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EXECUTIVE S”MMARY

Product U. S. Geological Survey Open-File Report 91-0005, 1991: Final Contract Report,
"Seasonal and Spatial Biogeochemical Trends for Chaparral Vegetation and Soil Geochemistry
in the Santa Monica Mountains National Recreation Area, CA."

This report presents the results of a biogeochemical study in the Santa Monica Mountains
National Recreation Area conducted cooperatively by the National Park Service and the U. S.
Geological Survey. The study involved the sampling and chemical analysis of foliage of Rhus
laurina Nutt. (laurel sumac), and Ceanothus megacarpus Nutt. (big pod Ceanothus or California
lilac), the bark of Quercus agrifolia Nee. (coast live oak), and surficial soils. Vegetation and
soil samples were collected along several north-south trending traverses and along one east-west
trending traverse. Two complementary field studies were conducted approximately six months
apart at or near the beginning of the dry and wet seasons, May and December, 1986,
respectively. This study was initiated to help define baseline elemental concentrations in selected
plant species throughout the Santa Monica Mountains. The intent of this work was to examine
spatial concentration trends during two seasons to provide information that would assist
environmental management decisions and help direct future biogeochemical studies for the Santa
Monica Mountains National Recreation Area.

Summary statistics are reported for elemental concentrations in plants and soils collected at 48
sites throughout the Santa Monica Mountains. Univariate and multivariate analyses were used
to assess the seasonal and spatial variability of element concentrations in plants and spatial
variability in soils.

Seasonal trends in elemental concentrations in plants were significant for nutrient elements and
for several nonessential trace elements. Spatial variance of soil and plant chemistry was large
at a localized scale (i.e. site-to-site). Only moderate correlations were found for an individual
element between both plant species. More elements correlated among species in May than in
December. Spatial trends with respect to northing for elements in plants and soils along N-S
traverses are not obvious, although some influence of sea-salt spray on Na in foliage is indicated.
Spatial trends with respect to easting for elements in plants and soils along all traverses indicate
a potential anthropogenic influence on pH and Pb concentrations. Other elements that correlate
with easting are likely to be a result of regional trends in geologic substrates. The results
obtained suggest that there is an anthropogenic influence on the chemistry of chaparral vegetation
in the Santa Monica Mountains National Recreation Area. Further biogeochemical research
would help more clearly define this influence.

Form of Product. Product USGS Open-File Report 91-0005: Typed Report, 84 x 11 inches,
121 pages, including 23 figures, 23 tables, and 14 appendices.
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INTRODUCTION

The Santa Monica Mountains National Recreation Area (SAMO) is located to the north
and west of the Los Angeles basin and south and west of the San Fernando valley in California
and is easily accessible to more than 14 million people. The region has been described as having
the worst photochemical smog in the United States for the last several decades. However, little
information is available on the effects of poor air quality on the vegetation in the National
Recreation Area. This report presents the results of a biogeochemical study conducted
cooperatively by the National Park Service and the U. S. Geological Survey. The study involved
the sampling and chemical analysis of foliage of Rhus laurina Nutt." (laurel sumac) and
Ceanothus megacarpus Nutt. (big pod ceanothus), the bark of Quercus agrifolia Nee. (coast live
oak), and surficial soils. Vegetation and soil samples were collected along several north-south
trending traverses and along one east-west trending traverse. Two complementary field studies
were conducted approximately six months apart at or near the beginning of the dry and wet
seasons, May and December, 1986, respectively.

Purpose of the Study

This study was initiated to help define baseline elemental concentrations in selected plant
species throughout the SAMO. The intent of this work was to examine spatial concentration
trends during two seasons in order to provide information that would assist environmental
management decisions and help direct future biogeochemical studies for the SAMO.

STUDY AREA DESCRIPTION
Santa Monica Mountains National Recreation Area

The SAMO was created in 1978 by Public Law 95-625 to "preserve and enhance its
public health value as an airshed for the Southern California metropolitan area while providing
for the recreational and educational need of the visiting public." The SAMO is composed of
Federal, State, County, City, and private lands that extend eastward from Point Mugu on the
Pacific Coast about 80 km (50 mi) to Griffith Park in the City of Los Angeles (Figure 1). The
National Recreation Area encompasses about 60,700 hectares (150,000 acres). However, only
about 6,500 hectares (16,000 acres) are currently federally owned. Point Mugu, Malibu Creek,
and Topanga State Parks, Griffith Park (a Los Angeles city park), and numerous public beaches
comprise the major parcels of land within the SAMO.

Climate

The SAMO climate is classified as Mediterranean with mild, wet winters and hot, dry
summers. Precipitation varies, but is generally more than three times greater in the winter than

!Rhus laurina has been renamed Malosma laurina Nutt. ex. Abrams (Conrad, 1987). However, the taxonomy throughout this report follows
Munz and Keck (1970).
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in the summer (Rose and others, 1982). This climate is found in mid-latitudes along western
coasts of North and South America (California and Central Chile), Europe, South Africa, and
Australia.

The rapid rise of the Santa Monica Mountains from the seashore and the complex
topography in the mountainous zone creates numerous micro-climates within the SAMO.
Precipitation averages about 46-66 cm per year (18-26 in/yr) in the mountains with a mean of
about 38 cm/yr (15 in/yr) in Los Angeles. The dry season generally extends from May through
October followed by a wet season from November to April. Coastal fog frequently penetrates
up the south-draining canyons.

Air Quality

The air quality in the SAMO varies seasonally and spatially depending upon climatic
conditions, topography, and proximity to metropolitan areas and the ocean (Rose and others,
1982). Wind speeds are generally low throughout the year, averaging 10 km/hr (6 mi/hr).
Summer months typically exhibit the highest winds with inland movement of the air from the
ocean to the west and from southerly directions during the daytime. During the nighttime the
wind direction is typically reversed and reduced in speed. Deviations from "normal” conditions
are experienced wtih the Santa Anna wind conditions--producing easterly, dry, hot, fast winds.
Winter months are distinguished by dominant northeasterly winds due to Santa Ana conditions.

Temperature inversions that trap emitted pollutants close to the land surface are common
in this region of Southern California (Rose and others, 1982). During winter months inversions
exist about two thirds of the days, but tend to dissipate in the afternoon. During the summer
months the inversions are more persistent. In addition, the summer months typically experience
the worst air quality due to the greatest solar radiation and its effect on atmospheric
photochemical reactions.

Physiography

The Santa Monica Mountains are the southwestern-most range of the east-west trending
Transverse Range Province of Southern California. They extend about 80 km (50 mi) eastward
from the Oxnard Plain to the Los Angeles River. They average about 13 km (8 mi) wide at the
western and central portions and narrow to the east to about 5 km (3 mi) wide at Griffith Park.
The crest of the range attains a maximum elevation of 1933 m (3111 ft) at Sandstone Peak with
an average elevation close to 600 m (2000 ft). The crest of the range is generally about 8 km
(5 mi) from the coast resulting in long, deep, south-draining canyons extending from the crest
to sea level and north-draining canyons that are shorter and less excised. At several locations
the crest is apparently an old erosion surface of Cenozoic age which has caused the range to
exhibit a flattened summit (Dibblee, 1982). At about the midpoint of the range it is dissected
from north to south by Malibu Creek Canyon which drains the south slopes of the Simi Hills.



Geology

The Santa Monica Mountains are a melange of marine and non-marine sedimentary and
volcanic rocks atop metamorphic and plutonic basement rocks (Figure 2). The eastern extent of
the range has exposures of the basement rocks, Santa Monica Slate and granitic intrusives,
whereas the major portion of the range is composed of two general divisions: a marine clastic
sedimentary series of late Cretaceous and early Tertiary Age in the eastern and central regions
and a thick, complex group of sedimentary and volcanic rocks of middle Tertiary Age in the
central to western portions of the range (Dibblee, 1982). The range is basically a broad anticline
that is bounded on the south by the east-west trending Malibu Coast and Santa Monica Faults.
The range has undergone extensive tectonic activity with a great deal of faulting and folding and
is currently undergoing uplift. The central portion of the range is dominated by low-angle thrust
faults composed of Tuna Canyon, Zuma, and Malibu Bowl thrust sheets (Campbell and others,
1966).

The stratigraphy of the Santa Monica Mountains is extremely complex (Hoots, 1931;
Bailey and Jahns, 1954; Durrell, 1954; Yerkes and Campbell, 1979, 1980; and Dibblee, 1982).
Yerkes and Campbell (1979) have reviewed and updated the stratigraphic nomenclature used for
the central Santa Monica Mountains. Their nomenclature is used herein.

The basement rocks are composed of Santa Monica slate and schist which have been
intruded upon by granitic rocks during the Jurassic period. The slate is exposed in Topanga and
Franklin Canyons and the granitic rocks are seen in Griffith Park (Hoots, 1931; and Dibblee,
1982).

The Tuna Canyon Formation is an upper Cretaceous marine sequence of sandstone,
siltstone, and conglomerate which presumably overlays the basement rocks (Yerkes and
Campbell, 1979). Simi(?) Conglomerate, Coal Canyon Formation, and Llajas(?) Formation are
early Tertiary marine deposits composed of pebble conglomerates, sandstone, and siltstone. The
first three of these four units appear to correspond to the Chico and Martinez Formations
identified by Hoots (1931) and Durrell (1954) (Yerkes and Campbell, 1979).

Middle Tertiary sedimentary and volcanic rocks dominate the Santa Monica Mountains.
The Sespe Formation of largely Oligocene age is a predominantly non-marine sequence of
sandstone and mudstone which is overlain by the marine Vaqueros Formation (Yerkes and
Campbell, 1979). The Vaqueros Formation is mostly sandstone and siltstone. Both formations
are missing in the eastern portion of the range.

Yerkes and Campbell (1979) proposed new nomenclature for the extensive sequence of
sedimentary and volcanic rocks that "total about 6100 m in thickness, underlies the entire
northern flank of the range, and is readily divisible into three units." They named the three units
the "Topanga Group" composed of the Calabasas Formation, the Conejo Volcanics, and the
Topanga Canyon Formation. The Topanga Canyon Formation is a mixture of sandstone, marine
and non-marine shalely siltstone, and algal(?) limestone. The Conejo Volcanics are composed
of extrusive volcanic rocks up to 3000 m thick in the western portion of the range. They thin
toward the central and eastern end of the range. The Calabasas Formation is predominantly
marine sandstone, siltstone, and sedimentary breccias. "Siliceous shale predominates in western
exposures, and siltstone and sandstone in eastern exposures (Dibblee, 1982)."
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The Modelo Formation of upper Miocene age is a marine sequence of predominantly
siliceous shale and sandstone. It is exposed on the north flank from the eastern to central portion
of the range and uncomformably overlies the Topanga Group (Dibblee, 1982; Yerkes and
Campbell, 1979). Pliocene Age sedimentary rocks are not found in the range.

Economic development of mineral deposits has been largely restricted to quarrying of
rock materials for construction. Oil and gas have been found in basins adjacent to the Santa
Monica Mountains. Exploratory drilling activities in the Santa Monica Mountains generally
occurred from the 1920’s through the 1950’s with little present day activity or production
(Dibblee, 1982).

Soils

The soils of the SAMO are as complex as the geology and topography in the region (Soil
Conservation Service, 1967, 1969, 1970). Many of the soils occur on steep slopes and hence
are shallow and easily eroded. The soils may have a non-wettable layer due to the presence of
organic plant residues, especially after fires (DeBano, 1974). Five major soil associations
predominate in the Santa Monica Mountains: Calleguas-Arnold, Gaviota-Millsholm, Hambright-
Igneous Rock Land-Gilroy, San Andreas-San Benito, and Rock land-Rough broken land
association (Rose and others, 1982)(Figure 3).

Calleguas-Arnold Association. The soils in this association occur in steep mountainous
uplands (30-50% slopes) and are characterized by being developed on areas of sandstone
and shale. The Calleguas soils are calcareous, shaley, clay loam and represent about
50% of the association. The Arnold soils are loamy sand and are about 35% of the
association with the remainder of the group represented by small proportions of other soil
series.

