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THE HABITAT TYPES

The Pinus ponderosa series

Nearly everywhere in eastern Washington and northern
Idaho as one leaves the steppe at the foot of the mountains
and enters the forest, the first coniferous tree encountered is
Pinus ponderosa. The ability of this species to endure dry
climates well exceeds that of our next most drouth-tolerant
conifer, Psendotsuga menziesii. Therefore, typically a belt of

- climax pine forest separates steppe from Pseudotsuga forest.

Pinys ponderosa does indeed extend farther up the moisture-
temperatute gradient than this marginal belr in which no
other tree challenges its supremacy. Burt there it either per-
petuates itself on slopes that are excessively dry for those
altitndes and so spare it from competition or it is a temporary
invader of logged or burned sites. After one generation,
devastating competition from other trees completely elimin-
ates it. In the present section, attention will be restricted to
areas in which the pine is the climax dominant, ie., the Pinns
ponderosa Series.
In Montana, southern Igiaho, central Oregon, and south-
- ward in the Rocky Mountains, the transition from steppe on
the basal plains to forest in the foothills is usually marked by
associations having a savanna physiognomy. These associations
are often dominated by trees considerably lower in stature
than Pinus ponderosa such as P. cembroides and Juniperus
spp. (20). But in eastern Washington and northern Idaho,
the transition from steppe to Pinsns ponderosa forest is rela-
tively abrupt. Only occasionally is the margin of the pine
belt open enough to give the appearance of savanna.

Soils are more varied in the Pinus ponderosa series than
anywhere else in the mountains. They include glacial «ill,
glacio-fluvial sand and gravel, dune, basaltic rubble, colluvium
and deep loess or volcanic ash. Larson's statement (53) that
soils supporting the “Pinus ponmderosa type in the northern
Rockies invariably contain much rock near the surface” is
not correct. A considerable share of the variation in herbace-

ous and shrubby layers beneath the trees reflects these soil
variations from place to place within the macroclimatic bele
favoring pure pine forest.

Along the western flank of the Bitterroots to the south
of the glacial border, the soils of the interfluves ate developed
mainly on deep loess and ash. Here-two pine h.ts. prevail—
a more xerophytic P. ponderosa-Symphoricarpos h.t. at lower
altitudes or on southerly slopes, and a less xerophytic P. pon-
derosa-Physocarpns ht. that is restricted to northerly slopes.
This pattern is interrupted on the thin stony soils of valley
sides that slope steeply southward. Thete, the shrubby under-
growth is lacking and a P. ponderosa-Agropyron hux. is dif-
ferentiated.

On soils to the north of the glacial border, all three of
the above h.ts. reappear but there they are less prevalent.
In that area, glacio-fluvial sorting and wind action have Jeft
sandy soils over so much of the land within the appropriate
climate that special h.ts. of pine with Festuca sdahoensis or
Stipa comata are abundant.

A division of pine h.ts. into two groups, (1) a shrubby
group on deep heavy-textured and more fertile soils, and (2)
a pgrassy group (including the Pinus-Purshia ht., in which
the shrub Paurshia is superimposed over the same xerophytic
grasses) on stony or coarse-textured or shallow soils, coin-
cides with remarkable differences in the growth rate, disease
resistance and reproductive behavior of the pine. In the group
lacking the xerophytic grasses (i.e., Pmus-Symphoricarpos
and Pinus-Physocarpus) the pine grows rapidly. On a normal
site it has never been seen parasitized by Arcemthobium
campylopodun: (27), whereas in association with the xero-
phytic grasses the pine grows slowly, and Arcenthobium in-
fection is widespread.. In the Pinus-Symphoricarpos and
Pinus-Physocarpus group, tree reproduction is sparse and
continuing so that young trees are independently scatrered
over the forest. In the dry group, reproduction is episodic;
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the forest consists of a mosaic of dense paiches of trees, eaf:h
tending to be distinctive in height and age. Excessive density
of these patches when they are young ehmlpates herbs and
shrubs beneath. Later, the undergrowth species slowly reap-
pear as the tree population gets progressively thinner and the
canopy more elevated (63). In ‘ol'd age the patches become
so open that the trees have negligible m_fluence on the step-
pelike ground cover. Indeed, small openings develop that arg
essentizlly identical with steppe associations to the west an
south of the forest border. :

The fine texture of this dynamic mosaic of arborescent
and herbaceous patches usually made it impractical to follow
the system of vegetation analysis adopted for the study as a
whole. Here it usually seemed more meaningful to samp.le
the herbaceous vegetation where it was well developeq in
small treeless openings, then sample the tree population in a
contiguous area where there was hardly more than a deep
mat of dry needles beneath the canopy. Both areas were
considered parts of the same h.t. in different phases of a cycle.
In comparing data for undergrowth and overstory it must be
kept in mind that the dara for these associztions usuaily
represent contiguous rather than concentric areas.

Pinus - Symphoricarpor and Pinus - Physocarpus hits., in
which the growth of the pine reflects more favorable levels of
environmental resources, are further distinguished by having

. fewer annuals than the pine-with-grass h.ts.

There is undoubtedly much truth to the common opinion
thar before the white man came, frequent fires caused by
lightning or aborigines kept the pine stands in the grassy
group open to the point of being savannalike. Whete mod-

erate fire protection has been operative in the last few

decades, dense patches of young trees have become established
from time to time. This suggests that perhaps in the absence
of burning, the patchy pattern of population structure might
disappear. However, one cannor accept an inference that
episodic reproducrion is but 2 simple consequence of inter-
mittent burning, for Pinws-Symphoricarpos and Pinus-Physo-
carpus stands are also subject to intermittent ground fires,
yet patchy structure is lacking there,

It has been strongly advocated that controlled burning is
necessary for the economic management of Pinus ponderosa
in this region (92, 94, 95). However, whether fire is equally
necessary or indeed useful in all h.s. that support the pine
has not been determined. Furthermore, the optimal time for
burning in relation to phenology may well differ according
to h.t.

Common opinion is undoubtedly in error regarding the
alleged role of fire in determining whether the undergrowth
beneath the pine is dominated by shrubs or by grasses. There
is unmistakable evidence that all undergrowth layers except
the one consisting of the fire-sensitive Purshia tridentata
regenerate immediately from underground organs after each
fire. Rather than fire history, these subordinate layers reflect
intrinsic differences in moiswre, fertility and microclimate.
Pethaps much of this confusion is a consequence of uncriti-
cally lumping shrubs plus young pines as “brush” in popular
speech and writing. The ecologies of these two elements of
forest undergrowth are vastly different. Dense srands of
young pines can be completely eliminated by one or a few
surface fires, whereas dense stands of the shrubs (except

Purshiz) cannot be so eliminarted.

Our objective of studying vegeration that has been un-
altered by logging and grazing has been most difficult to
achieve in the Pwus ponderosa forests, In the grass-dominated
and Pinus-Purshiz associations, the fragile crust of mosses
and lichens is very easily broken by animals merely walking
over the stands. This allows small native anauals to increase
and alien annuals to gain a foothold. The change perists for
many years after the animals are removed. In the Pinus-Sym-
phoricarpos and Pinus-Physocarpas forests, Poa pratensis and
P. compressa are the important indicators of heavy grazing.
These gain representation in proportion to the severity of use
but then show negligible tendency to give way to native
perennials when grazing ceases. Thus the proportion of Poa
pratensis and Poa compressa in the undergroweh seems to
reflect the most severe grazing pressure to which 2 stand
has been subjected in the past. .

Owing to the abundance of early spring annuals in the
pine-with-grass communities, sample plots must be tallied in
late April then again in mid-June to evaluate the total vas-
cular flora. In the Pinus-Symphoricarpos and Pinus-Physo-
carpus forests, a single tally between about May 15 and June
10 is sufficient. However, later visits are sometimes necessary
0 identify with certainty some of the late-maturing species.

Another small bur significant difference is correlated with
the two groups of pine ecosystems. In the two characcerized
by Symphoricarpos or Physocarpus, Agropyron spicatum,
when present, is represented by the rhizomatous ecotype; in
the other h.ts., only the caespitose form occurs.

Spokane, Potlarch and Kooskia have weather stations
representative of the Pinus ponderosa series in the core area.
Some normal climatic parameters are shown in Appendix F.
At Spokane, the climatic climax is the Pinus-Festxca associa-
tion; ar Potlatch it is the Pinus-Symphoricarpos association;
at Kooskia the climatic climax has not been determined.

Behre (3) indicates a range in basal area of 153 1o
53.26 m*/ba for Pinus ponderosa stands 60-180 years old in
northern Idaho and adjacent areas. These values encompass
the range from the poorest to the best quality sites. His
data are in very close agreement with the range shown
in Appendix A for the poor grassy and the good shrubby h.s.

Pinus paﬂderésa-Sympbaricarpos albus h.t.

Climax vegettion in the Pinus-Symphoricarpos ht. is
distinguished by the occurrence of Pinus ponderosa as the
only coniferous tree. This pine is in combination with
an undergrowth dominated by an essentially continuous cover
of low deciduous shrubs, usually 0.5-10 m rall (fig. 3),
among which Sympbhoricarpos albus, Rosa woodsii, R. nut-
kana and Spiraca betlifolia ate the chief species. (The
ecologies of these shrubs are so similar in the region of study
that it is convenient to refer to them collectively as the
Symphoricarpos albus union.)

Population structures for trees in eight stands are included
in appendix A.

A floristically rich assortment of forbs and grasses, mostly
perennials, accompanies the dominant shrubs (appendix B-1).
With few exceptions, the herbs, like the shrubs, are shared
with the contiguous steppe. The Pinus-Symphoricarpos As-
sociation is essentially like the shrub phase of the Festuca
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3. Stand 87 representing the Pinus ponderosa-Sympbori-
carpos albus association. The shrub layer is tall enough to

idaboensis-Symphoricarpos albws Association (29) with a
tree layer superimposed. Just as shrub patches in the steppe
are sometimes dominated by Pranws virginiana growing 2 m
tall or more, so the undergrowth beneath Pinas ponderosa is
sometimes dominated by tall populations of this Pramas.
Judging from the accompanying flora, these stands are
probably similar enough in their roral ecology to be lumped
with  the more abundant Pinws-Symphoricarpos stands, but
none of them has been sampled.

Cooke (15) has provided lists and ecclogic information
on fungi, lichens, and bryophytes in three stands of Pinas-
Symphoricarpos forest in the core area. For data on small
mammals, see appendix C.

Pinus-Symphoricarpos forest penerrates far into the steppe
—virteally across the Festuca-Symphoricarpos zone in the
south, and well into the Festmca idaboensis-Artemisia tripar-
#ta zone in the north. Pinus-Symphboricarpos forest occurs
there either as topographic climaxes on shaded slopes mantled
with deep soil, or as edaphic climaxes in trains of frost-
riven basaltic rubble exposed by glacial floods or on glacio-
fluvial gravel. In the foothills, the association becomes a
climatic climax occupying gentle slopes, with Pinus-Physocar-
pus forest on protected slopes and Festwca-Symphoricarpos
steppe on slopes facing steeply to the south. Farther back

hide about 2.5 dm of the stake.

into the mountains, Pinus-Symphoricarpos stands once more
play the role of topographic climax there, being restricted to
the warm microclimates of slopes facing steeply southward.

To judge from these topographic relations, the Pimus-
Symphoricarpos hr. is moister than the Festuca-Symphoricar-
pos h.e. on the one hand, but drier than the Pinus-Physocarpus
h.t. on the other. Single-season studies of soil-moisture re-
gimes confirm this interpretation. Daubenmire (29) found
that the soil dried to the wilting point in the top decimeter in
fate June, and by late August the dry zone had extended
below the fifth dm. Soil drouth was slightly less severe than
in a Festuca-Symphoricarpos stand studied comparatively the
same summer, In another season, McMinno (61) found that
soil moisture depletion to the wilting point started in the
upper part of the profile in late July and progressed to the
ninth dm by the end of August. This desiccation was earlier
than in either the Pinus-Physocarpus or Crataegns-Sympbhori-
carpos has. These results were consistent among the three
stands studied in each hr. McMinn also found the soil
at 2 dm was warmer in the Pinus-Symphoricarpos hr. than in
the other two communities through June, July and August

Where the Pinus-Sympboricarpos h.t. occars in major val-
leys in the steppe, it follows but part way up the side ravines,
with the Crataegus-Symphoricarpos ht. continuing up to the
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head of these ravines. According to McMinn's data, deficient
soil moisture is nor the crirical facror limiting the pine at
this ecotone.

Although south of the pglacial border the drier ecotone
of the Pimus-Symphoricarpos h.i. defines the lower timber-
line, the wee grows well throughout the moisture range en-
compassed, the expected height at 50 years being 158 m
(fig. 4).

gOn the poorer soils of the glaciated region to the north,
the h.t. is not very abundantly represented. There it alter-
nates with the Pinus-Festuca (fig. 5) or Pinus-Agropyron huts.

On relatively dry sites, when the pine is logged off and
reinvasion is not prompt, the Symiphoricarpos union often
deteriorates, and the herbaceous component of the under-
growth assumes dominance. In consequence, the h.t. comes
to support a vegetation indistinguishable from the Festuca-
Symphboricarpos Association of the adjacent steppe to the
west. The cemetery in Spokane County, Washington that
is northeast of Valley Ford and south of Californiz Creck
seems to provide a good illustrarion of this. The long-
cleared square is well differentiated from fragments of Pimss-
Symphoricarpos forest on all sides, and appears identical with
the Festuca-Symphoricarpos Association.

On relatively moist sites in the Pinus-Symphoricarpos hut., |

between the time trees are removed and a new forest develops,
‘the tall deciduous shrub Cratasgus douglasii frequently gets
established in numbers. As this plant is highly intolerant of
shade, it dwindles as a new generation of pine overtops it
bur it can persist for many years in a conspicuously unhezlthy

condition.. Three of the Pinus-Symphoricarpos stands sam-
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4. Regression analyses of growth rates of Pinus ponderasa
in seven habitat types in eastern Washington and north-
ern Idaho (27).

1, Abies grandis-Pachistima; 2, Pseudozsuga-Pbysocarpus.'
3, Pinus-Physocarpus; 4, Pinus-Symphovicarpos; 5, Pseudot-
suga-Calamagrostis; G, Pinus-Purshia; 7, Pinus-Festuca |
Pinus-Agropyron - Pinus-Stipa.
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pled (appendix B-1) contained relic Cratsegus bushes that

had invaded in low density after the last fire devastation.

On the river terrace at Lewis and Clark State Park, in the
steppe a few miles west of Dayton, Washington, there is a
fine stand of old even-aged pine with 2 dense Crataegus under-
story that has prevented the pine from reproducing. Either
the ages of these trees coincide with some temporary reduc-
tion in the density of the shrubbery, or the Crarsegus and
associated shrubs are recent invaders. ‘This reversal of the
usual outcome of competition between these species at this
place is noteworthy.

All old srands of pine show by charcoal on their bark
that they have survived surface fires. Whereas fire will kill
small pines, practically all the shrubs and herbs regenerate so
quickly from subterranean organs that there is virtually no
chance for seral opportunists other than a scattering of
Crataggus 10 invade. Within about 2 years, evidence of the
fire is not easily seen in the undergrowth.

Essentially all of the undergrowth shrubs and herbs are
palatable to livestock. But 2s the introduced Poa pratensis
and P. compressa are very aggressive and more tolerant of
grazing than the narive shrubs and herbs, use by livestock
converts the undergrowth to a nearly pure stand of Poa.
The coverage of Poa pratensis plus P. compressa in a stand
is probably a good indicator of the maximum intensiry of
past grazing pressure to which near-virgin stands have been
subjected. Once the Poas gain a foothold, cessation of grazing
pressure seems only ro halr further increase rather than allow
the natives 1o regain exclusive control. Where topography is
suitable for cultivation, most of the Pinws-Symphoricarpos hi.
has been preempted for agriculture. Elsewhere, most stands
have been altered by grazing. The potential for timber pro-
duction is regularly overlooked.

Comparative dara on soil chemistry in appendix D indi-
cate a high level of fertility in the Pinus-Symphoricarpos hr.,
in compatison with others.

Owing to the high degree of cover of the undergrowth
shrubs, and the intricacy of their branching, the long fascicles
of pine needles tend to lodge in the canopies of the shrubs.
From there they are released so slowly through time that the
licter layer tends to have a very diffuse upper boundary, and
the footing as one walks across a stand is definitely soft and
spongy. Detailed descriptions of soil profiles in three stands
(69, 70 and 87) of Pimzs-Symphoricarpos forest are avail-
able. All are Larkin silt Ioams in the Gray-Brown Podzolic
Group and Typic Argixerolls® The profile in stand 69 is:

02 2-1” Needle and cwig litter

01 1-0” Duff
0-7" Dark grayish brown (10YR 4/2m) silt loam;
slightly compact, moderate medium and coarse plary;
slightly sticky, nonplastic, friable, slightly hard; gray
siliceous coatings on ped faces; abundant roots; abrup:
smooth boundary :

A3 & A2 7-14” Brown (10YR 5/2m) or dark brown
(10YR 3/3m) silt loam; mixed moderate, medium, sub-
angular blocky and medium and fine granular; slightly
sticky, nonplastic, slightly firm, slightly hard; numerocus
roots; clear wavy boundary

® For explanations of rerms used in soil description, see citarions
8 and 82.
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5. Edge of an island-like patch of Sympboricarpos albus
union in a slight depression in the same till plain sup-

Bl 14-20” Dark grayish brown (10YR 4/2m) silt loam;
moderate, medium and fine subangular blocky; sticky,
slightly plastic, firm, hard; frequent roots; clear wavy
boundary

B21 20-29” Datk brown (7.5YR 4/2m) silty clay loam;
moderate, medium and fine angular blocky; sticky, plas-
tic, firm, hard; conspicuous siliceous coatings on ped
faces; occasional roots; clear wavy boundary

B22 29”4 Dark brown (7.5YR 3/2m) silty clay loam;
moderate, medium and fine subangular blocky, sticky,
plastic, firm, hard; occasional roots (by W. A. Starr)

The soil profile at stand 87 is:

01 3.0” Needle and rwig litter

All 0-9” Very dark brown (I0YR 2/2m) sikt loam; strong
medium and coarse granular, and moderate, fine sub-
angular blocky; slightly sticky, nonplastic, friable, slightly
hard; abundant roots; clear wavy boundary ]

Al2 9.14” Very dark grayish brown (10YR 3/2m) silt
loam; moderate, medium and coarse granular, and weak,
medivm and fine subangular blocky; numerous roots;
clear, wavy boundary

11

porting mostly Pinus-Festuca forest. Spokane, Washington.

Al3 14-27” Brown {10YR 4/3m) silt loam; mixed, weak,
medium granuiar, and fine subangular blocky; slightly
sticky, nonplastic, friable, slightly hard; numerous roots;
clear wavy boundary

A2 27-34" Pale brown (I0YR 6/3m) silt loam; massive;
slightly sticky, nonplastic, friable, hard; numerous roots;
clear, wavy boundary

A2 & B2 34-37” Mixed light brownish gray (10YR 6/2m)
and dark brown (7.5YR 4/2m) silt loam; moderate,
medivm and fine subangular blocky; slightly sticky,
slightly plastic, slightly firm, hard; occasional roots; clear
wavy boundary

B2 & A2 37"+ Mixed very pale brown (10YR 8/3m)
and dark brown (7.5YR 4/2Zm) silty clay loam; strong,
medium and fine angular blocky; slightly sticky, plastic,
firm, hard; strong, thick, gray, siliceous coatings on ped
faces; occasional roorts; boundary not determined. (by W.
A. Starr)

Another detailed soil profile description for a Pinus-Sym-
phoricarpos stand in Benewah (?) County, Idaho, has been
published by Hauxwell (42)—his “site 1. In 2 Pinws-Symi-
phoricarpos stand in Ferry County, Washington, the Hoodoo
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soil profile studied by W. A. Starr was classified as a Prairie
soil, and more recently as a Viaic Haploxe.roil.

Vegeration similar to that describ'ed in the “b‘?‘_’e eco-
system, some of it probably meriting 1dem1ca]‘ cla_ss1f|canon,
occurs in the foothills of the Cascade Mountains in western
Okanogan County, Washington, and in the valleys of western

Montana.

Pinns pmzderasa—Pbysomrpus malvaceus h.t.

In the Pinns porderosa-Physocarpus association P. ponder-
osa is the sole coniferous species. Beneath it are two shrub
layers. The taller and definitely more obvious one is about
2m in height and is composed chiefly of Physocarpus malva-
cexs, sometimes with large amounts of Holodiscus discolor
and occasionally some Ceanothus sangurnews. ‘This group of
indicarors will be called the Physocarpus union. The lower
and less conspicuous shrub layer is the Symphoricarpos union,
Purshia is absent. ‘'The h.t is almost wholly confined to
northerly slopes. .

The Pysocarpus union has such high coverage that human
progress across a stand is unpleasant, and photography is dif-
ficult (fig. 6). The Sympbhoricarpos union beneath is def-
initely attenuated, probably because two canopies shade it
from above; the relatively poor development of the stili-
lower herb layer is understandable. Among the herbs, Ery-
throniun and Galiun: boreale are better represented in the
Pinus-Physocarpns association than in Pemus-Symphoricarpos
stands (appendix B-1). Léithophragma parviflora and Litho-

-_.|" ‘. .
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6. Edge of stand number 44 representing the Pinus pon-
derosa-Physocarpus malrvacens association. The person is
159 cm tall.

spermum are less well represented, and Collomia linearis is
absent. Thus, qualitative differences are smaller than quan-
titative differences in the herb layers of these two forests.

