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SUMMARY

During the spring of 1992, the Pacific Northwest Na-
tional Laboratory (PNNL) conducted surveys of the
Avawatz and Granite mountains springs for the Na-
tional Training Center (NTC) to evaluate the occur-
rence of sensitive plant species in these areas. PNNL
also conducted a survey of the eastern outwash of
the Paradise Range for the occurrence of Lane Moun-
tain milk vetch (Astragalus jaegerianus). In spring
of 1993, PNNL conducted an additional study of
Lane Mountain milk vetch on the NTC to determine
habitat characteristics for this plant and to develop a
method for predicting its potential occurrence, based
on simple habitat attributes. The results of these
studies are itemized below:

1) A total of 184 plant species were found near the
Ava-watz springs, with Alkali mariposa (Calo-
chortus striatus) the only sensitive plant found.

2) A total of 133 plant species were found near the
Granite springs, with no sensitive species among

them.

3) A total of 34 Lane Mountain milk vetch plants
were found on the eastern outwash of the Para-
dise Range. These occurred in four groups, two
of which were previously undocumented.

4) Lane Mountain milk vetch was not found to as-
sociate with particular species of shrubs, and six
of the 34 individualswere found growing inde-
pendent of shrub association.

5) Lane Mountain milk vetch habitat was rare in
the overall landscape.

6) Lane Mountain milk vetch habitat was charac-
terized by Nevada jointfir (Ephedra nevadensis)
and Cooper goldenbush (Ericameria cooperi) as
the dominant or codominant shrubs.

7) The highest average density of shrubs occurred
in Lane Mountain milk vetch habitat, although

iti

there was broad overlap in shrub density with
adjacent areas lacking Lane Mountain milk
vetch.

8) No differences in soil hue were found between
Lane Mountain milk vetch habitat and the gen-
eral landscape; however, Lane Mountain milk
vetch soils were darker and more intensely col-
ored than the other soils.

9) Soils beneath Lane Mountain milk vetch plants
were shallower than elsewhere, and were com-
posed of coarser (granular) material both at the
surface and over a 10-cm depth.

10) No differences in soil pH or percentage organic
matter were found between Lane Mountain milk
vetch soils and elsewhere.

11) Lane Mountain milk vetch soils were lower in
phosphorus and higher in nitrate than else-
where; no differences in potassium were found.

12) Mycorrhizal spores were found in slightly higher
frequency in Lane Mountain milk vetch soils
than elsewhere.

13) A binary discriminant function separating Lane
Mountain milk vetch habitat from the rest was
developed using Mormon tea, Cooper golden-
bush, white burrobush (Ambrosia dumosa), and
creosote bush (Larrea tridentata) percentage
cover and the soil penetrability index. This
function correctly classified 89% of Lane Moun-
tain milk vetch sites and 83% of the sites that
did not contain this species. The utility of this
function should be evaluated against an inde-
pendent Lane Mountain milk vetch location and
a broader NTC data set. The final discriminant
function should be incorporated into the NTC
Geographical Information System to predict po-
tential sites where intensive field surveys should
be instigated prior to off-road maneuvers.
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INTRODUCTION

The U. S. Army’s National Training Center (NTC) at
Fort Irwin, California, contains a diversity of Mojave
Desert plant communities resulting from various soil
conditions and topography. The botanical resources
of the upper elevations of the NTC, particularly in
the Avawatz and Granite mountains, are of
particular interest to the operations of the NTC
because these ranges have not been botanically
characterized. The ranges contain small natural
springs that are widely separated from each other,
and which may contain sensitive flora and fauna.

The NTC also contains part of the known range of
the Lane Mountain milkvetch (Astragalus jaegeria-
nus), which is known from only a few localities in
the Paradise Range, San Bernardino County, in the
Mojave Desert. The plant was first collected by
Edmund Jaeger on April 16, 1939. It was described
by Munz (1941) from a type locality near Barstow,
California, approximately 19 km (12 mi) south of
Goldstone. Both Munz (1941) and Barneby (1964)
described the habitat as being low desert shrubs
growing on granite sand and gravel at an elevation of
914 to 1158 m (3000 to 3800 ft). The distribution
has been estimated at approximately 2072 ha (80
mi®) (Barneby 1964). The Lane Mountain milkvetch
has recently been proposed by the U.S. Fish and
Wildlife Service as endangered as a result of its
limited range and vulnerability to offroad vehicle
traffic and other military training exercises (USFWS
1992).

Ripley and Barneby (Barneby 1964) collected Lane
Mountain milkvetch in 1941 in the same places as
Munz and Jaeger; this was the last information of
record until 1985 when a small population was
discovered on the NTC (Bagley 1986). Later, Bagley
discovered two other populations in the same
general area (Bagley 1989).

