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The North Cascades Kational Park and the Ross Lake and Lake Chelan
¥aticnal Recreation Areas were estuablished on Cctober 2, 1868, This
orth Cascndes Complex comsrises about 675,000 acres of majestic moun-
taing in the North Cascedes of Washington.

This rather inaccessible area has received very little scientific
attention, with only the geology of the complex being well known. Per-
tinent publicaticns in other fields of science are guite rare. Ubtain-
ing references which pertained to or were applicable to the FNorth Cas-
cades was a major endeavor, as was contaciting pecple familiar with var-
ious aspects of the complex. However, the snort ten-wesk pericd during
which this survey was writfen did not allow zll leads to be followed
and scme references may have been iradvertently omitted. The informa-
tion from the various sources, as well as ny own data, has been surmar-—
ized and nopefully presents the most complete descripticn of the present
biological conditions within the complex.

I would like to thank Dr, David R. M. Scott for helpful suggestions

0

during the writing of this survey and for reviewing the final manuscript.
Appreciation 1s also due Dr. Tim ¥, Ballard, James G. Bockheim, Dr. Hoger
del Moral, Dr. Jerry F. Franxlin and Dr. Gorden H. Crians for reviewing
sections of the manuscript.

I anm particularly grateful for the aid of Drs. C. Leo Hitchoock
and Arthur R. druckeberg, who assisted in the deternmination of the more
difficult plant genera. I anm also indebted to Dr. zZlva lawton, who
identified the mosses, and Dr. Grace K., Howard, who identified the

lichens. YNoel H. Holrmgren of the New York Botanical Garden determined
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the Castilleja species and Dr. F. J. Hermann of the U. 3. National

Herbariun identified the Carex, Juncus and some of the Graminae species,

Jim Duemel, Gary Xoehler and Terry R. Wahl contributed many addition-
al species and up-to-date information to the bird checklist. Dr. Gordon

¥, Orians aided in the habitet determinations of the avifauna,



The most prominent feature of the Yorth Cascades.National Park and
the Ross Lake and Lake Chelan NWational Recreation Areas is the high
rugged pountains comprising most of the area.(see figurel ). This North
Cascades Complex is part of the northern Cascade Mountains which extend
from near Snoqualmie Pass to the Intermational Boundary.

Cn a physicgraphic basis the mcountains may be subdivided into
three ranges, two of which occur within the complex (see figure 2).

The most western of the subranges is known as the Skagit Mountains.
These mountains, which include nmost of the lNorth Cascades Hational Park,

1

begin at the Cascade crest and veer northwest, conitinuing east of Mt.
&

:

Baker and into Canada. The Jagged peaxs and ridges, freguently reaching
elevations of 7000 to SOC0 feet, have a maximum relief of about ESCO
feet. Some of the higher mountains are Hi. Shuksan, Mt. Redoubt and Kt.
Challenger.

1

The second range of mountzins has been named the Hozomeen Range.
This range Torms the eastern boundaries of both the Ross Lake National
Recreation Area and the south unit of the Natioral Park, befcre cubiting
through the lower third of the southern unit. The range begins just
north of the Internaticnal Beundary, where many of the mountains, al-
though high, are relatively gentle. It becomes equally as rugged as
the Skagit Mountains as one proceeds south. The maximum reliel is zbout
7000 feet, with some of the higher mountains {Mt. Losan, Boston Peak
and Buckner lMtn.)} reaching elevations of over 8800 feet.

The mountain massif is dissected by numerocus tributaries of the

.

several large streans emerging fron the range. The Zkagit River 3ysten,
& £y - J

o
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igure 1. View of the north unit of the North Cagcades National Park.

center. Photo by Max R. Jensen, August, 1968.

Picket Range in
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igure2 . Map of the Jorth Cascades Complex.
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the largest drainage system of the North Cascades Compiex, drains most
of the National Park and the entire Ross Lake Nationsal Recreation

Area, Some of the larger tributaries of the Skagit include the Cascade
and Baker Rivers and Thunder, Ruby and Big Beaver Creeks. These irib-
utaries originate in glacial cirgues or at glacial termini and flow

througzh wide steep-sided "U"-shaped valleys. Streams flowing east and

ot

he Lake Chelan Nation-

D

draining the south unit of the National Park an
al Récreation Area include Bridge Creek and ¥lat Creek, tributaries of
the 3Stehekin River, which flows inte Lake Chelan.
Many of the lakes of the Complex are situzted at the headwaters
of the tributaries. 7These nunercus alpine lakes are usually cirgue
lakes occurring above 2500 feet., Lake Chelan, Ross Lzke and Diablo
Leke are found in the two Netional Recreation Areas. The latiter two are
manmade znd fill canyons and valleys where the Sxkagit Eiver cnce Tlowed.
Contributing even more to the modification of the Horth Cascades
than the nurmercus tributaries was the glaciation caused by both contin~
ental and alpine glaciers., IMany of the alpine glaciers are still re-
tained by the high rugged mountains of the area. The glaciers include
hundréds of hanging and small cirque glaciers and several extremely
large cirgue glaciers; These glaciers {north of Sncgualmie Pass and
exclﬁsive of Mt, Baker and Glacier Peak) encompass an area estimated
at 125 square miles, or approximately 50/ of the total glacierized area

in the contiguous United States (Hublew, 1956).



GECLOGY

Intreduction to Bedrock Geology

The Horth Cascades are part of the North American Cordillera, which
extends from northern Central America into Alaska. This 5000-mile~long
rountain belt is bounded by the Pacific Ccean on the west and the inter-
ior of the continent on the east.

The history of the cordillera, from Paleozoic to late~ilesozoic time,
follows the classic eugeosynclinal-miogeosynclinal pattern. During late-
Hesozole time it underweni several climactic orogenies., After tﬁis the

-4

history vecomes more confused or obscursed by numercus gsuperimpesed
everts and processes (King, 1966).
This summary will first review the work of geologists in the North

Cascadesg. The geological description will be restricted to the area

within the HNorth Cascade Complex.

Farly Workers

It is likely thati the first geclogists to visit the North Cascades

3

were nembers of the first parties of the International Doundary Com-
mission in 1859-1861. Gibbs {1874) described the physical geography
along the boundary, while Baurman {1885) described the rock units en-

countered along a route that may have been further scuth over Whatconm

Pass {Smith and Calkins, 1904, p. 16).

In 1898 I. C. Russell, during 2 reconnaissance trip, travelled up
the Cascade River to Cascade Pass and back, up the Skagit River, then
along Ruby Creek and up to Hart's Pass {Russell, 1890). The next men

to visit and describe the area were G. O. Smith and F. C. Calkins (21904),




who in 1901 made a traverse from Windy Pass on the Cascade crest to the
Skagit River. R. A. Daly (1903, 1907, 1912) worked from 1901 to 1906
along both sides of the boundary through the North Cascades. In 1903
Bailey Willis (1903) travelled up the Stehekin River and Bridge Creek.
He studied the glacial and physiographic history of the Stehekin
valley. C. B. Cairnes (1924) travelled along the Skagit River, near
Ross Lake, and up the Silver Creek drainage. Ccombs {1939) studied the

¥t. Baker volcano.

Recent Yorkers

The first extensive geologic mapping project in the North Cascades
was initiated by Peter Misch of the University of Washington in 1949
(Misch, 1966). Misch (1951, 1952a, 1952b, 1956, 1959, 1960, 1961, 1962,
1963) mapped and described most of the Cascades ncrth of the Cascade
River and the upper Stehekin River (see figure 3). Papers by Miller
and Misch {1963) and Misch and Mallory {1956) describe the bedrock
geology of the area.

It was not, however, until 1964 that a complete summary was made
of the entire North Cascade Range (Misch, 1966). During the period of
Misch's work, his students mapped most of the remainder of the Horth
Cascades while completing their theses (see figure-B). Shideler, Jr.
{1965) mapﬁed the area arocund Silver Creek near the north end of Ross
Lake. Further to the west, Ragan (1961) mapped the dunite formation
of the Twin Sisters Range. Just south of the Twin Sisters ﬁange,

Jones (1957, 1959) mapped the Higzins Mountain area and the nearby
Pinney Peak area. DBryant (1955) papped the Snowking Mountain area.

The Cascade Pass area to the east of this was mapped by Tabor (1958,
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Figure3 . Index Fap of the Horih Lascades.
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1961), while Grant (1959, 1966) mapped the Dome Peak area. Adams (1958,
féél) mapped the area east of the Stehekin River. Morrison (1954) mapped
the Phelps Ridge area and Du Bois (1954) mapped the area of the Holden
Mine. These last two are both in the Holden quadrangle just east of
Glacier Peak., The Glacier Peak quadrangle was mapped by Ford (1957,
1959). Vance {1957) mapped the Sauk River to the west of Glacier Peak.
Several others have also worked in the North Cascades. Cook (1947)
worked on the lower Bacon Creek area. Maps of adjacent areas on the
Canadian side of the Internaticnal Boundary have been published by the
Geological Survey of Canada {(Rice, 1959) and the British Columbia
Department of Mines {1960). The Holden quadrangle was completed in
1956 {(Misch, 1966)}. A Washingtoﬁ state geologic map by Hunting, et al

(1961) includes all work up to 1960 in the North Cascades.

Bedrock Geology

The complex geologic history of the North Cascades ranges from
Tertiary to pre-Middle Devonian times. The following geclogic descrip-
tion is derived, for the most part, from the work of Misch and his stu-
dents. A map {see figure 4) taken from Hisch (1966, Plate 7-1} shows
the rock units of the North Cascades Ccmplex and nearby areas. These
units, along with the major tectonic events, will be described in order
of decreasing age.

The pre-Middle Devonian basement rocks of the area indicated an in-
volved history of numercus metamorphic, igneous and migmatic events
(Misch, 1966). These basement rocks were first recognized and named
the Yellow Aster Complex in 1958 (Misch, 1960, 1962, 1963; Miller and

¥isch, 196%).
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Figure 4, - Legend

CRYSTALLINE BASEMENT COMPLEX
Allochthonous slices associated -\

with the Shuksan Thrust
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Basement rocks are found in two structural settings. The first is
the autcechthonus belts within the Cascade Metaﬁorphic Suite. The second
setting, basement rocks which occur as allochtheonous slices, appears
on the western edge of the range (Misch, 1966). The major outcrops
of these rock units in the North Cascades are found as a northwest-
northeast band running from just south of Mi. Shuksan to just east of
Lake Chelan (see figure 4},

The crystalline basement rocks are pre-~Middle Devonian and may be
as 0ld as Precambrian {Misch, 1966). They predate the oldest known
strata in the North Cascades, which consist of sedimentary and volcanic
rocks, including fossilifercus limestone. These have been dated as
Middle Devonian (Danner, 1960b, 1964, 1965).

The latest basement rocks are preserved within the autochthonous
belts of the Cascade Metamorphic Suite (see figure 4). One of these,
the Marblemount Meta Quartz Diorite, was originally identified by
Misch (1952) and later assigned to the basement (Misch, 1963) because
of the stratiographic relationships to the nearby Cascade River Schist.
Another belt is that of the Eldorado Orthogneiss (Misch, 1963), which
was derived during Cascade Metamorphism from previously non—metémorphic
igneous quartz diorite siﬁilar to the parent material of the Marble-
mount Meta Quartz Diorite.

The crystalline core of the North Cascades is formed by the Cas-
cade Metamorphic Suite as well as by younger intrusives., The Cascade
Suite, although continuous in outcrops, is subdivided by two major
faults. The Straight Creek Fault (see figure 4) was named by Vance
(1957) and dated in the Darrington area as probably Early Eocene.

This fault was found to run.north of the Skagit River (Misch, 1966) and
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south of Darrington (Yeats, 1958), a total length of about 70 miles.
The second fault, occurring further east, is the Ross Lake Fault {see
figure 4}. The fault can be dated as Middle to late Cretaceocus {Misch,
1966).

One of the three subdivisions of the Cascade Suite is the Shuksan
Metamorphic Suite, which is on the east side of the Straight Creek
Fault. The western edge of the Shuksan Suite is formed by the mid-
Cretaceous Shuksan Thrust. The Shuksan Suite displays blueschist met-
amorphic facies (Misch, 1959) that are probabiy no less than late-
Permian., The suite consists of metaclastic beneath metabasaltic rocks.
The lower rocks (Darrington Phyllite) are composed mainly of pelitic
and semipelitic, commonly quartz-rich phyllites (Misch, 1966). Above
thia is Shuksan Greenschist, comprised of actinelitic greenschists and
subordinate crossite and glaucophane schists {Misch, 1966).

A second subdivision, the Skagit Metamorphic Suite, is on the east
side of the Straight Creek Fault. The eastern boundary of this suite
ig formed by the Ross Lake Fault. The main part of this suite consists
of Skagit Gneiss (Misch, 1952a). The derivation of this unit from super-
crustal rocks is eguivalent to that of the Cascade River Schist to the
south (Misch, 1966).

Unlike the Shuksan Suite, the Skagit Suite contains various gran-—
jitie intrusives. Within the medium grade Cascade River Schist (see
figure 4) occurs the Marble Creek Crthogneiss (trondhjematic orthogneiss),
the Haystack Creek Gneiss (leucotrondhjemite gneiss) and the Alma Creek
Leucotrondhjemite (semi-concordant leucotrondhjemite) (Misch, 1966).

Further east, bordering the Skagit Gneiss, is a band of quartz-dioritic
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orthogneiss {CGabrial Peak Orthogneiss). This body is probably derived
from a post-Skagit Suite intrusive (Misch, 1966).

The metamorphic facies of §he Sxagit Suite consist of greenschist
as displayed by the Cascade River Schist and the associated Marblemount
Meta Quartz Diorite. It is not known if the ages of the Shuksan Suite
and the Skagit Suite are the same, since a major fault separates them,
and the two facies were not found to intergrade (Misch, 1966).

The third subdivision of the Cascade Suite is the eastern meta-
morphic belt which lies east of the Ross Lake Fault. According to
Misch (1966), Lower Cretacecus strata grade into the Middle or early-
Late Cretaceous Jack Mountain Phyllite ea;t of Rosg Lake, This unit is
related to the phyllitic Nooksack Group rocks just ouiside the western
flank of the Complex. The pre-lLate Jurassic, Late Paleozoic or Mesozoic,
andesitic North Creek Volcanics and associated sedimentary rocks, all
further to the south, grade into amphibolites and schists (Elijah
Ridge Schist). The metamorphism of this schist seems to be of the same
age as that of the Jack Mountain Phyllite (Misch, 1966).

During the later Paleozoic, eugeosynclinal deposition produced a
deep mafic volecanic and clastic sedimentary sequenbe. The Chilliwack
Group occurs on the western boundary of the North Cascades. Daly (1912),
who worked along and north of the International Boundary, described
this Upper Carboniferous Group of sedimentary and volcanic rocks,
which also included fossilifercus limestcone. More recently, Misch
(1952&) established the southern extension of this unit at the Skagit
River. He also reported probable Pennsylvanian fossils from limestone
lenses at several locations throughout the unit. Other fossil discov-

eries in limestone made by Danner (1957, 196Ca, 1960b, 1964, 1965) and
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McGugan, Roessingh and Danner {1964) were proven to include Middle and
upper Devenian, Lower Pennsylvanian, and Lower and Middle Permian. Many
of the time intervals not covered by fossiliferous limestone may by rep-
resented by the unfossilifercus rocks which make up the bulk of the
limestones (Misch, 1966). Clastics include mainly graywackes, shales,
slatesg and phyllites. Yolcanic rocks include basalts and andesites.

Limestone units are minor except near and north of the border where a

more continuous uni%t is found. From this unit Monger (1964, 1966) has

chtained Permian fossils.

R e e A e e T

The Hozomeen Group of unfossiliferous phyllites, cherts and green- -

LY

stones is found from Mt, Hozomeen south to Jack Mountain. This unit

wag first described by Daly (1912), who assigned it to the Carbonifer-

A R e

ous, which Misch (1966) feels is questionable.

The North Creek Volcanics are found on the eastern edge of the
south unit of the National Park. This unit is considered by Misch (1966)
to be Late Paleczoic or pre-late Jurassic, and is made up of altered,
mainly andesitic volcanics with commonly arkosic sedimentary beds. On
the northwest, this unit gredes intc Elijah Ridge Schist,

¥ajor orogeny occcurred in the North Cascades during Middle to
early-Late Cretaceous time. Four large cretaceous thrusts occur in the
¥orth Cascades. Of the two on the western flank (Church Mountain Thrust

and Shuksan Thrust), only the Shuksan Thrust (see figure 4) is found

within the ¥orth Cascades Complex. A thrust relationship between the

Shuksan belt and the Chilliwack Group was first recognized by Vance

G

(1957) near Darrington, where he demonstrated a minimum displacement of

‘nine miles. A similar relationship was later recognized frem the Skagit

S
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River to the International Boundary (Misch, 1966). The fault is well
exposed on Shuksan Arm, northwest of Mt. Shuksan proper, and between
Mt. Shuksan and the Skagit River where erosicn has cut back o or near
the steep root of the thrust (Misch, 1966).

East of the crystalline core of the range, the Ross Lake Fault Zone
and Jack Mountain Thrust are found (see figure 4). Within the North
fascades Complex much of the Ross lake Fault Zone has been obliterated
by Late Cretaceous~Tertiary intrusions. A five-mile segment of the
fault is exposed on thé north face of Gabrial Peak just south of Ross
Lake, Another segment is exposed on the east shore of Ross Lake, Jjust
oppasite Big Beaver Creek.

The eastward-directed Jack MNountain Thrust near Ross Lake was
shown by Misch (1951, 1952a) to have risen from the Ross Lake Fault,
bringing Upper Paleozoic over Lower Cretaceous rocks {see figure 4).
The actual root has been faulted out and a narrow band of Jack Mountain
Phyllite separates it from the gneisses west of the Ross Lake Fault.
Hear Mt. Hozomeen the thrust becomes an eastern branch of the Ress lLake
Fault.

The Swauk Formation, first described by Russell (1893, 1900} and
given an Eocene age by Smith {1906), is now considersd late-~Upper
Cretaceous and Paleccene {Foster, 1960). It has been estimated to be
from 15,000 to 20,000 feet thick (Willis, 1953). This formation
occurs several miles east of Baker Lake and approximately parallels it.

Post-Eocene Tertiary deposits are represented by scattered Oligo-
cene volcanics. Misch {1952) described them as the nid-Tertiary Han-
negan Volcanics, and they were later jound to be identical with Daly's

(1912) Skagit Volcanics further east (Shideler, Jr., 1965).
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Many Late Cretaceous and Tertiary granitic intrusives occur as
belts along the Ross Lake Fault Zone on the east and in the western
part of the metamorphic core of the North Cascades (see figure 4).
These two belts merge in the northern part of the North Cascade Complex
vwhere the Skagit Gneiss overlies the younger intrusives,

On the southern end of Hoss Lske the Ruby Creek Heterogenecus
Plutonie Belt is found along the Ress Lake Fault Zone. It is composed
of gabbro, diorite, quartz diocrite, and granodiorite, and includes sub-
stantial amounts of Elijah Ridge Hornsfelsic Schist and related horns-
felses. The unit predates the Golden Horn Batholith and may have occurred
at the‘same time as the Black Pesk Batholith {¥isch, 1966).

Misch (1952) described the Black Peak Batholith, which roughly
follows the Ross Lake Fault Zone, as consisting of Quartz-diorite and
granodiorite rocks., The southern half of this unit was studied by
Adams (1961, 1964). The unit predates the Golden Horn Batholith and is

younger than intra-Cretacecus orogeny (Misch, 1966).

