain greater
than 60% clay particles in the B2 layer.






10

Mountain range is heavily influenced by the Mohave Desert.
Annual precipitation drops rapidly from 102 cm mean annual
rainfall at the Big Bear Dam to 25 cm at the west end of
Bladwin Lake, just 16 km to the east. (Brown and Associates,
1975). Most of the precipitation occurs as snowfall.
Pavement plains generally lie in an area of less than 38 cm
of precipitation per year. East-west trending ridges
bounding the basins tend to reduce wind velocities. A night
time temperature inversion exists throughout the Big Bear
Basin, creating a colder, more continental environment than
that which dis typical in an wupland Mediterranean climate
(Minnich, 1971). Though no data exist to substantiate 1t
similar land form and air drainage patterns suggest similar
colder minimum temperature conditions for parts of Holcomb

Valley. Lodgepole pine (Pinus murravana Grev. & Balf. in A.

Murr.) at Bluff Lake, 2316 meters elevation, is evidence of
the southwestern extent of the temperature inversion.

The topography within Big Bear and Holcomb Valley is
relatively gentle compared to the rugged peaks and ridges
surrounding the area on all sides. The normal level of Big
Bear Lake is 2055 meters. The ridge south of Bear Valley
includes 2984 meter Sugarloaf Ridge, forming a rain shadow
which separates the Basin from the upper Santa Ana River
drainage. The north and east bounding ridges, ranging from
heights of 2100 meters to 2440 meters, drop steeply down to

the Mojave Desert floor.
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Geologic History

The San Bernardino Mountains are part of the
Transverse Ranges Geomorphic Province of California. Recent
evidence suggests ‘a minimum age of 6.2 million years for the
early regional compression which ultimately raised the San
Bernardino Mountain Range (Woodburne, 1975). Active wuplift
has continued from Pliocene through the present, a result of
the relatively northwestern movement of the Pacific
lithospheric plate against the North American plate with the
San Andreas and San Jacinto faults acting as the principal
discontinuities which accomodate plate movement (Crowell,
1975).

Dibblee (1975) described two major blocks forming the
San Bernardino Mountain range, separated by the north branch
of the San Andreas Fault. Herfurther suggests that the north
block 1is geologically part of the Mojave crustal block and
was a part of the Mojave Desert Floor during Tertiary and
early Quaternary time. Interpreting the geomorphology of the
San Bernardino Mountains, Dibblee (1975) proposes that prior
to uplift the surface of the northeastern part of the range
was eroded to low relief and was traversed by a small valley
that now contains Big Bear Lake. When the north block was
elevated in 1late Quatermary time that old erosion surface
became a plateau.

Other authors (Brown and Associates, 1975, Stout,

1976) interpret the formation of the Big Bear and Holcomb
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‘ Valleys ‘as a relatlvely recent event;:‘createdV by localized

thrust faulting during the m1d to late Plelstocene. 'Holconb‘h
vValley is descrlbed as_part.of,an earlquuaternaryysurface,
;fonce contiguous' withhi he~ area‘daround"Bluff"bahe; 16cated
fapproximately 3 5 km southwest of B1g Bear Lake (Broﬁnna#d"“
,Associates, 1975) | : 'v‘ ,
) . McJunk1n (1976) hypotheSa?ed that Big Bear Valley was_-
_'rorned through th pull ‘away fof_'a Hnega-landsl1de‘ in the
i;northern part':of“fthe”uSan} Bernardinot Mountains;f’ However,

~‘iev:.dence of thrust faultlng on the north s1de and east side ’

hflof the Valley and a continulty of hlgh level erosion surfaces -

to kthe' northb and .west"of the valley 1ead Stout (1976) bto
lvpontradlct the landsllde theorya.".k | -
| Big Bear Valley ‘xtself-- 'ya géqroékf;aﬁéloééa 'basin:;
‘lfrlled w1th more. than 152 metersvorhlacustrrne#andyalluv5al”
fdebris (Stout 1976) .StOup‘(IQZG) also‘cites.evddenceﬂfor;'
*liéastf tvo‘ earller lakes }inzrthe' Blg' Bearg Valleyr _ffhé-‘

b‘presence of a nearly flat terrace, 18 to 24 meters above the

B -'present high water level 'i particularly well developed on

1_the south 51de‘ of Big Bear' Lake. No terraces are _ev1dent;:
‘3around Baldw1n Lake at this elevatron.p A thick section of
blue gray clay up - to 60 meters thick appears to represent a
hsecond lake whlch may have f111ed both Blg Bear and Baldwinj,y
:}Lake Bas1ns and probably spilled over the drainage div1de toz.
'Jthe'east.:'Baldwln'Lake.remalns today as‘a closed basin of

3internal-drainage.”yBearlCreek, a,young'stream with,apsteepvﬁ'
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gradient, created the outlet for Bear Valley to the west,
probably in late Pleistocene (Brown and Associates, 1974).
Geologists disagree when describing the age of major
rock formations in the northeastern San Bernardino Mountains.
Richmond (1955) described the oldest of three distinct
formations north of Big Bear Lake as carboniferous to
pre-carboniferous sedimentary rocks. This group includes the
Chicopee Canyon formation which is predominantly quartzite
and the Furnace formation of calcitic and dolomitic marbles.
He describes the second oldest group, including rocks of
volcanic origin, as Mesozoic age. Diorite, hornblende,
quartz monzonite, and granite porphyryv are included in the
Mesozoic group and are part of a composite batholith which
extends under the southeastern Mojave Desert. Richmond
(1955) describes the most recent group as clastic sedimentary
deposits of 1late Cenozoic age. However, McJunkin (1976)
describes the geclogy of Sugarloaf ridge, the major ridge
south of Big Bear Basin, in a much older context; as an
uplifted block of Precambrian Baldwin Gneiss unconformably
overlain by the late Precambrian to Cambrian Saragosa
Quartzite, equivalent to the Chicopee Formation described by
Richmond (1955). Stewart and Poole (1975) propose
lithological correlation of the San Bernardino Mountain
Saragosa Quartzite Formation wit' other units in the eastern
Mojave Desert and Southern Great Basin, thus providing for

extension of the Cordilleran Miogeosynclinal Belt to the
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San Andreas Fault. This correlation supports a Precambrian
age for deposition of Saragosa Quarfzite ana middle Cambrian
throﬁgh:Permian for Furnace limestone.

‘McJunkin (1976) suggests two ©periods of thermal"
metamorphism of the Precambrian and Paleozoic sedimentary
rock in the Sugarloaf Moun;ain Block,> coinciding with the
Mesozoic volcanism and metamorphism described by Richmond
(1955).

Richmond (1955) suggests conditions of sedimentation
for the Chicoﬁee. Caﬁyon Quartzite- as nearshore marine
deposition fqr most of the Body with some cross bedding and
reiict rfpple“marks in the lower member. He ‘describes an
abundance of <clay minérals,’ possiblé formed ﬁﬁaer marine
~conditions after deep subaerial weathering of micaceous sandy
sediments, but states that relict structures which would help
explain the concentration of clay are absent.

| Difference of opinion regarding the age of the major
rock formations‘ as well as the dating of more recent
geomorphological changes in the Big Bear - Holcomb Valley
areas will not be resolvéd here. Therefore, the origin of
pavement plains as land features will be addressed‘ only

speculatively.