Gaviota-Millsholm Association. The Gaviota and Millsholm soils overlay shale and
sandstone parent material and occur in steep mountainous uplands (15-75% slopes). They
are sand and clay loams with frequent rock outcrops. Malibu and Los Osos series soils
are also found with this association.

Hambright-Gilroy Association. The Gilroy series occurs largely in hilly uplands with the
Hambright series occurring in much steeper, mountainous uplands. The association
overlays basic igneous rocks with frequent volcanic outcrops. The Gilroy and Hambright
series are clay loams with the Hambright series composing about 75% and igneous rock
lands about 10% of the association.

San Andreas-San Benito Association, The San Andreas and San Benito series are sandy
and clay loams which overlay sandstone or calcareous, sandy shale, respectively. They
occur on steep uplands with the San Andreas series predominating.

Rock Land-Rough Broken Land Association, The Rock Land consists of steep and very

steep areas of sedimentary (sandstone and shale) and igneous (basalt, andesite, and

6
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volcanic breccia) rocks with outcrops covering more than 25% of the area. The Rough
Broken Land consists of softly consolidated sediments.

Vegetation

The vegetation of the Santa Monica Mountains has adapted to the Mediterranean-type
climate of dry, hot summers followed by moist winters and frequent fires. The dominant plant
communities are coastal salt marsh and strand, coastal sage scrub, north and south slope
chaparral, southern oak woodland, valley oak savannah, valley grassland, and riparian woodlands
(Rose and others, 1982; Dale, 1986; Hanes, 1974). The chaparral vegetation, the most extensive
plant community in SAMO, is typified by broad-leaved sclerophyllous shrubs. Chaparral also
covers about 5% of the state (Hanes, 1988).

The chaparral is a dense, almost impenetrable, one-layer evergreen canopy of
predominantly chamise (Adenostoma fasciculatum H. & A.), buck brush (Ceanothus spp.), scrub
oak (Quercus spp.), and occasional stands of manzanita (Arctostaphylos spp.). Coastal-desert
orientation, slope aspect, elevation, substrate, fire history, and age of the stand are controlling
factors on the nature of the chaparral at various sites (Hanes, 1988). The south facing, xeric
slopes are dominated by Ceanothus and chamise chaparral. The Ceanothus chaparral is
predominately big pod ceanothus (C. megacarpus) which often covers more than 50% of the
southern slopes in the Santa Monica Mountains (Rose and others, 1982; Dale, 1986). The
chamise chaparral is mainly chamise and black sage (Salvia mellifera Greene). North-facing,
mesic slopes are more of a mixture of species with scrub oak, greenbark Ceanorhus (Ceanothus
spinosus Nutt.), other large shrubs, and a variety of woody vines. The dominant species
constitute fifty to one-hundred percent of the total cover in the chamise and Ceanorhus chaparral,
whereas only 20-50% is covered by the dominant species in the scrub oak chaparral (Hanes,
1988). In general Ceanorhus chaparral occurs on slightly more mesic sites with more complete
crown cover than chamise chaparral. Ceanorhus chaparral also develops its crown cover more
quickly than chamise chaparral in the early years of a stand’s growth (Hanes, 1988).

Coastal sage communities are prevalent along the lower elevation, south-facing coastal
slopes, and on steep south-facing slopes inland (Rose and others, 1982). Coastal sagebrush
(Artemisia californica Less.), purple sage (Salvia leucophylla Greene), and laurel sumac (R.
laurina) are common in these communities. The transition from coastal sage elements to
chaparral elements is a successional influence of fire history and a response to moisture regimes
(Hanes, 1988; Mooney, 1988).

The riparian woodlands have more species diversity than the other communities and are
dominated by trees. Western sycamore (Platanus racemosa Nutt.), willows (Salix spp.), coast
live oak (Quercus agrifolia), California bays (Umbellularia californica (H. & A.) Nutt.), and
big leaf maple (Acer macrophyllum) are common.

STUDY DESIGN

In order to study regional trends in elemental content of selected plant species two major
study designs were considered. The two potential systematic sampling plans considered were a



simple square grid design and multiple, linear traverses. In selecting a design several sampling
constraints were considered:

1. The plant species selected had to be prevalent at a large proportion of the potential
sites.

2. The sites had to be accessible.

3. The sites should be similar in physiographic characteristics (e.g. slope, aspect,
surface soils, parent material, proximity to roads and structures).

4. The sampling sites had to occur on public or private conservation lands within the

SAMO in order to insure the potential of resampling in the future.

5 The sites had to be distributed throughout the entire range of the SAMO.

6. The number of sites and the time required for collection had to be commensurate

with the project budget.

Three factors are readily apparent in considering the sample design constraints in the
SAMO: chaparral is the dominant plant community, the chaparral is impenetrable except along
highways or roads, such as firebreaks, and trails, and the Santa Monica Mountains are an
extremely complex physiographic melange. Thus a square grid design was considered
impractical.

In order to optimally meet the sampling design constraints several linear sampling
traverses were selected. However, even in the selection of traverses numerous compromises had
to be made.

Big pod ceanothus, also commonly referred to as buck brush, and laurel sumac were
chosen as the species to sample due to their wide prevalence on the southern flanks of the Santa
Monica Mountains. In addition, coast live oak was sampled along one traverse. Surficial soils
were also collected at each sample site.

Four major and one minor north-south trending traverses were selected. Each of these
major traverses was 6.5-8 km (4-5 mi) in length. The traverses were separated by 11-18 km (7-
11 mi) east to west (Figure 4). A sixth traverse, east-west trending along the crestline of the
Santa Monica Mountains from Griffith Park to Point Mugu State Park, was also established.
Crestline traverse sites averaged about 6.5-8 km (4-5 mi) apart except at the eastern end of the
traverse. Samples along this traverse were collected from both north and south sides of the crest.
Presence of Ceanothus chaparral, accessibility, and land ownership were the primary factors in
selecting these traverses and the actual sites sampled.

An unbalanced, crossed-hierarchical analysis of variance (ANOVA) design was created
to examine temporal and spatial variability of elemental concentrations in collected plant and soil
materials. The plants were sampled in May, 1986 and then resampled in exactly the same
fashion in December, 1986, hence the temporal aspect (crossed-element) of the sampling plan.
Soils were only sampled in May, 1986. The spatial aspects were to be considered by the
hierarchical nature of sampling among-traverse variability, among-site variability along a
traverse, between-shrub variability at a site, within-shrub variability, and within-sample
variability. This is discussed more thoroughly below. The unbalancing of the design provides
for economy of sampling and analysis time without sacrificing statistical rigor (Leone and others,
1968).
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North-South Trending Traverses

Five north-south trending traverses were established with a total of 40 sample sites
(Figure 4). Along each traverse, sample sites were established at approximately 0.8 km (1/2 mi)
intervals. For each traverse, at each site a sample of C. megacarpus, R. laurina and surficial
soil was collected. In addition, the unbalanced, hierarchical ANOVA design (Figure 5) required
sampling of two separate shrubs of each species at 40-50% of the randomly selected sites along
each traverse. These samples were identified as between-shrub replicates. One shrub of each
species was also sampled at 40-50% of the randomly selected sites along each traverse. These
samples were identified as within-shrub replicates. For uniformity, all shrub samples were
collected from the south-side except when a within-shrub replicate was required and then the
north-side was also sampled. In the laboratory an additional 10-15% of the total number of
samples collected were split and analyzed separately. These samples were identified as
laboratory replicates.

Along one traverse Q. agrifolia bark samples were collected in a similar hierarchical
fashion as the other two plant species.

Soil samples were similarly collected. The design called for comparison among traverses,
among sites, between pits at a site (30-50% of the sites), and laboratory replication (15% of the
total). The schematic diagram in Figure 5 shows the relationship of each ANOVA level, but the
diagram is for illustration purposes only and the samples collected did not correspond with the
exact pattern of unbalancing shown.

A general description of each traverse follows:

Traverse 1--Franklin Canyon. Four traverse sites were established in chaparral on

predominantly west-facing slopes along the eastern side of Franklin Canyon. Sites were

located upslope from the canyon bottom, but generally well below the canyon rim.

Traverse sites were numbered T1-2 through T1-5.

Traverse 2--Topanga State Park, Ten traverse sites were established in chaparral on

predominantly south- and west-facing slopes along Fire Road #30 (Temescal Fire Road)

in Topanga State Park. The sites were located near the crestline of the north-south
trending ridge dividing Santa Ynez and Temescal Canyons. Traverse sites were
numbered T2-1 through T2-10.

Traverse 3--Calabasas-Saddle Peaks. Nine traverse sites were established in chaparral on

predominantly south- and west-facing slopes along north-south trending ridge crests from

Calabasas Peak to Saddle Peak and then southward along Rambla Pacifico Road.

Traverse sites were numbered T3-1 through T3-9.

Traverse 4--Zuma-Trancas Ridge. Eight traverse sites were established in chaparral on

predominantly south- and west-facing slopes along the fire road that extends southward

from about Saddle Rock along the north-south trending crestline that separates Zuma and

Trancas Canyons. Traverse sites were numbered T4-1 through T4-8.

Traverse 5--Big Sycamore Canyvon. Nine traverse sites were established in coastal sage,

chaparral, and riparian woodlands on predominantly west-facing slopes and in the

bottomlands of Big Sycamore Canyon in Point Mugu State Park. C. megacarpus and R.

laurina samples were collected just upslope from the canyon bottom, well below the
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canyon rim. Q. agrifolia samples were collected in the riparian woodlands of the canyon
bottom. Traverse sites were numbered T5-2 through T5-10.

East-West Trending Crestline Traverse

One east-west trending traverse was established at the crestline of the Santa Monica
Mountains extending from Griffith Park to Point Mugu State Park. At several locations the true
crestline of the range was unsuitable for sampling and an east-west trending ridge crest closer
to the ocean was chosen. Samples of R. laurina and surficial soils were collected from both
north and south facing sides of the crestline at eight locations (Figure 4). The samples were
collected using an unbalanced, hierarchical ANOVA design (Figure 6, Appendix Figure Al).
Identical sampling was performed on each side of the crestline. Plants were sampled at east and
west sites separated by about 20-30 m on each side and 10-20 m below the crestline. These
samples were identified as east-west between-shrub replicates. An additional shrub was sampled
within about 5 m of the original shrub at one of the east-west sites (randomly selected) on each
side of the crestline. These samples were identified as between-shrub replicates. At the
opposing east-west site the shrub was sampled from both upslope and downslope sides and these
samples were identified as within-shrub replicates. Thus each side of the crestline had an east
and west site sample, one between-shrub replicate, and one within-shrub replicate for a total of
eight samples per traverse site. In the laboratory an additional 15% of the total number of plant
samples collected were split and analyzed separately.

On each side of the crestline a soil sample was collected at either the east or west shrub
location (based on random selection). Thus two soil samples were collected per traverse site.
In the laboratory 15% of the total number of soil samples collected were split and analyzed
separately. Sampling sites were labeled R1-R9.

STUDY METHODS
Sample Collection

Selection criteria for the north-south trending traverse sites were: (1) 30 m or more
away, preferably upslope, from roads or other man-caused disturbances, (2) south- or west-facing
aspect, (3) all shrubs of the selected population within 30 m of each other, and (4) robust,
mature shrubs. C. megacarpus was absent at several locations along Traverses 1 and 5. For the
crestline traverse, sample site selection criteria were generally the same as for the north-south
trending traverses. In addition, sites had to have R. laurina that was located on both north and
south sides of the east-west trending crestline. In crossing the crestline from south to north there
is a distinct change in the chaparral community and R. laurina rapidly disappears. This caused
some difficulty in establishing the crestline traverse sites. One potential site, R3 (to the west of
Fernwood), was completely omitted from the study and at site R8, near Sandstone Peak, samples
were only collected from the south side of the crestline.

Plant samples were collected at two different seasons during 1986. The first sample
collection occurred between May 9-17, at the beginning of the dry season. The second sample
collection occurred six months later on December 9-14, at the beginning of an apparently delayed
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Figure 5. Schematics of the unbalanced, hierarchical ANOVA sampling designs for N-S
trending traverses for surficial soils and for R. laurina and C. megacarpus. Diagrams do not
represent exact unbalancing used.

