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KEY TO MAJOR STEPPE HABITAT TYPES
IN EASTERN WASHINGTON AND NORTHERN IDAHO

The following key is applicable to stands that have not been greatly modified by grazing or fire. To identify others,
the broad geographic position, the position in the local vegetation mosaic, the character of the soil, and the types of plants
that have invaded disturbed soil are addidonal criteria that are highly useful.

1. Agropyron spicatum well represented; Stipa comata absent; woody plants not forming 2 closed canopy
2. Festuca idaboensis occurring with the Agropyron
3. Artemisia well represented; Purshia, if present, confined to disturbed spots
4. Artemisia tripartita abundant; Artemisia tridentata, if preseot,

confined to disturbed spots ................... ARTEMISIA TRIPARTITA-FESTUCA IDAHOENSIS H.T. p. 28
4. Artemisia tridentata abundant, not restricted to locally disturbed
spots .. ARTEMISIA TRIDENTATA-FESTUCA IDAHOENSIS HT. p. 16
3. Artemma mcampxcuou:, if at all present
5. Purshia tyidentata abundant .. ... PURSHIA TRIDENTATA-FESTUCA IDAHOENSIS H.T. p. 30

5. Puyshia absens
6. Symphorxwrpo.r abundant, but dwarfed and
inconspiciuoys ........coveieiieccieea. . FESTUCA IDAHOENSIS-SYMPHORICARPOS ALBUS H.T. p. 23
6. Sympboricarpos absent
7. Chrysothamnus nauseosus usually scattered but conspicuous (rarely absent); Antennaria rosea, Arnica,
Carex, Collinsia, Heuchera, Potentilla and Stipa columbiana usually absent;
Holosteusn commonly present .......... AGROPYRON SPICATUM-FESTUCA IDAHOENSIS H.T. p. 21
7. Chrysothamnus nauseosus rare, if at all present
8. Eriogonum heraclecides the principal shrub, although often very rare and inconspicuous; soils usually
not foessal; known only from the Okanogan Mountain area .........c....... FESTUCA IDAHOENSIS-
ERIOGONUM HERACLEOIDES H.T. p. 73
8. Eriogonum heracleoides absent; shrubs, if present, represented by scattered Rosa; soils uwsually loessal;
known only from about the north and east base of the Blue Mountains, thence eastward into
Idaho e e FESTUCA IDAHOENSIS-ROSA NUTKANA H.T. p. 27
2, Festuca idaboensis absent
9. Artemisia well represented; Purshia, if present, on disturbed spots
10. Artemisia tripartita abundant; Ariemisia tridentata, if preseat,
on disturbed spots ... ARTEMISIA TRIPARTITA-AGROPYRON SPICATUM H.T. p. 61

10. Artemisia tridentata abundant, not restricted to locally disturbed spots .......... ARTEMISIA TRIDENTATA-
AGROPYRON SPICATUM H.T. p- 8

9. Artemisia rare, if at all present

11. Purshia abundant . . PURSHIA TRIDENTATA-AGROPYRON SPICATUM H.T. p. 60
11, Pursbia absent

12. Soil stony, seldom as much as 30cm deep over basalt ... AGROPYRON SPICATUM-

POA SECUNDA H.T., LITHOSOLIC PHASE p. 47

12. Soil deeper, with at least the upper 30cm relatively free of stopes ............ AGROPYRON SPICATUM-

POA SECUNDA H.T. p. 18
1. Agropyron spicatum absent, or rare and rhizomatous
13. Woody plants, if present, well spaced
14. Distinchlis stricta very abundant; soils saline alkali

15, Taller plants virtually abseat ... . ... DISTICHLIS STRICTA H.T. p. 50
15. Taller plants conspicuous
16. Elymus cinereus abundant; Sarcobatus absent ....... ELYMUS CINERUS-DISTICHLIS STRICTA H.T. p. 50
16. Sarcobatus vermiculatus abundant; Elymus cimereus absent .............. SARCOBATUS VERMICULATUS-

DISTICHLIS STRICTA H.T. p. 51
14. Distichlis absent; soils neither saline nor alkalj
17. Stipa comata abundant; soils rich in sand, gravel or weathered volcanic ash
18. Artemisia well represented; Purshia, if present, confined to disturbed spots
19, Artemisia tripastita abundant; Artemisia tridentata, if present, confined to disturbed

SPOIS  oriomicuesrmencraesestvomseramsemmr e smasees sesnseesannarass ARTEMISIA TRIPARTITA-STIPA COMATA, H.T. p. 37

19. Artemisia tridentata abundant and not confined to disturbed
SPOLS  ecmreceererceecerecne ARTEMISIA TRIDENTATA-STIPA COMATA H.T. p. 34
20. Pursbia abundant ....................... PURSHIA TRIDENTATA-STIPA COMATA H.T. p. 35



20. Purshia absent
21. Chrysothamnus the principal shrub; Eriogonum pootly
represented, if present ... STIPA COMATA-POA SECUNDA H.T. p. 36
21. Eriogonum niveum the principal shroub; Chrysothamnus poorly represented if
present ............. STIPA COMATA-POA SECUNDA H.T., ERIOGONUM NIVEUM PHASE p. 37
17. Stipa comata absent or rare
22. Poa secunda present, but with larger grasses contributing mote biomass; Chrysothamnus nauseous regularly
present in small amounts
23. Sporobolus dominant .................... SPOROBOLUS CRYPTANDRUS-POA SECUNDA H.T. p. 68
23. Aristida dominant ............ .. ARISTIDA LONGISETA-POA SECUNDA H.T. p. 71

22, Poa secunda the pnncxpal Petenmal grass; Cbrysotbamnus rarely present
24. Rooting medium consisting of loose granular fragments of hydrothermally altered basalt; Eriogonum
microthecum the principal shrub .. ERIOGONUM MICROTHECUM-PHYSARIA OREGANA H.T. p. 45
24, Rooting medium aot derived from hydrothermally altered basalt; Eriogonum microthecum absent
25, Soil thin over a basalt outcrop, containing an abundance of angular basalt stones (6 alternatives)

26. Artemisia rigida the principal shrub ... ARTEMISIA RIGIDA-POA SECUNDA H.T. p. 40
26. Eriogonum niveum tbe principal shrub ... ERIOGONUM NIVEUM-POA SECUNDA H.T. p. 42
26. Eriogonum sphaerocephalum the principal shrub ....... ERIOGONUM SPHAEROCEPHALUM-

POA SECUNDA H. T. p. 43
26. Eriogonum douglasis the principal shrub ... ERIOGONUM DOUGLASII-

POA SECUNDA H. T. p. 44
26. Eriogonum compositum the principal shrob .. ............... ERIOGONUM COMPOSITUM-

POA SECUNDA H. T. p. 45
26. Eriogonum lbymoxde: and/or Haplopappus stenopbyllus the principal

shrubs ............ ERIOGONUM THYMOIDES-POA SECUNDA H.T. p. 45
25. Soil not shallow over a basal outcrop (3 alternatives)
27. Grayia spinosa the principal shrub ... GRAYIA SPINOSA-POA SECUNDA H.T. p. 64
27. Eurotia lanata the principal shrub ... ... EUROTIA LANATA-POA SECUNDA H.T. p. 65
27. Artemisia tridentata the Prmupal
shrub . cererieerenaan eevecevee . ARTEMISIA TRIDENTATA-POA SECUNDA H.T. p. 62

13. Deciduous woody plauts formmg an essentmlly closed canopy, or at least 3m tall
28. Vegetation approximately 1m tall or less, or taller with Prunus dominant
29. Sympboricarpos a component ...... . FESTUCA IDAHOENSIS-
S'YMPHORICARPOS ALBUS HT SYMPHORICARPOS PHASE p. 26
29. Symphoricarpos absent FESTUCA IDAHOENSIS-ROSA NUTKANA HT ROSA NUTKANA PHASE p. 28
28. Vegetation taller, Prunus not dominant
30. Crataegus dominant, Populus tremuloides absent; occurring in Pestuca-Symphoricarpos and Festuca-Rosa zones
31. Heracleum, Hydrophbyllum fendleri and Urtica, collectively or singly dominating the undergrowth;

Symphoricarpos absent ... CRATAEGUS DOUGLASII-HERACLEUM LANATUM H.T. p. 56
31. Heracleum and Hydrophyllam femiler: abseat; Sympboricarpos vsuvally
well represented ................... . CRATAEGUS DOUGLASII-SYMPHORICARPOS ALBUS H.T. p. 54

30. Crataegus not dominant

32. Soils evidently stony or sandy, without evidence of high moisture status from seepage, a high water table

or protection from insolation; Populus absent; in Agropyron-Poa zone
33. Celtis douglasii dominant ........ocoveninns CELTIS DOUGLASII-BROMUS TECTORUM H.T. p. 73

33. Rbus glabra dominant (3 alternatives)
34. Agropyron spicatum dominating the herbaceous vegeration ........ RHUS GLABRA-
AGROPYRON SPICATUM H.T. p 72
34. Sporobolus cryptandrus dominating the herbaceous vegetation ........ RHUS GLABRA
SPOROBOLUS CRYPTANDRUS H.T, p. 7

34. Aristida longiseta dominating the herbaceous vegeradon .......... RHUS GI.ABRA-
"ARISTIDA LONGISETA H.T. p. 72

32. Soils formed from stream terraces, or on slopes moistened by seepage; Populus dominant
35. Populus trichocarpa dominant; Cicuta douglasii the most conspicuous member of the
undergrowth ... - POPULUS TRICHOCARPA-CICUTA DOUGLASII H.T. p. 60
35. Populus tremuloides dommant Crcuta ‘absent
36. Heracleum, Hydropbyllum fendlen and Urtica, collectively
or singly dominating the undergrowth .. CRATAEGUS DOUGLASII-
HERACLEUM LANATUM H.T., POPULUS TREMULOIDES PHASE p. 59
36. Heracleum and Hydrophyllum fendleri abseat; Sympborzcarpos usually well
represented ...... CRATAEGUS DOUGLASII-
SYMPHORICARPOS ALBUS H.T., POPULUS TREMULOIDES PHASE p. 55

iv




STEPPE VEGETATION OF WASHINGTON

R, DAUBENMIRE!

SUMMARY

An attempt has been made to determine the character
of the pre-Caucasian types of vegetation in the steppe re-
gion of Washington, and investigate their distribution and
enviconmental controls. Detailed quantitative analyses are
presented for most of the 262 stands of virgin or pear-
virgin vegetation that have been Jocated. Although the
primary emphasis is on describing vegetative components
of the ecosystem types and their distribution, enough cli-
matic and soil data have been assembled to suggest the
major factors controlling much of the vegetation pattera.

Most of the pre-Caucasian vegetation that has not been
destroyed by cultivation or water impoundment has been
modified by fire or grazing. Therefore, emphasis is ap-
propriately on “habitat types,” each of which is composed

of all those areas that could support (if they do not stilt
support) the same kind of stable plant community. The
potential vegetation, nnder both disturbed 2nd undisturbed
conditions, of each of 40 habitat types is characterized. In
addition, all published information that can be related to
specific habitat types is brought together, including refer-
ences to the occurrence of the types outside of Washing-
ton. A key is provided to facilitate identification of areas
as to habitat type in those places where the vegetation has
not been extremely disturbed.

Broad generalizations that can be drawn from the
study as a whole concern species diversity, successional
convergence resuldng from disturbance, the significance
of coverage sums, and the relation between the vegetation
pattern and climatic classifications or soil classifications.

INTRODUCTION

Objectives

More than 6,000,000 hectates (24,000 square miles) of
land in the eastern half of the State of Washington are
too arid to support nmatural forest on the uplands. When
first seen by white man a century and a half ago, the re-
gion was a steppe. The study here reported attempts to
determine the character of the vegetation mosaic as it was
when white man appeared on the scene, to establish the
broad relationships of the different community-types to
climate and soil, and to determine how fire and grazing
modify the types.

Owing to the pervasiveness of white man’s influences,
very few fragments of primeval vegetation are left upon
which to base such a study. Nearly all the land has been
either cultivated or grazed heavily by domestic livestock.
Fortunately, an early period of unrestricted graziog did
not significantly alter much of the vegetation before agri-
culture began to make heavy demands for space. Fencing
then aggravated the natural scarcity of watering places for
domestic animals so that the range of their activity was
drastically reduced. In consequence, it has been possible
through diligent search spanning three decades to find
scraps of apparently virgin vegetation in fence-cornerss,
road right-of-ways, old cemeteries, and in places simply too
remote from water to be grazed.

Stilt another major change in land use now under way
is taking a further toll of natural vegetation. New hydro-
electric dams are bringing an ever-increasing amount of
land under irrigated cropping and creating high water
tzbles where none existed before. However, there will al-
ways be a residue of land unsuited to any form of agricul-
ture now practiced, owing to steepness of the topography,

'Former Professor of Botany, Washington State University. Work was
oconducted under agricultural experiment station project 1224 and
regional project W 25.

frequent interruption of good soil by rock outcroppings,
stoniness, or elevation above irrigation systems. Such land
will be valuable chiefly for the forage it can produce.
Therefore, a study of the vegetation is not only of value
from an historical and academic standpoint, but it should
find direct application in maaaging residual grazing lands
so they will provide the maxiroum sustained yield of
forage.

Range management in North America has been domi-
nated by the narrow view that only the few plants of
direct use or detriment are worth consideration, Ip cen-
tral Europe, as here, only a few species provide the bulk of
forage in pastures; but there it has been recognized that
to manage the grasslands in even a limited area propecly,
the autecologies of some 400-500 species must be under-
stood, for plants of low economic value can have very
high indicator significance (73). In view of the recent
trend in North America to adopt the broader view, the
ecosystem details presented here may find increasing use
in managing rangelands more efficiently in Washington.

The vegetation of nonarable lands also bears a poten-
tial econtomic relationship to that of interspersed cropland
by way of animals, especially insects that may rest, feed
and ovulate in different plant communides (4, 31, 39).
In the Artemisia tridentata region of southern Idaho, for
example, an iasect vector of a sugar beet disease has close
relationships with unmanaged vegetation near croplands
(92).

In 2n age when soil profiles that have evolved over
millennia are being modified by man with increasing ra-
pidity, technical descriptions of this component of pristine
ecosystems are also worth recording, especially when they
can be directly related to detailed hotanical analyses made
at each site. The relationship between vegetation and soil
classification is in dispute, and the data obtained in this
study defiaitely contribute to clarifying the situation.
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Methods

If a serious ateempt is to be made to correlate quant-
tative characters of a unit of vegetation (i.e., 2 ‘“‘stand”)
with 2 particular soil (i.e, a2 “pedon™) and a particular
microclimate, then the vegetation unit must have maxi-
mum homogeneity, with the soil sampled near the centec
of the unit. A stand was considered homogeneous if on

inspection the direction and percent slope were uniform,
and variation in the community seemed more a resuft of
chance rather than z result of soil heterogeneity, or varja-
tion in the time since the last fire or other disturbance.
But homogeneity is always relative, and certainly the
larger the sample the greates the probability of including
significant varfation in vegetation owing to hidden soil
features, microrelief, unequal age, etc. It was therefore
considered desirable to use the smallest sample that can
be considered adequate. Previous study has shown that
a sample of 4 m? provides closely reproduceable statistics
for most species of herbs and shrubs in the commuaity
under study (24).

To sample 2 stand, a serfes of 40 plots 20 x 50 cm each
were arranged along 2 line that followed a contour in
an effort to remain within one phase of the soil catena.
Any plots falling on paths, boulders, etc., were viewed
as fragments of different minuscule ecosystems other than
the matrix under study and objectively located substitu-
tions were made by adding plots at the end of the lipe.
Where necessary to maintain homogeneity throughout the
series, the 40 plots were contiguous; but usually were
spaced at half meter marks on the tape.

Canopy coverage. Coverage constitutes a simple but
useful criterion of the relative importance of plants in a
community and their impact on the remainder of the
ecosystem. It has the tremendous advantage of allowing
direct comparison of green macrophytes of alf sizes on 2
commoo basis. It is more closely related to the amount
of forage available than is any other readily determined
parameter of a commuaity (1).

Canopy coverage is defined as che percentage of
ground surface incuded in the vertical projection of a
polygon drawn about the extremities of the undisturbed
foliage of a plant. Discontinuities within the canopy of
one plant are ignored, as the aim is to evaluate each
species with respect to the horizontal extent of its influ-
ence on s0il, microclimate, animzls and other kinds of
plants. Each species is evaluated independently, and be-
cause the canopies of tall and low plants are superim-
posed, total canopy coverage for an area can far exceed
100%. In fact, the extent to which it exceeds this value
measures the interlocking and overlapping of spheres of
influence of the species, hence has been a useful criterion
of the complexity of plant cover.

Two applications of the canopy coverage technique
have been made. At the reconeaissance level, 2 complete
taxonomic lst was made for the vascular plants of an
arbitrarily delimited staod approximately 5 x 5 m. Then
estimates of coverage were recorded for each taxon by six
coverage classes: 1 (0-59 coverage), 2 (5-25%), 3 (25-
50%), 4 (50-75%), 5 (75-95%), and G (95-100%).

At a more intensive level of study, a2 coverage estimate
was made for each species in each of 40 plots, 20 x 50 cm,
using the coverage classes listed above, Midpoints of the
percentage range for each coverage class recorded in the
field were later averaged to obtain an estimate of the
coverage of each species encounteted in the 40 plots. The
added labor required by this variant of the method is
justified when an attempt is to be made to correlate



quantitatively vegetation composition with environmental
measurements, or where loter reexamination of the plots
is contemplated to document successional changes. With
large plants that are erratically scattered, such as Artem-
isia ot Purshia, this intensity of sampling does not yield
coverage values of high accuracy. However, as I have
shown previously, a line of plots usually shows canopy
coverage with an error seldom rising to 5% for these large
plants. Even this can be reduced considerably simply by
doubling the number of plots for just these larger plants.
For most small shrubs and hetbs, the method gives highly
reproduceable coverage estimates.

The number of species having any coverage in the
40 plots in a stand has been used as 2 criterion of species
diversity, with aliens igoored. The populations of such
species, mostly very small anauals, are so sparse in the
virgin and near-virgin stands that bave been selected for
study that it is highly doubtful if they have displaced any
indigenes, yet the number of aliens is considerable. If
included in a study where quantities were not taken into
account, they would bias any statistic used to express the
character of pre-Caucasian vegetation in eastern Washing-
ton.

In addition to the quantitatively analysed flora that
occurred in the plots (4 m? total), a supplemental list
was made of any other species observed elsewhere in the
same stand.

Frequency. The percentage of the 40 plots containing
any coverage of a species is recorded in appendix B as
frequency.

The relative magnitude of a frequency rating, when
compared with the relative magnitude of the correspond-
ing coverage value, provides an index of the uniformity
of distribution of influence exerted by that species in the
stand. For example, a plant with high frequency and low
coverage must be contributing small amounts of cover
rather uniformly over the stand. Among annuals, most of
which have small coverage, frequency seems a more sensi-
tive measure of their relative importance to each other
than does coverage. On the other band, some of these
apnuals indicate past disturbance in proportion to their
coverage.

Appendix B includes the complete species lists, along
with coverage and frequency values, and data on location,
soils, etc. In this tabulatdon the county is indicated by
the first five letters of jts name. An entry of 10-50 sig-
nifies 2 mean canopy coverage between 9.6 and 10.5%
and a frequency of 50%. An entry of 4 -2 indicates a
mean coverage less than 0.6% 2nd an occurrence in only
one of the plots. Occurrence in the stand but not in any
of the plots is shown by a +.

The segregation of woody taxa in the appendix into
beight classes called low shrubs, medium shrubs, tall
shrubs and low trees corresponds with Raunkiser’s life-
form classes: chamaephytes, manophanecophytes, micro-
phanerophytes and mesophanerophytes.

Considerable space has been saved in tabulation by
entering the figure 99 wherever the actual frequency was
10095. These substitutions can be recognized since a real
value of 99% is an impossibility when 40 plots are tallied.

Phenologic data have been obtained at only two sta-
tions, but these represent most of the ranges of moisture
and temperature of the zonal climaxes in the Washington
steppe. At each visit, notes were made as to whether each
species was photosyothetically active or pollinating. In
the communities studied all the species flowered during
the petiod of their photosyathetic activity. All vascufares
encountered in the 40 sample plots which had been studied
in these two stands were included in the phenologic study,
except that aliens were ignored. The zliens were nearly
all winter azoauals present only in traces, and would have
biased data for the stand 2s 2 whole in favor of their
distinctive type of phenology. Observations were more
frequent during spring aand early summer than in seasons
of lesser activity, If any two individuals exhibited activity,
the population of the species as a whole was recorded as
active. Since such observations were scattered over several
years with varying weather, the diagrams portray extreme
dates of activity, and the data must be considered as ap-
proximating the maximal duration of activity rather than
the mean range.

Productivity. To determine productivity by clipping
takes so long that this cype of evaluation was made at
only a few representative sites. Usually four to ten plots,
each 1 x 1 or 0.5 x 2 m in dimensions, were clipped at
a time in April or May when the leaves of Poa secunda
were fully developed yet greeo, and then in May or June
when the fruits of the taller perennial grasses were almost
mature. Other species were clipped at whichever of these
dates came closest to their maximum seasonal develop-
ment. A few early spring annuals had to be clipped in
April, All herbs were clipped within 5 mm of the ground
surface, air-dried, desiccated in a ventilated oven at 70 C
for 24 hours, then weighed.

As with most productivity studies in vegetation having
a dormant season, the aim has been to evaluate the terminal
standing crop of shoot material. In addition to the usual
sources of error, note that the new leaves put forth by
many of our plants with the return of the rains in autumn
may senesce well before the date in spring when the shoot
as a whole has reached its maximum size.

Ap attempt was made to get a2 crude estimate of
productivity of Artemisia tridentata by calibrating canopy
coverage agaiost dry matter. A few shrubs representing
the principal range in size were selected. Then, all the
current season's foliage was removed, along with the twigs
to which it was attached. The canopy coverage of each
of these plants was determined from measurements of
eight equally spaced radii so that the oven-dry weight of
new growth could be expressed per unit of canopy cover-
age. This value was then applied to the numerous data
obtzined in the 20 x S0 c¢m plots to estimate the pro-
ductivity of this shrub.

Four plants were so analysed in an Artemisia tri-
dentata-Agropyron stand, and four in an Artemisia tri-
dentata-Stipa stand. The values obtained were 170.2+
16.8 (S.E.) g/m? and 187.7 = 3.3 g/m?, respectively, and
these have been applied according to whether the
Agropyron or the Stipa was the principal grass.

Soil sampling. A single pit for describing the soil



profile was dug near the center of the line along which
the 20 x 50 cm plots were arranged. These descriptions
are too voluminous to publish in their entirety, but two
of them suggesting the range of soils in most habitat types
are given. Others that are available in the main file of
ecosystem data can be recogoized in appendix B as those
for which the color of the darkest horizon is given.

A special series of soil samples for laboratory analysis
was collected at most of the study sites, segmenting the
profiles by decimeter horizons. This practice is fairly
satisfactory in our steppe soils, since the horizons for the
most part are poorly differentiated. These samples were
analysed for pH, electrical conductivity, and moisture
equivalent, since reaction, salinity and effective texture are
generally important in differentiating vegetation in arid
regions.

Another series of soil samples was obtained at repre-
sentative sites for analysis in the Soil Testing Laboratory
at Washington State University. These samples repre-
sented the upper 20 cm of the profiles. As in the series
of samples mentioned above, particles exceeding 2 mm
were discarded. The remainder were analysed for organic
matter, base exchange capacity, percent base saturation,
extractable P and K, and exchangeable Ca, Mg, Na,
and K.

For a few of the study sites, glasshouse tests of the
growth of native dominants were made in fertilized and
unfertilized soils with the water content held rather con-
stantly at either the moisture equivalent or field capacity
by weighing the cultures. Since early seedling growth
was to be evaloated, it seemed appropriate to use only the
upper 20 can of the profile for these tests. Chemical
amendments were made according to the smethods of
Kitcheg, et al, (72), Hoagland and Arnon (54), or Jeany,
et al. (63). Each culture consisted of 4-9 plants growing
in about 1300 g air-dry soil in metal cans that were well
coated inside with asphaltum or polyethylene films, and
shaded from direct insolation outside. Three or four cul-
tures replicated each treatment.

Soil depth over bedrock has an obvious bearing on
the distribution of communities and their productivity.
An attempt was made to evaluate soil depth plus stoniness
by Viro’s method (122), although Viro devised the tech-
nique for estimating floating stones alone. At a season
when the profile was moist, a sharpened steel rod 34” in
diameter with a cross-bar at the top for a handle was
pushed into the soil at right angles 1o the surface. When
the point was stopped by a stone or bedrock, the depth
was recorded in centimeters. Fifty to 100 systematically
spaced measurements were averaged as a sample.

Taxonomic considerations

An effort was made to identify and list all species of
vascular plants in all the stands, regardless of any assump-
tions as to their relative importance. No attempt has
been made to collect every species from every stand, but
representative specimens of nearly all taxa have been filed
in the herbarivm at Washington State University. Identi-
fication was carried to the subspecific level where feasible,
but where such distinctions rest on very ephemeral char-

acters this was not practical. Furthermore, uoder the in-
tense competition in climax vegetation, many species flow-
er very sparingly and so cannot always be determined with
certainty. Nomenclature for dicots follows Hitchcock, et
al. (53), and nomenclature for monocots follows Davis
(32), with two exceptions. Agropyron spicatum includes
what has passed as A. inerme, this procedure being based
on cytogenetic evidence of Stebbins and Pun (110) and
progeny tests of Daubenmire (25). Stipa williamsii has
likewise been treated as a pubescent form of S. columbiana
uadeserving of nomenclature or ecologic recognition.

Species and subspedies distinguished on the basis of
morphology by at least some taxonomists have been found
growing intermingled in the same populatioo and poilin-
ating at the same time,—a circumstance which casts
doubt on the biologic merits of the separation. For such
a reason, Polygomum majus has been included under
P. douglasii, and subspecific categoties in Erigeron polio-
spermus, Dodecatheon pauciflorus, Lomatium tyriteynatum,
and Phlox longifolia have been lumped. Varieties of
Chrysothamnus viscidiflorus have not been recognized, for
in th¢ keys considerable emphasis is laid on plant height,
and individuals in climax stands are always shorter than
those growing at the margins of the stand on disturbed
ground. Plants in the climax stands flower so weakly that
this source of material is probably without represencation
in herbaria. It is felt that the var. pubescens corresponds
closely with the plants in climax vegetation, yet rare in-
dividuals are glabrous.

A contrasted type of problem is presented by Poz
secunda, which in the same habitat is commonly repre-
sented by two or more populations distinct as to mor-
phology and often phenology as well (see Daubenmire
5340, 5517 and 5525 in Washington State Univ: Herb.).
While it is not practical to recognize these variaats, at
least their existence should be recorded. I agree with
Marsh (82) that P. secunda and P, ampla intergrade com-
pletely in many places, and in some stands (e.g., 77 and
123) my segregation was highly arbitrary.

Synecologic perspective and terminology

The philosophy has been accepted that any basic study
of a vegetation mosaic must begin with emphasis on the
relatively stable (ie., climax) communities. Afcer their
structure and ecology have been worked out, it is not diffi-
cult to infer which climax disturbed vegetation has been
derived from.

Since so much emphasis was accorded the climax status,
it is appropriate to indicate the criteria used in its recogni-
tion. A stand of vegetation was considered climax if:

1. all young perennials that appeared successfuf in the
community are represeated by old individuals in the same
stand,

2. alien species were absent, or if present were repre-
sented by few individuals of low vigor,

3. fire-sensitive species native to the area were not con-
spicuously absent.

Association tables (appendix B) show that stands
meeting these requirements are remarkably similar over
wide area, in contrast with the endless variety exhibited



by stands that have been disturbed to varying degrees by
fire or grazing. Such results [end confidence to a belief
that esseatially pristine remnants still exist and that these
criteria have permitted their recognition.

Each type of climax, distinguished by close similarity
in the dominaats of all Jayers of vascular plants, is called
an association, and every effort was made to include stands
represeating each association over as wide a range of en-
vironment as possible. The vegetation has been rather
finely subdivided to bring co light as much detail as pos-
sible, for indiscriminate lumping can obscure much that is
ecologically significant. As the steppe vegetation of the
intermountain area becomes better known, it may be de-
sirable to lump some of the types that are here separated,
especially o meet practical need in range management.
On the other hand, if it should prove desicable to split
some of my groupings, the availability of the data for
each stand makes this an easy task. It should be noted
that the diagoostic characters listed first in the treatment
of each association are the minimum needed for distin-
guishing the type only as it occuts in Washington. Emeo-
dations will undoubtedly be necessary as other tracts of
closely refated vegetation in surrounding areas are studied
in detail.

The aggregate of all areas that support, or can support,
the same primary climax is a habitat type, usually abbrevi-
ated as h.t. By emphasizing habitat types (h.ts.) the treat-
ment of the region’s ecosystems is simplified, for each kind
of environment has distinctive potentialities as to pristine
and derived types of communities.

Wherever large and ecologically heterogeneous vegeta-
tion categories have been considered adequate for some
special purpose, theseé have been defined easily on the basis
of dominants alone. But major dominants are usually
species of wide distribution occurring in 2 variety of con-
trasted habitats, as indicated by wide differences in associ-
ated species. Therefore, discriminative study leads to de-
pendence on minor species as indicators of smaller units of
greater ecologic homogeaeity, and such minor species are
appropriately brought into the names of the associations.
However, it is important for the reader to understand that
the nmames given the associations cannot always indicate
the most abundant or coaspicuous plants.