"ﬁAizkiALsiAnﬁ"METHQDS‘
"Samblé',siteSVFQefe ‘seie9£§d> from -a;éas wHich” have'
simiiar yégé;atidnf éhysioépbmy ‘ana’.éurfaéé' fOCk‘ pavement.
‘?fobablé,éiteétﬁétéiéistiﬁgﬁiéhedion jﬁf;aredor“céicr aerial
photpgfapﬁy; Véfific;tioﬁ oﬁ thg ‘groﬁndyiand' a fﬁrthef
softiﬁg.follbﬁed,hﬁsing_;heifoiloWiﬁg §ri£eria:  i) a‘minimum
of b;St manmé&eidiétg;baﬁ§e;12jfﬁbfh;;ufal‘dié#ufbénée sﬁcH
sgé fire ﬁifﬁinﬁSO’yéafs§*3)_ﬁﬁ£f§rﬁityuiﬁ,éiévétion, s1;pe,
fe#éogq;e,f‘sbiis  and ]géé;pg§; ;45‘7no, iﬁtrddﬁcéd bvegeiétion
 preéént{: Tﬁéithreé';tudihsitg; s¢iéctéd pr6vidé a triangulaf
',samplé‘repféseﬁtingiFb@%%éﬁé%éPHi@;ggnte: Qf'pavemenﬁ,plain
_di%tribu;ioﬁ§;  Ailv_threef stﬁqy :si;§s \are _1§¢éted w#fhin
'NéfioﬁéI F§fe§ﬁ iéhas;“”Thé‘S£;d§fsités¥vli;éawmill,VZ) Vaﬁ'
aﬁuesgn »aﬁd 3) @r;a$t£é  F;éf,é:été loéatgd irelA£ivef tqlvthe
itqtal ﬂistfibdti6ﬁj§f §é§§§Ent“§1éin§fiﬁ‘ﬁhé S§ﬁ Bern;rdin§.
 M§uﬁ£ains‘iﬁ‘Figﬁr§';:"fséwmill (3 héctafés) aﬁd Van Dueséﬁ
'”(L‘.ﬁectafé)‘_tyﬁifyzythé_~&wéff L§eféﬁnia1  paQement'.piéih
-.végétgtipn,' wifhiyﬁo qve;sfdryh tg¢és: or shfﬁﬁéi»(Figure 6).1
'A:téStre:Flaf (16 ﬁ§cta?e§).was;inéiu@ed‘bécauserit‘t&pifies
.énother,ilééé ,fféqug#f ft§p§f£§£;,vege&éﬁion#: thé  uéﬁal. dwarf

perenniéls  are«3présen£ along with a low growing form of

e —Afteﬁisia_ndva'Ab'Né1$; (Figﬁre ? aﬁd.S)..v‘

| Hétbariuﬁ}specimehélwére-collgcted_af ébout‘two ﬁeek
inter&éis' from fﬁebrﬁéry to ‘Septemﬁe:,n.'1977.r _V§@chér
.gpegiméns v‘(ﬁﬁmbefs_A‘77f407+};'.,77h42541f thfoﬁgh»}.77-425—7,_

77-504-1 through 77-504-5, 77-525-1, 77-603-1 through



Figo

6. Sawmill pavement plain, San Bernardino Mountains,

typically lacks shrubs and trees throughout but is
beginning to show some shrub encroachment at left

center.
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'Fig. 7. Arrastre Flat in Holcomb Valley, San Bernardino .
Mountains showing the even distribution of dwarfed o
Artemisia nova throughout the pavement plain. Pavement
species, though not visible, are evenly distributed
between shrubs. ‘ ’ - o

Fig. 8. ' Hummocks on Arrastre Flat pavements, San Bermardino
' Mountains support a variety of species; those appearing
as regular components of the adjacent forest floor,
larger Artemisia shrubs and occasionally some typical

~ pavement species. Though origins of the mounds are
~unknown, they may be the result of mining activities in
the area. These mounds were aVoidéd_when placing sample
transects. ' : o . -
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77-603-19, 77-725-1 through 77-725-13, 77-808-1, 77-912-1)
are on file at the Rancho Santa Ana Botanic Gardens
Herbarium. Nomenclature of plant species follows Munz (1973,
1974).

Each of the three study sites was sampled
quantitatively by three random 30 meter line-intercepts (Cain

and Castro, 1959 and Phillips, 1959). Five one meter?

quadrats were placed at 5 meter intervals along each 30 meter
line (Figure 9). 150 points per line (one every 20 cm on the
30 m lines) were sampled and presence of vegetation, rock
pavement, bare ground or litter were recorded. In addition
to the point frequency measurements, total number of
centimeters for all plants intercepting the 30 m line was
recorded by species. Overlapping species were recorded
separately, although overlap was very infrequent. On each
study site data from the three 30 meter lines were combined
and relative percent cover for each plant species was
calculated as well as frequency of rock pavement, bare ground
and litter relative to total vegetation cover. The number of
individuals of each species in the fifteen one meter?
quadrats (five plots per each of three 30 meter lines) was
counted. An individual was any plant rooted inside a one

meter2

quadrat and with a stem and crown distinct from other
stems and crowns. Relative percent frequency and relative

percent density were calculated from combined quadrat data.

Values of relative percent cover, relative percent density



Figure 9.

An example of one 30 meter transect with five one meter”™ quadrats placed at five

meter Intervals on the line.

T¢
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'andb relathe .percent 'ftequency‘ weée’ totaled 'to:sobtaini
Impoftance | .Values (1 Vo) <Br_‘a_;,i an& H_>C..uvrt‘:'Ls‘_,," ‘1‘957) for each
species on each study 51te._v‘ o |
‘}lhe ,Sawmlllb study slte:;uaS’ saﬁplédﬂ;§ith ‘additional
,tféﬁsécts- to.?measurev microhabitat oifferences-;“ The-vsiféj
slopesp slightlybfto. the_.ngrtheast‘;onf:one Side_.and ~the.
southuest ;on. the}votnetv'slde: (less_ than 4% slope) pfﬁe'
‘northeast and‘southwest aspects were.sampled to determine: any
‘floristic' ofl} phytosoc101gic » dlfferences;}‘relatlve ‘pto
: microhabitat vpreference.s* Three vsets‘;of, "belt transectsﬁ
’fFigUrg 10) one meter b&‘four meters long and divided into
‘}fouf onebmeterz quadrats, Were placed‘at 1nterwals one neter..
fapart; following ?tﬁe vdounslope"contour tol'the' southwest.*
prhis procedure was repeated on. the northeast contour., |
A spec1es'-presencef.llst‘pnas' preparedl for .eachlj
’microhabitat ',measuted; "'Relatiue"-petcent‘- ftequency "~ and
'relat1ve‘percent den31ty -for each spec1es were calculated to;
':characterlze 'andfscompare, vegetatlon 'Onlpthe'“two diffetent

'aspects ‘with-.tﬁe',avetage'4for3'the, site.jast-a whole.