Surficial Soils ANOVA

Level 1--Among Traverses

Level 2--Among Sites

Level 3--Between Pits

Level 4--Lab Replicates

R. laurina and C., megacarpus ANOVA

Level 1--Among Traverses

Level 2--Among Sites

Level 3--Between Shrubs

Level 4--Within Shrubs

Level 5--Lab Replicates [—_] }

Figure 6. Schematics of the unbalanced, hierarchical ANOVA sampling designs for E-W
trending crestline traverse for surficial soils and for R. laurina. Diagrams do not represent
exact unbalancing used.

Surficial Soils ANOVA

Level 1--Among Sites

Level 2--N vs S Aspect

Level 3--Lab Replicates [J_1

R, laurina ANOVA

Level 1--Among Sites

Level 2--N vs S Aspect

Level 3--E vs W

Level 4--Between Shrubs

Level 5--Within Shrubs

Level 6--Lab Replicates [_—]
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wet season. The second collection was performed on the same shrubs as sampled in the first
collection. Soil samples were only collected during the May collection period.

R. laurina is a dense 2-5 m tall evergreen shrub with 5 cm long, oblong, smooth, waxy
leaves; it blooms in June and July. The terminal leaves and stems, approximately 5-30 cm from
the tip, of mature R. laurina were collected by hand from numerous perimeter branches about
1-2 m above the ground on the south-facing side of the shrub. Within-shrub replicates were
collected from the north-facing side of the shrub. In May the leaves were generally collected
from branches with active growth and a developing flower head. For the December collection
similar branches were sampled in which the remnants of the flower head were visible. The
collected material, approximately 50-100 g, was placed in cloth bags, air-dried in the field, and
stored at ambient temperatures.

C. megacarpus is an evergreen shrub growing approximately 2-5 m high with small,
rough, waxy leaves. It blooms from January to April. The terminal leaves, approximately 5-10
cm from the tip, were collected by hand from numerous perimeter branches as described above.
The collected material, approximately 20-50 g, was placed in cloth bags, air-dried in the field,
and stored at ambient temperatures.

Bark from Q. agrifolia was collected with a draw knife approximately 2-3 m above the
ground. After the highly dissected epidermis was removed from a 100-250 cm? area of a major
laterally projecting lower limb, the moist reddish cortex was scraped and saved. The diameter
of the branch sampled ranged from about 30-100 cm. The collected material, approximately 50-
100 g, was stored in cloth bags, air-dried in the field, and stored at ambient temperatures.

All shrubs and trees sampled were marked with an aluminum tag and a sample
identification number. For shrubs the tags were wired to terminal branches about 2 m high and
for trees the tags were attached with galvanized nails to the trunk approximately 2.5 m high.

Surficial soil samples were collected with a stainless steel trowel to a depth of about 15
cm, after removing surface litter. Approximately 1-2 kg of soil were sieved through a stainless
steel screen with 1 cm’ openings. The sieved material was mixed by hand in a plastic pan.
Approximately 0.5-1 kg of material was placed in a paper soil sample bag, air-dried in the field,
and stored at ambient temperatures. The soil pit was generally located within 2-3 m of the
primary R. laurina shrub sampled. Replicate soil pits were separated by about 10 m.

Sample Preparation

Prior to preparation and analysis samples were arranged in randomized suites with a
maximum of 40 samples segregated by sample type. Analytical results and geocoding
information are permanently archived in the U.S.G.S. Rock Analysis Storage System (RASS).

Plant samples were dried at 40°C for approximately 48 hr. The dried plant material was
ground in a Wiley mill to pass a 2 mm screen. Soil samples were air-dried and disaggregated
in a ceramic mortar to pass a 10 mesh (2 mm) sieve. The material passing through the sieve was
further ground to pass a 100 mesh (0.15 mm) sieve using an agate shatter box.
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Sample Analysis

All plant samples were ashed in Vicor crucibles at 450-500°C over an 18 hour period.
One hundred milligrams of the ash were digested with mixed acids. After complete digestion
of the plant ash, selected metals (Table 1) were determined by inductively coupled plasma atomic
emission spectroscopy (ICP) (Lichte and others, 1987). Total sulfur was determined directly on
250 mg of the ground plant material by combustion at 1370°C in an oxygen atmosphere with
infrared detection of evolved SO, (Jackson and others, 1985).

All soil samples were analyzed by ICP for the same suite of elements (Table 1) as the
plants. Two hundred milligrams of ground material were completely digested with mixed acids.
Total sulfur was determined in the soils by the same procedure used for the plants. Total carbon
was determined by combustion of 0.25-1 g of ground material at 1370°C in an oxygen
atmosphere with infrared detection of evolved CO, (Jackson and others, 1987). Carbonate
carbon was determined by coulometric titration of acid-evolved CO, (Engleman and others,
1985). Organic carbon was determined by the difference of total and carbonate carbon.

The lower detection limits for all elements and species determined are shown in Table 1.
The detection limit for elements in plant materials determined by ICP is twice as great as those
for soils due to the use of the smaller sample size.

Table 1. Detection limits for the analysis of plants and soils.

Element Plants Soils Element Plants Soils
Al % 0.1 0.05 Ga ppm 8 4
% 0.1 0.05 Ho ppm 8 4
Fe % 0.1 0.05 La ppm 4 2
K% 0.1 0.05 Lippm 4 2
Mg % 0.1 0.05 Mn ppm 8 4
Na % 0.01 0.005 Mo ppm 4 2
P % 0.01 0.005 Nb ppm 8 4
Ti % 0.01 0.005 Nd ppm 8 4
Ag ppm 4 2 Ni ppm 4 2
As ppm 20 10 Pb ppm 8 4
Au ppm 16 8 Sc ppm 4 2
Ba ppm 2 1 Sn ppm 20 10
Be ppm 2 1 Sr ppm 4 2
Bi ppm 20 10 Ta ppm 80 40
Cd ppm 4 2 Th ppm 8 4
Ce ppm 8 4 U ppm 200 100
Co ppm 2 1 V ppm 4 2
Cr ppm 2 1 Y ppm 4 2
Cu ppm 2 1 Yb ppm 2 1
Eu ppm 4 2 Zn ppm 4 2
Other Methods
Element Plants Soils
Towl C% - 0.01
Inorg. C% - 0.0
Towml S% 0.01 0.01
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Data Analysis

Data analysis has been performed using a variety of public domain and commercial
software such as U.S.G.S. STATPAC (Grundy and Miesch, 1988) and Lotus 123.

The raw data as reported by the laboratory and stored in the RASS are found in
Appendices II-XI. All soil data have been analyzed on a dry-weight basis (i.e. air-dried). For
plants, S and ash are on a dry-weight basis (at 40°C) and all other elements are on an ash-weight
basis. We feel that for plants the use of an ash-weight basis provides a more uniform
comparison for inter- and intra-seasonal element concentrations. All data unless otherwise
specified have been logarithmically (base 10) transformed prior to statistical analysis. Where
appropriate, qualified data, that is those results below the analytical detection limit, have been
replaced with 0.7 times the detection limit prior to statistical analysis. Elements with more than
33% qualified values have been excluded from any analyses. In general, limited replacement
of qualified values has little influence on robust techniques such as ANOVA. However,
appropriate caution should be used in interpreting correlation-based techniques where we have
used replacement of qualified values.

The geometric means for elemental concentrations were determined as weighted averages
of the transformed data due to the unbalanced nature of the sample design. The hierarchical
ANOVA levels were used for weighting so that the lowest level, laboratory replicates, was
averaged first and then each succeeding level upward through the hierarchical chain. Pooled
geometric deviations were determined as the square root of the total variance determined in the
unbalanced, hierarchical ANOVA. Geometric means and deviations were calculated for several
elements which required replacement of some of the qualified values. This introduces a bias to
these results, but it is important in order to allow comparisons to be made between different data
sets to guide future research.

The sampling design was truly a crossed-hierarchical ANOVA design which incorporated
both temporal and spatial aspects. However, software to appropriately analyze the unbalanced
design was not available. Therefore the data have only been analyzed one season at a time by
ANOVA. Inter-seasonal comparisons have been made by parametric analysis of the
logarithmically transformed data as paired sets.

Hierarchical clustering analysis was performed on soils and plants using standardized
variables (logarithmically transformed data were standardized to non-hierarchically weighted
means of 0 and variances of 1). The incremental sum-of-squares technique was used for
simplicity of graphical interpretation.

Exploratory factor analysis (R-mode) was performed on soils and plants using
standardized variables for the logarithmically transformed data (Davis, 1986). In order not to
overweight in the factor model the chemistry of those sites where laboratory and other within-site
replicates were obtained all within-site replicates were hierarchically averaged to obtain site
means. Those factors obtained with eigenvalues greater than one were extracted for varimax
rotation to create the final factor model. The number of variables in the factor model could not
exceed the number of samples.

Three types of absorption coefficients (Brooks, 1983) were calculated using hierarchically
averaged, non-logarithmically transformed results appropriate for each specific coefficient.
Temporal absorption coefficients (TAC) were determined using each individual plant sampled.
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Within plant and laboratory replicates were averaged in order to obtain an individual plant
arithmetic mean prior to calculation of the TAC. All TAC’s were then averaged to obtain a
grand mean. Relative absorption coefficients (RAC) were calculated using the hierarchically
averaged mean for all samples of each species at a site. The biological absorption coefficient
(BAC) was also calculated using the hierarchical average for all samples at a site.

RESULTS AND DISCUSSION
Summary Statistics and Analysis of Variance

N-S Traverses: Soils. Summary statistics, range, geometric mean and deviation for the soil
samples, collected in May, 1986, for the north-south trending traverses are shown in Table 2.
This table includes results from the unbalanced, hierarchical ANOVA. The ANOVA results are
presented as percentages of the total variance accounted for by each level in the design assuming
that the total variance is the sum of the variances for each level. In addition, those levels that
were determined to be statistically significant using an F-test at the 0.05 probability level are
indicated. In general, for those elements with a geometric mean concentration an order of
magnitude or more above the detection limit most of the variance was accounted for at the
ANOVA level "among sites along a traverse" with the next greatest amount of variance
accounted for at the level "among traverses" followed by the level "between soil pits.” For most
elements these three levels are statistically different. As a result of the laboratory replicate
analyses being performed on splits of material obtained from the ground and homogenized
sample and the excellent precision for most analyses, the statistical significance of the difference
between soil pits may not be important. Even though the pits are statistically different, very little
of the total variance is attributable to differences between pits, and the replicate pits at a site
were from the same general soil taxonomy units. Hierarchical clustering analysis of the soil
chemical data generally shows that the laboratory replicates followed by the replicate soil pits
are the most closely related samples (Figure 7).

N-S Traverses: R. lauring. Summary statistics and ANOVA results for the R. laurina
collected in May and December, 1986, along the north-south trending traverses are shown in
Tables 3 and 4, respectively. The sulfur and ash weight results are reported on a dry weight
basis; and all other results are on an ash weight basis.  In examining the ANOVA results for
the major essential elements in Tables 3 and 4 there are some obvious trends. Regardless of
season the majority of the variance occurs at the among site, between shrubs, and within shrub
levels in descending order of magnitude. In general these differences are statistically significant.
Only a few percent of the total variance is attributable to differences among traverses or between
laboratory replicates. For the trace elements the variance is distributed less uniformly. Several
elements, especially from the May collection, have a large proportion of their variance at the
laboratory replicate level. These elements tend to have a concentration range that is small and
less than an order of magnitude above the analytical detection limit. Pb, Zn, and several other
elements display statistically significant differences at the between-traverse level with nearly 50%
of their total variance at this level.
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N-S Traverses: C. megacarpus. Summary statistics and ANOVA results are found in Tables
5 and 6 for the C. megacarpus collected in May and December at the same traverse locations as
the R. laurina discussed above. The elemental results are reported on the same basis as the
results for R. laurina.

The trends in the ANOVA results are similar in the C. megacarpus as for R. laurina.
In general, the largest proportion of the variance for most elements is attributable to differences
among sites. For most elements the among site, between shrubs, and within shrub ANOVA
levels are significantly different than the next lower level at the 0.05 probability level. For
major elements relatively little variance is found among traverses except for Na.