Another caution is needed. Any one ecosystem has a
list of characters, biotic and abiotic, that collectively dis-
tinguish it. Single examples of an ecosystem-type often
lack one or more of the characters that usually distinguish
it, but the example can still be placed in its proper cate-
gory by noting the remainder of the defining characters.
Therefore, it should be kept in mind that an occasional
stand pamed after a combination of species that is usually
highly distinctive for the ecosystem may lack one of the
characteristic species owing to accidents of dispersal.

In several situations, two or more associations showed
compfete intergradation with each other over a long series
of intermediates. One has the alterpative of referring to
such 2 group collectively as a single variable association
sometimes represented by simplified segregates, or recog-
nizing the extremes as associations that are connected by 2
complete series of intergrades. The latter is certainly the
more conveaient from the standpoiot of pomenclature.

What {s more important, it tends to stimulate search for
the environmeatal conditions coatrolling variation within
the series.

The amount of informadon available for vegetation,
animal life, soils, climate and toral geographic ranges of
the 40 habitat types treated in this report js very unequal.
It has been impossible to get much biotic information on
some of them because they have been so disturbed that
the opportunity seems to have been lost. For other groups
of h.ts., it has been feasible only to characterize the group
as a whole then indicate features that distinguish its mem-
bers.

The stable commuaities of deep, nonstooy loams that
have gentle slope, are moderately drained, and have some-
what average chemical characteristics are referred to as
climatic climaxes. Wherever soil becomes sufficiently shal-
low, stony, poorly drained, or chemically abnormal to pro-
duce 2 sigpificantly different climax, this is called an
edaphic climax. The term topographic climax tefers to
well-differentiated climaxes that are restricted to special
microclimates such as those of slopes that face steeply to
the south or the north, or the microclimates of frost-
pockets. Zootic climaxes can be derived from any of the
above primary climaxes 2and maintained by recurrent graz-
ing and trampling.

Although all plant associations have climatic limits,
only climatic climaxes show a pattern of mutually exctu-
sive areas that fit together as a mosaic of zones (fig. 1).
Only the climates of the zones bave been studied directly.
Data from weather stations in the zones have been used
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figure 2 also.
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2. Counties mentioned in the text, and major rivers,

to characterize their climates according to several proposed
systems of climatic classification (2ppendix A). Zonal
climates have also been compared from tabulation of cal-
culated poteatial and actual evapotranspiration, De Mas-
tonne's monthly indices of water balance (precipitation in
mm/temperature C+10), and mean monthly temperatures
and median monthly precipitation using the period 1931-
1952, In calcnlating water balance, abbreviated as P/T,
mean monthly precipitation values have been used in the
appendix classifications (as their authors intended); bat
in describing ecotones, median monthly values are em-
ployed.

These data bave made it possible to express quantita-
tively certain differences in climates among the zones, and
the pature of the differences suggests promising directions
of research into the autecologies of the species whose dis-
tributions determine zone boundaries,

From appendix A it may be seen that except for the
Artemisia sridentata-Agropyron zone (which has more
weather stations than have been used at this time) rela-
tively few stations have complete enough records to use
in this study. In a direct assault on the climatic problems,
the incomplete data for other stations might be adjusted
and the resules found useful.

The climatic ranges of associations other than the cli-
matic climaxes have been indicated by listing the steppe
zones in which they have been observed.

The physical setting

The steppe region of Washington occupies a basin, the
Columbia Basin, that is encircled by forest-covered moun-
tains (fig, 1). The floor of this basin was built up of
numesous large flows of Java, mainly during Miocene time
(13) that became downwarped so that the lava in the
southwest corner now lies only 250 m 2bove sea level,
with the northerly and eastern margins remaining some
500 m higher.

The climate of this basin is characterized by moderate-
ly cold winters and warm to hot summers. The mean of
the coldest month is between about -5.5 and 1.5 C; and
the mean of the warmest month is between 18.5 and 24.5
C. Effective precipitation is mainly in the cold season,
with the rains starting at about the time frost becomes fre-
quent in autumn. While the wet winters are mild enough
for intermittent photosynthesis and slow growth of maay
plants during warm weather, the great surge of growth
and flowering is delayed until May and June. By this
time, rainfall bas diminished considerably and temperature
is rising rapidly, so the ability of a soil to store water in
winter and then support vigorous plant activity at the
onset of summer becomes ecologically critical. The foliage
of most upland herbs dies gradually as aridity intensifies
duriog summer.

Air masses following the track of the westerlies cross
the Cascade Mountaias, which bound the steppe region
on the west, then descend and become dry. This causes
a strong rain shadow, which is why the Columbia Basin
is too arid ¢to support forest except along streambanks. At
the lepward base of the Cascades where elevation is lowest,
the median anpual precipitation falls as low as 150 mm.
As the air masses continue northeasterly up the gently
rising floor of the basin, precipitation slowly increases
until the annuz] total reaches as much 25 550 mm just be-
fore steppe gives way to forest.

During Wisconsin glaciation, ice-caps barely extended
onto the northern rim of the basin (95), but the location
of this ice terminus was peculiarly critical, because the Co-
[umbia River flows westward along this margin of the
steppe before it turns souch at the base of the Cascades.
From time to time, the Columbia flowing along the north-
ern edge of the steppe was dammed by ice lobes, and farge
impoundments formed temporarily. At least once, an ice
dam also blocked the Clark Fork River where it cuts
through the Bitterroot Mountains and created a vast im-
poundment in Montana to the east of this bottleneck. Then
the ice dam was breached rather suddenly when another
icc lobe downstream was blocking the Columbia River
where the Okanogan River empties into it. The water
storage capacity of the Columbia Valley above the lower
ice dam was vastly exceeded. The flood waters sought
new routes in a southwesterly direction, reaching the Co-
lumbia Valley again at the southwest corner of the basin.
Flooding of this type is believed to have occurred perhaps
seven or more times (11).

Prior to the last glaciation, the basaitic floor of the
basin had become rather thickly mantled with loess. Dur-
ing the glacial floods, a braided system of temporary
streams quickly cut through the soft material to the basalt,
leaving fusiform islands of loess enmeshed in a system of
basalt-floored drainageways, some of which are quite wide.
Locally, these nearly bare tracts of basalt are known as
“scablands” and the equally dry caayons and deeply
scoured valleys that were excavated in some of them are
“coulees.” Similar strips of basalt outcroppings have also
been formed by other erosional processes on canyon rims
well above the level of glacio-fluvial scouring.

A curious feature common to both flooded and ua-
flooded scablands ate small biscuit-like mounds of loess,



commonly 1 m thick by 5§ m in diameter, that are regularly
dispersed ovet the otherwise bare surface of scabland out-
croppings. This is the “biscuit and swale” topography of
local usage. Differential erosion (124) and congelitur-
bation duriag glacial tmes (68) have been proposed as
processes accounting for biscuit and swale topography.

Thin patches of alluvial material of wide variety were
feft on the flooss of the scabland tracts that were scoured
by melt-waters, but deep and extensive sheets of sandy
outwash were deposited in the west-central part of the
basin where water emerging from scabland tracts and cou-
lees spread out before reentering the Columbia River.

Another substratal feacure important in vegetation dif-
ferentiation was caused by showers of volcanic ash drifting
eastward from volcanoes in the Cascades. In places, this
ash was blown or washed into hollows; elsewhere it was
fixed in place by vegetation. The greatest ash shower was
from the Mt. Mazama eruption in about 6600 B.P. (before
present) and the mext most important was an earlier one
from the Glacier Peak eruption in about 12,000 B.P. (43).
The ash from the newer eruption is relatively unweathered
and fertile, but the older material from Glacier Peak 1s
quite well weathered and infertile,

Because of aridity, saline-alkali conditions have devel-
oped locally in undrained depressioos, especially on low
stream terraces in the driest part of the basin.

Aborigines, grazing and fire

Archaeological investigations have shown that man has
inhabited the steppe region of Washington for at least the
last 12,000 years. Eatly man was a successful hunter, as
fossils of large grazing mammals occur about the remains
of his campfires (30). But the large mammals associated
with the Ice Ages became extinct as climate warmed, and
more modern forms, especially of Bison and Antelocapra
invaded the steppe region from the south as the ice front
receded. This pewer fauna seems never to have spread
much beyond the warmest and driest parts of the basin,
and in post-hypsithermal time they dwindled steadily. In
consequence, the aborigines came to depend more and
more on fishing, so their villages became concentrated
along streams where salmon and lampreys could be ob-
tained readily.

Bison became extinct about 2,000 years ago (87). By
the time the first white men came to eastetn Washington,
any antelope that might still have been present were
very few and confined to the driest part of the steppe.
The few deer and wapiti remained close to the forest
border or to riparian thickets, and a few bighorn sheep
lived on the basaltic ledges of cthe Columbia Valley from
Grand Coulee southward. Thus the niche for grazing
ungulates seems to have been fairly well occupied in Jate
glacial time, but then became abandoned progressively.

About 1730 A.D., the aborigines acquired horses. This
made a small change in their pattesn of living, for it be-
came practical to make brief excursions eastward across
the Bitterroot Mountains into Montana to obtain bison
meat, which was dried and packed home on amimals.

There must undoubtedly have been excessive grazing
pressure on the vegetation adjacent to the villages that
were strung out along the rivers. Since the horses had to

be herded closely against theft, vegetation damage was
probably quite localized.

The first cattle were brought into the steppe region
of Washington in 1834. It was estimated that the num-
bers had increased to abont 200,000 by 1855 (19). Sheep
raising developed principally in the 1880s, along with the
rapid spread of agricalture 2t that time. It was during
this period that wild horse herds became common in the
steppe. The last of these were eliminated only during the
course of the present investigation.

It should be apparent from the above that for many
centuries before the arrival of white man, ungulate pres-
sure played no significant part in the evolution of ecotypes
of the steppe plants of Washingtoa. FEast of the Rockies,
where large herds of native ungulates have roamed un-
interruptedly from Oligocene time to the present, range-
lands recover quite rapidly when given respite from exces-
sive animal use, but in no part of the Washington steppe
has a restoration of density been documented. Each peri-
od of overuse by domestic animals simply reduces the den-
sity of the Jarge perennial grasses to a lower level than the
preceding, and highly adapted alien species claim the re-
linquished territory.

The striking inability of these native species to en.
dure heavy use, or to regain population densities later,
must reflect their long history of freedom from grazing
pressure, at least in part. The aggressiveness of the aliens,
notably Bromus tectorum and Poa pratensis, certainly con-
teibutes to the difficulty, for where these can be eradicated
by cultivation, climate and soil permit the artificial estab-
lishment of good stands of the native grasses.

Cholis (14) opined that the vegetation of Washington
rangelands was in better condition in 1950 than when
Cotton (20) and Griffiths (46) surveyed and described
them half a century earlier. After having examined many
photographs made by H. L. Shantz in Washiagton in 1916
I am inclined to agree, for these photographs show ex-
tremely little grass associated with Artemisia tridentata,
despite the fact that they were taken by a man primarily
interested in characterizing the natural vegetation. How-
ever, the grasses must have been only grazed down severe-
ly, not killed, for a plant that has been depauperized by
excessive grazing can respond very quickly to release from
such pressure.

Sauer (106) wrote: “suppression of fire results in
gradual recolonization by woody species in every grassland
known to me.” Sauer was suspicions of the fact that
grassland herbs occur in the margins of contiguous forests,
but floristic mixture is characteristic of nearly all ecotones,
even those that occur under water! Sauer further con-
tends that grassland climaces are not consistentfy different
from forest climates, but in Washington quantitative dif-
ferences have been documented (23). The accounts of
early white explorers tell of as much Arzemisia spp. and
Purshia ia the Washington steppe as today. Inasmuch
as fire readily kills both Artemisia tridentata and Purshia
tridentata, their early widespread distribution disproves
any opinion as to the omnipresence of fire. Since there
were no game animals to be harvested by the use of fire,
and fire is of little use in warfare when villages are along
rivers, the aborigines had little incentive to burn steppe.



Stewart (111) shared Sauer’s opinion: “It is my pres-
ent considered opinion that all grasslands occurring on
deep fertile soil are man-made, by peoples who periodical-
ly sec fire to the grass and kept woody vegetation from
growing . . ..” Then later Stewart (112) added that this
opinion was “substaatiated by a careful analysis of the
natural vegetation on the Palouse prairie of interior
Washiogton . . . . A modern scientific study of the region
reveals that sagebrush will invade the grass if it is not
periodically burned.”

I have been unable to confitm any part of this com-
mentary or to find any other reference to such a study.

As will be detailed Jater in this report, the sagebrush
Artemisia tridentata is an integral part of the natural
vegetation in a well-defined sector of the steppe region of
Washington and here it will reinvade after each fire, but
soil and climate (not fire!) prevent it from invading any
of the other types of steppe communities.

Thus, there is no evidence that the distribution of
vegetation types or species in eastern Washington is re-
lated to the past use of fire. The types of stable vegeta-
tion that characterize the landscape mosaic can be quan-
titatively related to climate 2nd soil in a way that provides
an ecologically rational interpretation of the pattern.

THE ZONAL SERIES

If one confines attention to the stable vegetation of
deep loams in gentle upland slopes, this component of the
steppe can easily be divided into nine associations. Each
of the Jatter, as a climatic climax, is confined to a particu-
lar sector of the steppe region. These sectors, which will
be referred to as zones, all fit together as a mosaic (fig.
1). Zooal boundaries are interpreted as reflecting cli-
matic limics critical in the determination of competitive
balances among community dominants.

All soils that the pedologist would classify as “zonal”
are (or were) fully occupied by these nine plant associa-
tions. However, from a vegetation standpoint, the pedol-
ogist has defined zonal soils so narrowly that each climatic
climex spreads from zonal onto certain regosols that ap-
pear to provide essentially equivalent conditions for plant
growth.

The nine vegetation zones can be segregated into two
groups on the basis of climate, vegetation structure and
floristics. QOune group comprising five zones is petipheral,
forming a linear but interrupted secies in the slightly arid
climates found just below lower timberline, and encircling
the other four. The peripheral five tend to be lush, meadow-
like communities (the “meadow-steppe” of some European
ecologists) that cover the ground densely and have a con-
spicuous amount of Jarge perennial forbs mingled with the
dominant grasses (fig. 3, bottom diagram). Zonal soils
in this series are mainly in the Prairie (Brunizem) and
Chernozem Great Soil Groups. Differences among the
plant associations in the group are related more to dif-
ferences in the seasonal distribution of precipitation than
to the total annual amount. The latter is not quite ade-
quate for forest (o maintain itself on loamy uplands.

The remaining four vegetation zones that are encircled
by the above group are more arid, differing among them-
selves either as to the intensity of aridity or the seasonal
distribution of precipitation. The vegetation is more open,
and forbs are less conspicuous (fig. 3, uppermost and mid-
dle diagrams).

In fig. 1, the line separating forest from steppe bhas
been photographically reduced from a map of forest types
(117) that is biased in that it includes with “forest” most
of the belt in which forest and steppe interdigitate. Thus,
steppe occupies considerably more area than is shown, and
a number of my meadow-steppe study sites fall within the
area that appears on the map as “forest.”

’

Boundaries of the steppe zones have been determined
by plotting the distribution of relics on a map then draw-
ing lines midway between the outposts representing con-
tiguous types. Despite widespread destruction of the
naturzl vegetation by agriculture, grazing, and fire, the
map is believed to be accurate for the most part within 5
km of the original bouadaries. Once the significant dis-
tinguishing characters of the vegetation types have been
ascertained from well-preserved relics scattered within a
zooe, even tiny fragments of vegetation along fence lines
can be highly useful in mapping.

Artemisia tridentata-Agropyron spicatum h.t.

Undisturbed vegetation in the Artemisia tridentata-
Agropyron h.t. is distinguished by Artemisia tridentata ssp.
tridentata as the principal shrub, aod by Agropyron spica-
tum as the principal grass. Variable amounts of Stipa
comata, S. thurberiana, Poa cusickii or Sitanion bystrix
may be preseat, but even collectively their coverage aever
equals that of the Agropyron. Festuca idaboensis and
Purshia are absent. The soils are mostly loams or stony
foams,

The Artemisia tridentata-Agropyron association con-
sists of four well-defined layers (fig. 3, uppermost dia-
gram). The tallest is an irregular scattering of shrubs
(fig. 4), among which the cvergreen, gray-pubescent Ay-
temisia is by far the best represented (appendix B-1). The
density of this shrub was approximately 33 individuals per
100 m? at both stands 12 and 19. Very small amounts of
one or more of Chrysothamnus viscidiflorus, T etradymia
canescens, Chrysothamnus nauseosus var. albicaulis, Ar-
temisia tripartita, or Grayia spinosa may occur; these are
listed somewhat in order of decreasing presence. Artemisia
tridentata averages about 1 m high; associated are shrubs
shorter, but on occasion (especially on moist sandy loams)
the height of this Artemisia may exceed 2 m and the di-
ameter 2 dm.

The second tallest layer consists chiefly of caespitose
perennial grasses among which Agropyron spicatum is al-
ways the major species (appendix B-1). On a local scale,
Poa cusickii is often restsricted to north-facing slopes, this
suggesting that it indicates a relatively moist facies of the
association, However, when the stands in appendix B-1
are arranged according to the amount of P. cusickii they
contain, none of the other data bear out such a hypothesis.
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3. Representative physiognomic types in the zonal vegeta-
tion of the Washington steppe, as illustrated hy profile
drawings, to scale, of all vascular plants with any basal

area impinging on 2 transect 2cm wide by 400c¢m long.

Key to species symbols:

Ac Achillea lanulosa

Ag Agropyron spicatum
An Antennaria dimorpha
Ar Artemisia tridentata
Aa Astragalus palousensis
As Astragalus spaldingii
Ba Balsamorrbiza sagittata
Be Besseya rubra

Bj Bromus japonicus

Bt Bromus tectorum

Ce Calochortus elegans
Cmy Calochortus macrocarpus
Ca Castilleja lutescens

Fi FPestuca idaboensis

Fp Festuca pacifica

Neither does the distribution of Stipa thurberi ana seem to
reflect significant environmental variation when the data are
arranged according to its representation.

For lack of any apparently better basis, the stands io
the a2ppendix are arranged according to Great Soil Groups.
Even with this climatic implication, variation among the
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Above: shrub steppe represented by Artemisia triden-
tata-Agropyron stand 27. Middle: true steppe repre-
sented by Agropyron-Festuca stand 60. Below: meadow
steppe represented by Festuca-Symphoricarpos stand
155,

G2 Galium boreale

He Heliantbella uniflora douglasii
Hi Hieraceum albertinum

Ho Holostesm umbellatum

It Iris missouriensts

Lu Lupistus sericeus

Mi Microsteris gracilis

My Myosotis micrantha

Ph Phlox longifolia

Pl Plantago patagonica

Pc Poa cusickir

Ps Poa secunda

Pt Potentilla gracilis

Ro Rosa spaldingii or R. nutkana
Se Senecio integerrimus exallatus
Zy Zygadenus venenosus graminews

stands seems random rather than clinal. On the basis of
coverage, even in the aggregate, pereanial forbs are a
micor constituent of this second layer. Owing to the
openness of both the Artemisia and Agropyron layers,
enough light penetrates for two other vegetation layers of
lower statore to be well developed.



4. Stand 12, showing physiognomy characteristic of the
Artemisia tridentata-Agropyron spicatum association in

Vasculares of a variety of life forms make up a third
layer in which most of the vegetative shoots are well with-
in 1 dm of the soil surface. Here the major species is
clearly Poa secunda, a tiny, perennial, caespitose grass with
coverage that varies from 13-759, io the stands studied.
Most annuals in the association fit best into this stratum.
The species that occur most regulasly are, in order, Bromus
tectorum (alien), Festuca pacifica, Lappula redowskii,
Descurainia pinnata and Gilia minutiflora.

Owing to alternate freezing and thawing or wetting
and drying, the surface of the soil is normally broken into
a system of hexagonal areas about 1 dm across, separated
by cracks 1-2 em deep. Annuals often tend to be confined
to such cracks. However, there is virtually no bare ground
in the undisturbed climax, even in the driest part of the
Washington steppe. Areas not occupied by the bases of
vascular- plants support a continuous but very thin and
fragile crust of mainly crustose lichens, tiny acrocarpous
mosses that rarely fruit (table 1) and occasionally, liver-
worts, This bottom layer is conspicuous only during the
rainy season, since just a thin layer of dust settling on the
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pristine condition,

fine-textured surface at the start of the dry season nearly
obscures it.

A similar cryptogamic crust is characteristic of all but
the saline-alkali soils in the Washington steppe. It is hard
to tmagine how dust storms such as we endure at present
could have occurred before the advent of domestic z2nmi-
mals. Measurements made half a century ago showed that
the eastern (leeward) margin of the steppe was receiving
about 1 cm of dust each decade through deflation of drier
parts of the Columbia Basin (91).

An interesting feature of vegetation structure in some
stands is the strong confinement of Poa cusickii to areas
immediately beneath the canopies of  Artemisia or Grayia,
but not other shrubs. This shrub-dependence is conspicu-
ous in some areas where Poz occurs (stands 20, 26, 27, 28
and 42 in appendix B-1) but unrecognizable in others.

Another dependency is coaspicuous in that Tortula
characteristically occurs in patches refated to shrub cano-
pies. In some stands it is also well represented beneath the
overarching foliage of the tall grasses.

Epiphytic lichens (occasionally epiphytic mosses tco)



Table 1. Representative mosses and lichens of the Artemisia triden-
tata-Agropyron associationt

MOSSES

On soil:
Aloina rigida pilifsra G
Bryum argenteum lanatnm C
B. cagspiticium C
Ceratodon purpureus C

On stems of Artemisia:
Tortula ruralis C

LICHENS

On soil:
Acasospora
Candslaria vitellina H
Cladonsa sp. H, W
Collema (tenax?)y W
Dermatocarpon hepaticun H
Diploschistes scruposns H, W
Lecanora gibboss H

Polyirichum piliferum G
Toriula breviper G
T. ruralis C

Lecidea globifera H

L. (ictérsca?) H

L. luridella H, W
Leptogium pslosellum H
Rannaria pezizosdes H
Rinoding nimbosa W

On baszlt stones:

Lecanors calcarea
L. muralis W

On stems of Artemssia;
Candelaria concolor
C. vitellina H
Lecanoras hageni W
Letharia vulping W
Parmelia esasperata H
P. cf. fuliginota W

A4 Lécidea parasema H

H, W Physcia grisea W

P. pulverulenia argyphasa H
Rinodsna sophoider
Xanthoria [allax H, W

X. polycarpa W

“SpecialissA who idencified specimens submitted and have them as
vouchers in their collections are indicated as:

C—Henry S. Conard K—Wm. Bridge Cooke
G—Beuy W. Higginbotham W—William A. Weber
H—Albere W. Herre

are abundant on the stems of shrubs. Long sequences of
winter days with overcast skies, fog, or drizzling rain, with
temperatures mostly above freezing, permit these plaats
to be intermittently active during the cool season.

As the dry season progresses, nearly alf plants go into
aestivation, one by one, except the larger shrubs. Mosses
and the diminutive Myosurus and Draba verna (alien)
complete their growth cycle and dry up late in April.
Poa spp. remain active a few weeks longer. The largest
grasses and forbs flower mostly in June; then their aerial
pasts start to desiccate.

The larger shrubs obviously depend on permanent sup-
plies of moisture deep in the subsoil, for except for Grayia,
theic foliage remains active throughout summer. The
leaves of Artemisia tridentata are produced early in sum-
mer then persist vatil well after a new crop of leaves ap-
pears next summer. Nearly all the other shrubs are leaf-
less in winter. Flowering among these taller shrubs is
spread over summer and avtumn, beginning with Tetra-
dymia in late June, and ending with Artemisia tridentata
in October.

With the return of the rains in autumn, new Jeaves
appear on the perennial grasses, and some of the annuals
germinate. These plants then grow slowly and sporadical-
ly through winter, as above-freezing periods of weather
permit. Most forbs, [ow shrubs and a few annuals remain
dormant during the winter, confining their season of ac-
tivity ¢o spring and earfy summer.

Sociologic data for annuals are least informative of all
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the ecologic groups represented in the association tables,
because not all species appear every year. Table 2 shows
that the eatire complement of annuals known to be pres-
ent at these two sites has never showa up during the same
year. Only three have appeared every year, Comparison
of frequencies shows that Festuca pacifica, F. octoflora
and Bromus tend to vary syochronously in degree of rep-
reseatation from year to year.

Net primary production for the Artemisia tridentata-
Agropyron association varies from 72-115 g/m?/yr, based
on shoot material alone (appendix Ck The yield of large
perenaial grasses, which comprise nearly all the useful
forage, ranges from 35-57 g/m?/yr when not grazed.
Stand 40, with the highest production, is pearest the moist
eastern boundacy of the Artemisia tridentata-Agropyron
zone, Aside from this one record, most of the variation
in values bears no apparent relation to position within the
zone, altitude, or aspect. Since the determinations were
made jn different years, weather differences undoubtedly
accouat for some of the varability.

Native mammals in the Artemisia tridentata-Agropy-
ron h.t. today include coyote, badger, rabbics (black-tailed
jackrabbit, white-tajled jackrabbit, cottontails and pigmy
rabbit), chipmunk (where rock rubble is nearby), and
mice. Most of these are common to most of the zoaes.

When stand 20 was analysed, the few Stipa comata
plants wece being rather heavily used by rabbits, whereas
the Agropyron had not been eaten. Rabbits commonly
keep Pbhlox longifolia grazed to a compact hemispheric
cushion wherever these plants get established in openings,
but individuals germinating under bunches of Agropyron
and growing up through them expand to approximate the
spread of the grass canopy before rabbits start to nibble
the tips. Those directly underneath a large Artemisia
often climb well over a meter, their flowers spreading
over the top of the canopy to give the startling appearance
of belonging to the Artemisia.

Rickard (96), analysing the small mammal popula-
tions of stable vegetation types in eastern Washington,

Table 2. Year to year vaciation in the frequency of annuals in
permanenc plots in Artemisia tridentasa-Agropyron stands 42 and 43
(appendix B-1) which are locaced about 0.5 mile apart.

Species Stand % Frequency )
1958 1959 1960 1961 1962 1963 1964
Festuca pacifica 42 92 100 32 88 358 9 80
43 85 95 55 95 48 98 65
Fastuca octoflora 42 92 85 40 88 30 98 47
43 95 90 50 98 28 100 45
Bromus tectorum 42 45 90 55 62 18 50 52
43 50 80 72 60 52 50 62
Lagophylla
ramoitiisima 42 4
43 2 b} 4 10
Descurainia pinnata 42 18 20 25 18 2
43 20 2 28 2 5
Lappula redowskis 42 8 12 12
43 22 2 8 2
Draba verna 42 2 + 12
43 5 10 8 S
Cryptantba flaccida 42 12 10 4
43 2 2
Linanthus
pharnaceoides 42 2
43 2
Gilia minutiflora 42 2
43 5



had one station in the Artemisia tridentata-Agropyron as-
sociation as defined in this publication. For a summary
of his data, see appendix E.

Dense, even-aged and short-lived tufts of seedlings,
about 2 ¢m in diameter, which are occasionally observed
in spring, are presumed to be mouse caches. Species stored
in this way include Bromus tectorum, Festuca octoflora,
E. pacifica, Helianthella uniflora, Salsola kali and Triti-
cum sativum. The last was up to 200 m from the edge
of the nearest field that could have served as a source of
supply!

There is 2 marked tendency for near-virgin stands of
Artemisia tridentata-Agropyron (and other types of shrub
steppe) to have dense circular patches of Bromus tectorum
thac are confined to the area directly beneath the canopy
of the shrubs. In some situations, this phenomenon may
be related to burrowing activity by mice, but it seems
much more likely to be due to the litter accumulation
favoring Bromus establishment.

The character of the avifauna has been indicated by
Booth (10). His study included a small portion of the

5. Severe grazing in an Artemisia tridentata-Agropyron
spicatum stand has eliminated nearly all herbaceous

Artemisia-Agropyron zone about Pasco, but a comparison
of his figure 1 wich figure 1 in this bulletin shows that
his “Sagebrush Formation” was defined more broadly than
I have defined the Artemisia-Agropyron zone. Also, the
Artemisia tridentata-Agropyron h.t. was not distinguished
from other h.ts. that are included in the zope.

Aroga websters, a moth that locally devastates Artem:-
sia tridentata by defoliation in southern Oregon and lda-
bo, is unknown from Washington. Likewise, the harvester
ant, whose circular clearings take up so much of the land
area in Artemisia-dominated vegetation of southeastern
Oregon and southern Idaho, seems to be unrepresented in
Washington. However, the dome-shaped litter nests of
Formica obscuripes occur in the Artemisia tyidentata-
Agropyron association and in most other steppe types of
Washington where the soil is deep and well-drained. Ci-
cadas, including at least Okanagana utabensis, appear in
great numbers locally in some years.

Observations on vegeration currently being grazed
show that cattle and horses confine their attention to Pog
cusickii exclusively as long as the supply lasts. Agropyron

vegetation, leaving the Artemisia probably taller and
denser than before grazing began.



and Poa secunda share second choice, but neither is relished
when dry. As che large perennial grasses decline, Bromus
tectorum, Festuca pacifica, F. octoflora, and Plantago pa-
tagonica increase, the first usually assuming dominance. If
the concentration of animals is high, Artemisiz suffers
heavily from breakage; otherwise, the shrub increases in
density and coverage (fig. 5). Moomaw’s (84) study of
six fencelines indicated that Poa secunda, presumably ow-
ing to its very low scature, showed no consisteat down-
ward tread under grazing heavy enough to reduce Agropy-
ron and allow Artemisia to increase.

Sheep zlso prefer Poa cusickii to its associates. Agropy-
vron 1s second choice, but under certain types of manage-
ment, these animals take very little of Poa secunda, and
they cause no breakage of the Artemisia. Under sheep use
as well as cattle use, Bromus tends to take advantage of
decreases in the larger perennial grasses. However, sheep
retish this annual while it is green, so a fairly stable equi-
librium is commonly attained in which Bromus and Poa se-
cunda become the principal plants beneath an esseatially
normal Artemisia layer. Plantago and the annual species
of Festuca also prosper as a result of heavy sheep grazing.