»:Selﬁginella-vwatsoniiw“UndetW¢olcould’.ﬁOl be ‘easily: separated

into‘indiyidual plants, therefore an_estimation of the number

1of"squarevfcentimeters'fof 'ground-icovered“ by Selaginella'
divided"by ‘the total "area;:off the. quadtat 1gave"a directl
.estimate of percent cover.* No relatlve percent frequency or '

density could be calculated for thlS species.\



Figure 10:1:ExéﬁpleVof;mic:ohabitét sampliﬁg.using'"bélt transects"

on'Sawmill,‘a three hectare pavement plain on a flat ridgetop,
- San Bernardino Mountains. o . , C
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 24f‘w
bTwelV¢  sém;ié§ 1df,‘féeé:1;ﬁaui§h€ub vreﬁroductioﬁ_iﬁé;é
' taﬁulatéd at paVeménf »edges &ﬁ ﬁhe,'égwmilljbsi;é. :iA saﬁple‘,
représénéed a  §1;¢1§‘yqﬁde?‘ ekistiﬁgv‘tf¢¢s‘ with gifd;aﬁétéri
equal to‘£hé'ﬁié@é£e; Qf[tﬁéuﬁree caﬂbby;ilFive sém§1eé were
'v_takéﬁ‘vundéf:3§g3£érﬁf jUﬁipé?_‘growi€g -sidé’ £§f Side' wi£h
  in£éfl;ékiﬁg “crdw;éL\éﬁd“ dnegxét%‘ihe  §asé.uofv:d‘ Qéathéréd’
'ljﬁhiééf étumﬁ.vl}lndividﬁall‘;eédiiﬁg$7fg;bwiﬁg  QitHin the
fprojécféi;tfée Eéﬁapjfiiné §éré$eaﬁﬁtéal,fﬁ‘
| In order't£§ ‘gxamihe  ;he:vé§péf§n£ly abrﬁp§  change in
fspeciesv é§m§ositi6n fwhig£ 6ccﬁré atf‘fhé  pa&ément’s vedgé,
. measureﬁenté were afakéﬁ ‘bf hérbateéﬁé ‘Spécieé under one
:wesperﬁ jugipéf treé.> Thé freé ﬁaé‘ibééféd‘suchithét four 6
1meter'l§ng “ﬁéit’traﬁsectsa tpuld‘be‘plééed iﬁ éa¢h of four
:différeﬁt COmp;éé>diréctioné,  The saﬁPiing consisted‘of six
adjacent ‘pne: megerzy qﬁaaréts ‘withiﬁi eacﬁ_ belt transect.
iThese were placed on comp;ss 1inés. &N, S;x E, W) exténding
from the base'ofvthg‘tfeevtéward‘Opén pavementé. ‘Plét.number
‘one‘waé placed aé‘close aé possiblé ﬁokthékbase of tﬁe tree
‘énd plot,number'éix'vas”thep_six meters distant_fromﬁthebtrég
bésep  Plant .densities v§nd_ f;éQ@engies‘ for the 24“quadrats
.Qere  rec§fded by‘:speCieé;  Littef:T¢ovef ~and “depth Qgre

. recorded:inieach“quadrat as well.

Calculations
lCalcuiationé gs'uadapted fromv Bray and Cuftis‘ (1957)

" and used in‘detérmining thelpercent fréquency of surface
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components; vegetation, rock pavement, bare ground and litter
for all sample sites follow:

Number of points with component

Percent Frequency = X present X 100
Total number of points sampled

Example: Sawmill Study Site

NUMBER OF OCCURRENCES Mean

Surface Transects Percent
Components 1 2 3 Totals Frequency
Living
Vegetation 61 49 61 1.7.1 171/450 = 38%
Litter 35 14 21 70 70/450 = 15.56%
Rock Pavement 52 87 66 205 205/450 = 45.56%
Bare Ground 2 0 2 4 4/450 = 0.89%

TOTALS “ 1507 150" 150 450 100.01%

Note that the sum of the mean percent frequency for living
vegetation, litt:.r, rock pavement and bare ground equals

100%.

Importance Values (I.V.) for each species were

calculated on each of three study sites as follows:

Frequency of Number of quadrats with species x present
Species X Total number of quadrats sampled on study
site A

Relative

Percent
Frequency = Frequency value of species x X 100
for species x Total of frequency values for
all species on study site A
Density of Total number of individuals of species x
Species x = present in quadrats on study site A
per meter? Total number of one meter? quadrats

sampled on study site A
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Relative ;.

Percent : R S \ _

Density for Density value for species x . X 100

Species x ~  Sum, density values for all species on
’ 5 R : study site A

Cover, = = Sum of number of centimeters for
. Species x - Sum of number of centimeters for :
. species x covering the line transects
”measured on study s1te A

~:Relatiye” _Cover for spec1es x X100
Percent. . Total cover (sum) for all spec1es '
Cover .'_'; .7 om study 31te A

' IMPORTANCE . Relatlve  Relative - Relative
“VALUE (I.V.) = Percent - 4+ . Percent . +  Percent .

- for -Species x Cover for_f;fﬂ_Den31ty for .’Frequency
a : -~ Species x . Species x _ for-

Species x

The sum"ldfdilmportanCé Values for all speciesfwdn ‘aﬁy one
sample sité'(Sawmili Van Duesen or Arrastre Flat) must equal

~300%.



RESULTS

Floristics

The pavement plain flora, sampled from three study
sites, includes 33 species from 18 plant families (Table 1).
Several species common to forest or woodland habitats and
only occasionally occurring within open pavements are not
considered as a part of the pavement flora. The field work
was conducted in 1977, a year of low rainfall. In 1978 one

additional annual, Navarretia breweri (Gray) Greene was

collected and added to the 1list (0‘Brien, 1979). Twenty
pavement species are perennials and thirteen are annuals.
Thirty nine percent of the species in the pavement plain
flora are annuals (Table 1).

Six pavement species appear on the California Native
Plant Society's rare and endangered 1list (Powell, 1974).
Five species are currently considered sensitive by the U. S.
Forest Service. These will be considered for federal listing
(threatened or endangered) by the U. S. Fish and Wildlife
Service. Five pavement species are San Bernardino Mountain

endemics and at least two perennials, Eriogonum kennedyi

Porter ex. Wats. ssp. austromontanum (M. & J.) Stokes and

Arenaria ursina Rob. are believed to be restricted to

pavement habitats in the San Bernardino Mountains.
Species composition and vegetation physiognomy at
Arrastre Flats differed somewhat from the other two study

sites. The most obvious difference is the presence of
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Table 1. Flora of the pavement plains, San Bernardino Mountains.

Species Present
Perennial Species
Van Arrastre
Sawmill Duesen Flat

Allium fimbriatum Wats. var.

fimbriatum X X X
Antennaria dimorpha (Nutt.) T. & G. X X X
Arabis parishii Wats.®» X x x
Arenaria ursina Rob.2» x X x
Artemisia nova A. Nels - - x
Astragalus purshii Dougl.

var. lectulus Jones x X x
Bouteloua gracilis (HBK)lag. x X X
Castilleja cinerea Gray®’ x - x
Draba douglasii Gray var.

crockeri (Lemmon) C.L. Hitchc. X X %
Dudleya abramsii Rose X - X
Erigeron aphanactis (Gray) Greene

var. congestus (Greene) Crong. X X X
Eriogonum kennedyi Port. in Wats. ssp.

austromontanum (M.&J.) Stokesds P x X x
Ivesia argyrocoma (Rydb.) Rydb.b x X X
Lewisia rediviva Pursh var.

minor (Rydb.) Munz X X X
Lomatium nevadense (Wats.) Coult.