In August, Physocarpus leaves turn conspicuously purple
so that union can easily be recognized ar a distance. Early
senescence of these leaves undoubredly hastens the advenrt
of the season of high fire hazard in h.ts. wherever this union
is well represented.

The Pinwus-Physocarpns ht. is encountered on northerly
slopes at those places along the climatic gradient where
the climatic climaxes on surfaces better exposed to sun and
wind are the Festwca-Symphoricarpas, Pinus-Symphoricarpos
or Pimus-Feststca associations.  As one follows north-facing
slopes from the steppe into the mountains, he normally en-
counters in order, Pinus-Symphoricarpos, Pinur-Physocarpus
and Prendotsuga-Physocarpms hts. Thus one might pre-
dicr that moisture relations in the Pinus-Phyrocarpus areas will
be intermediate berween the other two, McMinn's study (61)
verified this prediction in part. He showed that although the
soil profile dries to below the wilting point to a depth of at
least a meter by the end of summer, the inception of drouth
is consistently later than in the Pinus-Symphoricarpos ht.
However, in the one-summer study of three stands each, he
found no consistent differences in the soil moisrure relarions
in Pinus-Physocarpus and Psendotsuga-Physocarpns stands,

No one of the chemical attributes of the soil studied
shows statistically significant differences between Pinzs-Physo-
carpus and Pinus-Symphoricarpos hts. ( Appendix D). How-
ever, each nutrient, the pH, the cation exchange capacity,
and degree of base saturation all average higher in the former,
suggesting a slightly higher level of fertiliry.

The pine grows in height faster here than in any other
h.t. where it is climax; the expected height at 50 years is
16.1 m (fig. 4).

The undergrowth of the ht. under consideration seems
not to differ consistently from that of the Psexdotsuga-Physo-
carpus ht. Moreover, Pinar ponderosa may temporarily in-
vade deforested sites in -that h.. before chance permirts the
reentry of Psendotsuga. Therefore, identification of sites not
supporting Psexdotsuga must often rest on their position in
refation to the surrounding vegetation mosaic. A Pinws-Phy-
socarpus habitat must be on a northerly slope, be bordered on
the drier side by Pinus-Symphoricarpos, and on the werter
side by Pscudotsuga-Physocarpus. In contrast, a Psewdotsnga-
Physocarpus habirac may be in any topographic positon, It
is bordered on the drier side by Pinas-Physocarpus and on the
wetter side by Abies grandis-Pachistima.

Northerly slopes well below lowet timberline have oc-
casional small stands of Holodiscus and/or Pbysocarpus lack-
ing any tree overstory or stumps. These stands are especially
abundant about the Blue Mountains and are well exemplified
by the upper part of Wawawai Canyon in Whitman Coun-
ty, Washingten, They are probably relics of Pinas-Physo-
carpus (or possibly Prexdotsuga-Physocarpus) stands that
occupied the sites in pre-Hypsithermal time. Castilleja chrom-
osa, typically a forest species, occurs with Holodiscus in the
Wawawai stand. If this interpretation is correct, a small
amount of Helodisear must have been the sole woody ele-
ment of the Phyrocarpus union 1o survive the peak of heat
and dryness. It probably expanded somewhat over more of
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the sheltered slopes when the cool-moist trend subsequently
set in.

All the woody undergrowth species, at least, regenerate
promptly from subterranean organs following fire. Just be-
low the soil surface, large, gnarled woody bases beset with
charred stubs bespeak frequent fires endured by shrubs, most
of which are older than the large trees that rise above them
between holocausts. ~ Among these shrubs, Physocarpus is
unique for its regular propagation by sprouts rising from
shallow roots. There is no special seral vegetation following
fire.

Cooke (15) included three stands of Pimws-Physocarpus
forest in his ecologic study of fungi, lichens and bryophytes
in our core area. Data for small mammals are in appendix
table C.

The palatability of the dominant Physecarpus and Holo-
discus shrubs is low, but if domestic livestock are forced to
graze stands of the association, the shrubs tend to be replaced
by a Pos sward as in the Pimws-Symphoricarpus hr, Here
too, the amount of Poa can be taken as a criterion of the
maximal intensity of past grazing use. Ceanothus sanguinens
stems are highly palatable to browsing animals .in winter,
but C. sanguineus is only a minor member of the union as a
rule. However, most of the seeds of this plant lie dormant
in the soil surface for years, and are stimulated to germinate by
heat (35) such as would be provided by a fire. ‘Thus burning
tends to increase C. samguinews in the Physocarpus union.

Comparative data on soil chemistry (rable 1) show that
Pinsws-Physocarpus soils have more humus but are not much
more fertile than Pimus-Symphoricarpos soils. The lodging

' of pine needles in the shrub layers (another important factor

in fite hazard} is even more conspicuous here than in the
Pinus-Symphoricarpos forest, so the top of the litter horizon
is again diffuse.

The profile 2t stand 43 is an intergrade between the
Palouse-Larkin Series, thus a Prairie-Gray Brown Podzolic
intergrade, and is also classified as a Typic Argixeroll:

All 0-3” Black (10YR 2/1m) silt loam; moderate medium
and fine platy; slighty sticky, nonplastic, friable, soft;
abundant roots; dear, wavy boundary

Al2 397 Very dark brown (10YR 2/2m) silt loam; mod-
crate, medium and fine subangular blocky; slightly
sticky, nonplastic, friable, slightly hard, numerous roots;
clear wavy boundary :

Al3 9-17” Very dark grayish brown (10YR 3/2m) silt

loam; moderate, medium and coarse angular blocky;

stightly sticky, nonplastic, friable, slightly hard; numer-
ous roors; clear wavy boundary

17-24” Dark grayish brown (10YR 4/2m) silt loam;

weak, medium and fine subangular blocky; slightly

sticky, slightly plastic, friable, slightly hard; numerous
roots; clear wavy boundary

Bl & A2 24-32” Very dark grayish brown (10YR 3/2m)
silt loam; moderate, medium and coarse subangular
blocky; gray siliceous coatings and organic stains on ped
faces; slighty sticky, slightly plastic, friable, hard; fre-
quent roots; clear wavy boundary

B2 & A2 32”-+ Dask grayish brown (10YR 4/2m) silty
clay loam with 509% stones; moderate, medium and fine
angular blocky; sticky, plastic, firm, hard; occasional

A3
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roots. (by W. A. Starr}
Stand 71 is on a minimal Gray-Brown Podzolic profile:
1-3.5” Pine needles, mostly unfragmented
0-1” Fragmented pine needles
0-3.5” Dark brown (10YR 3/3d) or very dark brown
(10YR 2/2m) sil;; weak granular; friable
3.5-7" Brown to dark brown (10YR 4/3d) or dark
brown (10YR 3/3m) silt, with pockets of very pale
brown (10YR 7/4d) or brown (10YR 5/3m) materi-
al 1/16 to 1/4” in diameter irregularly distributed in
pockets in this and the subjacent horizon; weak sub-
angular blocky
7-18” Dark yellowish brown {10YR 3/4d) or very
dark brown (10YR 2/2m) silc with some tiny black
Mn concretions and some basalt fragments, weak blocky;
friable to firm
18-22” Brown to dark brown (10YR 4/3d) or dark
btown (10YR 3/4m) silt; massive
C 22-36"4- Dark yellowish brown (10YR 4/4d or
10YR 3/4m) siit; massive (By R. L. Cunningham).
No stands of this association are known to occur outside
our core area, and here they are abundantly represented only
below the glacial border.

01
02
Al

A3

B2

B3

Pinus ponderosa-Festuca idaboensis h.t.

In undisturbed condition the vegeration in Pinus ponder-
osa-Festuca h.ts. includes but the single coniferous tree, with
an herbaceous undergrowth in which Festxca idaboensis alone
is conspicucus (fig. 7). Shrubs occur only as rare accidentals.
Stipa and Agropyrom are typically unrepresented.

in an earlier report, Daubenmire (23) grouped all Pinas
ponderosa stands with xerophytic grasses dominating the hetb
layer into a “Pinus ponderosa-Agropyron spicatzm: associa-
tion”. Here that unit is subdivided into Pinwus-Festnca ida-
boensis, Pinus-Agropyron spicatwm and Pinus-Stipa comata
associations. In places, S#pa lemmoni, S. thurberiana, or
Aristida longisera represenr the large perennial bunchgrass
element in essentially pure form. These might be considered
as representing still other h.us. worth recognition, but the
toral land area involved is quite smafl. The confinement of
all members of the xerophytic grass group to glacial soils or
lithosols, the episodic narure of the tree regeneration, the
slow rates of tree growrh, and the susceptibility of the tree to
Arcenthobium were all indicated earlier; just those features
distincrive to each remain to be indicated.

Physiognomically, all the pine stands with xerophytic
grass as the ground cover are essentially identical. The grass-
es arc all caespitose, and have much the same height and
phenology. In the glaciated area they tend to alternate in
shore space. [Evidently, either the envitonmenral differences
are smal] or the substrate is quite heterogeneous, Both alter-
natives seem involved. Among the group, the Pinus-Festuca
association is the one that can be found on fairly deep,
somewhat loamy soils. But where the soil texture is rela-
tively heavy, it tends to have a high conten: of gravel or
stones. For example, in stand 143 where the moisture
equivalents of the upper 5 dm are 244, 19.8, 186, 196
and 11.3%, there is considerabie gravel in this upper half
meter and below is clean sand and gravel. At stand 141 the
moisture equivalents are very low (7.5, 7.0, 6.2, 64 and
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7. Stand 21 representing the Pinus ponderosa-Festuca idahoensis association.

7.6% for the same horizons) but the site is a protected north-
west-facing slope. In sites that seem to be slightly more moist
than those supporting Pinus-Festuca stands, the same till may
support patches of Pinus-Symphoricarpos forest (fig. 5). The
latter may be climatic climax, although the much more preva-
lent Pésns-Festuca association at least approaches this srarus
in the Spokane Valley where most of the pine-with-grass
complex occurs. Cermainly the other pine-with-grass types
{Pinus-Agropyron and Pinus-Stipa) must be interpreted as
edaphic climaxes on drier soils.

Earlier studies where the pine-with-grass types were lump-
ed showed a slower growth rate for pine in those h.ts. than
in Pinus-Symphoricarpos habirats. The expecred height at
50 years is 9.5 m (fig. 4).

There may well be subtle differences in rates of tree
growih within the group that are correlated with differences
in the species of grass dominating.

For data on small mammals trapped in sand 21, see

appendix C.

Festuca idaboensis is the most highly palatable grass in
any of our Pimws forests, and while it can withstand heavy
grazing each year after the shoors have matured, it is seldom
managed prudently. When improperly used, irs place is
preempted by weedy species such as Bromus tectorum, Linaria
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dalmatica and Hypericum perforatum, and shows no tendency
to reclaim the habirar if grazing ceases. A heavy stand of
weed-free Festuca idaboensis is therefore good evidence that
the area has never been overgrazed.

Even light trampling can break up the crust of fine-
textured lichens and bryophytes that everywhere seems to
have covered the ground between vascular plants, and this
allows small annuals to increase (e.g., Draba, Festuca, Plan-
tago) or invade (Agrostis, Bromus, Myosotis). Probably the
summed coverages of these annuals could be considered a
guide to aligning stands to reflect varying amounts of tramp-
ling disturbance. The margins of trails through Pinus-Festuca
stands commonly support lines of Danthonia umispicata, a
native .that is otherwise seldom encountered in these forests.

The Pinus-Agropyron and Pinus-Stipa stands to be dis-
cussed nexe do not show significantly more disturbance-indi-
cators than Pinus-Fertsuca stands, which are cerrainly not
products of heavy grazing. This fact makes it impossible for
us to interpret either of the former as grazing disclimaxes,
as-has been done in other regions.

Three detailed profile descriptions for Pimus-Festuca
stands are available. Stand 141 is on Marble coarse icamy
sand, a Regosol in the Western Brown Forest Soi! Zone and
an Alfic Xeropsamment. Stand 142, in a swale in dune
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topography, is on Marble fine sandy loam, also a regosol in
the Western Brown Forest Zone, and now classed as an Alfic
Xeropsamment. Stand 143, on an outwash train, is 2 Hessel-
tine gravelly silt loam, a Gray Brown Podzalic soil now
classed as a Typic Argixeroll. The profile at stand 142 is:

01 34-0” Needle litter and duff

Al 0-5” Very dark brown (10YR 2/2m) loamy coarse
sand; single grained; nonsticky, nonplastic, friable, loose;
occasional roots, clear wavy boundary

5-16" Grayish brown (10YR 5/2m) loamy coarse
sand; single grained; nonsticky, nonplastic, friable, loose;
occasional roots; clear wavy boundary

16”4 Light brownish gray (10YR 6/2m) Iloamy
coarse sand; single grained; nonsticky, nonplastic, friable,
loose; occasional roots.  (by W, A. Starr)

The profile ar stand 143 is:

01 140" Liter and duff from pine and grass
02 & Al 0-2” Dark grayish brown (10YR 4/2d) or very
dark brown (10YR 2/2m) loam; single grained; non-
sricky, nonplastic, soft; pH 6.5; frequent pieces of char-
coal; very abundant roots; abrupt smooth boundary
2-5” Brown (7.5YR 5/4d) or dark brown (75YR
3/2m) silt loam; weak, medium subangular blocky, re-
ducing to very weak fine angular blocky and medium
granular; considerable grit and pebbles; pH 6.6; fre-
quent gray coatings on peds; slightly sticky, slighdy
plastic, friable, soft, plentiful roots, clear wavy boun-
dary
5-11” Variegated dark reddish gray (5YR 4/2d) and
light brown -(7.5YR 6/4d) or reddish brown (5YR
4/4m) clay loam with abowr 15% gravel; moderate,
medium and fine angular blocky; moderately, sticky,
moderately plastic, firm, slightly hard; pH 6.5; frequent
roots; gradual irregular boundary

11-17” Variegated reddish brown (5YR 4/4d) and

light brown (7.5YR G/4d) or dark reddish brown

(5YR 4/4m) silty clay loam with abour 209 gravel;

moderate, medium and fine angular blocky; sticky,

plastic, firm, slightly hard; pH 6.3; frequent roots; grad-
ual irregular boundary '

IF C2 17-21” Multicolored loamy coarse sand, with ap-
preciable very coarse sand and gravel; pH 6.4; single-
grained; nonsticky, nonplastic, friable, loose; gradual ir-
regular boundary

II C2 17”4 Mulicolored clean sand and fine gravel, with
509 coarse gravel; pH G6.7; nonsticky, nonplastic, fri-

" able, loose. (by W. A. Starr)
The Pinus ponderosa-Festuca idaboensis association has

been previously reported for central Oregon (32).

AC
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Pinus ponderosa-Agropyron spicatum h.t.

In Pinus ponderosa-Agropyron spicatzm stands that have
been relatively undisturbed, Pinas ponderosa is the only coni-
ferous tree in the tallest layer. The only conspicuous plant
in the understory is the caespitose ecotype of Agropyron
spicatum (fig. 8). Festuca idaboensis and Stipa are unrepre-
sented.

The physiognomy and responses to grazing and fire of
vegetation in this h.t. are essendally as in the Pinwus-Festuca
ht
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The Pinus-Agropyron h.t. is the only one of the pine-with-
grass group that has been positively identified in the Clear-
water and Snake River Valleys in the core area. There it is
rather extensive on basaltic lithosols and stony colluviem that
are well exposed to sun and wind, and there it appears
everywhere to have been seriously depleted by overgrazing.
It reappears as a somewhat minor component of the mosaic
of grassy pine forests of the Spokane River drainage. This
h.t. occurs there in basaltic lithosols (e.g., stand 183) or on
outwash contzining a high proporrion of stones (stands 145,
146, 181, 182, 186 and Fig, 8).

Intergrades between Pintns-Festuca and Pimus-Agropyron
are arranged in Appendix B-3 with increasing proportions
of Agrepyron toward the right. Stand 22 is only 200 m
from Pinus-Festweca stand 21, Both are on Hesseltine gravelly
sandy loams, shallow phase, in the Gray Brown Podzolic Zone
and are Typic Argixerolls, but the one with an admixmure of
Agropyron is associated with a noticeable reduction in sticki-
ness and plasticity in the B horizon. Apparently, the most
imporrant difference between Pinus-Festtica and Pinus-Agro-
Pyron h.ts. involves the moisture holding capacity of the sub-
strate.

The profile of stand 145, a Hesseltine gravelly silt loam,
a Gray Brown Podzol and a Typic Argixeroll, is:

01 15-0” Litter and duff from pine and grass

02 & Al 0-1” Gray (10YR S5/im) or black (10YR
2/1m) silt loam; single grain, nonsticky, nonplasiic,
friable, soft; pH 6.2, abundant roots; abrupt smooth
boundary

1-2” Light brown (7.5YR 6/4m) or brown (7.5YR
4/2m) silt loam; weak medium and fine granular;
slightly sticky, nonplastic, friable, soft, pH 6.6; abundant
roots; abrupt smeoth boundary

2-5” Light brown (7.5YR 6/4m) or dark brown
{7.5YR 3/2m) silt loam with 156% gravel; mixed single
grain and weak fine granular; pH 6.7; slightly sticky,
nonplastic, friable, soft; clear wavy boundary

5-127 Variegated reddish brown (5YR 4/4m) or
brown (7.35YR 4/4d) silt loam with 155 gravel, mod-
erate medium and coarse subangular blocky; moderately
sticky, moderately plastic, firm, slighily hard; pH 6.6;
numerous roots; gradual irregular boundary

12-20" Variegared dark reddish brown (5YR 3/3d)
or brown (7.5YR 4/4d) or dark brown (7.5YR
3/2m) clay loam with 50% gravel; moderate medium
and fine angular blocky; sticky, moderately plastic, firm,
slightly hard; pH 6.8; numerous roots; gradual irregular
boundary

20-22" Variegated dark reddish brown (5YR 3/3d)
or brown (7.35YR 4/4d) or dark brown (7.5YR
3/2m} clay loam containing 55% stone and boulders
with considerable grit and gravel; moderate medium and
fine angular blocky; sticky, moderately plastic, firm,
slightly hard; pH 7.0; numerous roots; gradual irregular
boundary ’

II C1 22-26” Yellowish brown (I0YR 5/4m) gravelly
loamy coarse sand; single grain; nonsticky, nonplastic,
friable, loose; pH 6.9; no roots; gradual irregular boun-
dary

A2l

A22

B21
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8. Stand number 182 representing the Pinus ponderosa Agropyron spicatum association.

If C2 26”4 Muldcolored clean sand with 209 gravel;
single grain; nonsticky, nonplastic, friable, loose; pH 7.1;
no roots. (by W. A. Starr)

McLean and Holland (60) report a Pinus ponderosa-Ag-
ropyron spicatum type of forest in the valley abour the head
of the Columbia River in Brirish Columbia, bur give no de-
wils of its composition. Brayshaw (8) has recognized a
“Pinus ponderosa-Agropyron spicatum var. inerme & spica-
#zem association” in southcentral British Columbia. This unit
includes Festuca idaboensis, Stipa comata and other species
in both genera. Therefore, it is eithet a different type of
community than we have defined under the same name hete,
or is much more broadly conceived as in the earlier paper by
Daubenmire (23).

Mineral County, Montana, has Pinus ponderosa forests in
which the undergrowrh includes Agropyron spicatum, Festuca
idahoensis and Festwea scabrella, In central Montana, from
the Continental Divide eastward to Fergus (56) and S$till-
water Counties, at least, occur Pinus ponderosa-Agropyron
spicatuwi forests in which the minor species of forbs and
shrubs are almost torally different from those in the core
area. Thus it may prove desirable to recognize one or more
distince phases of the association in Montana.

The U.S. Forest Service (88, 89) has listed a "Pinns pon-
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derosa-Festuca-Agropyron” association in the Blue Mountains
of Oregon. They state that this category lumps Pinas-Agro-
pyron and Pinus-Festuca stands rogether along with inter-
grades, It is further stated that the Pinms-Agropyron stands
are found on poorer soils and have thinner ttee cover. In
both types, Bromaus tectorum and Poa secunda increase with
grazing, All these characrers closely march the simation in
eastern Washington; the principal difference is one of no-
menclature.

Pinus ponderosa-Stipa comata h.t.

Stable vegetation in the Pin#s ponderosa-Stipa comata ht,
consists of an overstory of P. ponderosa with Stipa comata as
the only conspicusus vascular plant beneadh (fig. 9}. Shrubs
are virmally lacking. Festuca idaboensis and Agropyron spica-
rum are not represented, and rypically only the one species of
Stipa is present. The soil is invariably sandy.

In the intricate mosaic of pine-with-grass forests in the
Spokane Valley, Pinus-Stipa comatz stands. seem second in
abundance only to Pinwus-Fesinca idaboensis stands. Forests
in which the understory grass is S#pa comata (stands 138 &
185 in Appendix B-3), Stipa thurberiana (stands 139 and
184), 8. lemmoni, 8. elmeri (stand 140), or Aristida longiseta
all cccur on coarse sands thar are moderately to strongly ex-
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9. Stand representing the Pinus ponderosa-Stipa comata association, near Deep Creek, Washington.

posed to the sun. Only the first of these seems well enough
represented in the core area to be recognized as a distince
association,

The coarse soils of the Pinus-Stipa hit. might be expected
to be less fertile than the heavier soils of the Pinws-Festuca
hit, but the data show no significant differences (appendix
D).