Appendix B-1 shows that the coverage of Arfemisia
tridentata in the Artemisia tridenmtata-Agropyron associa-
tion ranges from 5-269,, yet all stands are interpreced as
climax, or at most but slightly disturbed. One might ques-
tion whether the stands with more Artemisia also have less
of the perennial forage grasses and more of the 2npuals
favored by grazing, with these reciprocal refations indicat-
ing varying degrees of grazing degradation. But when
the stands are listed in order of the coverage of Artemisia
(table 3), there is neither positive correlation with the
grazing increasers, nor negative correlation with the pre-
ferred forage species. Thus the quantitative data for 14
excellent stands reveal wide variation in Artemisia cov-
erage, which appears rather definitely not to reflect vary-
ing amounts of past grazing. Neither does Artemisia cov-
erage correlace with any other variable in the data, It is
suspected that its variation, which is often conspicuous
when an extensive slope can be viewed from a distance,
may reffect subsoil vatiations to which this deep-rooted
shrub may be sensitive, whereas the shallow-rooted grasses
are not directly affected by subsoil.

Ellison (38) has reviewed studies showing chat the
proportion of Artemisia tridentata in grazed vegetation
declined, but that of the perenaials increased after live-
stock were removed. He cautioned against an unwarranted
extrapolation in assuming that this trend would lead ulti-
mately to 3 complete elimination of the Artemisia. The
considerable amounts of Artemisia in the excelleat relic
stands that have been analysed in Washington give much
support to Ellison’s warning.

Ellison (38) also stated that the “dominance of Ar-
tenrisia tridentata and Bromus tectorum” results from "graz-
ing pressure and fire” (italics mine). This is not true for
Washington, for vegetation fires are usually hot enough
to kill every planc of Artemisia tridentata (fig. 6). The
green leaves and stem are consumed, and the fire common-
ly burns down through the root system enough to leave
a gaping hole the diameter of the taproot. In the im-
mediate vicinity of a shrub so completely consumed, Des-
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Table 3. Reladonship of vaciation in coverage of Artemssia tridentasa

to the coverage of the maio forage grasses and to annuals that prosper

with excessive grazing. All staads are in the Artemisia tridentata-

Agropyron h.t, and show no evidence of modification by livestock.
% Canopy coverage

Artemisia Agropyron+ Bromus Bromus tec.+
tridentata Poa cus.+ tectorum Festuca spp.-
Stipa shur. Plantago pa.

26 56 1 1

20 58 1 5

19 45 + +

18 72 + +

16 48 1 L

16 41 -+ 1

12 75 -+ 4

11 36 1 5

10 33 0 0

9 76 0 +

9 49 + 14

9 35 + 9

8 70 0 +

[ 49 1 6

5 60 -+ +

curainia pinnata, which was previously sparse and scarcely
more than 10 cm tall, usually appears in considerable
aumbers as robust individuals growing five times as tall.

Except for this Artemisia, all species of shrubs that oc-
cur in the h.t, as well as the perennial herbs, regenerace
from subterranean organs after a fire. Damage to the
grasses varies from none to heavy, presumably in accord
with variations in the timing and intensity of burning.
Productivity is considerably increased starting the first
post-burn season.

Scattered Artemisia seedlings may be found the ficst
spring after burning, since fires usually oceur in summer
and dissemination from contiguous unburned areas is in
autumn. Thus, the oldest individuals to be found are
reasonably reliable indicators of the time elapsing since
the last fire. The new population builds up slowly unil
a coincidence of favorable circumstances allows many
plants to get established, so that the stands tend to be
even-aged. With excessive grazing causing a replacement
of most perennial herbs by Bromus tectorum and other an-
nuals, and with fire eliminating Artemisia, the percentage
of rangeland dominated entirely by annuals (fig. 7) has
been increasing progressively.

In the Artemisia tridentata-Agropyron h.t., cropping
without irrigation is limited to cereal grains and the mar-
gin of profit is small in comparison with most other steppe
zones. Laad that has been cropped and then allowed to
revegetate naturally comes under the control of Bromus
tectorum within a few years. Clean caltivation so reduces
the supply of Bromus seeds that at first the species is poor-
ly represented in an abandoned field. The highly mobile
tumbleweeds Salsola kali and  Sisymbrium  altissimum
(both aliens) dominate for a year or two until the less-
mobile Bromus can build up its population and virtually
eliminate these pioneers.

In homologous habitats in southern Idaho, Sitamion
bystrix is conspicuous on artificially bared surfaces along
roads, in abandoned fields, and in areas recovering from
overgraziag (52). In eastern Washington, it is seldom
abundant except along roadsides where the topsoil has
been scraped away.



6. Fire has eliminated Artemisia tridentata in the fore-
ground, leaving Chrysothamnus viscidiflorus and the
herbaceous components of the association essentially

The recent expansion of irrigation in central Washing-
ton is creating water tables so close to the surface that in
many places, the residual range vegetation is markedly
affected. It is not uncommon to see Typha latifolia stands
developing in swales among the skeletons of Artemisia
bushes that have been killed by waterlogging of the soil.

The Astemisia iridentata-Agropyron zone abuts di-
rectly against forest along the Cascade foothills (fig. 1).
Elsewhere, it is surrounded by less xerophytic steppe zones.
Although none of the climatic classifications proposed for
universal use serves to distinguish the climate of this zone
from those which surround it (appendix A), each ecotone
can be defined on the basis of consistent differences in
climate as well as by consistent differences in vegetation.

The Purshia-Festuca zone to the southwest is cooler
ia spring and summer (March through September), with
P higher in winter (November through March) and P/T
higher in November, December, and March.

The Artemisia tripartita-Festuca zone on the west and
north is cooler from later fall to early spring (October
through April) with P and P/T higher for five months
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unaltered. Stand 28 is the unburned area in the back-
ground.

(September, November, December, Januvary and March).

The Artemisia tridentata-Festuca zone to the east is
cooler in late spring (May and June), with P and P/T
also consistently higher in March.

The Agropyron-Poa zone is warmer in January, with
higher P in March through June, September and October.
The P/T is higher in March through June and in Septem-
ber.

The Artemisia tridentata-Agropyron h.. reaches its
highest altitude, at least 820 m, on the summits of the
great basaltic ridges that rise above the floor of the Co-
fumbia Basin. This is considerably bigher than the zone
rises in the Cascade foothills to the west, or on the gently
rising floor of the basin to the east. Judging from this
vegetation patcern, the summits of these isolated ridges
must be surprisiagly dry for their elevation.

Within the Artemisia-Agropyron zone, steep notth-
facing slopes support as topographic climaxes three asso-
ciations that occur as climatic climaxes in contiguous but
wettet zones: Purshia-Festuca, Artemisia trideniata-Festuca
and Artemisia tripartita-Festuca.



7. Poa secunda and Bromus tectorum dominant on an
area from which Artemista tridentata has been elimi-
nated by fire, and Agropyron spicatum eliminated

For 14 years, determinations of the available water in
the soil were made at stand 14 at one date between May
16-23. The depth of moisture penetration at this time of
year should be a fair index of the water available to sup-
port the main period of growth in spring, since few ef-
fective showers fall later. Over the 14 years, the depth
of moisture penetration (to be reported in detail in an-
other publication varied from 5 to over 15 dm. Since the
large perennizl grasses there (Agropyron spicatum, Stipa
thurberiana and S. comata) grew well and flowered even
in the year of least moisture accumulation, it may be ia-
ferred thac these grasses must depend primarcily on roots
in the upper half meter of the soil profile. The shrubs,
which alone retain active foliage throughout summer after
the upper soil horizons dry, must depend on maisture re-
serves below the surface of the lime-cemented layer that
lies at about 15 dm. These reserves are replenished by
above-average precipitation at intervals of a few years.

Details of one annual cycle of soil moisture use and

15

by overgrazing.
Washington.

South of Ephrata, Graut County,

recharge have also been followed (27) in amother part
of stand 14 about 100 m from whese the annual samplings
described 2bove were made. In 1963 the rains began ear-
fy in October, but succeeding showess yielded so little
water that the moistened Jayer of soil extended downward
at the rate of only 17 ¢m/month uatil about April 10.
About May 1, the profile began to dry, starting at che
surface. The thickness of the soil dried to the wilting
point extended downward at the rate of about 50
cm/month. By the end of June, the profile was dry at
least a meter deep.

Late in the dry season, Arfemisia bushes well within
the margins of a climax stand have slightly curled leaves,
duller gray color, and flower less abundantly in compari-
son with bushes along roadsides where the soil moisture
is undoubtedly higher. Further evidence that the supply
of subsoil moisture upon which the plant depends in sum-
mer and fall is rather tenuous is the fact that Artemista
population density becomes static after the plant achieves



only 5-25% coverage where the land supports a good
cover of perennial grass, then increases when these grasses
are removed, Apparently, in the absence of much grass,
more water percolates to the subsoil, permitting additional
plants to become established. The ability of Artemisia
to reinvade after a fire which but increases the vigor of
the grass layer proves the existence of mojsture resources
untapped by the grass. Thus the ecologies of the two

Plant types are in large part complementary,

In the Artemisia tridentata-Agropyron h.t, moisture
equivalents of the soils (means of upper 5 dm) ranged
from 24.5 to 7.17%; the latter extreme was in stand no.
193, on a steep north-facing slope. Depth to bedrock
{mean of penetrometer readings) becomes critical when
it decreases to about 35 cm. Soil is characteristically very
slightly acid in the surface dm (pH 6.1-7.1); the values
increase with depth to pH 6.9-8.0 in the fifth dm. These
sotls are well supplied with Ca and have negligible Na,
Free lime, as indicated by effervescence with HCI, begins
at depths varying from 7.5 cm (stand 13) to 34 ¢m (stand
34). Conductivity of the saturation extract is generally
0.1-0.2 mmho/cm, at least within the upper 5 dm of the
profiles. The properties mentioned in this paragraph are
rather representative of most of the steppe habitat types
unless divergences are indicated.

Soil profiles in the Artemisia tridentata-Agropyron h.t.
range from Sierozem through Brown Great Soil Groups,
with considerable representation of Brown-Chestnut inter-
grades. The stands in appendix B-1 are grouped in order
of increasing moisture status as judged from their Great
Soil Group positions. There are no evident trends among
species, or for the community as a whole, through this
series. In the current soil classification, the profiles fall
into two categories: Mollic Camborthid and Calcic Hap-
loxecoll. The profile at stand 42, a Shano silt loam, rep-
resents a Sierozem and a Mollic Camborthid:

Al 0-4” Dark brown (10YR 3/3m) or brown (10YR
5/3d) sile loam with occasional basalt fragments on
the surface; weak fine platy with a slight vesicular
crust about 0.5” thick: very friable and soft; abundant
roots; gradual smooth boundary

C 4-48” Brown (10YR 4/3m) or pale brown (10YR
6/3d) silc loam: massive; very friable, soft; roots
plentiful; gradual smooth boundary

Cca 48-54”” Pale brown (10YR 6/3m) or very pale brown
(10YR 7/3d) silt loam; massive; very friable and soft;
few roots; strongly effervescent (by R. A. Gilkeson).
Stand 10 represents the relatively wet end of the range
of soil profile development. It is a Renslow silt loam,
a Chestnut-Brown intergrade, and a Calcic Haploxeroll:
Stand 10 is on Renslow silt loam, representing a Chestaut-
Brown intergrade and a Calcic Haploxeroll:

A11 0-5 cm Brown (10YR 4/3m) or pale brown (10YR
6/3d) silt loam with occasional basalt fragments; high-
ly vesicular with a tendency o ¢rust and crack on the
surface: reducing to mixed fine rounded block aad
single grains; moderate to high root content,

A12 5-8 cm Dark brown (10YR 3/3m) silc loam with
occasional basalt fragments; fine 1o medium platy with
distinct silt coatings on horizontal faces of plates; dark
lateral staining on inside of peds; roots spreading hori-
zoatally between cleavages
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A3 8-17.5 ¢m Brown (10YR 4/3m) silt loam with num-
erous small basalt fragments and water-worn gravel;
weak medium to large angular blocky; moderate roots

Bl 17.5-42.5 c¢m Dark yellowish brown (10YR 4.5/3m)
coarse silt loam with occasional small stones; coarse
angular blocky

B21 42.5-57.5 ¢m Brown (10YR 4.5/3m) coarse silt loam
with occasional basalt fragments and some fine-sand
size pumice; moderate coarse prismatic to angular
blocky: slightly hard when dry

B22 57.5-75 ¢m Brown (10YR 4.5/3m) with occasional
sand-size pumice; massive to coarse prismatic, reducing
to mediom and coarse subangular blocky; hard when
dry: slight gray color on surfaces of peds; few roots

B23 75-90 cm Brown (10YR 4/3m) with frequent basalt
fragments, small to medium stones and occasional
sand-size pumice; moderate small to medium massive
to prismatic, with gray coatings on sutfaces of peds
and frequent organic accumulations along fine root
channels

Bca 90 ecm+ Matrix dark brown (10YR 3/3m) with
white (10YR 8/2m) lime streaks and occasional fine
water-worn pebbles and small to medium stones;
strong massive, reducing to fine subangular blocky
with tendency to medium to coarse platy; hard when
dry: intensely patterned with lime streaks; peds with
heavy lime coatings and darker staining than above
horizons (by S. H, Krashevsky).

The Artemisia tridemtala-Agropyron ht. is probably
the most extensive eiement in the steppe mosaic of Wash.
ington (fig. 1) and ir has wide distriburion outside the
state. It has been documented in the Kamloops area
of British Columbia (80, 115) and continues northward
to Williams Lake (78). Eckere (37) lists an Ariemisia
tridentata-Agropyron association for central Oregon, The
writer has seen stands in southern Idaho (e.g., in Kettle
Butte Kipouka, 17 miles west of Idaho Falls, in northern
Lemhi County, and in Ada County): in the northern edge
of the Great Basin in Utah (e.g., 6 miles south of Howell);
and in Montana (S miles west of Missoula and 7 miles
north of Clyde Park). There are small differences in the
minor species among the remote stands, and only detailed
study will tell whether there is aaything to be gained
by recognizing different phases of this widespread unit
in different areas.

Artemisia tridentata-Festuca idaboensis h.t.

Relatively undisturbed vegetation in the Ariemisia tri-
dentata-Festuca h.t. has Arlemisia tridentata var, tridentata
as the principal shrub, 2nd includes Festuca idaboeusis
among the grasses. Perennial forbs are usually well rep-
resented (sums of percentages usually between 12 and
88). The Artemisia occurs without relation to disturbed
microsites. Purshia is absent.

Physiognomically, this association is identical with the
Artemisia Ividentata-Agropyron association.

Observations on both a local and a broad geographic
scale abundantly demonstrate that Festuca is not as tolerant
of dryness or heat as Agropyron. Therefore, its entry into
zonal vegetation along what has been mapped as the east-



ern edge of the Artemisia-Agropyron zone (fig. 1) seems
2 clear reflection of a critical point on the scale of grad-
ually increasing moisture apd/or decreasing temperature
on the gentle slope of the Columbiz Basin. To lump this
with the Artemisia tridentata-Agropyron association would
create a large and ecologically more heterogeneous unit.
Supporting this ecologic interpretation, the sums of cov-
erages of the larger perennijal grasses in the Ariemisia tri-
dentata-Agropyron stands studied ranged from 38-87, The
corresponding sums for the Artemisia tridenmtata-Festuca
stands ranged from 63-110. Artemisia shows no corre-
sponding increase in dominance, so the heavier grass cover
seems to make greater demands on environmental re-
sources, using up all the additional moisture.

The pattern of interfingering at the zonal ecotone also
reflects moisture or temperature limitations. The Arzemi-
sia tridentata-Agropyron association reaches its eastern
limits as a topographic climax on south-facing slopes (e.g,,
stand 13), and the Artemisia tridentata-Festuca association
extends farthest west on north-facing slopes. The latter
association can be followed deeply into the Arfemisia-
Agropyron zone, but it rises to higher and higher altitudes
on the mountainous ridges.

Along the northern border, at the contact with the
Artemisia tripartita-Festuca association, the latter extends
southward farthest on north-facing slopes and the Artem:-
sia tridentata-Festuca extends farthest north on south-
facing slopes. The eastern ecotone where the Artemisia
tridentata-Festuca and Agropyron-Festuca zones make con-
tact lies in a region of intense cultivation (almost entirely
winter wheat grown on an alternate-year-fallow system).
No opportunity has been found to observe the nature of
the ecotone. However, this ecotone falls in a relatively
narrow belt, and Ellison’s (38) comment that the “Pa-
louse grassland . . . association merges imperceptibly ioto
the sagebrush association” certainly does not apply to
Washington.

Artemisia tridentata-Festuca stands reappear unex-
pectedly in a disjunct situation as edaphic climaxes in that
part of the Agropyron-Festuca zone at the norctheast flank
of the Blue Mountains, where the stands are associated
with a complex of solodized solonetz soils. The zltitude
here is much higher than any part of the Artemisia triden-
tata-Festuca zone, and the zonal soils are in the Prairie
Great Soit Group. A precipitation storage gage was maio-
tained in an exclosure in one of these disjunct stands
(stand 39) for most of 4 years. The data, adjusted to
the long-term mean for Lewiston, Idaho, indicate a mean
annual precipitation of 338 mm at the exclosure. Since
the mean angual precipitation in the Artemisia tridentata-
Festuca zone is only 252-274 mm, soil conditions in the
disjonct area must greatly reduce the effectivity of the
combination of high precipitation with Jow temperature.
Owing to the special combination of conditions that favor
Artemisia tridentata-Festuca stands there, nearly a2 fourth
of the total species listed for the association (appendix
B-2) were included in consequence of including this out-
post. Artemisia tridentata var. fridentata to the northeast
of the Blue Mountains must represent a population that
reached the area in hypsithermal time then became dis-
junct because the climate changed.
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Responses of this association to grazing and burning
and the pature of secondary succession following fire are
not significancly different from those of the Artemisia
tridentata-Agropyron association. Stand 30, with its high
coverage of Plantago and Draba, appears to be the one most
likely to have been grazed heavily in the pas¢; yet this dis-
turbance could not have been prolonged, for Festuca ida-
boensis had the highest coverage here of any of the stands
studied.

The Artemisia tridentata-Festuca zone is bounded on
the west by the slightly warmec and drier Artemisia tri-
dentata-Agropyron zone (fig. 1).

On the east it forms an ecotone with the Agropyron-
Festuca zone, which is warmer in winter (November
through March), has higher P in nine months (Septem-
ber through April, and June), and higher P/T in eight
months (Janaary through April, June, July, October and
November).

To the north, the Artemisia tripartita-Festuca zone is
consistently cooler except in November and December, has
higher P in five months (September, and November
through February), and higher P/T in the same five
months.

Soil profiles in the Artemisia tridentata-Festuca h.t.
fall into the Brown or Solonetz Great Soil Groups. Thus
they are included within the range found in the drier
Artemisia tridentata-Agropyron h.t. According to the
newest classification, they represent mainly Calcic Hap-
loxerolls or Lithic Mollic Camborthids, with one Typic
Natrixeroll.

The profile at stand 15, a Ritzville silc loam and 2
Calcic Haploxerocll, represents a somewhat modal condi-
ton of a Brown zonal soil developed from loess in the
Avrtemisia tridentata-Festuca zone. It was plowed after the
vegetation was analysed but before the profile was de-
scribed:

Ap 0-15 cm Brown (10YR 4/3m) silt loam, with the same
texture in the following horizons:

Al12 6-40 ¢m Brown (10YR 4/3m); weak mediam to
coarse subangular blocky

A3 40-70 cm Same color; weak medium to coarse sub-
angular blocky

B1 70-95 c¢m Same color; weak coarse subangular to pris-
matic blocky

B2 95-120 ¢m Dark yellowish browa (10YR 4.5m); same
structure as above

Bca 120 em+ Effervescent; firse difference in consistency
(by R. A. Gilkeson).

The profile at stand 39, a2 Wiesenfels silt lIoam, repre-
sents a solodized solonetz in the climate of the Agropyron-
Festuca zone, which is distinctly wetter than that of the
Artemisia tridentata-Festuca zone where the Artemisia
tridentata-Festuca association occupies zonal soils. In the
most receat classificatioa, this is a Typic Natrixeroll:

All 0-2” Black (10YR 2/1m) sile loamn; weak fine platy
and subangular blocky; friable, loose; pH 7.6; slightly
sticky, nonplastic; profuse roots; abrupt smooth bound-
a

A12 2.6.5” Black (10YR 2/1m) silt loam; weak medium
and fine subangular blocky; friable, loose; slightly



sticky, nonplastic; pH 7.6; abundaat roots; clear wavy
boundary
Al3 6.5-11” Grayish browa (10YR 5/2d) or very dark
brown (10YR 2/2) silt [oam; weak medium and fine
subangular blocky; friable, soft; slightly sticky, non-
plastic; pH 7,8; weakly calcareous; abundant roots;
abrupt smooth boundary

B2ca 11-16” Pale brown (10YR 6/3d) or dark brown

(10YR 4/3m) silty clay loam; moderate medium and

coarse prismatic, reducing to moderate medium sub-

angular blocky; firm, slightly hard; sticky, moderately
plastic; pH 8.3; conductivity 0.47 mmho/cm; highly
calcareous; numerous roots; clear wavy boundary

B3ca 16-24” Light gray (10YR 7/2d) or light brownish
gray (10YR 6/2m) silt loam; moderate medium and
fine subangular blocky; firm, soft, slightly sticky, non-
plastic; pH 8.5; conductivity 0.73 mmho/cm; numerous
roots; abrupt smooth boundary

Dea 2474 Very pale brown (10YR 8/3d) or very pale
brown (10YR 7/3m) lime 204 silica cemented gravel
and stones; pH 9.1; conductivity 1.45 mmho/cm; mat
of roots at surface with very occasional penetration

(by W. A. Starr).

The Artemisia tridentata-Festuca association occurs
near Penticton, B.C. (78). It has been seen by the writer
a few miles south of Virginia City, Montana, and in the
western end of the Snake River Plain in southern Idaho.
Farther east in Idaho, Tisdale et al. (116) have described
an excellent virgin stand of the association, It has also
beea reported from central (37) and northern Oregon
(94).

B. Agropyron spicatum-Poa secunda stand in pristine con-
dicion. This stand was used by Daubeamire 20d Col-

Agropyron spicatum-Poa secunda h.t.

Undisturbed vegetation in the Agropyron spicatum-
Poa secunda b.t. consists of these two caespitose grasses
and very lictle else, although widely scattered individuals
of Chrysothamnus nauseosus are characteristic. Festuca
idahoensis and Artemisia are unrepresented. The soils are
deeper than 20 cm by the penetrometer method of mea-
surement.

The Agropyron-Poa h.t. occurs in two highly disjunct
areas in Washington (fig. 1). The larger of these, which
lies in the Snake River drainage, will be considered first.

Climax vegetation in the h.t. may be most simply char-
acterized as nearly identical with the Artemisia tridentata-
Agropyron association except for the absence of an Ar-
temisia layer (fig. 8). Another difference that is notable,
even if not so regularly diagnostic, is that Chrysothamnus
is here usually represented by C. nauseosus, whereas in the
Avrtemisia tridentata-Agropyron association it is usually
represented by only C. viscidiflorus.

Productivity determinations in appendix C show that
about|85% of the dry marter production js attributable to
the Agropyron.

Phenologic observations for a stand of this association
(stand 56, in the Larson exclosure) may be coasidered
fairly representative of the hot-dry extreme of climatic
variation in the Washington steppe (fig. 9). About half
of the species of perennjal herbs put forth new foliage at
the start of the rainy season. They remain green during
even the coldest part of winter, cold season dormancy
being less pronounced than dry-season aestivation. (The

well (28) in studies of grazing influence on soils.
Franklin County, Washington.



reverse is true in the cool-wec extreme of our steppe
climates.)

One of the annuals, Montia perfoliata, germinated in
midwinter, but the other four were essentially spring an-
nuals. Peak photosynthetic activity for the annuals as a
group is in late April, but none of the annuals continued
activity into the dry Jate-summer.

Shrubs are completely dormant in winter. They put
forth leaves later in the wet season than do the other two
life forms distinguished. The shrubs as a group flower
definitely later in the season than the herbaceous peren-
nials. Owing to the widely separated flowering periods
of Pblox longifolia (in spring) and Chrysothamnus nau-
seosus (autumn), the flowering season of the shrubs ex-
tends over a longer season than for the other rwo life
form groups.

All perennials and shrubs sprout readily from under-
ground osgans after a fire. Thus, the main floristic effect
of buraing is to alter species proportions among the an-
nuals temporarily, Usually, the floweting of grasses is
stimulated too, but occasionally fires are hot enough to
cause considerable damage. For example, the edge of a
steppe fire near, and comparable to, stand 159 in appendix
B-3 was examined in detail the following summer. About
half of the Agropyron plants were killed and only a small
part of the basal area of the rest of the plants survived.
Aonnuals had invaded abundantly (Amsinckia, Heliantbus,
Lactuca, Leptilon and Sisymbrium). The density of Plan-
tago was halved, but the remaining individuals were twice
normal size. Other species were not preatly altered in
density or condition.

Excessive grazing by cattle or horses eliminates Agro-
pyron, and reduces the amount of Poa; Bromus tectorum
is the chief annual taking their places. Chrysotbamnus
nauseosus coverage often rises from less than 1% to 30%
or more, but this happens chiefly where, as oa steep slopes,
hooves churn up the soil surface. Along the southern
border of Washington, Gutierrezia sarotbrae invades
heavily grazed areas.

Heavy grazing by sheep differs in that it usually re-
sults in a more even balance between Poa and Bromus.
However, sheep use can be so heavy as to completely elimi-
nate the Bromus, which the animals relish, allowing Poa
secunda to assume 2 high degree of dominance along with
small annuals, especially members of the Boraginaceae.

FPor example, Daubenmire (21) analysed four stands
of vegetation including a near-virgin stand of the Agropy-
ron-Poa association, a zootic climax that had been produced
by close sheep grazing, and two stands representing inter-
mediate stages of retrogression. Bromus tectorum was
barely represented, and it was prevented from setting seed,
in the most intensively grazed area where Poa secunda
was the outstanding dominant. Some years later, the
sheep on this range were replaced by cattle. Poa then de-
clined to 2 minor role with Bromus quickly assuming
dominance in a new zootic climax., The effectiveness of
sheep in elimioating Bromus tectorum from stands of mixed
species has been reported elsewhere (70, 83).

Daubenmire and Colwell (28) followed up the study
of vegetation change outlined above with an analysis of
the effects of the change on soil conditions. They com-
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pared soils along a fenceline with 2 near-virgin stand of
Agropyron-Poa on one side and a severely grazed tract
on the other. Overgrazing was associated with an increase
in the winter accumulation of soil moisture; decreased in-
filtration, aggregation and available phosphorus; increased
humus in the upper decimeter of the profile, presumably
because of the rapid turnover of annual root systems;
higher fungal and bacterial populations; more active nitri-
fication; and higher soil temperature during the season
of most active growth.

Abandoned fields in the Agropyron-Poa h.t. develop
a heavy stand of Bromus tectorum quickly. This grass
may still dominate, with Chrysothamnus nauseosus preseat
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(cross hatching) based on native species in stand 73 of
the Festuca-Symphoricarpos association (above) and
stand 56 of the Agropyron-Poa associztion (below).



in considerable amounts, more than 40 years after the
abandonment.

Rickard (96) included one stand in the Agropyron-
Poa association in his survey of small mammal populations
(appendix D).

Booth’s (10) observations on the avifauna of what he
termed the “bunchgrass formation” are relevant to my
Festuca-Agropyron aad Agropyron-Poa zones combined.
Again his units are much more heterogeneous than mine
and the area he discussed lies in Oregon rather than in
Washiagton.

Grasshopper outbreaks are common in the Agropyron-
Poa zone. However, by the time these insects are large
enough to consume much foliage daily, the grasses tend
to be so dry that attention is concentrated on other plants,
such as Chrysothamnus, Ariemisia tridentata and Salsola.
The Artemisia would be available in edaphic climaxes
(Artemisia tridentata-Agropyron stands on stony soil, or
Artemisia tridentata-Stipa stands on sandy soil), and the
Salsola would be available only on disturbed soils.

In the drier area imimediately west of the Agropyron-
Poa zo0ne, moisture percolates below the reach of grass
roots often enough to maintain supplies of subsoil mois-
ture that will carry Artemisia tyidentata through the long
dry summer and early autumn. With a2 better moisture
balance in the Agropyron-Poa h.t, one might expect an
even better supply of subsoil moisture that would support
even more tap-rooted shrubs, but only scattered Chry-
sothamnus oceurs here. This suggests the existence of an
unused aiche in the Agropyron-Poa ecosystem that results
from a slighdly different climate that makes the h.t. un-
suitable for the establishment of most shrubs that could
avail themselves of it.

Previously it was indicated that the Agropyron-Poa
zone is slightly wetter (for 6 months) and warmer (Jan-
vary) thaa the Artemisia-Agropyron zone.

Moisture relations seem no different between the
Agropyron-Poa and Agropyron-Festuca zones, but the
{atter, by virtue of its position on the platean above the
Snake River canyon, is consistently cooler for four months
in winter (November, December, February and March).

Compared with the Festuca-Sympboricarpos 20ne, the
Agropyron-Poa zone is warmer every month, has 2 Jower
P/T for eight months (September, November through
March, July and August), with lower P in August.

There are no weather stations in the disjunct western
segment of the Agropyron-Poa zone which abuts the
Festuca-Hieraceum zone. But if comparisons based on
weather data for the eastern segment are valid, the Festuca-
Hieraceum zone is colder every month, with higher P/T
from November through March, but with lower P/T
in April, May and June. P is higher in the Festuca-Hiera-
ceum zone in July, August and September.