& Rose var. parishii Jeps. b's X X
Poa incurva Scribn. & Will. X X X
Selaginella watsonii Underw. x - -
Sitanion hystrix (Nutt.) J. G. Sm.

Stipa X Oryzopsis hymenoides b4 X -
Viola douglasii Steud. X X b3

Percent perennials in pavement plain flora = 60.61%

Annual Species

Arenaria pusilla Wats. var. Linanthus killipii Mason3; D
diffusa Maguire Microsteris gracilis (Dougl. ex

Chaenactis glabriuscula DC. var. (Hook.) ssp. humilis (Greene)
curta (Gray) Jeps. V. Grant

Collinsia childii Parry ex Gray Muhlenbergia minutissima (steud.)

Cryptantha simulans Greene Swall.

Epilobium paniculatum Nutt. ex T.&G. Navarretia breweri (Gray)Greene

Gilia diegensis (Muna) A. & V. Grant Plagiobothrys tenellus (Nutt.)

Linanthus breviculus (Gray) Greene Gray

Plantago purshii R. & S. var.
oblonga (Morris) Shinners
Percent annuals in pavement plain flora = 39.39%
4 Endemic to San Bernardino Mountains
b california Native Plant Society's rare and endangered plants list
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- Artemisia.n noVa.ilimThis. species fhas ) achievedv an even.7
’distributlon of dwarfed plants throughout the pavement plaln.

'Other of the more ublqultous Lperennlals,, such as .EELQ&EBEEv

'”:umbellatum Torr.. and _g; uwrightii Torr,: SSpe subscaposum'h
”'“(WatSr) Stokes:;mayrextend'onto pavementpedges but:are’not

- COnsidered;.to be true"components offhthe pavement flora.

‘jEriogonum umbellatum appeared 1n one of the density plots at,‘n

j;Arrastre‘ Flatw'but smnce thlS plot~j s,,near an area,dof
7,;apparent past diSturbanceg'stheiespecies“~was notﬁ’included in
".the pavement plaln flora.' The species was, not present within,y

:samples taken fromg elther,'of‘;thef other _tbo.‘study sites.'

',Sitanion'jhystr1277(Nutt:)f J.-;G;gksmg..is .unlque:-in its
d_appearance only atifArrastref\Flat5‘ though ﬁw1th_:a”ylow

Importance Value (I V )

fhytosocioiogyi

o "PerCentlbfreouency aﬁorufcategories ofliground ‘surfacei

7:’componentsr pavement rock bare-ground 1iV1ng vegetation “and

"-vlltter or . dead vegetatlon are‘ compared in Table 2 for the
:three‘studylsitesw‘vStrongvsimilaritles exlst among‘the,threel
"sites‘in frequenc1esvof pavement roch component;¥ The ratio

of 11v1ng vegetatlonvto‘litter presentﬁvaries only about one'o

:percent betWeen 51tes.- The greatest‘difference between sites

is in percent frequency of bare s011. | | R

- hflqu:s7 for perenn1a1 »species ';:g_-rénggdfwégnéricaiiyf'

for each study site in Table 3.‘<Quadrats and‘line-transects ‘



Table 2. Distribution of surface components on pavement plains in
the San Bernardino Mountains, California,

SURFACE COMPONENT AVERAGE PERCENT FREQUENCY
Sawmill Van Duesen Arrastre Flat

Living Vegetation 38% 31.687% 34,447
Litter 15.56% 8.91% 10%

Rock Pavement 45,567 47.52% 47.78%
Bare Soil 0.89% 11.887% 7.78%
RATIO

Percent Living Vegetation 2.44 3.56 3.44

Percent Litter



Table 3.

Importance values ranked numerically by species for all pavement plains studied in the
San Bernardino Mountains. _ .

Sawmill

Arrastre Flat

Castilleja cinerea

» , L - Van Duesen N
- Rank Species I.V. . Species ’ 'Species I.V.
1 Poa incurva 110.89 Eriogonum kennedyi ~ 91.60 ~ Draba douglasii 61.14
2 Viola douglasii - 32.57 Ivesia argyrocoma ‘54,27 Poa incurva 49,92
3 - Exrigeron aphanactis 25.57 ~ Arenaria ursina 51.66 Artemisia nova 47.65
4 Arenaria ursina 25.19 Poa incurva o 22,75 . Eriogonum kennedyi 35.41
5 Etiggonum kennedyi - 23.83 Antennaria dimorpha - 18.15 ,'Aranaria ursina 23.27
6 Antennaria dimorpha 22.03 Arabis parishii =~ 16.92 *Ivesia argyrocoma 21.05
-7 Arabis parishii 18.78 Erigeron aphanactis = 16.44 ‘Lomat ium nevadense 15.31
-8 Draba douglasii 17.75 ~ Lomatium nevadense ~ 16.08 - - Astragalus purshii 9.72
-9 ‘Ivesia argyrocoma 10.10 - Viola douglasii 6.72 ~ Arabis parishii ~.7.88
10 Astragalus purshii  8.85  Lewisia rediviva 3.29 - Bouteloua gracilis 7.04
11 ‘Castilleja cinerea = 4.05 Stipa X Oryzopsis 1.16 Vioia douglasii 4.91
12 -~ Lomatium nevadense  0.06 Allium fimbriatum - 1.0 Sitanion hystrix 4.57
13 ' B » - ' . Erigeron aphanactis 4.01
14 Antennaria dimorpha 3.61
- 15 - Lewisia rediviwva 3.20
16

1.08

1
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were measured In June and only perennial species were
tabulated. Some early perennials had no foliage visible
above ground at the time of sampling but remnants of
flowering parts were usually evident. The data may show a
slight bias against those early perennials which include

Allium fimbriatum Wats. and Lewisia rediviva Pursh. wvar.

minor (Rydb.) Munz.

The\magnitude of I.V.'s for species varies among the
three study sites. However, it 1is significant that when
I.V.'s are numerically ranked, the top five species from each

site contain three species in common; Poa incurva Scribn. &

wWill, Arenaria ursina and Eriogonum kennedyi SSpe.

austromontanum. Significantly, the latter two are San

Bernardino Mountain endemics and occur only within pavement
plain habitats.

Nine perennial species, almost half of the perennial
species present in the pavement plain flora, are common to
all three study sites (Table 3). Frequency and densities for
the nine species are compared in Table 4. The frequencies
infer distribution patterns for species and when displayed
with density figures, offer a conceptualization of spatial
distribution for comparison among the three study sites. A
comparison of the spatial distribution for the two pavement
plain endemics 1illustrates significant similarities between

pavements (Table 4). Arenaria ursina is present in at 1least

2

two out of every three random one meter“ plots on any of the



Table 4. Frequencies and densities for nine species common to all pavement plain study sites in the
San Bernardino Mountains.