One soil profile description is available for Pinws-Stipa
comata stand 138. This is a Marble loamy very coarse sand,
a regosol in the Western Brown Forest Zone, and an Alfic
Xeropsamment:

01 0.5-0” Litter and duff

Al 0-5” Grayish brown (10YR 5/2d) or dark grayish
"brown (I0YR 3/2m) loamy very coarse sand; single
grain; nonsticky, nonplastic, friable, loose; numerous
roots; clear wavy boundary

AC 35-13” Brown (10YR 5/3d or 10YR 4/3m) loamy

very coarse sand; single grain; nonsticky, nonplastic, fri-

able, loose; numerous roots, clear wavy boundary

13”4 Very pale brown (10YR 7/4d) or datk yellow-

ish brown (10YR 4/4m} loamy very coarse sand; single

grain; nonsticky, nonplastic, friable, loose; occasional

roots. (by W. A. Starr)

C1
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Stand 139 had a pure stand of Stipa thurberiana beneath,
and its similarity to the above is worth noting. This was on
a Marble loamy coarse sand on the broad cresr of an ancient
dune. It is classed as a regosol in the Western Brown Forest
Zone, and as an Alfic Xeropsamment. It is situated only
about 100 m from Pinus-Festunca stand 142 which is at the
northern base of the dune on Marble fine sandy loam. The
profile of the Stipa thurberiana stand is:

01  035-0” Lirter and duff from grass and pine

Al 02”7 Gray (10YR 5/1d) or black (10YR 2/1m)
loamy coarse sand; single grain; nonsticky, nonplastic,
friable, loose; pH 6.7; abundant roots; clear smooth
boundary

ACl 2-14”" Light gray (10YR 7/2d) or dark grayish

brown (10YR 4/2m} loamy coarse sand; single grain;

nonsticky, nonplastic, friable, slightly compacr; pH 6.7;

frequent roots; clear wavy boundary

14-21”  Similar ro above bur with higher percentage

of coarse sand and fine gravel; pH 6.8; occasional roots;

gradual irregular boundary

21"+  Multicolored very coarse sand and fine gravel;

single grain; loose; pH 7.0; no roots.  (by W. A. Starr)

Brayshaw (8) has recognized a “Pinws ponderosa-Stipa

AC2

C1
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spp. subassociation” in south-central EBr.itistholumbia which
differs from the Stipa comata association in our core area.
In addition to Stipa comata, his suba:smcianon 1r.1c1ud'es S.
spartea, S. columbianuni, S. richardsonii and Koelfma cristata,
all listed as being characteristic. It occurs on limey tll or
detritus fans having high pH, and is interpreted as 2 grazing
disclimax. Stipa richardsonii and §. spartea certainly reflect
the appreciably greater summer rainfall of that area, so that
the rwo ecosystems differ as to flora, climate, soil and srability.
The. §. comata forest in our core area is interprered as an
edaphic climax for reasons given carlier.

Pinus ponderosa-Purshia tridentata h.t.

Stable vegetation in the Pinus ponderosa-Purshia triden-
tata h.t. is distinguished by an overstory of Pinus pomnderosa
with a shrub layer dominated by Purshia tridentata beneath,
Xerophytic grasses are conspicuous among the herbaceous
plants of the third layer.

Species lists for constancy comparisons, using plots 5 x
25 m each, were made in the reconnaissance study reported
in 1952. Revisitation of those lightly disturbed stands re-
vealed further deterioration, and no equally good new stands
have been found. Therefore, the data so briefly summarized
in the earlier report will be presented in full here, as they
may be the best ever obrainable.

As in the Pinus-Symphoricarpos and Pinus-Physocarpus
forests, pine seedlings tend to be rather uniformly distribured
over a fairly uniform understory in forests of this h.t. How-
ever, the tree is here susceptible to Arcemthobium infection,
and is almost as slow-growing as in the pine h.ts. Jacking
Purshiz in the undergrowth; the expected height ar 50 years
is 13.8 m. ’

Although a fairly rich shrub flora is represented (ap-
pendix B-4), only Parshia is abundant. Beneath the Purshia
layer, xerophytic grasses include Festmca idaboensis, Agro-
pyron spicaium (caespitose ecotype), Stipa comata and Aris-
tida longiseta. Forbs such as Balsamorbiza sagittata, Fragaria
and Erigeron compositus are locally conspicuous in addition,
There is good evidence that before the era of grazing, the
species of large perennial grasses were often segregated so
that different phases could be recognized in eastern Wash-
ington. Each was distinguished by the dominance of a
single species in this life form.

In the core area, this h.t. has a very limited distribution.
From the mouth of the Spokane River it exiends eastward up
the valley of that river aimost to Nine Mile Falls, and extends
northward up the Columbia River to a short distance above
the town of Gifford. Within this range, the soil of the h.c.
is well-drained sandy alluvium or thin stony soil over basair.
It is notable thar in eastern Washingron this h.t, though
definitely not associated with subirrigation, is rather closely
confined o a belt following tivers. Alluvial sands and stony
soils similar o those supporting Pinus-Purshia forest occur
over a much broader area in these low valleys.

The high species diversity of the Pimws-Purshia forest as
compared with the pine-with-grass forests is notable (appen-
dix E), since all are in the same geographic area, and most
if not all are edaphic climaxes on sandy or stony soils.

The h.t. is used for grazing, timbier production, grain, and -

orchard fruits. Fire eliminates only the Parshia, bur the ex-
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tensive movement of its achenes by rodents and birds ensures
its prompt invasion of burned areas.

Pute forests of Pénsus ponderoia with a conspicuous layer
of Purshiz tridentata beneath are widely distributed in arid
parts of west central North America. In northwestern Mon-
tana, a few miles northwest of Eureka, we have noted Pings-
Purrhia vegetation with Stipa comata, Agropyron spicatum
and Koeleria cristata as the chief perennial grasses. Mclean
and Holland (60) mention Pim#s ponderosa-Purshia forest
abour the headwaters of the Columbia River in southeastern
British Columbia. In the south-central patt of that province
Brayshaw (8) has described a phase of the association on
coarse sands and gravels of outwash terraces chatacterized by
Aristida longiseta as the major perennial grass. Along the
foothills of the Cascades from Washington to Oregon (3, 32,
95) and northwestern California (16) other phases of the
Pingns-Purshia h.t. have been recognized. In the Blue Moun-
tains of Oregon 2 "Pinus ponderosa-Purshia iridentata-Carex
rossii’ phase has been described (88, 89) on shallow, sandy
and stony soils derived from rhyolite. As in Washington,
the pine grows slowly in heighr.

From the above it is clear thar there exists a broadly
defined Pinus ponderosa-Purshia tridemtata hr. This hr
could be divided into different phases, on the basis of differ-
ences in the graminoids, wherever such subdivisions might
be useful.

The Pseudotsuga menziesii series

Upon entering the mountains from any point about the
margin of the steppe and continning along the gradient of
increasing moisture and decreasing temperature, coniferous
trees are encountered in a highly predictable order: Pimms
ponderosa, Pseudotsuga menziessi, Larix occidentalis, Pinus
contorta, Abies grandis, etc. The few climatic data from the
mountainous regions do not indicate as consistent a change
in water balance along this floristic gradient as the regularity
of the sequential appearance of tree species and the topo-
graphic relations of the ecotones suggest. {(See 28 and
appendix F.) However, studies of the soil moisture regime
(28, 61) have demonstrated remarkably consistent and eco-
logically significant differences among h.rs. in which Pinus
ponderosa, Psendotsuga, Abjes grandis, Thuja, Tsuga betero-
phyllz and Abies lasiocarpa are climax, In appendix F the
relatively cold winters where forests of the Presdotsuga
series are climatic climax suggest better conservation of winter
precipitation than in the Pinus ponderosa forests, although
the annual precipitation is no greater in the former.

The pure forests of Pinus ponderosa that form the lowest
forest bele give way to Psesdotsuga as moisture becomes
adeguate for scedlings of the larter to succeed. Although
Prendotsuga seedlings have shorter tap roots (28) and so
are more sensitive to drouth, the tree is competitively su-
perior to the pine in places moist enough for seedling
establishment. In this second bele of forest, where Psexdoz-
suga is the climax dominant, population structure shows
clearly that Pinas ponderosa, P. contorta and Larix occiden-
talis can play only the role of seral opporwnists that readily
invade deforested areas. Whether these invade before Pres-
dotsuga or concurrently depends mainly on which seed sources
are available, Once the canopy closes over, only Psendotsuga
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can continue reproduction (appendix A). The upper limit
of this Pseudotizga belt is set in the same manner by a
sufficient increase in moisture for Abies grandis seedlings
to succeed, since that tree has still greater competitive abilities
than Prendotsuga.

The Psendotsuga series embraces three distincrive hits.
Each is easily recognized when supporting relatively undis-
turbed vegetation by differences in the dominants of the
undergrowth. The distribution of the three seems controlled
by differences in soil or in altimde within the atea whete
the moisture regime favors Prexdossuga as the climax dom-
inant, '

In the Prexdotsuga series it is easier 10 find stands lacking
evidence of logging or grazing than in the Pinus ponderosa
series. Everywhere but in the Psendotsuga-Calamagrostis h.t,
Poa pratensis and Poa compreisa are the most reliable indi-
cators of the heaviest grazing to which the stands have been
subjected.

Pseudotsuga menziesii-Symphoricarpos albus h.t.

The Prendotsuga menziesii-Symphoricarpos association is
tecognized by an overstory consisting entirely of Psexdotsuga
menziesi and an undergrowth in which Symphoricarpos albus,
Spiraea berulifolia, Rosa woodsii and R, nutkana (ie, the
Symphoricarpos albus union), singly or collectively, determine
its physiognomy. Phyrocarpus, Holodiscws and Ceanothus
are absent, and Calamagrostis rubescens, if present, is seldom
well represented. X

In Psendotsuga-Symphoricarpos stands the shrubs are near
the lower end of their size range under forest conditions, and
this together with their sparsity provides a general aspect of
impoverishment. - Species diversity is also conspicuously re-
duced here in comparison with surrounding huts. (appen-
dix E). _ )

Chemical properties of the soils (appendix D) tend to
differ between Psendotsuga-Symphoricarpos and Psendotsuga-
Physocarpus h.ts, as berween Pinus-Sympboricarpos and Pinus-
Physocarpus his, in thar they suggest a slightly higher gen-
eral level of fertility associated with the Physocarpsus union.
However, the disparity is still weaker here in the higher
series. - 'With chemical analyses offering little to explain the
environmental difference between the Psexdotsuga-Symphori-
carpos and Psemdotsuga-Physocarpus hts.,, a moisture differ-
ence might be sought. Yet the presence of Prewdotsuga
suggests thar at some season at least, moisture relarions must
be better here than in the Pimms-Physocarpus ht. where
Physocarpus grows luxuriantly yet Psexdotsuga cannot survive!
Three miles westsouthwest of Garfield, Washington, a well-
defined beitr of Prendossuga-Symphoricarpos forest occurs be-
tween belts of Psendotsuga-Physocarpns and Pinus-Symphori-
carpos, suggesting intermediacy of moisture relations.

The altitudes of the Psexdotsuga-Symphoricarpos and
Prendotsuga-Physocarpns stands studied suggest an altimude
difference in the two associations. ‘This is more apparent
than real, for we have seen stands of the former above the
506-716 m range (appendix B-5) and of the larter below
the 630-1110 m range.

Seral trees on this h.t. appear to include only Pinws ponder-
osa and Larix occidenialis (appendix A-4). Grazing again
favors Poa pratensis and P. conipressa.

One soil profile description is available for a stand of
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Pseudotsuga-Symphoricarpos in Ferry County, Washingron,
which was not sampled. This was a Ryan silt loam in the
Prairie Great Soil Group, now classified as a Mollic Vitran-
dept:

All 0-7” Very dark brown (10YR 2/2d) or black (10YR
2/1m) silt loam with 5% gravel; moderate medium
and coarse angular blocky, medium platy near the sur-
face; compact, slightly sticky, slightly plastic, slightly
firm, slightly hard; abundant roots; smooth boundary
7-13" Very dark brown (10YR 2/2d) or hlack (10
YR 2/1m) silt load with 10% angular gravel; strong
coarse granular and fine angular blocky; slightly sticky,
slightly piastic, slightly firm, slightly hard; abundant
roots; clear wavy boundary

13-18” Very dark gray (10YR 3/1d) or very dark
brown (10YR 2/2m) silt loam with 109 angular
gravel; strong medium and fine anguiar blocky; sticky,
plastic, firm, hard; numerous roots; clear wavy boun-
dary

18-23" Yellowish brown (10YR 5/4d) or dark yel-
lowish brown (10YR 3/4m) gravelly clay loam with
15% angular gravel; strong medium and fine
subangular blocky; sticky, plastic, firm, hard; ftequent
roots; clear wavy boundary

23-30” Light yellowish brown (10YR 6/4d) or dark
yellowish brown (10YR 4/4m) gravelly clay loam with
209 angular gravel; sticky, plastic, very firm, very
hard; occasional roots; abrupt wavy boundary

30-33” Very pale brown (10YR 8/2d) or pale brown
(10YR 6/2m) gravelly clay loam with 25% gravel;
sttong medium and fine subangular blocky; sticky,
plastic, firm, hard; calcareous; occasional roots; abrupt
wavy boundary

33”4 Very pale brown (10YR 7/3d) or brown
(10YR 3/3m) gravelly loam with 25% gravel; mod-
erate medium and fine angular blocky; slightly sticky,
slightly plastic, firm, hard; occasienal roots; calcareous.
(by W. A. Starr)

The Psendotsuga-Symphoricarpos association has been re-
ported in the vailey about the headwaters of the Columbia
River in British Columbia (60) as well as in the south central
part of that province (8). Brayshaw lists as characteristic
species Symphoricarpos albus, Prunus virginiana, Crataegus
donglasii, Acer glabrum, Berberis aguifolium, Spiraea betuli-
folia, Aster conspicuus and Salix bebbians. What he consid-
ers a geographic phase of this association characterized by the
addition of Physocarpus malvacens and Clemaiis columbianum
may better be interpreted 2s an outlier of our Prewmdotsuga-
Physocarpus association, which is otherwise unrepresented in
his area.

In the Crowsnest Pass area of Alberta, Qgilvie (67) has
described a Psendotsuga menziesii-Sympboricarpos albus as-
sociation, He listed as the principal shrubs Symphoricarpos
albus, Spiraca betulifolia, Rosa acicularis, Amelanchier alni-
folia and Pranus virginiana. Typically, the herb layer there is
dominated by Arnica cordifolia, Aster ciliolatus, A. conspicu-
us, Smilacina racemosa, Disporum trachycarpum, Thallictrum
occidentale, Osmorbiza chilense, Lathyras ochrolencns and
Erythronizm grandifloran. This unit seems to correlate very
closely with our Washington material,

Al2

Al3

B1

B2,

B2,

B3.,
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We have seen stands that appear essendially identical to
those of aur core area as far wese as the Cascade foothills in
western QOkanogan County, Washington, and as far east as
Montana (Chouteau, Flarhead, Judith Basin and Gallatin
Counties). Others that represent at least a phase of the
same association are as far souch as the Wind River Moun-
tains in west central Wyoming.

Psendotsuga menziesii-Physocarpus malvaceuns h.t.

The Psendotsuga menziesii-Physocarpns maalvacens assoc-
iation is distinguished by a tree stratum composed entirely of
Prendotsiga menziesii at climax, with a shrub layer consisting
chiefly of Physocarpus malvacens and Holodiscus discolor in
varying proportions (the Physccarpus union).

Previously it was pointed our that the Pinws-Physocarpus
and Psendotsuga-Physocarpzs stands differ clearly in tree spe-
cies, in positions in the vegetation mosaic that suggest a
higher moisture status for the Preadotsaga ht, and in the
confinement of the Pinas-Physocarpus ht. to northerly slopes.
In contrast, the Prendotsuga-Physocarpus can be found on all
exposures. At its lower limits the latter is invariably on
northerly slopes that provide compensation for low rainfail.
With higher rainfall it moves onto gentle slopes facing all
directions (typically with the Pinws-Symphoricarpos hr on
steep south-facing slopes and Abiss grandis-Pachistima on the
steep north-facing slopes). Still higher in the mountains,
it becomes confined to slopes facing steeply to the south
(figs. 10, 11), with all other topography pre-empted by

forests with dominants that are competitively superior, such
as Abies grandis, Thuja plicata or Tsuga heteropbylla.

The Physocarpus union typically has less coverage and
lower stature in the Psewdotsuga-Physocarpus than in the
Pinus-Physocarpus forest at climax (fig. 10,11; Appendix
B-5 and B-2). “Also, that point on the moisture scale which
so abruptly tips the balance in favor of Psewdotsmoa is re-
flected in the subordinate vegetation, but less absolutely.
Rasa woodsii and R. matkana occur less regularly in the
stands. Among the herbs are fewer of certain species { Achil-
lea, Besseya, Erythronium, Galium boreale, Veratrum ibeci-

osum and Vicia americana), but an increase in others (Aren-

aria, Arnica, Disporum spp., Mitellz and Smilacina stellata).
In this association the herbaceous vegetation is at the peak of
its development berween abour May 25 and June 10.

Data on fungi, lichens and bryophytes in three stands of
Psendotsuga-Physocarprs forest have been provided by Cooke
(15). The results of mammal trapping are summarized in
appendix table C.

Heavy grazing by livestock converts this vegetation into a
Poa pratensis-P. compressa disclimax. When burned, the
shrubs all regenerate promptly from underground organs, and
Psendotinga and the seral trees slowly invade in any order
ot combination up to the time of canopy closure, when further
reproduction of all but the Preudotsuga is precluded. Cra-
taegur donglasii often invades in small numbers during the
deforested period. Pinws ponderosa grows faster here than
in the drier climates where it is climax. The expected height
at 50 years is 17.1 m {fig. 4). Larix occidentalis, here at its
lower altitude limits, grows relatively slowly, the expected
height at 50 years is 19.0 m (table 1).

In pointing out the significance of deforested intervals for
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10. Psendotsuga menziesii-Physocarpus malvacens forest in
the Priest River Experimental Forest near stand 150. In
contrast with Pinaus-Physocarpus forests (see fig. 6}, Phy-
secarpus may be reduced to a scattering of stunted bushes
as a Psendotsuga-Physocarpus stand matures. Physocarpus
coverage in stand 150 was 79,

providing shrubs that are used by deer in winier, Pengelly
{69, 70) presented some data on the seral roles of the
shrub component of vegetation on Psesdotsuga-Physocarpus
habitats in Kootenai County, Idaho (table 2). After logging,
the residual shrub cover increases markedly, then declines as
the new forest develops. A return to climax conditions in
the shrub layer is estimated t0 require only 60-80 years after
logging. During the period of expansion following tree
harvest, Holodiscus grew to a height of 15 ft and Ceanothus

Table 1. Mean height of Larix occidentalis at 50 years age in the

northetn Rocky Mountains, Dama from Roe (75).
Height, Confidence

Habitar type meters  interval (P=0.99}

Abies lasiocarpa-Xerophyllum 15 = 635

Abies lasiocarpa-Pachistima 17.8 *.78

Tiuga beterophylia-Pachistima

Thuja plicata-Pachistima } 20.2 *+ 41

Abies grandis-Pachistima

Piendotsuga menziesii-Calamagrostis 16 * 45

Psewdotsuga-Physocarpus 18.9 *136
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11. Road cut through Pseudotsuga-Physocarpus forest near
stand 105, showing shallowness of soil associated with this

sanguinens 1o 12 fr, which is more than twice their normal
starure in the forest. Ceanothus velutinus locally invades in
quantity in this h.r. as well as in h.s. in the Pinus ponderosa
and Tsuga series, where fires come often (fig. 12).

Pinus ponderosa and Larix occidentalis are normally the
only seral trees. The former is the more frequent in rthis
role (appendix A-3). Seedlings of Abies grandis or Tsuga
beterophylla may appear occasionally in the Psendotsuga-
Physoecarpas ht. if seed sources are abundant nearby. These
are nearly always short-lived, presumably because the soil dries
to a considerable depth each year.

Soils of this habitat vary from basaltic talus (mainly where
confined to northerly slopes in dry climates) to deep loess
with voicanic ash {at mid-altitudes where the Prewdotsuga-
Physocarpus association is climatic climax), tw thin residual
soil over granitic or sedimentary rocks (on southerly slopes
at high altitude; fig. 11). Fertility levels in all the stands
tested proved o be quite high (appendix D). Indeed, much
of the habitat where the association is climatic climax is
cropped, producing barley, clover seed, strawberries, etc.

Two profile descriptions have been prepared. Stand 92,
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h.t. where it occurs at its highest altitudes on southerly
slopes. Priest River Experimental Forest, Idaho.

south of the glacial border, is on Spiegel silt loam, classified
as a Prairie or a Typic Haploxeroll. The colluvial soil of this
slope has been subject to slow movement at various times

in the past.