Soil profiles in the Agropyron-Poa stands studied were
divided among Sierozem, Brown, and Chestnut Great Soil
Groups. In the alternative classification, they range from
a Mollic Camborthid to Calcc Haploxeroll, Calcic Entic
Haploxeroll, and Typic Haploxeroll. Stand 88 represents
the Agropyron-Poa association as a topographic climax
on a south-facing slope in the Agropyron-Festuca zone.
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Its profile, a Shano silt loam (Sierozem) and a Mollic
Camborthid, is:

All 0-5 cm Dark brown (10YR 3/3m) of brown (10YR
3/3d) silt loam; weak medium platy; very friable
when moist, soft when dry; abrupt smooth boundary

Al12 5-10 ¢m Dark brown to brown (10YR 4/3m) or
pale brown (10YR 6/3d) silt loam; weak coarse platy;
very friable when moist, soft when dry; clear smaoth
boundary

AC 10-35 ¢m Brown (10YR 5/3m) silt loamn; very weak
coarse subangular blocky; very friable when moist, soft
when dry; gradual smooth boundary

C1 35-113 em Similar to above horizon except for mas-
sive structure

Cca 113 cm+ Dark grayish brown (10YR 4/2m) or light
gray (10YR 7/2d) silt loam; massive; very friable
when moist, soft when dry; very calcareous (by R.
A. Gilkeson).

Stand 159 represeats the Agropyron-Poa 3ssociation as

a clinlatic climax. Although vegetation analyses at this

site reveal close similarity to the above site (appendix

B-3), the profile classifications are quite different. Stand

159 is on a Ritzville very fine sandy loam (Brown), which

is a2 Calcic Haploxeroll:

All 0-3” Very dark grayish brown (10YR 3/2m) of
light grayish browa (10YR 6/2d) very fine sandy
loam; moderate coarse fine platy; noasticky, nonplas-
tic; soft, friable; numerous roots; abrupt smooth bound-
ary

A12 3-9” Dark brown (10YR 3/3m) or pale browan
(10YR 6/3d) very fine sandy loam; weak medium
fine angular blocky; nonsticky, nonplastic, friable, soft;
numerous roots; clear wavy boundary

A13 9-15” Dark brown (10YR 3/3m) or pale brown
(10YR 6/3d) very fine sandy loam; weak medium
subangufar blocky; nonsticky, nonplastic, friable, soft;
numerous roots; clear wavy boundary

AC 15-27” Brown (10YR 4/3m) or pale brown (10YR
6/3d) very fine sandy loam; weak coarse prismatic;
nonsticky, nonplastic, slightly firm, slightly hard; fre-
quent roots; clear wavy boundary

C1 27-53” Dark brown (10YR 3/3m) very fine sandy
loam; massive; nonsticky, nonplastic; slightly firm,
slightly hard; occasional roots; clear wavy boundary

Cca 53”4+ Dark grayish brown (10YR 4/2m) very fine
sandy loam; massive, compact to weak medium platy;
nonsticky, nonplastic, slightly firm, stightly hard, no
roots (by W. A. Searr).

Fig. t shows that the Agropyron-Poa 20ne occurs in
two areas separated by the Artemisia tridentata-Agropyron
zone; the area next to the Cascades is much the smaller.
Here in the west, the zone extends from the Columbia
River approximately 2/3 of the distance to the top of the
gorge, before giving way to the Festura-Hieraceum z0ne
that characterizes the relatively flat bench above. In this
area, when the Agropyron-Poa h.t. is depleted by over-
grazing, it becomes dominated by Bromus tectorum, Chrys-
otbamnus nauseosus, Gutierrezia sarotbrae or Lupinus.



Agropyron spicatum-Festuca tdaboensis h.t.

In its relatively undisturbed condition, vegetation in
the Agropyron-Festuca ht. is dominated by Agropyron
spicatum and Pestuca idaboensis; Poa secunda is the third
most productive grass. Shrubs are inconspicuous except
for widely scattered individuals of Chrysothamnus nau-
seosus, and perennial herbs are likewise inconspicuous.

The Agropyron-Festuca association is physiognomically
identical with the Agropyron-Poa association, differing
only in the addition of the refatively mesophytic Festuca
idaboensis. It differs from the Artemisia tridentata-
Festuca association only through the absence of the Arte-
misia. Where the Agropyron-Festuca association meets
meadow-steppe communities, the fewness of forbs and
the absence of Sympboricarpos, Rosa and Artemisia tri-
partita distinguishes it. At ecotones with meadow-steppe,
the Agropyron-Festuca association occupies relatively dry
slopes as it interfingers with the others.

Several of the above moisture relationships are very
well illustrated by stands 117, 118 and 119, all of which
are within an area about 100 m across in the Agropyron-
Festuca zone. Stand 118 is on the broad summit of 2
ridge (slope 195 NNE) and exemplifies tbe climatic
climax of the area. Stand 119, on a steep (51%) SSE
slope, is a relatively xerophytic topographic climax belong-
ing to the Agropyron-Poa association. Stand 117, repre-
senting the Artemisia tripartita-Festuca association, occu-
pies the opposite slope (519 N) in the role of a relative-
ly mesophytic topographic climax. Thus relatively xero-
phytic vegetation penetrates the Agropyron-Festuca zone
from one direction as far as relatively mesophytic vegeta-
tion penetrates from the opposite direction. This is &
common pattern in vegetation mosaics throughout the re-
gion.

The Agropyron-Festuca zone is split into northern and
southern segments by the Snake River valley, which con-
tains part of the Agropyron-Poa zone. The segment lying
south of the Snake River has several distinctive features.
Here in the rain shadow of the Blue Mountaias the zone
rises to an elevation of 900 m. Opuntia polyacantha and
Artemisia tridentata vas. tridentata likewise rise to unusual
elevations here. The Opuntia is locally a very minor
member of the climatic climax (e.g., stand 41), increasing
with overgrazing, although Bromus tectoruwm is still the
major dominant of excessively grazed parts of the h.t.
Much of the distinctiveness of the vegetation of this south-
erly sector of the 2one is attributable to the soils which
are an intricate mosaic with spots of solodized solonetz
abundaat (90).

On Wiessenfels Ridge (Asotin Co., S 24, T9N, R
47E) where detailed soil analyses were made by Peterson
(90) a vegecation pattern has been well correlated with
soil variation. On near-zonal soils, or where the prismatic
B21 of the solodized solonetz lies deep, the Agropyron-
Festuca association appears to be typically developed, but
on eroded spots the perennial grasses become attenuated.
Here the Agropyron and Festuca are typically lacking and
the puddled sutface of the depressions that retain water
over long periods in the rainy season is covered with a
blackish film of algae (chiefly Tolypoitbrix and Micro-
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coleus), with scactered lichens (chiefly Cladonia pyxidata,

Caloplaca cirrichroa, Diploschistes scruposes), and sterile

mosses. Among the few vascular plants, Lepidium per-

foliatum is outstandingly abundant but dwarfed to 1-3 em
tall.  Poa secunda occurs here sparingly, and the diminu-
tive Myosurus aristatus is well represenced. The most
unusual biologic feature of these shallow depressions is
that here may be found an outpost of the subarctic snail

Succinea strigata Pfeiffer (#214107 in U.S.Nat.Mus.),

which appears in numbers during the wet season.

Rickard (96) included 2 stand of the Agropyron-
Festuca association in his survey of small mammal popu-
lations (appendix D).

Quantitative studies of a fire that stopped within stand
41 showed that in the first post-burn <eason, Descurainia
pinnata, Sisymbrium altissimum and Opuntia polyacantba
were considerably reduced by the fire, and Lactuca seed-
lings were much fewer. On the other hand Lithopbragma
bulbifera, Plantago patagonica and Bromus japonicus were
better represented on the burn. Agropyron produced 15
inflorescences/4m? on the burned area while remaining
sterile in the unburned climax. Festuca idaboensis was
essentizlly unchanged in flowering activity (10 inflores-
ceaces/4m® in unburned; 13/4m?® in burned). The cov-
erage of neither of the dominaats was significantly altered
by the fire.

It has been pointed out that the Agropyron-Festuca
zone is cooler in winter than the Agropyron-Poa zone
below it ia the canyon. It is both wetter and warmer
than the Artemisia trideutata-Festuca zone to the west,
and so may be considered a homolog of that zone in a
slighcly wetter and warmer climate where Artemisia tri-
dentata cannot grow on zonal soils.

Every month except July is warmer in the Agropyron-
Festuca zone than in the Artemisia tripartita-Festuca zone
on the north, and the P/T is lower from November through
January.

Every month in the Agropyron-Festuca zone is warmer
than in the Festuca-Sympboricarpos and Festuca-Rosa
zones, and the P/T is lower for at least nine months.

Soil profiles in the Agropyron-Festuca h.t. belong to
a2 wide range of Great Soil Groups: Brown, Chestnut,
Chernozem, Planosol, Solodized Solonetz, and Prairie-
Grumusol intergrade. It is especially noteworthy that
stand 148 had the highest coverage (919) of the rela-
tively mesophytic Festuca idahoensis, but represents a rela-
tively aridic (Brown) soil profile. The lowest Festuca
coverage (3% ) was associated with a Chernozem profile
(appendix B-4).

In the newer classification, the h.ts. are distributed
among Calcic Haploxeroll, Calcic Entic Haploxeroll, Typic
Haploxeroll, Natric Calcic Haploxeroll, Typic Natrixeroll,
Typic Palexeroll and Vertic Argixeroll.

The soil profile in stand 148, a Ritzville loam
(Brown) aand a Calcic Haploxeroll, is:

All 0-3” Light brownish gray (10YR 6/2d) or very
dark grayish brown (10YR 3/2m) loam; moderate
medium and fine platy; slightly sticky, nonplastic,
friable, soft; pH 7.0; abundant roots; clear wavy
boundary



10.

Pristine landscape on a north-facing slope about §
miles west of Colton, Whitman County, Washington.
Patches of Symphoricarpos-Festuca scrub are dispersed
over a matrix in which hetbs dominate over these
same shrubs. Stand 71 is in the area just downslope

A12 3.9” Grayish brown (10YR 5/2d) or very dark gray-
ish brown (10YR 3/2m) silt loam; moderate medinm
and coarse subangular blocky; slightly sticky, nonplas-
tic, firm, slightly hard; pH 7.1; numerous roots; clear
wavy boundary

Al3 9-20” Grayish brown (10YR 5/2d) or very dark
grayish brown (10YR 3/2m) sift loam; weak medium
and coarse angular blocky; slightly sticky, nonplastic,
friable, soft; pH 7.1; numerous roots; clear wavy
boundary

AC 20-34” Brown (10YR 5/2d) or dark brown (10YR
3/3m) silt loam; weak medium and fine subangular
blocky; slightly sticky, nonplastic, friable, soft; pH 7.4;
numerous roots; clear irregular boundary

C1 34477 Brown (10YR 5/3m or 10YR 4/3m) very
fine sandy loam; single grain; nonsticky, nonplastic;
friable, soft; pH 7.6; occasional roots; irregular bound-
2

C2car):(7"+ Dark grayish brown (10YR 4/2m) very fine
sandy loam; single grain; nonsticky, nonplastic, friable,
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of the person. Stand 73 is on top of the low ridye
at the upper right of the picture (with plowed hills
beyond). This tract has been preserved through the
efforts of the Department of Forestry and Range
Management at Washington State University.

soft; pH B.2; calcareous; occasional roots

A. Starr)

At stand 152 the profile, a Brevier silt loam (Plano-
sol) and a Typic Palexeroll, is:

A1l 0-1.5” Grayish brown (10YR 5/2d) or black (10¥R
5/2m) silt loam; mixed weak fine granular and single
grain; slightly sticky, nonplastic, friable, soft; pH 6.8;
profuse roots; clear smooth boundary

Al12 1.2-4.5” Similar to above horizon, but with fewer
roots; boundary dear and smooth

A2 4.5-8” Dark gray (10YR 4/1m) or black (10YR
2/1m) silt loam; moderate medium and fine platy;
slightly sticky, slightly plastic, firm, slightly hard; pH
6.7; abundant roots; abrupt wavy boundary

11 B27 B-12” Very dark brown (10YR 2/2m) clay; strong
medium prismatic; very plastic, very sticky, very firm,
very hard; pH 6.9; frequent roots; clear wavy boundary

I} B22 12-16” Very dark grayish browa (10YR 3/2m)
clay; strong coarse prismatic; very sticky, very plastic,
very firm, very hard; pH 7.9; very occasional roots;

(by W.



clear wavy boundary

II B23ca 16-21” Dark brown (7.5YR 4/2m) clay; strong
coarse prismatic; very sticky, very plastic, very firm,
very hard; pH 8.2; seams and streaks of lime occupy
about 15% of the mass; very occasional roots; abrupt
wavy boundary

III Dr 21”7+ Fractured basalt rock and stones, coated
with lime (by W. A. Starr).

Festuca idahoensis-Sympboricarpos albus h.t.

The Festuca idaboensis-Sympboricarpos albus associa-
tion is distinguished by the occurrence of Festuce ida-
boensis in a dense herb layer thatr also includes dwarf,
mainly sterile plants of the shoub Symphoricarpos albus.
Artemisia, Eriogonum, Chrysothamnus and Purshia ate
unrepresented. Poa pratensis, rather than Bromus tectorum,
is the leading increaser under heavy grazing pressure, This
essentially herbaceous type of community jis always liberal-
ly spriokled with enclaves of deciduous shrubbery that is
considerably taller, and will be treated as a special phase
of the association.

The dwastf shrub element of the predominately her-
baceous community includes not oaly Symphoricarpos, but
commonly Rosa nutkana ot R. woodsii, which are its eco-
logic equivalents in this h.t. None of these is evident
until the stand is inspected closely, for the stems are soli-
tary, sparingly branched and do not project above the
herbs (figs. 3, 10, 11). While the stems are well spaced,
it is difficult to find a square meter that does not include
one.

The berbaceous component of the Festuca-Symphori-
carpos association includes the same two grasses, Festuca

idaboensis and Agropyron spicatum, that are characteristic
of more xerophytic associations to the west. Here in the
wetter climate they are joined by Koeleria cristata and a
great variety of perenpial forbs, mostly species with con-
spicuous flowers. [Essentially, this same assemblage of
grasses and forbs is common to all members of the
meadow-steppe associations that form a chain about the
periphery of the steppe region of Washington. It is the
shrubby component that differs so strikingly from one
member of the chain to the next.

Species diversity, defined as the numbers of species
found in areas of a constant size in a series of communi-
ties, generally increases from the driest steppe eco-
system to the wettest. Diversity is maximum in the peri-
pheral belt of meadow-steppe of which the Festuca-Sym-
phoricarpos h.t. is a segment (appendix E). Also, the in-
creasing percentage of forbs with increasing moisture cul-
minates in the meadow-steppe belt (appendix E).

Although the association is uniformly rich in perennial
forbs, a number of which have high constancy, there is
considerable variation in their species composition from
stand to stand (appendix B-5). A good illustration of the
mosaic (rather than clinal) character of this variation can
easify be had by comparing the four analyses listed as
stand 71, 72, 73 and 74. All represent different topo-
graphic positions in che same tract of virgin steppe, with
the most remote members of the series only about 300 m
apart.

Ia contrast with the steppe communities described pre-
viously, the ecotype of Agropyron spicatum represented
in the Festuca-Symphoricarpos association is strongly
rhizomatous. This ecotype seems to be selected out of a

11. Detail of Festuca idaboensis-Sympboricarpos albus

stand 72 op July 2, just after the flowering season.



gene pool that includes genetic determiners for eitber the
caespitose or rhizomatous habit. Most seeds have the po-
tentiality for the caespitose form regardless of the type of
parent (25), and this is the prevailing form that becomes
established on newly bared areas. After a dense plant
cover develops a selection during population turnover
eliminates caespitose forms in favor of rhizomatous.

The rhizomatous ecotype produces very few inflores-
cences. When all tillers were clipped from an area in a
Festuca-Symphoricarpos stand and weighed, the spike-
bearing tillers made up only 3% of the dry weight. When
this exercise was repeated in a nearby lithosolic Agropyron-
Poa stand where all plants were strongly caespitose, the
spike-bearing tillers comprised 40.49% of the total produc-
tion.

Although all the other perennial grasses are caespitose,
the rhizomatous habit of Agropyrosn in this association,
combined with the profusion of large perennial forbs
mingled with the grasses, gives the stands 2 uniform phy-
siognomy. This contrasts markedly with the pronounced
bunchiness of the herbaceous component of more xerophy-
tic associations (see fig. 3, and compare figs. 4, 5, 6 and 8
with fig. 10).

Approximately oae third of the pereanial herbs re-
main photosynthetically active through the winter. Low
temperature at this season is more of a limiting factor than
drouth in late summer (fig. 9). As noted previously,
the reverse is true in more arid parts of the steppe. The
winter leaves are much smafler than those which expaod
in spring, and the extent to which these persist or are re-
placed in summer is not known. The peak of vegetative
activity among the perennials as 2 group comes several
weeks fater than in the Agropyron-Poa association (fig. 9).

Among the annuals, flowering is concentrated earlier
in the season than that of perennials—again a reversal of
the relation in drier parts of the steppe (fig. 9). Two
of the anauals, Collinsia parviflora and Montia perfoliata,
germinated in midwinter; the other three are spring an-
nuzls. Afrer reaching a peak of photosyathetic activity
in early May, this function of the annuals as a group de-
clined more sharply than in pereanials.

Leafiness among the shrubs is more nearly centered on
the warm season than is true of the other two life-form
groups. Except for their complete inactivity in winter,
the phenology of the shrubs is similar to that of the peren-
nials in this association.

Productivity has been evaluated in chree widely scat-
tered stands (appendix C).

Except where the overhead shade is very dense or the

ticter very deep, the ground is covered by lichens z2nd.

pleurocarpus mosses thac are evidently coarser in texture
than those forming the epigeous crust in more arid parts
of this steppe (table 4). Cooke (18) included two stands
of the Festuca-Sympbhoricarpos association (his stands
“FN” and “FC”, bue not his “FS”) in his survey of crypto-
gamic vegetation in eastern Washington and northern
Idaho.

A tractor curaing a single furrow was used to stop the
spread of a fire jost about to cross stand 71. In June of
the following year it was difficult to see any difference
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Table 4. Represencative mosses and licheas of the Festuca-Symphor;-
carpos association. See cable 1 for key to location of specimens.

MOSSES

On soil:
Barbula cylindrica C Enrbynchium strigosum S
B. vinealis § E. substrigosum K

Brachythecium albsicans K, C
B. albicans occidentale Y

B. Imescens XK

Bryum argenmteum H
Campiothecium (aentum?) H
Ceratodon purpureus K, R
Didymodon recurvirossris K, C
Encalypta rhabdocarpa K

E. vulgaris apicslata H
Eurbynchiem diversifolinm

C S K
E. fallax C, S
On basalc scones:

Ceratodon purpureus C
Grimmia apocarpa C
G. montana C

LICHENS

On soil:
Cladonia chlorophaca simplex

Ewnaria hygrometrica X
Leptobryum pyriforme K
Orthotrichium maconnii  §
Phascum cnspidatum . S, R
Poblia ¢ruda K, C
Polytrichum jumipevinum S
Prerigonauron subsessile S
Tortula princeps XK

T. ruraliformis S, C

T. ruralir C, H, X
Weissia sp. H

G. trichopbylla C
Homalotbecium snevadsnse S
Tortula ravaliformis C, §

Peltigera canina sufescens
K, W

P. canina spongioia K

P. mambranacea K

P. sentata K

Physcia grisea K

(K
C. imbriata X
C. pyxidata XK, W
Diploschistes actinostromus K

in the vegetation on the two sides of that fire barrier,
although Sisymbrium altissimum was conspicuous oa the
ridge of overturned sod.

Rickard (96) analyzed the small mammal component
of two Festuca-Symphoricarpos stands (appendix D).
Grazing of Poa spp. {s quite evident along rodent run-
ways through the community. The only mouse cache ob-
served consisted of Erythronium seeds.

Johnsgard and Rickard (65) analyzed the breeding
bird population in what appears to be the largest remaia-
ing tract representing this association. Early in this cen-
tury, the sharp-tailed grouse was abundant in the Fesiuca-
Symphoricarpos zone. With the passing of the natural
plant cover this grouse disappeared completely from the
zone. The alien ringnecked pheasant, which prospers in
an artifictal vegetation composed mainfy of wheat and
peas grown alternately, is the modern equivalent of the
grouse that has disappeared.

The Columbian ground squirrel, badger, and white-
tailed deer are well represented in the Festuca-Symphori-
carpos zone, the last using the interspersed thickets of
shrubs for cover. The tree frog Hyla regilla and salaman-
der Amblystoma macrodactylum are surprisingly common,;
both wander far from the wet places they depend on for
breeding.

Unlike the shrubs in most of the other steppe associa-
tions, the dwarfed Symphoricarpos and Rosa plants are
highly palatable, so they decline simuftaneously with the
herbs under cattle grazing. A fenceline ar stand 76 per-
mitted comparison of lightly grazed (mainly by sheep)
and ungrazed vegetation with the following responses evi-
deat in the quantitative analyses (see box).

All of the invaders and more than half the increasers
are annuals. The other two groups are entirely perennials
or shrubs. These data do not bear out Young’s (130)



UNAFFECTED (THUS FAR)

Antennaria luzulordes
Castilleja cusickii
Fritillaria pudica
Gaillardia aristata
Haplopappus liatriformis
Iris missouriensis
Lithoplragma parviflora
Lomatium triternatum
Lupinus sericeus
Lithospermum ruderale
Rosa spp.

Senecio integerrimus
Symphoricarpos albus
Zygadenus gramineus

DECREASERS
Astragalus spaldingii
Balsamorbiza sagittata
Brodiaea douglasii
Calochortus elegans
Carex geyeri
Festuca idaboensis
Gerantum viscosissimum
Geum triflorum
Helianthella uniflora
Hieraceun albertinsum
Potentilla gracilis

INVADERS

Lagophbylla ramosissima
Myosurus aristatus
Sanguisorba occidentalis
Veronica arvensis

INCREASERS

Achillea millefolium
Agropyron spitatum
Bromus japonicus
Bromus mollis
Collinsia parviflora
Draba verna
Epilobium paniculatum
Erigeron corymbosus
Koeleria cristata
Litbophragma bulbifera
Microsteris gracilis
Montia linearis
Montia perfoliata
Stellaria unitens
Sisyrinchium inflatum

statement that Astragalus, Bromus tectorum, Lupinus and
Potentilla increase in this h.t. as grazing eliminates Festuca
and Agropyron, but his ohservations may refer to zreas
altered by cattle rather than sheep.

As grazing progressively thins the native perennials in
the Festuca-Symphoricarpos h.t., the aliea Poa pratensis
invades and takes their places, finally becoming the domi-
nant of a zootic climax. A few of the native species,
chiefly Iris and Clematis, are avoided by grazers, even
when all others have been eliminated. Thas, scattered
individuals in a virgio stand often become large popula-
tions in a heavily grazed area. While the native flora
undoubtedly has much more to offer in the way of diver-
sified foods and nutrients, as 2 whole the plaats are less
palatable as they mature and are much less tolerant of
heavy grazing than is the Poa. From this standpoint the
grazing value of the vegetation would seem to be en-
hanced by heavy use. Once retrogression has allowed a
giveo degree of replacement of natives by the Poa, there
seems to be no reversal of trend when grazing pressure is
reduced or eliminated. Thus the amouat of Poa in the
stands is probably a good measure of the most extreme
reduction a stand has ever been subjected to. In com-
parison with more xerophytic associations, Bromus tec-
torum is poorly represented in grazed parts of this h.t.
In lightly grazed stands, Bromus brizaeformis, B. mollis,
and, especially, B. japonicus are often abundaat.

The point that the Festuca-Symphoricarpos zone is
cooler and wetter than the Agropyron-Festuca and
Agropyron-Poa zones has been made.

To the north and west where the Festuca-Symphori-
carpos zone form an ecotope with the Artemisia tripar-
tita-Festuca zone, the former has the higher annual rain-
fall, 561-435 mm as against 425-396 mm. Also, the former
has highec P in September, October, November, February,
March aod May, and higher P/T in September, October,
April and May. It is not only wetter but also warmer
than the Artemisia tripartita-Festuca zone in December
and January. The additional rainfzll in autuma in the
Festuca-Sympboricarpos zooe is probably the most critical
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aspect of these differences. It would alleviate the drouth
that intensifies progressively throughoat summer, and thus
prevent the vegetation from going into the winter with 2
great soil moisture deficit. These climatic differences
affect climax steucture chiefly io the shrubby elements.
Artemisia tripartita and Eriogonum bheraclecides are as-
sociated with dry autuma climate, and Sympboricarpos
and Rosz with wet autumns. The grasses and forbs are
very much the same in both climaxes,

In the Festuca-Rosa zone south of the Clearwater Can-
yon, the climate is colder except in February and August.
P and P/T are lower in winter (November through Feb-
ruary) but higher during most of the summer (April
through September). Here again the climatic differences
between zonal climaxes are reflected mainly in the shrubs.
The abundanc Symphoricarpos of the northern unit disap-
pears completely from the climatic climax, and the Rosa
becomes highly restricted.

The apnnual march of soil moisture accumulation and
use was followed in part of stand 155. At this site, the
data for 1962-63 indicated that the soil never dried to
the wilting point deeper than 6 dm, In all other steppe
associations studied concursently, soil drouth extended
well befow a meter. An earlier study in parc of stand 76
showed that the entire upper meter can desiccate in this
association (27).

Kardos (69) reported the results of lysimeter studies
made very aear stand 92 as having been made in a “virgin
bunchgrass area.”” The site of the lysimeter installacion
was virgin in the sease that it had never been plowed,
but the vegetation had been disturbed and therefore was
not strictly comparable to that part of the stand used in
the present study.

Soil profiles in the Festuca-Sympboricarpos hit. range
from Chernozem to Prairie to Planosol. In contrast with
the zonal associations described previously, pH decreases
from the 1st to the 5th decimeter. This reflects the ab-
sence or at Jeast deep placement of a layer of lime accumu-
lation in this relarively wet climate. The black color of
the A1 horizon is also a consistent character.



In the alternative classification, the profiles include
Typic Argixeroll, Vertic Argixeroll, Glossoboralfic Argin-
doll, Typic Palexeroll, Abruptic Palexerofl and Calcic
Haploxeroll

Stand 163 represents the Festuca-Symphoricarpos asso-
ciation on a Prairie soil (Palouse silt loam), a Typic
Argixeroll:

A1l 0-3” Black (10YR 2/1m) silt loam; moderace
medium and fine granular; slightly sticky, nonplastic,
friable, slight bard; abundant roots; clear wavy
boundary

A12 3.5.5” Black (10YR 2/1m) silt loam; weak coarse
platy, reducing to moderate fine subangular blocky
and coarse granular; slightly sticky, nonplastic, friable,
slightly hard; abundant roots; clear wavy boundary

A13 5.5-13” Very dark grayish brown (10YR 3/2d), or
very dark brown (10YR 2/2m) silt foam; moderate
coarse platy, reducing to medium subangular blocky;
slighdly sticky, nonplastic, friable, slightly hard; num-
erous roots; clear wavy boundary

A3 13-21” Dark brown (10YR 3/3m) silt loam; mod-
erate medium and fine angular and subangular blocky;
slightly sticky, noaplastic, slightly firm, slightly hard;
clear wavy boundary

B11 231-28” Dark brown (7.5YR 3/2m) silt loam; mod-
erate medium and fine angular blocky; sticky, slightly
plastic, slightly firm, slightly bard; numerous worm
casts and channels; frequent roots; streaks and splotch-
es of dark organic matter staining; clear wavy bound-
ary

B12 28-37” Brown (7.5YR 4/2m) silty clay loam; mod-
erate medium and fine angular and subangular biocky,
with frequent siliceous coatings on ped faces; sticky,
slightly plastic, firm, hard; occasional roots; clear wavy
boundary

B21 37”4+ Browa (7.5YR 4/2m) silty clay loam; mod-
erate medium prismatic, reducing to strong medium
and fine subangular blocky, with intense sificeous coat-
ings on pores and ped faces; occasional roots (by
W. A. Starr).

Stand 106 is on a Planosol (Thatuna silt loam), a

Glossoboralfic Argindoll:

All 0-9” Black (10YR 2/1m) silt loam; weak fine gran-
ular; slightly sticky, slightly plastic, friable, soft;
abundaat roots; clear wavy boundary

A12 9-19” Very dark brown (10YR 2/2m) silt loam;
weak medivm granular; slightly sticky, slightly plastic,
friable, soft; numerous roots; clear wavy boundary

Al3 19-33” Dark brown (10YR 3/3m) silt loam; mod-
erate medium and fine subangular blocky, reducing
to medium granular; slighdy sticky, slightdy plastic,
slightly firm, slightly hacd; oumerous roots; clear wavy
boundary

A3 33.44” Dark grayish brown (10YR 4/2m) silt loam;
moderate medium and fine subangular blocky; slightly
sticky, slightly plastic, slightly firm, slightly bard;
numerous roots; clear wavy boundary

A2 44-50” Grayish brown (10YR 5/2m) silt [oam; mod-
erate fine angular blocky, with conspicuous gray
siliceous coatings on ped faces and in pores; slightly
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sticky, slightly plastic, firm, slightly bard; frequent
roots; clear wavy boundary
B21 50-55” Brown (10YR 4/3m) silty clay Joam; mod-
erate medium and fine subangular blocky, with con-
spicuous gray siliceous coatings on ped faces; sticky,
plastic, firm, hard; occasional roots; clear wavy bound-
ary

B22 55”4+ Dark yellowish brown (10YR 4/4m) silty
clay loam; moderate medium zod fine prismatic, re-
ducing to fine prismatic and medium angular blocky:

sticky, plastic, firm, hard; occasional roots (by W.