SAWMILL STUDY SITE VAN DUESEN STUDY SITE ARRASTRE FLAT STUDY SITE
Species mean density frequency mean density frequency mean density frequency
_metex? meter? meter?
Poa incurva 48.73 1.0 7.87 0.53 18.07 0.93
Arenaria ursina 11.50 0.93 22.20 1.00 8.00 0.67
Eriogonum kennedyi ssp. 7.33 0.93 47.93° 1.00 11.07 0.87
austromont anum
Ivesia argyrocoma 2.80 0.33 20.00 0.93 6.47 0.47
Erigeron aphanactis var. 15.73 0.93 4,40 0.67 1.27 0.20
congestus
Viola douglasii 15.67 0.93 1.93 0.27 1.73 0.20
Antennaria dimorpha 12,67 0.80 3.87 0.80 0.20 0.20
Arabis parishii 7.20 0.93 3.80 0.67 1.80 0.40
Lomatium nevadensis ° 0 0 5.20 0.60 2.60 0.73
Total Mean Density, all species 131.57 plants/meter? 117.60 plants/meter? 96.30 plants/meter2

2 Lomatium appeared only as cover on the line, not in quadrats on Sawmill, therefore no comparison of density
or frequency for this species is available from Sawmill.

b High density for Eriogonum kennedyi reflects large number of young plants or seedlings at Van Duesen.

£
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'pavements studied. Eriogonum kennedyi ssp. austromontanum is
present in at least four out of every five random one meter?
plots on any pavement;g‘Densitiesyfor Eriogonum kennedyi vary

significantly according to age of plants ranging from seven

~to-48'plaﬁt5'per meter? on the tﬁreé pavemeﬁpé’samplédf Van

Duesen vconﬁains éﬁv ﬁﬁﬁ§dé11y: higﬂ ]numﬁet '6f' Efiogbﬁum
: kennédxi éeediiﬁés,iv o » o
. In Figqre:llfthe‘rangé’bf fféquéhCieskaq& pefcentages
7of spécies‘ip'comﬁon bccﬁrring:at_any'given freﬁuénéy’foi_tﬁe
“three _stu&y-Asités ‘i§:‘c§ﬁpafea;“  TheF“Sé§mii1; site“had’ a
gréatérrpefcéht:of"spécies,OCQuffing‘ét:highéf’ffeqﬁencies,
ﬁfhuQIWith eyéﬁ disttibutisns, théh‘eifhér of fhé othér,tﬁé
sites; ~Van bueéen,;§i£h a gigatér»fangevéf fiequeﬁciés; also
hés mépevplant specigé a£'ﬁhé Highe; gﬁd of thévfrequeﬁcy
‘sdal§;  Thus,~fhé‘@éndencf»?#LVén‘Dueéen i§ élsdftowafd even
_Plan£ disfributioné{ Arrastre Fiétfsﬁows a fehdency’towa;d 
Iuneven_flénf‘diéériﬁﬁﬁiAﬁ or;"ciuméiﬂgfiéf spécigs;

a'ﬁéph of the,piﬁ;”spQQigé.whichﬁéﬁé‘coﬁmon to a11 sit§s
‘éxiét$ with‘é:f;queﬁ§§i6f Q,67 pfiéféater:on at léast one
:studyA Sifé. Therefo;?, onév of”‘the'bcbmmon  species(bcan be
fbund;’on Mat v1ea§t ,Oné_>pavemeht; in 'fwo qut: of ‘every..fﬂree -
w‘tﬁndom  oﬁé _méferz'*pioté.'I-Theldaaéhedffiine§>,dn ;%igﬁre 11
dividéé"fhe'gfééhsvféf eécﬂ éfudy sité.iﬁtotgfoups; p¢r§ent
’_bf‘fgéeéiéévjab§§é2véﬁdy.be10w‘ th§ fféquency  of 0.67. g_Thg.
: pérc;ﬁt ovagﬁecée§‘ occurriﬁg aﬁ _éjiffequency ‘eQQal tov or

greaﬁef‘than.0.67vréhgeslfrom'782 at Sawmill to 442 at



9

10t
4]
()
R
9 56%
y f< 06T
c =% I
- ]
—
Q. ]
1
l
al 1 i 1 _ "
i
| 1
[ ol 634‘4 016 aj [ (Lo
100%]

lant ecies
p ‘gp

ﬁ

- ! -+ | ’ L I
= 0.2 0. 4 0.6 o.§¢ 1.0
100% 79%
f= 067
) |
- l
(3]
o |
Q.
0 |
o 5% '
g
—
n‘ :
L : 3 -l
1 L " 1 $
> 0.2 o4 0.6 0. ¢ (M)

Fig. 11. Percent of nine species (see Table 4) occurring at
any given frequency compared for three pavement plains
studied in the San Bermardino Mountains.
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. . : 7 o . v )
Arrastre Flat. _The differences' in plant phy81ognomy at

Arrastre Flat may account for the tendency toward an uneven
-plant vdistrlbutlon. Therefore, it can be predicted that»
ltyplcal pavements tend toward an‘even‘dlstr1butlon of plant
hspec1es and that the species vwhlch occur as a common vcom-
ponent on pavements willeoccurIWith;afreouencyof b.57fof;,
'greater. B

Though pavement iplains f;rg ‘generallv‘,flat;tpavrslight
vchange' inv slope..(less thanb 44) ‘and thuS” in aspect caused
.vegetation chanéesr Samples:of the northeast_and southwest
,ASpects of-hthe Sanillv studyﬁ site _illustrate microhabftat"
differences’ reflected in ‘the, vegetation (Table 5)¢ Thdugh
species composit1on changes on different aSpects at Sawmlll‘
total ‘ plant cover and F-total. grass cover remain at
approx1mately:‘the same den31ty; Average plant density;‘
overall? Species‘ diversityv and density of. grasses‘ on " the
Sawmill site arevcomparedvin‘Table 6. | ‘. |

The microhabitat data for 1ndiv1dual spec1es 1nfers -a.
“habitat preference wh1ch can be general1zed to a temperature

'related' and/or -mesic tov xerlc, contlnuum.-’ For example,

Antennarla dlmorpha (Nutt ) T. & G. 1s a w1de‘rang1ng western
spec1es wh1ch shows a declded preference for more xeric and
‘hotter sites.behe average den31ty of 12, 67 plants per meterz;v
,drops by one half on the northeast aspect and increases more
.than two times the overall average on the southwest aSpect,

"Arabls pa rishli a San Bernardlno Mountain endemlc, shows the




Table 5. A comparison of microhabitats on Sawmill study site, San Bernardino Mountains, using density

and frequency values for perennial species cxisting on the site.