The Golden Horn Batholith, Jjust north of and intruding the Black
Peak Batholith, was first recognized by Misch (1952a), This unit is
post-Cretaceous.

The northernmoat section of the Perry Creek Intrusive was studied
by.Shiaeler, Jr. {1965), whe found that it had intruded the Oligocene
vslcaniecs. The main rocks of the unit are quartz-diorite and granc-
diorite. This unit is continuous with the Perry Creek phase further to
the west (Misch, 1966).

On the west, along the International Boundary, the main intrusive

was first named the Chilliwack Batholith by Daly (1912). Misch (1952a)
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traced this unit to the Skaglt River, and finding that it included at
least four phases, renamed it the Chilliwack Composite Batholith., The
earliest phase (see figure &)}, consisting of diorite and subordinate
gabbro, predates all quartz-bearing phases (Misch, 1966). The main
phase, making up the southern portion of the batholith, is younger than
the Late Cretaceous-Paleocene Swauk Formation which it intrudes, and
predates the Oligocene volcanics above this phase in the Hannegan Pass
area. The late phase (Perry Creek), consisting of mainly quartz dior-
ites and granodiorites, makes up thé northeastern section of the bath-
olith.

Of the two small plutons southwest of the Chilliwack Batholith,
the Hidden Lake Stock has been found to have moved aside the Cascade
River Schist (Misch, 1952a). Tabor {1961, 1963) traced the second
pluten, which follows a fracture system of Tertiary age, near the Cagw

cade Pass area.

Surfiecial Geologzy

Glaciation

The last ice age proper (Pleistccene Epoch) and subsequent time
(Holocene or Recent Epoch) are known as the Quaternary Period.  The
Quaternary, unlike previous time periods, has a relatively excellent
stratigraphic record (Wright and Frey, 1965).

During the Quaternary, the major occurrence in most of the world
was a cliimatic change. This not only resulted in glaciaticn, but also
caused changes in the composition and distribution of plant and animal

communities. In the Pacific Horthwest the Pleistocene phytogeography



has been developed from palynological recensiructions (Hanson, 1938a,
b, 1947; Heusser, 1964, 1965).

Evidence of past glaciation may be seen throughout the North Cas-
cades. The rounded ftops of the lower mountains, the steep-sided valleys,
the outwash terraces and moraines all bear witness to previocus glaciation.

Many alpine glaciers still exist in the Cascades today. The more

heavily glacierized areas, most of which are within the North Cascades

Complex, have received very little scientific attention. Tuitle (1941)

——

i

studied the glacial features just east of Cascade Pass. Meier (1964)
worked on the South Cascade Glacier and Miller (1967) siudied that

glacier and three others nearby. These glaciers are just west of the
boundary of the south ﬁnit of the Horth Cascades National Park. Just

west of the Hational Park's north unit, Bengston (1756) studied the

Coleran Glacier on Mt. Baker for almost a decade.

Glacial studies have been more numercus in other areas of Washing-
ton and may provide a basis for comparison with glaciers in the North
Cascades., IMt. Rainier has been the subject of many repcrts and studies
{Emmons, 1877; Russell, 1898; Le Conte, 1906; Meany, 1916; Brockman,
1438; Harrison, 1951, 1556; Johnson, 1%54; Bender and Haines, 1955;
Sigafoos and Hendricks, 1961; Crandell, 1963a, 1965a; la Chapelle, 1963;
Meier, 1963; Post, 1963; Crandell and ¥iller, 1964}. In the Clympic
Mountains the glaciers were described by Danner (1955) and Hubley (1956).
Heugger (1957) studied the Blue, Hoh and ¥hite Glaciers, ther work in
the Cascade Range between Mi. Rainiler and the North Cascades Complex
has been dene by Mackin (1841), Long (1951a,b; and Hogkins (1266}, 1In
the Coast Range of British Columbia several glacial studies have been
undertaken by Mathews (1951), Armstrong {1956, 1957, and Barendsen,

Deevy and Gralenski {1557).




During the Salmon Springs Glaciation (Late Pleistocene), the Cor-
dilleran ice sheet advanced and receded twice. The alpine glaciers of
the Cascade Range also advanced and receded at this time {Crandell,
1665b). The broad, steep-sided valleys of the Korth Cascades Complex
appear to haf;'been gecupied by ice during these advances.

The Fraser Glaciaticn, beginning with the Evans Cresk Stade aboutl
25,000 years ago, lasted for about 15,000 years {Crandell, 1965b).

The Lvans Creek Stade resulted in alpine glaciers advanging down the
valieys. These glaciers were from 15 to 40 miles long in the valleys
heading on M%. Rainier (Crandell and Miller, 1964). Other alpine gla-
ciers probably advanced similarly (Crandell, 1965b; Hopkins, 1966;
Miller, 1967). As the alpine glacisrs began to reireat the Cordilleran
ice advanced. By the tirme this ice had reached its maximum extent in
western Washington between 15,000 and 13,000 years ago, alpine glaciers
in the Cascade Range had greatly decreased or disappeared completely
(Cary and Carlston, 1937; Mackin, 1841; Crandell, 1963b), A% this time
the ice lobe blocked the valleys of the Cascade Range, forming large
glacial lakes (Crandeil, 1965). Evidence of this should be found in the
Skagit River Valley upon investigation. Erratics carried by this ice
have been found at an elevation of about 5200 feet in the Twin Sisters
Range, just west of the North Cascades Complex (Bsterbrook, 1963).
Toward the end of the Fraser Glaclation, during the Sumas Stade and
after the recession of the Cordilleran ice, & celder climate occcurred
once again. The Cordilleran ice advanced and receded once more and the
alpine glaciers were reborn (Crandell, 1965b).

The mild Hypsithermal interval followed the Fraser Glaciation, and

during this time most glaclers dscreazed in size or disappeared altogether




(Miller, 1967). Subsequently mudflow and fluvial aggradation ensued
in the Cascades (Crandell, 1565b). Evidence of this on Ft. Rainier was
found by Crandell (1963a,b).

The last period of glaciation (Neoglaciation) had its maximum ad-
vances in the Horth American Cordillera at varying tipes for different
glaciers (Porter and Denton, 1967). On Kt. Rainier the maximum advance
for the Winthrop Glacier was 3500 fo 2000 years ago, while the maximum
advance for the Carton Glacier was during the thirteenth century {Cran-
dell and Miller, 1964). From the middle of the ninetsenth to the middle
of the itwentieth centuries, the glaciers cn Mt. Rainier were retreating
(Harrison, 1956; Meier, 1963; Post, 1963). Around 1950, probably in
response to lower temperatures and increased precipitation, most of the
glaciers of Mt. Rainier and other Pacific iorthwest mountains began to
advance (Bengston, 1956; Hubley, 1956; La Chapelle, 1963; Neier, 1G65).

In British Columbia, the rmaximum Neoglacial advance of the Sphinx
Glacier in the Mt. Garibaldi area has been dated at about 460 years
ago (Barendsen et al, 1957). Mathews (1951, indicates that glaciers in
that area subsequently advanced several times during the early part of
the eightesenth and the middle of the nineteenth centuries.

On Mt. Olympus in the Olympic Mountains of Washington ihe age of
the maximun advances of the Bfg@ Glacier have been determined as occcur-
riﬁg 700 years ago (Heusser, 1957). The Blue Glacier has remained es-
sentially stationary since 1950 (before which it was receding), while
the nearby Hoh Glacier, which had its maximum stand about 1810, has been
increasing since 1933 (Heusser, 1957).

In the North Cascades, except for an advance cf t@e South Cascade

Glacier about 4930 years ago (Eeier, 1964), evidence of glacier activity
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is restricted to the last eight centuries (Miller, 1967). The South
Cascade Glacier has been receding ever since 1900 {Porter and Denton,
1967). Two nearby glaciers, Dans and Le Conte, have reacted similarly

during the past several centuries (Miller, 1967). -
g I r
Volcanisn

A number of volecanic erupticns occurred in the Nerth American Cor-
dillera during Quaternary time., They were provably less intense than
those experienced during laie Tertiary time (Wilcox, 1965). In the
Cascade Range, Mt. Baker, !%t. Hainier, Mt. St. Helens, Mt. Adams, Mt.
Shasta and ¥t., Lassen all attained their present heights during Quat-
ernary time {Williame, 1953). The ash layers laid down by these vol-

cances provide ideal stratigrashic records for use in many scientific

The North Cascades Complex contains ash layers from Mt. St. Helens,
Mt. Hazama and Glacier Peak. The oldest is an eruption from Glacier
Pezk abeout 12,000 years ago (Dowers and ¥Wilcox, 1964; Fryxsll, 1965).
The ash-fall is distributed to the east a2s far awsy as Montana and Id-
aho (Wilcox, 1965). One of the nost widespread ashes is that from Mﬁ.
Mazama, This ash ig fournd north to southern British Columbia and
southern Alberta and east to lontazna (Wilcox, 1965; Nasmith, Mathews
and Rouse,‘1967). The date of this massive eruption has been put at
6600 years ago {Rubin and Alexander, 1960; Powers and Wilcox, 1964;
Pryxell, 1965%)., MNt., St. Helens has had several eruptions in the past
30000 years. The 3on— alls have been dated af 3000 znd 500 years ago
(Crandell et al, 1962), and at 160 years ago (Yullineaux, 1964). IMt.
Rainier ash, dated at 2300 to 20C0 years ago (Crandell et al, 1962),

—_—

may possibly occur in the North Cascades, although not reported.



Seils

The scils of the North Cascades are yet to be studied, therefore a
brief descripticn of the soils found in the Coastal Western Hemlock and
Subalpine Fountain Hemlock Zones of southwestern British Columbia will
be presented. Since the geology, climate and vegetation are relatively
similar, a general comparison between the Coast Range of British Colum-
bia and the Horth Cascades may prove useful for the present. Several
profile descriptions of soils found in the Subalpine Zone in the North
Cascades are also given. These are from my own data and have not yet

teen completely analyzed,

L -~ Undecomposed litier.

C - Decomposed organic matter with very low mineral content.

A - 1. Surface mineral horizon of maximum organic accurula-
ion.

2. Surface or subsurface horizons that are lighter in
color than the underlying horizon and which have
lost clay minerals, iron and aluminum.

3. Horizons belonging to both of these categories.

3. « 1. An accumulation of clay, iron, z2luminum and organic
matter.

2. HMore of less prismatic or dlocky structure, stronger
colers than that of the A horizen or the underlying
nearly unchanged material.

3. Horizons characterized by both of these categories.
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A

C

A horizon of unconsclidated material which is little
effected by the influence of orgunisms and presumed to
be parent material of the solum.

Any substratum underlying the C or B horizon and which
is not the parent material.

A gley layer of intense reduction, characterized by the

rresence of ferrous iron and neutral gray color.

Lower case subscription for the identification of soil sub~horizons:

b

A layer characterized by hard irreversible pedogenic
concretions.

Hard irreversible pedogenic layer.

A layer characterized visibly by the removal of clay,
iron, aluminum, and/or hums. Usually lighter colored
(higher value) than %the layers below or above.

A layer enriched by hydrated iron.

A mineral layer containing sufficient zmount of decom-
posed organic matter %o show visible darkness, at least
one Munsell unit darker than the layer immediately below.
Juvenal - A layer with weakly expressed characters.
(mellowed-mitis) A layer characterized by the loss of
water-soluble materials only, usually slightly altered
by hydrolysis or oxidation. Usually differing in color
and structure from the layer immediately above or below.
a relic {not currently dynamic) layer. To be used as
prefix.

(Wwhitesides) A compact layer that is apparently cemented

wnen dry, britile when nmoist.
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r =~ An inherited consclidated layer ~ used with C.
Ww =~ Water-saterated layer - The apparent water table.
Lesko {1961) described the following soils in the Coastal Western
Hemlock Zones:
1. Crganic soils
These are composed of either undecomposed peat of
Sphagmum spp., which is saturated with water or, where the
peat is older, it has decomposed on the surface and formed
a black muck humis. 7“he upper 12 inches of this humus may
be drained during the summer.
2. Gley soils
Typical gley soils in the zone have an { horizon one
to six inches thick. The Ah horizon is underlaid by strong-
ly gleyed layers without a noticeable eluvial or illuvial
subhorizon,
%. Regosols
These may be either alluvial or acid regosols. The
alluvial deposiis are recent with recurring deposition.
Profile development is restricted to the formation of an
4h horizon. The acid regosols are found on acid rock out-
crops, with an O horizon underlain by an Ae horizon. The
A horizon lies directly on the acid parent material.
4, Brunisols
“hese soils may have a strong to medium acid O horizon
one-half to one inch thick and possibly d4,f, or h subhor-

izons. The &h horizen ig less than two inches deep, may
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contain gray concretions lacking iron coatings, and wmay be
mediun to sirongly acid or low in base saturation.
Podzols

The podzols may be either gleyed, minimal, or humic
goils. The gleyed podzols have an organic O horizon, an
eluvial Ae horizon and an illuvial B herizon containing

accurulations of organic matier and sesguioxides. In the

-

upper B or Ae horizons gleying may be indicated by mottling.
Minimal podzols have an organic O horizon, a light colored
eluvial Ae horizen less than cne inch deep and an illuvial
B horizon which contains accunulations of organic matter
and seaguioxides. These s0lls lack distinet Bl horizons.
The humic podzels comsist of solls with a moderately thick
$ horizon, a distinct unsaturated &e horizon and a friable

"
Bn horizon containing iron in addition to organic matter.

A friable Bnf horizon underlies the Bh horizon.

Brooke (1965) described the following soils in the Subalpine Moun—

tain Hemlock Zone:

1.

Organic scils
&

These soils ceonsist of partly to well decomposed bry-

(L

orhytes, sedges, and herbacecus plants with depths over 12
inches. The C horizon is moderate to very acid, with the
more acid horizons consisting of greater gquantities of bry-
ophytes. Seepage may be abundant at the surface or may not
be found until depths of two to three feet are reached.

Examples of organic soils in the Subalpine Zone of the

Horth Cascades are presented in tables 1 and 2. These



Table 1. An example of an organic soil in the Horth Cascades,

Vegetation: Leutkea association.

Parent Material: Volcanic ashes, some mixing with lcocal mica schist.

Topograghy: 10% slope, straight, lower +, 5400 feet elevation, scuthwest
aspect.

Drainage: Poor.

Horizon Depth
01 T3 Undecomposed herbaceous litter.
02 +-0" Mived, parily decomposed organic matter and
mineral material; clear, wavy boundary.
A 0-2" Dark reddisn-brown (SYR 3/3) loam; many fine
to mediun roots; abrupt, smocoth boundary;
very strongly acid (pH 4.6).
B 2-4" Dark brown (T.SYR 3/2) loam to sandy loam;
nany fine to medium roots; abrupt, smcoth
boundary; strongly acid (pH 5.1).
C 46" Dark reddish-brown {5YR 4/3) lcamy sand; many
fine roots; clear, smooth boundary, strongly
acid (o4 5.1).
IT ¢ 685" Dark reddish-brown (5YR 3/2) silty loam; many
fine roots; clear, smecth boundary; siroangly
acid (pH 5.0).
IIT ¢ 811" Dark reddish-brown {5YR 4/2) silty loam; few
fine roots; asbrupt, smooth boundary; strongly
acid (pH S.l).
e 11-124" Dark reddish-brown (5YR 2/1) silty loam; very
few roots; abrupt, smooth boundary; strongly
acid {pH 5.1).
vV C 125-145" Yellowish~brown (10YR 5/6) loam; ash (Mazama);
abrupt, smocth boundary; sirongly acid (pH 5.1).
VI g 144-19(18) Dark reddish-brown (5YR 2/1) silty loam; abrupt
smooth boundary; medium acid (pH 5.5).
VII ¢ (18)19-36+ Dark yellowish-brown {10YR 4/4) loam; 30 per-

cent coarse material, 1 to 5 inches across;

+.
strongly acid (pH 5.1).
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Table 2. An example of an organic scil in the Horth Cascades.

Vegetation: Carex nigricans association

Parent Material: Mica schist, volcanic ash.

basin.

Drainage: Extemely poor.

Horizeon Depth

01 1-5" Undecomposed to parily decomposed organic
matter.

02 +-0" Mixed, partly deccmposed organic matter and
mineral materizl; clear, wavy boundary.

A1 0-1" Dark brown (10YR 3/3) silty loam; many fine
to mediunm rocots; abrupt, smooth boundary;
strongly acid (pH 5.0).

c 1-2" Brown (7.5YR 4/2) silty loam; many fine to

mediun roots; abrupt, smcoth boundary;
strongly acid {pH 5.2).

Irc 2-4" Brown (10YR 5/3) silty loam; many fine rocts;
¢lear, smooth boundary; medium acid (pH 5.5).

111 ¢ AT Grayish-brown {10YR 5/2) locamy sand; many
fine roots; abrupt, smooth boundary; medium
acid (pH 5.5).

ive 785" Dark brown (10YR 3/3) silty loam; many fine
roots; abrupt, smooth boundary; very strongly
acid {pH 4.8).

¥C B-12" Yellowish-brown (10YR 5/4) sand; many fine

roots; abrupt, smooth bourndary; strongly acid
(p 5.2).

yi ¢ 12-14" Dark brown {(10YR 5/3) silty loam; few fine

roots; abrupt, smooth boundary; medium acid

(pH 5.5).

iRt R R R S




Table 2. (continued)

Horizen Depth
ViI ¢ 14-17" Grayish-brown (10YR 5/2) sandy loam; few
fine roots; abrupt, smooth boundary; med-
jum acid (pH 5.5).
VIII ¢ 17-18" Dark brown (10YR 3/3) sandy loarm; abrupt,
smooth boundary; mediun acid (pH 5.5). .
X ¢ 18-20" Grayish-brown {10YR 5/2) sandy lcam; abrupt,
smooth boundary; strongly acid (pH;S.B).
XcC 20-20%" Dark brown (10YR 3/3) sendy loam; ebrupt,
smooth boundary; medium acid (pH 5.8).‘.
XI C 205-26" Yellowish-brown (10YR 6/6) loam; ash
(Mazama); abrupt, smooth boundary; strorgly
acid {pH 5.1).
XII ¢C 26"+ Dark yellowish-brown (10YR 4/4) loam; abrupt,

smooth boundary; strongly acid (pH 5.0).
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were taken from two adjoining asscciations. The first, the
Leutlkesz assccliation (p. 85) profile, was located on a slight
slope above a filled-in lake, This profile had thin 0 and

A horizons.* 4 well developed B horizon iz found along with
numerous folcanic and pedecgenic C horizons. The second pro-

file, in a Carex nigricans association (p. 81), was located

in the filled~in lake, 6 feet lower and 20 feet away from

the Leutkea association profile. The numerous C horizons

B horizen is lacking, n both profiles a layer of ash was
deternined as Fount Fazama ash (Jazes G. Bockheim and Ken
Schlichte, personal coorunication) and dated at 6600 years
by Rubin and Alexsnder (1960), Powers and Wilcox {1964) and
Fryxell (1965).
2. Gley soils
The organic horizons of these soils very from 6 to
12 inches in depth. An eluviated Ah horizon may be present.
The Ah or B horizon is moitled or gleyed and the soil is
strongly to exiremely acid, These solls are all under the
influence of permenent or almost permensnt seepage movement.
3. Regosols
Typical regosols have a thin, cne-inch O horizon which
is generally well decomgosed. Underlying this is a strat-
ified Ah/C herizon which is indiscernible. The stratified

horizon is weakly gleyed and consists of narrow 4k horizons

*  HNomenclature of soil horiszons for the Horth Cascades profilesfrom

U. S. D. A, (1962).
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interbedded with silt lcanm énd silty lcam sedirents. Hori-
zens are strongly acld and seepage is present beneath them,
Ranker-like soils (Regosols)

In the Subalpine Meuntain Hemlock Zone these soils are
quite common since bedrock or rock outcrops freguently lie
close to the soil surface. The soils consist of organic
accurmlations which may be peeled back from the bedrock.
The humus layer may be up to two inches thick containing

mineral grains either transported or derived in situ. These

mireral grains may also be found as thin seams overlying

the bedrock. Above the continuoug forest, where these soils
are associated with shrubs, podzol rankers may be found.
These ranxers are extremely acid in reaction., Acid decon-
position products from the litter and nigh precipitation

in the zone cause extensive bleaching of mineral grains

and eluviation of the thin mineral soil overlying the bed-
rock.