N-S Traverse 5: Q. agrifolia. Summary statistics and ANOVA results for elements in the
bark from Q. agrifolia collected at sites along the canyon bottom of Traverse 5--Big Sycamore

Canyon are shown in Tables 7 and 8. The results are reported on the same basis as for the other
two plant species. Also, compared to the other species several additional elements are found
at detectable levels and are shown in these tables.

The ANOVA results indicate that for most elements the majority of the variance is
between trees at a single site. For many of the major elements, 90-98% of the variance is
attributable to this level. The remainder of the variance is largely apportioned to the among site
level. Only P, Mn, and Sr are significantly different at this level, whereas most elements are
significantly different at the between tree level.

E-W Crestline: Soils. Summary statistics and ANOVA results are shown in Table 9 for soils
collected in May, 1986 along the east-west trending crestline traverse (Figure 4). The ANOVA
design was similar to that used for the soils collected along north-south trending traverses
(Figures 5 and 6). However, no replicate pits on the north- or south-facing slopes were
collected; therefore, there are only three hierarchical ANOVA levels. The ANOVA results
indicate that the largest percentage of total variance was attributable to differences among sites
and between north- and south-facing slopes. For many elements 80 to almost 100% of the
variance was found at the among-sites level. Little variance was contributed by analytical
imprecision. The differences for most elements at the among-sites level compared to the north
versus south level were statistically significant. In addition, for more than one third of the
elements, the differences at the north versus south level were statistically significant compared
to laboratory replication. But caution should be used in the interpretation of this difference. No
soil replicate samples were collected on an individual side of the crestline and it is not known
how great the variability between site-replicated soil samples may be.

E-W Crestline: R. lauring. Summary statistics and ANOVA results for R. laurina collected
in May and December along the crestline traverse are shown in Tables 10 and 11. Sixty-eight
samples and replicates were analyzed in the December collection, but only 65 samples were
analyzed in the May collection due to the loss of three samples in the field.

The ANOVA indicated that for many elements a large proportion of the total variance was
attributable to differences among sites, whereas a much smaller percentage was attributable to
differences between north- and south-facing slopes. In general, if the percentage variance at the
traverse site level was 50% or greater this level was significantly different from the north-south
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aspect level. The variance exhibited between samples collected on the same side of the crestline

was typically between 10-40% and for %-'% of the elements differences between this level and

the between shrubs level were statistically significant.

Figure 7. Hierarchical cluster dendrogram for soils along N-S traverses.
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Table 2. Summary statistics and ANOVA results for soils from N-S traverses--May collection.

Percentage Variance

at each ANOVA level

Geometric Among Among Between Laboratory
Element Ratio? Minimum Maximum Mean Deviation Traverses Sites Pits Replicates
Total C% 64/64 0.35 7.18 2.20 2.09 (o] 56 * 44 * o]
Org. C% 64 /64 0.35 7.15 2.07 2.10 o 56 * 44 * (o]
Inorg. C% 24/64 < 0.01 3.76
Total S% 50/64 < 0.01 0.03 0.01 1.67 (¢} 56 * [e] 44
pH 64 /64 5.31 7.92 6.82 1.08 35 * 32 » 29 * 4
Alt 64/64 5.0 8.9 6.9 1.12 (o] 53 * 41 * 6
Cat 64/64 0.48 12 1.5 2.00 o 87 * 13 * o
Fet 64 /64 1.2 7.4 3.5 1.62 26 * 64 * 9 * 1
K% 64/64 0.41 3.3 1.7 1.75% 21 * 74 * 3 * 2
Mgl 64/64 0.14 4.2 1.0 2.22 38 * 59 * 3 * o}
Nat 64/64 0.20 3.4 1.7 1.55 5 52 * 43 * o
Pt 64/64 0.02 0.27 0.06 1.79 b § 85 * 7 7
Ti% 64 /64 0.13 1.1 0.38 1.59 16 * 76 % 8 * o]
Mn ppm 64/64 220 1300 600 1.55 29 * 59 * 11 * 2
As ppm 14/64 < 10 50
Ba ppm 64 /64 190 1500 650 1.72 16 82 * 2 * 1
Be ppm 44 /64 < 1 2 1 1.49 34 * 47 *» [o} 19
Cd ppm 11/64 < 2 8
Ce ppm 64 /64 7 90 46 1.77 16 * 79 * 3 3
Co ppm 64/64 4 45 15 2.02 34 * 56 * 9 % o
Cr ppm 64/64 11 460 76 2.55 49 * 47 * 4 * o
Cu ppm 64 /64 4 71 22 2.25 34 * 53 * 12 [o]
Ga ppm 64/64 11 22 16 1.18 9 66 * 19 * 7
La ppm 64 /64 4 47 24 1.78 12 82 » 5 * 1
Li ppm 64,64 7 75 24 1.76 51 * 42 *» 6 * 1
No ppm 17/64 < 2 10
Nb ppm 37/64 < 4 9
N4 ppm 64/64 5 48 22 1.53 24 * 63 * 11 * 2
Ni ppm 64 /64 6 200 38 2.70 53 » 42 » 4 * 1
Pb ppm 61/64 < 4 67 18 1.96 37 * 45 * o 17
Sc ppm 64/64 3 29 11 1.78 39 * 55 % 6 % 1
Sr ppm 64 /64 120 370 220 1.34 1 84 * 12 » 2
Th ppm 54/64 < 4 17 7 1.72 35 * 58 * 6 » 2
vV ppm 64/64 21 190 88 1.80 32 » 63 » 5 o
Y ppm 64/64 8 43 18 1.38 22 * 51 * 26 * 2
Yb ppm 61/64 <2 4 2 1.48 4 35 48 * 13
Zn ppm 64 /64 20 160 67 l1.61 32 % 57 » 10 * 1

2

lx gignificant at 0.05 probability level.
Ratio of samples with detectable concentrations to the total number of samples.
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Table 3. Summary statistics' and ANOVA results for R. laurina from N-S traverses--May
collection.

Percentage variance? at each ANOVA level

Geometric Among Among Between Within Laboratory

Element Ratio? Minimum Maximum Mean Deviation Traverses Sites Shrubs Shrubs Replicates
Tota Stl 87/87 0.11 0.21 0.15 1.14 o 60 = 16 14 10
Ashgt 87/87 2.49 4.96 3.84 1.14 o] 35 « 37 = 22 = 6
Al% 87/87 0.11 0.53 0.23 1.41 [e] 53 = 26 * 19 = 1
cag 87/87 7.5 18 12 1.24 o 54 = 9 36 « 2
Feg} 87/87 0.12 0.41 0.23 1.29 5 52 « 26 * 15 « 1
K% 87/87 19 40 33 1.15 o 36 * 43 = 19 = 2
Hgt 87/87 1.5 7.8 3.4 1.35 5 38 = 52 « 5 * o
Nag 87/87 0.13 5.2 0.38 2.04 28 « 44 * o 28 (o]
P% 87/87 3.0 8.2 5.5 1.26 (o] 58 » o 39 * 2
Ti% 87/87 0.01 0.04 0.01 1.56 6 23 24 o] 47
Mn ppm 87/87 310 3900 1100 1.83 45 * 37 = 11 = 6 = o
Ba ppm 87/87 30 550 99 2.25 38 = 43 13 = 5 = o
cd ppm 21/87 < 4 34

Ce ppm 17/87 < 8 31

Co ppm 85/87 < 2 6 3 1.35 5 18 28 20 28
Cr ppm 87/87 5 21 10 1.37 5 12 8 56 * 18
Cu ppm 87/87 70 240 140 1.32 o 39 = 35 « 26 * 1
La ppm 16/87 < 4 32

Li ppm 42/87 < 4 280

Mo ppm 29/87 < 4 19

N4 ppm 2/87 < 8 13

Ni ppm 87/87 10 140 52 1.76 o] 49 = 46 * 4 * 1
Pb ppm 59/87 < 8 33 11 1.77 48 = 13 14 21 = 4
Sc ppm 0/87 < 4 < 4

Sr ppm 87/87 64 690 200 1.66 14 = 28 * 45 % 12 * o
vV ppm 52/87 < 4 11

Y ppm 9/87 < 4 36

Zn ppm 87/87 320 1000 550 1.30 44 * 15 24 « 15 = 1

gzlenents with summary statistics on a dry-weight basis, all other elements on an ash-weight basis.
* significant at 0.05 probability level.
Ratio of samples with detectable concentrations to the total number of samples.

Table 4. Summary statistics' and ANOVA results for R. laurina from N-S traverses--December
collection.

Percentage Varianc92 at each ANOVA level

Geometric Among Among Between Within Laboratory

Element Rratio3 Minimum Maximum Mean Deviation Traverses Sites Shrubs Shrubs Replicates
Tota} ssi 87/87 0.06 0.13 0.09 1.20 11 » 40 = o] 24 24
Asht 87/87 2.72 6.06 3.92 1.22 14 73 * 7 * 6 * o
Al% 87/87 0.09 0.50 0.22 1.44 o 43 * 42 * 13 = 2
Cag 87/87 18 31 24 1.15 o 68 16 13 = 2
Fet 87/87 0.07 0.41 0.19 1.40 3 54 « 29 = 13 » 1
K% 87/87 5.6 27 15 1.40 o 59 « 23 * 18 * 1
Mgt 87/87 2.5 11 5.4 1.38 o 51 * 34 = 13 % 2
Nag 87/87 0.09 3.7 0.29 2.12 3 79 % o 17 = 1
Pt 87/87 1.5 5.3 2.6 1.35 o 79 * 14 * 6 * 1
Tig 66/87 < 0.01 0.04 0.01 1.68 4 46 * 3 o 47
Mn ppm 87/87 310 5400 1400 2.10 26 * 28 *® [e] 33 » 13
Ba ppm 87/87 38 940 160 2.94 25 & 49 = o 26 o
cd ppm 19/87 < 4 50

Ce ppm 15/87 < 8 43

Co ppm 87/87 3 9 4 1.37 5 19 19 o 57
Cr ppm 64/87 < 2 is 5 2.90 o w o 39 o] 53
Cu ppm 87/87 33 690 71 1.97 ] 19 * ] (o] 81
La ppm 87,87 7 45 11 1.51 18 = 62 % 13 » 5 w 1
Li ppm 50/87 < 4 330

Ho ppm 17/87 < 4 12

N4 ppm 5/87 < 8 22

Ni ppm 87/87 5 230 24 2.14 13 54 * 16 15 » 1
Pb ppm 70/87 < 8 47 13 2.00 33 » 29 * [e] o] 38
Sc ppm 5/87 < 4 5

Sr ppm 87/87 1s0 1500 460 1.60 6 55 % 33 * 5 w 1
V ppm 28/87 < 4 12

Y ppm 22/87 < 4 23

Zn ppm 87/87 160 860 400 1.40 16 * 39 % 25 » 3 is

lplements with summary statistics on a dry-weight basis, all other elements on an ash-weight basis.
* significant at 0.05 probability level.

Ratio of samples with detectable concentrations to the total number of samples.
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Table 5. Summary statistics' and ANOVA results for C. megacarpus from N-S traverses--May
collection.