The locations of the populations discovered by
Bagley and other pertinent information are
summarized below:

e TI13N, R2E, Sec 19 and 30; about 3.2 km (2 mi)
north of the Paradise Range and 1320 m to 1640
m (1/4 to 1/2 mi) east of the Fort Irwin
Boundary. Population size of 87 plants within a
less than 1-ha area, 1005 to 1036 m (3300 to
3400 ft) above mean sea level (AMSL) (Bagley's
Population A4).

e TI13N, RIE, Sec 13, 14, and 15; about 4.8 km
(3 mi) north of the Paradise Range, just west of
the Fort Irwin Boundary. Plants in seven
scattered groups. Population size of 30 plants
distributed across a square kilometer, 1097 to
1173 m (3600 to 3850 ft) AMSL (Bagley'’s
Population AS5).

e TI3N, RIE, Sec 28, 29, 32, and 33 and T12N,
RIE, Sec 5; about 4.8 km (3 mi) northwest of
the Paradise Range, 800 to 1100 m (0.5 to
0.7 mi) west of the roadway. Plants in six
scattered groups. Twelve plants within a square
km, 960 to 990 m (3150 to 3250 ft) AMSL
(Bagley’s Population A6).

In the spring of 1992, the NTC contracted the Pacific
Northwest National Laboratory (PNNL) to conduct a
biological survey of the springs in the Avawatz and
Granite mountains. The objective was to develop a
list of plant species occurring at these springs,
particularly to identify species that were protected by
federal or California regulations. PNL also surveyed
the area of the NTC where the Lane Mountain milk-
vetch was known to occur, the eastern outwash plain
of the Paradise Mountains, to enumerate the
population in the area and to define survey
coordinates for each plant found.

In the spring of 1993, PNNL conducted a second
field survey of the Lane Mountain milkvetch to
better characterize the habitat associations of this
plant. This characterization provides a quantitative
description of the habitat that is in turn valuable in
identifying other areas of the NTC and adjacent
Mojave Desert where this plant could likely occur.

In summary, the objectives of these studies are:

1) to provide a species list of plants occurring in
the vicinity of springs in the Avawatz and
Granite mountains

2) to document the occurrence of plant species
protected under California or federal regulations
in the Avawatz and Granite mountain springs

3) to describe and map the occurrence of Lane
Mountain milkvetch in the vicinity of the
Paradise Range on the NTC



to describe the habitat of the Lane Mountain
milkvetch

4)

5) to develop a classification algorithm that allows
prediction of the occurrence of Lane Mountain

milkvetch on the basis of habitat variables.

METHODS

The methods used to perform the surveys and the
quantitative habitat analyses are described below by
task element.

Avawatz and Granite Springs Surveys

The springs and vicinity were surveyed in April and
May 1992. Springs were identified from U.S.

Geological Survey maps (Figure 1) and reached by
helicopter transporting staff and equipment. Species
were listed for each spring site, and voucher
specimens of all species were obtained. These
specimens were used to make final identifications
where necessary by Dr. Robert Carr of the Biology
Department, Eastern Washington State University,
Cheney, Washington, who also retains the voucher
specimens. The listing of plant species considered to
be sensitive, rare, threatened, or endangered that
could occur in the surveyed area according to the
State of California Department of Fish and Game and
U.S. Fish and Wildlife Service are listed in Appendix
A.

Lane Mountain Milkvetch Survey

The eastern outwash plain of the Paradise Mountain
range was surveyed by PNL staff conducting
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pedestrian searches during April 1992. Two general
kinds of surveys were conducted: sweeps and
intensive surveys. Sweeps were made with crew
members walking parallel lines toward fixed objects
on a distant horizon. These sweeps were made
throtigh areas of “unlikely” habitats as a test to see if
Lane Mountain milkvetch could be found in such
habitats. Distances between individual transects
ranged from about 50 to 100 m. More intensive
surveys included individuals walking within and
searching “likely” habitats. Distances between
individual transects varied, generally between 15 and
40 m.

All Lane Mountain milkvetch plants found were
enumerated. Latitude and longitude for each plant
or group of plants were determined using a Garmin
Geographic Positioning System, which has an
average error of 37 m (120 ft). Estimated
positional errors were recorded where possible.

Lane Mountain Milkvetch Habitat
Characterization

Characterization of Lane Mountain milkvetch habitat
was based on field studies conducted in April 1993.
Three types of sampling strata were defined before
field work: the immediate vicinity (within 10 m) of
Lane Mountain milkvetch plants (hereafter termed
"At ASJA" in tables and figures), the nearby habitat
(termed "Nearby"), and the landscape (termed
"Landscape"). Eighteen sampling locations were
identified in each stratum.

Eighteen of the Lane Mountain milkvetch plants that
had been located in the previous year’s survey, or in
the vicinity of previously found plants, were selected
at random for characterization. From these plants,
random compass angles and distances between 20
and 100 m were defined before field work, with one
such location defined for each sampled Lane
Mountain milkvetch plant. These samples
constituted the data set defining the nearby habitat.
Sampling locations for the landscape habitat were
defined by locating six transects within the area
previously surveyed for the occurrence of Lane
Mountain milkvetch. Three sampling locations were
identified on each transect by randomly generating

distances between 100 and 1000 m. These numbers

constituted the distances between sampling

locations, with the first sampling location defined by

the first distance from the origin of the transect.

Variables sampled at each sampling location were:

1) distance to nearest shrub

2) identity of nearest shrub

3) distance to second-nearest shrub

4) identity of second-nearest shrub

5) distance to third-nearest shrub

6) identity of third-nearest shrub

7) habitat descriptions for the area around the
sampling location

8) shrub density (by species) in the area around the
sampling location

9) shrub cover (by species) in the area around the
sampling location

10) soil penetrometer index at the sampling location

11) soil color at the sampling location

12) surface soil particle size profile at the sampling
location

13) soil physical (particle size) and chemical
properties (total nitrogen, phosphorus,
potassium, pH, and total organic matter

14) number of mycorrhizal spores in soil at the
sampling location.