01 14-0” Needle litter and duff

‘Al 0-3 Very dark grayish brown (10YR 3/2m) silt Joam;
Table 2. Average percent “ground cover” of shrubs in groups of

sites of varying ages since logging in the Pscwdotsuga-

Physocarpus hr. in Kootenai County, ldaho. Data from
Pengelly (69, 70).
Years since logging 13 20 26 40+
No. of sites averaged 2 4 1 3
Amelanchier aluifolia 65 27 0 5.6
Ceanathus sanguinens 184 29 43 33
Holodiscus discolor 214 268 480 840
Physocarpus malvacens 21 129 53 43
Prunus virginiana 26 19 11 3.0
Symphoricarpos albur 184 125 51 K8
Other species 17.5 134 10.6 8.0
Totals 86.9 731 744 410
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12. Pinus ponderosa and P. contorta with Ceanothus velu-
tinus on repeatedly burned Pseudotsuga-Physocarpus hit.

moderate, medium and fine granular; slightly sticky,
slightly plastic, friable, slightly hard; abundant roots;
clear wavy boundary
A3& A2 37" Dark grayish brown (10YR 4/2m) silt
loam; mixed, moderate medium granular, and weak fine
angular blocky; slightly sticky, slightly plastic, friable,
slighdy hard; numerous roots; streaks and seams of
siliceous gray coatings throughout the mass; clear wavy
boundary
Bl & A2 7-16" Mixed matrix grayish brown (10YR 5/2
m) silt loam; moderate fine angular blocky; gray sili-
ceous coatings on ped faces; slightly sticky, slightly plas-
tic, friable, slightly hard; numerous roots, clear wavy
boundary
16-24"”  Grayish brown (10YR 3/2d) or dark brown
(7.5YR 4/2m) silt loam; weak fine angular blocky;
slightly seicky, slighdy plastic, firm, slightly hard; fre-
quent roots; clear wavy boundary
24-30” Dark brown (10YR 4/2m) silty clay loam;
moderate fine angular blocky; sticky, plastic, firm, hard;
frequent roots; clear wavy boundary

BI

B2
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in the St. Regis Valley, Mineral County, Montana.

B3 30”4 Dark brown (10YR 4/2m} silty clay loam;
strong medium angular blocky; sticky, plastic, firm,
hard; 25% stones; occasional roots. (by W. A. Starr)

Stand 107 in the glaciated region is on Skiffington loamy

fine sand, a regosol in the Gray Wooded Zone, and a Typic
Xerochrept:
01 14-0” |Litter
A21 0-7” Light brownish gray (10YR 6/2d) or grayish
brown {10YR 5/2d) mottled, or very dark gray (10YR
3/1m) gravelly fine sandy loam with 20% gravel, weak
medium and coarse granular, with some tendency to
very weak medium subangular blocky; nonsticky, non-
plastic, friable, soft; pH 7.0; abundant roots; clear wavy
boundary

7-16"  Grayish brown (10YR 5/2d) or dark brown

(10YR 4/2m) gravelly fine sandy loam; weak medium

and fine subangular blocky; nonsticky, nonplastic, friable,

soft; 20% gravel and very occasional stone; pH 6.5;

numerous roats; clear wavy boundary

16-23” Pale brown (10YR 6/3d) or dark brown

(10YR 4/3m) gravelly sandy loam with 209 gravel

A22

A23
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and occasional stone; 4095 mottles of brown (7.5YR
4/4d); weak medium and coarse subangular blocky;
nonsticky, nonplastic, firm, slightly hard; pH 6.0; occa-
sional roots; abrupt smooth boundary

A24.B22 23-40” Mortled brown (7.5YR 4/2d) and gray-
ish brown (10YR 5/2d) or dark brown (10YR 3/3m)
gravelly fine sandy loam with 309 gravel and occa-
sional stone; massive; nonsticky, nonplastic, firm, very
hard; occasional roots; pH 6.5; clear wavy boundary

A25-B2%  40-53” Grayish brown (10YR 5/2d) or dark
grayish brown (10YR 4/2m) gravelly loam with 209
gravel; 109 mottles of brown (7.5YR 4/2d); massive;
nonsticky, nonplastic, firm, hard; occasional toots; pH
6.5; clear irregular boundary

B24 53”4 Datk brownish gray (10YR 4/2m) gravelly
sandy clay loam with 209 gravel and 20% stone; mas-
sive; sticky, moderately plastic, firm, slightly hard; no
roots, pH 7.0. (by W. A. Srarr)

In another Psexdossuga-Physocarpus stand that we exam-
ined in Ferry County, Washington, the soil profile had been
classified by W. A. Starr as a Chernozem, the Molson Series,
now classified as a Mollic Vitrandept. Hauxwell (42) has
published 2 derailed description of the soil profiles in two

seral forests in the Pseudossuga-Physocarpres ht. in Benewah
(?) County, Idaho, his sites 2 and 3.

The Prsendotsuga-Physocarpus hi, occurs throughour our
core area but appears to have very little representation to the
north in British Columbia. We have noted it also in Wal-
lowa County, Oregon, near Payette Lakes, Idaho, and in
Mineral, Ravalli and Sanders counties in western Montana.

Pseudotsuga menziesii-Calamagrostis rubescens h.t.

Climax stands of the Psexdoiings menziesii-Calamagrostis
rubescens association include no coniferous trees other than
the Psewdotsuga, and have an undergrowth that is 2n essen-
tially shrub-free sward dominated outstandingly by Calama-
grostis rubescens (fig. 13).

A brilliant green sward, the uniformity of which is en-
hanced by the notable lack of inflorescences and uniform
spacing of grass tillers, makes this h.t. easily recognizable
from a distance. Carex concinnoides and C. geyeri are often
codominants. The forb with the best representation is Arnica
cordifolia, a species that is also the most characteristic forb
of the Psendotsuga-Physocarpus hu.

The Pseudotsuga-Calamagrostis ht. is the high-altitude
tepresentative of the Psemdotsuga series. The highest stand

13. Pseudotsuga menziesii-Calamagrostis rubescens stand 66. This stand was clear-cut shortly after it was analyzed.
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of either of the other two associations was 1110 m above sea
" level. The range of the 15 Pseudotsuga-Calamagrostis stands
was 1163-1875 m. Apparently this h.t. occurs where dryness
extends relarively far up the gradient of decreasing rempera-
mre. At the cold-wet ecotone of the h.t. the contact is com-
monly with an Abies lasiocarpa h.t, withour any member of
the Tsuga heterophylla series intervening., The Abies lasio-
carpa seedlings in stands 109 and 148 reflect constant invasion
pressure from contiguous populations of that tree. Stand 114
is on a mesa next to a sieep northetly slope supporring an
Abier grandis climax, and accidentals of Abies in two sizes
occurred in the Psewdotsuga ht.

If species diversity can be considered a criterion of the
general favorableness of a h.t., the Preudotsuga-Physocarpas
with 2 median of 28 spp./5m® is the most favorable environ-
ment in the Pseudotsuga series, with Psendotsuga-Symphori-
carpos intermediate (22 spp.) and Pseudotsuga-Calamagros-
4y least favorable (19 spp.}. On the other hand, if basal
area is any criterion, this h.t. is the most productive of the
three {appendix H}).

This is the only member of the Preudozsuga series in which
Pachistima occurs rather commonly,

Under 2 forest canopy, Calamagrosiis populations main-
tain themselves by means of a rhizome system, with the
grass rarely flowering. Following fire, however, inflores-

cences appear in quantity {93).

Seral wrees (appendix A) include Larix occidentalis, Pinus
contorta and P, ponderosa. Fires have been so exrensive in
this h.t, especially in south-central British Columbia (87)
that climax stands of the association are rare. The most
frequent cover type in the h.t. consists of Pinus comtorta or
P, ponderosa with an understory of Calamagrostis.

In south-central Idaho, Ceanothus velutinus, liamna vivu-
laris, and Moldavica parviflora dominated the early stages of
succession on a burned area belonging to this ht. (55). All
apparently developed from dormant seeds buried in the soil
before the fire.

For the results of trapping for small mammals, see appen-
dix C.

Calamagrostis rubescens is generally considered of low
palatabiltty to livestock, but locally ar least it is well used.
Perhaps the problem is mainly one of inappropriate herd
management (59). A notable feature of the response of this
vegetation to grazing is the failure of Poaz spp. to invade.

In the core area, the lower limits of the h.. are reached
on coarse-textured outwash. Here the association intergrades
with the two low-altitnde members of the series, as in the
valley system from approximartely Newport, Washington, to
Sandpoint and Bonner's Ferry, Idaho.

There is a staristically significant drop in soil pH from
the Prendotsuga-Physocarpus to the Pseadotinga-Calamagros-
tis hus. (appendix D). Bases, the percent base sarurarion,
and the cation exchange capacity tend to be reduced as weil,
all of which reflect a lower level of fertiliry.

A profile description is available for stand 111, which
is on Merkle sandy loam in the Brown Podzolic Zone, and a
Typic Xerochrept:

01 1-0” Lirtter and duff
A21 0-0.5” Discontinugus ashy bleicherde
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B2l 0.5-22” Light brownish gray (10YR 6/2d) or gray-
ish brown (10YR 5/2m) sandy loam with frequent
boulders and stones; weak medium and fine granular;
nonsticky, nonplastic, friable, soft, pH 6.2; numerous
roots; abrupt wavy boundary

A22-B22 22.31” Light gray (10YR 7/2d) or light brown-
ish gray (10YR 6/2m) sandy loam, very stony; bands of
brown (10YR 5/3d) and yellowish brown (10YR
5/4m); massive; slightly sticky, nonplastic, very firm,
very hard; pH 5.7; intense bands 1-2" apart, }8-%4"
thick, 6-8 in number, in horizon; clear wavy boundary

A25-B23 31-47" Light gray (10YR 7/2d) or brown
(10YR 5/3m)} sandy loam with frequent stones; mas-
sive; slightly sticky, nonplastic, firm, slighdy hard, pH
6.8; 10-12 definite bands throughout horizon, 4-6” apart,
sharply undulating; frequent roots; clear irregular boun-
dary . ‘

A24-B24 47"+ Light brownish gray (2.5Y 6/2m) sandy
loam with frequent stones and boulders; mottles of light
olive brown (2.5Y 5/4m) and spots of brown (10YR
5/3m); massive, fitm, slightly hard; pH 6.8; very oc-
casional roots. (by W. A. Starr)

Another stand, inspected but not sampled, was on a Skif-

fington gravelly fine sandy loam in the Gray Wooded Great
Soil Group, and now classified as a Typic Xerochrept, in
Ferry County, Washingron.
01 1-0” Licter and duff
All 0-7” Light brownish gray (10YR 6/2d) and grayish
brown (10YR 5/2d) mottled, or very dark gray (10YR
3/1m) gravelly fine sandy loam with 20% gravel; weak
medium and coarse granular, with some tendency to
very weak medium subangular blocky; nonsticky, non-
plastic, friable, soft; pH 7.0; abundant roots; clear wavy
boundary

7-16” Grayish brown (10YR 5/2d) or datk brown

(10YR 4/2m) gravelly fine sandy loam with 30%

gravel and very occasional stone; wezk medium and

fine subangular blocky; nonsticky, nonplastic, friable,
soft; pH 6.5; numerous roots; clear wavy boundary

16-23” Pale brown (10YR 6/3d) or dark brown

. (10YR 4/3m) gravelly sandy loam with 409% mottles

of brown (75YR 4/4d), 309 gravel and occasional

stone; weak medium and coarse subangular blocky; non-
sticky, nonplastic, firm, slightly hard; pH 6.0; occa-
sional roots; abrupt smooth boundary
23-40”" Mortled brown (7.5YR 4/2d) and grayish
brown (10YR 5/2d) or dark brown (10YR 3/3m)
very gravelly loamy coarse sand, with 559 gravel and
occasional stone; massive; nonsticky, nonplastic, firm,
very hard; pH 6.5; occasional roots; clear wavy boun-
dary

40-53"” Grayish brown (10YR 5/d) or dark grayish

brown (10YR 4/2m) gravelly sandy loam with 10%

mottles of brown (7.5YR 4/2d), 55% gravel; massive;

nonsticky, nonplastic, firm, hard; pH 6.5; occasional
roots; clear irregular boundary

53"~ Dark brownish gray (10YR 4/2m) very

gravelly sandy loam with 55% gravel and 209% stone;

massive; sticky, moderately plastic, firm, slightly hard;
pH 70. (by W. A. Starr)

Al2

AC

IIC1

IIC2

IIC3
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The Psewdozsuga-Calamagrostis ha. has been recognized
by several workers in southern British Columbia (8, 47, 87).
We have noted its occurrence from Montana to Grand Teton
National Park, Wyoming, to the Sawtooth Mountains west
of Stanley, Idaho to the Wallowa Mountains of QOregon and
the eastern foorhills of the Cascade Mountains in Washing-
ton. In the Blue Mountains of central Oregon a "Conifer-
Calamagrostis only” type correlates. There it is recognized
that extensive and repeated burning in the past has in places
eliminated sources of Psendotsuga seed, allowing Pinus pon-
derosa to retain dominance with the typical Calamagrostis
union beneath (88).

The "Calamagrostis-Vaccinium scoparium site type” of
Wingsworth and Arlidge (47) contains Abies lasiocarpa as
well as Psewdotsuga. Such vegetation in our core area has
been interpreted as ecotonal between one of the Abies lasio-
carpa has. and the Psendotsuga-Calamagrostis h.t., since this is
the usual position of the type.

Arctostaphylos uva-ursi phase

A significant number of students of forest vegetation in
areas surrounding our core area have not only recognized a
Prendotiuga-Calamagrostis unit, but have also seen fit to
recognize a segregate of this in which the trailing evergreen
shrub Arctostaphylor mva-wrsi is the major indicator species.

In south-central British Columbia Brayshaw (8), for ex-
ample, has recognized both a Psewdotsuga menziesii-Calania-
grostis rubescens and s Prewdotsuga menziesii-Arctoszapbylos
wva-zrsi-Calamagrostis  rubescens  association. The former
completely lacks the Arctostaphylos and occurs on heavier
textured soils.

In the same region Illingsworth & Arlidge (47) describe
a "Calamagrostis Arctostaphylos site type” in which the Cala-
magrostis dominates. Aretostaphylor is abundant, even if
only of secondary status. They interpret this segment as
being distinctly more xerophytic than the Calamagrostis type
of forest undergrowth which lacks Arctostaphylos.

Ogilvie (67) has described a "Prendotsuga menziesti-Cala-
magrostis rubescens association” on coarse, podzolized glacio-
fluvial marerials near Banff, Alberta. Since his unit includes
both Arctostaphylos and Vaccinium caespitosum, it correlates
well with the segregate in British Columbia where Vaccinium
spp. enter the community in its upper altitudinal range (8).
Ogilvie's “Psendotsuga menziesii-Calamagrostis  rubescens-
Lupinas sericens” association also includes Arcrostaphylos, but
this represents a distinctive ecosystem that s replete with
plants of steppe affinity (Festuca idaboensis, Lupinus seri-
cons, Balsamorbiza sagittata, Collinsia parviflora, ewc). We
can identify a similar unit with a fringe abour our dry sub-
alpine parks in the core area, but here it lacks enough repre-
sentation to merit much attention.

In central Osegon 2 "Conifer-Calamagrostis-sheub type”
is diffcrentiated from a “Conifer-Calemagrostis-grass only
type” on the basis of the presence of Arctostaphylos uva-urss,
Spiraca berulifolia and Symphoricarpos albus (88). It is
stated that when overgrazed, the grass component is eliminat-
ed and the shrubs become dominant.

A segregate of Prendotinga-Calamagrostis forests defined
botanically by the presence of Arctostapbylos wva-nrsi can
also be recognized in four of our stands (numbers 111, 112,
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113 and 116 in Appendix B-7). All of them are close to
the Canadian border. These occurrences of Arcrostaphilos are
also positively correlated with abnormal amounts of Fragaria
and with the appearance of one or more species of Vaceiniwn:.
Further distincriveness is afforded by the absence of Carex
geyeri, Erythronium, Berberis vepens and Osmorbiza.

Since the most consistent common denominator of the
units scattered aver the three states and two provinces is
Arctostapbylos, we propose that the unit be referred to as the
Arctostaphylos ava-ursi phase of the Psendotsnga menziesii-
Calamagrostis rubescens association.

The Tsuga beterophylla series

In forests of the foothills, soil drouth is severely limiring
for mesophytes. At the oppesite end of the climatic gradi-
ent where soil profiles remain moist throughout summer,
inadequate hear imposes floristic limirations of a very dif-
ferent nature. At intermediate altitudes both extremes are
mitigated, and there is a distinctive and floristically rich
forest belt which is treated here as the Truga series.

Daubenmire (25) compared weather data from stations
in the Psewdotsuga series and in the Tsuga series. Precipita-
tion was consistently higher from June through September
in the Trzga series. Thornthwaite’s moisture index values
were consistently higher in July through Ocrober. Other
climatic data representing only stations in the core area
(appendix F) also show a distinctively higher rinfal] and
greater water surplus in the Tszga series weather stations. On
the other hand, at the upper limit of this series the ecotone
cannot be correlated with any aspect of moisture. Here, sum-
mers are consistently warmer in the Ts#ga than in the Abies
lasiocarpa series.

More directly pertinent are the results of studies of soil
moisture depletion in summer. Soils in the Prendozsuga
series dry to the wilting point to a considerable depth each
summer. In contrast, soil drouth in the Tsuga beterophylla
{and Abies lasiocarpa) series involves only the top few centi-
meters of the profile, except at intermediate stages of succes-
sion when the stands become too dense. The virtual disappeat-
ance of undergrowth shrubs and herbs during this stage may
reflect dryness as much as deficient illumination,

Three species of trees in the Tsuga series show by their
population structures an ability to continue reproduction in
the face of severe competition. But all have distinctive
autecologies, so usually only one is the climax dominant in any
one ht. Where they occur together in unstable mixtures,
thetr competitive efficiency rating is Tswuga beterophylla
(highest), Thuja plicata (intermediate) and Abies grandis
{lowest).

Until population analyses were made, the slow decline
of Thuja {and Abies) in habitars amenable 1o Trwea was not
detected, and a "Thuja-Tsuga-Pachistima’ association was rec-
ognized (23). Similarly, earlier writers had recognized =
“cedar-hemlock type” because of the very large individuals of
Thaja that are usually found on sites where only the Trzge
shows clear evidence of maintaining its populacion. In habi-
tats slightly too dry for Tsaga, Thuja slowly eliminates Abie:
grandis, this Abses finding freedom from displacement only
in environments still drier.

On the basis of undergrowth differences, the habirat:
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where Theuja is a climax dominant can be divided into three
clearly distinct h.ts. differentiated by either soil aeration or by
macroclimate.  No ecologically sound basis has been found
that would warrant subdivision of upland forests where either
Tsuga heteropbylla or Abies grandis are the climax dominants,

Of the three upland habitats in the series (table 3), the
one in which Ab&sers is the climax dominant is the warmest and
driest. The one with Tszga as the climax dominant is coolest
and wettest.

The reconnaissance study recognized a "Pachistima nryrsi-
nites union” that is well developed in all forests of the Tsuga
series (and the lowest member of the Abies lasiocarpa series).
This is a floristically rich and morphologically diverse mixture
of perennial herbs, no one of which dominates. It varies con-
siderably in composition among the six habitats in which ir is
found without showing discontimuities correlated with dif-
ferences in the self-reproducing character of the trees. The
present study has bur reaffirmed the failure of this important
and wide-spread sociologic unit to contribute much to the
list of characters distinguishing ecosystems of well-drained
soils of the mid-mountain slopes. However, the poorly-drain-
ed soils at the same altitudes are clearly differentiated from
the uplands, and from each other, by the dominance of Oplo-
panax or Athyrium,

Reconnaissance in orher parts of the Rockies as well as
along the Pacific coast has shown that the Pachistimae union
occurs over a wide geographic range.  Although its expression
is variable, the union always indicates relarively moist upland
environment in whichever forest mosaic it is represented. For
example, certain forests along the Pacific coast of North
America thar are likewise dominated by Abies grandis, Thuja
plicata or Tsuga heteropbyliz have the Pachistima union well
represented in their undergrowth. Even as far south as the
western slope of the Rockies in Colorado, the Pachistima union
can be recognized in attenuated form by the occurrence of
Pachistima, Linnaca, Lonicera utabensis, Pyrola (spp. other
than P. secanda). These are commonly associated with 2
variety of mesophytic herbs (eg., Geranium, Smilacina stel-
lata, Thallictram and Trillium ovatum). Thus, the com-
munity has a relatively Jush appearance in comparison with
other upland vegetation in the same region.

Since none of the species in this floristically complex union
is evidently dominant over the others, the names of the as-
sociations in the upland h.ts. of the Tsugs series are not de-
scriptive as elsewhere.  Pachistimea is not even present in many
stands that contain the union that bears its name.

All upland h.ts. in which the Pachistima union characrer-
izes the climax forest undergrowth share in common = rich
assemblage of seral shrubby and herbaceous invaders during
deforested phases. Mueggler (65) studied burned and logged
h.ts. considered as belonging to h.ts. within this series with-
out differentiating them. He found that shrubs ateained
maximum coverage 20-30 years after disturbance. If a new
evergreen canopy does not form in this period, the climax
herbs that sprouted after fire have almost disappeared.

Mueggler found that logging withour subsequent burning
favors an increase of Vaccinium spp. Burning was especially
favorable to Alnus sinnata, Ceanotbus sanguinens, C. velutings,
Prunus emarginata, Salix scouleriana and Spiraca betnlifolia,
Either logging or fire favors the increase of Pachistima and
Rubus parviflorus.

Among herbs and dwarf shrubs, fire reduces the coverage
of Bromus vulgaris, Chinaphila spp., Clintonia unifiora, Cop-
tis occidentalis, Goodyera oblongifolia, Pyrola secunda, Smi-
lacina stellata, Streptopus amplexifolins, Tiarella unifoliata
and Trillium ovatum. Either fire or logging alone reduces
Adenocaulon, Anemone piperi, Asarum candatum, Corallor-
biza spp. and Thallictram occidentale. On the other hand,
two species of the climax forest (Phegopreris dryopreris and
Linnaea borealir) are benefitted by logging if fire does not
follow. Burning is especially favorable to the invasion of
Achillea millefolium, Aster conspicuns, Calamagrostis rubes-
cens, Carex spp., Epilobium angustufolinm, Solidago spp. and
Trifolizm spp.