Terrestrial raw soils (Regosols)

These are typified by "alpine rawmark" soils which
maintain their immature profile by congeliturbation, soli-
flucation, snow creep and erosion. although rapid drain-
age i3 present soil moisture remains high during the sum-
pers. Horizeon development is limited to a slight darkening
which may be up to four inches below the surface. Cation
exchange capacity of the soil is very low and soil pH is
medium to strongly acid., An example of a ferrestrial raw

soil in the North Cascades is given in table 3.,
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Table 3. An example of a terrestriasl raw soil in the North Cascades.

Vegetation: Saxifraza association.(p. 94).
Parent Material: Andesite
ovography: 10% slope, straight, base of slope, 5200 fest elevation,

north aspect.

Horizon Depth
C1 0-35" Grayish-brown (2.5Y 2/0) gravelly sardy
ioanm; very few roots, near surface; clear,
wavy boundary; medium acid (pﬂ 5.4).
c 2 3L-10" Dark grayish-brown (2.5Y 3/2) gravelly

sandy loam; clear, wavy boundary; medium
acid (pH 5.6).

c3 10"+ 95 percent coarse material.
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Brunisols

These soilsare closely related to the brunisols of the
Coastal Western Hemlock Zeone and are found at lower eleva-
ticns in the Subalpine lountain Hemlock Zone., The soils

have strongly acid O horizons with a weakly develorped he]

1

or Aejh horizon. The B horizon is a weakly developed 11l1-

uvium,
Sutalpine intergrades to podzols

Typical soils in this group occur on mederately well
drained to imperfectly drained glacial tills., The C hori-
zon i1s well developed and sharply separated from the el-~
uviated Ae horizon which is very weaxly developed or ob-
scured by the overlying horizon. 4 fragipan-like layer us-
ually underlies the dark brown, reddish~brown or yellowish-
brown B horizen. Cation exchange capacity, calcium and
magnesium show a definate change in distribution between
the 3 and BC or BCgq horizons.
Pcdzols

The podzols are the most common solls of the forested
subzone of the Subalpine HMountain Hemloeck Zone. Surface
organic accurmulation is up te 10 inches deep and extremely
acid. The light colored eluviated Ae horizon may be up to
five inches thick and weakly to strongly developed. A dark
colored B horizen, usually over bedrock or a firm %o very {irm
Bf or BC horizon, is present. Soils are moderately %o well
drained, An example of a podzol in the llorth Cascades is

ziven in table 4.
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Table 4. An example of a podzol in the North Cascades.

Vegetation: Mountain hemlock ~ Pacific silver fir association. (p. 89)

Parent Faterial: IMica Schist.

Topography: 15% slope, top of convex mound, 5420 feet elevation, south—
sast aspect.

Drainage:s Good.
Horizon Depth
01 Gm3" Heavy mat of undecomposed forest litter.
02 3-c" mixed partly decomposed organic matter and

mineral material; gradual, wavy boundary.

0-2" Dark reddish-brown {5YR 2/2) sandy loam;

i
—

many fire to large roots; abrupt, clear
voundary; extrermely acid (pH %.7).

A2 2-63" Very dark gray (10YR 3/1) loamy sand; few
fine to large roots; abrupt, smooth bound-—
ary; extremely acid (pH 4.4).

B 21 E5-103" Dark brown (7.5YR 3/2) sandy loam; few fine
roots; gradual, wavy boundary; very strongly
acid {pH 4.9).

B 22 10%-20%" Dark reddish-brown (5YR 3/4) sandy loam;
few fine roots; abrupt, wavy boundary;
strongly acid {(pH 5.2).

c 20522+ Dark reddish-brown (5YR 3/3) sandy loam;
clear, wavy boundary; 40 percent coarse

fragments 1 to 6 inches across.
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9, Humic podzols

This soil group differs frem the previcus soil group
in that humic podzols contain 10 percent or more organic
matter. The O horizon is extremely acid.and up to 10 inches
deep. An eluviated ie horizon varies from thin lenses to
five inches in depth with gleying cccasionally occurring.
The soils are poor to well drained and ircn is usually
present in the B horizon.

M-

The colluvial soils associated with the Valeriana - Verairum asso—

ciation (p.ol ), although not described in British Columbia, are gquite
common throughout the North Cascades. in exanmple of this soil is given

in table 5, The steep slopes which cause avalanches or Severs sSnow Creep

raintain this soil and i%s vagetative cover. The pH inversion is prod-

ably atiributed to meltwaler bearing bases leached from the more acid

soils above (James G. Bockheim, personal comrunication).
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Table 5. An example of a colluvial seoil in the North Cascades.

Vegetation: Valerisna-Veratrum association (Rutus parviflorus-Pteridiunm

phase).
Barent Taterial: Mica Schist.

opography: 60% slope, straight, upper ¥, 5000 feet elevation, south-

Drainaze: Scmewhat excessive.

Horizon Depth

01 Ix-3" Undecomposed herbaceous litter.

02 30" Mixed, partly decomposed orgenic matter and
mineral material; graduzl, wavy boundary.

Al O—}%" Dark reddish-brown (5YR 3/2} loam; many fine
to large roots; one perceni coarse fragments
+ to 1 inches across; abrupt, smooth boundary;
medium acid (pH 5.6).

B 21 T5-g" Dark reddish-brown (5YR 3/3 loam; many fine

to large roots; gradual, wavy boundary; one
percent coarse fragments, 7 to 2inches across;
strongly acid {pH 5.3).

B 22 9-{24)%3"+ Dark reddish-brown (5YR 2/3) loam to sandy
leoam; few fine roots extending to 30 inches;
¢lear, wavy beoundary; seven percent coarse
fragments, ¥ to 3 inches across; sirongly acid
(pi 5.2).

c (247)33+ Dark reddish-brown (5YR 3/4) sandy loam; 25
percent coarse fragments, 1 to 6 inches

across; strongly acid (pH 5.0).
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CLIMATOLOGY

The climate of the North Cascades Complex differs considerably from
the northwest boundary to the southeast boundary. The mean annual pre-
cipitation varies from 110 inches at the lMt. Baker weather station
(two and one-half miles west of the National Park bourndary) to 34 inches
at Stehekin (see table 6). This difference is due to the barrier set
up by the wide Cascade Range. The prevailing flow of air into western
Washington during the fall and winter is from the southwest to the west,
and as the moist warnm air moves inland it rises along the western slopes
of the Cascades., As it rises it cools and condensation takes place.
Since many peaks separate the Cascade crest from the foothills on the
west, precipitation decreases as one proceeds east. A relatively dry
season begins about May, reaching a peak in mid-summer and ending dur-
ing September. However, this dry season is inconsistent and some sum-
mers may be fairly wet.

The average annual snowfall is very heavy, but is also gquite vari-
able. This snowfall varies from 70 inches at lower elevations and 516
inches at higher elevations west of the Cascade crest to about 470
inches at the crest and 12% inches at Stehekin (see table 7). In 1863~
1964 the seasonal snowfall at Stevens Pass (about 40 miles south of the
complex) was 692 inches. The snowline alonz the western slopes of the
Cascades ranges from 1500 to 2500 feet elevation. The snow remains on
the ground until the laiter part of June or the beginning of July.

The mean temperatures of the weather stations in the Horth Cas-
cades indicate that the area is cool without extremes. In January the

: e - =l .
mean temperature varies from 21.1 P, at Holden to 35.0 P. at Darrington
1 by g
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Table 6. Average monthly total precipitation data from weather stations

in the North Cascades.**

Station Newhalem Diablo Dam Mt. Baker* Stevens Pass Stehexin Holden

flevation 800! 891" 4150" 4085" 1150" ST
Period  {1931-60) (1931-62) (1927-51) (1939-64)  (1931-60)(1938-57)
Month Precipitation in Inches
Jamary 10.88 10.29 11.86 11.26 5.28 5.10
February 8.77 8.55 10.61 8.57 4.34 4.61
¥arch 7.45 6.78 12,12 7.94 3.01 2.87
April 4.775 4.44 8.52 4.65 1.19 1.30
Hay 2.94 2.48 6.39 3.59 1.00 1.33
June 2.70 2.07 4,73 2.89 .90 1.20
July 1.50 1.24 3,32 1.35 .39 .68
Aug'ust 1.76 1133 3-19 1.-70 -46 -81.
September 4.14 3.49 7.64 4,06 1.22 1.49
Cctober 8.96 8.03 11.34 T.352 3.28 4.04
November 11.04 10.54 13.14 11.25 5.88 5.53
December 13.3% 12.32 16.99 12.17 £.75 6.43
Annual
Total 76.24 71.56 109.85 76,75 33,80 35,39
Record .
Annual - Q4,72 141.97 117.44 52,47 45 .04
Maximum (1953) (1927) (1959) (1933)  (1955)
Record .
Annual - 50.00 T74.13 42.98 19.27 18.77
Minimum (1942) (1929) (1952) (1944) (1952)

* Wt. Baker weather station located at Heather Meadows Recreation Area.

**x From U. S. Weather Bureau station climatic summaries (no dates).
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Table 7. Average monthly total precipitation (snow or sleet) data from

weather stations in the Horth Cascadeg,**

Station Darrington Diablo Dam }Mt. Baker* Stevens Pass Stehekin Holden

Elevation 550" 891" 41501 4085! 1150° 3436
Pericd  (1931-60) (1931-62) (1927-51) (1939-64)  (1931-60)(1938-57)
Month : Precipitation in inches

January 22.1 23.2 88.0 100.4 39.9 T6.5

February 12.1 15.4 74.0 78.4 29.3 58.7

March 6.1 Q.7 82.3 T4 .4 8.4 40.9

April -4 .5 50.2 30.8 .2 6.7

May - - 17.5 9.9 - -

June - - 2.3 .6 - -

July - - - - - -

August - - - - - -

September - - 2,6 .5 - -

Qctcher - - 14.7 18.6 .4 7.4

Hovember 2.4 5.0 67.6 62.1 12.4 48.4

December 3.4 16,1 106.7 Q1.2 2.4 67.9

Annual

Total 53.3 69.9 515.9 466.9 123.0 306.5

Record

Seasonal - . 599.0 691.5 - 583.4

Maximum : : (1948-49)  (1963-64) {1955-56)

Record

Seasonal - - 295.3 229.6 - 127.8

Minimm (1933-34)  {1941-42) (1943-44)

*

Mt. Baker Weather station located at Heather Weadows Pecreation Area.

*%* From U, S. Weather Bureau station climatic records (no dates).
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(see table 8). The hottest months are July and August, with tempera-
tures reaching almost 80°F. daily at lower elevations and about BOF.
less per 1000 feet rise in altitude. The mean daily temperature at

4 p.m. Pacific Standard Time at Desolation Lookout (two miles east of
Ross Lake) and Green Founiain Lookout (15 miles east of Darrington) is
about 55°F. in July and August (U. S. Weather Bureau,‘perscnal ¢ ommun-

- - b
ication).



Month

January
February
March
April
May

June
July
August
September
October
Hovember

December

Year

Table & .

Darrington

Maeans

Daily
Maximum
Daily
Minimum
Monthly

i~
i....l

A
45.9 29.8 37.9
51.5

61.1 36.5 L48.8

32,3 41.8
67.7 42.0 5k.9
71.0 47.1 59.1
T7.6 49.3 €3.5
49,% 63.5

70.9 46,0 58.5

7.1

61.0 40.1 50.6
48,6 32,7 h0.7
43,4 30,6 357.0

59.8 38,7 49.3

Diablo Dam

Means

Daily
Maximum
Daily
Minimum
Monthly

k1.9 29.2 35.6
48.0 31.8 39.9
S7.4 37.0 k7.2
65.8 43.2 54,5
70.3 48.1 9.2
77.9 52.1 65.0
76.8 52.2 64k.5
70,5 48.3 59.4
57.9 L1.3 49.6
k5,2 33,8 39.5
39.7 30.7 35.2

57.4% 39.5 48.5

HMt. Baker

Means
Temperature

~Y
iftbin!

ﬂ
Mayimum
Daily
Minin
Monthly

Dai
FANN

28.6 35.0. 37.3.26.5.31.9 .32.5 21.3 26.9

38,5 23,8 29.7

38.5 25.6 %2.1
43,1 28,4 35.8
50.5 %6.0 4%.3
56.2 39.k 47.8
63.9 Lb.1 54,0
66.3 7.3 56.7
57.3 hi.b 4o,k
49.5

4o.2

35.5 42.5
29.1 3k .7

3.7 23.3 29.0

7.3 32.9 40.1

Lbtevens Yoaoo

Means

Maximum
Minimum
Monthly

Deily
Paily

28!7.18.0 23 .4
3%.3 21.3 27.3
37.4 22,7 %0.1
4,8 28,6 36.7
51.1 33,7 he.k
58.3 39.6 49.0
67.9 bh.6 56,3
66.4 44,8 55.6
61.6 40.9 51.3
49,1 34,8 42.0

36.3 25.7 31.0
31,0 21.2 26.1

k7.2 31.3 39.3

Daily

Steherin

Mexwimum

3.
81.
79.
70.
56.
52,

55.

27.

9
38.0 25.6 %0.8 34k
8

.2 35,0 L7.1

.1 k1.8 55.0

Means Means

in depgrees fahrcnheit

Monthly
Daily
Maximum
Daily
imum

Mi

20.8

28.6 %7.7 L0.3 24.7

50.4 32.4
60.0
5 47.5 60.5- 65.3 43,7

2 51.7 66.5 Th.9 L8.7

4 50.2 €4.8 73,3 LB.9

6 4%.,8 587.2 66.7 4h.9
9 36.3 L6.6 51.3 35.7
b 29.6 36.0 35.7 25.9

2 26.3 30.8 30.1 20.k

0 36.4 46,7 50.8 33.4

Monthly temperature data from weather stations in the North Cascades.

Holden
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™ Monthnly
;._!

27,

32

1.
61.
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-5
30.
5.

b3

L2,
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5
b1,

i

38.9 49.5
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FLCRA

Intrcduction

In many mountaincus areas, the environmental differences assoc-
iated with changes in the composition, structure, pattern and dynamics
of vegetation are well known. In the Horth Cascades, however, the lit-
erature contains cnly the brief vegstative descriptions of Franklin
and Trappe (1963), who made a reconnzissance of the arsa. The sole
other work is the synecclogical and taxonomical studies of the writer,
which have been in progress during the past two surmmers.

The Cozst Range of British Columbia, similar in many respects to
the North Cascades, has been the subject of several studies. PFor the
nresent, general comparisons may have to be drawn between these moun-
tains ané those of the North Cascade Complex (west of the Cascade crest).

In British Columbia a comprehensive ecological study and phyto-
geocoenological classification of both the Ceastal Western Hemlock and
Subalpine Mountain Hemlock Zones has been carried out by Xrajina (1959,
1965) and his students: Lesko (1961), Orloei (1961, 1965), Eis (1962),
Peterson (1964) and Brocke {1965). Another of Krajina's students,
Archer (1963), worked in the Alpine Zone. Brink (1959) described suc-
cessional changes in a localized area of the 3ubalpine Hountain Hemlock
Zone in Garibaldi Park.

In the Olympic Mountains of Washirngten, a general description of
the vegetation was given by Jones (1936). Recently, more intensive

studies have been completed by Fonda (1967) and Huramoto (1968).




Mt. Rainier has probably received the most ecological attention
of any mcuntainous area in Washingion. Jones {1938), Brockman (1931,
1947, 1949), Higinbotham and Higinbotham (1554}, Carpenter (1961),
Franklin (1966a) and Franklin and Mitchell (1967) have all contributed
to the ecolegy of this area. The only substantial work, however, is
that of Thornburgh {1968) on the southwest side of Xt. Rainier, and

. . 5\ - P . .
Franklin (1966b), who worked from ¥Mi. Rainier south to Mt. Heod in

Oregon.

Ecology

The North Cascades Complex possesses a unique and diverse flora.
The area occuples parits of itwo vastly different ecological provinces.
These provinces, the Mt. Baker Province west of the Cascade crest and

-

the Wenatchee Province east of the crest, were defined by Franklin
(1965&). They are based on differences in geology, topography, soil
parent materials; climate, and forest types. Besidesg the characteris-
tics distinguishing these iwo provinces, there are also vast vegetational
differences within the provinces.

Several workers have developed varying zonal classifications for
the Pacific Horthwest (see tabled ). The first was Merriam's Life Zone
concept {Merriam, 1898) which was adapted for the Cascade Range by
Piper (1906). The classifications, as on all mountains of some height,
gccur as clipatic zones or belts. However, these zcnes in the Horth
Cascades are, bscause of the ruggad topograrphy, extremely irregular and
often difficult to distingaish as continucus belts. This makes the use
of these classificaticns unsuitable for a general vegetative description

of the North Cascades Conmplex.



Table 9.

“42

Pacific Coast (west of the Cascade crest)*

Zonal classifications of various authors in the mountains of the

Merriam's Life
Zones in the
Cascade Range

(Piper, 1906)

Climax Type
Groups in
western Washington

(Scott, 1962)

Bloclimatic Zones
in Coastal
British Columbia

(Krajina, 1965)

Vegetation Zones
in the
Cascade Range

(Franklin, 19€6)

Humid Transition

Western Hemlock—

Western Redcedar

Douglas-Tir——

western Hemlock

(Drier Subzone)
COASTAL

Pacific Silver

WESTERN HEMICCK
Pacific silver
Western Hemlock

(Wetter Subzone)

Western Hemlock

Pacific Silver

Subalpine
Fountain Hemlock
(Lower Subzane)

COASTAL

Canadian Fir - Western
Hemlock
!
|
|
Subalpine Fir-
Hudsonian Mountain Hemlcck

MOUNTATIN HEMLOCK
Subalpine
HMountain Hemlock

(Upper Subzone)

Iountain Hemlock

Arctic-Alpine

Arctic-Alpine

Alpine

Alpine

* Table medified

from Frarklin (1966)
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A greater clarity is achlieved by describing those vegetation units
which are successionally related to each of the two major climax forest
types and those found in the Subalpine Zone of the Mt. Baker Province.
The two forest iypes in this province consist of the Western Hemlock and
Facific Silver Fir Forest Types. Since ecological information is lacking
on the two major climax forest types and the Subalpine Zone of the Wen-
atchee Province, only a general descripticn of these will be given.
Grand Fir - Douglas-fir and Engelmann Spruce — Alpine Fir Forest Types
constitute the forest climaxes in this province. The Alpine Zone of the
complex will also be discussed briefly.