Distances were obtained by measurement. Habitat
descriptions were obtained using the relevé method
(Bonham 1989). Shrub density and cover were
obtained by line intercept along 2 20-m tape centered
over the sampling location. The tape was oriented at
right angles to the slope. Soil color of the soil
surface was characterized using a Munsell Chart.
Surface particle size distribution was estimated
visually. Soil characteristics were defined using
laboratory methods from a soil sample collected
from the top 10 cm at each sampling location.
Particle size distributions were defined
hygroscopically. Total nitrogen was estimated from
Kjeldahl digestion. All chemical analyses followed
U.S. Deparument of Agriculture Soil Conservation
Service protocols (USDA 1984).

Additional soil characterization of sampling locations
at Lane Mountain milkvetch plants and nearby
habitat was performed in situ by Mr. Vern
Burlingame of the U.S. Soil Conservation Service.




RESULTS AND DISCUSSION

Results for the separate field surveys are described
sequentially below by task element.

Avawatz and Granite Spring Surveys

A total of 184 vascular plant species were collected
in the sampling of the Avawatz Mountain springs, of
which 64 were identified to species (Appendix B).
Alkali mariposa (Calochortus striatus), a federal cate-
gory 2 candidate for listing, was the only sensitive
plant found in the Avawatz survey. It was collected
at the Antenna Site in the Avawatz (Number 6 in
Figure 1).

A total of 133 vascular plant species were collected
in the sampling of the Granite Mountain springs,
with 61 of the collections identified to species
(Appendix B). No sensitive species were identified
in this collection.

Lane Mountain Milkvetch Survey

The area surveyed for the occurrence of Lane
Mountain milkvetch in 1992 is shown in Figure 2,
along with the locations of the plants found. The
plants found at each location are shown in Table 1,
along with the coordinates and shrub species in
which the milkvetch plant was intertwined.

In all, 34 individual plants were found, which were
distributed in four groups (Figure 2). Two of these
populations apparently were not previously known.
Six of the 34 individuals were found growing
without benefit of a shrub; the remainder were
intertwined within the crowns of various shrub
species (Table 2).

Lane Mountain Milkvetch Habitat
Characterization

Plant Associations

All of the 18 milkvetch plants in the habitat
characterization phase of the study were found
growing in the crowns of eight species of shrubs
(Table 3). The most common associations were with
white bursage (Ambrosia dumosa) and Nevada
jointfir (Ephedra nevadensis). No milkvetch plants
were found in Anderson's wolfberry (Lycium

andersonii), neakstem four o'clock (Mirabilis

. bigelovii), goldenhills (Encelia farinosa), or Mexican

bladdersage (Salazaria mexicana), although all
species were present in the immediate vicinity (i.e.,
were included in the closest three shrubs). Three of
the 34 plants found in the 1992 survey were found in
association with these latter three species. Five of
the six white burrobush containing milkvetch in the
1993 samples were dead.

Although the sample size is too small to allow
statistical comparisons of association between Lane
Mountain milkvetch and all shrub species, there
were no large differences between the number of
milkvetch growing in a particular species and the
number of shrubs of that species in the vicinity.
When the frequency of occurrence of Lane Mountain
milkvetch is separated into its two most common
associations (white burrobush and Nevada jointfir)
and other species, and the frequencies are compared
with those available in the total sample of three
shrubs nearest the milkvetch, no significant
association is found (¥* = 4.218, df = 2, P = 0.12).
The contingency coefficient for this association, a
measure comparable to a correlation coefficient, is
very low (0.27). These results suggest that Lane
Mountain milkvetch does not exhibit a strong
association with any particular shrub, but occurs in a
more-or-less random selection of the shrubs in its
vicinity.

Vegetative Habitat Descriptions

Habitat classifications based on dominant and
subdominant shrub cover differed significantly
among the three sampling strata. The two most
common shrub habitats over all three sampling strata
were white burrobush/creosote bush (Larrea triden-
tata) and creosote bush/white burrobush (the domi-
nant species in terms of estimated cover is named
first), which characterized 21 of the 54 sampled sites
(Table 4). These communities were dominant in the
Landscape samples, but did not occur at all in
association with Lane Mountain milkvetch. Instead,
the Lane Mountain milkvetch was found most often
in communities in which Nevada jointfir was either
the dominant or subdominant shrub (16 of 18
locations). This species did not occur as the
dominant shrub in any Landscape or Nearby
samples, although it was a subdominant in two
Nearby locations and in one Landscape location.
The occurrence of Nevada jointfir among the three
sampling strata was significantly different from
random (¥* = 34.268, df = 2, P < 0.0001). White
burrobush was the dominant or codominant shrub in
16 of 18 locations in the Landscape data set and in
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TABLE 1. Lane Mountain Milkvetch Plants Found During the April 1992 Survey of the
Paradise Range Outwash Plain.

Reference Date Elevation

Number  Observed  Latitude Longitude (m) Host Plant Comments

WP002a  04/14/92 35 1225" 116 48'42" Bare ground Small plant.

WP002b  04/14/92 35 12'25" 116 48'42" Bare ground Small plant.