A. Starr).

The main body of the Festuca-Symphoricarpos zone oc-
cupies a central position on the eastern margin of the Co-
lumbia Basin (fig. 1). In addijtion, a narrow fringe oc-
curs along the northern base of the Blue Mountains, reach-
ing its western extremity in Walla Walla County. This
western extension is both narrow and discoatinuous, oc-
curring mainly on north-facing slopes. Stand 136 exem-
plifies such a situation.

A vegetation mosaic closely similar to the Festuca-
Sympbhoricarpos association with its accompanying Sym-
phoricarpos phase bas been obsesved about 14 miles west
of Bozeman, Montana. McLean and Holland (79) have
also described a closely similar community in the valley
of the Columbia River near its head in British Columbia.

Symphoricarpos phase

Shrub thickets, mostly between 0.5-3 m tall that con-
tain Symphoricarpos albus and occur in 2 matrix of the
Festuca-Sympboricarpos association, are considered a phase
of that association.

In size and complexity the thickets are quite vatiable.
Small thickets may be only a few meters in diameter and
consist mainly of Sympboricarpos. Other, usually larger
thickets usually have a relatively low marginal zone of
Symphoricarpos about 0.5 m tall surrounding a central
core of Rosa woodsii + R. nutkana which is about 1 m
tall. At a still more complex level, Prunus virginiana
growing 2-3 m tall dominates a central core that may be
surrounded in turn by successive belts of Rosa and Sym-
phoricarpos.

In three areas, reconnaissance surveys were made of
the shrub thickets in g landscape mosaic. The data (ap-
pendix B-6) show that the thickets ranged from 4-25m in
diameter, and from 0.5-3.0 m tall. They are exposure-
independent, and occur on slopes of variable steepness.
An appreciable percentage of the Jand surface is occupied
by these thickets (fig. 10).

In appendix B-6, the thickets in each area are arranged
from left to right from the lowest to the tallest, based
on maximum height in ¢he center. The tallest thickets
are dominated by Prunus and are predominately on north-
erly slopes. Atthough Sympboricarpos and Rosa domin-
ate in the marginal parts of the streamlined thickets, they
also continue beaeath the Prunmus as an understory. Most
of the large perennial herbs found in the thickets are in
the marginal parts where the shrubbery is low z2nd thin.
Most of the annuals grow where the soil has been dis-
turbed by rodents or badgers.

The herbaceous components of the thickets are in the
main the same species that occur in the Festuca-Symphori-



carpos association, but here there are few openings between
shrubs that favor heliophytes of their stature, so they are
not abundznt. Thus, the thicket represents a reversal of
dominance between the herbaceous and woody components
of the Festuca-Sympboricarpos association. Agastache ur-
ticifolia was the only species of native vascular plant found
in the thickets that was not in the herbaceous matrix sur-
rounding the thickets. When Prunus, Crataegus, Amel-
anchier and Populus tremuloides occur as accidentals in
FPestuca-Sympbhoricarpos stands, they are all dwarfed in
proportion to the dwarfing of the Sympboricarpos and
Rosa there, even though in a nearby thicker they are much
larger and more vigorous.

Although no Vaccinium caespitosum, Calamagrostis
rubescens or Epilobium angustfolium were encountered in
the Sympboricarpus thickets sampled, these typically
“forest species” reach the dry extreme of their ecologic
amplitude in association with Sympborfcarpos thickets. The
occurrence of a Vaccinium in steppe is especially notable.
Epilobium is not a fire-induced species in this vegetation
matrix.

An explanation of the positions and sizes of the thickets
in the vegetation mosaic is obscure. The marcgins of Cra-
taegus stands, which occupy areas of above-average mois-
ture, are always separated from grasstand by a fringe of
Symphoricarpos thicket. Also, at the dry edge of the Fes-
tuca-Sympboricarpos association’s range (e.g., west of Pres-
cott) the thickets tend to be restricted to ravines or other
depressions. Thus, in places the pactern suggests slightly
more moisture in the thicket areas than in the surrounding
matrix, but such a hypothesis falls shore elsewhere. Over
most of the range of the mosaic, thickets are common on
dry southwesterly exposures, and the bottoms of swales are
as often herbaceous as shrubby (fig. 10).

Soil characters throw no light on the problem. Pre-
sumably owing to the superior protection afforded against
predators, rodents have been very active in the thickets
for perhaps cencuries. Any slight difference in the soil
profiles can be attributed to animal influences if not to
the shrub patch icself.

There is no evidence that the thickets are spreading.
Even if they had spread slowly, they occupy so much of
the mosaic that they would long ago have eliminated the
intervening herbaceous component, Rather well-used old
squirrel burrows in the grassland bave shown no tendency
to release the adjacent dwarfed shrubs from suppression.

These shrub thickets are considered but a phase of the
Festuca-Symphoricarpos association for three reasons:

1. There are no consistent differences in their floras;
only the relative dominance of herbs and shrubs is re-
versed.

2. The two vegetation types occur in intimate mixture,
and have the same geographic discribucion.

3. There is no apparent difference in the intrinsic en-
vironmental characteristics.

A curious phenomenon is the readiness with which
Malus sylvestris and occasionally Pyrus communis or Prusn-
us arvium become established in Symphoricarpos thickets
from fruit residues discarded by man. In places along
old railways, almost continuous strips of seedling apple
trees show thac former railway passengers frequently ate
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fruit as the trains wound their way through the loessal
hills with their windows opea.

Cook (18) included two stands (his “SN” and “SC,*
but not his “SS”) of the Sympboricarpos phase in his sur-
vey of fungi, lichens and mosses.

All shrubs of the thickets sprout readily from just be-
low the soil surface following a fire, and within about
3 years, evidence of a fire has been effaced. No known
seral species are involved in the regeneration.

Rickard’s (96) analysis of small mammals showed the
shrub chickets to be faunistically richer than the inter-
vening grassland, with a remarkable segregation of species
of Microtus despite the fine texture of the vegetation
mosaic. Microtus longicaudis is essentially confined to
the thickets, where M. montanus was captured only in
the herbaceous matrix (appendix D).

Deer are more abundant in the Festuca-Symphoricarpos
zone now than when the area was controlied by Indians,
owing to the greater hunting pressure thea. Prunus-
dominated thickets are especially useful as cover for deer.
They have often been seen in the area shown in fig. 10,
and coyote preying on Microtus montanus have also been
observed there.

The twigs and leaves of the dominant shrubs are quite
palatable to livestock. All shrubs subjected to heavy graz-
ing are replaced by a Poa pratensis commuaity, which is
uadoubtedly more productive of usable forage that is
the primary climax.

Johnsgard and Rickard (65) analyzed the spring and
early summer bird population of a steppe mosaic a few
miles west of Colton, which is now owned and protected
by Washington State University. The thicket component
of the mosaic proved to be about 20 times as useful to
birds as either the herbaceous matrix (Festuca-Symphori-
carpus association), or the stand of Agropyron-Poa grass-
land on the contiguous south-facing slope. Brewers spar-
row, one of four species that nested only in the thickets,
has become one of the ‘‘rarest” pacve birds in eastern
Washington (55). The bird is still abundant in remain-
ing fragments of chis steppe moisaic, but seems unable to
adapt to changing conditions as the patural vegetation
disappears.

Festuca idaboensis-Rosa nutkana h.t.

The Festuca idaboensis-Rosa nutkana h.t. is recognized
by its supporting a meadow-like community of which Fes-
tuca idaboensis 1s a constituent. Shrubs within the com-
munity, if any, are very dwarfed Rosa nutkana or R. wood-
sii. Sympbhoricarpos, Artemisia, Eriogonum, Chrysotham-
nus and Purshia ate unrepreseated.

The Festuca-Sympboricarpos and Festuca-Rosa ecosys-
tems are closely similar. They are kaown to differ only
in:

1. the absence of Sympboricarpos from the latter, ac-
companied by an attenuation of Rosa

2, association with thickers in which Symphoricarpos
is lacking

3. a restriction of geographic range to the rainshadow
of the Blue Mountains

4. a distinctive climate.

The presence of Sympboricarpos in stand 154 (appendix



B-5) is interpreted as an accident consequent on its loca-
tion just 2 few meters from the edge of a stand of Pinus
ponderosa-Symphoricarpos forest in which this sheub is
an undergrowth domicaat.

Cooke (18) included one stand of the Festuca-Rosa
association (his “FS"”) in his survey of fungi, lichens and
bryophytes.

The Festuca-Symphoricarpos zone is at about the same
altitude as the Festuca-Rosa zone, but lies to the north of
the Clearwater and Snake Rivers, and is wetter in winter
but drier most of the other seasons, as indicated earlier.
The Agropyron-Poa 20ne, which folfows the Snzke and
Salmoa River Valleys, has a drier climate than the Fes-
tura-Rosa zone on the contiguous plateau above.

Rosa nutkana phase

The Rosa phase of the Festuca-Rosa association con-
sists almost entirely of Rosa nutkana and/or R. woodsii,
lacks Symphoricarpos, and is confined to the Festuca-Rosa
zone.

In this zone, the shrub patches ace more definitely
related to swales in the topography than ace shrub pacches
in the Festuca-Symphoricarpos mosaic.

Cook (18) included one stand (his stand “SS”) of the
Rosa phase in his study of cryptogamic plants.

Artemisia tripartita-Festuca idaboensis h.t.
Stable vegetation in the Artemisia tripartita-Festuca

12. Artemisia tripartita-Festura idahoensis stand 62,

h.t. is distinguished by a discontinuous layer of Artemisia
tripartita that rises but slightly above a continuous hech
layer (fig. 12) of which Festuca idaboensis is 2 member,
If Artemisia tridentata is present, it is confined to disturbed
places. Sympbhoricarpos and Purshia age absent.

Artemisia tripartita is scaccely half as tall as A. tri-
dentata on the average. Since jt reproduces freely by
sprouts from shallow laceral roots, small individuals are a
more evident component of the populations, and the phys-
iognomy of the community is relatively uniform. At stand
4, for example, 317 stems of Artemisia tripartita arose in-
dependently (i.e., not clustered) in 10 m? arez. These rang-
ed in height up to 5 dm, with 1-2 dm the modal size class.
Griffiths’ (46) statement that “‘sagebrush was not promi-
neat on the high elevations” berween Grand Coulee and
the Columbia River (i.e., Douglas County, see fig. 2) must
refer to the small stacure of Artemisia tripartita in com-
parison with A. tridentata. The two species were not gen-
erally distinguished taxonomically at that time.

The rather lush herbaceous component of this associ-
atioa usuzlly includes many perennial forbs, most of which
are shared with the other meadow steppe associations. In
appendix B-7 the 19 stands analyzed are arranged accord-
ing to the highly variable amounts of Festuca idaboensis
they contained, since this species is especially sensistive to
moisture, in order to show the degree to which clinal vari-
ation in other species correlates. Certain species tend to




be chiefly in the wet end of the assumed moisture gradi-
ent (Agrostis interrupta, Bromus commutatus, Arnica sor-
oria, Carex filifolia, Hesperochiron pumilus, and Sisyrin-
chium inflatum). Others are better represented toward
the dry end (Agropyron spicatum, Arenaria congesia,
Crepis atribarba, Collomia linearis, and Lappula redow-
skii). In this association, and often within 2 single stand,
the growth form of Agropyron varies from caespitose to
rhizomacous.

The Artemisia tripartita-Festuca and Festuca-Syniphori-
carpos ecosystems are sharply cootrasted in 2 number of
ways despite their juxtaposition in the meadow steppe belt
just below lower timberline (fig. 1). Artemisia tripartita,
Eriogonum beracleoides, Chrysothamnus and Tetradymia
are common throughout the former but lackiag in the
latter. Sympboricarpos and Rosa, which give the Festuca-
Sympboricarpos association its chacacter, are zll but un-
known in the Artemisia tripartita association.

Artemisia tridentata can invade the Artemisia tripartita-
Festuca h.t. only on the disturbed soils of road cvts or
animal burrows. In the latter microsite, Elymus cinereus
is an even more conspicuous invader. This grass is es-
pecially conspicuous on the foessal mounds scattered over
scablands in the Artemisia tripartita-Festuca zone. These
mounds, fragments of the Artemisia tripartita-Festuca h.t.,
provide the only stone-free substrate for rodents to burrow
into, and it then proves equally easy for badgers to dig
them out. Thus che soil of these mounds is invariably
much churned, and this favors Elymus invasion. Rodents
such as Microtus and Citellus appear to be especially fond
of grazing Carex filifolia in this vegetation.

When the association is grazed by cattle Festuca ida-
hoensis and Agropyron decrease. Stipa columbiana and
Poa secunda commonly increase at first, then annuals such
as Bromus tectorum, Festuca pacifica and Plantago replace
the perennials. Chrysothamnus nauseosus also increases.
Poa ampla, although very poorly represented in climax
stands, locally becomes very abuadant in vegetation that
has been disturbed in the past. Artemisia tripartita seems
litcle affected by grazing, even when this is severe enough
to cause 2nnuals o replace most perennials.

The coverage of annuals thac increase with grazing
pressure shows no inverse correlation with the coverage of
Festuca idaboensis across the association table (appendix
B-7). Therefore, it is reasonably certain that the wide
range in its coverage does not reflecc unsuspected differ-
ences in past grazing use, and in the main, the stands
selecred represent pristine conditions rather faithfully.

The sharp-tailed grouse, formerly widespread in
meadow-steppe zones in Washington, has become largely
restricted o the Artemssia tripartita-Fesiuca zone (129).

Detailed studies were made ac the edge of a fire that
stopped before completely crossing stand 160. In the
first posc-burn season, the sum of coverages was reduced
from 153 to 105. Although it was obvious that licter
destruction left much bare soil exposed, no erosion could
be seen on this 319~ slope. Burning stimulated maoy new
sprouts to rise from the latera) roots of the Artemisiu, and
the old shoots regenerated from adveatitious bads on the
lower 2 cm of their stems. Some buaches of Festuca were
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killed and others damaged, yet the total coverage was
scarcely reduced, presumably owing to inceeased vigor of
the residual plants. Iaflorescences were shorter but moce
numerous in Festuca and Koeleria, but taller and fewer in
Agropyron. Apparently, no major species was killed or
noane invaded because of ¢he fire. Some were reduced sig-
nificantly in coverage (Erigeron corymbosus, Eriogonum
beracleoides, Madia exigua). Otbers benefitted from the
buraing (Aremnaria congesta, Frasera albicaulis, Phlox lon-
gifoliay. Agropyron coverage was reduced chiefly because
the post burn tillers stood more stiffly erect.

Earlier it was pointed out thac climatic differences are
correlated with ecotones which the Artemisia tripartita-
Festuca zone makes with the Artemisia tridentata-Agropy-
ron, Artemisia tridentata-Festuca, Agropyron-Festuca 2ad
Festuca-Symphoricarpos zones. In the southwest part of
the steppe region, a disjunct segment of the Artemisia tri-
partita zone makes coatact with the Purshia-Festuca zone
(fig. 1). The climate of the former is colder in winter
(October, December, Janvary and February), and con-
sistently wetter in several months (more P in January,
July and August; bigher P/T in August, September, Nov-
ember and January).

In the central part of the steppe region, the Artemisia
tripartita-Festuca h.t. penetrates drier zones to the south
in all cases as a topographic climax restricted to northerly
slopes and loessal soils. The inclusion of Balsamorbiza
sagittata (rather than B. careyana), Koeleria and Stipa
columbianmum are floristic differences that further distingu-
ish the Artemisia tripartita-Festuca association from these
more xerophytic communities to the south. However, the
dominance of the Artemisia tripartita among shrubs is the
most obvious character.

Stand 117 (appendix B-7) is remarkable for its low
species diversity and sparsity of perennial forbs. It rep-
resents a topographic climax deep within the Agropyron-
Festuca zone. Other north-facing slopes in this area also
support this attenuated form of the associgtion, but niost
of them have more coverage of the Artemisia.

The limited penetration of the Artemisia tripartita-Fes-
luca association into the Festuca-Symphoricarpos zone in-
volves sites with shallow stony soil where the water-storage
capacity is limited. This habicat of compensation is thus
stringly differeat from the prefecred habicats where con-
tact 15 made with driec zones.

Soil moisture has been studied through an annual cycle
of use and recharge in one stand of the Artemisia tripar-
tita-Fesluca association (27). Although the upper three
decimeters of the profile were dry by mid-June, the re-
mainder of che upper meter was not exhausted of its
growth water until very late in the dry season. On the
whole, available soil moisture was mote limited here than
in ¢he Festuca-Symphoricarpos stand scudied concurrendy.

Soil pH nearly always increases with depth in the
Artemisia tripartita-Festuca h.t., which is a tesult of rain-
fail hardly adequate ¢o prevent lime accumulation. In
contrast, the pH of soils in the contiguous Festuca- Sym-
phoricarpos h.t. nearly always decreases at least to a depth
of half a meter.

A wide range of Great Soil Groups is represented by



vested in a thin fleshy pericarp that soon dries. Chip-
muaks, Brewers blackbirds and starlings have been seen
feeding heavily on these fruits during their brief fleshy
stage, despite their extremely bicter taste to humans. Then
mice apparently use the dried fruits extensively after they
drop from the bushes, for most seedlings found while
examining hundreds of sample plots have occurred in
dense tufts about 2 ¢m in diameter, such as result from
the germination of seeds in forgotten mouse caches. When
fire eliminates Purshia ftom an area, mouse distcibution
of the achenes must play an important role in jts reinva-
sion.

Purshia is important as winter browse for deer and
wapitl. Soows in winter force these animals down from
the mountain forests to low altitude where they often
damage orchards, which are extensive in the foothills from
the Yakima Valley northward. The native plant most use-
ful in attracting these animals away from cultivated areas
at this season is Purshiz. This shrub is not only abundant
in the steppe just below lower timberlioe, buc also dom-
inates undergrowth in the contiguous Pinus-Purshia forests.
Maintenance of Purshia populations, if not their artificial
increase, is therefore a major objective of game manage-
ment along the eastern edge of the Cascades. Although
livestock readily eat Purshia in winter when snow covers
the ground, animals are seldom turned out on native range
at this season; thus, its major economic value in the Cas-
cade foothills is related to winter browse for deer and
wapijti.

When the Purshia-Festuca association is grazed ex-
cessively, Stipa columbianum and Poa secunda tend to in-
crease during the early stages of retrogression, buc Bromus
tectorum eventually becomes the major species with con-
tinued heavy grazing.

In discussing climates of the contiguous zones, it was
pointed out that the Purshia-Festuca zone is cooler and
wetter than cbe Artemisia tridentata-Agropyron and Arte-
misia tripartita-Fesiuca 2oves, but is drier and cooler than
the Festuca-Hieraceum zone.

All three sol profiles examined in the level loessal
area in the southerly region where the Pusshia-Festuca
association is climatic climax belong to the Chestnut Great
Soil Group and Typic Haploxeroll category. Stand 125
represents this group:

A1l 0-5" Dark grayish brown (10YR 4/2d) or very dark
brown (10YR 2/2m) silt loam; mixed weak medium

and fine subangular blocky and weak medium and
fine granular; slightly sticky, slightly plastic; friable,
soft; pH 6.4; abundant roots; clear smooth boundary

B11 5-9” Dark grayish brown (10YR 4/2d) or very darck
brown (10YR 2/2m) clay loam; moderate medium and
fine angular blocky; moderately sticky, moderately plas-
tic; firm, slighcdly hard; pH 6.5; numerous roots; clear
wavy boundary

B12 9-13” Dark browa (10YR 3/3m) clay loam; moder-
ate medium subangular blocky; stick, plastic; firm,
slightly hard; pH 6.5; numerous roots; clear wavy
boundary

B21 13-20” Very dark brown (10YR 2/2m) silty clay
loam; moderate medium and fine angular blocky; sticky,
plastic; firm, slightly hard; pH 6.4; occasional roots;
clear wavy boundary

B22 20-30” Very dark grayish brown (10YR 3/2m) silty
clay; moderate medium and coarse angular blocky;
sticky, plastic; firm, slightly hard; pH 6.5; occasional
roots; clear wavy boundary

B3 30-36” Yellowish brown (10YR 5/4m) silty clay; weak
medium and fine angular blocky; sticky, plastic; firm,
slightly hard; pH 6.4; occasional roots; abrupt wavy
boundary

II Dr 36”4+ Fractured basalt bedrock. (by W. A. Starr).
The two profiles examined northward in the Cascade

foothills were a2 Chernozem-Regosol intergrade (stand 78)

and a Regosol, or a Typic Haploxeroll and z Typic Vit-

randept, respectively. At stand 78 the profile was:

All 0-3” Very dark brown (10YR 2/2m) coarse sandy
loam; wesk fine granular; friable; roots abundang;
abrupt smooth boundary

A12 3-8” Very dark brown (10YR 2/2m) coarse sandy
Joam; weak fine subangular blocky; friable; roots few-
er; gradual smooth boundary

AC 8-18” Dark brown (10YR 3/3m) sandy loam with
few fine gravels; very weak medium subangular blocky;
friable; roots plentiful; diffuse smooth boundary

C1 18-39” Brown (10YR 4/3m) gravelly sandy loam;
massive; friable; roots plentiful; clear smooth boun-
dary

D 39”4 Basic igneous and acid igneous cobble of glacial
origin, with some soil material between cobbles; lime
accumulation on lower surfaces; few roots. (by R. A.
Gilkeson).

THE EDAPHIC SERIES: Habitats with soils that are shallow or abnormal
in physical or chemical properties

Nearly all of the ecosystem types grouped here extend
across 2 much wider spectrum of climates than any cli-
matic climax, and their macroclimates ace far from being
mutually exclusive as those of the climatic climaxes are.

While their ecology cannot be narrowly related to climate,
there is usually a highly predictable relationship to some
soil abnormality. This is the basis for distioguishing the
stable vegetation of nonzonal soils as edaphic climaxes.



Deep soils dominated by gravel, sand
or strongly weathered volcanic ash

Deep soils that are dominated by gravel, sand or strong-
ly weathered volcanic ash share important and distinctive
ecologic characteristics as shown by their close relation to
the dominance of Stipa comaia in the herb layer. Agro-
pyron spicatum, often accompanied by Festuca idaboensis,
characterizes most other deep but nonsaline soils.

Where gravel and sand dominate the mineral frame-
work, the moisture-holding capacity of the soil is low.
Where weathered volcanic ash dominates, the moiscure-
holding capacity can be high. For example, the lzcustrine
accumulation of ash at stand 80 (appendix B-9) has a
moisture equivalent of 20.895. The vescicular character of
the ash particles, rather than 2 high colloid contene, gives
such soil its high water-retention.

Since sand and volcanic ash differ so much in their
water relations, cheir apparent ecologic equivalence obvi-
ously does not reside simply in their water-holding capaci-
ties, even though the average Stipa soil is definitely coarser-
textured than the average Agropyron soil. A clue to the
problem is provided by the observation that Agropyron
spicatum can grow luxuriously on almost pure volcanic
ash of recent (Hypsithermal) origin. This circumstance
suggests that the low fertility of Stipa soils derived from
older and more strongly weathered ash or sand and gravel
is probably the key to their ecology.

All avaitable chemical analyses for soil (upper 20 cm)
and all available moisture equivalent (upper 50 em) were
grouped according to whether Stipa comata or Agropyron
spicatum was the dominant grass. One group consisted
of 14 sets of data divided among Artemisia tridentaia-Stipa,
Purshia-Stipa and Stipa-Poa hts. The other consisted of
20 sets of data representing Ariemisia tridentata-Agropyron,
Artemisia tridentata-Festuca and Agropyron-Festuca h.ts.
Although data were available for more soils in wecter
zones, those were not considered as rigorously comparable
to the Stipa soils, 21l of which were from the drier zones.

In this comparison, the least overlap in values was
between moisture equivalents, cation exchange capacides,
and Mg contents (table 5). In these respects, the groups
of soils differed at the 959 confidence level; differences
in phosphorus content did not quite reach that level. In
all those stands where the moisture equivalents of Stipa-
dominated soils were relatively high, the exchange capacity
or Mg content was well below normal. Thus it is con-
cluded that Szipa soils are either drier or less fertile, if not
both, than Agropyron (and Festuca) soils.

Despite the good differentiation between Stipa and
Agropyron soils in the upper 20 to 50 cm of their profiles
as shown above, the same data give no clue to why Purshia,
Artemisia tridentata, and Artemisia tripartita characterize
the shrub layer at different places where the soils are dom-
inated by Stipa comata, then show the same segregation in
Agropyron soils. Perhaps the ecology of these shrubs,
which must maintain contact with permanent moistuse sup-
plies in the subsoil, must be explained on the basis of
characters of the deeper horizons that have not yet been
studied.

It is interesting that the median coverage of Artemisia
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Table 5. Means and fiducial limits for certin characters of soils
from stands dominated by Stipa comata and other stands dominated
by Agropyron sipicatum (sometimes accompanied by Festuca ida-
hoensis).

No.  Moistre Exchange Exchangeable
Dominant of Equivalent Capacity Mg
Grass Stands (%) (meq/100g) (meq/100g)
Stipa comata 14 11.1%3.2 63%1.4 1.16=0.20
Agropyron spicatum 20 21,0=3.3 15.222.6 3.06X0.67

tridentata is essentially identical in stands of Aremisia
tridentata-Agropyron and Artemisia tridentata-Stipe. Evi-
dently, the soil factor that so strongly governs the com-
position of the grass layer has negligible influence on the
population density of this shrub. Although there are
fewer data for comparison, Purshia likewise seems no dif-
ferent in its coverage on Stipa and Agropyron soils.

The oft-repeated statement that stands of Artemisia
tridentata indicate good agricultural land is not true for
the extensive areas of A. tridentata-Stipa h.t. in Washing-
ton, unless one can fertilize and irrigate economically.

The soil differences distinguishing Stipa and Agro-
pyron(-Festuca) soils tend to be reflected in other ele-
ments of the vascular flora, if not in the dominant shrubs.
Plantago patagonica is far more regularly associated with
Stipa habitats, and Leptodactylon is closely confined to
the group. In the Artemisia tridentata-Agropyron zone,
Balsamorhiza careyana is the characteristic representative of
Stipa sites. The coverage of Poa secunda is lower in
Stipa habitats. It is notable, however, that species diversity
is not conspicuously different between Agropyron and
Stipa has. (appendix E).

Starting with Cotton’s comment based on his obser-
vations during travels in Washington (19), Stipa comata
has often been considered an increaser if not an invader
of grazed areas formerly dominated by other perennial
grasses. However, Griffiths (46), who drew his con-
clusions from similar observations, pointed out the soil
correlation. The present study indicates that soil is the
more important differentiating factor in Washington.
Fencelines would constitute the most solid evidence in
favor of Cotton’s hypothesis. But no fenceline that has
Stipa comata dominant on one side with a more palatable
grass dominant on the other has been found in Washing-
ton.

It must be admitted that negative evidence is not
definitive, and that Stipa comata may well be an invader
or increaser in other geographic regions, e.g. British Col-

.umbia (115). The clear preference of livestock for Agro-

pyron and Festuca idahoensis when these grow mixed with
Stipa suggests that intergrades a¢ least can be converted
to pure Stipa stands through differential grazing pressure.
However, jackrabbits have been observed to graze Stipa
and avoid Agropyron in a mixed stand, thus tending to
have the reverse effect.

As a dominant grass, Stipa comata is well represented
only in the drier zones in the interior of the steppe region.
It plays this role in the meadow steppe types only along
the western flank of the Okznogan Mountains where it
grows on sands in the lower margin of the Artemisia 1ti-
partita-Festuca zone.



Artemisia tridentata-Stipa comata h.t.

The Artemisia tridentata-Stipa comata h.t. is recognized
by the superposition of a layer of Artemisia tridentata over
a grass Jayer that is outstandingly dominated by Stipa
comala,

Except for the substitution of Stipa comata for Agro-
pyron, the Artemisia tridentata-Stipa comata association
closely resembles the Artemisia tridentata-Agropyron as-
sociatiop on both 2 physiogaomic and floristic basis (fig.
14, appendix B-9). Stipa is less palatzble to livestock
than Agropyron, but when there is no superior forage
available, Stipa is the main forage species. If heavily used,
it is replaced by 2nnuals such as Bromus tectorum and
Plantago patagonica. In the Okanogan Valley, Sporobolus,
Gypsophila paniculata, and Artemisia frigida become con-
spicuous as disturbance opens up a Stipz stand. Purshia
tridentata readily invades the habitat where the surface
soil has been gremoved, as along roadsides.

Soil profiles in the Artemisia tridentata-Stipa stands
studied jncluded Sierozem, Regosol, and intergrades be-
tween Brown and Regosol and between Chestnut and Reg-
osol. They included Typic Haploxeroll, Calcic Haploxeroll,
Typic Xeropsamment, Typic Xerorthent, Mollic Cambor-
thid 2nd Typic Vitrandept.

14. Artemisia tridentata-Stipa comata stand 36.
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The profite at stand 129, a Royal toamy fine sand
(Sierozem) and a Mollic Camborthid, is:

Al1l 0-2” Dark brown (10YR 3/3m) or light brownish
gray (10YR 6/2d) loamy fine sand; single grain; non-
sticky nonplastic; friable, loos; pH 7.1; abundant roots
beneath grass bunches; clear wavy boundary

AC 2-10” Brown (10YR 4/3m) or light brownish gray
(10YR 6/3d) loamy fine sand; massive; slightly com-
pact; pH 7.4; many roots beneath grass bunches; clear
wavy boundary

C1 10-20” Browa (10YR 5/3m) or light brownish gray
(10YR 6/2d) loamy fine sand; massive; slightly com-
pact; pH 7.6; occasional roots; clear wavy boundary

C2 20-30” Brown (10YR 5/3m) or light browaish gray
(10YR 6/2d) loamy very fine sand; massive; slightly
compact; pH 8.1; numerous roots; clear wavy boundary

CSca 30”4 Light brownish gray (10YR 6/2m) or light
gray (LOYR 7/2d) fine sand; single grain; friable,
loose; pH 8.8; calcareous; occasionzl roots. (by W. A.
Starr).