Mueggler found thar where climax species persisted
abundantly on burned areas, the available K in the soil was
low. This appears to indicate that the fire in these places
did not so completely release the K immobilized in the organic
layers.

As we found in the climax forests of this series, Mueggler
was unable to recognize definable community types among
the seral shrubs and hetbs in the series.

Abies grandis-Pachistima myrsinites h.t.

The Abies grandis-Pachistima myrsinites association has
Abies grandis as the sole dominant of the tree layer (fig. 14).
In the Pachistima union that characterizes the undergrowth, no
species is regularly dominant, but Bromus wvulgaris, Galinum
eriflorum, Smilacina stellata and Thallictrum occidentale were
always present. The following were in at least 80% of the
stands studied in the northern Rockies: Adenocanlon bicolor,
Amelanchier alnifolia, Clintonia uniflora, Disporum, Fragaria

Table 3. Major characters distinguishing ecosystems in the Trezpe beterophbylla sevies.

Soil Climatic Distribution
drainage relations in core area
Warmest Mainly
g & dryest southerly
Iater- Mainly
Good mediate southerly
( Coolest & Mainly
' wertest northerly
Inter- Mainly
mediate southerly
Poo
. 1 Coolest & Mainly
wettest northerly

Self-reproducing Undergrowth unions

trees present Association
Abies Pachistima Abies grandis-
grandis Packistima
Thuja Pachistima Thuja plicata-
plicata Pachistima
Tsuga betero- Pachistima Truga heterophylla-
phylla Pachistima
Thuja Pachistima Thuja plicata-
plicata & Athyrium Athyrinm
Thuja and/or Pachistima, Athyrium Thuja plicata
Tsuga & Oplopanax Oplopanax
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14. Abies grandis-Pachistima myrsinites stand in Meadow
Creek drainage east of Harpster, Idaho. This stand was

sp., Goodyera oblongifolia, Linnaea borealis and Rosa gym-
nocarpa. Phegopteris was consistently absent.

Climax forests dominated by Abies grandis ocour west of
the Cascade divide as well as o the east where we have
sampled extensively. Because of some significant differences
in the ecosystems, the inland stands should undoubtedly be
recognized as distinctive. The climate is clearly different on
the seaward side of the mountains. There, Abses is free of
the heart-rot caused by Echinedontium tinctoram, which is so
regulatly present inland. Bromus valgaris seems absent in
the west whereas it was always present inland from Oregon
to Montana. While these points serve to give unity to the
inland series, we have found no significant basis for dividing
the latter. The self-reproducing habit of the Abies grandis
alone is sufficient as a character for recognizing the Abies
grandis-Pachistima hr. east of the Cascades.

Among trees in near-climax stands of Abies-Pachistitia
forest, Picea engelmanni is second only to the Abses in vitli-
ty. However, in every stand where it occurred it was at least
reproducing less vigorously, if it had not stopped this func-
tion entirely (appendix A-8). The seral role of this species
was especially conspicuous in stand 154, Seedlings were

27

clear-cut before it could be revisited and analyzed.

very abundant on the bare margins of a roadway crossing the
stand, bur seedlings were few, and had been failing regularly
for a long time in the undisturbed parts.

The most common seral tree, but one distinctly less able
to maintain its population in the Abies ht. is Psendotsuga.
Pinus ponderosa, P. contorta, and Larix stop reproducing still
earlier in the life history of the fire sere, but are common
invaders during the first stages. The largest Prendotiuga we
have yet seen in the northern Rockies is the individual in
stand 51 (117 cm DBH). The largest Pinas ponderosa was
a cur stump 144 cm DBH, outside bark. Both individuals
were in the Abies-Pachistimia hx. The largest Abies grandis
we have seen is an individvual 127 e¢m DBH, located south of
Godman Springs in the Blue Mountins of Washington.
Pinus monticola, always a seral tree in the Rocky Mounains,
reaches its lowest altitude limits in the Abies-Pachistima hur,,
and it is poorly represented here. Taxws is an understory
tree with very high shade tolerance; individuals apparently
reach great age. In parts of our area, especially eastward
from Grangeville, Idaho, this plant ateains unusvally high
densities, and here stems are not uncommonly in the 3-4 dm
diameter class. Tiuga heterophylia occurred as an accidental
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in stand 6; no other individuals were seen within several km
of the site. In stand 13 it may be able 1o maintain a very
low density indefinitely.

Basal area is definitely greater in the Abies-Pachistima
h.t. than in any h.t. of the Psrewdorsuga or Pinus series (appen-
dix H). It is especially interesting to note that the range in
elevation of the Abiesr stands largely coincides with the cle-
vation tange of Prewxdotsuga-Calamagrostis stands. Neither
is slope dependent, so the higher basal area of Abdes is associ-
ated with more moisture; with no direce relationship to tem-
perature (assuming that temperature and altitude bear a
significant relationship).

The expected height of Pinus ponderosa on Abies grandis
sites is 19.8 m ar 50 years age. This is the best growth rate
ot any h.t. in the core area where this pine can be found in
significant amounts. However, the superiority of the ht is
limited to about the first 60 years of pine growth (fig. 4).
Thus, the maximum return for a plantation of Péinwus ponderosa
would be in an Abies-Pachistima h.t, assuming a rotation of
not more than 60 years, and assuming the use of an ecotype
indigenous to this h.t. Larix occidentalis also grows faster here
than in any of the Prendotiuga h.ts, but this is not the en-
vironment for its best growth in the core area (table 1).

Satsfactory dates for analysis of the herbaceous under-
growth are berween about June 23 and August 6.

Cooke’s study of cryptogamic constituents of vascular plant
associations included three stands of Abies-Pachistima forest
in our ¢ore area.

Pengelly (69) showed that in one area, logging alone
had negligible effect on shrub cover in the Abies-Pachistima
ht. Logging plus fire reduced shrub cover by cne half,
despite a heavy invasion of Ceanothus sanguinens (table 4).
In another area, logging alone favored members of the Sym-
phoricarpor union and led to a 64% increase in shrub cover
by the seventh year.

Small mammals have been studied in one stand in- this
h.. (appendix table C).

Soils of the Abies grandis-Pachistima stands tested had
a statistically significant lower degree of base saturation than
in the Psendotsuga-Physocarpus hit. (appendix table D), but

Table 4. Average percent “ground cover” of shrubs in logged or
logged and burned areas in the Abies grandis-Pachistima
h.t., as compared with adjacent untreated areas in Shoshone
County, Idaho. Data from Pengelly (69;.
Area A Area B
Not [yr. lyr.after Not 7yis.
Shrubs disurbed  after  logging & disturbed after
logging burning logging
Amelanchier alnifolia 2.5 3.5 + 2.0 6.0
Berberis repens + 2.0 1.0 4.0 14.0
Ceanothus sangrineus 0.0 (.0 250 0.0 +
Holodiscus discolor 1.0 3.0 + 1.0 1.0
Pachistima myrsinites 39.0 270 + 4.0 1.0
Rosa spp. 5.5 4.5 3.0 10.0 6.0
Spiraca betulifolia 20 65 4.0 1.0 10.0
Svmphoricarpos albus L5 2.0 2.0 4.0 14.0
Vazeinium 12,5 0.0 0.0 9.0 5.0
membranacenm
Qiher species 2.0 4.2 0.0 7 9.0
Totals 66.0 61.7 330 420 66.0
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were not different from Prendotsuga-Calamagrostis soils in
this respect.

Daubenmire (29} followed the annual cycle of soil mois-
rure depletion and recharge in two stands of Abies grandis-
Pachistima forest on Thatuna Ridge just northeasr of Mos-
cow, Idaho. The lower stand, near the dry ecotone of the
h.t,, was extremely dense. Many slender-stemmed trees form-
ed a canopy so thick that all ground vegeration was excluded.

The other stand was near the upper altitude limits of
the h.t. on this ridge. At the lower stand, soil drouth started
at the surface In early August and descended to more than
50 cm by early September. This is judged ro be unusually
severe drouth for the ht. Certainly the reproduction of the
Abies (which had been interrupted there for many years)
would be impossible under the dense forest condition except in
an unusually wet summer. At the higher station, even the
top decimeter of soil remained moist all summer. McMinn's
(61) study of three additional stands of Abies-Pachistima
forest in another season yielded dara essentially identical to
that from this second stand represented in Daubenmire’s
study (29).

Hauxwell (42) described the profile of a Sanea silt loam,
a Gray Wooded soil now classed as a Typic Fragiochrept, in
an Abies-Pachistima stand in Benewah (?) County, Idaho.
The following is from his “site 4" description:

01 327
02 207
Al 0-5" Gray (IOYR 64/1-14d) or dark grayish-hrown
(10YR 3.8/2m} silt loam; moderate thin platy structure;
slightly hard, friable, slightly sticky, slightly plastic;
abundant roots; very fine MnO. concretions, many
very fine interstitial pores; clear smooth boundary
5-9” Pale brown to very pale brown (10YR 6.5/
2.8d) or grayish-brown to brown (10YR 4.3/25m)
silt loam; weak fine and medium subangular blocky;
hard, firm, slightly sticky, slightly plastic; plentiful
roots; many fine black concretions; many very fine and
fine tubular pores; gradual smooth boundary
9-15” Pale brown to very pale brown (10YR 6.5/3d)
ot brown (10YR 4.5/3m) silt loam; weak medium and
coarse subangular blocky; plentiful roots; concretions
as in horizon above; many medium interstitial very fine
and fine tubular pores; gradual wavy boundary
15-21" Light gray to very pale brown (10YR 7/
2.5d) or grayish-brown to brown (10YR 5.5/2.5m)
silt loam; massive; very hard, firm, slightly sticky, slight-
ly plastic; few roots; common very fine black concre-
tions; common fine distinct motrles; many mediom
interstitial and common very fine tbular pores; gradual,
wavy boundary
A'22  21-25” Color, structure, texture, comsistency, roots,
concretions and mottes as above; common medium
interstitial and very fine tubular pores; abrupr smooth
boundary
B21, 25-27” This horizon is the very dense top of prisms,
and is similar to the prism interior below excepr for a
much higher concentration of fine A, filling in the pores
27-38"” Pale brown to light yellowish-brown { 10YR
6/3.5d) or brown to yellowish-brown (10YR 4.5/
3.5m} silty clay loam; strong coarse and very coarse

B1?

B2?

A"21

B22,
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prismatic; extremely hard, very firm, sticky, plastic;
few roots compressed on ped surfaces; many soft brown
concretions; strong brown o reddish-yellow mortles;
continuous moderately thick clay films en ped surfaces;
horizon is very dense with some A2 filling in pores and
along ped surfaces; pores as in A’22; gradual wavy
boundary

38-46” Pale brown to light yellowish-brown (10YR
6/3.5d) or yellowish-brown (10YR 5/4m) silty clay
Ioam; weak coarse prismatic, breaking to strong coarse
angular blocks; extremely hard, very firm, sticky, plas-
tic; concretions as in horizon above; thick A2 fillings
along some ped surfaces and in pores; continuous, mod-
erately thick clay skins along ped surfaces and in pores;
extensive black Mn staining associated with clay films;
roots as in horizon above; common very fine and fine
tubular pores. Augered findings show ar about 60" an
older, buried B horizon, which is darker in color, higher
in clay, has more Mn staining and some quartz gravels.

B’23,

The Abies grandis-Pachistima association has not been
reported for Canada. Our data document the type from
Lake and Mineral Counties, Montana, to the Okanogan Moun-
tains in Washington, thence southward to the notthern flank
of the Wallowa Mountains in Oregon. Stands have been
seen in the western foothills of the Cascades in central Wash-
ingron. In Idaho, we have noted its occurrence in typical
form near, McCall, farther south than we have seen any other
association of the Tsuga heterophylls series. The “Fir-
Bromus vulgaris type” recognized by the US. Forest Service
in central Oregon correlates directly with the association we
have described.

Thuja plicata-Pachistima myrsinites h.t.

The Thuja plicata-Pachistima myrsinites association is
recognized by an overstory consisting entirely or almost so
of Thuja plicata, with a ground cover in which the Pachis-
#ima union prevails. Species that occurred in 80% or more
of the 11 stands sampled are: Acer glabrum, Adenocaulon
bicolor, Anemone pipers, Asarum candatum, Athyrinm filix-
foemina, Bromus vulgaris, Coptis occidentalis, Disporum ore-
ganum, Galium trifloram, Geodyera oblongifolia, Smilacina
stellata, Tiarella unifoliata, Trillinm ovatwm and Viola or-
biculata, The coverage of the Athyrinm never exceeded
13%; the fronds were usvally 0.5 m tall or less. Tsugs and
Oplopanax were not represented.

Most of the Thuja-Pachistima stands studied had trees
well over 1 m in diamerter at breast height. Thuja is slow-
growing, bur there are no standards for judging ages of such
large trees, since heart rot usually invades boles when they
reach a diemeter of half a meter or so. An old trunk con-
sists of a shell of sound wood only 1-2 dm thick. Despite
its thin bark, the tree is moderately fire-resistanr; old trees
commonly are fire-scarred ac the base (fig. 15). The largest
individual found in the core area was 498 m in diameter
at breast height. It is in an ecotone between stand 73 and
an Alnus sinuata thicket that occupied a seepage area at the
bottom of a ravine.

The paucity of small- and medium-sized individuals in
old Thuja-Pachistima stands is notable. Owing ro the preval-
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ence of large individuals, the basal area is much greater in
the Thuja-Pachistima than in the Abies-Pachistima association.

Abier grandis is but slightly less successful than Thwuja
where the two compete in the Thuja-Pachistima hr and is
usually not eliminated berween successive catastrophic fires
on the same site. However, since its reproduction is definire-
ly more discontinuous than that of Thuja, and Thuja stands
can be found (e.g. stand 49) that are entirely free of Abies,
the Abies is best considered a long-lingering seral species.
Relics of more vulnerable competitors thar were encountered
in the old stands studied include Psewdotsuga, Larix and Pinus
monticels. Taxus is a common member of the climax com-
munity here as it is in ail upland associations containing the
Pachistima union.

A high degree of floristic homogeneity characterizes the
undergrowth of the Thuje-Pachistima association in that 9
species occurred in all 11 stands stedied. Optimal dates for
studying this undergrowth are between July 5 and August 11.

Eight genera of lichens have been found growing as
epiphylls on conifer foliage in the Thuja-Pachistima ht in
northern Idaho {21}.

For small mammal components of the ecosystem see ap-
pendix C.

Daubenmire (29) followed the course of soil moisture
depletion and recharge during one summer in two stands
of Thuja-Pachistisna forest in latah County, Idaho. In the
stand near the dry limir of the ht., the soil dried to the
wilting point to a depth of 1 dm during one of the summer
months, Ar the more modal site, even the surface remained
moist all summer.

Thuja-Pachistima hits. are mainly peripheral to areas
where the Tixga-Pachistima hit. occurs. Where the two
come into contact, the former is invariably on topography
that would be interpreted as being warmer and drier. At jes
upper ecotone, the Thuja-Pachistima ht. interfingers with
either the Tsuga-Packistima or Abies lasiocarpa-Pachistima
h.ts., both of which follow ravine bottoms down into areas
where the Thuja-Pachistima ht. occurs on adjacent slopes.
Thuja-Pachistima in wmrn extends far down ravines ar its
lower ecotone, interfingering into the Aéies grandis-Pachis-
tima h.t.

In comparison with Abses grandis, fresh Thuja leaf lirter
contains less K, Ca, P and N {232). Soil analyses indicated
lower average values for K, Ca and Mg in Thuja forests, but
the differences were not statistically significant (2ppendix D).

A soil profile description is available for stand 3, which
is on Vassar silt loam, a Typic Vitrandept in the Brown
Podzolic Zone:

01 25-0” Mainly duff

A2 0-1"7 Dark gray (10YR 4/1m) silt loam; single
grained; roots abundant; abrupt boundary

B2 1-3” Dark yellowish brown (10YR 4/4m) silt loam;
single grained to weak granular, moderate roots

Cl 3-8” Yellowish brown (10YR 5/8m) silt Joam with
pockets of yellow (10YR 8/6m) volcanic ash; massive;
abundant roots; graduval boundary

C2 845" Yellowish brown (10YR 5/6m) silt loam; mas-

sive; slightly more firm than surjacent horizon; roots
abundant; this and all hotizons above are derived from
volcanic ash
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15. Thuja plicata-Pachistima myrsinites stand 170. Most old trees are fire-scarred, as these.

IIC 45”4 Rortten granite. (by R. Cunningham)
Another soil profile description refers to a stand visited
but not studied in Ferry County, Washington. This is a
Maztsen loam, an intergrade between the Brown Podzolic and
Gray Wooded Zones, now classified as a Typic Vitrandept.
01
Al

1-0”  Litter and duff conraining some roors, pH 6.0
0-2”  VLight brownish gray (10YR 6/2d) or dark gray-
ish brown (10YR 4/2m) loam; fine weak granular;
very friable, loose, slightly sticky, nonplastic; pH 6.6;
abundanrt roots; clear, smooth boundary

B2y 2-107 Very pale brown (10YR 7/4d) or vellow-
ish brown (10YR 5/4m) loam; loose, single grain;
tendency to very weak medium and fine granular, very
friable, loose, nonsticky, nonplastic; pH 6.1; abundant
roots; clear, smooth boundary

10-26” White (10YR 8/2d) or light brownish gray
(10YR 6/2Zm) fine sandy loam with 109 gravel;
massive to weak fine and medium subangular blocky;
slightly hard, firm, nonsticky, nonplastic; pH 6.0; num-
erous roots, clear, smooth boundary

26-38” Pale brown (10YR 6/3d) or brown (I0YR
5/3m) sandy clay loam with few gravel and stones;
massive, a fragipan, to flakes which reduce 10 moderate

A2

B21

30

and fine subangular blocky; firm, hard, sticky, slightly
plastic; pH 6.8; one 0.5” dark grayish brown band, wavy
in upper part of horizon; one reddish brown pocket in
lower part of horizon; occasional roots; clear, smooth
boundary

B22., 28-44" Pale brown (10YR 6/3d) or brown (10YR
5/3m) sandy clay loam; massive, a fragipan, bearing
to stony medium platy; firm, hard, sticky, slightdy plas-
tic; pH 8.1; calcareous, strong effervescence; many pink
and white very fine plary calcium carbonate seams be-
tween plates; occasional roots; clear, smooth boundary

B3.. 44-50” Pale brown (10YR 6/3d, or m} sandy clay
loam; massive to coarse platy; calcium carbonate seams
on surfaces of plates; highly calcareous; main mass
mildly calcareous; pH 83; no roots; gradual irregular
boundary

C 52"+ Grayish brown {(2.5YR 5/2 d, or m) sandy
clay loam; massive to single grain; firm, slightly hard,
slightly sticky, slighdy plastic; oceasional calcium car-
bonate seams; main mass calcareous; pH 8.2 (by W. A.
Starr)

Garber (36) has described a soil profile representing the
Thuja-Pachistima ht. in Latzh County, Idaho. It is a Vassar
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silt loam, a Brown Podzolic and is now classified as a Typic
Cryochrept.

The Thuja-Pachistima hit. has been identified from the
eastern foothills of the Cascades in central Washington to the
Okanogan Mountains, to western Montana, In Idaho it ex-
tends southward to the Clearwater River drainage where it
shows its greatest ecologic amplimnde and becomes the pee-
vailing constituent of the landscape over a large area,

The "Pachystima site type” recognized in British Columbia
by Hlingsworth & Arlidge (47) appears to correlate with
our Thuja-Pachistima h..

Tsuga heterophbylla-Pachistima myrsinites h.t.

The Tsuga heterophylia-Pachistima myrsinites association
is distinguished by having Tswga beterophylla as the most
successful tree competitor.  This species forms an essentially
pure stand at climax. The undergrowth is a rich mixture
of shrubs and herbs (the Pachistima union), none of which
is regularly dominant. The species that occurred in 80%
or more of the stands studied were Clintonia aniflora, Phegop-
teris dryopieris, Linnasa borealis, Pachistima myrsinites, Tiar-
ella unfoliata and Vaccininm membranacenm.

From the population analyses in appendix A-9, it is easy

16. Tsuga heterophylla-Pachistima myrsinites stand 27.
Relic Thuja on left, with Tsuga elsewhere represented by

to see why this phytosociologic unit was referred 1o in the
reconnaissance paper as a "Thuja-Tsuga” forest, and why log-
gers have referred to it as a “cedar-hemlock” type; Thuja was
found in 14 out of the 16 stands analyzed (fig. 16) and
often was represented in the largest size class of trees present.

Neither is it difficult to see justification for the present
change to an emphasis on Tiwga after having made the de-
tailed population analyses, for Thuja seemed to be mainrain-
ing irs population density only in stands 29 and 55. In the
main, it must be considered a late-seral species, holding its
place for a long time by virtue of great age potential. In
dense stands, its teproduction becomes mainly vegetative,
since any part of the stem system produces adventitious roots
readily when pinned down by falling branches or trunks of
other trees. Layering seems also important in maintaining
populations of Taxs, and occasionally Tszga layers, although
reproducrion by seed is by far more usual in this species.

The overwhelming superiority of the Tsmgs when com-
peting in this h.t. with still other trees that are climax in
other his. (i.e., Psendotsuga, Abies grandis, A. lasiocarpa and
Picea) is also clearly shown in appendix A-9.