The Subalpine Zone is defined for the purposes of this paper as the
meadew area usually occurring above the continuous forest, often sup~
porting rumerous *ree groups. This term has been utilized rather than
the climatic climax types (which may consist of various coniferous
species), since these types occupy only a relatively small portion of
the area. The upper limit of the zone is the ftree line or the limit of
tree species in an upright tree form. All vegetation akove the Subalpine
Zzone is included in the Alpine Zone.

The vegetation units in these forest iypes and zones are contin-
ually changing due to the effects of both physical and biotic environ-
mental factors. These changes in envirconment create different circum-
stances for life and the processes we call succession. This succession
in the Great Smoky Mountains was found by Whitaker (1962) to be oﬁe of
continucus gradation of stands along environmentai gradients.  These
gradients also exist between the forest types and zcnes, but have not

heen siressed because of the lack of information.



The early stages of succession are the primary stage {where no
plants have previcusly existed) or the secondary stage (where a catas-
trophe hag eliminated all or part of the existing vegetation). Further
stages are termed seral until the last, or climax, stege is reached.
Several ¢limax stages may exist. The "common” or zonal climayx is usu-
ally referred to as the climatic climax. If a soil difference or top-
ographical feature prevents thisg, the climax may be further qualified
by the adjectives edaphic or topographic. The concept of climax as
being the last stage is not necessarily true. The climax is only a
relatively stable stage where the vegetation for the present time is
self-perpetuating. Changes in the site may be taking place but if neo
ather vegetaticn is betler suited the existing c¢lirmay may be paintzined.

The vegetative its {which are actually communities or associa-
ticns recognized at a particular time in an abstract sense) may be dia-
grarmed on & simplified charf which illustrates the successional trends
within the forest type or zone. Due to the existence of many inter-
mediate communities or associations, these charts illustrate only the
main features of each habitat, since otherwise it would become far too
complex and unwieldy. However, the comprehension of the basic units
and their composition and dygamics is essential for an understanding
of the vegetation of the North Cascades Complex.

The communities are defined as vegetative units that may have iden~
tical dominant strata. An example of this would be two Douglas-fir

(Pseudotsuga menziesii gmirbel] Franco var. menziesii) stands of dif-

ferent ages and lower sirata, but of similar dominant styata, growing

side by side. In contrast, the associations are of essentially the
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same composition in all sitrata. ince it is the basic unit, the assoc-
iation must occur throughout the ecological province in similar habi-
tats, although sub-associations may be used for sligntly different
phases,

Since no research has been done on the forest types of the Horth
Cascades, the units named within them are only tentative. 1 have used
ny field notes and limited data to arrive at fhé varicus units within
the forest types of the lit. Baker Province. DNost of these units are
classified as communities due to lack of information on all strata.
Most of the vegetation data for the communities of the forest iypes and
zones in the ¥Wenatchee Province came fron reconnaissance trips made by
Jerry F. Franklin and J. . Trappe (versonal communication) and trips
by the auther to other nearby drainages east of the Cascade crest. Ad-
ditional information was provided by Carl S. English {personal communi-
cation) and Brian 0. Mulligan (perscnél communication).

The Subalpine Zone west of the Cascade crest has recelved a more
thorough treatment because of a greater quantity of data. The Alpine
Zone, which is extremely fragmented and small in area within the North
Cascades Complex, has receilved only a brief description.

The several habitats within each forest type and zone all have
different successional trends. Each habitat will be discussed from the
primary to climax stages in order to lend clarity to the overall dynamics
within the forest types and zones.

Except in the case of tree species, the international botanical

names have been used *throughout the text. The use of common names is

often misleading and is best avoided,
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Western Hemlock Forest Type

This forest type cccurs from the lowest elevaticns in the North
Cascades Complex up to about 2500 feet, although clirmax stands may be
found at higher elevations on dry south slopes. The stands consist of

N . w ]
western hemlock (Tsuga hetercopnylla I%az.: Sarg.; and, to a lesser ex-
Iy - o ]

tent, Douglas-fir and western redcedar (Thuja plicata Donn.). Assoc-

iates on moist sites are bigleafl pavle (Acer macrovhylium Pursh), Pacific
=] e /oy

silver fir (Abies amabilis EDouglél Forbes), paper birch {Betula pavyr-

ok
i

: .
ifera Marsh. var. commuta Eﬁege;l Fern.) and red alder (Alnus rubra

Bong.). Black cottonwood (Pooulus trichocarpa T. & G. ex Hook.), Sitka

. c oy e . I . .
spruce {(Picea sitchensis | Bon J Carr.), willow (Salix s n.), and occa-
* L d A &

sionally at higher elevations, Alaska-cedar (Chamaecyparis nooikatensis

D. Dont; Spach) are the associates on extremely wet habitats. Sporad-

ically inhabiting the drier sites are grand fir (Abies grandis {DouglJ

Lindl.), lodgepole pine {Pinus contorta Dougl. ex Loud. var. latifolia

Engelm. ), Pacific dogwood (Cornus ruttallii sud. ex T. & G.), western

white pinre (Pinus monticola Dougl. ex D. Don.) and wild cherry {Prunus

. r T . . ; .
erarginata LDouglﬁ Walpers var. emargirata). Trerbling aspen (Pogulus
tremuloides Michx.) pay also be found within the complex, since i% has
been reported from Glacier (Muenscher, 1941). Another species, pon-

derosa pine (Pinus ponderosa Dougl. ex Loud.), is found on dry south

glcpes at the neorthern end of Ross Lake.
General successional trends have been considered within the forest

type (see figure 5 ). The following habitats and vegetative units occ~

cur within the VWestern Hemlock Forest Type.




Figure 5. General successicnal trends in the Western Hemlock Forest Type.
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1. Xeric slopes (shallow soils)

These slopes, often with scil depths of less than 12 inches,
are infrequent in the North Cascades and usually occur on south
to west convex slopes and ridges. The vegetation on the shallow
soils, which nay dry rapidly in summer, is one of the first to
become & fire hazard during a dry period. After a fire has oc-
curred the soils are highly susceptible {¢ erosion. The follow-
ing vegetative units are found on this habitat.

a) Douglas~fir/ﬁaultheria community
This community is the picneer on these sites.

Sinc

[17]

Douglas-fir will not thrive on poorly drained
solls (Isaac and Dimock, 1958), it is found mainly on
south to west slopes in the North Cascades. Devolop-
zent of these communities is usually quite slow and
often remains in a stagnant cendition for many years.
Douglas-fir is always the dominant tree species, al-
though western redcedar, because of peoorly drained
sites, may be an associate. The growth rate of both
gpecies is extremely poor. The saplings and seedlings
consist mainly of western hemlcck, along with sone

Douglas-fir and western redcedar. Gaultheria shallon

(Pursh) is always the most dominant and often the only
abundant shrub. The herb layer, probably bvecause of
the low so0il moisture content, is generally poor or

lacking., Common mosses are Hylocomium splendens (Hedw.)

Bry. Eur. and Dicranum fuscescens Turn., while {ladonia

spo. are freguent lichens.




b) Western hemlock cormunity

Since Douglas-Tir is an intolerant species, it is
slowly replaced by the more tdlerant western hemlock
(Mungef, 1946). The western hemlock comrunity is one
of the climatic climax cormmunities or associations in
the North Cascades (see figure 6 ). At higher elev-
ations Pacific silver fir becomes more abundant in the
stand as a climax species. The saplings and seedlings
consist of western hemlock wifh'only sparse numbers
of western redcedar. The dominant shrub is Gaultheria

shallon with Vaccinium parvifoliur Smith and Rerberis

nervesa Pursh appearing on the slightly deeper soils.

™

Herbs are uncommon, as in the Douglas-fir/Gaultheria
> A ————————————r.

cormunity, with only sparse numbers of the ferns Pler~

idium aquilinum (L.) Kuhn var. pubescens Underw. and

Polystichum munitum (Kaulf.) Presl var. munitum ap-—

pearing. Hylocomium splendens and Dicranum fuscescens

are_important mosses nhere also.
2. Xeric slopes (deeper s0ils)

This habitat usually occurs on moderate southerly slopes
with soils iwo or more feet deep. The soils are well drained
and more developed. Vegetation, because of the improved scil
condition, attains betler growth than on the xeric slope with
shalleow soils. The following successional trends may bte found

on these slopes.
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Figure 6 . %Western hemlock community in the Norih Cascades. July 21,

19€8; elevation, 2000 feet.
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a) Red alder community
The presence of red alder, which reguires a fairly
abundant soil moisture (Worthington, 1957), indicates
the difference between ithis and the previous habitat.
Often the xeric slopes with deep soils may be too dry,
as after a fire or logging operation. In this case

Aeer circinatum Pursh may pioneer on the site. Cn

these drier sites Qaultheris shallon, Evileobium ansug-

tifolium L., Pteridium aguilinum var. pubescens and

Anavhalis parzaritacea (L.) B, & E, may a2lso be abun~

dant.

Red alder, which may be the initial invader or
co-pioneer with Douglas-fir, has a rapid early growth
but is short-lived, with a maxirum age of about 100
years (Garman, 1953). If a seed source is lacking,

the DouglaSufir/Vaccinium parvifoliunm - Gaultheria

assoclation may be bypassed and development will pro-

ceed toward the Western hemlock/Vaccinium ovalifolium -

Gaultheria community. This may be a common occurrence,
since western hemlock is a preolific seeder (Berntsen,
1958) and more tolerant beneath the red alder.

b) Douglas-fir/Vaccinium varvifolium -~ Gaultheria community

This community may pioneer or, if established with
red alder, it will overtop the red alder in about 50
years {Worthirgton, 1957). Douglas-fir may reach its

best growth on habitats intermediate between this




habitat and the Mesic slope {good drainage) habitat
found on northerly slepes. Douglas-fir may remain as
the dominant o¢verstory for several centuries., The
gaplings and seedlings in this community are mainly
western hemlock, but on meoister sites and at higher
elevations Pacific silver fir is also common. The

dominant shrubs are Vaccinium narvifolium and Gaunl-

theria shalleon. Other shrubs occurring are Rerberis

nervosa, Linnaea borealis L. var. lengiflora Torr. and

Vaccinium ovalifoliunm Smith. The main herbs are

Cornus canadensis L., Polvstichum munitum var. muni-

tum and Pteridium acuilinum var. pubescens. HyloCom-

ium splendens, Rhytidiadelohus loreus (Hedw.) Warnst

and Dicranum fuscescens are coonon mosses in the as-

sociation.
Western hemlock - Pacific silver fir/Gaultheria com-
minity

This community is the climax for most of the suc-
cessionél trends in the Western Hemlock Forest Type.

ts composition maey vary depending on the original

habitat and its elevation. The mcst commen community
compesition will be discussed here,

The overstory consists mainly of western hemlock
and Pacific silver fir. The latter, becousze of its
need of abundant moisture {Dimock, 1958}, is rore

corrmon on north slopes and ai higher elevations.



Grand fir, vhich is more tolerant than Douglas-fir
(Foiles, 1953), may also be found in the early stages
of this community. The sapling and seedling layer is
mainly western hemlock and Pacific silver fir. A
sporadic bui conspicuous tree or shrub of this commun-

ity is the westorn yew (Taxus brevifolia Nutt.). The

main shrubs throughoul most of the community are Gaul-

Y

theria shallon and Vaccinium alaskaense Heowell, with

Acer circinatun and Rubus spectadilis Pursh more com—

mon on lower or dryer slopes.
At higher elevations and on molister sites Vaccinium

ovalifeliun is frequently found, but Gaultheria shallon

decreases. The dominant herbs are Cornus canadensis,

Blechnum spicant (L.} With. and Tiarella trifoliata

L. Herbs joining the comrunity at higher elevations

are Rubus pedatus J. E. Smith and Clintonia uniflora

(Schult.) Kunth. Common mosses are Dicranum fuscescens,

Hvlocomium splendens, Rhvtidizdelphus loreus, and at

higher elevations, Rhytidiopsis robusia (Hook.) Broth.

3. HMesic slopes {good drainage)
The northerly slopes are the most likely locaticn for this
habitat in the North Cascades. Solls are deep and abundant
moisture is always available fo the vegetation._

a) Western hemlock/Vaccinium gvalifolium - Gaultheria

commnity

Western hemlock, because of iis good seed dissen

ination and ability to germinate well on moist sites,




is the pioneer on this habitat. At higher elevations
Pacific silver fir is a co-pioneer. The sapling and
seedling stratun includes both western hemlock and

Pacific silver fir. Commen shrub speciss are Vaccin-

ium ovalifolium and Gaultheria shallcon, the latter

more freguent on the northwest slopes. Yaccinium
alaskaense is also found throughout the community.

The most abundant herbs are Tiarelle trifoliata, Poly-

stichum munitum var. rmunitum and Blechnum spicant,

with Clintonia uniflora entering the community at

nigher elevations. The moss layer ccnsists of Di-

eranun Tugcescens, Rhytidiadelvhus loreus, and Rhytid-

icpsis rebusta at higher elevations.
b) Western hemlock ~ Pacific siiver fir/Gaultheria COom-
munity
This community, the general descripticn of which
may be found on page 5%, attains its best growth in
this successional pattern. Development from pioneer
to c¢limax forest is relatively fast,
4. Mesic slopes (poor drainage)
These slopes occur mainly on northerly aspects and are usu-
ally shallow or have impervious layers just below the surface.
Although drainage is poor, water does not accumulate.

a) Viestern redcedar - western hemlock/Vaccinium ovali-

folium commnity
The ability of western redcedar to grow well on

wet soils and northerly aspects (Boyd, 1959) allows
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it to ploneer on this habital along with western hem-
lock. Understory tree specles include western hem-
lock and Pacific silver fir, along with sparse westemn
redcsﬁar reproduction.

Characteristic shrubs in this community are Vac-~

cinium ovalifolium, Oplooanax horridus (J. E. Smith)

Mig., Rubus svectabilis and Sambucus racemesa L. var.

arborescens (T. & G.) ex Gray. The lush herb layer

consists of Tiarella trifoliata, Blechnum svicant,

Clintonia uniflora, Athyrium filez-femina (L.) Roth,

and Gyvemocarovium dryosteris (L.) Newn.

b) Western hemlock - Pacific silver fir/Gaultheria com-
munity
Tnis is one of the weiiter sites on which this cli-
max community may be found. Species such as Gaﬁltheria

snallon and Acer circinatum are absent btecsuse of the

pooy drainage. The general description of this com-
munity appears on page $95.
5. Eydric slopes
This habitat occurs in depressions, creek sides and ravines.
The water table is usually q;ite nigh and permanent seepage is
characteristic of the soils of this habitat.
a) Western redcedar - Blechrum community
Western redcedar is the major pioneser in this come-
munity. Western hemlock and Pacific silver fir may

also become established on locally mesic sites. At
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higher elevations Alaska~-cedar may replace western
redcedar. Black cotionwood may alsc grow in locally
wel areas, apparenily because a high pH, moving water
and good nutrient supply are available on slightly
deeper soils {Smith, Haddock and Hancock, 1956; Smith,
1957).

The understory tree species may be of two types.
If seepage is persistent then an edaphic c¢limax cccurs.
This is characterized by an understory that resecbles
the overstory in composition. If successicn is occur-
ring, western hemlgck and Pacific silver fir will be-
come the most frequent saplings and seedlings because
of slightly drier soils.

“he most abundant shrubs are Vaccinium alaskaense,

Rubus svectabilis and Sambucus racemosa var. arbor-

escens. Blechnum spicant is the most cormon herb in

this lush understory. Cornus canadensis, Tiarella

trifoliata, Athyrium filex-femina and Strevtopus spp.

are also frequent. Copmon mosses are Rhytidiadelrhus

loreus and Burhynchiunm oreganum (Sull.) Lesq. & James.

Wwestern hemlock - Pacific silver/éaultheria community
when further research has been undertsken in the
Western Hemlock Forest Type, the Western redcedar/
Blechnum community will probably be found to be sue-
ceeded by a different but closely related climax com-—

munity other than the Western hemlock - Pacific silver
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fir/Gaultheria communiiy (p. 55). This is indicated
by the lack or sporadic occurrence of Gaultheria
shallicon and the greater amcount of western redcedar on
these wetfer sites.

6. Flood plains (higher water iable)

This habitat occurs on alluvial accumilations on the larger
cresks and rivers. The depth of soil above the water level
results in variocus piqneer communitiss. The best exanples of
the flcod plains habitats in the North Cascades Complex may be
found along the Skagit River. The highest water table pioneer
cormunity and its successicnal pattern will be discussed here.

a) Esuisetun community

This comrunity forms on the new, bare alluviunm

~

and consists of practically pure stands of Ecuisetun
arvense L. This vegetaticn may last for only a short
time before succession takes place. Succession may be

caused by a drop in the waier level or the accumula-

tion of more soil by the Eguisetum arvense during shert
Y]

flooding periods.
b} Salix spp. community
Salix spp., alcng with several Carex spp., replace
the Eguisetun commnity with only a slight decrease

in the water table, Lyvsiehitum americanum 3t. John

and members of the Graminae family may also appear.
This community, as most of the communiiies in this

habitat, may ocecasionally repain as an edaphic climax,




c)

Ui

although it is more likely 1t will be disturbed by
flocds or changes in the streanm's course.
Black cottonwood community

Black cottonwood, the largest hardwood in the
Pacific Northwest (Harlow and Harrar, 1958), is quite

conspicucous along the Skagit River in the Horth Cas-

o]

cades Complex. This tree is also the fastest growing
of any of its associates (Smith, 1957) and reaches
heizhts of 150 feet or more in the 3kagit Valley.

It is well adapted to this alluvial habitat since it
reguires a nutrient-rich seoll and abundant moisture
{Roe, 1958). The test growth is reached on soils
with more than 18 inches of loam or heavy soil above
the gravel (Smith et al, 1956; Smith, 1957), although
séedlings and saplings may be found on shallower soils.
Black cottonwood may be a pioneer or occasionally a
seral community. The seral stage may develop within
either the Eouiselum community or the Salix spp. com-
mnity. This invasicn of the Salix spp. commnity is
possible if space is available or if the Sezlix spp.
are dying beccuse of soil accumulation.

Bigleaf maple, a species requiring above normal

" s0il moisture (Ruth and Muerle, 1958), nmay also be

found as an associate on slightly drier sites. The
sanplings and seedlings invading this commumnity are

usuzlly either western redcedar or Sitka spruce.



Along the Skagit River, western redcedar is the most
frequently ncted seedling.
A number of shrubs may be associated with this

community. Scme of these are Acer circinatum, Onlo-

vanax horridus, Sajix spp., Cornus stoleonifera Michx.

var. occidentalis (T. & G.) C. L. Hitche., Rubus

svectablilis, Sambucus racemosa var. arborescens, Sym-

choricarous albus (L.) Blake var. laevigatus (Ferﬂ.)

Blake and Rubus varviflorus Nutt. var. parviflorus,

Herbs that may be found with this community are Equi-~

setun arvenge, Urtica spr., Lysichitur americanum,

&

3 .

Polvstichun munitum var, munitum, Athorium filex—

ko

enina and members of the family Graminae.
d) Sitka spruce community
. _ I do not know how extensive this tree species is

in the FNorth Cascades Complex. However, single trees
have been seen along many of the sireoms. Tree growth
ig best on moist sites, but any ground water must be
moving (Ruth, 1958).

e) Western redcedar/Lysichitum comrunity

Western redcedar reaches iis best growth on alluv-

ial nabitats {Boyd, 195%). This community may be
climax or it may be invaded by western hemlock and
Pacific silver Tir. Saplings and seedlings are found
only if the water level is quite low. Cormon shrubs

are Hubus gpectabilis, Acer circinatun and Sambucus
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racerosa Var. arborescens.  Lysichiturm anericanum,

Pelystichunm munitum var. munitum and Blechnum spicant

are Trequently appearing herbs.