Percentage Variance? at each ANOVA level

Geometric Among Among Between Within Laboratory

Element Ratio? Hinimum Maximum Hean Deviation Traverses Sites Shrubs Shrubs Replicates
Tota} syl 72/72 0.10 0.16 0.13 1.10 12 25 33 & 1 29
Asht 72/72 2.55 5.57 3.77 1.18 11 34 37 & 18 = [¢]
Alg 72/72 0.08 0.60 0.21 1.54 [o] 64 * 22 * 12 * 2
Cag 72/72 16 30 2 1.19 [o] 47 * 45 = 6 * 2
Fe% 72/72 0.13 0.43 0.24 1.33 (o] 67 * 22 * -] 7
K% 72/72 12 31 20 1.27 2 56 * 33 & 9 = 1
Mgt 72/72 2.3 9.1 4.8 1.35 2 69 * 25 * 4 * 1
Nag 72/72 0.23 5.5 1.2 2.02 28 41 = 24 * 7 * []
P3 72/72 2.5 7.4 4.3 1.28 [o] 68 * 16 14 * 2
Tig 72/72 0.01 0.03 0.01 1.47 o 60 * o (o] 40
Mn ppm 72/72 260 3700 910 1.64 15 63 * 21 * ] o]
Ba ppm 72772 54 1100 200 2.16 -3 87 * 6 2 * o
cd ppm 2/72 < 4 s

Ce ppm 14/72 < 8 16

Co ppm T1/72 < 2 8 3 1.43 13 39 o [e] 49
Cr ppm 72/72 4 110 ° 1.60 (o] 78 * 12 6 3
Cu ppm 72/72 60 240 140 1.38 o 63 * 26 * 7 - 4
La ppm 22/72 < 4 26

L1 ppm 66/72 < 4 200 12 2.86 38 * 49 * 10 = 2 * o
Ho ppm 24/72 < 4 58

Nd ppm 0/72 < 8 < 8

Ni ppm 72/72 12 210 58 2.13 o 93 * 2 4 * 1
Pb ppm 56/72 < 8 34 13 1.82 11 52 * 16 17 * [
Sc ppm o/72 < 4 < 4

Sr ppm 72/72 150 1900 570 1.85 o 91 * 6 * 3 * o]
VvV ppm 28/72 < 4 12

Y ppm 17/72 < 4 20

Zn ppm 72/72 260 840 480 1.26 8 64 * 11 16 * 1

1Elements with summary statistics on a dry-weight basis, all other elements on an ash-welght basis.
el significant at 0.05 probability level.
Ratio of samples with detectable concentrations to the total number of samples.

Table 6. Summary statistics’ and ANOVA results for C. megacarpus from N-S
traverses--December collection.

Percentage Variance? at each ANOVA level

Geometric Among Among Between Within Laboratory

Element Ratiod Hinimum Maximum Hean Deviation Traverses Sites Shrubs Shrubs Replicates
Tota} syl 72/72 0.08 0.13 0.10 1.10 8 (4] 23 47 21
Ashg 72/72 2.50 6.61 3.80 1.22 11 49 * 23 « 16 * o]
Al% 72/72 0.13 0.76 0.35 1.54 1s 40 30 * 11 = 3
Cat 72/72 16 32 24 l1.18 10 68 * 15 * 2 5
Fe} 72/72 0.13 0.58 0.31 1.4 12 a4 * 29 * 10 * 4
K% T72/72 6.6 28 14 1.38 10 77 * 3 7 * 2
MHg% 72/72 2.0 12 5.2 1.41 16 63 * 13 « 8 * [e]
Nas% T2/72 0.21 4.9 1.1 2.14 36 « 22 30 « [¢] 13
P% 72/72 1.7 7.1 3.6 1.44 0 48 * 41 * [e] 11
Tig 70/72 < 0.01 0.05 0.02 1.62 S 25 53 « 12 = s
Mn ppm 72/72 300 4800 1000 1.69 1la 63 * 8 9 6
Ba ppm T2/72 64 1300 250 2.11 5 67 * 19 * o] 10
Ccd ppm 0/72 < 4 < 4

Ce ppm 17/72 < 8 18

Co ppm 72,72 2 7 4 1.32 23 * [} 39 « [e] 38
Cr ppm 72/72 4 27 12 1.45 7 35 33 * 12 13
Cu ppm 72/72 69 260 150 1.38 4 33 41 = 18 « 4
La ppm 72/72 6 26 11 1.46 16 * 19 43 * 4 18
Li ppm 66/72 < 4 300 17 3.19 38 « 45 = (o] 16 « 1
Ho ppm 12/72 < 4 33

N4 ppm 10/72 < 8 12

Ni ppm 72/72 15 210 60 2.08 o 89 * 6 * 1 3
Pb ppm 71/72 < 8 93 22 1.72 35 « 30 * 17 12 7
Sc ppm 7/72 < & 5

Sr ppm 72/72 200 1800 610 1.71 (o] 84 * 11 * 3 2
V ppm 58 /72 < 4 15 6 1.67 1s 28 38 * 6 12
Y ppm 18/72 < 4 13

Zin ppm 72/72 230 790 460 1.30 10 59 « 6 22 * 3

;zlenents with summary statistics on a dry-weight basis, all other elements on an ash-weight basis.
* significant at 0.05 probability level.
3Ratio of samples with detectable concentrations to the total number of samples.
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Table 7. Summary statistics' and ANOVA results for Q. agrifolia from N-S traverse 5--May
collection.

Percentage Variance? at each ANOVA level

Geometric Among Between Within Laboratory
Element Ratio? Minimum Maximum Mean Deviation Sites Trees Trees Replicates
Tota} S%l 23/23 0.05 0.13 0.07 1.23 33 43 15 °
Asht 23/23 4.72 12.0 7.41 1.28 o 90 * 9 * 1
Al% 23/23 0.69 3.7 1.7 1.65 o 94 = 3 3
Cat 23/23 25 35 28 1.14 o] 98 = 1 1
Feg 23/23 0.47 2.3 1.1 1.61 3 91 = S 2
K% 23/23 2.0 12 8.0 1.70 o 95 w 5 » o
Mgt 23/23 3.2 6.3 4.5 1.28 27 70 * 3 * o
Nag 23/23 0.32 1.3 0.68 1.46 44 50 * 3 2
P 23/23 0.31 0.76 0.52 l1.28 64 * 31 » 5 = o
Tig 23/23 0.04 0.19 0.10 1.64 o 96 * o 4
Mn ppm 23/23 2700 22000 4700 1.83 75 = 20 4 = o
Ba ppm 23723 450 2800 1100 1.78 57 39 = 4 = o
cd ppm 20/23 < 4 57 7 2.58 19 79 * 1 o
Ce ppm 19/23 < 8 33 15
co ppm 23/23 6 24 12 1.47 39 53 s 3
cr ppm 23723 9 75 29 1.87 a2 74 * o 14
Cu ppm 23/23 49 180 °9 1.34 14 66 19 = 1
Ga ppm 10/23 <8 17
La ppm 18/23 < 4 16 7 1.88 28 65 * 2 s
Li ppm 21/23 < 4 16 8 1.64 o 98 * 1 1
Mo ppm 0/23 < 4 < 4
Nd ppm 6/23 < 8 16
Ni ppm 23/23 25 130 s8 1.55 a1 55 = 3 2
Pb ppm 23/23 47 470 160 1.88 38 55 * 7 * 1
Sc ppm 10/23 < 4 8
Sr ppm 23/23 530 1200 810 1.30 82 = 14 3 3
vV ppm 23/23 15 100 36 1.66 30 62 w 6 2
Y ppm 18/23 < 4 13
Zn ppm 23/23 78 a10 170 1.62 59 33 7 * 1

lElements with summary statistice on a dry-weight basis, all other elements on an ash-weight basis.
2« gignificant at 0.05 probability level.

Ratio of samples with detectable concentrations to the total number of samples.

Table 8. Summary statistics’ and ANOVA results for Q. agrifolia from N-S traverse
5--December collection.

Percentage Variance? at each ANOVA level

Geometric Among Between within Laboratory

Element Ratio? Ninimum MNaximum Nean Deviation Sites Trees Trees Replicates
Tota} S%l 23/23 0.02 0.06 0.04 1.40 o] 47 o 53
Ash$ 23723 4.48 11.7 6.93 1.27 o 92 * 8 *® o
Al% 23/23 0.29 2.2 0.97 1.66 o 91 * 6 3
Cag 23/23 17 35 27 1.20 o] 97 * 2 1
Feg 23/23 0.21 1.5 0.62 l.68 o 96 = 3 1
K% 23/23 3.1 24 7.6 1.89 o 95 * 5 * [o]
Ng% 23/23 3.8 7.0 5.4 1.19 37 54 * 8 * 1
Nag 23/23 0.20 1.2 0.49 1.59 a3 57 * 10 * 1
P3 23/23 0.31 0.87 0.59 1.36 67 * 24 9 * 1
Tig 23723 0.02 0.15 0.06 1.66 o 83 13 4
Mn ppm 23/23 1500 24000 3800 2.11 €65 * 23 11 » o
Ba ppm 23/23 220 2800 850 2.11 40 55 * s * o
cd ppm 20/23 < a 71 8 2.69 35 63 = 1 1
Ce ppm 11/23 < 8 18

Co ppm 23723 5 16 [ 1.33 2 83 % 7 °
Cr ppm 23723 8 52 1a 1.58 a2 a6 16 s
Cu ppm 23/23 42 160 88 1.45 31 54 14 = 1
Ga ppnm 9/23 < 8 20

La ppm 23/23 8 21 13 1.29 o 85 12 3
Li ppm 21/23 < a4 9 6 1.54 o 94 * 6 o
Mo ppm 0/23 < 4 < 4

N4 ppm 2/23 < 8 o

Ni ppm 23/23 15 94 35 1.51 21 72 * 7 * 1
Pb ppm 23723 26 320 87 1.76 o 85 = 15 = o
Sc ppm 1l6/23 < 4 7

Sr ppm 23/23 430 1200 720 1.33 41 57 % 2 * o
V ppm 23/23 5 50 19 l.68 11 83 = 5 * 1
Y ppm 7723 < 4 7

Zn ppm 23/23 76 300 110 1.41 1 60 37 * 2

:Elenents with summary statistics on a dry-weight basis, all other elements on an ash-weight basis.
3* significant at 0.05 probability level.

Ratio of samples with detectable concentrations to the total number of samples.
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Table 9. Summary statistics and ANOVA results for soils from E-W crestline traverse-- May
collection.

variance? (%) at each ANOVA level

Geometric Among N vse S Laboratory
Element Ratio? Minimum Maximum Mean Deviation Sites Aspect Replicates
Total C% 17/17 0.51 6.81 1.84 2.23 57 * 43 * o]
org. C% 17/17 0.43 6.79 1.71 2.38 46 54 * o]
Inorg. C% 5/17 < 0.01 0.95
Total S% 11/17 < 0.01 0.03
pH 17/17 6.40 7.89 6.96 1.07 8 91 = 1
Al 17/17 5.4 8.5 7.0 1.17 90 10 * o]
cag 17/17 0.25 6.5 1.2 2.83 63 37 * o
Fet 17/17 1.4 7.6 3.3 1.73 95 s o]
K% 17/17 0.67 7.4 1.8 2.03 84 * 12 4
Mg 17/17 0.25 5.2 1.0 2.54 90 w 9 1
Nag 17/17 0.32 2.8 1.5 1.62 20 80 * [o]
PR 17/17 0.02 0.13 0.05 1.56 19 81 [}
Tig 17/17 0.17 0.66 0.37 1.69 97 * 3 o
Mn ppm 17/17 260 1400 580 1.83 89 * 9 1
AS ppm 2/17 < 10 70
Ba ppm 17/17 240 1500 660 2.06 83 w 17 * o]
Be ppm 6/17 < 1 1
Cé ppm 1/17 < 2 3
Ce ppm 17/17 16 75 38 l1.64 69 W 28 3
Co ppm 17/17 s 61 1s 2.22 95 * s (]
Cr ppm 17/17 14 370 63 2.79 94 * 5 » o
Ccu ppm 17/17 8 65 20 1.99 88 = 12 * 1
Ga ppm 17/17 10 20 16 1.29 85 = 10 S
La ppm 17/17 7 39 20 1.78 67 * 30 2
Li ppm 17/17 8 33 18 1.73 78 * 22 * o
Mo ppm 1/17 < 2 3
Nb ppm 8/17 < 4 6
N4 ppm 17/17 8 27 18 1.43 30 70 * (o]
Ni ppm 17/17 7 260 38 3.07 94 * 4 2
Pb ppm 16/17 < 4 100 13 2.55 64 * 36 [
Sc ppm 17/17 3 22 9 2.00 95 * s o
sSr ppm 17717 140 380 220 1.33 90 * 8 2
Th ppm 11/17 < 4 14
vV ppm 17/17 32 170 70 1.75% 95 = 4 1
Y ppm 17/17 10 23 14 1.30 60 * 40 o]
Yb ppm 14/17 < 1 2 1 1.55 58 * 25 17
Zn ppm 17/17 20 140 50 1.74 70 % 30 o
1

significant at 0.05 probability level.