‘WP003 04/14/92 35 12'17" 116 48'37" Ambrosia dumosa

WP004a  04/14/92 35 12'23" 116 48'38" Ambrosia dumosa, dead

WP004b  04/14/92 35 1223" 116 48'38" Ambrosia dumosa

WPQ05 04/14/92 351221" 116 48'37" Thamnosma montana

‘WP006 04/14/92 35 1222" 116 48'36" Ambrosia dumosa, dead

‘WP007 04/14/92 35 12'26" 116 48'39" Ericameria cooperi

WP008 04/14/92 35 12'26" 116 48'39" Ambrosia dumosa, dead

WP009 04/15/92 35 12'34" 116 48'49" Ambrosia dumosa

WPO10 04/15/92 35 12'32" 116 48'44" Bare ground

WP013 04/16/92 35 11'55" 116 48'43" 3590 Bare ground

WP014 04/16/92 35 11'50" 116 49'03" 3721 Ambrosia dumosa/

Ericameria cooperi

WP015 04/16/92 35 11'54" 116 49'01" Grayia spinosa

WP016a  04/16/92 3511'48" 116 49'14" Salazaria mexicana Large, very robust plant.

WPO16b  04/16/92 35 11'48" 116 49'14" Thamnosma montana Large, very robust plant.

WPO17 04/16/92 35 11'50" 116 49'14" Bare ground Small plant.

WPO018 04/16/92 35 11'48" 116 49'13" Ambrosia dumosa Large plant.

WP019 04/16/92 35 11'48" 116 49'13" Ambrosia dumosa, dead Large plant.

WP020 04/16/92 35 11'50" 116 49'14" Ambrosia dumosa Large plant.

WP021 04/16/92 35 12'02" 116 49'08" Ambrosia dumosa 380 mm tall, 260 mm wide.
Pods 20-30 mm long.

WP022 04/16/92 35 12'59" 116 4929" Ericameria cooperi 270 mm tall, 220 mm wide.

: Pods 11-28 mm long.

WP023a  04/17/92 35 12'53" 116 49'05" 3626 Ephedra nevadensis 340 mm tall, 500 mm wide.
Maturepods 28 mm long.

WP023b  04/17/92 35 12'53" 116 49'05" 3626 Eriogonum fasciculatum 290 mm tall, 90 mm wide.

‘WP024 04/17/92 35 12'53" 116 49'01" 3459 Encelia farinosa 290 mm tall, 450 mm wide.

WP025 04/17/92 35 12'54" 116 49'02" Ephedra nevadensis 235 mm tall, 220 mm wide.

WP026 04/17/92 35 12'55" 116 49'03" Ephedra nevadensis 330 mm tall, 280 mm wide.
Mature pods 20-23 mm long.

No # 04/17/92 35 13'01 " 116 49'02" Ericameria cooperi, dead 410 mm tall, 430 mm wide.
Robust.

WP027a  04/17/92 3512'52" 116 49'07" Eriogonum fasciculatum 300 mm tall, 520 mm wide.

WP027b  04/17/92 35 12'52" 116 49'07" Salazaria mexicana 370 mm tall, 550 mm wide.

WP027¢  04/18/92 35 10'58" 116 48'19" Bare ground 240 mm tall, 100 mm wide.

WP028a  04/18/92 3510'56" 116 4827" 3377 Eriogonum fasciculatum 480 mm tall, 440 mm wide.
Many pods.

WP028 04/18/92 35 10'56" 116 4827 3377 Ambrosia dumosa 300 mm tall, 260 mm wide.

WP029  04/18/92  3510'50" 116 48'25" Mirabilis bigelovii 500 mm tall, 400 mm wide.

Robust plant.



TABLE 2. Summary of Lane Mountain
Milkvetch Plant Associations

TABLE 3. Number of Shrub Species Nearest Sampled
Lane Mountain Milkvetch Plants

Count
Host Species Number
Species Host 2nd Nearest 3rd Nearest

None - Bare Ground 6
Ambrosia dumosa - live 7 Ambrosia dumosa 7 1 6
A. dumosa - dead 4 Krascheninnikovia lanata 1 2 0
Eriogonum fasciculatum 3 Ephedra nevadensis 4 2 1
Ericameria cooperi- live 2 Encelia farinosa 1 0 0 !
Ericameria cooperi- dead 1 Eriogonum fasciculatum 2 2 3

. Ericameria cooperi 1 2 3
Ep hedra. nevad'enSIS 3 Hymenoclea salsola 1 1 0
Salazaria mexicana 2 Lycium andersonii 0 0 1
Thamnosma montana 2 Mirabilis bigelovii 1 4 0
A. dumosa/ Ericameria cooperi 1 Salazaria mexicana 0 3 3
Encelia farinosa 1 Thamnosma montana 1 1 0
Grayia spinosa 1
Mirabilis bigelovii 1

12 of 18 locations in the Nearby data set, but only in
5 of 18 locations where Lane Mountain milkvetch
was found (2 = 48.761, df = 2, P < 0.0001).
Similarly, creosote bush was dominant or
subdominant in 15 of 18 locations in the Landscape

TABLE 4. Frequency of Different Relevé Habitats
(Dominant 2 Shrubs) in Each Sampling Stratum.