£} Western hemlock - Pacific silver fir/Gaultheria COm~
mnity

This community, which was previously descrived on
rage 55, is probably slightly different than the ac-
tual clirmax conmunity succseding the Vestern redcedar/
Lysichitum community, as indicated by the sporadic ce-
currence or lack of Pacific silver fir and Gaultheria
7. Flood plains {lower water table)

This habitat is similar to the previcus one excent for the
lower water iable or greater soil depth. The soil surface of
this habitat is not subject to frequent flooding.

a) Red alder/Ribes community

- il
H

Stands of red azlder are abundant along the Skaglt

River and other gireams in the North Cascades Complex.

Red alder is a piloneer species, and may reach its

best growth on these sites (Johnson, 1%68). Sitka
spruce or western redcedar ccour as sapiings or seed-'
lings. This community may develop into two different
communities: the Spruce community (p. 62) or the
Western redcedar/Lvsichitum community (p. 62). The
iatter is the most frequent in the Forth Cascades.

Ribes bracteosun Dougl. ex Hock. is often the dominant
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shrub, although all of the shrubs listed for the
Black cotionwood community (p. 61) may cccur here

also.

8. Reck outcrops (hydric)

This habitat, although not as freguent as at higher eleva-

tions, occurs throughout the Western Hemlock Forest Type. The

uszual location is on north aspects, although it may alsc occur

in moist ravines or areas vhere water constanily runs over the

cutcrops.

Eresion resulting from road construction, fire and

lozging is continually exposing new outcrops.

a)

FEoss community

The moss ceomrunity on this wet habitat ploneers
in crevices where weathering or scil accurulation has
occurred, Cne of the most common specles here is

Polvirichum commune Hedw. This community may remain

in this stage for a considerable length of time.
©w bt - 5
:ern/noss community
Through further accumulation of soil and organic
matter this community is able to succeed the pioneer

comzunity. Adiantunm pedatum L., lontis sibirica (L.)

Howell var. sibirica ané Gvmnocarniun dryonteris are

the most frequent herbs. Polytrichum commune is a

common moss. On southerly slopes shrubs such as Gaul-

Ly : L)

theria shallon may join the community.

The Fern/Yoss community may be climax because of
the lack of soil accumulation which would permit other

plants to invade. Western hemlock and other menbers
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of the Western hemlock - Pacific silver fir/Gaultheria
community have been noticed on the hydric rock out-
crops, indicating a possible succession to this com-
minity. This, however, may be rare or difficult to

distirnguish in the field.

9. Hock outcrops (xeric)

The main difference beiween this habitat and the preceding

one is the much less available moisturse on the rock surface.

This habitat is founé on the southerly slopes of the forest type.

2)

b)

Crustose and follcse lichen community

On these rocx outcrops many locally small commun-—
ities may pioneer, since the cracks, shaded areas,
and different surface slopes oiffer innumerable hab-
itats. 7The most common pioneer community, however,
is that formed by crustose and foliose lichens. These
vlants have the ability %o colonize on scant accumula-
tions of s0il cor on bare rock. Their abilify to dis~
integrate the rock surface Ly mechanical means was
indicated by Fry (1927). This stuge may rnot advance
for long pericds, however, since the soil may contin-
ually be washed away.
Moss and/or fruticose lichen community

This community becomes established on the soil
provided by the previcus community or, more commonly,

in depressions and cracks., This stage may be prolonged

before the invasion of Gaultheria shallon.



c) Gaultheria/Moss community
With increased accurmulation of seoil arnd organie
matter this community is able to succeed the previous

" ‘ [

community. Gaultheria shalleon is the only constant

shrud and Polytrichum commune is the most frequent
ncss.  The climax stage is usually reached at this
point, although a Douglas-fir/Geultheria community

(p. 51} of low vigor may be found occasionally. West-
ern hemlocx seedlings and small saplings have been
noted, indicating the possibility of a Western henlock
climax community (p. 52).

The successional pattern of several other tree species found spor-

£

1y throughout the Vestern Hemlock Fore

n

t Type is not clear at the
time. ¥esfern white pine is found on a variety of sites, but
may be less abundant at the present time because of the introduced white

pine blister rust Cronartium ribicola Fischer {Borce, 1261). This pine

et

s quite similar to Douglas-fir in that it pioneers after a fire (Wwell-
ner, 1962). Lodgepole pine is also an infraquent species in the zone
and may grow on poorly drained or excesdingly well drained sites (Tackle,

1953).
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Pacific Silver Fir Forest Type

This forest type generally occurs from 2500 feet up to 4220 feet
on north slopes and 5200 feet on scuth slopes in the Herth Cascades
Complex. t may also be found below 2500 feet in rmountain valleys where
the ceold air drainage creates a cooler environment. The Pacific Silver
Fir Porest Dype is the most extensive forest type of the entire complex

(see figure 7).

[N

¢ silver fir is the major tree species in the iype and, ex-

cept at lower elevations, nountain hemlock (T uga mertensiana LBQn J

Carr.) is its most common asscciate. Vesiern hemlock is found at lower
ong with less frequent specles such as Douglas-fir, wesi-

~ . . » v . - Fooa .
ern redcedar and western white pine. Aleska-cedar and alpine fir \abies

-

T X .
Zook.: ﬁutt.), although not abundant, are usually found at

higher elevations in the type.
The diagran of general ﬁucce531on11 trends (see fi gure 8), similar

to that used for the Vestern Hexmlock Forest Type, shows a deve

pod

opment
of communities toward only two climax communities. Many others prob-
ably exist but will not be understood until further study has been made
of them. Franklin (1966b) described 12 Pacific silver fir climax as-
sociations in southwestern Washington, and a similar rumber in the FHorth
Cascades would not seem unlik tely. The following habitats and vegetative

units occur within the Pacific Silver Fir Forest Type. These habitats

are similar to those described in the Western Hemlock Forest Type.



Figure 7. Pacific Silver Fir Forest Type adjoining the Suralpine Zone
in the North Cascades. Aug. 7, 1968; elevation, 5800 feet at top

of ridge, 3200 feet in foreground.




Figure 8. General successional trends in the Pacific Silver Fir Forest Type
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1. Xeric slopes

a) Alpine fir/Fitella breweri - Lurula wzhlenbergii com—

munity
There has been no repert zs yet of a pure alpine
fir community within the complex west of the Cascade
crest. The existence of such a community north of Mt.
Baker, the description of which follews, is an indica-
tion that such stands may exist within the complex.
This stand is on deep well drained soil and has
a southwest aspect. The overstory is completely dom-
inated by alpine fir, accompanied by a fow intermediate
mountain hemlock. The saplings and seedlings consist

of equal numbers of alpine fir, mountain hemlock and

Pacific silver fir. Vacciniup merbrapaceun Dougl. ex

Hock, and Scorbus sitchensis Roemer var. sitchensis,

the sole shrubs in the community, are extremely rare.

The only abundant herbs are Mitella breweri Gray and

Lurula wahlenberzii Bupr. Valeriana siichensis Bong.,

Polveonum bistortoides Pursh and Veratrum viride Aif.

also cccur in the understory.
b) Alpine fir - Houn%ain hemlock - Pacific silver fir
comrmunity
This community, although hypothetical in the Korth
Cascades, is based on the composition of the preced-
ing community. This stand would probably be in a
seral stage and would eventually reach s Pacific sil-

ver fir climax (p. 71).
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2. Vesic slopes {good drainage, higher elevations)

a) Pacific silver fir - Mountain hemlock/Vaccinium mem-

G

)

branaceun/RBubus pedatus community

This community is the most pr@vaient community at
higher elevations and may occur on any aspect. The
dominant trees may vary in proportion, although moun-
tain hemlock is probably the mest frequent ploneer.
The predominant saplings and seedlings are Pacific
silver fir, but nountain hemlock iz also common. The

mzjor shrub is Vaccinium membranaceun, with Henziesia

1

Terruginea Smith var. ferruginea, BRhodedendron albi-

florum Hook., Vaccinium alaskaense and Vaccinium oval-

ifoliun also appearing. Rubus pedatus, the most abun-

dant herb, is accompanied by Arenaria macrophylla

Hock., Clintonia uniflora, Geoodvera oblongifolia Haf.

and Strepiopis roseus Michx. var. curvives (Vail)

Fagsett.
Pacific silver fir community

The ability of Pacific silver fir to tecome estab-
lisned on litter and the restriction of both western
and mountain hemlock reproducticn to rotten logs prob-
ably accounts for the widespread occurrence of racific
silver fir climax stands (Franklin, 1965b; Thornburgh,
1969). However, the high shade tolerance of Pacific

silver fir is thought by some to be its most important

ecclogical feature (Hanzlik, 1932; Schmidt, 1957).



The stands may range from pure Pacific silver fir
communities to communities with more western hemlock
at lower elevations or more mountain hemlock at high-
er elevations. Only the pﬁre community will be con~
sidered here,

The understory cover is often sparse, althousgh a
diverse number of ghruba, herbs and mosses may be
found within it. Pacific silver fir is the dominant
reproducing tree species. Some of the shrubs inhab-

iting the community are Gaultheria ovatifolia Gray,

Menriesia ferruginea var., ferruginea, Ribes lacustre

(Pers.) Poir., Rubus parviflorus, Sorbus siichensis

Roemer var. gravi (Venzig) C. L. Hi‘tche., Vaccinium

alaskeense and Vaceinium perbranaceum. Herbs inhab-

iting the community are Arenaria macrophyila, Clin-

tonia uniflora, Pteridium zouilinum var. pubescens,

Pyvrola secunda L. var. secunda, Rubus lasiococcus

Gray, Rubus pedatus, Sirentopus roseus var. curvipes

and Valeriana sitchensis. Common mosses are Dicranum

fuscescens, HBhvitidiopsis robusts and Mnium insigne

qitt.,
2. ¥esic slopes (good drainage, lower elevations)

)

a) Western hemlock/Vacciniun alaskaense community

Western hemlock is often ithe sole pioneer sgpecies
cn this habitat, especially on west to south slopes.

On north to east aspects it is usually accompanied




by Pacific silver fir or western redcedar. The sap-
lings andéd seedlings beneath the stands consist of
both western hemlock and Pacific silver fir. The

most abundant shrub is Vacocinium alasksense. Others

that may appear are Rubus parviflorus and Sambucus

racenosa var. arvorescens. Hubus pedatus and Strep-

torus amuvlexifolius (L.) PC. var. apericanus Schult.

are frequent herbs.

b) Pacific silver fir - western hemlock/Vaccinium alaska-

ense - Menziesia/Hubus pedatus community

This seral communiiy has a nixed oversiory of
western hemlock and Facific silver fir. The majority
of the saplings and seedlings are Pacific silver fir,
with a small number of western hemlock. Vacecinium

alaskaense and Menziesia ferruginea var. ferruginea

are the most frequent shrubs. Ribes lacustre, Rubus

soectabilis, Sorbus sitchensis var. gravi and Vaccinium
gravl yacoinium

nmembranaceun alse inhabit the community. ¥ajor herb-

aceous plants are Rubus pedatus, Pyrola secunda var.

secunda and Strentopus amplexifolius var. americanus,

along with less frequent species such as Clintonia

uniflera, Cornus canadensis and Listera cordata (L.)

’. Br.

c) Pacific silver fir/Rubus pedatus community

This climax cormunity is usually found with small

numbers of mountain hemlock or western hemlock in the




[

overstory. The understory tree species are the same
as in the deminant layer. The lower strata are usu-

ally lush and dense. Onlopanax herridus, Ribes brac-

tecsum, R. lacustre, Rubus spectabilis, Sambucus rac-

emosa var. arberescens, Vaccinium alasksense and V.

ovalifolium are common shrubs. The most abundant

herbaceous species is Rubus pedatus, while Blechnun

spicant, Cornus canadengis, Clintenia uniflora, Gymn-

nocarvium drycpiteris and Stirentorus roseus var. gur-

vizes are its most frequent associstes. Hhytidiopsis

robusta is a commeon moss in the community.
4. Hesic slopes (gpoor drainage)

a) Western redcedar - Western hemlock/Vaccinium alaska-

ense - Opioranax ccmmunity

This comrunity is quite similar to the Western
N4

redeedar - Wesiern hemlock/Vaccinium ovalifolium com—

munity found in the Western Hemlock Forest Type. The
principal distinctions are the greater amount of Pac-
ific silver fir reproduction and the addition of Vac-

cinium alaskaense to the shrub layer of the Western

redcedar - wWaestern hemlock/Vaccinium alaskaense -

Qplopanax community.

Western redcedar and wesiern hemlock are the pic-
neer species. The understory tree species are west-
ern ﬁemlock and Pacific silver Tir, the latter being

the more abundant of the two. Hajor shrubs in the




community are Vaccinium alasksense and {plopanaxg

horridus. . Other shrubs include Ribes bracteosum, R.

lacustre, Rubus soectabilis and Vaccinium ovalifolium.

Common herbs are Blechnum svicant, Clintonia uniflora,

Cornus canadensis, Gvmnccarnium drventeris, Rubus

vedatus, Smilicina stellata (L.} Desf., Streptotus

armvlexifolius var. americanus, S. roseug var. cur-

vives and Veratrum virides. Hhvtidicovsis robusta is

a frequent moss species.
b) Pacific silver fir - Wesiern he=lock/Onlocanax community
Deminating the overstory in this seral comrmunity
33

are western henlock and Pacific silver fir. The sap-

lings and seedlings are mostly Pacific silver fir.

The shrab and herbacious layer, except for a decrease

£y

in Vacelniun alaskasense and Veratrunm viride, is quite

similar tc that of the preceding community.

¢) Pacific silver fir/Rubus pedatus community

The succession of the preceding community would

develep teoward a Pacific silver £ir/Rubus pedatus

community similar to that described on page T3.
5. Hydéric slopes
This habitat occurs along streams and in ravines and de-
pressions of the forest type. Western redcedar communities may
be found at lower elevations. This community is closely related

1 v

to the Western redcedar/3lechnun community of the Western deno—

lock Forest Type (p. 58). The chief difference is in the ground
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cover species, with the addition of higher elevation elements
in the Western redcedar community. This community will there-

not be described again here, but its upper elevation associate,

the Alaska«cedar/Rhododendron - Menziesia community, will be
covered.

a) Alaska—cedar/Rhododendron - Menziesia community

The soils of this community are usually satur-
ated; even during dry periods abundant soil moisture
is still available. Perry (1954) found in Canada
fhat Alaska—cedar reacts quite sharply to different
growing conditions., This ie particularly evident in
the Horih Cascades, where it may be found either as a
small, twisted iree or as a good-sized specipen.
Alaska-cedar is less tolerant then any of its assoc-
jates (Anderson, 1959), thus explaining its abundance

only on these very wet sites. It is the ploneer and,

if continual secepage occurs, the climax tree species

as well. Western redcedar may be found with it at
lower elevations.

x

The most abundant shrubs are Menziesia ferruginea

var, ferruginea and Rhcdodendron albiflorum. Sorbug

sitchensis var. siichensis, Vacciniur alaskaense and

o

&

V. membranaceum also occur freguently. Herbaceous

shrubs common to the community are Athyrium filex-

ferina, Lysichitum armericanum, Rubus pedatus, Strep-

tomus amplexifolius var. americanus, 5. Toseus var.

curvises, Valeriana sitchensis and Veratrun viride.




b) Pacific silver fir/Rubus pedatus community

If the edaphic condition of the Alaska—cedar/ﬁen—

ziesia - Ehododendren coamunity changes toward a mesic

habitat, then nountain hemlock and Pacific silver fi;
are able to invade the community. Pacific silver fir
is usually the nost abundant, and the resultant com-
munity would resemble the Pacific silver f£ir/Rubus

pedatus community described on page 73.

6. Rockslides, talus slopes and avalanche iracks

This habitat is a common one in the North Cascades, fre-
quently cccurring in the Subalpine Zone as well, but a lack of
data restricts the description to the dominant vegetation., The
general successional irends (see figure 8) will therefore not
be follovwed, although hypotheses may be drawn.

If the rockslide or snowslide has resulted in soil being

mixed with the rocks, irmediate invasion by Alnus sinuata
b 4 o

(Rezl.) Rydb. can be anticipated. It is no%t certain whether
the frequent clumps of Alaska-cedar have invaded with the Alnus
iruata or at a later time,

ther shrubs appearing less frequently are Acer circinaium,

-

A, glabrunm Torr. var. douglasii t{Hook.} Dipgpel, Hibes bracteosum
frteAs et St SR T b

and Salix sitchensis Senson. Galium triflorum Michx., Fontia

sibirica var. sibirica and Tolmia menziesii (Pursh) T. & G. are

comron specles assoclated with Alnus sinuata.

On talus sicpes or sites where the material consisis of

rocks and boulders, the primary invasion is similar to that of



the rock cutcrop {hydric) habitat., Because of the ability of
soil to accumulate, herbs and shrubs are able to invade the,
sites. Alpine fir is often the first iree species te invade

this habitat and‘ususlly forms pure stands. Tree growth is
generally extremely slow and a climax community of Pacific silver
fir {which has teen noted reproducing beneath alpine fir in sev—
eral locations) may not be reached for a number of years. The
eventual compesition of the c¢limax community will depend on the
elevation and aspect of the habitat.

The possible successiocnal trends have been considered for
this habitat, but only in cne direction. The frequency of dis-~
turbance on these sites is high and succession may be constantly
set back. The most adabiable species (Alaska-cedar and Alnus
sinuata) may te the only ones to survive.

7. Rock outcrops {hydric)
a) Moss community
The pioneering mosses on this habitatl are similar
to those in the Western Hemlock Forest Type (p. 64).
The seral communities differ however, and probably
take longer to develop because of the need for a larger
apount of soil.

b) Vaccinium membranaceum community

The occurrence of this comrunity may be limited and

other shrubs may replace Vacginiun membransceun else—

where in the forest type. Aruncus sylvester Kostel

and Sorbus siichensis var. sitchensis mey also




c)

8. Rock outcrops {xeric)

a)

appear on these sites along with such herbs as Adi-

antum pedatum L. and Montia sibirica var. sibirica.

Alaska~-cedar/Vaccinium mermbranaceun community

Although Alaska-cedar seedlings {and cccasionally
larger saplings) have been noted invading the preced-
ing community, it is uncertain whether succession is
actually taking place or whether a topographic climax
has been reached. The occasional presence of moun-
tain hemlock and Pacific silver fir seedlings where
large Alaska-cedar saplings exist may indicate an

eventual climatic climax community.

Crustose and foliose lichen community

Primary succession on this habitat, as cn the
mesic habitat, is quite similar to its associate in
the Western Hemlock Forest Type. A cocmplete descrip-
tion of it may be found on page 65.
Moss and/or fruticose lichen community

This community is closely related to its assoclate
at lower elevations. A discussion of this asscciate
may be found on page 65.

Arctostanhvlos/crystoaramma community

The invasion of such species as Arciostachylos

uva-ursi (L.) Spreng. and Crvuiograrma crispa (L.)

~

R. Br. var. acrostichoides (R. Br.) C. B. Clarke

Ay 7

caLes

1

plece once the cracks and crevices have accumulated



encugh scil. Other species growing within this com-

munity are Amelanchier alnifolia Nutt. var. semi-

integrefolia {Hook.) C. L. Hitche., Rosa nutkana

Presl var. nutkana and 3ymchericarnus albus var. laev-

igatus. Pacific silver fir seedlings, although of
poor form, are infrequently notéd. This may possibly
peint toward a climax comrunity although it is more
likely that a topographic c¢limax is reached at this

stage.