2Ratio of samples with detectable concentrations to the total number of samples.
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Table 10. Summary statistics’ and ANOVA results for R. laurina from E-W crestline
traverse--May collection.

Percentage variance? at each ANOVA level

Geometric Among N vs S E v8 W Between Within Laboratory

Element Ratio? Minimum Maximum Mean Deviation Sites Aspect Shrubs Shrubs Replicates
Tota S%l 65/65 0.10 0.21 0.15 l1.18 o 26 o 63 * 7 = 4
Ashy 65/65 2,82 4.82 3.88 1.12 9 o] 19 28 16 27
All 65/65 0.09 0.74 0.21 1.56 57 * o s o 37 = 1
Cat 65/65 6.3 18 11 1.29 6 [s] 49 * 5 21 19
Fel 65/65 0.14 0.56 0.21 1.33 66 * ) o s 26 » 2
K% 65/65 24 42 34 1.17 8 13 36 % o 37 * 7
Mgt 65/65 2.2 8.3 3.7 1.32 9 28 37 * (o] 23 * 4
Nagt 65/65 0.10 2.5 0.34 1.81 35 17 10 o 31 = 8
P3 65/65 3.8 9.1 6.0 1.22 50 * 11 -3 11 17 = 7
Tig 65/65 0.01 0.05 0.01 1.58% S0 o 14 o 21 14
Mn ppm 65 /65 520 8300 1500 2.06 76 * 2 8 8 4 * 1
Ba ppm 65/65 26 830 100 2.58 70 * o] 12 = 9 o 10
ca ppm 9/65 < 4 96

Ce ppm 18765 <8 39

Co ppm 63/65 < 2 16 4 1.68 56 » o 16 8 4 17
Cr ppm 65/65 4 22 8 1.42 34 = 1 o 22 28 15
Cu ppm 65/65 78 210 140 1.33 o] 9 38 * 26 7 20
La ppm 27765 < 4 28

Li ppm 23/65 < 4 36

Mo ppm 9/65 < 4 7

Nd& ppm 1/65 < 8 17

Ni ppm 65/65 19 i1s0 53 1.73 17 - 23 36 * o 19
Pb ppm 48 /65 < 8 110 12 2.27 64 * 8 o 12 * o 16
Sc ppm 0/65 < 4 < 4

Sr ppm 65/65 63 1000 290 1.99 71 * [+ 13 * 7 9 * 0
V ppm 26/65 < 4 13

Y ppm 15/65 < 4 21

Zn ppm 65/65 350 8lo0 560 1.24 2 o 20 46 29 = 3
1) ts with s ry statistics on a dry-weight basis, all other elements on an ash-weight basis.

g* significant at 0.05 probability lavel.
Ratio of samplas with datectable concentrations to the total number of samples.

Table 11. Summary statistics' and ANOVA results for R. laurina from E-W crestline
traverse--December collection.

Percentagae variance? at each ANOVA lavel

Gaometric Among N vs S E vs W Betwaen wWithin Laboratory

Element Ratio? Minimum Maxiwum Mean Deviation Sitas Aspact Shrubs Shrubs Replicatas
Tota S‘l 68/68 0.05 0.12 0.07 1.21 ] 10 11 58 * 13 7
Asht 68/68 2.46 5.44 3.64 1.21 22 o 36 19 = [} 23
Al 68/68 0.06 0.43 0.15 1.52 47 = 8 o 21 21 = 3
Cat 68/68 17 30 23 1.17 40 * [ 26 * 22 * 10 3
Fegt 68/68 0.07 0.41 0.16 1.45 48 * 4 19 [} 24 * s
Ky 68/68 8.1 28 16 1.36 46 * o 27 * s 15 » 6
Mgt 68 /68 3.7 i3 6.2 1.30 o 48 * 12 31 » 8 % (e
Nat 68/68 0.06 1.5 0.24 2.26 33 25 3 [s] 39 = o
P 68 /68 1.7 5.6 2.9 1.34 65 * 6 14 % 4 11 = [+]
Tig 37/68 < 0.01 0.04

Mn ppm 68/68 670 11000 2100 2.10 80 % 8 % 2 8 * 3 % [«
Ba ppm 68 /68 29 1400 190 2.87 74 » 6 14 % 3 3 x o
cd ppm 13/68 < 4 26

Ce ppm 21768 < 8 52

Co ppm 68/68 3 28 s 1.83 65 o 16 % 13 * 5 ® 1
Cr ppm 68/68 2 21 6 1.82 31 * o [} 32 o asg
Cu ppm 68 /68 40 170 75 1.36 ise o 36 *» 12 (o] 34
La ppm 68 /68 s 50 12 1.65 64 * o 21 * s 8 3
Li ppm 25/68 < 4 44

Mo ppm 6/68 < & '3

Nd ppm 7/68 < 8 29

Ni ppm 68/68 8 200 31 1.95 41 12 11 11 25 % 1
Pb ppm 41 /68 <8 160

Sc ppm 18/68 < 4 7

Sr ppm 68/68 190 2300 800 1.83 72 % 7 14 * 4 *x 2 = o
vV ppm 12/68 < 4 9

Y ppm 34/68 < 4 45

Zn ppm 68 /68 120 820 360 1.57 45 * o 34 % 12 8 % [}
i1g) ts with y statistics on a dry-weight basis, all other eleaments on an ash-weight basis.

gt significant at 0.05 probability leval.
Ratio of samplas with detectable concentrations to the total number of samplaes.
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Exploratory Factor and Hierarchical Cluster Analysis

N-S Traverses: Soils. Exploratory factor analysis was performed on a subset of the variables
determined in the soil samples in order to reduce the dimensionality and examine the latent
variables or factors inherent in the data. Our objective was to obtain "simple structure” or easily
interpretable factors that explained an acceptable amount of the variance (about 70%). Several
factors were expected a priori such as the nature of parent material (sandstone, shale, dolomite,
etc.) and its environment of deposition; soil development; and the effect of organic matter.

A four factor model which explained about 85% of the total variance was obtained using
a subset of 24 variables. The factor loadings greater than 0.5 are shown in Table 12 for the four
factors. Factor 1 is predominantly comprised of major rock forming elements such as Al, Fe,
Mg, Ti, and Mn, and several trace metals. Factor 2 is comprised mainly of negatively loaded
variables related to carbonate rocks, pH, Ca, and Mg and positively loaded variables K, Ba, Li,
Pb, and the rare earth elements Ce and La. The sign of the loadings is only relevant to the
relationship of elements within a factor and does not imply absolute concentrations. Factors 3
and 4 are dominated by C and P and by Na and Sr, respectively.

Table 12. Varimax rotated factor loadings for soils from N-S traverses--May collection.

Factor Loadings > 0.50

Variable Factor 1 Factor 2 Factor 3 Factor 4
Total C 0.96

Organic C 0.93

pH -0.53

Al 0.69 0.52
Ca -0.74

Fe 0.95

K 0.82

Mg 0.76 -0.51

Na 0.88
P 0.65

Ti 0.88

Mn 0.85

Ba -0.52 0.78

Ce 0.93

Co 0.88

Cr 0.79

Cu 0.88

La 0.91

Li 0.61 0.68

Ni 0.76

Pb 0.84

Sr 0.83
v 0.94

2a 0.87

Eigenvalue 11.0 4.7 2.5 2.1
% of total

variance 46.0 19.6 10.4 8.6
Cumulative %

variance 46.0 65.6 76.0 84.6
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Figure 8 shows the varimax-rotated factor scores for the four factors at all of the N-S
traverse sites. For factor 1, traverse 2, 3, and 4 scores, in particular, show a great deal of
variability along a traverse and in general are lower scores than exhibited along traverses 1 or
5. The difference in scores may indicate more influence of sandstone parent material, less soil
development, and/or presence of clays. These scores indicate the tremendous variability found
in parent material-soil types throughout the SAMO and the great difficulty that would be
encountered in interpreting north-south chemical trends along an individual heterogenous
traverse. Plots of the other factor scores (Figure 8) further corroborate the great heterogeneity
found along and among traverses. A plot of Factor 1 versus 2 scores (Figure 9) may be used
to examine sample clusters and to compare results with the hierarchical cluster analysis to
facilitate interpretation. Figure 9 indicates that whereas there is some obvious multivariate
clustering of sample sites they do not cluster by traverse, as was seen from hierarchical cluster
analysis (Figure 7). In addition, the plot identifies several outliers which are predominantly
carbonate-rich soils, although carbonate content was not included in the factor analysis. Cluster
3, in general, appears to be separated in Figure 9 due to higher soil pH and Ca content and
lower content of K and several trace metals such as Pb which may substitute for K (Thornton,
1983). Cluster 1 and 2 are separated primarily by negative and positive factor 1 scores,
respectively. In this case, cluster 1 has less than average concentrations of a suite of elements
associated with aluminosilicates (Al, Fe, Mg, Ti, Mn, and several di- and tri-valent trace
metals), whereas cluster 2 has greater than average concentrations. These associations suggest
that the two clusters are different due to the influence of parent material such as dilution by silica
for cluster 1 or due to degree of weathering. However, because of the similarity of factor 2
scores for clusters 1 and 2, it appears that parent material as reflected by factor 1 scores may
play the greater role in differentiating the soils. The factor 2 scores tend to increase in an
easterly direction. This is partially due to higher soil pH (negative influence on factor score) and
a general decrease in soil Pb levels (see Spatial Trends section below) in the more western sites.

N-S Traverses: R. laurina. Exploratory factor analysis with varimax rotation was performed
on a subset of 16 variables using the site-level geometric means for both seasons combined. A
three factor model accounted for 70% of the total variance. The factor loadings are shown in
Table 13. The first factor is comprised of plant macronutrients, Ca, K, Mg, and P,
micronutrients, Cu and Zn, and trace elements, Ni and Sr. The nutrients Ca and Mg and an
additional alkaline earth element, Sr, are inversely related to the nutrients, K, P, Cu, and Zn.
The second factor is comprised of several elements: Al, Fe, Na, Cr, and Pb, which may be
associated due to pedological or plant physiological processes. The third factor, which represents
the least variance of the three factors, is predominantly comprised of Mn, Ba, Pb, and Sr.
Figure 10 shows the factor scores versus easting for the three factor model. The samples are
distinctly separated by season according to their factor 1 scores. Based on a paired-t test, the
May scores are significantly greater than the December scores at the 0.05 probability level. In
addition, the samples collected in May are more tightly grouped than those collected in
December. The seasonal difference in factor 1 scores is clearly the influence of nutrient cycling
between the wet and dry seasons. The mean Ca and Mg concentrations approximately doubled
from the May to the December collection (Tables 3 and 4), whereas the K, P, Cu, and Ni
concentrations decreased by about half. Zn decreased by about a fourth in May to December.
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Figure 8. Plots of factor scores Versus sample location for soils from N-S traverses.
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Figure 9. Factor 1 versus factor 2 scores for soils from N-S traverses.
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Table 13. Varimax rotated factor loadings for R. laurina from N-S traverses--May and December
collections combined.

i
Factor Loadings > 0.50 ’

e — Factor 2 Factor 3
Ash
» 0.90
- .88
- 0.87
X 0.89
e e
" 0.71
> 0.86
. 0.81
" 0.75
e 0.62
o 0.86
N 0.65
. 0.50 0.66
s 0.57 0.5
2 0.74
— %0 3.4 1.9
% of onl
X ol 376 212 1.7
Cumulative %

variance 37.6 58.8 70.5

The greater intra-seasonal variation for the December collection factor 1 scores may be
attributable to differences in plant stress due to nutrient availability and micro-climate.

There is no obvious separation between seasons based on factor 2 scores as seen in Figure
10 and a paired-t test indicates that they are statistically equivalent. However, the December
collection does exhibit a wider range of values, both higher and lower. The differences may be
due to element availability due to parent material or soil development and to greater dust
contamination after the dry season.

Although factor 3 scores (Figure 10) are not as distinctly different as factor 1 scores for
each season, a paired-t test indicated that at the 0.05 probability level the factor 3 scores for May
were statistically lower than the December scores. Both season scores correlate (0.76-0.78) with
easting, exhibiting an obvious increase from west to east.