At stand 36 the soil profile, an Ellisforde very fine
sandy loam (Chestnut-Regosol intergrade) and a Calcic
Haploxeroll, is:

All 0-5cm Very dark grayish brown to dark brown (10YR
3/2.5m) or light brownish gray to pale brown (10YR

A T

:



15. Purshia tridentata-Stipa comata stand 137.

6/2.5d) very fine sandy loam; very weak coarse and
medium granular; soft, friable; pH 6.8; many roots

A12 5-15cm Very dark grayish brown to dark brown
(10YR 3/2.5m) or light brownish gray to pale brown
(10YR 6/2.5d); weak medium subaagular blocky; pH
6.7; frequent roots

Cl 15-33cm Dark grayish brown (10YR 4/2m) or pale
brown (10YR 6/3d) very fine sandy loam; weak mod-
erate to coarse angular blocky; more compacr than
C2; pH 6.5

C2 33-58cm Brown (10YR 5/3m) or pale brown (10YR
6/34) very fine sandy loam; very weak medium angu-
lar blocky; pH 6.8

C3ca 58-74cm Light gray (10YR 7/im) or white (10YR
8/1d) silt loam; moderate medium angular blocky;
tongued with extensions of horizon above; pH 8.0;
highly calcareous; roots frequent

C4ca 74-100cm Grayish brown (10YR 5/2m) or white to
very pale brown (10YR 7.5/3d) very fine sandy loam;
loose, single-grained; calcareous with frequent nodules
that are strongly calcareous; pH 7.6

Dica 100-122cm Light brownish gray (2.5Y 6/2m) or light
gray (2.5Y 7/2d) fine silt; brittle, laminaced, com-
pact; pH 8.1

D2ca 122-168¢cm Grayish brown (2.5Y 5/2m) or light
brownish gray (10YR 6/2d) succession of strata of fine
silt with loose single grain structure and silt in thin
brittle layers; alf mildly effecvescent; pH 8.2
The Artemisia tridentata-Stipa h.t. occurs throughout

the Artemisia tridentata-Agropyron zone and the Artemisia
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tridentata-Festuca zone. It has been reported from British
Columbia (80), norchern Ofegon (94), and eascesrn Idaho
(88). A similar community dominated by Artemisia iri-
dentata vas. vaseyana occurs in west ceatral Wyoming

(109).

Purshia tridentata-Stipa comata h.t.

The Purshia tridentata-Stipa comata h.t. is recognized
by the combination of a shrub Iayer dominated by Purshia
tridentata in combination with an herb layer dominated by
Stipa comata (fig. 15).

In Washington Purshia reaches its lowest altitude in the
Artemisia tridentata-Agropyron zone where it occurs al-
most entirely on sands with Stipa comata. This Purshia-
Stipa association differs from the Artemisia-Stipa associa-
tion only in the substitution of one dominant for the
other, and they intergrade over a long series of inter-
mediates, Oaly the relatively pure types were selected for
detailed study, since this procedure was likely to provide
the most information about differences in environment
favoring one shrub agajost the other.

Although many Purshia-Stipa stands seem fully as stable
as any of the Artemisia-Stipa stands, there can be no doubt
but that the Purshia-Stipa community can be seral toArte.
misia tridentata-Stipa in places. Bare road cuts running
through Artemisia-Stipa stands 24 and 130 have been in-
vaded by Purshia, although the latter has obviously been
unable to invade well-vegetated surfaces in the h.t. Across
the dirt road from Artemisia-Stipa stand 170 was an apri-
cot orchard that had been established under irrigation,



then abandoned at least 24 years before it was studied.
During this period a normally dense stand of Stipa comata
(coverage 80¢7, frequency 100%) had reinvaded, with
Purshia forming a vigorous shrub layer among the decadent
apricot trees. Occasional plants of Artemisia tridentata
bad entered from time to time since cultivation ceased,
but no Poa secundn had appeared as yet. With the Arte-
misia-Stipa association prevalent in the landscape and com-
ing up to the opposite side of the road from the orchard,
there is little doubt that the orchard represents an Arte-
misia-Stipa habitac,

Bromus teclorum is again the major increaser in Pur-
shia-Stipa stands that are overgrazed. Where the surface
soil is removed, Eriogonum niveum invades the raw gravel
and sand readily.

Soil profiles in the Purshia-Stipa h.c. vary from Siero-
zem to Brown-Regosol intergrades, to Regosol, and from
Mollic Camborthid to Typic Xeropsamment and Typic Vit-
randepe.

In stand 137, the soil is a Royal fine sand (Sierozem)
and a Mollic Camborthid:

A1l 0-2” Dark brown (10YR 3/3m) or pale brown (10YR
6/3d) fine sand; single grain; friable, loose, nonsticky,
nonplastic; pH 7.2; dense mat of fine roots; abrupt
smooth boundary

A12 2-9” Dark brown (10YR 3/3m) or pale brown (10YR
6/3d) fine sand; massive, slightly compact, nonsticky,
noaplastic; friable, slightly hard; pH 7.9; abundant
roots; clear wavy boundary

C1 9-38” Brown (10YR 5/3m) or very pale brown (10YR
7/3d) fine sand; massive, slightly compace; nonsticky,
nonplastic, friable, slightly hard; pH 7.7; roots plenti-
ful buc decreasing with depth; clear wavy bouadary

C2ca 38”4 Brown (10YR 5/3m) or light gray (10YR
7/2d) fine sand; single grain; noosticky, noaplastic,
friable, loose; calcareous; pH 7.9; occasional roots
(by W. A. Starr).

Stand 21 1llustrates a Purshia-Stipa stand on Skaha fine
sandy Joam, 2 Brown-Regosol intergrade and a Typic
Xeropsamment:

Al 0-7.5¢cm Very dark grayish brown (1L0YR 3/2m) fine
sandy loam with 5-109% gravel; occasional granulation
where roots are dense

A3 7.5-17.5cm Dark brown (10YR 3/3m) sandy Joam with
10-15¢ gravel; mixed massive to single grain with
occasional fine to medium blocks

C1 17.5-30¢m Dark yellowish brown (10YR 4/4m) sandy
loam; similar to above horizon but with about 259
gravel

C2 30-77.5cm Coarse sand with 25-3095 gravel with same
color as above; loose and single-grained

D 77.5cm4- River-washed sand 2ad fine gravel composed
of mixed quartzitic, granitic and baszltic particles; salt-
and-pepper colored; single-grained; loose (by W. A.
Stare).

In Washington, the Purshia-Stipa h.t. seems restricted
to the Artemisia tridentata-Agropyron zone, but extends
southward in that zone into Oregon (94). East of Drum-
mond, Montana, 21/ miles, 2 stand of this association has
been noted on gravelly sandy loam.
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Stipa comata-Poa secunda h.1.

In stands of the Stipa comata-Poa secunda association
tha¢ are well preserved, Stipa comata and Poa secunda are
the two major herbaceous species. Widely scattered bush-
es of Chrysothamnus nauseosus are the only evident shrubs,

Physiognomically, the Stips-Poa association js indis-
tinguishable from the Agropyron-Poa and Agropyron-Fes-
tuca associations of contiguous heavier-textured soils.

In following sandy soils eastward from the driest part
of the Columbia Basin, a point is reached where Artemisia
tridentata-Stipa stands are no longer to be found only be-
cause the dominant shrub extends no farther along the
climatic pradient. Beyond this point, which lies well
within the Agropyron-Poa and Agropyron-Festuca zones,
the Stipa-Poa association characterizes soils homologous
with those of the Ariemisia tridentata-Stipa h.t.

In ovecrgrazed areas, Bromus tectorum assumes domi-
nance, and Chrysothamnus nauseosus increases. At stand
168 (appendix B-10) Artemisia tridentata has invaded
mounds resulting from rodent excavations.

Soil properties that distinguish the Stipa-Pos h.t. from
those of the adjacent climatic climaxes have been included
in table 5. This h.t. differs from the Artemisia-Stipa and
Purshia-Stipa h.s. primarily in climate.

Soil profiles in the four stands analysed were divided
among Sierozem and Brown Great Soil Groups, and among
Mollic Camborthid, Calcic Haploxeroll and Typic Totri-
orthent.

Stand 168 is on Wacota loamy fine sand (Brown), a
Typic Torriorthent:

Al 0-4” Dark grayish brown (10YR 4/2m) or pale
brown (10YR 6/3d) loamy fine sand; single grain
and fine granular; nonsticky, noaplastic; friable, soft;
numerous roots; abrupt smooth boundary

AC 4-16” Dark grayish browo (10YR 4£/2m) or pale
brown (10YR 6/3d) foamy fine sand; siagle grain
nonsticky, nonplastic; friable, soft; frequent roots;
clear wavy boundary

C 16-38” Brown (I0YR 5/3m) or very pale brown
(10YR 7/3d) fine sand; siagle grain; nonsticky, non-
plastic; friable, soft; occasional roots; abrupt wavy
boundary

Dva 38”4 Grayish brown (10YR 5/2m) or white (10YR
8/2d) medium sand (volcanic ash); single grain; non-
sticky, nonplastic; friable, soft; no roots. (by W.
A. Starr).

At stand 86 the profile is a Shano very fine sandy
loam, volcanic ash variant, (Sierozem) and a Mollic Cam-
borthid:

At 0-5cm Dark browa (10YR 3/3m) very fioe sandy
loam; very weak medium platy; very friable when
moist, soft when dry; abrupt smooth boundary

AC 5-60cm Dark brown to brown (10¥YR 4/3m) fine
sandy loam; very weak coarse subangular blocky; very
friable when moist, soft when dry; gradual smooth
boundary

C1 60-135¢m Similar to above, except massive and contains
appreciable amounts of caliche fragments



Cez 135cm+ Grayish brown (10YR 5/2m) or light gray
(10YR 7/2d) loamy fine sand size ash; very calcare-
ous; fitm in place, noncoherent when disturbed.
(by R. A. Gilkeson).

The Stipa-Poa h.t. occurs in the both segments of the
Agropyron-Poa zone, but in the eastern segment it extends
no farther east than about Ceontral Ferry. It occusrs in
the Agropyron-Festuca zones wherever there is sandy soil.
It is well represented in western Montana alchough the
Stipa there is only about half as tall as in Washington.
In the Ruby Valley east of Dillon, Montana, Bromus tec-
torum grows thickly on gravel overturned ac the edges
of roadways, but seems unable to invade the Stipa-Poa h.t.
without equivalent disturbance, as it can in Washington.
Vzn Ryswyk, ec¢ al., (121) have documented the Stipa
comala-Poa association near Kamfoops, B.C.

Eriogosum niveum phase

An Eriogonum niveum phase of the Stipa-Poa associa-
tion can be recognized by the relatively large amount of
Eriogonum niveum: 6-10¢4 coverage in comparison with
0-1¢7 in the Stipa-Poa association.

Other conspicuous differences can be added (appendix
B-10). 1In the phase, Stipa comata has relatively low
coverage (1-10¢7 versus 50-95%); the soil is gravelly or
stony (rather chan deep sand or volcanic ash); and the
summed coverage percentages for the stands are only
44-560% (rather than 137-18192). Finally, there is an
important geographic distinction—the phase occurs in the
Artemisia tridentata-Agropyron and Artemisia tripartita-
Festuca zones, whereas the Stipa-Poa association appears
confined to the Agropyron-Poa and Agropyron-Festuca
zones.

Poulton (94) has recognized this vegetation type in
northern Oregoa.

Artemisia tripartita-Stipa comata h.t.

The Artemisia tripartita-Stipa comata h.t. is dis-
tinguished by having Artemisia tripartita as the principal
shrub 2nd Stipa comata as the principal perennial grass
(appendix B-10).

Physiognomically, Artemisia tripartita-Stipa comata
stands are indistinguishable from Artemisia tripartita-
Festuca stands.

In che stands sampled, the moisture equivalents of the
soils ranged from 9.9-12.3¢%, in comparison with a range
of 14.2-31.667 for Arlesmisia tripartita-Festuca soils. These
Stipa-dominated soils tend to differ from those of lower
zones in their lower pH (6.3-6.9 in the 5¢h dm, as com-
pared with 6.6-8.2), reflecting the higher moiscure balance
and deeper deposition of lime.

Soils shallow to bedrock (lithosols)

The lithosols considered here generally consist of a
thin fayer of frost-jumbled basalt blocks resting on the
jointed bedrock from which they were weathered. Typi-
cally, there is a wide hiatus in che size-class distribution
of particles in che rooting medium. For the most part, a
large proportion is stones, few pebbles, almost no gravel
or coarse sand; most of the interstitial material §s sandy
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loam or loam. Except for one h.t. this fine macerial is
closely similar to the nearby aeolian material of the zonal
soils. Morphologically, the soils vary from those that
completely lack visible horizon differentiation to those
that are aptly called pigmy profiles, with thin but well de-
veloped hotizoas.

Ac the juncture of z residual body of loess and an area
where the loess has been-eroded until 2 lithosol remains,
there is usually an abrupt vegetation discontinuity. Taller
vegetation with 2 much greater biomass usually gives way
to a moderately dense carpet of Poa secunda with foliage.
only about 5cm tall, over which low shrubs ot plants
of similar stature form a highly discontinuous second layer.
Usuzlly, the ground surface is conspicuously intercupted
by angular fragments of basalt. Like the loessal filling
between them, these fragments support a well-developed
lichen-bryophyte crusc (table 6).

The major characteristics of the substrate and the car-
pet of Poa are remarkably uniform throughout most of
the considerable area of such lithosols. However, the
species forming the taller layer differ from place to place.
They occur together in certain combinations, or segregate
as relatively pure stands. This tendency for segregation
of the oversiory species provides the most oBvious basis
for dividing the lichosols into h.ts.

At a number of places where shallow-soil and deep-
soil communities form a narrow ecotone, a flexible tape
was carefully laid along what was judged to be the center

Table 6. Representative mosses and lichens of the Artemisia rigida-
Poa association. See cable 1 for key to location of specimens.

MOSSES

On soil:
Bryum argemlenms lanatum
Ceratodon purpurens C
Grimmia slpestris C

C G. moutana C
Tortula ruralis C

On basalr scones:

Grimmia alpestris C G. decipiens C

On stems of Artemisia:
Grimmia alpeiris C

Oribotrichium affine C
LICHENS

On soil:
Acarospora ichleicheri
Candelaria vitellina H
Catillaria melaena Lecidea globifsra B

washingtoniana H L. Iwridella ¥

Cladonia pyxidata H L. russellii W
Deérmalocarpon acarosporoides Leptoginm lichenoides
pulvinarnm H

L. pilosellumm H

Peltigera canina H

Tortula ruralis C

W Diploschistes scruposus H

Lecanora cinerea H

D. bepaticum H
D. rufescens H
On basalt stones:

Caloplaca ct. atroalba
Candelaria vitellina H

w L. cyanea H

L. (pavimentany )

w

Lecanora calcarea W Parmelia conspersa H
L. gibbosa H Rhizocarpon bolanderi W
L. muralis H Verrucaria sp.

Lecidea atrobrunnea W

On stems of Artemisia:
Buellia layrvi-cassiae H
Candelaria vitellina W
Lecanora bageni W
Parmelia esasperata H

Physcia ascendens H
P. pulrverulenta H, W
Rinodina sopbodes H
Xanthoria polyecarpa H, W
On moss:

Cladonia carioss H



of the ecotone, and soil depth was determined at 100
equally spaced points along the tape. The purpose was
to determine the extent to which it might be possible to
obtain a quantitative expression of the point along a
gradient where soil depth becomes ecologically critical,—
e, to define "deep” soil and “shallow” soil jin terms
significant for this vegetation mosaic.

The mean value for soil depth in the middle of the
ecotones varied from 9.8 to 30.2 cm. Variation withia this
range was not related to annual precipitation over the
range of 230-480 mm, nor altitude over the range of 210-
700 m, nor to direction or degree of slope from 0-26¢/.
Correlations were in no way improved by calculating av-
erages after reducing the occasional large depth measure-
ments o 25, or 30 or 35 cm. The generalization is thus
warranted that soil depcth does not become critical until
the mean decreases to 10-30 ¢m, and microclimate and
macroclimate have no predictable influence on variations
in chis critical depth. In other words, 30 ¢m of loam, and
sometimes less, are adequate to support a climatic climax
in this vegetation mosaic.

Other depth measurements were usually made along
the line of coverage plots which were always well within
each of che stands studied. Variadions in soil depth at
these places likewise showed no consistent differences
among the h.ts. Neither was any other character of the
soil (pH, moisture equivalent, chemical analyses, mot-
phology of the profile) correlated with h.ts., despite the
fact that 2 person can often stand on a lithosol with one
foot in the margin of one associztion and the other in a
different association! Factors not included among those
measured must obviously determine which shrub domi-
nates. The faccor most strongly suspected is variation in
the nature of the fracture-system of the subtending basalt.

Geographic limitations to the areas over which the various
h.ts. are found suggest that macroclimate accounts for
some of the h.t. distiactions, but neither macroclimate nor
microclimace explains the juxtaposition of segregates thac
are frequently in proximity.

As a class, the shallow-soil communities are less sub-
ject to modification by livestock than any ocher series.
Except for lithosols in the rather moist eastern margin
of the steppe, Poa secunda is subject to so much sun and
wind influence, and frequent soil drouth, that its foliage
is too stunted to be attractive to the animals except when
feed is extremely short. Furthermore, in winter when this
plant is green, the filling between the stones is usually so
saturated and soft that hooves might as well be striking
directly against the bare edges of the angular fragments.
Livestock will develop trails accoss lithosols to get from
one area of deep soil to another, buc seldom do they graze
a lithosol significancly undil they have badly depleced all
other available forage. As might be inferred from some
of the foregoing remarks, these h.ts. usually have very
low forage potential.

Lithosolic h.ts. accur ia part on slopes, and in part on
flac areas that appear to have neither horizontal nor verss-
cal drainage. The flat areas commonly have water stand-
ing on their surfaces during periods of thaw in winter,
but since the vegetation there is no differenc from that of
nearby areas with sloping surfaces, it may be assumed
that the fracture systems of the subtending basalt are
generally characterized by water saturation during the
rainy season. This excessive wetness is conducive to con-
geliturbation and to the heaving of certazin species. Indi-
vidual plants of Poa secusnda are commonly lifted until
they are perched on mounds approximately Scm wide by
5cm tall (fig. 16).

16. Frost-heaved Poa secunda (hemispheric mounds about
4 ¢m high) and a young plant of Artemisia rigida (o
right of stake) that has been frost-lifted with about

10 cm of its tap root exposed. Land surface in this
Artenrisia rigida-Poa secunda stand 62 is level.
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"Frost boil” as it appeared on April 9 in an Eriogonum
thymoides-Poa serunda stand. Two rosettes of the
perennial Lewisia rediviva to the cight of the stake

Until Artemisia rigida is severa] years old it too is
subject to frost-lifting, and maay young plants do not
develop resistance to this force until about 15cm of their
tap root has been exposed by one or more episodes of
frost-lifting, which makes the bush appear much Jike 2
miniature apple tree (fig. 16). The subtending basale
muse play much the same role here as does permafrost in
arctic regions. “Frost boils” commonly form where in-
terstitial loam fis suddenly extruded through a weak place
in the freezing crust (fig. 17). The centrifugal thrust
sometimes toens pedestalled plants of Poa secunda on
their sides with the roots exposed. Pebble nets are often
discernible (fig. 18). WNear the southern edge of con-
tinental glaciation, huge inactive stoae nets formed during
glacial times are common in lithosolic h.ts. in Washington.

The combination of summer drouth and heat, alcer-
nating with winter wetaess and frost action, would seem
to make the lithosolic sites especiafly rigorous for vascular
plants, yet species diversity is often as great as on some
of the deep-soil h.ts. (appendix E).

In spring, the dark green of the Jichen-bryophyte crust
turns still darker as the vegetation desiccates. This, to-
gether with the black of any exposed basalt, makes the
lithosolic componeats of a landscape mosaic stand oot as
conspicuously dark patches, despite the brown tufes of
the tiny Poa. All of the shrubs, however, retain active
leaves during summer, showing clearfy the vital im-
portaace of moisture stored in the narrow confines of the
fracture system of the basalt.

There appears to be no regufar difference in either
soils or vegetation berween lithosols produced by glacio-
fluvial erosion, and those on ridges where only wind and
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have reestablished normal relations with the new sur-
face.

rain could have kept the basalt exposed.

Segregation of stands into associations is less sacisfac-
tory in ¢he lithosols than in any other series. Whereas
many stands are outstandingly dominated by single species
(Artemisia rigida, Eriogonum niveum, E. microthecum,
E. sphaerocephalum, E. douglasii, and Agropyron spica-
tunt), in 2 sizeable residue, dominance is variously divided
among a broad spectrum of species. Most of those in
the last group have been named after Eviogonum thymoides.
The segregation indicated in table 7 is not so artificial as
it seems, for study sites (appendix B-11 and B-12) were
selected to demoastrate variety rather than to show that
many hundreds of stands are clearly dominated by the
single species after which the types are named.

As a group, the shallow soils support the maximum dj-
versity of species in Allium, Eriogonum, Lomatium, Cruci-
ferae and suffrutescent plants (lumped wich other chamae-
phytes as fow shrubs in the tables). At the same time
with a single exception, they produce less grass per m?
per year than any other group of h.ts, in the sceppe. They
may be species-poor, presenting a drab and monotonous
appearance, or they may have high diversity and ac the
peak of flowering provide a handsome display of color.

The thick farinaceous roots of several species of Loma-
tium which grow abundandy on lithosofs (especially L.
macrocarpun, L. gormani, and L. canbyi were gachered
by the zborigines, dried, pounded into flour, moistened
and baked to make a hard biscuit. As this was one of
their main items of plant food, the food-gathering activi-
ties of early man could have influenced the amount of
Losmatiumm found in lithosolic vegetation today. Lewista
rediriva is another plant common to lithosols that was ex-



tensively dug (and still is to some extent) for its roots.

Rodents with burrows in adjoining babijtats where
the soil is deep evidently forage widely over lithosols, for
there is frequent evidence of digging for subterranean plant
organs, presumably the roots of Lomatium. The seeds of
Letvisia are so attractive to mice that the maturing ovaries
are often destroyed.

Artemisia rigida-Poa secunda h.t.

The Artemisia ripida-Poa secunda h.t. is recognized by
its supporting a community coasisting of a Poa secunda
layer that is overtopped by well-spaced bushes of the low
Artemisia rigida (fig. 19). In its typical form, other

18. Violence of frost action in lithosols attested by peb-
ble nets in Artemisia rigida-Poa secunda stand 50.
Decimeter segment of stake in upper right corner,

shrubs are rare. The soils are always thin and stony,
with basaltic bedrock immediately below.

As a rule, the Artemisia vigida-Poa association looks
monotonous and impoverished, for although the species
diversity may be high, it results from the inclusion of a
few individuals of many kinds of small plaats. Shantz
(107) recognized this extensive association as ‘‘scabland
sage,” but made no mention of the Pos layer (appendix
B-11).

Beneath the canopy of each Artemisia plane, the more
vigorous growth of Toriula and other mosses (table G),
combined with the litter of the deciduous shrub, tends
to build up a hemispheric mound that in wetter zones may

with pordion of Artemisia rigida in lower right corner
and Poa secunda scattered about.



Table 7.
appendix B-11 znd B-12.

Artem.
rigida

Eriog.

Association Stand thymo.

Haplo.
Steno.

Percentage canopy cover of the principal low shrubs and Agropyron spicatum in the lichosolic habicats sampled. Data extracted from
Stands incecpreced as intergrades ace not named.

Phlox
boodii

Briog.
doug!.

Eriog.
riven

Eriog.

Eriog.
sphaer. [

MEr0

Agrop.
spica,

29
27
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Artemisia ¢igida-Poa
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19
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Eriogonum doug.-Poa

Eriogonum niveum-Poa

:'—‘Vl\IN-l-
4+

Eriogonum microthec-Physaria
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Agropyron-Poa (lith.)
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become 2 dm thick. Poa secunda and Lithophragma bul-
bifera become especially abundant on such mounds. When
the Artemisia reaches the end of its life span, these hum-
mocks slowly disintegrate.

The absolute restriction of this community to basalt
is notable. The Upper Grand Coulee that sarks part
of the eastern boundary of Douglas Couaty is a gorge
formed by glacial floods that cut down through all the
basalt strata and well iato Colville granite below. At the
north end of the Coulee, thin soils on granite support
Eriogonum wniveum rather than Artemisia. But on travel-
ling southward down the floor of the Coulee, one sees
the line of contact between the overlying basalt and the
subtending granite descend, and with it the lower limit
of Artemisia rigida, uotil even the floor of the Coulee
becomes basaltic and this Artemisia is everywhere the
dominant shrub of lithosols.

In the southeastern quarter of the Washington steppe
region, it is common to find the Artemisia rigida-Poa and
Eriogonum niveum-Poa associations alternating with re-
markably sharp ecotones separating the stands on the
same basaltic outcrop. Where they occur on the same
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slope, either may lie above the other. On Badger Moun-
cain in western Douglas County, lithosols are occupied by
the Artemisia rigida-Poa association on the south slope,
but by the Eriogonum thymoides-Poa association on the
summit and norch slope. These sharp segregations con-
trast with the tendency for the Artemisia rigida-Poa associ-
ation to intergrade with several other lichosolic associations
(rable 7).

Artemsia rigida is preferred browse for wapiti, but
these animals do not range far enough into the steppe
to get into the area where the most extensive stands of
this shrub occur. Domestic livestock also consume the
Artemisia readily when grass forage is not plentiful, and
stands of severely hedged plants are not difficult to find.
Bromus tectorum is the most ubiguitous increaser.

Rickard (96) captured only one species of mouse in
the Artemisia rigida stand that he swudied (appendix D).

Soils identified in the Artemisia vigida-Poa h.t. were
divided between Lithic Argixeroll and Lithic Haploxeroll.

Stand 49, a Lithic Acgixeroll, is in the Festuca-Sym-
phoricarpos zone at about the cool-moist limits of the
association. The profile is a Gwin fine sandy loam:



Al 0-1” Very dark grayish brown (10YR 3/2m) or dark
grayish brown (10YR 4/2m) fine sandy foam; mas-
sive, vesicular, with common very fine and medium
pores; nonsticky, nonplastic, firm, slightly hard; pH
6.4, abrupt smooth boundary

B1 1-2.5” Dark brown (10YR 3/3m) or brown (10YR
5/3d) loam; massive, slight vesicular, with few fine
and medium pores; pH 6.4; nonsticky, nonplastic, firm,
slightly hard; numerous stones; abrupt smooth boun-
dar

B2 2.5-)’7" Dark brown (7.5YR 3/2m) or brown (7.5YR
5/3d) loam with frequent rock fragments and stones;
moderate medium and fine subangular blocky; slightly
sticky, nonplastic, firm, slightly hard, pH 6.4: clear
wavy boundary

D 7”4 Fractured basalt bedrock (by W. A. Starr).

Stand 114 is in the driest part of the Artemisia triden-
tata-Agropyron zone. The profile, a Lickskitlec very fine
sandy loam, is classed as a Lithic Haploxeroll:

A 0-4” Brown (10YR 4.3m or 10YR 5/3d) very fine
sandy loam with 7007 angular basalt stones; single
grain; nonsticky, nonplastic, friable, soft, pH 7.2; abun-
dant roots; clear irregufar boundary

B 4-8” Brown (10YR 4/3m or 10YR 5/3d) silt loam
with 4095 angutar basalt stones; moderate medium and
fine angular blocky; slightly sticky, nonplastic, firm,
hard; pH 7.2; numerous roots; abrupt wavy boundary

Il Dr 8”4 Fractured basalt bedrock (by W. A. Stacr).

The Artemisia rigida-Poa h.t. is the most widespread
member of the lithosolic series in the Washington steppe;
it occurs from the Artemisia tridentata-Agropyron rone up
into the forested slopes of the Cascades and Blue Moun-
tains as far as the Psewdotsuga zone. In the Bitterroot
foothills, however, it barely gains representation in the
Festuca-Symphoricarpos and Festuca-Rosa zones. It also
occurs in central (94) and southeastern (46) Oregon,
and in Adams and Washington Counties in Idaho.

Erz'ogom:m miveum-Poa secunda h.c

The Eriogonum niveum-Poa association consists of a
sward of Poa secunda associated with few to many indi-
viduals of the dwarf, white-leaved shrub Eriogonum
niveum (fig. 20). The shallow stony soil can be derived
from a variety of types of parent rock.

The sharp ecotones between Eriogonum niveum-Poa
and Artemisia rigida-Poa stands have been mentioned. In
an experiment, the Artemisia and Eriogonum were grown
from seed, separately and in mixture, in soil from an
Artemisia habicat and in soil from aa Eriogonum habicat.
The cultures were started in midwinter in a glasshouse
and moved out-of-doors aear Puliman in spring.

Throughout the experiment, soil moisture was brought
up co the field capacity often and both species developed
rapidly. Some of the Eriogomum plants flowered at the
end of summer. The shrubs developed equally on both
soils, and as satisfactory in mixed cultures as in pure.

19. Artemisia rigida-Poa secunda stand 49.



20. Ertogonum nirveum-Poa secunda stand 175,

Thus ¢he factor which determines the sharp ecotones in
the field appears to be connected with the environment of
the roots that penetrate the weathered fracture planes of
the parent rock, and has nothing (o do with the character
of the solum or biotic interference of one species with the
other. Unlike any other species among the dwarf shrubs
of lithosols, Eriogonum niveum rarely appears in mixture
with others.