SUBALPINE ZOKE (MT. BAXKER PROVINCE)

The Subalpine Zone is generally located above 4200 feet on nerth
slopes and 5200 feet on south slopes. The upper limit dep sends on the
physiography of the particular mountain. The highest tree line noted
has been 6500 feet, but often precipitous cliffs prevent a subalpine
vegetation from becomiﬁg egtablighed at this elevation.

The zone consists of a complex vegetation mosaic with a diversity
of habitats. The diagram of general successional +rends (see figure 9)
shows a development of communities and associations toward the zonal
climax (Mountain herlock ~ Pacific silver fir association). Theselsuc—
cessional changes cccur at a relatively slow rate (compared %o lowland
forests) and are highly influenced by the length of snow-free sesason
(Brooke, 1965). It can also be seen from +he diagranm that this climax
is often never reached because of topograghic and edaphic limitations.

The mest conspicuous and largest habiiat, the subalpine meadow (see

figures 10 and 11) will be described first.

1. Headows
The meadows consist of relatively gentle topography which
contributes tc poorly drained soils. These soils range from

the continuously saturated soils of the farex nigricans assocc-

iation to the more mesic soils of the Mcountain hemlock - Pacific
silver fir association. Due ¢ velesanic ash, siratified scil
horizons are common in this habitat,

a) Carex nigricans association

The filled-in lakes, edges of lakes and streanms,

and poorly drained depressions and flat arcas are the
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Figure 10. Subalpine meadow zonation in the North Cascades. The assoc-
iations are: A, Hountain hemlock - Pacific silver fir; B, Phyilo-

doce - Cassiope; €, Vaccinium deliciosum; D, Leutkea; B, Carex

nigricans. Aug. 14, 1968; elevation, 5400 feet.
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Figure 11. Vegetation patterns accentuated by fall color in a Subalpine

Zone meadow in the North Cascades. The associations are: A, Moun-

tain hemlock; B, Vaccinium membranaceum - Rhododendron: €, Vaccinium

deliciosum; D, Fhyllodoce - Cassiope. Sept. 22, 1968; elevation,

44C0 feet.
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sites on which %this hydric association is found. Carex
nigricans C. A, Mey. is the pioneer species except

near lakes and streams where it is usually seral. The

association is often a near pure stand (see figure lO).
Species that may frequent the association but have

low cover values are Carex spectabilis Dewey, Des-

champsia airopurpurea (Wahlenb.) Scheele var. lati-

folia (Hook.) Seribn. ex Macoun, Epilobium alpinum

L. var. clavatum (Trel.) C. L. Hitchc., Ecuisetum ar-

vense, Leptarrhena pyrolifolia (D. Don) R. Br. ex

Ser. and Juncus drummondii E. Meyer var. subtriflorus

(E. HMeyer) C. L. Hitchc. Common mosses in the assoc-

jation are Pogoratum alpinum (Hedw.) Roehl., Pohlia

cardotii (Ren.) Broth., Polvtrichadelphus lyallii

Mitt., and Polytrichum gexansulare Brid.

b) Leutkea asscciation

Leutkea pectinata {Pursh) Kuntze, of all the sub-

alpine species, is one of the most widespread plants.
It is able to pioneer on xeric alpine rawmark {see p.

94 ) or appear as a seral species on rock slides, talus

slopes, avalanche tracks, rock outcrops, along streams.
and lakesides and in the meadows. It may also occur
as an edaphic climax if the soil moisture remains too
abundant during the summer. With further investiga-
tion the Leutkea association will probably be subdiv-
ided into several phases or subassociations according

to its various habitatis.




c)

Some of the species first invading the picneer
Leutkea association and those habitats where soil de-

velopment 1s not well advanced are Casiilleda varvi-

flora Bong. var. albida (Penn.) Cwnbey, Deschanmnsia

atropurmures var. latifoliz and Hieraciun gracile

Hook. In the peadow habitzt many associates, include
ing the Jjust-mentioned species, appear wiith Leutkea

pectinata. The more frequent are Anemone occidentalis

Wats., Carex nigricans, Epilobium a2lninum var. clav-

atum, Ervihronium grandiflorum Pursh var. grandiflorum,

luzula wahlenbergii, Polvgonun bisisricides rPursh,

Potentilla flabellifolia Hook. ex T. & G. and Valeri-

ana sitchensis. Common mosses here are Pogonatum al-

ninmunm and Polvtrichadelthus lvallid.

rhrllodoce - Cassiove association

This association may be found invading all but the
wettest Leutkea asscciation. In British Columbia
Peterson (1964) and Brooke (1865) found that this

stage of succession preceded the Vaccinium deliciosum

stage. In the North Cascades this is not always the
case; occasionally the stages seem to be reversed, with

Phvllicdece emcetrifornis (Sev.} D. Don, and legs {re-

guently, Cassioce mertensiana (Bong.) G. Don var. mer-

tensiana invading the Yaceiniun deliciosum association

(see Tigure 10). The Phvllodoce - Cassiope association,

although seral on many habitats, may often occur as



an edaphic climax because of high soil moisture.

Phylledoce empetriformis and Cassiope mertensiana

var, mertensizna are the major constituents of the
aggociation although the latter is often less abundant,

ther vascular plants frequently noted are Deschampsia

atroourpurea ver latifclia, Leutkea pectinata, Lupinus

latifolius Agardh var. subalpinus (Piper & Robins) C.

P. Smith, Polvgonum bistortoides, Lycowncdium sitchense

Rupr., and Vaccinium deliciosum Piper. Occasionally

Phyllodoce zlanduliflora (Hook.) Colville is found

with Pavlleodoce empetriformis. The lower stratum in

this association consists of Cetraria glauca (L.) Ach.,

Dicrapum fusgcescens, Pelytrichum piliferun Hedw.,

Rhacomitrium canescens var. epilosum (H, Muell.) Milde

and 3Stereocaulon albicans Th. Fr.

d) Vaccinium deliciosum association

This association, one of the more successionally
advanced in the subalpine meadows, invades both the

Leutkea and the Phyllodoce — Cassiope asscciations.

The sites and soils of the Vaccinium delicicsum and

Phyllodoce - Cassiope asscciations appear to be quite

similar. The Vaccinium deliciosum association may

also be found as an edaphic climax,

The dominant species is always Vaccinium delici~

osum. 1ts most frequent associates are Anemone occi-

dentalis, Castilleda zarviflora var. albida, Srigeron




peregrinus (Pursh) Greene ssp. calliantherus (Greene)

Crong. var. scaposus (T. & G.) Crong., Hieracium gra-

"

cile, Leutkez pectinata, Lyvcopodium sitchense, Poly-

gonun bistortoides and Rubus pedatus. Constant mosses

are Dicranum pallidisetum {Bailey) Irel. and Poly-

trichum piliferum.

Dwarf mountain hemlock association

The mountain hemlock is the major piocneer tree
species in the Subalpine Zone of the Ht. Baker Prov-
ince. The trees are usually found on slopes, ridggs
and mounds, indicating the need for relatively good
drainage. The most recent invasion of the meadows by_‘
this tree species occurred about 30 to 40 years ago,
a period that appafently was favorable for germination
and seedling survival. Alpine fir may also invade the
meadows but is not abundant except in meadows near and
east of the Cascade crest. Mountain hemlock and al-
pine fir have also been noted invading meadows in the
Coast Range of British Columbia (Brink, 1959), on Mt.
Rainier (Brockmen, 1949; Franklin, 1966a; Franklin
and Mitchell, 1967) and in the Cascades of Oregon
(Van Vechten, 1960; Swedburg, 1961).

The Dwarf mountain hemlock association succeeds

either the Phylledoce -~ Cassigne or Vaccinium delici-

osum asscciations. Although the trees may appear

singly it is more common to find them as dense clumps.



f)

The growth of these trees is extremely slow until the
maximum snow level is reached. A%t this height the
radiani energy absorbed by the tree needles and trunk
hastens the melting and may provide an extended grow-
ing season of up to six weeks longer than nearby snow-
covered associations. Landsberg (1958) shows that
evergreen trees reflect only seven percent of the rad-
iant energy received while fresh snow reflects £C to
9C percent.

The understory of the Dwarf mountain hemlock ag-
sociation is similar to that of the associations it
invades., The cover percentage, however, decreases
considerably. As the association becomes taller and
the growing season longer, additional species such as

Sorbug sitchensis var. sitchensis and Vaccinium mem-

branaceum become established., Young reproduction of

mountain hemlock, Pacific gilver fir and cccasionally
alpine fir may also be noted.
Mountain nemleck -~ Pacific silver fir association

ter more than a century the Dwarf mountain hem-
lock association develops into the zonal climax
Mountain hemlock - Pacific silver fir association.
This association is the familiar tree group appearing
in the rmeadows throughout the Subalpine Zone. As the
overatory beccmes more dense the herbs and shrubs be-

neath it greatly diminish in abundance and often only



g)

a few mosses exist. Luzula wahlenbergii, Pvrola sec-

unda var. secunda, Rhododendron albiflorum, Rubus las-

iococcus, Vaccinium pmembranaceum and Valeriana gitch-

ensis grow wherever there is an occasional opening.
The inability of Pacific siiver fir to reproduce
as efficiently within the group as it does at lower
elevations results in a dual climax in the M%t. Baker
Province. The composition of the stands remains gen-
erally the same as the group expands and invades the

Yaccinium membranaceun - Rhododendron association.

Yaccinium membranaceun - Rhododendron association

When the Mountain hemlock - Pacific silver fir as-
sociation becomes well established a number of shrubs
usually develops around the periphery. This periph-

ial association, Vaccinium membranaceum - Rhododendron,

~is able to invade the Phyllecdoce - Cassiope and Vac-

cinium deliciosum associaticns as a result of the

more favorable microclimste created by the tree group.
In the Coast Range of British Columbia the VYac-

cinium membranaceunm ~ Bhododendron association is

called the climax association for the Subalpine Zone
{Peterson, 1964; Brooke, 1965). Evidence in the North
Cascades shows that this is not the zonal climax butr
only a "feed-back" caused by the beneficial effect

of the lMountain hemlock - Pacific silver fir associa-

tion on the microenvironment. Instead of invading



the latter asscciation as a c¢limax association would,

the Vaceciniunm mepbranaceum - Rheododendron association

itself is succeeded by the Mountain hemlock -~ Pacific
silver fir asscciation, or occasionally by the Dwarf
mountain hemlock association.

The dominant and constant species are Rhododen-~

dron albiflorum and Veccinium merbranaceun, although

Menziesia ferruginea var. ferruginea and Sorbus sitch-

ensis var. sitchensis are often abundant. Other fre-
quent species are mountain hemlock, Pacific silver

fir, Phyllodoce empetriformis, Rubus pedatus and Vac-

cinium deliciocsum. Alaska-cedar may also grow here

as a shrub, but never in abundance. Species found in

the lower stratum are Cladonia gracilis (L.) willd.,

Dicranum fuscescens and Stereccaulon albicans,

2. South slopes
On the steep 30 to 60 percent south slopes where deep col-

luvial or residual soils have developed, the Valeriana - Vera-

Lrum association is always conspicuous. This widespread assoc-
iation cccurs as two subassociations throughout the Mt. Baker
Province,

The first, the typical subassociation, is apparently both
ploneer and climax, being maintained by snowcreep and recurrent

avalanches., Diversity is very low, and along with Valeriana

sitchensis and Veratrun viride, the dominant species, are Arn-

ica latifolia Bong. var. latifolia, Carex spectabilis Dewey,




Luninus latifelius var. subalpinus, Polygonum bistortoides and

Senecic triansularis Hook.

The second, the Rubus parviflorus - Pteridium subassociation,

is found at lower elevations than the previous subassociation.
It is often associated with avalanche tracks as well as steep
slopes on south exposures, and is also beth picneer and climax.
The lower elevation, deep soils, abundant moisture and ex-
tremely long growing seasons create an ideal environment for
a diverse flora. Further investigation on a unit such as this,
which may cover many acres, will probably show a mosaic of
spaller areas of different sizes or ages. These areas, which
represent varying phases of regeneration, have been termed a
microsere by Daubenmire (i968).
Since the flora is so diverse:énd many séecies have a high
frequency, only the most dominant plants will be menticned.

Rubus parviflorus var. parviflorus and Pteridium acguilinum var.

pubescens have the highest cover values., Cther dominant specie

are Angelica arguta Nutt., Epilobium ansustifolium L., Heracleuns

lanatum Michx., Valeriana sitchensis and Veratrum viride.

Rockslides, talus slopes, avalanche tracks

This habitat is similar to the Rockslides, talus slopes and
avalanche tracké nabitat of the Pacific Silver Fir Forest Type
(see p. 77). Because of the similarity only the one succes=—
sional trend toward the Alpine fir community {see figure 93)°
will be described. It should be emphasized here, however, that
succession toward the mountain hemlock - Pacific silver associa-

tion may also occur. -



a)

b)
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Moss community

This community is the pioneer on the boulder-
strewn rockslides with northern exposures and may rep-
resent an extremely long successioconal stage. Scme of

the mosses in the community are Arctoa starkii (Web.

& Mohr) Hoeski, Pohlia cruda (Hedw.) Ledb., and Rhaco~

mitrium sudeticum (Funck.) B. S. G.

thyrium distentifolium community

Invasion by vascular plants takes place with ac-
cumulation of soil on this habitat. Although many of
the species from the wetter habitats are able to

grow, the most abundant is Athyriunm distentifolium

Tzusch ex Opiz éar. americanum (Butters) Cronq. This
fern, which grows beiween the rocks, is often the only
conspicuoﬁs piant on the site. The mosses mentioned
in the previous asscciaticn, although slightly less
abundant, still remain.

The successional stage following this consists of
an Alpiné fir commmnity or the Mountain hemlock -
Pacific silver fir asscciation. The status of this
high elevation Alpine fir community is unknown, but
if enough openings exist it is probable that both
mountain hemlock and Pacific silver fir will invade.

In this habitat vegetative units are often succession-

ally set back by recurrent disturbances.
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4. Alpine rawmark

The term "alpine rawmark" has been used by Kubilna (1553)
to describe coarse~ to fine-textured, poorly drained scils that
have gravitational movement. These soils in the North Cascades
are found on steep slopes and lack a continuous plant cover.
Because of the soll movement the scoils are poorly developed.
The habitat occurs on all aspects, with the north and scuth as-
pects being discussed here,

The alpine rawmark habitat on north slopes has a very short
growing season. These are the last snow-free areas in the Sub-
alpine Zone., The Saxifraga assocation dominates these extiremely

nydric sites. Saxifraga tolmiei T. & G. var. folmieil is the

most freguent species. Its most common herbaceous associates

are Deschampsia atrovurpurea var., latifolia, Leutksa pectinatia,

Juncus drurmondii var. subtriflorus, Luzula wahlenbergii, Oxvria

digyma (L.} Hill, Petasites frigidus (L.) Fries var. palmatus

(ait.) Crong. and Saxifrasga punctzta L. var. canadensis (Calder

& Savile) C. L. Hitche. This association is usually succeeded
by the Leutkea asscciation (see p. 85), which may be climax if
the s0il movement continues. In a few areas where the late snow

cover restricts the invasion of Leutkea pectinata, the associa~

tion may remein in a climax state. This is usually indicated

by the addition of Saxifraga lyallii Engl. var. lyallii as an

abundant member of the association.
On south slopes where soils become relatively drier during
the summer the piconeer 1s the Leutxea association. Thils commun-

ity is discussed on page 8BS,




5. Streams, lakesides
This habitat has not been thoroughly studied in the Subalpine
Zone. The habitat may vary considerably depending on topography,
length of snow runoff and the type of strata where the lake is
situated or through which the stream is travelling. Since the
muthber of plots established in this habitat did not provide suf-
ficient informaticn on the dynarmics of these sites, oniy the
more important constituents will be discussed.
Wnere water perpetually saturates the nearby banks, mosses
are the most abundant plants, This Moss community may consist

"

of Aulccemium palustre (Hedw.) Schwaeger, Drevanccladus aduncus

(dedw.) Warnst., D. uncinatus (Hedw.) Warnst., Knium lycopod-~

ioides Schwaegr., Philonectis fontana var., pugila Brid. and
20iGE38 Zaklad

Sohagnum spp. Petasites frigidus var. palratus seems to be the
cnly plant able to grow in continuously running water, although

others such as Laltha biflora BC. var. biflora, Epilobium al-

pinum var. clavatum, Hipouris montanus Ledeb., Juncus drummondii

var. subtriflorus, Leptarrhena pyrolifolia, Mimulug lewisii

Pursh., Y. tilingii Regel var. caespitosus (Greene) Grant, Par-

nasgia fimbriata Konig. var. fimbriata, Saxifraga punctata var.

canadensis and Vicla adunca Sm. var. adunca are able to with-

stand scme seepage or pericdic flooding. Others that are grow—
ing along the streams or lakes but on slightly elevated and less

hydric sites are Carex nigricans, Leutkea pectinata, Fhleum

alvinum L., Potentilla flabellifolia, Barminculus eschscholtzil

Schlect. var. suxsdorfii (Gray) Benson, Veronica cusicki Gray

and V. wormskjoldii Roem. & Schult.




The communities of this habitat may remain as c¢limaxes or,

with a change in water level, proceed toward the Carex nigricansg

or Leutkea associations (see p. 81 and 85).

6. Rock outcrops (hydric)

The successional itrends in this habitat are similar to those

descrived for the Western Hemlock Forest Type (see Pe 64). The

vegetation, because of the higher altitude, is different and will

be briefly discussed.

a)

Moss community

Common mosses of this community are Arctoa starkei,

Bartramia ithyphvyllas Brid. and Pohlia drummondii.

This stage may remain for a long period before a more
favorable micreenvironment enables herbaceous plants
to invade.
Herb community

Some of the more frequent herbs in this community

are Athyrium distentifolium var. americanum, Heuchera

micrantha Dougl. ex Lindl. var. diversifolia (Rydb.)

R. B. & L., Saxifraga lvallii var. lyallii and Tia-

rella unifoliata Hook. Although Leutkeaz pectinata

may appear infrequently, there is some dcubt as to
whether succession proceeds beyond this stage, other

than in a few local instances.

7. Rock cutcrops {xeric)

As the early successional stages are similar to those de-

scribed for the Western Hemlock Forest Type (see D. 65), only

the Juniperus community will be discussed here.



The Juniperus community is usually found in the Subalpine
Zone on rock outcrops or extremely shallow soils with southerly
aspects. The most freguent asscclates of the dominant shrub,

Junigerus communis L. var. montana Ait., are Arctogstarhvlos

uva-ursi, Arenaria capillaris Poir. var. americana {(Meguire)

Lavis, Pachvstima myrsinites (Pursh) Raf., Phlox diffusa Benth.

var. longistvlis {¥herry) Peck and Sibbaldia procumbens L.

Hosses remaining from the preceding successional stage are

Grirmia alpestris (Web. & Mohr.) Schieich, Polytrichum piliferum

Hedw., Rhacomitrium canescens var. ericoides (Brid.) B. S. G.,

Tortula norvesica (Web.) Wahlenb. ex Lindb. and Weissia contro-

versa Hedw.