When the resuits from each individual season are used to create factor models, five
factors are obtained that explain about 75% of the total variance. The first factor represents
about 30% of the variance and has an association of Al, Fe, Na, and Cr (Table 14). The
December collection also has Pb associated with this factor. The second factor is comprised of
the macro-nutrients Ca, K, and Mg and accounts for about 15-17% of the total variance. Thus
factors which incorporate macro-nutrients are less important for intra-seasonal comparisons
(Table 14) than for inter-seasonal comparisons (Table 13).

Hierarchical cluster analysis for the individual seasons shows that several groups of
chemically related sites can be obtained (Figure 11), but plots of factor 1 and 2 scores do not
show any clustering by these groups as was found for soils. There is a general correlation of
the clusters with the most similarity with the soil clusters found (Figure 7). However, at
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Table 14. Varimax rotated factor loadings for R. laurina from N-S traverses--May and December

collections individually.

May Collection

Factor Loadings > 0.50

Variable Factor 1

Factor 2

Pactor 3

Factor 4

Pactor §

Al 0.88

Fe 0.84

.............................

-0.55

0.87

-0.95

Na 0.60

0.69

0.70
0.53

0.56

0.88

G 0.82

0.77

0.86

0.86

Eigenvalue 4.7
% of total

Cumulative %
variance 29.5

2.7

16.8

2.3

14.4

60.6

1.2

7.8

68.5

0.9

5.8

74.3

December Collection

Factor Loadings > 0.50

Variable Factor 1

Factor 2

Factor 3

Factor 4

Factor §

[

0.90

Fe 0.88

-0.84

0.88

-0.66

Na 0.66

0.66

-0.52
0.71
0.82

0.79

0.73

Pb 0.64

0.69
0.86

0.58

0.50

0.76

Eigenvalue 52
% of total

Qumulative %
variance 32.4

24

15.1

474

23

145

61.9

1.1

6.8

76.6
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Figure 10. Factor scores for combined season factor model versus Easting for R. laurina from

N-S traverses.
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Hierarchical cluster dendrograms for R. laurina from N-S traverses--May and

December collections individually. Sample numbers are preceded by soil cluster # (Fig. 7).
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intermediate levels of similarity there appears to be little relationship of these broad soil
chemistry groups to clustering of the R. laurina.

N-S Traverses: C. megacarpus. Exploratory factor analysis was performed on the combined
data for both seasons for the C. megacarpus in a similar fashion to that done for the R. laurina.

The same subset of 16 variables was used. In the factor model for R. laurina only three factors
were extracted and rotated based on eigenvalues greater than one. For C. megacarpus six factors
had eigenvalues greater than one. A six factor model explained 83% of the total variance. A
three factor model would have only explained 61% of the variance. The factor loadings and
percent variance explained by each factor are shown in Table 15.

Table 15. Varimax rotated factor loadings for C. megacarpus from N-S traverses--May and
December collections combined.

Factor Loadings > 0.50

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
Ash -0.54 -0.52
Al 0.93
Ca -0.88
Fe 0.92
K 0.93
Mg 0.54 0.62
Na 0.90
P 0.82
Mn 0.74
Ba 0.85
Cr e
Cu 0.54 0.57
Ni 0.86
Pb 0.88
Sr 0.81
Zn
Eigenvalue 4.9 3.0 1.8 1.3 1.2 1.0
% of total
variance 30.9 19.1 10.9 8.4 7.3 6.3
Cumulative %
variance 309 50.0 61.0 69.4 76.7 83.0

The first factor is comprised of major elements, Al, Fe, and Mg, and trace elements, Cr,
Cu, and Pb--an association similar to that found in the individual season factor models for R.
laurina. The second factor is predominately the macro-nutrients Ca and K, which are inversely
related, and the ash content. The fourth factor is also predominantly macro-nutrients. Unlike
the model for R. laurina there is not a distinct separation on a factor score plot of the C.
megacarpus samples collected at different seasons due to macro-nutrient cycling. Whereas the
six factor model separates several of the element associations such as dividing the macro-nutrients
into two factors (factors 2 and 4), the majority of the variance is still attributable to what is
probably pedological and nutrient differences between sites.

The factor 3 is comprised of the elements, Mn, Cu, and Ni. Mn and Cu are plant micro-
nutrients. Ni which also loads heavily on this factor is not a micronutrient, but Cu and Ni are
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-often associated geologically with Mn-oxides. Factor 5 is dominated by Ba and Sr, non-essential

alkaline earths. Factor 6 is almost exclusively influenced by Na which is a non-essential element
and is available from sea spray.

Factor scores for each season versus easting are shown in Figure 12. The seasonal effects
are obviously much smaller for the C. megacarpus than for the R. laurina. However, paired-t
tests indicate that for factors 1 and 5 May scores are less than December scores, for factors 2,
4, and 6 May scores are greater, and for factor 3 the seasonal scores are equivalent. Factor
analysis of individual seasons results in relatively similar models to that obtained for the seasons
jointly.

As was found for R. laurina hierarchical cluster analysis for C. megacarpus provides 3-4
broad groupings of sites which only moderately match the soil clusters for those samples with
the most similarity (Figure 13).

N-S Traverse 5: Q. agrifolia. Exploratory factor analysis was performed on the oak bark
data. A subset of 16 variables was used and four factors were extracted to account for 86% of
the variance (Table 16). Factor 1 is comprised of a series of major and trace elements that seem
to be associated in similar fashion to factor 1 found for the other two species. However, in
addition, this factor has K and Na with large, inversely related loadings. Factors 2 and 3 tend
to have many of the macro-nutrients and Factor 4 is characterized by Cu alone. A paired-t test
indicated that factor 1 scores for May are statistically greater than December scores, whereas
seasonal scores for the other 3 factors are equivalent. Based on factor 2 scores traverse site 2
appears to be considerably different than the other samples which is primarily due to elevated
Mn levels. The December collection at site 10 also appears to be anomalous. In the single
sample obtained at this site K is 2-5 times greater, whereas most other elements are less than
one-half that found at other sites collected in the same season. K levels are also somewhat
elevated in the May collection at this site. However, the May level is a factor of 2 smaller than
the December level. The reason for this anomaly is unknown.

E-W Crestline: Soils. Exploratory factor analysis was performed on a subset of 13 variables
for the 15 individual north- and south-facing samples. Laboratory replicates were averaged prior
to the analysis. A three factor model accounted for 89% of the variance (Table 17). Similar
to the factor model for soils collected along the N-S trending traverses, factor 1 was dominated
by the major rock-forming elements and a series of trace elements. Organic carbon and Pb were
related in the second factor and were inversely proportional to the soil pH. The last factor was
predominantly comprised of Na, K, and Ca, with K inversely proportional to Na and Ca.

A plot of factor 1 and 2 scores and the hierarchical cluster dendrogram (Figure 14)
indicate that there are two distinct clusters of samples. In the factor score plot the clusters are
separated by positive versus negative factor 1 scores which may reflect the dilution of the soil
by sandstone and the poor soil development that occurred at several of the crestline sites where
rock outcrops were prominent. Soils along this traverse were low in carbonate C which may
account for the absence of a third cluster as was found for the N-S traverses.
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Figure 12. Factor scores for combined season factor model vesus Easting for C. megacarpus
from N-S traverses.
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Figure 12. Factor scores for combined season factor model vesus Easting for C. megacarpus
from N-S traverses (continued).
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Figure 13. Hierarchical cluster dendrograms for C. megacarpus from N-S traverses--May and
May collection

December collections individually. Sample numbers are preceded by soil cluster # (Fig. 7).

LNOMONNNNTON NTRWNNNG = MTON NTHM = INQ~D R
Qw000 00000 0000000000000 0000000000
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOC
NNOMOMOMTITTTTINNOMONNNONT T NN NONING OT NN
bbb b o b o e e b b e e

ONOION v (Nt OO NN ) o (NONEN et (N M (D w4 (N e

December caollection

] i
TNOLNO BOTN N NOMOME TOTWO NN NINwOw NN ®
0000+ 000000000 0000000000000000000
0000000000 0000 000000000000000000C0
wOMNNNT TN AND NNOOT IO TTNNO AT L

[alalalalalalalalalalalalalaTalalalalaalalalalalalalalalalalalaTa]
NN TN ot wt ot (N N NN et (VO (NN OO D w4

38




Table 16. Varimax rotated factor loadings for Q. agrifolia from N-S traverse 5--May and
December collections combined.

Factor Loadings > 0.50

Variable Factor 1 Factor 2 Factor 3 Factor 4
Ash -0.70
Al 0.96
Ca 0.83
Fe 0.98
K -0.69
Mg .......... P
Na 0.60 0.69
P 0.76
Mn 0.92
Cd 0.72
Cr ..... vy
Cu 0.92
Ni 0.96
Pb 0.83
v 0.98
Zn 0.84
Eigenvalue 7.2 2.7 2.2 1.6
% of total
variance 453 16.9 13.9 10.2
Cumulative %
variance 45.3 62.2 76.1 86.4

Table 17. Varimax rotated factor loadings for soils from E-W crestline traverse--May collection.

Pactor Loadings > 0.50

Variable Pactor 1 Factor 2 Factor 3

Organic C -0.76

pH 0.74

Al 0.80

Ca 0.68 0.66

Fe 0.93

K -0.87

Mg 0.90

Na 0.93
Tor 0.86

Cu 0.93

Ni 0.90

Pb -0.79

Za 0.92

Eigenvalue 7.5 2.5 1.6

% of total

variance 57.6 19.1 12.2

Cumulative %

variance 57.6 76.7 89.0
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Figure 14. Factor 1 versus factor 2 scores and hierarchical cluster dendrograms for soils from
E-W crestline traverse.
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E-W Crestline: R. laurina. Exploratory factor analysis was performed on the May and
December collection results for a subset of 15 variables. Three factors were extracted which
explained 79% of the variance. The factors obtained were very similar to those obtained for the
R. laurina collected along north-south trending traverses (Tables 18, 13). Once again factor 1
is dominated by macronutrients, factor two has Al, Fe, Na, Cr, and Pb associated, and factor
3 is dominated by ash content (inversely related), Mn, and Sr. In addition, factor score plots
were similar in that the seasonal collections were clearly separated by factor 1 scores and the
December collection exhibited a wider range of factor 1 and 2 scores than the May collection.

Hierarchical cluster dendrograms (Figure 15) for sites along the E-W crestline traverse
for both seasons indicated that the plants did not cluster in the same way as the soils, although
there was some broad similarity in that crestline sites 2 and 5 tended to have high similarity and
to be in a separate major cluster from sites 7, 8, and 9 for both plants and soils.

Table 18. Varimax rotated factor loadings for R. laurina from E-W crestline traverse--May and
December collections combined.

Factor Loadings > 0.50

Varisble Factor 1 Factor 2 Factor 3
Ash -0.70
Al 0.94
Ca -0.94
Fe 0.94
K 0.97
m;&g 0.7
Na 0.68
P 0.92
Mn 0.83
Cr 0.86
o Py
Ni
Pb 0.92
Sr -0.52 0.76
Zn 0.80
Eigenvalue 6.5 3.4 1.9
% of total
variance 434 23.0 12.9
Cumulative %
variance 43.4 66.4 79.3

Seasonal Elemental Concentration Trends in Plants

Temporal changes in elemental concentrations in plant tissues can occur due to a variety
of physiological processes. For example, concentrations vary greatly depending upon age.
Young tissues generally have high concentrations of N, K, and P, whereas older tissues are
typically elevated in Ca, Mn, Fe, and B (Mengel and Kirkby, 1978). Water availability and
temporal variability in air quality may also bring about differences in elemental content.

The factor analysis models for R. laurina (Figure 10) clearly identify a seasonal difference
between the macro-nutrients Ca and K, as well as their large contribution to the total variance
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Figure 15. Hierarchical cluster dendrograms for R. laurina from E-W crestline traverse--May
and December collections individually. Sample numbers are preceded by soil cluster # (Fig. 14).
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of plant chemistry. The seasonal concentration differences were not as great for the other species
and their contribution to the total variance was less. As discussed above, based on paired-t tests,
the May scores for factors incorporating Ca and K tended to be greater than December scores.
In addition, using a two-tailed, paired-t test most elements in all species were statistically
different between seasons at the 0.05 probability level. However, the ash content for all three
species was found to be equivalent for both the May and December collections. This was
somewhat surprising; however, this lack of difference may be a reflection of the sclerophyllic
nature of the plant species and their ability to cope with water stress through physiological
changes which maintain the total mineral content constant with respect to total biomass.