Total Sawmill Sample

Northeast Sawmill
Microhabitat Sample

Southwest Sawnill
Microhabitat Sample

Species mean density  frequency mean denslty frequency mean density frequency
meter meter metér
Antennaria dimorpha 12.67 ~ 0.80 6.83 0.83 28.58 1.0
Arabis parishii 7.20 0.93 10.75 1.0 - -
Arenaria ursina 11,50 | 0.93 21.33 1.0 18.58 1.0
Astragalus purshii var. lectulus 2,40 0.53 - - 1.08 0.3
Bouteloua gracilis ’ - - 2.17 0.17 4,92 0.33
Castilleja cinerea 0.4 0.27 3.92 0.83 - -
Draba douglassii crockeri 7.07 0.60 - - 6.67 0.92
Dudleya abramsii - - 5.08 0.50 - -
Erigeron aphanactis var. congestus 15.73 0.93 36.42 1.0 32.58 0.92
Eriogonum kennedyi sep. 7.33 0.93 6.42 1.0 11.33 1.0
austromontanum
Ivesia argyrocoma 2.8 0.33 10.08 0.5 0.25 0.25
Poa incurva 48.73 1.0 &4, 92 1.0 38.17 1.0
Stipa X Oryzopsis - - - - 7.0 0.67
Viola douglasii 15.67 0.93 0.58 0.33 2.58 0.83
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Table 6. A comparison of microhabitats on the Sawmill Study site
using density values for total vegetation, peremnial grass species

“and a measure of perennial species diversity.

38

,SOuthicest

perennials present)

: Northeast
Species Sawmill Sample Microhabitat Microhabitat
densit densit denSit§
meter meter meter
Bouteloua gracilis - 2.17‘ 4,92
Poa incurva | 48.73 44,92 38.17
Stipa X Oryzopsis . - 7.0
~ TOTAL L
(grasses/meterz) 48.73 47.09 50.09
Mean density for
- perennials (plants . 131.6 - 148.5 151.75
per meter<) ' ’ '
Perennial Speciés : o
Diversity (total 11 11 11
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opposite trend'through its absence on southwest aspectS-and

‘increasing in density on the northeast aspect (Figure 12).

Successional Trends

Species composition and.plant,diétrisutions appeér‘to
change abiuptly ‘at pavement edges,‘,h0wever. a ‘fransition is
sometimes apparent ih. the tree wunderstories at pavement
edges. 'At the Sawmill Stud& site oné 1arge‘western jﬁﬁiper
measuring approximétely 1Q.7.metefs tall and 35 cﬁ diameter
ét’breést height gfows within a pavement plain edge such tﬁat_
‘measurements extending‘ffom the open pavément habitat‘tbward
the Base of’the tree’weré”taken in fouf compass direcﬁions
(N, S, E, W)pb Plant densifies,aﬁd frequencies\from the four
trangeéts afe - displayed - in Tabie 7. A..study of the
relationships bétwegn key épecieskand 1itter cdver under the
western junipef‘tfee revealed . that percent cover and depth of
lifter increase on north and;éaét aspecfs,»and that the éouth

aspect is more sparsely covered by litter (Figure 13).

Sitanion hystrix “(Nutt.) J. S. - Sm. was not wusually
-found as a membef of the pavemenﬁ plain flora but frequently
exis;s as a‘compOneﬁt‘of thé forést uhderstory. This grass
species occurs with greéter densitybon norﬁh ahd'east aspects
alwa§s close fél'the? basﬁ' of the 'tree‘ and"wel1, within the

shade 'canopy and’ 1itter zone. In contrast, the pavement

plaih endemics, Arenaria ursina and Eriogonum kennédyi SSp.

austromontanum occur with greater densities farther from the

base of the tree. Eriogonum kennedyi shows a preference for
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Figure 12. Comparison of density values for two representative
species from microhabitats on the Sawmill study site, San Bernardino
Mountains.



Table 7. Ll’lant densities and frequency values from quadrats undet a western juniper tree on the Sawmill
study site, San Bernardino Mountains '
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Pinus monophylla

sourn Y'NEST
] Mean Mean ) . . Mean Mean
Species | ‘D‘:r;:::g Frequency D:‘z:;:{ Frequency D;:::ix ,Frequen‘c_y' l:::il.ig Frequency
 Sitanion hy scrtx' 1 Ler 0.5 0.67 0.5 ,A,ol ~0.33 9.33 0.67
Pos incurva 12.85 083 €3 Lo @3 os 48.67 %-6>fe
Koelaria niacranehe ‘ 0.33 \ 0.17 . | - . - - -
 Aabis parishit L5 0.67 37 0.7 0.5 o;s - - -
Astragalus purshif lectulus 0.3  0.17  0.83 0.3 067 0.3 0.33 ~oar
Eriogonum kennedyi ssp. “;6.57' 0.83 6.0 0.67 1.5 0.17 3.0 05
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Meron _ghanact:is ongestua - - 0.5 - 0.33 - - 1.0 N 0.\5 7
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Viola douglasti 0.3 033 S e -
Antennaria dimorpha L5 0.67 60 0.67 20 03 1233 o6
Ivesia argyrocoma '1.33—,’ 0.5 s 0.33 1.83 033 10 o5
 Artemieia nova 0.7 017 - S s - ow o ow
’-0,33 o o.ai - - - .

S 017 033
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the south and west sides of the tree where shade and litter

are less abundant. Arenaria ursina does not appear within

the north transect and achieves greatest density on the west
side. Both plants exhibit a preference for 1low levels of
shade and litter accumulation (Figure 13).

Densities for those plant species which appeared in
the "belt transects" under the juniper tree and in addition
are consistently found within the pavement plains are
compared in Figure 1l4. All species which commonly occur on
open pavements have a lower density value under the tree
canopye. The mean density value for total perennial
vegetation cover within open pavements 1is twice that for
samples taken under the juniper tree canopy (Figure 14).

Tree and shrub seedlings becoming established at
pavement edges wusually occur under the canopies of existing
mature trees. A general trend can be observed at the
northeast end of Baldwin Lake where the vegetation overstory
appears as synchronous '"waves" of increasingly taller and

presumably older trees (Pinus monophylla) as the distance

from open pavements increases (Figure 15). In order to
document seedling establishment on the Sawmill study site,
tree and shrub seedlings under 10 representative trees at the
pavements outer edge were recorded (Table 8). Five overstory
trees were pinyon and five were western junipers. Tree seed-
lings were also recorded beneath a pair of trees (one pine

and one western juniper). Of 25 seedlings in this under-
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Fig. 13. Plant densities (meterz) compared to litter and percent
cover under a western juniper tree, Sawmill site, San Bernardino Mts.
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'Figure 14, COmparison betveen plant density values on open pavements and A

C vithi.n tree. understory at the Sawmul atudy slte, San Bemardino Monntatno.
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Fig. 15. Baldwin Lake in the San Bernardino Mountains, where
several generations of pinyon pines exist in discrete
bands, gradually extending the tree line onto pavement
plains. ‘
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Table 8. Comparison of tree and shrub seedling establishment under pinyon and juniper trees at
pavement edge, Sawmill study site, San Bernardino Mountains.