Eriogonum niveum is also unique in jts vigorous inva-
sion of recently bared gravelly soils. Its success here sug-
gests the possibility of planting the species as an aid
in artificially stabilizing sandy or gravelly soils, despite
the limitations of its rosette-like form and tap root.

Eriogonum appears to recover well from cattle use,
even when the shoots are taken to the ground surface.
Grazing at this intensity results in the replacement of
Poa serunda by such annuals as Bromus tectorum, Festuca
pacifica and Erodium cicutarium.

The soil at stand 85 (appendix B-12) is a gravelly sift
loam lacking evident profile development:

0-10 cm Very dark grayish brown (10YR 3/2m) or gray-
ish browa (10YR 5/2d) stony and gravelly sil¢ loam;
vesicular; very friable when moist, soft to slightly hard
when dry; pressure faces between stones and soil com-
mon; abrupc ictegular contact with bedrock
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10 ¢m+ Somewhat fractured, vesicular basalt, relacively
unweathered; root mats extending into rock cracks
by R. A. Gilkeson).

Ac stand 175 the soil profile is a Bakeoven silt loam,
a Lithic Haploxeroll:

A 0-1” Very dark brown (10YR 2/2m) or grayish brown
(10YR 4/2d) silt loam; weak medium subangular
blocky and coarse granular; numerous roots; abrupt
smooth boundary

AC 1-3” Very dark grayish brown (10YR 3/2m) or gray-
ish browa (10YR 5/2d) loam; weak medium angular
blocky; slighely sticky, nonplastic; friable, slightly hard;
frequent roots; abrupt smooth boundary

Dr Highly vesicular platy basalt with very lictle inter-
seitial material (by W. A, Starr).

The Eriogosnum nivewum-Poa h.t. occurs mainly in the
eastern half of the Washington steppe. There, it alter-
nates with the Artimisia rigida-Poa, lithosolic Agropyron-
Poa, or Eriogonum microthecum-Physaria hits. Westward,
it extends into the Agropyron-Poa and Agropyron-Festuca
zones and from there southward along the western base
of the Blue Mountains into Oregon (94).

Eriogonum sphaerocephalum-Poa secunda h.t.
The Eriogonum sphaerocephalum-Poa h.1. is recognized



as a lithosol supporting a Ponr secsmda layer, with Eringo-

mum spbaerocephalum the principal member of the low

shrub layer (appendix B-12).

The soil profile at stand 44 is a Lickskillet silt loam,

a Lithic Haploxeroll: '

A 0-3” Light brownish gray (10YR 6/2d) or very datk
brown (10YR 2/2m) silt loam with considerable grit
and fine rock fragments; moderate medium to coarse
subangular blocky, tending toward medium platy and
vesicular in the upper part: fiom, slightly hard, slightly
sticky, nonplastic; numerous roots

B 3-7” Brown (7.5YR 4/2d) or dark brown (7.5YR 3/2m)
silt Joam: weak medium and fine subangular blocky;
sticky. slightly plastic; numerous roots

Dr 7” Fragmented basalt (by W. A, Starr).

Stand 116 was on a Bakeoven loam, a Lithic Hap-
loxeroll:

A1l1 0-2” Reddish yellow (7.5YR 6.6d) or dark brown
(7.5YR 3/4m) loam; moderate coarse platy; slightly
firm, hard, nonsticky, nonplastic; pH 7.0; numerous
roots

21. Eriogonum douglasii-Poa secunda stand near Satus
Peak, Klickitat County, Washington. The side of a
road cue blasted into the basalt shows the shallowness
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A12 2.5-4,5” Strong brown (7.5YR 5/6d) or dack brown

(7.5YR 3/4m) loam; moderate medium and fine sub-.
angular blocky; slightly sticky, nonplastic; pH 6.9; oc-
casional roots

B1 4.5-7.5” Strong brown (7.5YR 5/6d) or dark brown
7.5YR 3/3m) clay loam; weak medium and fine sub-
angular blocky: moderately sticky, moderately plastic;
pH 6.9: numerous roots

B2 7.5-8.5" Yellowish red (SYR 5/8d) or dark reddish
brown (5YR 3/4m) clay loam; weak fine subangular
blocky: sticky, plastic; pH 6.9; occasional roots (by W.
A, Starr).

The Eringonnm sphaerocephalum-Poa h.t. occurs in the
Artemisia tridentatn-Agropyron, Artemisia tridentata-Fes-
tuca and Artemisia tripartita-Festuca zones.

Lriogonum donglasii-Poa secunda h.t.
‘The Eriogosum douglasii-Poa secunda h.t. is recognized
as a lithosol supporting a Poa layer. Eriogonnm donglasii

is the principal menmiber of the Jow shrub layer. See appen-
dix B-12 and fig. 21,

of the soil and pattern of jointing in the bedrock to
good advantage.



The soil profile at stand 47 is an unnamed loam classi-
fied as a Typic Argixgroll:

Al 0-4” Light gray (10YR 7/2d) or very dark grayish
brown (10YR 3/2m) loam; with 159 rounded quartz-
itic gravel; mixed weak, fine granular, fine subangular
blocky, and single grain; slightly sticky, nenplastic; fri-
able, soft; pH 6.4; abundant roots; clear wavy boun-
dar

Al12 4->’8” Light gray (10YR 7/2d) or very dark grayish
brown (10YR 3/2m) silt foam, with 100 rounded
quartzitic gravel; mixed weak, medium and fine sub-
angular blocky and weak medium and fine graoular;
slightly sticky, slightly plastic, friable, soft; pH 6.3;
numerous roots; abrupt smooth boundary
& A2 8-14” Dark brown (7.5YR 3/2m) clay loam
with 1007 rounded quartzitic gravel; moderate, medium
subangular blocky with many conspicuous gray coatings
on peds and some peds vesicular; slightly sticky, mod-
erately plastic, firm, slightly hard; pH 6.3; frequent
roots, abrupt wavy boundary

14-23” Dark brown (10YR 3/3m) clay with 10%

rounded quartzitic gravel; massive; very sticky, very

plastic, very firm, very hard; pH 5.6; occasional roots;
zbrupe irregular boundary

Dr 23”4 Fractured basalt (by W. A. Starr).

The Eriogonum douglasii-Poa h.t. is found mainly
along the flapk of ¢he Cascades from Ft. Simcoe south-
ward, in the Artemisia tridentata-Agropyron and Purshia
zones.

B1

B2

Eriogonum compositum-Poa secunda h.t.

The association distinguished by joint dominance of
Eriogonum compositum and Poa secunda appears restricted
to the Festuca-Hieraceum zone. Many stands have been
seen there, but none has been srudied.

Eriogonum thymoides-Poa secunda h.t.

In tha Fringnnnm IB}:mnc'Jn_c-Dnn bt rhers ¢ a rela.
tively rich mixture of low shrub among which Eriogonum
thymoides and Haplopappus stenopbyllus are commonly
codominant (appendix B-11). Poe secunda is again the
chief grass present.

Table 4 shows that this association intergrades freely
with the Artemisia rigida-Poa association, so chat by infer-
eace the environment must be very similar. However, here
there occur a number of species with showy flowers, es-
pecially E. thymoides, with some plants having sulfur-
yellow capitula and others in the same stand having dark
red, Haplopappus, Viola and Phlox, so that the stand pro-
vides 2 magnificent floral display early in June. Typical
Artemisia rigida-Poa stands, of which there are many
hundreds, are in contrast very drab ac alf seasons.

Stand 46 is on a Gwin stony loam, which is a Lithic
Argixeroll:
Al 0-3¢cm Light brownish gray (L0YR 6/2d) or dark
brown (10YR 3/3m) loam; weak fine granular to
single grain; pH 6.5; numerous roots
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A3 3-11cm Light brownish gray (10YR 6/2d) or dark

yellowish brown (10YR 3/4m) loam; weak to mod-

erate medium subangular blocky, reducing to fine sub-

angular blocky ¢to medium granular; pH 6.8; roots

aumerous

11-17cm Pale brown (10YR 6/3d) or dark brown

(10YR 3/3m) clay loam; moderate medivm to fine

angufar blocky; with frequent basalt pebbles and frag-

meats and numerous basalt stones pH 6.5; frequent

roots

B21 17-25cm Dark yellowish brown (10YR 3/4d) or dack
brown (10YR 3/3m) clay loam, mixed with basalc that
is fractured in vertical planes and beginning to weather;
BI1 above is tongued down into fracture planes of ba-
salt; pH 6.6

B22 25-29cm Datk brown (10YR 3/4d) or very dark
grayish brown (10YR 3/2m) clay loam developed
principally as facings on fractured basalt blocks and
tongued down into D; pH 6.3

B23 29-32cm Fractured basalc with clay loam facings as
above; pH 6.4

B24 (D) 32em+ Fractured basalt with clay loam or silty
clay loam facings as above; pH 6.4

D Partially fractured basale. (by=W. A. Searr)

B1

Stand 141 1s on Bakeoven loam, a Lithosolic Chestnut
and a Lithic Haploxeroll:

Al 0-5” Light brownish gray (10YR 6/2d) or very dark
grayish brown (10YR 3/2m) silt loam with 1074
angular basal pebbles; mixed weak coarse platy, weak
medium subangular blocky, and weak fine granulac:
slightly scicky, slighdy plastc, friable, slightly hard;
vesicular; pH 6.8; roots abundant in surface inch, num-
erous below; abrupt smooth boundary

& A2 5-8” Brown (10YR 5/3d or 10YR 4/3m) silt
loam with 3007 stones; weak medium subangular blocky,
ped surfaces with distinct gray silica coatings; slightly
sticky, slightly plastic, firm, slightly bard; pH 6.4;
roots frequent; clear wavy boundary

8-12” Brown (10YR 5/3d or 10YR 4.3m) clay loam
with G0% stones; moderate medium and fine angolar
biocky; moderacely sticky, moderately piastic, firm,
hard; vesicular; pH 6.5; occasional roots; abrupe irregu-
lar boundary

Dr 1”+Fractured platy basalt.

B1

B2

(by W. A. Starr)

The Eriogonum thymoides-Poa h.t. tends to be centered
on the driest part of the Columbia Basin, but in this
area it ascends to the Pseudotsuga zone in both the Cascade
foothills and on Badger Mountaio in Douglas County.

Erio gonum microthecum-Physaria oregana h.t.

The Eriogonum microthecum-Physaria oregana h.t, is
distinguished by having E. microthecum as the only con-
spicuous shrub, by the high constancy of Pbhysaria oregana,
and by 2 coarse and manifescly unstable rooting medium
thac has been derived from hydrothermally altered basalt.

Eriogonum wmicrothecum laxiflorum, Physaria oregana
and Mentzella laevicaulis acumingta form a distinctive
group of characteristic species for this h.c, zad provide
neacly all ¢he biomass as well. The near abseace of both



a Poa secunda (appendix B-12) and a moss-lichen crust,
which are coaspicuous on all other lithosolic h.ts., must
be related to substrate instability in large measure, for the
few representatives of these elements are nearly all clus-
tered about Eriogonum bushes that tend to create small
enclaves of relatively stable surface. Eriogonum wmicrothe-
cum is easily the tallest of the shrubs found on lithosols
in the Washington steppe, commonly rising to a height
exceeding half a meter (fig. 22). '

Nearly all the basalt that is exposed over the Columbia
Basin is hard and brictle; the fracture systems resemble
those in Figs. 21 and 23. However, intercalated layers
of basaft with markedly different properties occur ia a
few pfaces along the south-facing slope of the Snake River
Valley east of the mouth of Steptoe Caayon in southern

Whitman County, Washington. This material is hydro-
tbermally altered and incricately fractured. Despite the
fracturing, the rock is so fiem that it can be broken apart
only with blows from a metal pick; yet the roots of
Eriogonum have been followed 8 dm into the rock where
they had made their way following the larger pores,
and possibly enlarged the passageway through pressure
and/or solution. Weacthering of this material yields par-
ticles mainly of coarse sand to gravel size. About 30-4093
of the particles won’t pass a 2 mm screen, Such material
forms a2 very thin and unstable veneer over the outcrop-
ping.

The peculiarities of this substrate extend to its chemical
composition. Analyses of bulk samples obtained from two
of the study sites showed that the <2 mm fraction, in

22. Eriogostum microthecum-Physaria oregana stand 179
with the tape along which sample plots were dis-
tributed. Upper right corner is in a Sporobolus-Poa

habitat with Bromus tectorum and Chrysothamnus
nauseosus conspicuous at this season.
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comparison with a nearby stand of Agropyron-Poa, has
high pH (7.6-7.9), low organic matter (0.2-0.3%), high
cation exchange capacity (28-31 meq/100g soil), very high
Ca (9,000-11,000 lb/acre, and 22-23 meq extractable Ca/
100g soil), high soluble Na (0.22-0.29 meq/100g), and
low P (2.5 Ib/acre).

The extremely limited occurrences of this h.t. in the
Agropyron-Poa zone of southeastern Washington seem to
represenc the northern termiaus of its range. It has been
observed in abundance on the east side of the Snake River
northward from Pittsburgh Landing, Idaho. Undoubtedly,
many such sites occur over the rather inaccessible slopes
of canyons here and in contiguous Oregon. The “Picture
Gorge basalt” described by Waters (123) appears at least
similar to the Snake River outcrops that support the
Eriogonum microthecum-Physaria stands the writer has
seen, and may provide clues as to the locations of addi-
tional stands in Oregon.

Agropyron spicatum-Poa secunda h.t.,
lithosolic phase

The lithosolic phase of the Agropyron-Poa h.t. is dis-
tinguished by having Agropyron spicatum and Poa secunda
as the two major dominants, this phase occurs on very
shallow soil (usually much less than 35cm deep) over
bedrock (fig. 23).

The Agropyron-Poa association and its lithosolic phase
differ chiefly as to their subordinates (appendix B-3). In
the latter, Chrysothamnus is rare and Planiago was not
encountered; whereas in the former, both were regularly
present,  Allium, Briogomum and species of Lomatium
other than L. macrocarpum and L. triternatum are also
common on lithosols but rare on deep soils. The ecotypes
of Poa secunda in the lithosolic Agropyron-Poa h.t. are
distinctly taller and more robusc than those of most other
lithosols, thus approaching P. canbyi or P. ampla as-tra-

23. Profile of a stand of Agropyron-Poa, lithosolic phase,
showing the fractured basalt beneath the thin layer of

stoay soil. Stand 143 is on the slope above this point.

47



24. Late winter picture showing completeness of use of
Agropyron spicatum to the left of the fence in this

ditionally recognized in taxonomic manuals. Perennial
forbs provide about seven times as much coverage in the
lithosolic member of the pair under comparison (a2ppendix
B-3). However, these forbs are mainly small species with
finely divided leaves, so the forb difference is not apparent
in the field.

There is a tendency toward lower coverage of both
Agropyron and Poa oa the shallow soils, and productivity
there may be slightly less. However, in the whole spec-
trum of shallow-soil communities, the lithosolic Agropy-
ron-Poa h.t. is by far the most productive, mainly by vircue
of the well-developed overstory of Agropyron that occurs
in place of a sparse overstory of low shrubs. Since soil
depth and quality are comparable with other lithosolic
h.ts., higher productivity is a consequence of climate that
permits Agropyron to dominate.

Although after the grass has matured the caespitose
ecotype of Agropyron can be grazed down to the soil sur-
face without significant damage to the ecosystem (figs. 24,
25), grazing while che plant is flowering or forming fruits
is always injurious and allows Bromus tectorum to increase
in the habitac. Young (130) erroneously assumed that
before the era of livestock, Festuca idaboensis was present
in lithosolic Agropyron-Poa stands which occur in the
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lithosolic Agropyron-Poa habitat. Surface stones were
thrown here by blasting nearby.

Festuca-Sympboricarpos zone.
absent from the h.t.

The soil profile at stand 97, in the Agropyron-Festuca
zone, is a Bakeovea silt loam and a Lithic Argixeroll:

Al 0-2” Dark brown (7.5YR 3/2m) or brown (7.5YR
4/2d) silt loam, layered within a stone pavement in
places; moderate medium and fine graunlar, vesicular,
cloddy; some tendency to weak medium platy; slightly
sticky, nonplastic, friable, slightly hard; pH 7.4; very
few roots; abrupt smooth boundary

2-4” Dark brown (7.5YR 3/2m) or brown (7.5YR
5/2d) clay loam with frequent stones; moderate fine
and medium angular blocky; sticky, plastic, firm, hard;
pH 6.9; numerous roots; abrupt smooth boundary

4-6” Dark brown (7.5YR 3/2m or d) silty clay loam
with frequent stones; moderate medium and coarse
angular blocky; very sticky, very plastic, firm, hard;
pH 7.0; frequent roots; abrupe smooth boundary

D 6"+ Fractured, sharply angular basalt rock (by W.

A. Starr).

The soil profile at stand 143, in the Festuca-Symphor:-
carpos zone, is also a Bakeoven siit loam, but a Lithic
Haploxeroll:

Al 0-3” Brown (10YR 5/3d) or dark brown (10YR

This grass is universally

B1

B2



3/3m) silc loam with 109% basaltic pebbles; mixed
moderate medium platy 2aad medium and fine subangu-
lar blocky; slightly scicky, slightly plasdic, firm, slighely
hard; pH 6.8; profuse roots; abrupt smooth boundary
Bl 3-6” Brown (7.5YR 4/4d) or dark brown (7.5YR
3/2m) sile loam with 4064 scones; moderate mediom
and fipe subangular blocky: slightly sticky, nonplastic,
firm, slightly hard; pH 6.6: numerous roots; clear wavy
boundary
B2 6-11” Brown (7.5YR 4/2d) or dark brown (10YR
3/2m) clay loam with 7077 stone; moderate fine sub-
angular blocky; moderately sticky, moderately plastic;
firm, slightly hard; pH 6.4; occasional roots; abrupt
irregular boundary
IT Dr 211”4 Fractured basale bedrock (by W. A. Starr).
The lithosolic Agropyron-Poa h.t. occurs in the Pestuca-
Symphoricarpos, Festuca-Rosa and Agropyron-Festuca
zones. les best representation is in that part of the last
zone south of the Snake River. Tbhere it occupies exten-
sive south-facing slopes, with the Agropyron-Festuca asso-
ciation on deep soils of gentle slopes or north exposures.
It will be recalled that the Agropyron-Poa association also
extends into the Agropyron-Fesiuca zone, chiefly on deep
soils of south-facing slopes in the dry edge of the zone.

25. Later picture of the same area shown in figure 24,
Close use of Agropyron during the dormant season
has had no significant effect on productivity. In the
ungrazed area to the right, the grass bunches are

Saline-alkali soils

All parts of the Washington steppe except the moist
margins have local areas, mainly on poorly-drained valley
fill, where salt accumulated as inflowering subsurface wa-
ter evaporated. Not only does salinity exceed the toleraace
limits of cthe average land plant, but the Na ion is so abun-
dant that these saline soils seem always to have detrimen-
cally high pH as well. Texturally, they run che gamut
from sands to very heavy loams.

Saline-alkali soils in Washington are linked by a com-
mon carpet of Distichlis stricta, a perennial, strongly
rhizomatous grass chat forms 2 dense sward with practicai-
ly all the herbage below 20cm. Ecotones where this
Distichlis sward meets upland types of vegetation are us-
ually very sharp. Unlike most of our dominant grasses,
Distichlis remains dormant 21l winter. New tillers appeast
onty after the return of warmch in late April; but once
the shoots appear, they remain green in summer when the
upland grasses go into aestivation.

Another outstanding even if fess conspicuous character
of all the h.ts. in this series is the apparent bareness of the
fine-textured soils between the vascufar plaats. I all
other h.ts. of the steppe save the Eriogonum microthecum-

lighter in color owing to the preseace of old bleached
shoots.  Sisymbrium altissimum, a tall annual forb
thac is favored by disturbance, is coospicuous in the
grazed area.



Physaria h.t., the soil is covered by an essentially continu-
ous crust of fine-textured mosses and lichens.

Superimposed over the Distichlis sward, one usually
finds an open stznd of either the deciduous, succulent-
leaved shrub Sarcobatus vermiculatus, or the large, coarse
bunchgrass Elymus cinereus. Often the Sarcobatus-Distich-
lis and Elymus-Distichlis associations are distinct, even
when contiguous, but intergrades are common. The floras
of all three of che halophytic h.ts. recognized are typically
rather improverished.

Except where artificial drainage has been iastalled, al-
most the only use of saline-alkali areas has been grazing,
because they furaish green forage all summer while upland
grasses desiccate, it seems impossible to find areas where one
can be confident that the vegetation has not been somewhat
altered by domestic animals. For this reason, vegetation
analyses have been made only at the reconnaissance level.

The heavy grazing to which most saline-atkali areas
have been subjected leads ultimately to dominance by aa-
nuals such as Bromus tectorum, Lepidium perfoliatum and
Bassia byssopifolia, but the Distichlis itself is highly
tolerant of grazing. Only severe use, involving some use
also of the less palatable associates Elymus and Sarcobatus,
will bring about its displacement. The introduced Lepi-
dium, a very common plant on severely discurbed upland
soils, is most successful in competition with native vegeta-
tion in the saline-alkali h.ts. There is some evidence of
ecotypic differenciation of this species into halophytic and
glykophytic races (15).

At each ecotone between the Elymus-Distichlis asso-
ciation and an upland community, the Elymus extends
beyond the apparent limits of salinity. Sarcobatus, and
especially Distichlis, are more closely confined to saline-
atkali soils.

Upland grasses are markedly intolerant of saline-alkali
soils, but Chrysothamnus spp. and Ariemisia tridentata
have a degree of tolerance. As an example, the following
data represent analyses from a rare stand of Artemisia tri-
dentata-Distichlis jn the Avrtemisia tripartita-Festuca zone.
(Another stand of this character has been noted about 1
mile north of Broadview, Montana.)

Soil depch Moistuce pH pH after Conduct.
dm equiv. (paste) dilution® (mmho/cm?2)
t 238 9.5 9.7 1.5
2 23.6 8.9 9.2 0.9
3 250 9.6 9.7 1.4
4 9.9 9.9 3.4
5 21.3 99 9.9 4.6

*1:50 with water

These data show that Dayton’s statement that Ar-
temisia fridentata is “mackedly intolerant of alkalinity,
both in soil and subsoil” needs qualification.

All three of cthe h.ts. recognized have similar zonal dis-
tribution. They occur in the Artemisia tridentata-Agropy-
ron, Artemisia tridentata-Festuca, Agropyron-Poa, Agropy-
ron-Festuca and Artemisia tripartita-Festuca z0nes.
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Distichlis stricta h.t.

An apparently pure sward of Distichlis stricia charac-
terizes this h.t. Only a small fraction of the saline-alkali
areas in Washington fits this category (fig. 26), and no
stands have been analysed in the present study.

Despite the fact that highway maintenance in this area
does not involve salting, Distichlis commonly invades the
shoulders of roadways immediately adjacent to the pave-
ment where one would not suspect natural salinity.

McLean (78) reports this h.t, as far north as Kamloops,
B.C.

Fairchild and Willson (41) analysed the soil algze in
a Washingron staad clearly identified with the Distichlis
stricta association. They fouad 13 spp. of Cyanopbyta, 4
of Chlorophyta, and 2 of Chrysophyta.

Blymm cinerens-Distichlis stricta h.t

The Elymus-Distichlis h.t. is recognized by its support-
ing a two-layered 2ssociation consisting of a continuous
phase of the short Distichlis stricta, with well spaced
bunches of Elymus cinereus superimposed. The latter
commonly exceed 2m in height when the inflorescences
bave matured (fig. 27).

The ecotype(s) of Elymus cinereus in Washington have
decidedly more coarse textured and harsh foliage than
those the writer has observed in the Great Basin, Un-
doubtedly, for this reason the grass is little used by live-
stock except in spring when the leaves first expand. The
associated Distichlis is preferred most of the year. Under
continuned heavy use, however, the bunches dwindle in size
progressively. According to Cotton (19) Elymus was sec-
ond in importance to Agropyron as a native forage grass
in the Yakima Valley, and was extensively cut for hay
there in the early days of settlement.

Aa Elymus-Distichlis stand along the highway just east
of Dusty has been burned anaually for many years by high-
way ‘‘clean-up” crews, but the plants continue to show
high vigor and vitality.

A description of the profile (Pedigo silt loam, saline
variant) in a very typical Elymus-Distichlis stand (SE 14,
SW 14, Sec.3, T15N, R45E), but one not included in the
reconnzissance analyses, has been provided through the
courtesy of R. Chapin of the Soil Conservation Service:

A1l 0-6” Dark grayish brown (10YR 4/2d) or very dark
brown (10YR 2/2m) silt loam; weak fine platy; slight-
fy bard, friable, slightly sticky, nonplastic; pH 9.4;
slightly effervescent; clear smooth boundary

A12 6-20”” Dark grayish brown (10YR 4/2d) or very dark
brown (10YR 2/2m) silt loam; moderate granular to
weak platy; slightly hard, friable, slightly sticky, non-
plastic; pH 8.9-9.2; strongly effervescent; clear smooth
boundacy

A13 20-26” Dark gray (10YR 4.5/1d) or very dark gray
(10YR 3/im) silt loam; moderate medium granular;
slightly hard, friable, stightly sticky, nonpfastic; pH
8.9; strongly effervescent; roots abuadant in this and
above horizons, few below; ctear wavy boundary.



26. Zonation of vegetation around a saline playa. Sur-
rounding the barren cencer is a broad belt of Distich-
lis stricta, then a narrow belt of Sarcobatus-Distichlis,

C1 26-35” Light gray (10YR 7/1d) or dark grayish brown
(10YR 4/2m) silt loam; moderate subangular blocky;
hard, firm, slightly sticky, nonplastic; pH 8.9; stroagly
effervescent; clear wavy boundary

C2 35-44” Light gray (10YR 7/1d) or dark grayish brown
(10YR 4.5/2m) very fine sandy loam; massive; soft,
very friable, nonsticky, nonplastic; abrupt smooth
bouadary

IIC3 44-78” Light gray (10YR 7/1d) or dark grayish
brown (10YR 4/2m) silc loam; massive; hard, firm,
nonsticky, slightly plastic; pH 9.0; strongly efferves-
cent; water table at 52 on July 15, 1968.

Poulton (1955) recognized the Elymus-Distichlis as-
sociation in northern Oregon, and I have seen stands as
far south as Nevada. McLean (78) reports their occur-
rence as far nocth as Kamloops, B.C.

Sarcobatus vermicnulatus-Distichlis stricta h.t.

The Sarcobatus-Distichlis h.t. is recognized by a sward
of Distichlis over which are scattered bushes of Sarcobatus
vermiculalus growing 1-2m tall (fig. 28).

Ordinarily, Sarcabaius is little used by livescock, but
under heavy grazing pressure the shrubs become smaller
and develop a compact canopy of foliage, with Bromus
tectorum teplacing the Distichlis. Rickard (102) showed
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with Artemisia tridentata-Agropyron steppe on still

higher ground in the distance. Grand Coulee.

that in a Sarcobatus stand where Distichlis had presumably
been replaced by Bromus because of past heavy grazing,
winter rains moistened the soil profile no deeper than
6dm. However, the negligible transpiration of the leaf-
less shrub in winter allowed so much water o be stored
in the soil that the following spring Bromus was dis-
tincely more productive here than in a nearby area where
the only shrub was the evergreen, Artemisia tridentata.

Fire Kills Sarcobatus back only to the ground surface,
and sprouts from the root summit appear promptly after-
ward.

Preliminary tests of the upper Scm of the soil at 10
locations in 2 Sarcobatus-Distichlis stand confirmed previ-
ous findings (42) that Sarcobatus raises soil pH directly
beneath the canopy, bur did not indicace higher sal¢ ac-
curnulation as found in Utah:

pH (soil paste) mmho/cm?  (sar. exer.)

between under bertween under
Sarcobatns Sarcobatns Sarcobatng Sarcobatus
9.4 10.0 3.4 5.0
94 10.0 4.0 5.5
9.4 10.0 453 5.5
9.7 10.0 6.0 5.7
99 10.1 7.0 12.0



27. Stand of Elymus cinereus-Distichlis stricta norchwest

Because of these tests, soil sampling to compare pH
and salinity among h.ts. (figs. 29, 30) was restricted to
places in the Distichlis matrix remote from any of the scae-
tered large plances, for that is where new seedlings get
established.

As a general rute, conductivities less than 4 mmho/cm
represent the glykophyte range; fewer and fewer species
tolerate salinity as a conductivity increases from 4-16
mmho/cm.  Only well-adapted hatophytes tolerate stifl
higher values. Elymus is on both nonsaline and saline
soils, but was never found where the surface soils were as
extremely saline as in some Distichlis and Sarcobatus
stands. The species must be consideced a facultative halo-
phyte. and tests have shown thac its broad ecologic ampli-
tude is more likely due to genetic plasticity than 10 eco-
typic differenciation (15).

In view of che above, halophytic zonadon with oaly
the Distichlis sward nearest the center of a saline playa
must therefore reflece mainiy a superior endurance of poor
aeration than the Elymus occurring on slightdy higher
ground. The teadency toward restciction of Sarcobatus
to still higher ground may reflect either higher soil aera-
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of Ewan, Whitman County, Washington.

tion requirements, or greater tolerance of salt, which may
become more concentrated there as the dry season ad-
vances. As others have concluded from their obsecvations,
minimal salinity values do oot seem critical; ie., halo-
phytes do not require high salinity.

In general, species pH ratings parallel salinity ratings
(fig. 29, 30). This shows that Na conteat and total elec-
trotytes are positively correlated, but Arfemisia appears
more tolerant of relatively high alkalinity than of high
salinity. Since Artemisia and Sarcobatus commonly occur
mingled in intergrade stands, the pH data reflect this field
celationship more closely than do the salinity daca.