In order to examine individual element trends, temporal absorption coefficients (TAC)
(Brooks, 1983) were calculated for major and trace elements in the three species (Table 19). The
TAC is the ratio of the element concentration in the growth period (May collection) divided by
the concentration in the more dormant period (December collection).

Two macronutrients, K and Ca, would be expected to vary seasonally due to age and
relative water availability. Both elements serve as cofactors in enzymatic reactions and influence
the hydration of plasma colloids. K promotes higher cell turgor which in turn causes stomatal
opening and affects CO, uptake; Ca is present in cell walls and affects membrane permeability
(Bell and Coombe, 1976; Noggle and Fritz, 1983). For R. laurina there is an inverse
relationship between K and Ca contents with average TAC’s of 2.2 and 0.5, respectively. The
seasonal difference is not as pronounced for C. megacarpus with K changing by about 40% and
Ca changing very little between samplings. For the two species P and S have similar TAC’s to
K, and Mg is similar to Ca.

For the micronutrients, which are typically involved in enzymatic reactions, R. laurina
exhibits considerable seasonal variability, whereas C. megacarpus has TAC’s that are much
closer to one. The TAC’s for Fe, Cu, and Zn range from 1.2 to 2.1, whereas Mn is about 0.9
in R. laurina. Cr and Ni, non-essential elements, have both the highest average TAC’s and the
greatest variance. Generally, R. laurina has the largest TAC’s obtained for living tissues with
relatively similar results for the N-S traverse and E-W crestline populations. However, the
larger N-S traverse population does exhibit a wider range of values.

Titanium, generally considered a non-essential element in plants, is typically present as
detrital material in soils. Because of its non-essentiality and its resistance to weathering, its
concentration in our unwashed plant materials may be an indication of eolian dust contamination.
If the proportion of dust Ti were a significant fraction of the total Ti, if the dust contamination
was truly worse after the extensive dry season, and if the temporal changes in Ti due to
physiological processes were minimal, the TAC would be expected to be less than one. The
TAC was less than one for the rough surfaced-leaf of C. megacarpus (TAC = 0.6), but not for
R. laurina (TAC = 1.3), although the R. laurina did have a large variance. These results are
somewhat surprising in that there was obvious dust contamination at several locations for the R.
laurina in the December collection, whereas there was generally little if any visible
contamination in the May collection. The R. iaurina with its waxy cuticle and V-shaped leaf
might be a good receptor for dust, albeit one that is easily rain washed. Unfortunately, with the
ambiguity regarding seasonal Ti differences it is impossible to use element ratioing to Ti to
evaluate seasonal differences due to dust versus physiological changes.
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Table 19. Average temporal absorption coefficients for plants (TAC = ratio of May/December
(wet/dry) concentrations for each shrub sampled, SD = standard deviation).

R_ layrina R. lhayrina
Q. agrifolia C. megacarpus N-§ traverses B-W crestline
Element TAC (n=18) SD TAC (n=64) SD TAC (n=78) SD TAC (n=56) sD
Total § 1.7 04 1.3 0.2 1.8 0.3 2.1 04
Ash 1.1 0.2 1.0 0.1 1.0 0.2 1.1 0.2
Al 1.8 1.2 0.6 0.2 1.1 0.3 1.4 0.4
G 1.0 0.2 0.9 0.1 0.5 0.1 05 0.1
Fe 1.8 ll' 0.8 02 1.2 o 0.4 1.4 - 03 ’
K 0.7 0.3 1.4 0.3 2.2 0.7 22 0.6
Mg 0.8 0.2 09 0.1 0.6 0.1 0.6 0.1
Na 1.4 0.4 1.3 0.5 14 0.7 1.6 0.8
. s e 02 Ty o 3-...22 ............... o 6. . o .
Ti 1.7 1.1 0.6 0.3 1.3 0.6
Mn 1.3 0.4 0.9 0.3 0.9 0.7 0.7 0.2
Ba 12 0.4 0.8 0.2 0.7 0.9 0.5 0.2
o " 02 oo asenaces .
Co 1.4 0.5 0.8 0.2 0.8 0.2 0.8 0.2
Cr 23 1.6 0.9 1.6 2.8 25 1.6 0.8
Cu 1.2 0.3 09 0.3 21 0.9 1.9 0.6
o G e ——————
Li 1.4 0.6 0.9 1.1 - -
Ni 1.7 0.8 1.0 0.3 2.4 1.6 1.9 1.0
P 22 2.5 0.7 0.3 0.9 0.4 1.2 0.5
....S.;. o s o .0.2 o " o e .........6:.1......
v 2.0 1.4 - - - - - -
Zn 1.6 0.5 1.1 0.2 1.4 0.4 1.7 0.8

TAC’s equal to one would be expected for oak cortex tissue in the absence of
physiological or physico-chemical processes. The macronutrients Ca and P had TAC’s of about
one and K and Mg had values of 0.7 and 0.8, respectively. The micronutrients tended to have
values greater than one. The TAC’s for about one half of the elements in oak bark, including
S, Al, Fe, Na, Ti, and some of the trace metals, were about 1.4 to 2.3. Although the variance
associated with these measurements was relatively large, there seems to be a clear trend toward
higher concentrations in the May collection. This is the opposite of what would be expected if
the bark were acting solely as an inert, passive collector where eolian dust or other airborne
particulates were a major source of elements. Whereas bark is frequently considered to act as
a long term collector or integrator of inorganic exposure (Martin and Coughtrey, 1982), these
data suggest that other processes may be occurring. Losses from the bark are generally
considered to occur through leaching or washing action of rainfall which would not have been
expected as a major cause of elemental loss for the samples collected in December versus those
collected in May. However, acidic summer fogs may have caused significant leaching (Waldman
and Hoffmann, 1988). Other possible explanations include physico-chemical translocation within
the bark during the dry season or problems due to sample collection or analysis. The latter were
controlled as much as possible in both the field and the laboratory.



Inter-species Elemental Concentration Trends

Relative absorption coefficients (RAC) were calculated to examine the inter-species
relationships of elemental uptake. RAC is defined as the element mean concentration at a site
in one species divided by the concentration of the same element in R. laurina for the same
season. As discussed above the intra-species elemental concentrations varied with season which
obviously has an impact on RAC and seasonal comparisons can not be made without referring
to absolute concentrations (Tables 3-8). The average RAC’s for C. megacarpus and Q. agrifolia
versus R. laurina are listed in Table 20.

The ash yield RAC equaled one for both seasons for C. megacarpus as did several of the
macronutrients for the December collection. Also for the December collection several of the
non-essential trace metals, Ti, Cr, Ni, and Pb, were 2-3 times higher in the C. megacarpus. In
general, the RAC’s were much closer to one for the May collection. Thus it would appear that
C. megacarpus collected at the end of the dry season should provide the better biomonitoring
medium for these non-essential trace metals and potentially provide better spatial contrast.

The ash content in oak bark was 50-90% greater than in R. laurina for the two seasons
and the RAC’s for the non-essential metals ranged from about 2-30. The oak bark obviously
concentrates through physiological processes or atmospheric deposit more than the R. laurina
leaves. Also, several additional elements such as Cd and V were present in the bark at detectable
levels. Although the bark appears to serve as an excellent collector, it is only found in relatively
few areas in the SAMO and could not be used as a ubiquitous biomonitor.

Table 20. Average relative absorption coefficient (RAC) for C. megacarpus and Q. agrifolia
versus R. laurina for N-S traverses (SD = standard deviation).

C. megacarpus (n=33) Q. agrifolia (n=9)
May December May December

Element RAC sD RAC sD RAC SD RAC SD
] 0.9 0.1 11 0.1 0.5 0.2 0.6 0.1
Ash 1.0 0.2 1.0 0.3 1.9 0.5 1.5 0.4
Al 0.9 0.3 1.8 0.7 8.4 48 5.0 1.8

1.9 0.3 1.0 0.2 25 0.4 1.1 0.2
Fe 1.1 0.2 1.7 0.6 5.7 2.6 3.7 13
x 0.6 0.1 1.0 0.4 02 o.1 0.5 12
Mg 15 0.5 1.0 0.3 1.4 0.4 L1 0.6
Na 3.8 2.1 45 2.7 1.3 0.7 1.5 1.0
P 0.8 0.2 1.4 0.4 0.1 0.0 0.2 0.1
T 0.9 0.3 23 1.1 9.2 3.2 6.1 2.8
s - - - - m— o P
Ba 2.2 12 1.7 0.7 21.8 17.7 11.0 9.0
Co 1.0 0.2 1.0 0.2 43 24 2.2 0.6
o 1.4 3.0 2.9 2.1 3.1 1.7 3.0 22
Cu 1.0 0.3 23 0.9 0.7 0.2 1.7 1.2
N 1.3 0.7 2.8 e re T 2.0 3.1 3.0
Pb 1.3 0.5 2,0 0.7 2.5 17.4 1.3 5.4
Sr 3.3 19 1.5 0.8 5.0 1.7 1.6 0.6
Za 0.9 0.2 1.2 0.4 0.5 0.2 0.4 0.1
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Whereas the RAC provides a measure of the relative magnitudes of element
concentrations between species, inter-species correlation of elements gives clues as to the degree
of mutual uptake and utilization of these elements. Correlation coefficients for selected elements
between R. laurina and C. megacarpus for N-S trending traverses are shown in Table 21. In
general, the correlation of an individual element between species yielded larger coefficients for
samples collected in May than in December. About one half of the major elements and most of
the trace elements for the May collection have moderate correlations (0.5-0.7) between these
species. These results suggest that during the growth period in May the plants appear to take
up proportional amounts of these elements from the available element pool. However,
differences in internal physiological processes such as element translocation and utilization,
differences in leaf structure, and differences in root and foliar uptake may promote weak inter-
species element correlations.

Table 21. Inter-species correlation coefficients for elements in R. laurina and C. megacarpus
from N-S traverses (n=33).

Correlation Coetfich
Element May December || Rlement May December
Ash 0.32 0.25 Ba 0.76"" 0.80""
Al 0.61™ 0.34 Co 0.60" 0.51"
G 0.49" 0.38 o 0.04 -t
Fe 0.62" 0.41 [ 0.60"* 0.3
X 0.46" 0.25 Ni 0.63™ 0.55"
Mg 0.33 0.50" Pb - -

Na 0.65™ 055 | sr 0.57" 0.57"*
P 0.41 067" || za 0.63" 0.26
Mn 0.68™" 0.37

*significant at the 0.01 probability level,

**significant at the 0.001 probability level.

Leoerelation coefficient not d due to repl: of d results.

Plant-Soil Elemental Relationships

In order to understand elemental concentration trends in plants it is important to
understand the relationship of the element in soil to that in the plants. This is one important
method of assisting in the distinction between whether an element concentration variation is
natural or anthropogenically-induced. Although total element concentrations in soils do not
provide a true picture of what is available to a plant, the relative concentration of an element in
a plant to the total concentration in soil is useful for understanding general trends. The
biological absorption coefficient (BAC) is the concentration in plant ash divided by the total
concentration in soil (Brooks, 1983). We have calculated BAC’s for various elements in all three
plant species (Table 22). Also, we have calculated the BAC for both sample collection periods
utilizing soil data from the May collection. We assume that the soil chemistry for a composite
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sample from 0-15cm in depth would generally be the same for both seasons and that any seasonal
variability would probably be obscured by sampling variability.

BAC values ranged from about 0.03 to greater than 100. Generally only essential
elements had values substantially greater than one, with the macronutrients being the largest.
For R. laurina and C. megacarpus P had the greatest BAC which is not surprising considering
that the soils in SAMO are generally depleted in P and N (Hanes, 1988). The smallest BAC
values were associated with Al, Fe, and Ti. In addition, these elements tended to have the
smallest relative standard deviation which is consistent with the general trend of larger RSD
associated with larger BAC.

In the calculation o<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>