Pinyon Overstory Mean for Juniper Overstory Mean for

Species (No. of seedlings) 5 Trees (No. of seedlings) 5 trees
Pinus monophylla 13 2.6 60 12

Artemisia nova 15 3 21 4.2

Amelanchior pallida 1 0.20 7 1.4

Fremontodendron californicum 1 0.20 3 0.6
Ceanothus leucodermis 1 0.20 - -

TOTALS 31 6.2 91 18.2

A}
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 story, 24 were'fpinyOns (Pinus ~monophylla) ‘and _one was

1 ‘j In :moSt_ cases . tree " seedlings

. Sagebrush,rrArtemisia‘vnova
lvoeeurred‘ubeneath’:the shaded 'canopyqrof‘lan overstory ftree.
ﬁowever;jgonedroldﬁ juniper _stump was 'surrounded byLVZl
seedlings; f1ve ninyon pines and 16 sagebrush. fThe‘stump ls
weatheredg;.lndicatrng.‘that-rthel'seedllngs ‘may: have ‘beeome
,eéhéblishédféftertthe~treé;WaS'Cut’downfg'Iﬁ é?neral;ithree”
:times Qasl'many7‘seedllngs#vgrev [beneathf;western&bjunfpg#sn as
:leinvons;. The’ flve sample{ pfnyons;;sheltered'fal'total ‘of: 31‘>
:seedlings, an average of 6 2 per tree while the five western
’Junipers sheltered a total of 91 seedllngs,‘tan ”average of
'"flS{Z‘per tree.' Crown'diameters on all ten overstory treesv5
rwerelofislmilar”siaeg- L1tter accumulatlonvis greater under
,binyoﬁiapines‘fﬁﬁgn-'junlpersﬁ“lnf,trees_‘ofA comparable‘ size
(Figure"‘:16). - c o e , S
| iﬁhile;-treef;seedllngsdioeourred'iat ‘greater'ddensities
17underi‘mature_:treés,"severalrdshrubrfspeeies,fhave. becomef
:established. atfhpavementh edéesd;outSfdev of;;thvl’tree canopy'
dcoverf 'Once establlshed’ the, shrubs mav‘be followed by trees
fFigure 17) but 1n ‘no case was a tree seedllng found outside

of existing tree or shrub canoples. Shrubs frequently found

at pavement edges include Artemlsia nova, Fremontodendron

H‘californ1cum (Torr.) Cov., Amelanchior palllda, Ceanothus'

lertemisia seedllngs at Sawmill are assumed to be A. nova
because mature- shrubs ex1sting on Arrastre Flat are. A.“nova. ;
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Fig. 16. The litter accumulation under Pinus monophylla
(left) is considerably more than under Juniperus
occidentalis for trees of comparable size at the
Sawmill study site, San Bernardino Mountains.

Fig. 17. A group of mixed shrubs on Sawmill pavement, San
Bernardino Mountains, established at pavement's edge
with young Pinus monophylla (left) and Juniperus
occidentalis (right) growing within the shrub line.
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greggii Gray var. vestitus (Greene) McMin and C. Leucodermis

Greene. Of these, Artemisia nova seems to have the greatest

success 1in establishing first. The distribution of dwarfed

Artemisia nova shrubs across open pavements at Arrastre Flat

and other Holcomb Valley sites attests to the greater

tolerance of this species for varying ecological conditions.

Soils

Soils mapping by Retelas (1978) assign pavement plain
soils to the Hodgson Family of fine mixed mesic typic
haploxeralfs. Observations made on road cuts in the Big Bear
Basin show an abrupt soil texture change at the B2 horizon
(Figure 18). The sparse vegetation allows fine clay
particles to be eroded from the soil suface easily. Rock
cobbles 1left behind in a pavement formation are generally

lesé than 7 cm in diameter (Figure 19).
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Fig. 18. Soil profile from a roadcut south of Big Bear Lake,
San Bernardino Mountains, illustrating the abrupt
textural change at the B2 horizon 1located 35.56 cm
below the surface or about the level of the man‘s thumb
in the photograph. This particular pavement plain
supports scattered sagebrush and other pavement
species.
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Fig.

19. Rock cobbles surface pavement at Sawmill study
site, San Bernardino Mountains showing clumps of Poa
incurva rising above the surface suggesting that fine
surface particles have eroded away.

54
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DISCUSSION

Initially, an attempt was made to select study areas
which represented the geographic means and extremes of
existing pavements. However, application of the selection
criteria, particularly the necessity to exclude areas
subjected to wunnatural disturbances, narrowed the possible
cl.oices. The three study sites wutlimately selected for
phytosociologic study represents the triangular center of
pavement plain distribution, 1located in Bear Valley and
Holcomb Valley.

Pavements easily accessible to the Bear Valley floor
have a history of disturbance. Many are now covered with
commercial and residential developments. Other which are
still intact, such as at the northeast end of Baldwin Lake,

contain the introduced Mediterranean grass Bromus tectorum L.

(cheat grass). Early records report intensive grazing of
sheep to the conclusion of native grasses (Leiberg, 1900) in
the basin. This wundoubtedly explains the invasion of cheat
grass on pavements.

Snow Forest Ski Lodge (now Crystal Ridge) originally
constructed ski runs in the late 1950‘s on the south side of
Big Bear Lake where pavement plains once existed. After
grading slopes, clearing trees and planting introduced
grasses, a significant change in species <composition 1is

apparent. Eriogonum wrightii Torr. ex Benth. var. subsca-

posum (Wats) Stokes may have replaced Eriogonum kennedyi ssp.
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austromontanum in some areas, probably those where the
‘surface disturbance was greatest. On undisturbed pavements

‘the'two are mutually'exclﬁsivé,;Eriogonum kennedyi occupying

'f‘open pavements and E. wrightii replacing 1t at the pavement s
‘edge beneath the trees., The two species are almost 1dent1cal
in vegetatlve characteristics but differ -in flowering hablt.
Their-phylogenetic relationship is close (Reveal; 1969) "and
gene“ flow:.might‘ be inferred 7ft§ﬁ intermediate floristic
‘characters observed within this”unnaturally mixed population.
Another'tdisturbance to -the natural vlandscape ‘has
}occurred in the Coxey Meadows area l6 km northeast of Holcomb
'VpValley where thev U. :S.“Forest Service has type-converted
hl'native; vegetation jto' perennlal grass pastures ifollowingx a
fire'ine1955;‘ Pavement plalns are still visible within these
h_tvpejfconversions ;but contain -introduced grasses, Agropzron
.ssp} | - | | |
'vNative pavement species may have been,displacedras_av.
:result of this disturbance;'”A point’of»interest for‘possible
:futnre'study s that the Coxey Meadows pavements appear to
Vhsupport l' different and wider rangingr SSp. Nofv Eriogonum

kennedyi Eriogonum kennedyl ssz kennedzi Porter ex Wats.,

rather than the Big Bear Valley endemic, Eriogpnum kennedyi

-ssp,ﬂ' austromontanum.' ' Coxey pavementS'_lareh“ separated
*tgeographicallyv.andgngeologically from the main body of
pavement 'distribution"by ‘an intrusion of quartz monzonite

rock (Figurei1)§ .
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The prediction can be made that those pavement plains

containing introduced grasses or Eriogonum wrightii rather

than E. kennedyi may have a past history of unnatural
disturbance. Pavements exhibiting these characteristics were
not considered as potential study sites.

High elevation pavements (above 2590 meters) on
Sugarloaf Ridge and Onyx Peak were excluded from
consideration as study sites because they do not meet the
uniformity criteria. An obvious floristic difference between
high elevation "pavements'" and those selected for study is

the absence o0of Eriogonum kennedyi ssp. austromontanum at

higher =elevations. Some floristic similarities do exist,
including the presence of other elements of the pavement

plain flora such as Castilleja cinerea and Arabis parishii.

Specific information on the underlying soil and geology is
not available at this time and is beyond the scope of this
study.