samples and 9 Nearby locations, but in only 2 Habitat Code® At Milkvetch  Landscape Nearby Random Total
locations where Lane Mountain milkvetch was

found, and then never as the dominant shrub (3* = AMDU/ACSP 0 1 0 1
67.602, df = 2, P < 0.0001). Cooper goldenbush AMDU/EPNE 2 1 0 2
(Ericameria cooperi) was dominant or codominant AMDU/ERFA- 0 0 1 1
in six locations in both the milkvetch and Nearby AMDU/ERCO 1 0 3 4
Location samples, but not at all in the Landscape AMDU/LATR 0 9 4 13
samples (32 = 75.316, df = 2, P < 0.0001). AN 0 R 0 !
Correspondence analysis among the habitat data set Egggﬁg&u % 8 g %
showed significant and strong differences among the EPNE/LATR 1 0 0 1
three sampling strata (y* = 73.543,df =34, P < ERFA/EPNE 5 0 2 7
0.0001). Table 5 shows the correspondence factor ERFA/ERCO 0 0 2 2
scores for the individual habitat types and the three ERCO/EPNE 4 0 0 4
sampling strata. Habitats at the milkvetch sampling ERCO/LATR 1 0 0 1
locations were strongly characterized by Nevada HYSA/LATR 0 1 0 1
jointfir and Cooper goldenbush. Landscape habitats LATR/AMDU 0 N 4 8
showed only a single case of overlap with the milk- ﬁgglGRSP 8 1 0 1
vetch habitats (Figure 3), indicating the relative SAME/ERCO 0 g i }
rarity of the milkvetch habitat in the landscape. The TOTAL 18 18 18 54

Nearby habitats were intermediate, showing a
mixture of the species characterizing the other two

groups.

4 dominant two species, by cover: AMDU = Ambrosia dumosa, ACSP =

Acamptopappus sphaerocephalus, ENFA = Encelia farinosa, EPNE = Ephedra
nevadensis, ERFA = Eriogonum fasciculatum, GRSP = Grayia spinosa, ERCO
= Ericameria cooperi, HYSA = Hymenoclea salsola, LATR = Larrea tridentata,

Density of shrubs differed significantly among the LYAN = Lycium andersonii, SAME = Salazaria mexicana.

three sampling strata (Kruskal-Wallis * = 14.2, df =
2, P = 0.0008), although there was a great deal of
overlap among the data (Figure 4). Generally, shrub
density in the immediate area of the Lane Mountain
milkvetch plants (mean = 9.6 plants/20 m) was
greater than in the Nearby habitats




TABLE 5. Correspondence Analysis Scores for ERCOLATR EPNWERFA
; ; ERCO/EPNE U
Habitat Types and Sampling Strata . ERCOIEPNE  EpNg/AVDL
) m]
LOCATION Factor 1 Factor 2 X
1.0 AtIASJA
AtASJA 1.2247 -0.161 ’ [ ERFAEPNE
Landscape -0.8124 -0.6588
Nearby Random -0.4122 0.81981 05 DI AMDUERNE
HABITAT? Factor 1 Factor 2 "6- 0.0 _AMDU/ERCO
= == g o =
AMDU/ACSP -0.9219 -1.0724 R Nearby Random
AMDU/EPNE 0.6192 -0.5323 05 R =
AMDU/ERFA -0.4678 1.3346 AMDULATR| O LATR/GRSP
AMDU/ERCO -0.0034 0.9354 g x B LATRIAMDU ERFAERCO
AMDU/LATR -0.7822 -0.3318 1.0+ LATRERC) Landscape v
AMDU/LYAN -0.9219 -1.0724 HYSALATR
ENFA/EPNE 1.3897 -0.2622 AMDU/ACSP
EPNE/AMDU 1.3897 -0.2622 1.5+
EPNE/ERFA 1.3897 -0.2622
EPNE/LATR 1.3897 -0.2622 20 T l l I l T
ERFA/EPNE 0.8590 0.1940 20 15 -0 05 00 05 10 15 20
ERFA/ERCO -0.4678 1.3346 Factor 2
ERCO/EPNE 1.3897 -0.2622
ERCO/LATR 1.3897 -0.2622
HYSA/LATR -0.9219 -1.0724 FIGURE 3. Plot of Sampling Strata and Habitat
LATR/AMDU -0.6948 0.1311 T in C d S Table 4 § .
LATR/ERCI 0.9219 10724 ypes in Correspondence Space (see Table 4 for axis
LATR/GRSP -0.4678 1.3346 factors)
SAME/ERCO -0.4678 1.3346
3Habitat code as in Table 4.
(8.8 plants/20 m), which were in turn greater than in
the overall Landscape (6.0 plants/20 m). 20
Surface Soils B 20 °
2 18 4
Soil color properties differed significantly among the § 16
three sampling strata (y* = 50.53, df = 20, o]
P < 0.0002). All but one soil was classed in the 10 g i ° °
Yellow-Red (YR) scale of the Munsell classification,a & 2 ] *
color class indicating primarily yellow hues; one . E 10 ]
location beneath a Lane Mountain milkvetch plant 3 5]
was somewhat redder than the rest (in the 7.5 YR 8 ;
group) (Table 6). There were therefore no major -S 6 - ° w
differences among sites in soil hue. There were, s 4 ARV
however, differences in value and chromicity. Soils " 5] o
in the Landscape data set were predominantly in the 0
6/3 to 6/4 and 7/3 to 7/4 range, whereas soils beneath [ I
Lane Mountain milkvetch were in the 7/2 to 7/3 and AtASJA Nearby Random | Landscape
8/2 to 8/3 range. The numerator in these
classifications indicates value (larger numbers are
lighter); the denominator denotes color saturation,
with higher numbers indicating more intense color FIGURE 4. Box Plot of Shrub Density per 20-m
than lower numbers. Thus soils under Lane Transect in the Three Sampling Strata. Notch indi-

Mountain milkvetch were somewhat darker and

o . : )
more intensely colored than were soils in the cates 95% confidence interval on the median.