In summary, the sharp ecotones between uplands with
such grasses as Agropyron spicatum, Stipa comata, and Poa
secunda, and lowlands where these species are spatially
replaced by Distichlis, are well correlated with mutually
exclusive ranges of pH and salinity in the upper meter of
the soil profiles. Distichlis and Sarcobatus closely resem-
ble each other in tolerance of high salinity and pH. Both
seemt more tolerant than Elymus, which is only 2 faculta-
tive halophyte. The 20nal relations wichia the halophyte
series are determined by some factor or factors not here



28. Stand of Sarcobatus vermiculatus-Distichlis stricta east

considered, possibly soil aeration, or salinity intensification
during late summer. Artemisia tridentata is commonly
associated with Sarcobatus in habitats that otherwise would
pass as Sarcobatus-Distichlis h.t., but is not commonly as-
sociated with Elymus and Distichlis. This closer affininity
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29. Total observed ranges of conducdvity by decimetet
horizoas. For the soils supporting Agropyron, all
soils were sampled to 2 meter depth; buc in some of
the other soil groups, high water tables interfered
with getting as many samples of the lower horizons
as are indicated. The high salinities for Artemisia
were all obtained at a site that was not sampled below
5 dm, and it mighc be expected that the values contin-
ued to increase with depth.

53

of Sams, Yakima County, Washington.

of Artemisia with Sarcobatus, considered in respect to jts
well-known sensitivity to poor soil aeration, strengthens
the topographic inference as o a difference in zeration re-
quirements of Sarcobatus and Elymus.

Rickard (99) bhas observed Artemisia tridentata dying
in a stand where it is mixed with Sarcobatus. The soil
here has been eroding because of excessive grazing in the
past. Therefore, he jnterpreted the changing shrub ratio
as the resulc of loss of a relatively nonsaline surface layer
on which the Artemisia has been dependent, so that a
greater proportion of the profile is now saline. Other
refevane data on the ecology of Sarcobatus in Washington
bave been presented by Rickard and Cline (100, 101, 102,
103).

The Sarcobatus-Distichlis association has been reported
for Oregon by Poulton (94), and I have seen stands in
Wyoming, Utah and Nevada. In Washington it has
not been seen except in the Artemisia tridentata-Agropy
ron and Artemisia iripartita-Festuca zones.

Nonsaline soils that are more moist
than zonal soils

Here are included deciduous forest and woodland or
tall scrub occurring within the general limits of the steppe
region, and where the dominaace of these life forms is
obviously related to more abundant and dependable sup-
plies of soil moisture than are provided by zonal soils.
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30. Total ranges of observed soil pH by decimeter hori-

zons. Limitations indicated in figure 29 also apply
bere. The area representing the upper 5 dm has been
stippled to facilitate separate visual comparisons
among upper and lower soil levels.

Only the best-defined types of riparian forest and wood-
land are treated, since there appears to be considerable
variety to vegetation in this category, little total area is
involved, and disturbance has been so widespread that
much time would be required to define all the reasonably
distinct habitat types. Extensions of coniferous forest into
the steppe region, as on certain lithosols or the protected
slopes of deep valleys, have been considered in a previous
study (29).

Crataegus douglasii-Symphoricarpos albus h.t.

Distinguishing criteria of climax vegetation in the
Crataegus-Symphoricarpos h.t. ate the presence of an al-
most complete cover of woody plants about 5-7m tall, in
which Crataegus dosglasii is dominant, the presence in the
undergrowth of Sympboricarpos albus, and often of
Spiraca betulifolia as well. The sharing of herbs common
to the Festuca-Symphoricarpos association is also highty
diagnostic, especially Achillea millefolium, Besseya rubra,
Galium boreale, Geranium wviscosissimum, Iris missourien-
sis, Lithophragma parviflora, Potentilla arguta, and P.
gracilis. Heracleum, Hydropbyllum fendleri, and Populus
are uarepresented,

Crataecgus stems are usually clustered from the base or
from a point just a few dm above the soil surface. Since
many of the thorny shade-killed lower branches persist in-
definitely, the vegetation has much the character of 2 rhick-

1.0
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et, through which it is difficult for a person to make his
way. Amelanchier alnifolia and Prunus virginiana, shocter
in other steppe h.ts., commonly grow tall enough here to
become minor constituents of the dominant canopy. Cra-
tacgus columbianum is occasionally represented in small
amounts. Coverage of this tall shrub overstory usually
varies between 65-1009.

Coverage of the medium shrub layer varies inversely
with the denseness of the canopy overhead (appendix
B-14). This layer is represeated by the Symphoricarpos
union (Sympbhoricarpos albus, Rosa nutkana, R. woodsii,
and Spiraea betulifolia) that occusrs also as an element of
the hecb layer in the Festuca-Symphoricarpos assodiation,
dominates the shrub phase of the latter, then forms the
characteristic undergrowth of Pinus ponderosa-Symphori-
carpos and Pseudotsuga menziesii-Symphoricarpos forests
in the surrounding mountains (29).

In the herb stratum of the Crataegus-Symphoricarpos
association, Montia perfoliata and Galium aparine ate the
most characteristic plants, even if they are not diagnostic.

Presumably because of the sudden and heavy leaf cast
in autwmn, epigeous cryptogams are lacking. However,
mosses tend to cover all of about the lower 3dm of the
Crataegus trunks, dwindling upward to a maximum eleva-
tion of about 3m. Fine textured lichens cover most of the
remaining bark sucface, but are not conspicuous.

Crataegus stands support a rich avifauna, relative to
other components of the vegetation mosaic, even during
the leafless period (45). The besries dry on the twigs and
supply significant amounts of food for fructivorous birds,
at least in autumn. The divaricately branched stems seem
to have special attraction for cover and nesting. Black-
billed magpie nests are built mainly in Crataegus crowns,
and long-eared owls then find the tops of old magpie nests
good foundations for nests of their own. Some of the
smaller birds such as thrushes and vireos inhabit only the
Crataegus of steppe vegetation and seem unable to accom-
modate themselves to city living. These are doomed to
disappear as the Crataegus thickets are eliminated from
the countryside, and this is being effected rapidly by the
use of herbicides. Rickard (96) bas provided data on small
mammal population (appendix D).

Cattle readily eat all Crataegus foliage that is within
reach, as well as the sheubs and hetbs beneath. Grazing
tends to replace the community with a swatd of Poa pra-
tensis (often with P, compressa also), in which alien forbs
are represented especially by Cirsium wvulgare, Dipascus
sylvestris, and Taraxacum. Arctium minus is characteristic
of disturbed places that are still shaded. The Poa sward
that is favored both by heavy grazing and herbicide elimi-
nation of the Cratzegus provides better grazing than the
natural vegetation. For the most part, the slopes on
which this vegetation occurs are too steep to be cultivated
without inviting disastrons slumping of the uppet soil
horizons. The remaining fragments of Crataegus-domi-
nated vegetation are all so modified by grazing that quan-
titative data have been taken at oaly the reconnaissance
level.

Generalized descriptions of landscapes in the Festuca
Symphoricarpos zone prepated by surveyors in 1875 do pot
mention Crataegus vegetation. Had these thickets been



well represented, it seems incredible that they would have
failed to mention such a source of inconvenieace to anyone
who had to cross and recross major valleys. It seems
reasonable to assume that the pattern of Crataegus stands
in eastern Washington, as described in this report is natur-
al, and hypothesize thac fice at some period prior to the
land survey had reduced the populations to coppice.

The alcernative hypothesis of recent invasion is un-
likely because:

1. The present stands are of similar age and develop-
ment.

2. Everwhere the old trees are multiple-stemmed.

3. Recent invasion would undoubtedly involve severe
disturbance, but the Crataegus habitats are not in vulner-
able situations and for the most part are on soils that
have never been cultivaced.

There is ao record of frequent firing of steppe or butn-
ing by aborigines, and no aspect of their economy would
have benefitted therefrom. It seems much more likely
that the hypothecated period of burning was coincident
with the early period of white settlement.

The first wave of settlement followed the discovery
of gold just east of the steppe in Idaho. When this
mineral resource proved small, many of the disappointed
fortune-hunters chose to remain in the area. Agricuitural
statistics for Whitman County from the 1870 census appear
unavailable, but Wallza Walla Councty at that time was
producing 242,740 bushels of cereal grains per year (120).
Production in Whitman County was not far behind (93).
Considering the low yield per acre at that time, a fairly
large amounc of land with post-harvest stubble must have
been burned each year to facilitace tillage. There was
fittle incentive or technology for preventing the spread
of these fires over the landscape.

Results of agronomic research and improved technology
later discouraged farmers fcom stubble-burning after the
wheat harvests. As the numbers and sizes of fires de-
creased, Crataegus thickets redeveloped from stump sprouts.

In addition to the absence of reference to Crataegus
thickets in descripeions of the townships at the time they
were surveyed, five other bits of evidence support the
hypothesis of an interlude of burning.

1. The muldiple-stemmed form of nearly all Crataegus
plants suggests origin of the aerial parts from root sys-
tems that survived zfter the shoots were removed.

2. The dead but persistent Jower branches of the pres-
ent stands could be largely a consequence of their develop-
ment when the stands were more open.

3. King (71) has commented that bird records made
at the stare of this century show that the black-billed
magpie was a rare bird, and only a summer resident at
that, in che Festuca-Symphoricarpos zone. Most of its
population at thar time was associated with woody vege-
tation (Celtis douglasii, Populus trichocarpa, Alnus rhom-
bifolia, etc.) along the Snake River and tributary ravines.
By contrast, ac mid-century King (71) notes the bird as a
common yeas-around resident of the Festuca-Sympboricar-
pos zone. There, it is characteristic of high thickets with
by far most of its nests in Crataegus. If Crataegus had
been reduced to stump sprouts by frequent fires at the
start of the century, the elimination of its preferred nest-
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ing cover would have restricted the bird (o the Snake
River Canyon, with subsequent expansion out of the Can-
yon as fires diminished and the Crataegus plants grew to
their maximum size.

4. A series of photographs of one landscape spanning
the period 1916-1968 clearly documents the rapid develop-
ment of a Crataegus-Symphoricarpos stand during 2 period
when the hypothecated sequence would have been operat-
ing (figs. 31, 32, 33).

5. Finally, the abundance in Crataegus thickets of
herbs that ate much becter represented in the Festuca-Sym-
phoricarpos association, and are now in very poor vigor
and vitality in the thickets, suggests their possible inter-
pretation as relics from a period of less shade. As pointed
out earlier, these herbs are highly tolerant of late summer
fires.

McMinn (81) made comparative studies of soif tem-
perature (at 20 cn) and soil moisture during one sum-
mer. He found that the soil in Cralaegus-Symphoricarpos
stands was consistently cooler than in stands of the Festuca-
Symphoricarpos association and its shrub phase. The pro-
file under Crataegus had dried to the wilting coefficient
only to 2 depth of S dm by later summer. The other two
steppe’ communities dried out dinstincely faseer.

Crataegus-Symphoricarpos stands occur on all directions
of exposure. Oa northerly stopes, the higher moisture
status can be explained simply on the basis of reduced
insolation, possibly aided by precipitation blown over
the ridge summits. On southerly exposures, the high mois-
tre demand may be satisfied by horizontal drainage over
che surface of basalt strata that bring water near the sur-
face along valley sides. Oa these slopes, the Crataegus-
Symphoricarpos stands commonly form ecotones with
stands of the very xerophytic lithosolic Agropyron-Poa as-
sociation. The latter are apparently limiced to places
where basalt approaches the soil surface without bringing
significant water with it, or with the shrub phase of the
Festuca-Symphoricarpos association where moisture condi-
tions are intermediate. Because the Crataegus-Symphori-
carpos stands are independent of direction of slope and
require only above-average soil moisture, the association
is considered an edaphic climax.

Major vaileys in the Festuca-Sym phoricarpos zone com-
monly support Pinus ponderosa-Sympboricarpos albus for-
est on the shelcered slopes. Corresponding topography in
ravines that branch off to the side support Crataegus-Sym-
phoricarpos stands. McMinn’s (81) study of soil moiscure
conditions in summer showed that the soils of the latter
retain moisture better than soils under the pine.

The Crataegus-Sym phoricarpos h.t. seems coafined to
the Festuca-Symphoricarpos and Festuca-Rosa zoaes.

Populus tremuloides phase

At frequent intervals over the range of the Crofaegus-
Symphoricarpos association there occur stands apparently
normal for that association both as to biotic and physical
features, except that Populus tremuloides is well repre-
sented (appendix B-14). An interesting microseral phe-
nomenon seems to characterize these stands. Popudus can
grow up through a Crataegus canopy, ultimately reaching
twice its height, and when overtopped the Crataegus starts
to decline progressively. However, the Populus is subject



Remnant of virgin steppe still preserved on the cam-
pus of Washington State University, as photographed
by H. L. Shantz, September 2, 1916. The isolated
multiple-stemmed Crataegus on the ridge summit ap-
pears (0 have no living foliage beiow about 1.5 m.

to heart rot and therefore short-lived, The population as
a whole dies back to the ground when the trees reach a
diameter of about 2 dm at breast height and appear to be
about 50 years old. The Populus collapse allows the regen-
eration of the enfeebled Crataegus, which then redevelops
a nearly complete canopy before root sprouts of the Popu-
lus appear and start to grow up chrough it again.

This phase of the Crataegus-Symphoricarpos h.t. seems
worthy of recognition because the distinction becween
Crataegus stands that are permapent and those in which
dominance seems to alternate between Crataegus and Popu-
lus is sharp, and may well reflect some subtle ecologic
difference.

The unit recognized above is clearly distinguished from
a closely related Populus tremuloides-Symphoricarpos albus
association thac is much more widespread in the norch-
ern Rockies (77) and on che easc slope of the Cascade
Mountains. Buc the unit lacks the Crataegus layer, 2ad
so far as is known is not subjece to repeated episodes of

simultaneous stem dieback.
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This is not likely a consequence of grazing, since the
herbaceous cover in the foreground shows no use.
It could well result from fire creeping across partially
dried grassland in midsummer. A line of shrabs has
developed along the fence in che distance.

Crataegus don glasii-H eraclenm lanatum h.t.

Climax vegetation in the Cratacgus-Heracleum b.t. con-
sists of a mearly complete cover of woody plants growing
about 5-7m tall, among which Crataegus douglasii is most
dominant, combined with an undergrowth in which
Heracleum lanatum, Hydrophyllum fendieri and Urtica
dioica dominate, either singly or collectively. Rosz and
Symphoricarpos ate at most poorly represented in this h.t.,
but will iavade disturbed areas readily.

Except for Lomatium dissectum, the Crataegus-Hera-
cleus association shares no significanc floristic featuces with
the Festuca-Symphoricarpos or Festuca-Rosa associations of
adjacent vplands. This stands in sharp contrast with the
Crataegus-Symphoricarpos association.

On the other hand, the Crataegus-Heracleum association
frequently concains elements more common in forests of
the adjacent mountains, such as Circaea alpina, Cornus
stolonifera, Elymus glauca, Geum macrophyllum, Osmor-
biza chilense, Previdium aquilinum. This association fur-



32.

33.

View similar to figure 31, as phocographed May 7,
1939. In this photo, the camera point was far forward
of that ia figure 31. The isolated, multiple-stemmed
Crafaegus on the ridgetop was present thea, but out-

View similar ¢o figure 31 as photographed in 1968.
Twenty-nine more years have zllowed still further
expansion of che woody vegetation. The formerly

side the field of view. The coverage and height of
the woody vegetation, including the Prunus virginiana-
dominated strip along the fence, abviously increased
in the 23 years after figure 31.

isolated Crataegus is surrounded by what are probably
clonzl offspring.



ther differs from the Crataegus-Symphoricarpos association
by being more susceptible to invasion by pereanial herba-
ceous aliens.

The overstory of the Crataegus-Heracleum association
is essentially like thac of the Crataegus-Sympbhoricarpos
association. Beneath the trees the Heracleum, a coarse
herb, usually grows well over 2m call (fig. 34) pene-
trating the lower part of the thorny tangle of persistent
branches of the Crataegus. Tt produces many large leaves
held horizontally, and these intercept nearly all the fight
filtering through the Crataegus canopy. This double
screening of incideat radiation must play a major role in
reducing the numbers of shorter plants that can get estab-
lished below the Heracleum, at least limiting those which
cannot develop in spring before the Heracleum foliage
expands. Even though the stand sizes were not closely
standardized so that precise comparisons are justified, 1t
is evident in comparing appendices B-14 and B-15 that a
distinctly lower species diversity characterizes the Cratae-
gus-Heracleum association.

Where a small disturbance 2llows Rosa to gee estab-
lished, it grows as least as tall as the Heracleum (which
Symphoricarpos cannoc do), presumably in response to
the crowding and to favorable moisture and fertility.
Mosses on the bark tend (o be more conspicuous and
to extend farther above the ground than chey do in the
Crataegus-Symphoricarpos association.

Cattle eat Heracleum readily; a colloquial name for the
plant is “cow parsnip.” But the plant withstands grazing
poorly, and so is easily eliminated, with a Poa pratensis
meadow taking its place. Alien weedy perennials accom-
paaying che Poa include Artemisia absisthinum, Cirsium
vulgare, Dipsacus sylvestris, Marrubium vulgare, Tanace-
tum vulgare and Taraxacum. Arctium minus, another alien
favored by disturbance, is mainly confined to areas still
well shaded by Crataegus. While Heraclenm grows luxur-
fantly and fruits vigorously in the shade of a Crataegus
canopy, it performs equally well, even if the stature is
shorter, when the canopy is removed, providing the area
is not grazed (fig. 35).

The Crataegus-Heraclewm h.t. is primarily characteris-
tic of aggraded valley floors (locally called “flats”) which
border intermittent or permanent creeks. These valleys
were probably V-shaped during late glacial time, then
accumutated fills of sile-plus-clay during the Hypsithermal
incerval.  Today, vertical-walled trenches are being cut
through those fine sediments. The Crataegus-Heracleum
h.t. is, however, not confined to valley floors. It often
extends up contiguous northerly siopes, sometimes to more
than 15m above the valley floor where seepage water comes
practicaily to the soil surface, and even higher along the
bottoms of V-shaped ravines opening onto the major
valleys. '

Valley floors representing the Crataegus-Heracleum
h.t. are typically bordered by the Crataegus-Symphoricarpos
h.t. on the contiguous north-facing slope, 2nd by the litho-
solic Agropyron-Poa h.t, on the opposite slope. The
h.t. is homologous with the Populus trichocarpa-Cicuta h.c.
in a slightly drier climate, and with the Elymus cinereus-
Distichlis h.t. in an environment still drier where salts
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Crataegus douglasii-Heracleum lasnatum stand on Un-
ion Fiat Creek west of Pullman, Washington. Hera-
cleum in essentially the same density as in this smal)
opening extended back under the Crataegus.

can accumulate in the soil.  Scattered individuals and
clumps of Elymus cimereus are common in the ecotone
between Crataegus-Heyacleum and the lithosolic Agropyron-
Poa associations. However, these spots have normal pH
and solute content, and the soil profiles show no evidence
of having been salinized during the Hypsithermal period.

Until a few years ago, a plantation of Ulmus growing
a2 few miles northwest of Pullman, Washington, occupied
parts of a slope and the contiguous “flat.” Beneath the
Ulmus, a typical stcand of the Sympboricarpos union had
redeveloped on the slope after the disturbance caused by
cultivating and planting an exotic tree. At the foot of the
slope, this gave way to 2 stand of the Heraclewm unioa.
Before the invasion of white man, both topographic posi-
tions undoubredly supported a cover of Crataegus. This



35. This valley bottomn near Pullman, Washington, once
bore a pearly complete cover of Crataegus douglasii
(deciduous [ow tree to right) with an understory of
Heracleum lanatum (flowering herb to left of fence).
To the left of the fence, crews maintaining the rail-
way right-of-way removed the Crataegus, then contin-
ved to destroy new shoots as they appeared. To the

situation showed quite clearly the independent occupancy
of sites by forest overstory and understory, which is equal-
ly conspicuous in coniferous forest in the nearby moun-
tains (29).

The Cratacgus-Heracleum h.t. is confined to the wetter
parts of the Festuca-Symphboricarpos and Festuca-Rosa
zones. In the aggregate, it includes considerable area.
The flatness of the valley floors, combined with their deep
soils and favorable moisture relations have resulted in
nearly all of the h.t’s being taken over for grain cropping
or permanent pasture. One of the colloquial names for
Crataegus is “thorn,” and the village of Thornton, Wash-
ington, was probably so named because it was in a “flat”
which, to judge from the topograpby, must certainly have
been covered by Cratacgus when white man settled the
area.
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right of the fence, cattle have brought about a com-
plete replacement of the Heracleum by Poa pratensis
without significant damage to the Crataegus. Two
zootic climaxes have been derived from the same
edaphic climax. Since tbis picture was taken, the
Crataegus has been destroyed by herbicide applied
aerially.

Populus tremuloides phase

The Crataegus-Heracleum association is locally replaced
by a variant that has an intermittent Populus tremuloides
overstory. The Cratacgus and Populus canopies here have
apparently the same relationship to each other as in the
Crataegus-Symphoricar pos association and its Populus frem-
uloides phase (fig. 36).

Two other minor variants of stream terraces support-
ing Crataegus deserve mention. In places, Populus tri-
chocarpa borders the stream, rising high above the Cra-
taegus canopy that covers the remainder of the terraces
on either side. It is possible that this tree was much more
abundant before the arrival of white man, and that early
settlers made heavy use of the only fzirly large tree
present in the steppe. Salix spp. and Alnus tenuifolia



are also occasionally encountered along waterways, but
they are not so abundant as the Populus trichocarpa.

On a few stream terraces, Pinus ponderosa is super-
imposed over the Crataegus layer. Examples can be seen
in the Lewis and Clark Seate Park, 2 miles east of Waits-
burgh, in Columbia County, Washington, and in the valley
of Paradise Creek a few miles east of Puliman, in Whit-
man County.

Popilus trichocar pa-Cicuta douglasii h.c.

The Cratacgus-Heraclewm h.t., which characterizes val-
ley floors in the wetter part of the Festuca-Symphoricarpos
and Festuca-Rosa zones, is replaced geographically on ap-
proaching drier climates by a distinctly different homo-
log that is botanically distinct in both major layers. Hera-
cleum is replaced by Cicuta douglasii, 2nother tall herb
in the Umbelliferae. Crataegus yields its overwhelming
control of che overstory to Populus trichocarpa (fig. 37).

This h.t. extends well out into the conmtiguous Agro-
pyron-Festuca zone. For example, it lines the Pzlouse
River from a point about 5 miles ESE of Colfax on the
South Fork, to where this river forms the boundary be-
tween Whitman and Adams Counties. It also lines Lap-
wai Creek between Spalding and Culdesac, Idaha. Every-
where the vegetation has been even more completely dis-
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36. Small stand of the Populus tremuloides phase of the
Crataegus-Heracleum association in which the Populus
overstory has ceceatly died. Root sprouts of the Popu-

turbed than the Crataegus-Heracleum association, and so
has not been amenable to study. The best remaining
fragments are along Lapwai Creek near Lapwai.

Alnus rbombifolia h.t.

Narrow valleys emptying into the Snake River in Whit-
man and Asotin Counties have a strip of Alnus rbombi-
folia-dominated forest zlong the waterway (fig. 38). This
Alnus grows to about 13m tall and 6dm in diameter, which
makes it secoad in size to only Populus trichocarpa among
our deciduous trees. The two are associated where the
valleys are broad enough to have much of 2 floodplain.

Ac its lower end, this strip typically abuts the Celfis
douglasit h.t. on alluvial cobble thac is deposited at the
mouth of the valley. The Agropyron-Festuca or Agro-
pyron Poa h.t. occur on contiguous valley sides, depend-
tng on the degree of exposure to the son,

Other special soils
Purshia tridesitata-A gropyron spicatum h.t.

Natural vegetation in the Purshia-Agropyron h.t. con-
sists of an open medium-shrub layer of Purshia tridentata:
Agropyron spicatum provides most of the bulk of the herb

lus can be expected to appear within a few years.
Shawnee, Whitmaa County, Washington.



37. Populus trichocarpa-Cicsuta douglasii stand on Lapwai

Creek just south of Lapwai, Idaho. The ¢zil herb

lager below. Artemisia is poorly represented, if ac all, and
Festuca idaboensis is lacking.

This h.t. is noc¢ well represented in Washington, and
occurs as small fragments. It is best considered a xerophy-
tic segregate of the Purshia-Festuca h.t. Like the Jacter,
it is found chiefly along the eastern base of the Cascade
Mountains. Typically, the soil is a very stony loam, bat
stand 127 (appendix B-9) is remarkable for its occurrence
on dune sand having the lowest moisture equivalent
(2.997) of any stand in this study. Stand 79 is uausual
for the absence of Poa secunda; this fact may be related
to the unusually high coverage of Balsamorbiza sagittata
(26%) which, combined with a high coverage of Agro-
pyron spicatum (889%), may have created too much shade
for the heliophytic Poa.

The soil of stand 29 is a Malaga gravelly stony loam,
a Regosol-Brown intergrade and a Typic Torriorthent:
All 0-7.5¢cm Dark brown (10YR 3/3m) gravelly loam;

mostly single-grained, with fine granular structure weak-

ly developed between the single grains

A12 7.5-20cm Dark brown (10YR 3/3m) gravelly loam;
compact, massive, breaking into small to medium weak
blocks, with structural faces formed by rock-soil inter-
faces

A3 20-57.5¢cm Dark brown (7.5YR 3/4m) gravelly loam;
more massive than the above; becoming extremely stcony
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showing at the edge of the stand is mostly Cicuta.

C 57.5-77.5cm Dark yellowish brown (10YR 4/4m) singly
grained with a high percentage of fine gravel

D 77.5cm+ Clean, slightly water-worn gravel and stones
of mixed origin. (by W. A. Scarr).

At stand 127, the soil is a Quincy sand, a Regosol and

a Typic Torripsamment:

C1 0-3” Grayish brown (10YR 5/2m) or light gray (10YR
7/2d) sand; single grained; nonsticky, nonplastic, fri-
able, loose; pH 6.8; abundant roats; clear wavy bouo-
dary

C2 3-10” Lighe brownish gray (10YR 6/2m) or light gray
(10YR 7/2d) sand; single grained; nonsticky, nonplas-
tic, friable, loose; pH 6.8; aumerous roots; clear wavy
boundary

C3 10”4+ Same as above horizon except that there are no
noticeable roots at this depcth  (by W. A. Starr).

A stand of the Purshin-Agropyron association has been
observed just a litcle norcheast of Ola, Ydaho, and another
in McMurty Hollow, 2 miles west of Paradise, Utah.

Artemisia triparlita-Agropyron sprcatum h.t.

Wicthin the Artemisia tripartita-Fesiuca zone, occasion-
al small areas are too exposed to sun and wind to meet
the requirements of Festuca idaboensis, although nearly
all other members of the Artemisia tripartita-Festuca as-



38. Alnus tenuifolia forest on.Asotin Creek, Asotia Coun-

sociation extend onto such sites. These areas lacking the
Festuca are recognized as the Artemisia tripartita-Agro-
pyron h.t., and a stand in excellent condition is analyzed
in appendix B-7. As the east-facing slope bearing this
stand turned northward, there was a fairly abrupt ecotone
with a contiguous Artemisia tripartita-Festuca stand.

The soil at stand 100 is 2 Disauntel loam, a Chestout 2nd
a Calcic Haploxeroll:

A1l 0-3” Very dark grayish brown (10YR 3/2m) or gray-
ish brown (10YR 5/2d) loam; weak mediwm and coarse
granular with some medivm platy in the upper 0.5
oonsticky, nonplastic, friable, soft; pH 7.0; abundant
roots; clear wavy boundary

A12 3-9” Very dark grayish brown (10YR 3/2m) or gray-
ish brown (10YR 5/2d) loam; weak medium and
coarse subangular blocky; nonsticky, nonplastic, friable,
soft; pH 7.0; abundant roots; clear wavy boundary

B1 9-13” Dark grayish brown (2.5Y 4/2m) or grayish
brown (2.5Y 5/2d) gravelly loam; moderate medium
subangular blocky; pH 7.4; frequent stones; numerous
roots; clear wavy boundary

B2 13-20” Pale olive (5Y 6/3m) or light brownish gray
(2.5Y 6/2d) sandy clay loam; moderate medium sub-
angular blocky; sticky, plastic, firm, slightly hard; pH
7.6; numerous roots; clear wavy boundary

B3 20-28” Very pale brown (10YR 7/3m) or light gray
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ty, Washington, in spring aspect.

(10YR 7/2d) gravelly fine sandy loam with frequent
stones; mixed weak fine subangular blocky and medium
fine granular; nonsticky, oonplastic, slightly firm,
slightly hard; pH 7.9; frequent small roots; clear wavy
boundary

Cca 28"+ Very pale brown (10YR 7/2m) or white (10YR
8/2d) gravelly sandy loam with frequent stones; mas-
sive; nonsticky, nonplastic, firm, slightly hard; pH

B.7; occasional roots; highly calcareous (by W. A.

Starr).

In Washington, the Artemisia tripartita-Agropyron h.t.
is apparently confined to the Artemisia tripartita-Festuca
zone. A closely similar type of community has been ob-
served in an exclosure in the Sheep Experiment Station
near Dubois, Idaho.

Artemisia tridentata-Poa secunda h.t.

In the Artemisia tridentata-Poa secunda association, the
two species after which the unit is named comprise neasly
all the vascular vegetation. Perennia] grasses larger than
the Poa are represented almost entitely by Sitanion bystrix,
and even this species has low presence and negligible
volume.

The most usual features of the association are the vir-
tual lack of large grasses and the high deasity of the
Artemisia (fig. 39). Here Artemisia tridentata has bigh-



39. Artemisia tridentata-Poa secunda stand 146.

er coverage than in any other type of undisturbed vegerta-
tion in Washington (appendix B-2). The extreme scarcity<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>