This ceomunity often remains as a topographic ¢limax because

of the lack of soil accuzulation. Invasion by mountain hemlock
and Pacific silver fir, however, may be noted on many of the

higher mountains.
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Alpine Zone

In the North Cascades this zcne is extremely fragnented, with most
vegetation units being quite small. The only nearby area in which Alpine
Zone studies have been undertaken is the Coast Range of British Columbia,

where Archer (1963) found that Phvlleodoce empetriformis and Cassiope

mertensiana were the zonal climax species. He also describes krumm-
helz stands in which alpine fir succeeds Alaska-cedar and is in tumn
replaced by mountain hemlock. Succession in kruwholz stands has not
been studied in the North Cascades, but alpine fir always seems to be
the ploneer {see figure 12). This has been noted elsewhere in the Cas-
cades by Franklin and Mitchell (1967).

The coastal 3ritish Columbian associations described by Archer
very likely exist in the North Cascades too, as the macyoenvironment is
relatively the same in both areas. Since the extensiveness of these as-
sociaticns within the Alpine Zone of the Mit. Baker and Wenatchee Prov-
inees is not Xxnown, only & briefl description of the plants and habitats
will be given in table 10. Similarities between these and the associa-

tions described for the Subalpine Zone {Ht. Baker ?rovince) sre notice-

able and indicate 2 close relationship between the zones.
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Figure 12. Alpine fir "krummholz" on a high ridge in the Alpine Zone

of the North Cascades. Yaccinium deliciosum (red leaves), Phyllo~

doce emvetriformis and {assiove mertensiana in foreground. Sept.
30, 1968; elevation, 6400 feet.
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Table 10. Associations recognized in the Alpine Zone of the Coastal

*
Range in British Coluwmbia.

Association

Habitat Characteristics

Common Plants

Gymnomitrium varians-
Polvirichun norvegicunm

Polviricun piliferunm

Caricetum nigricantis

Valerianetunm zitchensis

Caricetum soectabilis

Leutkestum vpectinatae

Anavhaleto-Lupinetum
arctici

Mimuleto-Epileobietun
latifolil

Junivereto-
rfenstemonetun menziesii

Silenetum acaulis

Sibbaldietum
procumbentis

Phvliodoce~Casgiopetun
mertensianae

Abieteto-Chamaecyparetun

nootkatensis

Fine silts, prolonged
SLOW.

Coarse sands and grav-
els, prolonged snow.

Acid soils, preolonged
SNOW.

Alluvial soils.

Recently glaciated,
unstable soils.

Recently glaciated,
coarse sand.

Recently glaciated,
boulder fields.

Near streams, hydric
soils.

Hock outcrops,

Thin pedzolized
soils.

Thin, acid soils.

Hear krummholz, west
to scuth sliopes.

Ridges, low snow
depths.

* . Associations taken from Archer (1963)

Gyrmnomitriur varians, Poly-.
trichum norvegicum, Carex
nigricans

Polviricum piliferum, Carex
nigricans, Gymnemitrium
varians, Saxifraga tolmied
var. tolmiei

Carex nigricans, Peolviricunm
norvegicunm

Valeriana gitchensis, Carex
spectabilis, lusinus lepidus
var. lobbii.

Carex spectabilis, Luninus
lepidus var. lobbii

Leutkea pectinata, Lupinus
lepidus var. lobbii,
Hieracium gracile

Anavhalis margaritaceas,
Luvinus levidus var. lobbii,
Carex spectabilis, Leutkea

pectinata

Mimalus lewisii, Evnilobiunm
latifolium, Juncus drumrmondii

Juniperus communis var.
nontana, rfenstemon mengziesii

Silene acaulis, Saxifraga
bronchialis var. sustromontana

3ibbaldia vrocumbens,
Antennaria alpina var. media,
Polvtrichun wviliferum

Phvilodoce eppetriformis,
Cazsgiove mertensiana var.
mertensiana, Carex spectabilis

Abhies lasiocarsa, Chamae—
cvraris nootkatensis, Fhyll-
odoce empetriformis, P. gland-
uliflcra




Subalpine Zone (Wenatchee Province)

The dominance of the Subalpine Zone by mountain hemlock gradually
decreases as the Cascade crest is approached. Within the Wenatchee
Province alpine fir becomes the najor pioneer and dominant tree species.
Its associztes near the crest are nountain hemlockx and Pacific silver

fir, while further east alpine larch {Larix lyalli Parl.) and whitebark

pine (Pinus albicaulis Engelm.) become more freguent. This change in
speclies composition reflecis a lower precipifation and a drier climate
than is found on the western slopes of the Caécades. Because of the
different envirconmenti, the meadows contain many new elements from the
drier areas of the eastern slopes, althoush still maintaining many of
the west side herbs.

Succession of the tree clumps in this zoné is uncertain, although
the main pioneer tree species appears to be alpine fir. Alpine larch
(which wes observed invading meadows near Hart's Pass) and whitebark
pine may also picneer. In open stands development toward a mountain
henlock -~ Pacific silver fir ¢limax may evolve. This successional trend
was noted on Mt. Rainier by Franklin and lMitchell (1967). If the stands
remain closed with a2 dense overstory, succession may be similar o that

found in the Mt. Baker Province, with no single species being climax.



Engelmann Spruce - Alpine Fir Forest Type

The valley slopes #ithin the Wenatchee Province are exiremely
rocky (see figure 13). In addition to this the general southerly ex-
posure and relatively low precipitation result in a dry envircnment.
The clinaxy species on these slopes are Engelmann spruce (Picea engel-

f -
nannii 2Parryj Engeln.) and alpine fir (Jerry F. Franklin, personal
communication). Alpine fir is the most abundant species further east
toward licAlester lMtn. and east of Lake Chelan. Where solil is more
abundent this forest type is probably similar to that described for

n,

rorthern Idaho (Daubenmire, 1952; Le Barron and Jemison, 1953). There

it is the c¢limatic climax, and "As a topoedaphic c¢limax, peninsular

strips of it extend %o rather low elevations where they often exnand fo

cover the flcors of frest pockets in valleys surrounded by some repre-

sentative of the Thuja - Tsuga zone” {Daubenmire, 1952). Of the several

climaz associations of the Picea engelpanni -~ Abies lasiccarpa Zone

descrized by Daubennire (1 9 52 N two of them mavy be comparable %o the

W o Fy
T mann i - in i [P ] rmuniti - The first » H
F*‘;ge‘ ] Srr'uce Alplr‘e Fir Fores LY¥pe communi ties The first, the

Picea - Abies/Pachystima associaticn, cccupies the lower part of the

main area of the spruce - fir zone in northern Idaho. Seral trees in
this association may be western white pine, grand fir ané Douvglas-fir,

i3 3, > r s -t A
with lesser numbers of western larch (Larix occidentalis Nutt.) and

lodgepole pine. Comron understory shrubs are Pachystima nmyrsinites,

Lerophvllum tenax (?ursh) Tutt., Menziesia ferrugineaz and Rubus parvi-

m

flerus., The second association, the Picea - &bies/menziesia assoclia~

tion, 1s found at higher elevations in the spruce - fir zone. The cnly

seral trees here are western white pine and western larch. The dominant
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Figure 13. Engelmann Spruce — Alpine Fir Forest Type in the Stehekin

River drainage. Alnus sinuata is conspicuous on the sloves.

Elevation about 4000 feet (foreground). Pheoto by Brian 0. Mulligan,
August 21, 1965.
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shrubs are lMenziesia ferruginea, Rhododendron albiflorum, Ledum gland-

ulosum Nutt., Sorcus sitchensis and S. scopulina Greene. Goodyera ob-

longifolia and Luzula glabrata (Hoppe) Desv. are the most constant rep-

esentatives of a sparse herbacecus flora.

Although the Engelmann Spruce - Alpine Fir Forest Type in the com-—
plex is the climatic climax, the composition of the climax forest may
differ, depending on the particular site. This is caused both by the
greater tolerance of alpine fir (Alexander, 1958z ) and the ability of
alpine fir to grow on soils too wet or too dry for Engelmann spruce

(Alexander, 1958Y).
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Grand Pir - Douglas-fir Forest Type

This forest itype cccurs aleng the valleys, stream terraces and
lower south slopes in the Wenatchee Province (see figure 14). The main
pioneer tree species on the glagial 111l and alluvial secils of the
valley$ is ponderosa pine. Ponderosa pine is able to attain its best
growth on well drained soils (Curtis and Lynch, 1557) such as these.
Douglas-fir is both a seral and climax species along the streams and
forms almost pure stands on the scuth slopes east of the Stehekin River
and lLaxe Chelan, Grané fir is alse climax in the mcre mesic areas,

In north-facing drainages Douglas-fir, grand fir, western hemlock,
western redcedar and western white pine form mixed conifer stands. On
wetter areas the clipax in these mixed stands is western henmlock and
western redcedar, while on the more mesic sites grand fir is probably
climax.

This forest type may‘be similar to the pine - larch - Douglas-fir
tyve group and interior Douglas-fir - grand fir {hemlock - cedar) type
group described by Scott (1962) for the Canadian Zcne east of the Cascade
crest. According to Scott {1962), a typical stand in the first type
group might ccnsist of an overstory of pine and western larch. The
latter apparently is lacking within the complex but is commen further
scuth on the east slope of the Cascades. A few Douglas~-fir and grand
fir may be found in the overstory, but they are more abundant in the
understory where they are the dominant species. The pine - larch -
Douglas-fir type group is subclimax and is succeeded by the Douglas-fir -
grand fir (nemlocck - cedar) type group if disturbance does not recur.
On %the moister or higher sites grand fir is the more important species,

although western hemlock and western redcedar may also be climax here.
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Figure 14. Douglas-fir - Pondercsa pine/Arctostachylos nevadensis

community in the lower Stehekin valley. Rainbow Falls in

tackground. Photo by Brian C. Mullizan, Aug. 20, 1965.
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Black cottonwood is a conspicuocus iree along the siream banks of
this forest type (Brian 0. Mulligan, perscnal compunication). Red alder
and bigleafl maple are also established along the streams with cccasional

stands of lodgepole pine.
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Taxonomy

Introduction

Plant collecting in the Pacific Northﬁest began about 200 years
ago. Since then, with only a few exceptions, the area has been thor-
oughly botanized. One of the exceptions is the area now encompassed by
the North Cascades Complex west of the Cascade crest. The only extensive
plant collections have been limited to Scurdough Mountain in the Wational
Park, ant azlong the Skagit River, both by W. . Muenscher (1941). Cthers
who collected on the wegtern boundaries or nearby were J. W. Thompson
{whose specimens are in the herbarium of the Universiiy of Washington),
and H. St. John and E. Hardin (1929). Lichens have been collected on
the park boundary {Ruth Mountain) and nearby Mt. Baker by G. E. Howard
and L. Sunguist {Howard, 1950). The portion of the complex east of the
Cascade crest has received much more attention. Collections made by
A, D. E. Elper, E. K. Laxe, W. R. Hull, K. Whited, ﬁ. 5t. John and G. H.
ward are in the herbarium of Washington State University (Ward, 13548).
Lichens were also collected in this area by G. E. Howard (1950).

The following plant checklist, which includes the vascular plants,
nosses and lichens, is based on my collections. In order to make the
ligt as complete as possible, the herbarium of the University of Wash-
ington was examined for supplementary specimens. The published floras
of Clark and Frye (1928), St. John and Hardin (1929), Muenscher {1941)
and Howard (1950) also provided additional species. HMost of the list-
ings for the area east of the Cascade crest were taken from the unpub-

lished thesis of Ward (1948). All species listed were collected in
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the National Park Complex or within 14 miles of the western boundaries,
the only exception to this being a few species from Railroad Creek,
about four miles south of the Lake Chelan National Recreation Area.
Those ccllected outside the boundaries are listed with the assumption
that, since similar habitats occur within the boundaries, the plants are
almost certain to occur there also.

A numher of the species have been introduced by man from other
parts of the world., These are usually rcadside plants, but occasicnally
they may be found far from rcads. The introduced species have been

marked with an asterisx in the checklist.

Classification and nomenclature for the vascular plants follows
the treatment of Hitchcock, et al (1955, 1959, 1961, 1964 and vol. 1 [in
preparation)). Classification of the mosses {Musci) follows that of
Grout (1928, 1933, 1936) and nomenclature is from Lawton {1965)., The
classification and nomenclature of the remainder of the mosses (Hepaticae)
follows Conard (1956). Classification and nomencla;ure of the lichens
is that used by Howard (1950).

The checklist has been arranged by families of vascular plants,
mosses, and lichens. Each species is followed by a numerical designation
of the types or zones in which it has been found. The numbers used for
these are:

1; Western Hemlock Forest Type

2. Pracific Silver Fir ?orest Type

3. Subalpine - Alpine Zones (lit. Baker Province)
4, Subaléine - Alping Zones {Wenatchee Province)
5. Engelmann Spruce - Alpine Pir Forest Type

6. Grand Pir - Douglas-fir Forest Type




The Subalpine Zone has been included with the Alpine Zone, since the
latter is relatively small and contains very few plants found exclus-
ively above the Subalpins Zone.

I would like to thank Dr. C. Leo Hitchcock for the use of the man-

uscript of volume one of Vascular Plants of the Forthwest. This hag

made possivle a uniform treatment of the nomenclaturs ard classifica-
tion in ths plant checkliist. Until this voluze is published, the
worker in the North Cascades will find Henry (1915}, Peck {1941), East-
ham (1947) and A. S. Hitchcock (1950) useful for the monccotyledonous

plants,
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Plani Checklist

Vascular Plants

LYCOPODIACEAE
Lycopodium annotinum L. 1,2
Lycopodium clavatum L. 1,2,3,4,5
Lycopedium complaratum L. 1
Lycovedium gselagzo L. 4
Lycopodium gitchense Rupr. 3,4
SELAGINELLACEAE
Selaginella wallacei Hieron 2,3
EQUISETACEAE
Equigetum arvense L. 1,2,3
Equisetum fluviatile L, 1
Eguisetum kansanum Schaffn. 4
Equisetum laevigatum A.Br. 6
Eguisetun telmateia Ehrh. 1,2
QOPHICLOSSACEAE
Botrychium lanceolatum (Cmel.) AngstrBa 3
Botrychium lunaria (L.) Swartz var. onondzense (Underw.) House 3
Botrvchium multifidum (Gmel.) Trevis. 2,3
Botrychium virginiarum (L.) Swartz 1
POLYPODIACEAE
Adiantum pedatum L. 1,2
Agplenium trichomanesg L. 1,2
Asplenium virides Huds. 3

Athyvrium distentifolium Tausch ex Oplz var. americanum

(ButtefQTHE;SEET_ ) 3,4
Athvrium filix-femina (L.) Roth 1,2,3,6
Blechnum spicant (L.) With., 1,2,3
Cheilanthes gracillima D, C. Eat, %,5,6
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Cheilanthes siliguosa Maxon &

Crvptogramma crispa (L.) R. Br. var. acrostichoides
C. B. Clarke 2,%,4,5,6

Cystooteris fragilis (L.) Bernh. 1,2
Dryopteris austriaca (Jacq.) Woynar ex Schinz & Thell. 2
Gymnogarvium dryopteris (L.) Newn. 1,2
Polyoodiunm glyeyrrhiza D. C. Eat.: 1
Polynodium hesperium Maxon 2,4
Polystichum andersonii Horpkins 2,4
Polystichum lonchitis (L.) Roth 2,3,4,5
Polystichum mohrioides (Bory) Presl 3
Polystichum munitum {Kaulf.) Presl var. munitum 1,2,3
Pteridium aguilinum (L.) Kubn var. pubescens Underw. 1,2,3
Thel&ﬁferis limbosperma (Allioni) H. P. FPuchs 3
Thelvyoteris phegopteris (L.) Slosseon 3
Wocdsia scooulina D. C. Eat, 1,6
TAYACEAE
Taxus brevifolia Nutt, 1,2,4,5,6
CUPRESSACEAE
Chamaecyoparis nootkatensis (D, Don) Spach 2,%,4,5
Juniperus communis L. var. montana Ait. 3
Thuja plicata Donn. 1,2,6
PINACEAE
Abies amabilis (Dougl.) Forbes 1,2,3,6
Abies grandis (Dougl.) Lindl. 1,2
Abies lasiocarpa (Hook.) Nutt. 2,3,4,5
Larix lyallii Parl. : 3,4
Picea engelmannii (Parry) Engelm. 4,5
Picea sitchensis (Bong.) Carr. 1
Pinus albicaulis Engelm. 3.4
Pinus contorta Dougl. ex Loud. var. latifolia Engelm. 1,2,3,6
Pinus monticola Dougl. ex D. Don 1,2,3,4,5
Pinus monderosa Dougl. ex Loud. 2,5
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Pseudotsuza menziesii (Mirbel) Franco var. menziesii

Tsuga heterophylla (Raf.) Sarg.

Tsuga mertensiana (Bong.) Carr.

POTANMCGETONACEAE

Potamogeton alpinus Balbis var. tenuifolius (Raf.) Ogden

Potamogeton natans L.

Potamogeton nodosus Poir.

Juncus

JUNCACEAE

balticus Willd. var. montanus Engelm.

Juncus

balticug Willd. var. balticus

Juneus

drummondii E. Meyer var. subtriflorus (E. Heyer)

Juncus

C. L. Hitche,

ensifolius Wiks. var. engifolius

JUINCUs

ensifoliug Wiks. var. montanus (Engelm.) C. L. Hitche.

JUuneus

falcatus E, Meyer var. gitchensis Buch.

Juncusg

filiformis L.

Juncus

mertensianus Bong.

Juncus

parryi Engelm.

JUNCUs

regelii Buch.

Tuzula

cagpestris (L.) DC. var, frigida Buch.

Luzula

glabrata (Hoppe) Desv.

Tuzula

parviflora {Ehrh.) Deav.

Iuzula

wahlenbergii Rupr.

CYPERACEAE

Carex aurea Nutt.

Carex breveri Boott var. paddoensis (Suksd.) Crong.

Carex brunnescens (Pers.) Poir.

Carex cusickii Mackenzie

Carex deweyana Schw,

Carex illota L. H. Bailey

Carex laeviculmis Meinsh.

1,2,3,5,6
1I213,536
233’415’6

3,4
1,2,5
1,2

3,4,5

2,3,4,5
1,2
2,3
1,2,3
3,4

L A S "N 1

2,3,5
1,2,5



Carex

1Lg

lasiocarpa Ehrh.

Carex

lenticularis Michx. wvar. lenticularis

Carex

lenorina L.

Carex

leporinella Mack.

Carex

luzulina Olney

Carex

lvngbyei Hornem.

Carex

mertensii Prescott ex Bong.

Carex

microptera Mack.

Carex

nigricang C. A. Mey.

Carex

oederi Beaux,

Carex

pvachystachya Cham.

Carex

phaeocephala: Piper

Carex

preslii Steud.

Carex

pyrenaica Wahl.

Carex

rossii Boott

Carex

rostrata Stokes ex With,

Carex

scomulorum Holnm

Carex

sitchensis Prescott

Carex

spectabiliz Dewey

Carex

straminiformis Bailey

Eriovhorum polystachion L.

Scirpus cespitosus L.

Scirpus microcarrus Presl,

GRAMINAE

1

4,5!1’2'3

Agropyron spicatum (Pursh) Seribn. & Szisz var. spicatum

Agropyron caninum (L.) Beauv. var. latizume (Seribn. & Smith)

C. L. Hitche.

Agrovyron caninum (L.) Beauv. var. andi~= (Scribn. & Smith)

Agrostis aequivalis (Trin.)

Agrostiag exarata Trin.