Landscape. Soils in the Nearby locations were
intermediate between the Landscape and milkvetch

soils.

Soil penetration indices among the three sampling
locations differed significantly in mean values
(Kruskal-Wallis ? = 6.89, df = 2, P = 0.032), but
there was a great deal of overlap among the three
data sets (Figure 5). Soils beneath milkvetch plants
were somewhat more resistant to penetration (mean
index = 12.6) than soils in the Landscape (mean
index = 11.0) or Nearby locations (mean index =
10.2).

Surface soils differed significantly among the three
sampling strata in terms of particle size (Multivariate
Analysis of Variance, F=5.14,df =4,88,P =
0.0009). Soils beneath Lane Mountain milkvetch
plants, with 69% of the surface comprising particles
larger than coarse sand, were much coarser than
soils in the Landscape in general, where 42.9% of the
surface was covered by particles larger than coarse
sand (Figure 6). The soils from the Nearby locations
were intermediate, with 59.7% of the cover larger
than coarse sand.

10 cm Soils Analysis

Soils from the top 10 cm at all sites were generally
characterized by relatively high sand fractions.(Fig-
ure 7). Soils from the overall landscape were high in
sand and low in silt and coarse fractions. In
contrast, soils beneath most Lane Mountain milk-
vetch plants had much less sand, with a greater
percentage of both coarse particles (>2 mm) and silt
than did soils from the overall landscape. Soils from
Nearby locations were much the same as those from
beneath Lane Mountain milkvetch plants. The
overall contrast among surface soils at the three
types of sampling locations was significantly
different from random (Multivariate Analysis of
Variance: F =3.69, df = 6,88, P = 0.0026).

Soils ranged in pH from approximately 6 to 8.5, with
broad overlap among the three types of locations
(Figure 8). Organic matter content varied from
approximately 0.15% to 2%, with little difference
among the three locations (Figure 8). The means of
the three locations were not significantly different
from each other for either pH or organic matter
content (Multivariate Analysis of Variance: F = 0.70,
df = 4,74, P = 0.59).

Surface soils differed significantly among the three
locations in macronutrient content (Multivariate
Analysis of Variance: F=2.95,df=6,78,P = 0.012).
Soils beneath Lane Mountain milkvetch plants were

TABLE 6. Munsell Soil Color at Sampling Locations at
Fort Irwin.

Count of Sampling Locations By Stratum

Color At ASJA Landscape Nearby Random Total
10YR 2/3 0 0 1 1
10YR 5/3 0 1 0 1
10YR 6/3 1 6 1 8
10YR 6/4 0 4 0 4
10YR 7/2 5 0 4 9
10YR 7/3 2 4 4 10
10YR 7/4 0 3 0 3
10YR 8/1 1 0 0 1
10YR 812 4 0 3 7
10YR 873 4 0 4 8
7.5YR7/4 1 0 0 1

lower in phosphorus content (mean = 5.4 ppm) than
soils from the Landscape (mean = 8.3 ppm) or the
nearby locations (mean = 6.2 ppm) (Figure 9).
Nitrate content was higher, on average, in the Lane
Mountain milkvetch soils than in the other samples
(1.6 ppm versus 0.75 ppm in Landscape and 0.87

ppm in Nearby soils). Potassium concentrations
were relatively high in all samples.

Mycorrhizal spores were found in five of the 18
samples from beneath Lane Mountain milkvetch
plants and not at all in the Landscape soil samples
(x*=5.8,df = 1, P = 0.05). Spores were found in
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Soil Penetration Index
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FIGURE 5. Box Plot of Penetrator Index Values at
Soil Sampling Locations. Notch indicates 95% confi-
dence interval on the median. '
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FIGURE 8. pH and Percentage Organic Matter in
Surface 10 cm at Soil Sampling Locations

two of the 18 samples from within 100 m of the sam-
pled Lane Mountain milkvetch plants. The species
were tentatively identified as belonging to the genus

Entrophospora.

Discriminant Habitat Analysis

The analyses above demonstrate that Lane Mountain
milkvetch is found in a relatively unique and rare
subset of the overall landscape of the Lower Mojave
Desert. This habitat is characterized by the shrub

10
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FIGURE 7. Particle Size Characterization in
Surface 10 cm at Soil Sampling Locations
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FIGURE 9. Macronutrient Content in
Surface 10 cm at Soil Sampling Locations

component of the plant community and by at least
some elements of soil. Within this habitat, Lane
Mountain milkvetch grows almost exclusively in
shrubs. However, Lane Mountain milkvetch does
not occur in association with a particular shrub
species, but may be found in an apparently random
subset of the shrubs in the habitat.

Because of its growth habit and rarity, Lane
Mountain milkvetch plants are extraordinarily
difficult to locate. Perhaps in consequence, this



plant is known from only a few locations. The
ability to identify suitable habitat on the basis of
measured values for a few, simply obtained
parameters is an important step in developing an
inventory of this species over the entire NTC and
nearby desert areas. This objective may be
approached using discriminant analysis.