The basal area in all our stands of Tswuga-Pachistima is
greater than the value (39.04 m*/ha) found by Lutz (54)

all size classes. This stand was clear-cut shortly after it
was analyzed.
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in a homologous climax forest dominated by the closely
relaced Tsaga canadensés in Pennsylvania,

Species diversity was less in the Thuja-Pachistima asso-
ciation than in the Abies grandis, and much less in the cooler,
wetter Tsuga-Pachistinia association (appendix E). The herb
and shrub coverage is thinner here, with the epigeous moss
layer better developed. Optimal dates for studying the un-
dergrowth for this and all the remaining forests to be treated
are berween mid-July and mid- August,

While digging soil samples, subterranean macrofungi
commonly called “false truffles” were often found ar the
bottom of the duff layer in this habirar type, but in no other.
Specimens obuined from stands 26 and 27 were identified
by W. B. Cooke as Sclerodermea nr. arenicola Zeller, and
specimens obtained from stnd 25 were identified by C. G.
Shaw as Rhizopogon picens B. & C.

At the upper altitudinal limits of Tswga-Pachistima, it
makes conwact with the Abies lasiocarpa-Pachistima hr; at
the warmer ecorone it is bounded by Thuja-Pachistima or
Abies grandis-Pachistima has. Tsuga occurs as e sparse
accidental in the lower part of the Abies lasiocarpa-Pachis-
tinza h.t, penetrating farther across the ecotone than Thuja.
On the margins of rivulets it has been found as much as
300 m above the normal ecotone of the Tswuga-Pachistima
h.t, with the land on either side of such a rivulet supporting
Abies lasiacarpa-Xerophyllum forest. In these riparian ex-
tensions of Tsuga into high altitudes it is often accompanied
by members of the Pachistinia union.

The two most abundant seral trees to invade burned areas
in the Tswga-Pachistima het. are Pinas monticola and Larix
occidentalis. Of these two, Larix is much less tolerant of
shade and so can seed into a burn only in the first few years
as a rule. The pine appears much more shade-tolerant and
can continue to produce successful seedlings until shade be-
comes rather dense. ‘The absence of relic Larix from any of
the old stands may reflect either the limited duration of its
invasion span, or a shorter life-span, or both, in comparison
with the pine. Pinas monticola is the most valuable timber
species in the study area, and the greatest volume of such
timber has undoubtedly been harvested from the Tsuga-
Puchistima ht. The largest individual of this species found
in any of the study sites was a specimen 59.8 m rtall and
1203 ¢cm DBH. in the margin of stand 28. When this
stand was clear-cur, the tree proved too rotten to be useful
below about the middle of the stem. In stand 29, the last
relics of Pinus monticola have died so recently that standing
snags and fallen logs can still be identified. The xylem
layers of large Tsuga trees indicate a minimal stand age of
450 years. Thus the fire sere ar this site required approxi-
mately 450 years to eliminate the Pinws; the Thuja shows
lirdle indication of decline as yer.

Larsen {51) pointed out that secondary succession on
single burns proceeds rapidly. If two burns are separated
by only a few years, both habirar deterioration and inadequate
seed sources make secondary succession much slower. We
studied two small burns in the Granite Creek drzinage of
Bonner County, Idaho, Both habirats had escaped fire for
a number of decades previously. One of these was burned
about 33 years ago. At the time of rthe study it supported
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7.8 trees/m?, 2.5% of which were between 05-1.0 dm in
diameter (B.H.). The remainder were smaller. The species,
in order of decreasing density, were Tsuga, Thuja, Abies
grandis, Salix sp., Pinus monticola, Populus tremuloides, Picea
and Larix occidentalis. The stand was so dense thar no
seedlings under 5 years of age had survived, and the sum
of herb and shrub species coverages was only 2092, Percent
light measurements (19 readings made ar 0.5 m intervals
along 2 line) below the tree camopy bur above shrub and
herb canopies gave a range of 1.6-14.0%, with a median
value of 4,595, Comparable light measurements in a climax
stand (no. 27) nearby gave a range of 3.6-13.09% with a
median of 7.7%. In contrdst with the thicket, young tree
seedlings were present in the climax stand and the sum of
herb and shrub species coverages was 44%. Twelve of the
species in the thicker were plants common in climax stands
as listed in appendix table B-10, and had no doubt survived
the fire. In addition, the following had become established
but had not yet been eliminated: Awntemmaria (rosea?),
Ceanothus velutinus, Epilobium angustifolium, Fragaria, Holo-
disews and Preridium. The soil profile {a minimal podzol
and a Typic Cryochrept) reflected no influence of the fire
except perhaps the relatively high pH of the B21, B22 and
B3 horizons, all of which are in the range of pH 6.0-6.1.

The other young stand, burned 54 years before study,
supported an approximately equally dense but older popula-
tion of trees. The sum of herb and shrub coverages here
was 37%, and 11 of the 20 species in the undergrowth have
never been found in old climax stands. Soil pH throughout
the mineral horizons ranged between 6.2 and 6.7, This soil,
a minimal podzol, likewise showed no other apparent effects
of the fire.

The above studies show clearly that many of the species
of the Pachistima union that characterize old climax forests
survive fires. A group of opportunistic seral species become
established, many of which persist more than half a century.
The climax dominane (Tszga heteropbylla) invades promptly,
along with short-lived seral trees (Populus rremuloides, Salix
spp.), intermediate (Picea, Larix occidentalis, Abies grandir),
and long-lived ones (Pimus monticola, Thuja). Fire does
not alter soil profiles much, except to remove the surface
organic horizon and raise pH, presumably through the release
of metallic cations in the organic matter consumed.

Frequently, one tree species invades a burned area in
advance of another, but these sequences seem determined
primarily by seed source availability and the density of the
first invaders. Any species may follow another if the first
one forms only an open stand that leaves environmental
resources unclaimed until another species happens to have
a good seed year.

When fires follow one another within a few decades, the
proportion of Larix commonly increases. This species early
develops a thick, fire-resistant bark thar renders it far less
susceptible to injury by surface fires than any of its asso-
ciates (fig. 17).

In a denuded area formerly supporting a Tszga-Pachistima
forest, where several meters of glacial gravel had been re-
moved as road-building material, young seedlings of the fol-
lowing species were found:
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17. Repeated burning has produced a nearly pure stand of
Larix occidentalis here in the Tsuga-Pachistima habitat

Amelanchier alnifolia
Betula papyrifera
Larix occidentalis
Picea engelmanni

Populns tremuloides
Psendotsuga menziesti
Salix sp.

Thuja plicata

Pinus contorta Tsuga heterophylla

Pinus monticola

Tsuga and Pinus monticola were best represented. For
several years these plants were observed. Their continuing
success demonstrated that no soil medification whartsoever is
required for trees to invade raw parent materials in the Tsaga-
Pachistima hx.  Neither have we observed any limitation to
the success of climax trees on freshly burned surfaces. Lar-
sen (52) wrote that “as soon as” Pimws monticola “and irs
associates of intermediate light and moisture requirements
reach .marurity, begin to decay and thereby produce a broken
forest canopy,” Tsuga beteropbylia, Thuja plicata and Abies
grandis “"begin underseeding.” We are unable to confirm this,
Climax and seral species commonly invade 2 fresh burn simul-
taneously, providing seed sources of both are available. The
seral species quickly ourstrip the climax species in heighr
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type. The bark on the oldest trees here is charred up to a
height of about 3 meters. Kaniksu National Forest, Idzho,

growth and reduce the latter to the role of a slow-growing
understory.

While there are no restrictions as to the parricular species
invading burned areas, the wind-borne seeds upon which
reforestation depends do not carry far from the parent tree.
Large burned areas in which all trees are killed therefore
become reforested by natural means only at a slow rate. This
allows a variety of setal shrubs and herbs ro invade and
dominate until accidents of long-distance dispersal or gradual
encroachment from the margins of the burn produce a new
forest cover. The shrubs that invade include Salix spp.,
Céanothus sanguineus, C. velutinus, Sambucus caerulea, S.
racemosa var. melanocarpa, and members of the Physocarpas
and Sympboricarpos unions. These mingle with the shoors
of regenerated members of the Pachistima union (Lowmicera
utahensis, Pachistima, Ribes lacustre, R. viscosissimum, Rosa
gymmocarpa, erc,) and provide a shrub cover that is excellent
winter browse for deer, wapiti, and moose. This high
potential of burned areas is characteristic primarily of only
those h.ts. that have the Pachistima union as the major forest
undergrowth (ie, Abies grandis-Pachistima, Thuja-Pachis-
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tima, Tsuga-Pachistima and Abies lasiocarpa-Pachistima), al-
though some improvement in the forage quality of shrub cover
following fire is evident in .the Prendotsuga-Physocarpus ht,
(69).

The small mammal population has been sampled in one
stand of the Tisuga-Pachistima association (appendix C).

Low temperatures and the ever-present threat of frost
throughout summer restrict land use over much of the h.t
to timber production. With heavy grazing, a Poa pratensis
sod develops here, as elsewhere the Pachistima union forms
the forest undergrowth. Owing to the shortness of the season
and the expense of moving and managing livestock, the land
is not grazed much.

Where valleys are broad and have been well cleared of
forest, as about Sandpoint, Idaho, grain and a few other crops
are grown.

Soil pH among the Ts#ga-Pachistisna stands varied from
4.0-64, a greater range than in any other association. The
vaiues show no tendency t~ cluster about a mode. In view
of the chemical composition of the Tsuzga litter, low values
are much less surprising than the higher ones. When com-
pared with the results for Thuja-Pachistima stands, however, the
low nutrient content of Tsuga litter (232) and its strong
acidifying effece (72} are reflected in statistically significant
reductions in pH and adsorbed Ca (a2ppendix wable C). Low-
er fertility in other respects is also suggested by the dara,
. even though significance falls well below the 95% level
Raney (72) demonstrated a striking and consistent difference
- in chemical properties of the soil immediately below the
canopies of individual trees of Tszuga heterophylla and Thuja
plicata. Alban (1) has added further details of the phe-
nomenon.

Soil profile descriptions for eight stands of Tsaga-Pachis-
tima forest have been prepared by F. H. Peterson, and still
another profile representing this forest has been presented
by Hauxwell (42). The profiles described by Peterson
represent minimal Podzols except for stand 26 which is a
Brown Podzolic. In a more recent classification, these soils
were divided between Typic Haplorthods (stands 25, 27, 29,
30) and Typic Vitrandepts (24, 26, 28}, except for stand 33
which is an Andic Udifluvent. Two profile descriptions have
been selected to illustrate the breadth of substraral conditions
favorable to the Tswga-Pachistima association. Stand 29, a
minimal Podzol and a Typic Haplorthod, is as follows:

A0
A02

1.5-1.0 em Licer from Tszga and Thuja

1-0 cm  Slightly matted black duff; pH 4.5; abrupt
smooth boundary

0-6 cm  Lighe gray (10YR 5/2 - 8/1m) loam; very
weak fine crumb; friable; continuous; pH 4.1; upper
5-10 mm consisting of very dark brown mixed 02 and
A2 material; roots abundant; abrupt wavy boundary
6-18 cm Dark brown (6.5YR 4/4m) stony loam:;
massive, breaking to very weak fine crumb and very
weak medium subangular blocky; friable with some
medium sized clods of skightly firm orterde; pH 5.1;
roots abundant; clear wavy boundary

18-29cm  Brown (6.5YR 4.5/6.5m) stony loam; mas-
sive, breaking to very weak fine crumb and very weak
fine to medium subangular blocky; friable excepr for
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some coarse clods of slightly firm orterde; pH 5.2; roots
few; clear wavy boundary

B23 29-42 ecm Yellowish brown (10YR 5.5/6m) stony
sandy loam; massive breaking to very weak crumb;
slightly firm to firm; pH 5.3; roots few; abrupt wavy
boundary

B3  42-53+ cm Brownish-yellow (10YR 6/8m) stony

loamy coarse sand and fine gravel, massive; friable;
pH 54; roots very few. (by F. H. Peterson)
Stand 33 was a Regosol-Podzol intergrade 2nd an Andic

Udifluvent:

0 1-0 cm Mostly licter from Tsuge and Theja; pH 5.8;
boundary abrupt

Al-A2 0-4 cm Dark grayish brown (10YR 3.5/2 very
slightly moist, 10YR 2/2 wet) sandy Ioam speckled
with clean white sand grains (A.); weak to moderate
to very fine medium crumb and granular, and fine to
medium subangular blocky; friable; a few intermittent
pockers of clean white sand (As); pH 5.4: roots
progressively fewer in this and lower horizons; abrupt
boundary

‘B 4-9 cm Brownish yellow (10YR 6/6 - 5/6 very

slightly moist, 10YR 4/3 wet) relatively unaltered
loamy sand alluvium; very weak medium to coarse
crumb; friable; pH 5.8; abrupt boundary

Al-A2;, 9-11 e Dark gray (10YR 4/15 very slighdy

moist, 10YR 2/2 wet) sandy loam heavily speckled

with clean, white sand grains (A2); very weak fine
to coarse granular; friable; pH 5.7; abrupt boundary

Thin (1-3 mm) intermittent, lenricular masses of clean

white sand; abrupr boundary

11-20 cm Dark grayish brown (10YR 4/2 slightly

moist, 10YR 3/1.5 wet) to yellowish brown (10YR

5/4 slightly moist, I0YR 3/2 wet) light sandy loam;

massive, breaking into subangular clods; slightly firm;

pH 5.9; clear boundary

20-30 cm  Variegated dark grayish brown and brown

light sandy loam; massive; very slightly firm; pH 5.8;

diffuse boundary

C 30-95 cm  Brown (10YR 4/3 - 5/3 slightly moist)
light sandy loam with some streaks of darker colored
B horizon material; massive; slightly firm; pH 5.8; clear
boundary :

C. 95 cm4 Distinct and coarsely mortled gray (10YR
5/1m), dark brown (10YR 3/3m, or 7.5YR 3/2 -
4/4m) light sandy loam; massive; pH 6.0; very few
roats. (by F. H. Peterson)

The distribution of our stands encompasses nearly all the
known range of the Tsuga-Pachistima association—from Boat
Encampment, British Columbia, to Clearwater County, Idaho
(a north-south distance of 225 km), and from northeastern
Washington to the continental divide in Montana (an cast-
west distance of 95 km). Analysis of the dara representing
19 old virgin stands scartered over this area reveals no sig-
nificant floristic gradients. However, minor floristic variation
would permit regional subdivision if any purpose would be
served by this. As a group, however, there are consistent
similarizies among the stands, and consistent differences be-
tween them as an association and other forests dominated ar
climax by Tswga beterophylla that occur on the west slope

A2y
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of the Cascade Mountains from Brizish Columbia to Oregon.
What we have called the Pachistima union also occurs in the
coastal forests, but specific associations there have been
recognized by the abundance of Gawltheria shallon, Polyss-
chum munitum, etc. Such species are either rare or absent
in the interior (2, 62). The ubiquity of Acer circinarum
and the overriding importance of Prewdotsuga menziesit
as a4 seral species also coniribute much to the distinctiveness
of the coastal Ts#ga associations.

The Tsuga-Pachistima unit characterized above embraces
both the Aralieto-Gymnocarpietum (including seven types)
and the Pachistimeto-Calliergonellerum (including five types)
of Bell (4) in eastern British Columbia.

Thuja plicata-Oplopanax horridum h.t.

Ol virgin stands of the Thuja plicata-Oplopanax horri-
dum association usually have Thuja as the most nearly self-
regenerating tree, but some have Tsuga beterophylla sharing
this role. In others, Tsugs alone is self-reproducing. The
most diagnostic feature of the undergrowth (and indeed of
the association) is a shrub layer in which Oplopanax horri-

dum is dominant (fig. 18). The soils are poorly drained,
and contiguous uplands always belong to the Tsuga betero-
phylla-Pachistima h.t.

In half of the stands studied, 53, 80, 81, 83, and 104, Thuja
is clearly a more successful competicor than any other tree.
In two stands, 79 and 82, Thajz and Tsuga are ecological
equivalents. In two other stands, 51 and 56, Ts#uga appears
to be the climax dominant.

The recognition of a single association in which either
of two tree species may be dominant is an exception to our
usual procedure and so needs justification. In scores of
places throughour the extent of the Tswga-Pachistima h.t.
we have seen the Pachistima union of the uplands conrinue
beneath Oplopanax and Athyrium layers on approaching ob-
viously wet lowlands. Occasionally, tongues of the Oplo-
panax and Athyrizm layers extend up valley sides, but always
in shallow ravines into which drainage collects. The dis-
continuity where the Oplopanax and Athyrium layers meer
uplands is so obvious and so clearly related to soil drainage
that all forests with these two plants conspicuous in their
undergrowth must be segregated as a group. Bur as yer

18. Thuja plicata-Oplopanax horridum stand 82. This
stand is included in a Natural Area established by the
U.S. Forest Service. Tip of meter stake barely shows above
Oplopanax leaves below to left of center. Athyrium has a

cover of 53%, but shows beneath Oplopanax only in
lower center and right corner. Young Tsuga beterophylla
at base of central Thuja, with an older Tsuga at left.



“Forest Vegetation of Eastern Washington and Northern Idaho.” R. Daubenmire and Jean B. Daubenmire,
Washington State University Extension, Pullman. (Bulletin Office, WSU, PO Box 645912, Pullman, WA 99164-5912.)
(1968 as XT0060) Reprinted 2002. MISC0249. 104 pp.

there is no apparent intrinsic character of environment that
can be related to the variations in their overstory.

The success of Tsuga seedlings on a forese floor (bur not
on denuded soil') is intimately related to the availability of
decaying logs as a substrate. Therefore ir is hypothecated
that Tinga invades in quantity following a catastrophe that
fells a number of trees in a short span of time, and that this
species then retains dominance until complete decay of the
Jogs reduces its reproductive potential and allows Thujz two
supersede.

As an alternative to our interpretation we might have
recognized separate Thaja-Oplopanax and Tsuga-Oplopanax
associations, but the latter segregate would include bur few
stands and little area. The data for undergrowth (appendix
B-11) are arranged for ease of verifying that there is no
floristic differentiation between the Thuja-dominated and
Tsuga-dominated stands.

The tree layer of old stands consists of a sprinkling of
very large individuals, with T'hujz exceeding 2 m D.BH. in
three of the stands and 7's#ga exceeding 1 m in two of them,
and a modest number of small individuals, with very few
in intermediate size classes. Charcoal or fire scars on the
tree bases show that on rare occasions surface fires have
run through these communities despite the swampy narure of
the ecosystem. However, there are no fire-killed individuals
0 suggest that population sttucture is materially altered by
this habitar factor. The greater size of the Thaja in swamp
environments than in uplands may reflect more rapid growth
or longer ‘intervals between truly devastating holocausts. The
fatter is judged to be more nearly correcr.

The undergrowth of the Thuja-Oplopanax association may
be tersely characterized as consisting of the Pachistima union
with Athyrium and Oplopanax layers superimposed in turn
above it. Oplopanax is the most conspicuous undergrowth
species because of its large leaf blades, high coverage and
tall stature (usually 1.5-2.5 m), Athyriwm f[ilix-foemina,
growing about 1 m tall and in considerable abundance, usually
forms another layer just beneath it. The distinctiveness of
the Iatter is enhanced by Drypreris dilitata, which is similar in
appearance and stamre,

Other shrubs and herbs with 80% or more presence,
these mostly well below the Azhyrium layer and representing
the Pachistima union, include Acer glabram, Actaea rub-
“ra, Circaea alpina, Clintoniz wmiflora, Disporam oreganum,
Galinm triflorum, Phegopteris dryopteris, Ribes lacustre, Rub-
zy parviflorus, Streptopns amplexifolins, Tiarella unifoliata
and Viols glabella. The length of this list of 15 rather regu-
lar members of the undergrowth slightly exceeds that of the
Thaja-Pachistima association, in which 14 species had 80%
presence.  This high degree of floristic homogeneity is, how-
ever, accomplished with a somewhat different list of species.
It is also noteworthy that this outstanding homogeneity is
attained even though the stands are scattered over parts of
four states. Suitable dates for vegeration analysis fall be-
tween about July 19 to August 1,

Species diversity is approximately equal to that of the
upland Thwja-Pachistimea association, but it is 30% greater
than that of the geographically more closely related Tsuga-
Pachistinia association (appendix E). This probably reflects
better nutrition, as leachates from the Tswga-Packistima hu.
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must drain through the Th#ja-Oplopanax soils as they leave
an area. Data on pH, with all values for the Thuja-Oplopanax
h.t. falling within the range for the Tsuga-Pachistima hz.,
show that bases do not accumulate in the latter. Plants can
still be very well nourished by waters of low nutrient con-
tent if they are flowing so that a fresh supply continually
moves past the roots.

For small mammal components of this forest, see appen-
dix C. :

The total area of the Thuja-Oplopanax h.t. in the northern
Rockies is quite small. Throughout it is associated with
Tsuga-Pachistima forest, never having been seen where ad-
jacent upland supports Thuja-Pachissima.

Our Thuja-Oplopanax association appears to be the exace
equivalent of the Oplopanaceton (including four subtypes)
recognized by Bell (4) in eastern British Columbia.

llingsworth and Arlidge (47) described an “"Oplopanax
site type” in east central British Columbia. It is characterized
by an almost complete cover of Oplopanax horvidum with the
same ferns we find associated, and the Pachistima union be-
neath. Picea glanca and Abies lasiocarpa are listed as the
most shade-tolerant trees for their type. This is therefore
a distinctive association, for we have never seen Akses lasio-
carpa or Picea glawca as more than accidentals south of the
international border. .