Initial soil studies of pavement soils, conducted at
University of Califormia, Riverside (M. Lund, 1977) show that
the depth of the Al (gravelly loam) horizon is 20 cm within
pavement plains on the Van Duesen site and increaes to 35 cm
(loam) at pavement's edge beneath a tree overstory. The clay
content changes abruptly to greater than 60%Z at the B2,
horizon in both soil pits, while no significant difference in
pH exists between the two test pits (Appendix A and B).

Soil studies are currently in progress by the U. S.
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Forest Service tovexamine the percentage of- clays in the sz
soil horizon and depth to the - upper limit‘of the B2 horizon.
Samples are being examined both on payement plains5 and on
adjacent sites where .31milar-'appearing"soils ‘exist Vithinv
tree overstory.(Anderson, 1979) | |
| Dibblee (1964 a;_b) has mapped the geology underlylng"
the 'pavementinplainst either.:as quartzite or older alluvium.
Though »the,VSUrface‘ rock fragments on pavements ‘are almost.
‘1001 Saragosa Quartz1te, they cannot be explained relative to
vpresent'topography}and source areas for Saragosa Quartzite.
The following is prOposed as a.pos31ble explanation for the
evolutiondandtpresent‘p051tions‘ofbthe payement,plains.b The,
metamorphism of vPrecambrian:;or vfaleozoic sediments into
Quartzite ‘roCk“during thef MeSOZOic“ Era wand-,Subsequenta
weathering‘ into clay‘ soils‘bprobablyt”occurred' within%hthe\ o
geographic' and‘ topographic' vicinityd;of' the 'Mojave jDesert”
floor, Alluviatlon ‘and weathering,f}eoinciding‘.with' the
»Pliocene mountain building ‘actiuitiesi may. havep»redeposited"
‘some ~of thév,claysv‘and'uquartsite Sravels 'in"terraeesQ
'hContinuing alluviation; vuplifti{and ~erosion »through:'the
'Pleistocene» period produeed‘bthev present:?landseape_-with'
ipavements now existing on :isolatediiridgetops.‘and> sometimes
"appeariug in basins or flats;: Displacementsofbpavementsvby
vuplift ,and'_localipsubsidenee can be ‘hypothesired for ;Gold
Mountain mherevgseveral Vlarge open pavements ‘erist‘ on the

'ridgetOp and smaller fragments appear at the south base of
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this abrupt mountain. Pavements scattered from Arrastre Flat
to Burnt Flat are apparently subsiding to the northeast due
to movement along the Helendale Fault. These may have been a
continuous land feature at an earlier time. A local fracture
has displaced segments of the Arrastre Flat pavement.
Juxtaposition of sites could also be proposed for areas south
of Big Bear Lake. Tue fact that similar clay soils are
buried beneath younger sandy loams throughout much of Big
Bear and Holcomb Valley (Retelas, 1978) also suggests a once
more extensive and perhaps more continuous land feature.

Soil genesis is partially dependent upon
continentality of climate (Major, 1953) and relief (Petrie,
et. al, 1929). The origin of the clay pavement soils is
obscured in geologic history but the biological and physical
processes which presently contribute to soil building and
help to maintain pavements as surface land features can be
explored. Soil textures and pH have been described for
pavements and adjacent woodland (Appendix A and B) but soil
chemistry has not been examined. Changes in so0il chemistry
as well as texture can be produced by the vegetation growing
on a site (Major, 1953). If there are onsite changes
produced by <conifer trees, these are precluded for the
present on pavement plains due to the complex mechanisms
which preclude tree establishment.

Pavements exist worldwide as land features, at all

elevations and in many environments. Wherever they occur,



-3

61

'two.cbmmon‘éondifiéns exist; férticie‘coﬁcentrationrat the
surlfac'e,”is"uvﬁit‘ih.iﬂbi'ted, by vegetation and both coarse and fine
particléé'cbééxiéf iﬁ'th§ undefifing‘éoiifdébési£"(000ke‘aﬁd.
~ Warren, 1973). Three fprocééSes 'contfibdfe 'tb‘ pavemenf
fofmationi 1)‘dgflatién §f fine matgfi#l.by wiﬁd,>2) removal

. of 'fines~_by vWétér af che surfaqé'_andbf3) vprocesseé, cauéihg
upward_migréﬁioﬁ.of caarée pérticies to the surface (Cooke
énd Wéfreﬁ,‘1973). 'Tﬁelééarsé ﬁégetation cover'§§ péVehént‘
plains  prpVidés blittle"barrief  §6 iwind 6f to iﬁpattv of
raiﬁdrops, én ~the gfoundfi‘ Surfaée é:§éion can be’ easily’
inferf;ﬁ‘ from ‘thekjciQﬁpé of Euﬁ&h grassés: (ggé' and Stiga
sﬁp;) ﬁhich Sténd on pedestélé'sevérai centimetefs—above £ﬁé
‘eroded paveﬁenf‘éurfaééi(Figﬁre.lg); The upward migratioﬁvof
coarse par;iéles céﬁ be accomfiishéd'through two méchanisms:

cycles af"fréeZiﬁg'.andv ;hawing;'”aﬁd @ycles of .wettingv and
'dryihg. Springerv (1958) has deééribéd a mechanism for the
wettiﬁg ,and gryingk‘éycle;; logically‘ sﬁggeéting».that /when
ciays afg we£>théyvékpéﬁd,iliftihg”rock fragmen£s=slightly._"
_As ~the soil shfinks ‘upqn drying,: the size of the fock:

'prbhibits it from dfof?ingbdown jntd the depression below but
finer_‘parti§1é$, can ,siftf down, fhus  ;ésu1ting ‘in  upward
bdisplaqgﬁent of\ the; ?p¢k,  Theré :is ‘aisaé:éemené dn the
mechanism;;fdr  up§afd ﬁoveﬁents ~caused by frost 'heaving’
(Corté,‘ 1963> aﬁdv Ingiis;v1965) :But3 égreeméﬁt{.th;t it. is a
.powerful.p;océség On‘some'of thé mpfe remote ﬁéﬁements where

disturbance is rare, dead cushidn plants of Eriogonum

N
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kennedyi ssp. austromontanuﬁ'standfabove*the pavement surface.

like‘ﬁiniatgre flat'toppedbtrees'ﬁithjtheir'tapxroots"formihg
the“"treﬁk”CA’These-hefe"eboerehtlyhbeen foroedlout.of the»
ground bf one or both of the heav1ng processes wheo there 1s:
no‘longer a liViog root to hold them in place.> N . -

| The pavement plalh floravis remihiscent‘of -an alplnee
rtlora bht_'occurs iet ‘mid elevations.1tllh:~explor1ng',thish
phehomenoo it isrhelpful to consider- the time'period ‘'when thelh
i‘tlora';may; have‘ been evolyings_ There‘.is no _qoestioor-that
elimetesyithih‘theuIrahsvefse;hengeshwes‘eolder"eho‘ﬁetterhl.
'aurihg theffleistoeenelEpoch{}'ﬁtxisén‘éorgonio,‘3506 meters,
.wasi.glecisteﬁ_,(éharo;f"etfhel;i'19595w: ’The Soboba Flora in
'interior fsoutherh' Eelifornie‘_shows that .s,'mixed heooifer
N forest exis<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>