Discriminant analysis develops a set of parameter
weights that maximally separate data sets using
maximum likelihood (Lachenbruch 1975). The
resulting predicted classification can be compared to
the actual classifications to obtain an overall error
rate and to evaluate the usefulness of the
classification. The shrub component of the
classification should include the four species that
best characterize the habitat differences among the
three sampling strata: Nevada jointfir, Cooper
goldenbush, creosote bush, and white burrobush.
These species may be represented in the
discrimination using their density or percentage
cover. Surface soil conditions may be represented by
color, penetrability, and/or surface particle size
distribution. Combinations of these variables were
used in two discriminant analyses to identify the best
combination of variables that would maximize
predictive capability.

The best discrimination with the least number of
variables was obtained using percentage cover of the
four shrub species listed along with the soil
penetration index. The resulting discrimination
formula separating Landscape from Lane Mountain

milkvetch habitat is given in Table 7. The model
correctly predicted 16 of 18 milkvetch locations, and
15 of 18 Landscape locations. The incorrect
assignment of milkvetch locations as Landscape
locations were two habitats classified in the field as
white burrobush/Nevada jointfir and white burro-
bush/Cooper goldenbush where Nevada jointfir and
Cooper goldenbush occurred in the species list but
did not turn up, by chance, in the shrub cover tran-
sects. Similarly, the three sites in the Landscape set
that were incorrectly classified as being in the milk-
vetch habitat were sites classified either as creosote
bush/white burrobush or white burrobush/creosote
bush, but no creosote bush turned up in the
sampling transect, again by chance.

This set of difference equations was used to assign
the eighteen Nearby sites into one of the two
categories of milkvetch habitat or Landscape. Eight
of the Nearby sites were classified as being milkvetch
habitat, including one site where a milkvetch plant
was found subsequent to the sampling. All habitats
classified as being white burrobush/creosote bush or
vice versa on the basis of the relevé were classified by
the discriminant analysis as belonging to the
Landscape set.

Inclusion of all three habitat types in the
discriminant analysis produced the difference
equations in Table 8. This discrimination incorrectly
classifies 5 of the 18 milkvetch locations as
Landscape or Nearby, i.e., is less-powerful than the
two-level classification in that regard. The
discrimination did correctly assign 11 of the 18

TABLE 7. Discriminant Models and Posterior Classifications of Sampling Locations Based on
Percentage Cover of Four Shrub Species and Soil Penetration Index for Milkvetch Sites versus

Landscape Sites.

Milkvetch vs Landscape discrimination model:
Difference Fquations:

Dy = 0.0239*AMDU? - 0.0009188*EPNE*AMDU + 0.154*EPNE? - 0.00333*ERCO*AMDU -

0.0155*ERCO*EPNE + 0.312*ERCO? + 0.00602*LATR*AMDU + 0.0241*LATR*EPNE +
0.0284*LATR*ERCO + 0.0286*LATR? + 0.0145*PENET*EPNE + 0.155*PENET*ERCO +

0.0232*PENET*LATR + 0.239*PENET*

Dyasia1 = Dygp - 0.292*AMDU - 1.795* EPNE - 3.022*ERCO - 0.617*LATR - 6.56*PENET + 48.54
Dyandscapel = Dyoj - 0.664*AMDU - 0.676*EPNE - 2.195*ERCO - 0.777*LATR - 5.651*PENET + 37.846

Posterior Classification:

Probability that sample belongs to group i = exp(-0.5*Dy;)) / Zexp(-0.5*Dy;)

Predicted Stratum
Actual Stratum At ASJA Landscape
AtASJA 16 2
Landscape 3 15




TABLE 8. Discriminant Models and Posterior Classifications of Sampling Locations Based on
Percentage Cover of Four Shrub Species and Soil Penetration Index for Milkvetch Sites versus

Landscape Sites versus Nearby Sites.

Milkvetch vs. Landscape vs. Nearby discrimination model:

Difference Equations:

Dy = 0.130*PENET? + 0.0140*AMDU*PENET + 0.0315*AMDU? - 0.0179*EPNE*PENET -

0.000350*EPNE*AMDU + 0.172*EPNE? + 0.0592*ERCO*PENET - 0.00128*HACE*AMDU -
0.0406*ERCO*EPNE + 0.297*ERCO? + 0.0391*LATR*PENET + 0.00937*LATR*AMDU +
0.0177*LATR*EPNE + 0.0349*LATR*ERCO + 0.0339*LATR?

Diagia) = Do - 3.456*PENET - 0.333*AMDU - 1.070*EPNE - 1.689*ERCO - 0.844*LATR + 26.872

Diseasty) = Dioy - 2.965*PENET - 0.428*AMDU - 0.544*EPNE - 1.716*ERCO - 0.861*LATR + 20.115
Dlu“dmpd =Dy -3.329*PENET - 0.831*AMDU +0.080*EPNE - 1.195*ERCO - 1.071*LATR + 26.808

Posterior Classification:

Probability that sample belongs to group i = exp(-O.S*D[i]) / Zexp(-O.S*D[i])

Predicted Stratum

Actual Stratum At ASJA
At ASJA 13
Nearby 5
Landscape 0

Nearby locations as being not quite Landscape or
milkvetch sites, but it failed to assign as a milkvetch
site the single Nearby location where milkvetch was
found, but instead classified it as a Landscape site.