Thuja plicata-Athyrium filix-foemina h.t.

In old stands of the Thuja plicata-Athyrium filix-foemina
association Thuja is the tree with the most stable popularion
structure. The undergrowth appears as a nearly continuous
layer of Athyriam filix-foemina (fig. 19). Usually, the soils
are evidently wet. Ogplopanax and Tsuga are unrepresented.

The tree stratum in the Thuja-Athyrium forest differs
from that of the Thuja-Oplopanax forest only in the regular
absence of Tsuga. Apgain, the dominant species armains great
diameter; a specimen in one of the stands exceeds 2.3 m
(appendix A-11).

In addition to the conspicuous Arbyrizm layer, a sprink-
ling of Alnws sinuata as a tall shrub is rather characteristic
of the association. Fifteen other species, mostly representarives
of the Pachistima union, were found in ar Jeast three of the
four stands sampled: Circaca alpina, Coptis occidentalis, Dis-
porum  oreganum, Galinm rtriflornm, Mertensia paniculata,
Montia sibirica, Osmorbiza chilense, Senecio triangularis, Smi-
lacina stellata, Stellaria crispa, Streptopus amplexifolins, Tia-
rella unifoliata, Trantvetteria carolintensis, Trillinm ovatum
and Viola glabells. ‘The absence of Chimaphila spp. from
both Thuja-Aehyrium and Thuja-Oplopanax hrs. is notable.

In stand 75, a small rivulet crossed a corner of the ceatral
macroplot but there were no species of vascular plants re-
stricted to that corner. In stand 120, several such rivulets
crossed the stand and in addition a few spots of wet muck
were marked by 2 mossy surface in which Habenaria saccata
and Glyceria pauciflora were rooted. These spots were con-
sidered parts of another ecosystem type enmeshed in the type
urider study, and so were not sampled. Also, in this stand
the mineral surface was not flat and duff had accumulated in
the depressions.  Soil sampling was restricted 1o areas where
the duff was thin or absent. Stand 119 had a 15% slope
and thus was sufficiencly well drained that gophers had been
acrively burrowing in the soil there. Although no detailed
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19. Thuja plicata-Athyrium filix-foemina stand 120.

notes were made, certain species, such as Vaccintum mem-
branacenm in stand 118, appear only where they can be rooted
on rotren logs thar are well elevated above the wer soil
beneath.

The pH range of Thauja-Athyrium soils was found always
to be lower (4.2 - 5.3) than the range for the associated
Thuja-Pachistima soils of the uplands (5.6 - 6.3),

An impression was gained thar at appropriate elevations
in the mountains, wet soil combined with good cold-air
drainage produced either the Thuja-Athyrinm or the Thuja-
Oplopanax hi, but within the same elevaiion range, wher-
ever a constricrion in the valley floor resulted in a frost-
pocket, the wet bottomland was occupied by Abies lasiocarpa-
Pachistima forest with negligible amounts of Azbyrium or
Oplopanax if these were represented at all.

As the Thuja-Oplopanax hr. is paired with the Tswga-
Pachistima h.t., so is the Thaja-Athyrinm h.t. usually associ-
ated with only the Thaja-Pachistima ht. in landscape mosaics.
The Thaja-Athyrinm hi. is even more sparingly represented
in. the core area than is the Thaja-Oplopanax ht.

We have not seen the Thuja-Athyrinm hr. outside of
Idaho, but a closely related community distinguished by the
addition of Lysichitum americanum has been recognized in
southern British Columbia (90).
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The Abies lasiocarpa series

All forests in the core area that lie above the upper
ecotone of the Tsuga heteropbhylla series will be treated as the
Abies lasivcarpa series, A few of the highest peaks in eastern
Washington and northern Idaho reach elevations of a litde
more than 2100 m. This is slightly below the average alti-
tude of upper timberline at this latitude in the Rockies (24)
and discontinuous clumps of dwarfed and misshapen trees
continue up over these summits. The highest vegetation has
a krummholz character with an abundance of species char-
acteristic of upper timberline in higher mountains, These
facts show that the subjacent forest belt that extends down 1o
abour 1300 m to form an ecotone with members of the Tsuga
beterophylla series is subalpine in its broad geographic rela-
tions.

Abies lasiocarpa or Tsuga mertensiana are the only tree
species present that can perpetuate themselves as climax
dominants. The Abies occurs practically throughout, but the
Tsuga is limited to discontinuous tracts within the vertical
and horizontal range of the Abiesr (33). Where the two
grow on the same site, population structure usually suggests
that one or the other is the superior competitor. Thus, with-
in what is here designated as the Abies lasiocarpa series, two
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distinct types of climax forest overstory can be recognized
on the basis of succession trends in the tree layer.

Most south-facing slopes above abour 1600 m in these
forests are so well removed from the protection of the next
ridge ro the south thar they are exposed to the maximum inso-
lation as well as to the prevailing southwest winds. In con-
sequence, they have sufficiently distinctive microclimartes that
their herbaceous and shrubby floras differ markedly from
those of nearly level areas and northerly slopes. The ground
cover of these southerly slopes is dominated by Xerophyllum
tenax and Vaccinium membranaceum (the Xerophyllem uni-
on) occurring together in varying proportions.

The two species are not restricted to southerly slopes, but
also extend over the ridgetops and down onto northerly slopes.
But once off the southerly slopes their populations become
attenuated. Probably the reason is that they are overtdpped
by a tall (approx. 2 m) mainly deciduous shrubbery con-
sisting of Menziesia ferruginea, Rbododenron albiflorum and
Ledun: glandulosum (evergreen) occurring singly or in vary-
ing combinations. It is convenient to refer to these taller
species as the Menziesia union,

Progressing downward from altitudes at which the two
above-described undergrowth types alternate in a predicrable
manner depending on topography, herbs and shrubs indica-
tive of warmer climate (the Pachistima union) appear in
- gradually increasing amounts. Ar the same time, the Xero-
phyllem and Menziesia unions tend to diminish erratically in
representation as well as to lose their close correlation with
topography. Before reaching the lower limit of Abies lasio-
carpa as a climax dominant on uplands, a relacively rich flora
of low herbs and shrubs occurs beneath the trees. The ecologic
significance of this lower aspect-independent element of the
subalpine forest:cannot be ignored, even though the flora
that characterizes it blends graduaily into the rwo sharply
differentiated undergrowth types that occur in essentially pure
form higher on the slopes.

In contrast with the relarively limited extent of ecotones
elsewhere in this forest mosaic, the situation here poses a
problem: what arbitrary characters might define the limits
of this low-altitude member of the Abier lasiocarpa series.
After we had completed our field work, analysis of the dara
permitted a racher definite statement of the criteria that we
had judged useful in the field:

1. The following species occurred only in the stands we
classed from general impression as belonging to the low-
altitude member:

Acer glabrum
Amelanchier alnifolia
Actaca rabra
Adenocazlon bicolor
Arenaria macrophylla
Arnica cordifolia
Aster conspicuus
Clintonia unifiora

Coptis occidentalis
Galiwm triflorum
Hieraceum albiflorum
Mitella stauropetala
Viola glabella

Rubus parvifloras
Spiraca betulifolia

Among the foregoing, Clintonia and Galiwm are the
most useful indicators. All but one of the stands contained
one or both species. The name Abies lasiocarpa-Pachistima
myriinites association seems appropriate, since nearly all in
this list belong to the Pachistima union.
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2. The following species found art higher altitudes never
occurred in the Abies lasiocarpa-Pachistima forest: Cassiope
mertensiana, Ledum glandulosam and Phyllodoce empetri-
formis.

3. Plots of 125 m? in stands of Abies lasiocarpa-Pachis-
timna forest contained 14-35 vascular species in the under-
growth; in stands of the higher associations, the range was
5-16. The close agreement of this species diversity difference
with the floristic criteria is notable.

In terms of elevation above sea level, the upper ecotone of
the Abies lasiocarpa-Packistima ha. Is unusually variable.
Although the usual range in the core area is between 1300-
1500 m, it may extend to 1770 m, which is well above the
lower limits (1500 m) of the Abies-Xerophyllum and Abies-
Menziesia has.

If each distinctive combination of unions is accorded the
statts of an association, then the above five h.ts. can be dis-
tinguished as in rable 5.

The environmenta) factors confining Tsuga mertensiana to
restricred areas in the subalpine forest present a challenging
problem thus far unsolved. No species of herb or shrub
shows a correlated pattern, and no aspect of slope exposure,
snow depth, elevation or soil analysis seems consistently re-
fated. To facilitate checking the lack of distinctiveness among
subordinates, Abfes- and Tszga-dominated stands have been
grouped in appendixes B-14 and B-15. The stands trending
toward pure Abies-are separated from those trending toward
pure Tsznga, and the most strongly contrasted stands at the
extremes.

Butters (10) noted that in the Glacier Park area of
British Columbia Trzgz mertensiana is conspicuously lacking
on soils derived from limestone. In an effort to pursue this
suggestion thar soil parent materials may be responsible for
this pattern in climax tree species, pebbles obtained when
screening the soil samples were saved and classified as to
rock types represented. The results (table 6) strongly sug-
gest that the distribution of Tsuga mertensiana is restricred
to parent material containing rock minerals low in bases,
whereas Abies lasiocarpa is rather indifferent to this mineral
factor. However, such a refationship was nor reflected in the
pH data, nor in any aspect of the chemical analyses of the
upper decimeter of mineral soil. A quantitative determina-
tion of the pebble types might have been illuminating, since
base-rich pebbles were always associated with base-poor, and
the data give-no hint of relative proportions.

Judging from the relatively high sensitivity of under-
growth species to soil and microclimate, it seems unlikely
that either of these environmental categories is exclusively
involved, for there is no taxonomic differentiation among herbs

Table 5. Major characters distinguishing ecosystems in the Abies
lasiocarpa series.
Strongly insolated slopes  Weakly insolated slopes
Abies lasiocarpa Abies lasiocarpa-
Upper slopes Xerophyllum tenax assoc, Menziesia ferruginea assoc.

or or

Tsuga mertensiana- Tsuga mertensiana-
Xerophylium tenax assoc. Menziesia ferruginea assoc.

Lowerslopes  — Abies lasiocarpa-Pachistima myrsinites assoc. —
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and shrubs in areas supporting Tsuga miertensiana in com-
parison with areas where it is lacking. (Species diversity
seems clearly less in Tszga-dominated than in Abies-dominat-
ed stands. See appendix A.) On the other hand, trees are
relatively more sensitive to macroclimate. Good evidence
that macroclimate may be involved is provided by an occa-
sional observation of Trzga on ¢ne slope of a ridge with none
of the tree on the opposite side.

This species is far better represented in the subalpine
belt of the high mountains that follow closely along the
Pacific coast from Alaska to California than it is in the
"Rockies. This suggests that local intensification of oceanic
aspects of climate might favor it. These might be places
more prone to fog or mist showers carried by the Wester-
lies, but the weather data needed to pursne any climatic
hypothesis are lacking.

In the reconnaissance study, Tinga mertensiana and Abies
lasiocarpa were treated as alternative dominants of the same
climax association. Qur separation here, although admittedly
resting on slender grounds, is based on:

1. occasional contiguity of stands dominated by different
members of the pair

2. geographic distinctiveness of the range of Tsuga mer-
tensiana (restricted to discrete areas on the western slopes
of mountains}

3. a suggestion of differences in soil parent materials.

All these suggest intrinsic differences in environment
which, if real, warrant the separation.

In the Rockies beyond the core area, and occasionally ex-
tending into its margins, there is an extensive and distinctive
h.t. in which Abies latiocarpa is the major climax dominant
with Picea engelmanni approximating self-perpetnation, The
undergrowth is dominated by Vaccinieem scopariwm. Plants
characterizing undergrowth types in the core area are almost
wholly unrepresented in this Abies lastocarpa-Vaccininm
seopariwm hr. QOur tables show that Vaccininm scoparizem
is often a minor member of the undergrowth in the Abies
serics throughout the core area. However, in the Abides-
Vaccizium association, it is dominant, and provides abour
half the total cover of shrubs and herbs.

Daubenmire (25) compiled the available climatic data
for several major vegetation units in forests centered on the
core area. He found that except for a single station, mean
monthly temperatures for both July and August are consistent-
ly lower in forests of the Abies lasiocarpa series than in forests
of the Trsuga beterophylla series. Precipitation data were not
different, although limired data representing just the core area
indicate that water surpluses are greater in the subalpine for-
ests (appendix F). ‘

The single exception to the temperature difference was
provided by the dara from Cold Springs Lookout in what was
considered the southwestern extremity of the core area. Sub-
sequent visitation of this station to determine why it is
so much warmer than the other Abies lasiocarpa stations was
most illuminating. Its inclusion in the earlier study was in-
fluenced by its location on the Idaho side of the Snake River
canyon, bur investigation showed that the Abies lasiocarpa
forests of that area, and. presumably farther to the southwest,
do not belong to the suite of associations in the subalpine
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zone of the core area. Furthermore, neither Tsuga nor Thuje
forests are represented below, as in the core area.

Since the Abies lasiocarpa forests in the Cold Springs
area extend lower down the remperanire gradient for lack
of a superior competitor, the core arez land occupied by the
Tsuga heterophylls series apparently represents area which
in its absence would be occupied mostly if not entirely by
Abies lasiocarpa forest. ‘This interpretation is in harmony
with the fact established earlier that soils of the Tsuga and
Abies lasiocarpa series are both moist throughour summer,
except in the upper few centimeters of the profile.

Abies lasiocarpa-Pachistima myrsinites h.t.

In the Abies lasiocarpa-Pachistima myrsinites association,
Abies lasiocarpa is the most vigorously reproducing tree. -
Thuta and Traga are not represented, except by occasional
nonreproducing accidentals. The undergroweh usually in-
cludes more than 14 species of hetbs and shrubs in a plor area
of 125 m®. Members of the Pachistima union, especially
Clintonia nniflora or Galium rriflorum, are well represented.
(fig. 20). Cassiope, Ledum and Phyllodoce are absent.

Seral trees in the Abies lasiocarpa-Pachistima h.t. include
Picea engelmanni, Pseudotsuga menziesii, Pinus monticola, P,
contorts and Larix occidentalis, This is the highest h.t. in the
ecologic series that supports the Pachistima union in abund-
ance. It is the highest in which a Poa pratensis sod may
develop in response to heavy livestock grazing, and the high-
est in which a rich mixture of seral shrubs and herbs becomes
superimposed of survivors of the Pachistima union following
fire. (In the remaining members of the Abies lasiocarpa
series, the undergrowth planis regenerate new shoots prompt-
ly after burning; a negligible influx of seral opportunists gain
a foothold.)

Earlier, we alluded to the frequency of frost pockers
where topography in the mountains favors nocrurnal impound-
ments of cold air. The most conspicuous vegetative indicators
of such habitats are Abies lasiocarpa and Picea engelmanmni
growing on valley floors where the surrounding slopes sup-
port vegetation in the Tsugs or Psewdotsuga series. An es-
pecially interesting example of the latter occurs along Dry
Creck between Troy and Deary, Idaho. There, the Abies and
Picea are abundantly represented for at least .5 km above an
abrupt constriction in an otherwise rather broad valley. Here
during one week in early October, 2 minima} temperature
of 8.4 C was recorded 10 ¢m above the ground. At the same
altitude above the ground but in the bottom of a steeply
descending V-shaped ravine (Th#ja-Pachistima ht) on a
mountainside a few kilometers distan:, only -1.8 C was
recorded. At Dry Creek, another thermometer station on a
slope 24 m above the valley floor recorded —7.9 C for the
same period, showing that the pool of cold air well exceeded
24 m in depth. The Abies lasivcarpa-Picea stand here is
808 m above sea level; the ecotone between forest and steppe
a few kilometers to the west rises slightly above this altitude.
This overlap in altitudes of subalpine forest and steppe em-
phasizes the limitation of altitude data in ecologic work in
these mounzains.

Frost-pocket stands of Abies lasiocarpa and Picea are very
common in our core area. Most of them are badly disturbed
by livestock, but all seem to fit the criteria of the Abies lasio-
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20. Abies lasiocarpa-Pachistima myrsinites stand 155.

carpa-Pachistima hr. However, they have an abundance of
Cornus stolomifera and Alnus sinuata that are almost never
found in the upland phase of this association (appendix B-13).
It is interesting that Xeropbyllum and Menziesia show negli-
gible tendency to follow the Abses and Picea to these lower
limits. In frost-pocket environments, Picea regularly extends
to lower altitudes than Abies lasiocarpa,

On uplands, at the ecotone between the Abies lasiocarpa-
Pachistima hit. and the Psexdotsuge-Calamagrostis hit. Abies
often tends to migrate slowly downward into vegetation which
in its absence would be classified as Psewdotsuga-Calamagros-
zis forest.

The results of analyses of small mammals in this forest
are in appendix C.

Most h.ts. in the Abies lasiocarpa series are characterized
by distinctly acid soils, usually in the range of pH 4.0 - 4.7,
While the range for Abies-Pachistima soils extended as low
as pH 4.5, they were mostly well above the pH limits of h.ts.
in which the Menziessa and Xerophyllum unions constituted
most of the undergrowth. Above the altitudinal limits of the
Tsuga beterophylla forest, soils come under the influence of
Abies lasiacarpa and litter has a higher nutrient content (23a).
There, soil fertility seerns ameliorated in every respect (appen-
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dix D) although only the K level proved to be significantly
higher.

Two of Secor’s (80) soil profile descriptions representing
the Abies lasiocarpa-Pachistima association are abstracted be-
low. His P-15, a Brown Podzolic and a Typic Cryandept,
is very near our stand 63:

02 0.5-0” Very dark grayish brown (I0YR 3/2d) or
black (5YR 2/1m) duff, overlain by mosses

Al  Absent or indistinct

A2 In pockets up to 10 mm thick

B21 0-8% Brown (10YR 4/3d) or very dark grayish
brown (I0YR 3/2m) silt loam containing few Fe stains
and charcoal; weak subangular blocky; roots abundant

B22 815" Yellowish brown (10YR 5/4d) or brown

(10YR 4/3m) silt loam contining charcoal; more

compact than above; roots fewer '

15-29" Brown (10YR 5/3d) or dark yellowish brown

(10YR 4/4m) sandy loam, consisting of a mixtwre of

volcanic ash and pockets of decomposing granite; no

roots below this horizon

C-D 29-34” Light yellowish brown {10YR 6/4d) or yel-
lowish brown (10YR 5/4m) sandy loam; derived from
weathered granite with a small amount of volcanic ash.

B3
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Secor's P-5, also a Brown Podzolic and a Typic Cryandept,
is very near our stand 123:

02 1.5-0” Very dark grayish brown (10YR 3/2d) ot
dark reddish brown (10YR 2/2m)} duff, overlain by
Mosses

Al-A2 0-1” Lighr gray (75YR 7/0d) or gray (5YR
5/1m) silt loam; Al indistinct, A2 dominant but in-
termittent

B2l 1-4” Dark brown (10YR 4/3d} or datk reddish

brown (5YR 3/2m) silt loam; blocky; more dense than

surjacent horizon; roots numerous
B22 4-9” Dark yellowish brown (10YR 4/4d} or dark
reddish brown (5YR 3/3m) silt loam; few rocks in
this and upper horizons; blocky; fewer roots
9-14” Yellowish brown (I0YR 5/6d) or reddish
brown (5YR 4/4m) sandy loam with high concentra-
tien of rocks 0.75-1" x 2-6"; less dense and miore fluffy
than above
14-20” Yellowish brown {10YR 5/6d) or dark brown
{7.5YR 4/4m) sandy loam containing schist rocks;
weakly blocky; without fluffiness; roots fewer
20-28” Yellowish brown (10YR 5/6d) or dark brown
(75YR 4/4m) loamy sand; weakly blocky; slightdly
less dense than above
28-34” Strong brown (7.5YR 5/6d) or dark brown
(75YR 4/4m) loamy sand with slightly more gravel
_than above, and less compact
34-41” Strong brown (7.5YR 5/6d) or dark brown
(75YR 4/4m) loamy sand with more gravel than above
41-47” Swong brown (7.5YR 5/6d) or dark brown
(75YR 4/4m) sand, consisting of highly weathered
schistose sand and gravel; roots not abundant.

B3

D1
D2
D3

D4

D5

In Ferry County, Washington, a stand of Abses lasiocarpa-
Pachistima forest was examined. W. A. Starr had studied the
soil profile and classified it as a Podzol, the Scar Series, now
classified as a Typic Cryochrept. Garber (36) has described
the profile in an Abies lasiocarpa-Pachistima stand in Valley
County, Idaho that was classified as a Jughandle coarse sandy
loam, a Brown Podzolic and a Typic Cryochrept.

The Abies lasiocarpa-Pachistima h.t. has been identified
from the western foothills of the Cascade Mountains in
central Washington to the southwestern corner of Alberra,
to Valley County, Idaho.

Hllingsworth and Arlidge’s (47) "Cornus-moss site type,”
"Disporum site type,” and “Aralia-Dryopteris site type” may
be segregates of what we have described as the Abies lasio-
carpa-Pachistima association, based on studies of seral stands.
Their listing of Picea glauca instead of P. engelmanni is not
the serious difference it may seem, since a large proportion
of the Picea in the interior of British Columbia (excepting
P. mariana) represents some degree of hybridization between
P. engelmanni and P, glanca (37).

Abies lasiocarpa-Xerophyllum tenax h.t.

The Abies lasiocarpa-Xerophyllum tenax association is
distinguished by having Aébées lasiocarpa as the most import-
ant self-reproducing tee, and an undergrowth in which
Xerophyllum temax and Vaccinium membranacenm are the
major dominants (fig. 21). Tsuga mertensiana and Men-
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ziesia ferruginea are absent, and the Pachistima union is vir-
tually absent.

Piceaz engelmanni, a long-lived seral tree in most of the
other h.ts. in the Abies lasiocarpa series, is almost unrepre-
sented here where the forest undergrowth consists of the
Xerophyllum union alone, While soils in the Abies lasio-
carpa series appear to dry only a few centimeters deep each
summer, the deepest extension of drouth undoubtedly occurs
here. This may well account for the low adaprability of
Picea to Xerophyllum sites despite the relative openness of
the stands on south-facing slopes. The tap roots of Pices
seedlings do not penetrate as deeply as those of Abies lasio-
carpa during the critical first year (29}, Just a few hours
without water uprake are fatal (22). The occasional oc-
currence of Menzéesia in ravines on south-facing slopes
that otherwise support only the Xeropbyllum union also
suggests that soil drouth is critical here on southerly slopes,
even though it involves only the upper few centimeters of
the profile.

Psendotsuga and Pinus albicaulis are mainly seral species.
But where an Abies-Xerophyllum stand occurs on an ab-
normally exposed ares, trees may remain spaced widely
enough that these retain a minor place in the climax.

In the Xerophyllum union, most foliage of Xerophyllum is
within 50 cm of the ground surface, but Vaccininm mem-
branaceam commonly is almost twice this height. Normally,
both species flower only sparingly under forest conditions, but
following a fire both flower vigorously until a new tree can-
opy develops (fig. 22). Both of these species may occur
erratically downsiope as far as the Prexdotsuga-Physocarpus
h.t, Only in the Abies-Xerophyllum association do they assume
dominance over ali other undergrowth plants. The median
number of herbaceous and shrubby species found in the
macroplots was 12 (range 5-15). After Xerophyllum and
Vaccininm membranacenm, V. scoparium ranks third in im-
portance in both coverage and regulatity of accurrence in the
stands. Carex geyeri is the only other undergrowth species
regularly encountered.

For dara on small mammals, see appendix C.

As a class, soils where the Xerophyllum union dominates
undergrowth tend to be less fertile than soils of the Abies
lasiocarpa-Pachistima forest below (table 1), although only
the drop in pH proved to be statistically significant.

Two of Secor's (80) three soil profiles representing the
Abies lasiocarpa-Xerophyllum ecosystem are abstracted below.
His P-3, a Brown Podzolic and a Typic Cryorthod, is very
near our stand 129:

01 1.5-0” Dark brown (10YR 3/3d) or dark reddish
brown (5YR 2/2m) duff overlain by a moss cover

Al Absent, or present only in traces

AI-A2 0-05” Dark grayish brown (10YR 4/2d) or dark
reddish brown (5YR 3/2m) sandy loam; intermirtent,
but sharply defined where present

A3-Bl 0.5-55" Dark brown (10YR 4/3d) or dark red-

dish brown (5YR 3/2m) sandy loam with large gneissic

tocks 2-4” x 3-6” that are not oriented with the Jand

surface; crumb strucrure; fluffy

5.5-12.3" Dark brown (10YR 4/3d) or dark reddish
brown {5YR 3/3m) silt loam with abundant stones;

B21
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21. When the Xerophyllum union occurs beneath a forest
canopy, both the Xerophyllum temax (with grass-like

granular to faintly subangular blocky; fluffy; charcoal

present

B22 125-19.5" Yellowish brown (10YR 5/4d) or dark
reddish brown (5YR 3/4m) sandy loam; granular to
faintly subangular blocky

B3 195-27.5” Dark yeilowish brown (10YR 4/4d) or

dark brown (10YR 3/3m) sandy loam with abundant
rocks; faintly subangular blocky; fluffy; roots abundant

D1 275-39.5" Yellowish brown (10YR 5/4d) or brown
(1I0YR 4/3m) sandy loam; blocky peds moderately dis-
tinct and firm, fluffiness absent; roots fewer

D2 39.5-47.5"” Yellowish brown (10YR 5/4d) or dark

yellowish brown (10YR 4/4m) sandy loam with
numerous rocks; massive to somewhat blocky; not fluffy,
harder than surjacent horizon; roots sparse.
Secor’s P-19, also a Brown Podzolic and a Typic Cryor-
thod, is most comparable in location with our stand 156:

01 1.5-0” Very dark grayish brown (10YR 3/2d) or dark
reddish brown (5YR 3/2m) duff, overlain by a sparse
Oss COVer

A3-Bl 0-10” Dark yellowish brown (10YR 4/4d) or

brown (10YR 4/3m) coarse loam; crumb structure;
rOOLS Very numerous

B2 10-18” Yellowish brown (10YR 5/4d) or dark yel-
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leaves) and the Vaccinium membranacenm rarely flower.

lowish brown (10YR 4/4m) sandy loam, consisting of
pockets of volcanic ash mixed with granitic material;
weak subangular blocky; roots abundant; large boulders
here and in lower horizons

1824”7 Yellowish brown (10YR 5/4d) or dark
yellowish brown (10YR 4/4m) sandy loam; massive;
granitic material similar to subjacent horizon; boun-
dary abrupt .

24-28" Very pale brown (10YR 7/3d) or light vel-
lowish brown (10YR 6/4m) sandy loam from decom-
posing granitic material.

B3-D

The Abies lasiocarpa-Xerophyllum hit. is known from
eastern Washington, northern Idaho, southwestern Alberta,
and western Montana as far south as Granite County. Stands
closely similar in physiognomy and in regard 1o the Xero-
phyllun: union occur in the Cascade Mountains, but the tree
union has a different composition where these communities
have been seen.

Tsuga mertensiana-Xeropbyllum tenax h.t.

The Tsuga mertensiana-Xerophyllum tenax association dif-
fers from the Abies lasiocarpa-Xerophyllum association only
in that Tsuga is here a self-reproducing species, Usually,
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22. The Xerophyllum union regenerates promptly from
subterranean organs following fire and both dominants
then flower abundantly until a new forest canopy develops.
This old burn has undergone one mzajor wave of invasion
by Abies lasiocarpa and Pinus albicanlis. Note the absence
of opportunistic shrubs and forbs that dominate after
burning at lower altitudes where the Pachistima union is
well represented.

Tinga is associated with Abies lasiocarpa, but it may occur
alone (e.g., stand 61 in appendix A-13).

Two of Secor’s (80) soil profiles (his P-9 and P-10)
represent the Tszuga-Xerophyllum ht. They are abour 8 km
apare, and are in the general vicinity of our stand 61. His
profile P-9 is a Brown Podzolic and 2 Typic Haplorthod:

01 0.73-0” Very dark grayish brown (10YR 3/2d) or
dark reddish brown (5YR 3/2m) litter and duff
Al-A3 0-8” Dark grayish brown (10YR 4/2d) or very
dark grayish brown (10YR 3/2m) loam, containing
charcoal; A; very thin, crumb structure; roots very

abundant
8-11” Dark yellowish brown ( lOYR 4/4d) or brown
(10YR 4/3m) sandy loam conrining charcoal; weak
subangular blocky: roots fewer than in surjacent horizon
11-18”  Yellowish brown (10YR 5/4d) or dark yel-
lowish brown (10YR 4/4m) sandy loam, composed of
decomposing granite and volcanic ash; roots abundant
18-24” Light yellowish brown (10YR 6/4d) or yel-
lowish brown (10YR 5/6m) sandy loam composed of
decomposing granite; roots sparse
Secor's profile P-10 is:
0.75-0” Very dark grayish brown (10YR 3/2d) or
dark reddish brown (5YR 3/2m} litter and duff
Al and A2 virwally absent or indistinct

B2

B-C

01
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A3-Bl 09" Brown (10YR 4/3d) or dartk brown (10YR
3/3m) silt loam with charcoal included; well developed
crumb structure; roots abundant
9-12” Brown (10YR 5/3d) or dark brown (10YR
4/3m) silt loam; weak subangular blocky; more compact
than surjacent hotizon; roots relatively abundant
12-21" Yellowish brown (10YR 5/4d) or dark yel-
lowish brown (10YR 4/4m) silt loam consisting of vol-
canic ash; faintly subangular blocky; roots sparse
21-27” Light yellowish brown (10YR 6/4d) or yel-
Iowish brown (10YR 5/6m) sandy loam consisting
principally of decomposing mica schist, with an occa-
sional tongue of volcanic ash along the upper boundary,
roots practically absent.

The Tsuga mertensiana-Xerophyllum ha. has been observed
only in northern Idaho, although it undoubtedly is also rep-
resented in western Montana as well,

B2
B3

C-D

Abies lasiocarpa-Menziesia ferruginea h.t.

Climax forests in the Abies lasiocarpa-Menziesia ferru-
ginea ht have Abier lasiocarpa as the most strongly self-
reproducing tree. In the undergrowth of dense shrubbery
about 2 m tall (fig. 23}, usually Menziesia ferruginea, but
sometimes Rbododendron albiflorum and rarely Ledum glan-
dulosum, is the most conspicuous dominant. Trmga merten-
stama is absent, and the Pachistima union is virmally unrep-
resented.

Slopes with a Menzéesiz union are difficulr to analyze
because the dense shrubbery is pressed against the soil for a
long period by winter snows. Only the tips of the plants
spring erect in summer, so that the bases of the stems re-
main permanently directed downslope. In summer the bark
slips readily when one steps on the stems so that footing
is precarions. To maintain one’s position it is usually neces-
sary to hold onto the stems of shrubs on the uphill side.
Unlike Xerophyllum and Vaccinium, Menziesia and Rbodo-
dendron flower regulatly under a forest canopy. Ledum glan-
dulosym is mainly a bog margin shrub in the northern
Rockies. Where it dominates a slope én which one would
expect to find Menziesin instead, no other bogs species are
present,

The median number of herbs and shrubs found in the
macroplots was 10 (range 7-16). This decrease below the
value for Abies-Xerophyllum stands probably reflects the
colder microclimate.

Picea engelmanni is common in the forest and usually
plays a seral role. Pinus albicanlis, P. monticola, P. contorta
and Larix occidentalis ate strictly seral. Tsuga heterophylla
and T. meertensiana occur rarely as accidentals in random
sizes.

Primary succession on granodiorite rubble has been described
for one mountain in Bonner County, Idaho, where the Abies-
Merziesia association is climax (30). Epilithic mosses con-
fined to sheltered pockets between the rocks provide seed
beds for crevice herbs and shrubs. The Xerophyllum and
Menziesia unions together form the first consolidated cover;
then the climax Abies lasiocarpa becomes superimposed (fig.
24). The precocity of these herbs and shrubs here, and the
prompt regeneration of undergrowth following fire in other
habitats, shows clearly that herb-shrub vegetation of these
forests occupies the ht. independent of the tree cover.
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23. Interior of Abies lasiocarpa - Menziesia ferruginea
_ stand. Menziesiz and Rhododendron albiflorum, growing

In passing from the south side of a ridge where the
Xerophylizm union alone comprises the vascular under-
growth, to the north slope where the Menzéesia union becomes
‘superimposed, there is a suggestion of less Ca (but not Mg
or K) and lower base saturation of the colloids. Only the
accompanying drop in pH proved to be statistically significant
(appendix D}. Secor (80) obruined a highly significant
decline in both pH and Ca from Abies-Pachistima o Abies-
Xerophyllum 1o Abies-Menziesia hus,

Secor (80) described four profiles from Abies-Menziesia
stands (his P-1, P-2, P-3 and P-18). His P-1 is a Brown
Podzolic now classified as a Typic Cryandept. It is located
very near our stand 137:

01 1-0” Dark brown (10YR 3/3d) to black (5YR
2/1m) duff overlain by moss

Al Absent or indistinct

A2 0-05” Light gray (75YR 7/0d) or gray (S5YR
5/1m) silt loam; discontinuous, with the thickness
normally between a trace and 0.75”, with an occasional
tongue to 17 '

B2 0.5-5.5” Dark brown (7.5YR 4/4d) or (75YR 3/2m)

silt loam with numerous slightly rounded stones; weak
angular blocky; roots abundant

B22 55-117 Brown (7.5YR 5/4d) or dark brown (7.5YR'
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about 2 m tall, provide an almost complete cover. (Photo
courtesy of H. W. Smith.)

3/2m) loam; faintly subangular blocky to blocky; peds
not as well defined nor as stable as in B21

11-20” Brown (7.5YR 5/4d) or dark brown (7.5YR
4/2m) loam with rocks and stones still abundant; peds
more distincr than in B22 but less stable; roots fewer
20-28” Light brown (7.5YR 6/4d) or dark brown
(7.5YR 4/4m) coarse sandy loam; blocky with peds
more distince than in B3 but not more stable; not de-
veloped from same fluffy material as above; roots fewer
28-34” Light brown (7.5YR 6/4d) or dark brown
(7.5YR 4/4m) coarse sandy loam; roots essentially ab-
sent.

B3

D1

Secor’s P-18 is very near our stand 131:

01 Very thin moss cover

02 2-0” Very dark grayish brown (10YR 3/2d) or dark
reddish brown (5YR 3/2m) duff

A2 Intermittent; generally in pockers 1-2mm thick

B21 0-4” Yellowish brown (10YR 5/4d) or brown {10YR

4/3m) coarse silt loam; faintly subangular blocky; roots
relatively -abundant; large irregularly shaped boulders oc-
cur here 2nd in all the lower horizons

B22 4-14” Yellowish brown (10YR 5/4d) or dark yei-
lowish brown (10YR 4/4m) loam; faintly subangular



“Forest Vegetation of Eastern Washington and Northern Idaho.” R. Daubenmire and Jean B. Daubenmire,
Washington State University Extension, Pullman. (Bulletin Office, WSU, PO Box 645912, Pullman, WA 99164-5912.)
(1968 as XT0060) Reprinted 2002. MISC0249. 104 pp.

24. Menziesia and Xerophyllum unions invading rubble in' advance of Abies lasiocarpa,

blocky, more compact than surjacent horizon; roots
abundant
-B3D 14-22” Light yellowish brown (10YR 6/4d) or yel-
lowish brown (10YR 5/4m) sandy loam containing
pockers of volcanic ash mixed with decomposing granitic
material; roots definitely fewer
D 22-27” Light yellowish brown (10YR 6/4d) or yel-
" lowish brown (10YR 5/4m) sandy loam consisting of
rorten granitic material; roots very sparse,

We have seen the Abies lasiocarpa-Menziesia ht. from
southwestern Alberta to northeastern Washington and from
the Boise National Forest east-northeast of Cascade, Idaho,
to Skalkaho Pass in Granite County, Montana,

Tsuga mertensiana-Menziesia ferruginea h.t.

In the Tsuga mertenstana-Menziesiz ferruginea association
Tsuga mertensiana is an obviously self-reproducing tree. 'The
undergrowth consists of the Menziesiz and Xerophyllum
unions.

Two of Secor's soil profiles (his P-11 and P-12) refer to
this h.t. They are about 3 miles apart near our stand 63.
P-11 is a Brown Podzolic soil, now classified as a Typic
Vitrandept.

0-1 1-0” Very dark grayish brown (10YR 3/2d) or dark
reddish brown (5YR 3/2m) litter and duff with incor-
porated charcoal

Al Absent or indistinct

A2 Grayish brown (10YR 5/2d) or (10YR 3/1m) ma-
terial varying from 0-2 mm thick

B21 0-8” Dark yellowish brown (10YR 4/4d} or dark
brown (10YR 3/3m) silt loam; faint subangular blocky;
highly micaceous; roots abundant

B22 B-16" Light yellowish brown (10YR G/4d) or brown
(10YR 4/3m) loam; faintly subangular blocky; more
compact than surjacent horizon and with fewer roots

B3 16-22” Lighe yellowish brown (10YR 6/4d) or dark
yellowish brown (10YR 4/4m) loam; massive; roots
not abundant

D 22.30” Light yellowish brown (10YR 6/4d) or dark
yellowish brown (10YR 4/4m) structureless decom-
posing granite; roots spatse,

Profile P-12 is 2 Brown Podzolic soil, now classified as a

Lithic Vitrandept.

01 15-0” Very dark grayish brown (10YR 3/2d} or dark
reddish brown (5YR 3/2m) litter and duff

Al Absent or indistinct

A2 Grayish brown (10YR 5/2d) or very dark gray (10YR
3/1m) material occurring only in pockets

B2 09" Dark brown (10YR 4/3d) or dark grayish
brown (10YR 3/2m) silt loam; very faint subangular
blocky; Fe stains numerous, especially in lower part;
roots present

B3 - 9-15” Light yellowish brown (10YR 6/4d) or dark
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yeliowish brown (10YR 4/4m) loam; massive to sub-
angular blocky; few Fe stains; roots present
D 15-20” Very pale brown (10YR 7/4d) or yellowish
brown (10YR 5/6m) granitic, highly micaceous sandy
loam; massive; roots almost absent.
The Tsuga mertensiona-Menziesia ht. has been cobserved
only in northern Idaho, but it is probably in western Mon-
tana also.

Abies lasiocarpa-Vaccinium scoparium h.t.

In the Abier lasiocarpa-Vaccinium scoparium association
both Abies lasiocarpa and Picea emgelmanni are self-repro-
ducing, but the former maintains the denser population.
Typically the undergrowth is quite sparse. Vaecinium scopa-
riwm provides about half the total canopy cover of the
shrubs and herbs combined (fig 25).

Both Pinas contorta and Larix occidentalis were encoun-
tered as seral trees in all three stands that were analyzed in
the margin of the core area. Elsewhere throughout the ex-
tensive range of the h.t, Larix is not encountered.

The undergrowth of stand 101 (appendix B-16) is atypi-
cally rich. Of the total list of 34 species of undergrowth

25. Unusually dense stand of Vaccininm scoparinm in an
old burn still supporting Pinus contforta rather than Abies

vasculares in the three stands, this one had 18 nor found
in either of the other two. Stands 100 and 102 are much
more typical of the forest over an extensive area. Qosting
and Reed (68) presented detailed analyses of this association
in southern Wyoming. Their eight stands are closely com-
parable to our numbers 100 and 102 in physiognomy and
dominangs, although many of the poorly represented species
are different,

Vaccininm scopariwm is a subordinate in abour 80%
of the stands-in our core area where the Xerophyllum or
Menziesia unions dominate. ‘There is no recognizable pat-
tern to its variation as a subordinate. If a rigorous analysis
of its coverage is made by restricting consideration to a lim-
ited area, such as the 13 stands of subalpine forest in Sho-
shone County, Idaho, the variation in coverage of this plant
is not related to aliitude, direction or percent slope. About
the periphery of our core area, hybrid stands in which Xero-
phyllum and Vaccinium scoparium share dominance are abun-
dant.

Owing perhaps to the fewness of samples, soils of the
Abies-Vaccinium ht. did not prove different from those of

lasiocarpa. Only the lowest (white) decimeter segment
of the stake is obscured by the dwarf shrub.
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h.ts. where the Xerophyllum or Menziesia unions dominate
(appendix D),

We have seen the Abies-Vaccininm scoparium association
over an area from central British Columbia to central Monrana
and north-central Oregon to Colorado. In all this range,
it appears to be most poorly represented in that part of the
Rockies where the oceanic climatic influence is strongest,
ie, in the cofe area,

Hiingsworth and Arlidge's (47) "Vaccinium scoparium
site type” as described for southern British Columbia would
be closely matched by our Abies lasiocarpa-Vaccinium scopari-
um he. where it had been burned over recently. The “fir-
Vaccininm scoparium type” and "lodgepole pine-Vaccininm
scoparizem type” recognized by the US, Forest Service (88)
in Oregon are climax and seral expressions of the same eco-
system, and correlate directly with our Abies-Vaceinium h.t,

Pinus albicaulis-Abies lasiocarpa h.t.

The dwarfed and wind-deformed trees of Pinus albicaulis
and Abies “lasiocarpa that are scartered singly or in small
groves on the highest peaks and ridges of our core area are
recognized as indicating a distincrive h.t. in which these two
species share climax status, but no quantitative analyses of the
small and heterogeneous stands have been made. Larix lyal-
ki, a rare tree in the core area, may also occur here. In
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contrast with other trees at cimberline, it has not been seen
in krummhbolz form. To the east of our core area Picea engel-
manni may also ascend to upper timberline, and Pinwus flexi-
lis is often added. The discontinuous ground cover be-
tween the trees or groves is commonly dominated by Vae-
cinium scoparium, Xeropbyllum tenax, Carex spp. and Luzula,
Erigeron peregrinus and Polygonum bistortoides are character-
istic also.

The rust Cronartium ribicola has for some time been a
serious cause of disease on Pinns monticolz ar lower altitudes.
In the past decade or so it has spread rapidly through Pénus
albicanlis-Abier stands with devastating effect on the pine
Cones of this pine were usually demolished by Clarks aue-
crackers well before the large seeds were ripe. When cone
crops were heavy, squirrels came from nearby forests and cut
many cones, the caches of which were then pilfered by black
bears. With so much animal pressure on the seed crops
previously, and the fungal devastation now added, tremen-
dous reduction in the pine population, if not extinction,
seems inevitahle.

The soils of this h.t. are almost invariably thin, coarse

and stony. The h.t. is often interrupted by rock cutcropping -

or ‘rubble.
The “alpine fir-whitebark pine type” recognized by the
U.S. Forest Service (88) in central Oregon correiates directly

with the unit described above.