In summary, the most effective methods for
predicting the occurrence of habitat where Lane
Mountain milkvetch would be expected are the
relevé, where Nevada jointfir is the dominant or
codominant shrub in terms of cover, or the more

Nearby Landscape
3 2
2 11
15 3
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quantitative binary discrimination equations using
the four key shrub species and the soil penetration
index. A significant advantage of the discriminant
equations is that they assign a probability value to
the classification into either group.



MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS

Only one plant species listed or candidate for
protection by the California or federal governments
was identified in the Avawatz and Granite mountain
surveys. Although a number of plants that were
collected remain to be keyed to species level, none of
these are protected because the entire collection was

examined for the protected species listed in
Appendix A. The collection is currently being
maintained at the Eastern Washington University
herbarium; however, it may be transferred to the
NTC or another herbarium at the request of the
NTC. Whatever the decision regarding the
disposition of these samples, we recommend that a
single overall NTC herbarium be maintained for
reference by NTC biological staff and others working
on the NTC or nearby. For greatest utility, this
herbarium should be located at or near the NTC, if
possible.

Lane Mountain milkvetch was found growing in
association with shrubs more often than not;
however, many plants were found alone. This latter
observation was noted by Bagley (1989), who stated
that the plant was “usually found growing up,
through, and entangled in low bushes” (pg. 29);
however there has been no quantification of this
previous to the present report. Furthermore, the
present report is the first to document that Lane
Mountain milkvetch does not require the association
of a particular species of shrub to establish and grow:
instead, the milkvetch was found in association with
most of the shrub species in the general habitat in
proportions consistent with the abundance of the
shrub. The potential for a specific commensal
relationship is therefore not likely.

The generalized shrub association may provide
protection from grazing, access to light, and
enhanced soil nutrients (typical beneath desert
shrubs [e.g., Doescher et al. 1984]), but no specific
benefits from a particular shrub. Enhanced average
nitrate concentrations were found in the Lane
Mountain milkvetch soils in contrast to the other
sampling locations, although the range of
concentrations among all three sites overlapped
considerably. In contrast, phosphorus levels were
somewhat depleted in Lane Mountain milkvetch
soils relative to the other soils. Also, mycorrhizal
spores were found more often in milkvetch soils than
in the landscape, and the genus of fungus found is
particularly suited for phosphorus uptake. The

" specific influence, if any, of mycorrhizae on milk-
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vetch growth, and whether any relationship exists
between shrub species and mycorrhizal infections
remains to be explored.

Some shrub species may be unsuitable as milkvetch
habitat due to growth form. Milk vetch was not
found in creosote bush, although this plant was a
common component of the habitat. Creosote bush
has an open, tall growth form that may provide
insufficient support for Lane Mountain milkvetch.

The distribution of the four clumps of Lane
Mountain milkvetch discovered during the 1992
survey was well characterized by a simplistic
description of habitat based on cover of four species
of shrub and a measure of soil depth (the
penetrometer index). Bagley (1989) noted that all
plants he found were located in rocky areas with
shallow soils comprising decomposed, whitish
granite. He did not discover plants on the more
pinkish soils or those with finer textures. Bagley
also reported that his populations occurred in areas
with a diverse mix of shrubs, with creosote bush and
white burrobush not being too important. Most of
his observations were supported quantitatively by
those presented here.

The present study did not confirm Bagley’s
observation regarding soil color differences, i.e.
white versus pink granite. Milk vetch plants were
found in soils no different in hue from randomly
selected sites without milkvetch. However, the milk-
vetch soils were more intensely colored and darker
than randomly located samples in the nearby area or
the overall landscape.

The association of Lane Mountain milkvetch with

_habitats dominated by Nevada jointfir has not been

previously reported. This association is quite robust,
accounting for 16 of 18 locations where the milk-
vetch was found. The discriminant analysis based in
large part on the percentage cover of this shrub
provides a simple, yet powerful method for
classifying any habitat with regard to the potential
presence of Lane Mountain milkvetch on the basis of
the probability of its occurrence. The percentage
cover index from line transect data can readily be
obtained either in the field or from mid- to low-level
aerial photographs of an area to be characterized.
Such an analysis could be performed using a
Geographic Information System, with the resultant
classification probabilities displayed visually.



The robustness of this discrimination should be eval-
uated against an independent set of data obtained
from Lane Mountain milkvetch locations outside the
NTC, as well as with a broader set of habitat data
from the NTC. The final discriminant classification
may be used by the NTC in the future to screen areas
planned for training exercises or other field activity
to determine the potential for milkvetch to be
present. Areas where the potential exists may then
be examined carefully in the field before the planned
disturbance. The difficulty in locating Lane
Mountain milkvetch in the field would otherwise
preclude accurate and efficient determination of
potential impacts.

The discriminant analysis also provides a means of
identifying areas where Lane Mountain milkvetch
might be found outside the NTC. Expanding the
known range of the plant would be a significant step
toward delisting the species. The resulting habitat
classifications could also be used to identify areas
where the plant might successfully be reintroduced.
This would aid in the continued preservation of this
admittedly rare species.
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Appendix B

Avawatz and Granite Mountains
Springs Survey
Plant Species Observed
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