Agrostis humilis Vasey

Agrostis idahoensis Nash

Azrostis scabra Willd,

C. L. Hitche.

1,2,3
3,4

5

3,4
3,4
4,5,6

2,3
3:4
2,3,4
3.4
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Agrostis thurberiana A. S. Hitche. 3
Alopecurus aegualis Sobol. 5
Bromus carinats Hook. & Arn. var. carinatus 1,2,3,4,5
Bromus ciliatus L. 2
Brorus suksdorfii Vasey 2

Calamagrostis canadescens (Michx.) Beauv. var. lactea
{Beal) C. L. Hitche. 2,3,4,5,6

Cinna latifolia (Trevir.) Griseb. 1,5
*Dactylis glomerata L. 1,2,3
Danthonia intermedia Vasey Z,4

Deschampsia atropurpurea (Wahlenb.) Scheele var. latifolia

(Eook.) Scribn. 3,4

Deschampsia cespitosa (L.) Beauv. var. cespitosa 5
Deschampsia elongata (Hook.) Munro ex Benth 5
Elymus glsucusg Buckl. var. breviaristatus Davy 1,2,%,5,6
Elymus hirsutus Presl. 3
*Festuca elatior L. 1
*Festuca myuros L. 1
Festuca occidentalis Hook. 5
Pestuca octoflora Walt. 5
Festuca subulata Trin. 2
Festuca viridula Vasey 3,4,5
Glyceria elata (Nash) M. E. Jones 6
Glyceria striata (Lam.) A. S. Hitche. 5
Hordeum murirmum L. 1
Koeleria cristata Pers. 1
Lolium perenne L. 5
Melica harfordii Boland. 5
Melica subulata {Griseb.) Scridn. var. subulata 6
Muhlenbergia filiformis (Thurb.) Rydb. 3
Phleum alpinum L. 3,4
*Phleum pratense L. i,2,5
Poa alpina L. 3,4

* -~ introduced species
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*Poa annua L.
Poa canbyi (Scribn.) Piper

Poa cusickii Vasey wvar, epilis Scribn.

Poa lentocoma Trin. var. leptocoma

Poa secunda Presl.
Poa stenantha Trin.

Sitanion hystrix (Nutt.,) J. G. Smith

Stipa occidentalis Thurb. ex Wats. var. minor (Vasey)
C. L. Hitchc.

Trisetum cernpuua Trin.

Trisetum soicatum L.

TYPHACEAE

Tvoha latifolia L.

ARACEAR

Lysichitum americanum 3t. John

LILACEAE

Allium acuminatum Hook.

Allium cernuum Roth

Brodiaea hveinthina (Lindl.) Baker

Camassia guamash (Pursh) Greene var. maxima (Gould)
C., L. Hitche,

{lintenia uniflcra (Schult.) Kunth

Disporun hookeri (Torr.) Nicholson var. oreganum (Wats.)
Q. Jones

Disporum snmithii (Hook.) Piper

Diszorum trachycarvum (Wats.) Benth & Hook.

Ervethronium grandiflorum Pursh var. grandiflerum

Fritillaria lanceclata Pursh

Lilium columbianum Hanson

Llvedia serotina (L.) Sweet

Maiantherum dilatum (Wood) Nels. & Macbr.

Smilacina racemosa (L.) Desf.

Smilicina stellata (L.) Desf,

WHOOW U W W W

1,2

1,2
1,2,3,4,5

1,2,4
1,2

1,2

3

3
2,3,4,5,6
3

1

1,2

1,2
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Stenanthium occidentale Gray

Streptonus amplexifolius (L.) DC. var. americanus Schult.

Streptoous roseus Michx, var. curviges-@ail) Fassett

Streptopus streptopoides (Ledeb.) Frye & Rigg var.
brevipes (Baker) Fasggett

Tofieldia glutinosa (Michx.) Pers. var. occidentalis
(Wats.) C. L. Hitche.

Trillium ovatum Pursh

Veratrum virides Ait.

CRCHIDACEAE

Calvpso bulbosa (L.) Oakes
Corallorhiza maculata Raf.

Corallorhiza mertensiara Bong.

Corallorhiza striata Lindl.

Goodyera oblongifelia Raf.

Habenaria dilatata {Pursh) Hook. var. leucostachys
(Lindl.) Ames

Habenaria dilatata {Pursh) Hook. var, dilatata

Habenaria saccata Greene

Habenaria unalascensis (Spreng.) Wats.

Listera caurina Piper

Listera cordata (L.) R. Br.

Spiranthes remanzoffiana Cham. var. romanzoffiana

SALICACEAE

Pooulus tremulocides Michx. -

Populus trichocarpa T. & G. ex Hook.

Salix arctica Pall.

Salix barclayi Anderss.

Salix cascadensis Cockerell

Salix commutata Bebbd

Salix lasiandra Benth. var. lasiandra

Salix nivalis Hook.

1,2,4
2,1,4

3,4,5
1,2,5
2,34445

1,2
1,6
1,2

1,2,3,4
2,3,5
1,2,5
1,2

1,2

1,2

3,4

3.4
1,6



Salix sitchensis Sanson 1,2,3,4,5,6

Salix scouleriana Barratt 4
BETULACEAE

Alnus rubra Bong. 1,2

Alnus sinuata {Regel) Rydb. 2,3,4,5,6

Betula occidentalis Hook. var. occidentalis 1,2

Betula papyrifera Marsh. var. commutata (Regel) Fern. 1

Corvlus cornuta Marsh. var. californica (DC.) Sharp 1
URTICACEAR

Urtica dioica L. wvar., lyallii (Wats.) C. L. Hitche. -1,2,4
LORANTHACEAE

Arceuthobiun campylopodium Engelm. 1,2,5

Arceuthobium douglasii Engelm, 1

ARISTOLOCHIACEAE

Asgrum caudatum Lindl. 1

POLIGONACEAB

Eriogonum elatum Dougl. ex Benth

Eriogzonum pyrolaefolium Hook. ex A. Murr.

Eriogonum umbellatum Torr. var. subalpinum (Greene)

M. E. Jones 3,6

Oxyria digyna (L.) Hill 3,4,5

*Polygonum aviculare L. var. littorale {Link] Mert. & Koch 1,2
Polygonum bistortoides Pursh ‘ 2,3,4

Polygonum douglasii Greene var. latifolium (Engelm.) Greene 2,5

Polvzonum majus {Meisn.) Piper ‘ | 5

Polygonum minimum Wats. ) 3,4

Polvgonum nuttallii Small 1,6

Polygonum persicaria L. 6

Polygonum viviparum L. 3

*Rumex acetosella L. 1,2,3,6
Rumex obtusifolius L. ' ‘ 1,2,3

Rumex salicifolius Weinm. ssp. triasngulivalvis Danser
var. angustivalvis Danser 4
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PORTULACACEAE

Claytonia lanceolata Pursh var. chrysantha (Greene) C. L. Hitche. 3

Montiag

parviflora {Moc.) Greene var. parviflora

Montia

sibirica (L.) Howell var. sibirica 1,

CARYOPHYLLACEAE

Arenaria capillaris Poir. var. americana (Maguire) Davis

Arenaria lateriflora L.

Arenaria macrovhylla Hook.

Arenaria obtusilcba (Rydb.) Fern.

Sagina

occidentalis Wats,

Sagina

gaginoides (L.) Britt.

Silene

agaulis L. var. exscapa (Allioni) DC.

Silene

antirrhena L.

Silehe

douglasii Hook. var. douglasii

Silene

menziesii Hook. var. menziesii

Silene

Silene

menziesii Hook. var. viscosa {Greene) Hitchc. & Maguire

parryi (Wats.) Hitche. & Maguire 1,

Silene

scouleri Hook,

Silene

suksdorfii Robins

Stellaria calycantha (Ledeb.) Bong. var. sitchensis

Steud.) Fern.

Stellaria crispa Cham. & Schlecht.

NYMPHARACEAE

Nuphar polvsepalum Engelm.

Actaea

RANUNCULACEAE

rubra (Ait.) Wwilld.

Anemone lyallii Britt.

Anemone multifida Poir war. multifida

Anemone occidentalis Wats.

Agquilegia formosa Fisch,

Caltha

biflora DC. var. biflora

Caltha biflora DC. var. rotundifolia (Huth) C. L. Hitche.

Delvhiniuvum menziesii DC. var. menziesii

1’4!5
2’3’4l5

3,4

1,2,3

1,5
1,2,3
1,2,3,5
1,6

3

1

1
2,3,4,5
3

3

1,2,3

1,2

1,2
1,2,3

2,3,442
2,3,4,5

2,3



Ranunculus eschacholtzii Schlect. var. eschscholtzii 3

Ranunculus eschscholtzii Schlect. var. suksdorfii (Gray)

Benson 3
Ranunculus macounii Britt. var., macounii 1
Ranunculus orthorhynchus Hook. var. orthorhynchus 3
Ranunculus repens L. var. repens 1
Thalictrum ocecidentale Gray : 2,3,4,5,6
BERBERIDACEAE
Achlys triphylia (Smith) DC. 1,2
Berberis agquifelium Pursh 1
Berberis nervosa Pursh 1,2,3,5
FUMARIACEAE
Dicentra formosa (Andr.) Walpers 1,2,%,4,5
CRUCIFERAE
Arabis drummondii Gray 1,2,3%,4,5,6
*Arabis glabra (L.) Bermh. 1,2,3
Arabis hirsuta (L.) Scop. 1,2,3
Arabis lvallii Wats. 3
Arabias lyrata L. 3
Barbarea orthoceras Ledeb. 1
Cardamine oligogperma Nutt. var. gligosperma 3,5
Cardanine pennsylvanica Muhl. . 2
Draba lonchocarpa Rydb. var. thompsonii (C. L. Hitche.)
Rollins 3
Draba praealta Greene 3
Draba stenoloba Ledeb. 3
Lepidun densiflorum Schrad. 1
Roripna islandica (Oed.) Borbas 1
Smelowskia ovalis M. E. Jones 3
Subularia aquatica L. 1
CRASSULACEAE
Sedum divergens Yats. 3,4

Sedum lanceolatum Torr. var. lanceolatum 1,2,3
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Sedum oreganum Nutt. 1,2,3,4,5,6
Sedum roseum (L.) Scop. var. intergrifolium (Raf.)
Berger 3
Sedum stenopetalum Pursh 1,2,3
SAXIFRAGACEAE
Elmera racemosa (Wats.) Rydb. var. puberulenta C. L. Hitche. 1,2,3,4
Heuchera glabra Willd. ex R. & S. 3,4
Heuchera micrantha Dougl. ex Lindi. var. diversifolia (Rydb.)
®. B, & L. 3
Leptarrhena pyrolifolia (D. Don) R. Br. ex Ser. 3,4
Mitella breweri Gray 2,3
Mitella caulescens Nutt. 1
Mitella pentandra Hook. 1,2,3,4,5
Mitella frifida Grah. 1l
Parnassia fimbriata Konif. wvar. fimbriata 2,3;4
Saxifraesa arsuta D. Don 3,4
Saxifraga bronchialis L. var. austromontana (Wieg.) Piper 3
Saxifraga debilis Engelm. ex Gray 3
Saxifrapas ferruginea Grah. var. macounii Engl. & Irmsch,. 3,4
Saxifraga lyallii Engl. var. lyallii 3
Saxifragza mertensiara Bong. 3,4
Saxifraga oppositifolia L. 3
Saxifraza punctata L. var. canadensis {Calder & Savile)
- C. L. Hitche. 3,4
Saxifraga tolmiei T. & G. var. tolmiei 3,4
Suksdorfia renunculifolia (Hook.) Engl. 1,4
Tellmia grandiflora (Pursh) Dougl. 1,2,4,5,6
Tiarella laciniata Hook. 1
Tiarella trifoliata L. 1
Tiarella unifoliata Hook. 1,2,3,4
Tolmiea menziesii {Pursh) T. & G. 1,2,3,6
GROSSULARIACEAE
Ribes bracteosum Dougl. ex Hook. 1,2,3,4
Ribes howellii Greene 2,3,4

Ribes lacustre (Pers.) Poir

1’2!3?4)5
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Ribes laxiflorum Pursh

Ribes sanguineum Pursh 1,5
Rives triste Pall.

Ribes wviscogiasimum Pursh var. viscoasissimum

Rihes watsonianum Koehne 1,6

ROSACEAE

Amelanchier alpifolia Nutt. var. semiintegrifolia (Hook.)
C. L. Hitche.: 1,2,3%,4,5

Aruncus sylvester Kostel. 14,2,3,4
Fragaria vesca L. var. crinita (Rydb.) ¢. L. Hitche. - 1,2
Pragaria virginiana Duchesne var. platypetala (Rydb.) Hall 1,2,3
Geum macrophyllum Willd. var. macrophyllum - - - 1,5,6
Holodiscus diseolor (Pursh) Maxim. var. discolor 1,2,3,4,5
Leutkea pectinata (Pursh) Kuntze 3,4
Osmaronia cerasiformis (T. & G.) Greene 1
Physocarpus capitatus (Pursh) Kuntze 1l
Potentilla diéersifolia Lehn. var. diversifolia 2,3
Potentilla drummondii Lehm. 3
Potentilla flabellifolia Hook. ex T. & G. 3,4
Potentilla fruticosa L. 4
Potentillas glanduloga Lindl. var. glandulosa 2,3,6
Potentilla norvegica L. 1
Potentilla palustris (L.) Scop. he 1
Potentilla villosa Pall. ex Pursh 3
Prunusg emarzinata (Doulg.) Walpers var. emarginata 11,2,3
Prunus virginiana L. var. demissa {Nutt.) Torr. 1
Rosa gymnocarpa Nutt. : 1,5
Rosa nutkana Presl var. nutkana 1,2,3,4
Rubusg idaeus L. ssp. sachalinensis {Levl.) Focke

var. gachalinensis 1

*Rubus laciniatus Willd. ‘ 1
Rubus lasiococcus Gray 2,3,4
Rubug leuccdermis Dougl. ex T. & G. 1,4
Rubusg nivalis Dougl. ex Hook. | 2

Rubug parviflorus Nutt. var. parviflorus 1,2,3




EW-R

Rubug pedatus J. E. Smith

Rubus spectabilis Pursh

Rubus ursimus Chan. & Schlecht. var. macropetalus
(Doug.) Brown

Sibbhaldia vrocumbens L.

Sorbus gitchensis Roemer var. grayi (Wenzig) C. L. Eitche.

Sorbus sitchensis Roemer var. sitchensis

Spirzea betulifolia Pall.

Sviraes densiflora Nutt, ex T, & G. var. densiflora

Snirsea douglasii Hook. var. douslasii

Spiraea pvramidata Greene

LEGUMINCSAE

*Cyvtisus scoparius {(L.) Link

112'3’4
132!3'4

1,4,5
2,3,4

2,3,4

1,2
132!3’4

Lathyrus nevadensis Wats. ssp. lanceolatus (Howell) C. L. Hitche.
T / R s
var. pilosellus (Peck) C. L. Hitche. 3

Tapinus latifoliusg Agardh var. latifolius 3
Tuninus latifolius Agerdh var. subaloinus (Piper & Robtbins)
C. P. Smith 3,4
Lupinus lepidus Dougl. ex Lindl. var. lobbii {Gray) C. L. Hitche. 3
Iuninus saxosus Howell 6
Oxvirovis campestris (L.} DC. var. gracilis (A. Nels.) Barneby 3
*Prifolium dubium Sibth. | 1
*Trifoljum repens L. . 1,2,3
Vicia americena Muhl. ex Willd. wvar. iruncata (Nutt.) Brew. 1
CALLITRICHACEAE
Callitriche verna L. 1
EMPETRACEAER
Empeirun nigrunm L. 3
CELASTRACEAE
Pachystima mvrsinites (Pursh) Raf. 1,2,3,4
ACERACEAE
Acer circinatum Pursh 1,2,3,6
Acer glabrum Torr. var. douglasii (Hook.) Dippel 2,3,4,5

Acer pacrovhvilium Pursh

1,6



Epilobium

Lo

A

RHAMNACEAE ' .
Ceanothus sanguineus Pursh 1,5
Ceanothus velutinus Dougl. ex Hook. var. laevigatus (Hook.)
T. & G.
Rhamnus purshiana DC,
HYPERICACEAR
Hypericum anagalloides C. & S. 1,2,3,4
Evpericum perforatum L. 1
VIOLACEAE

Viola adunca Sm. 3
Viola glabella Nutt. 1,2,3
Viola macloskevi Lloyd var., pallens (Banks) C. L. Hitche. 3

iola orbiculata Geyer ex Hook. . 2
Viola palustris L. 1,2,3
Viola sempervirens Greene 1

S LOASACEAE
Mentzelia disversa Wats. 6
ONAGRACEAE

Circaea alpina L. 1,2,4
Clarkia rhomboidea Dougl. :/oi™%w~.m Lo, : 6
Evilobium alpinum L. var. albiflorun (Suksd.) C. L. Hitche. 3
Epilobium 2lpinum L. var. clavatum (Trel.) C. L. Hitche. z.4
Epilobium alvinum L. var. graciliimum (Trel.) €. L. Hitche. 3
Epilobjum alpinum L. var. lactiflorum {Hausskn.) C. L. Hitche. 4
Eoilobium alpinum L. var. nutans (Hornem) Hook. 3,4
Epilobium angustifolium L. 1,2,3,4
Epilechbium glandulosum Lehm, 1
Epilobium latifolium L. 3:4,5,6
Evilobium luteum Pursh 3,4
moilobium minutum Lindl. ex Hocok. 1,2

paniculatum Nutt. ex T. & G. 1




Epilobium watsonii Barbey var. occidentale (Trel.) C. L. Hitche.

Gayophytum ramosissiumum Torr. & Gray

HIPPURIDACEAR

Hipruris montana Ledeb.

Hipvuris vulgaris L.

ARALIACEAE

Oplopanax horridum (J, E, Smith) Miq.

UMBELLIFERAE

Angelica arsuta Nutt.
Circuta douglasii (IC.) Coult. & Rose

Heracleum lanatum Michzx.

Ligusticum canbyi Coult. & Rose

Ligusticum grayi Coult. & Rose

Lomatium brandegei {Coult. & Rose) Macbr.

Lomatium martindalei Coult. & Rose var. angusticum Coult. & Rose

Loratium nudicaule (Pursh) Coult. & Rose
Lomatium triternatum {Pursh) Coult. & Rose

Qenanthe sarmentosa Presl ex IC.

Osmorhiza chilensis H. & A.

Osmorhiza depauperata Phil.

Osmorhiza occidentalis (Nutt.) Torr.

Osmorhiza purpurea (Coult. & Rose) Suksd.

Sanicula graveolens Poepp. ex IC.

CORNACEAE

Cornus canadensis L.

Cornug nuttallii Aud. ex T. & G.

Cornus stolonifera Michx. var. occidentalis {T. & G.) . .

¢. L. Hitche.
ERICACEAE

Arctostavhylos nevadensis Gray

Arctostarhylos uva-ursi (L.) Spreng.

Cassiope mertensiana (Bong.) G. Don var. mertensisna

(%2}

1,2,4

1,2,3,4

1,2,3,4

1,2,3
1,6

1,6

2,3
3,4



Cassiope stelleriana (Pall.) DC.-

Chimaphila menziesii (R. Br.) Spreng.

Chimaphila umbellata (L.} Bart. var occidentalis (Rydb.)
: Blake

Cladothamnus pyrolaeflorus Bong.
Gaultheria humifuse {Grah.) Rydb.

Gaultheria ovatifolia Gray
Gaultheria shallon Pursh

Hypopitys mondtopa Crantz

Kalmia pdifolia Wang. var. microvhylla {Hook.) Rehd.

Kalmia polifolia Wang. var. polifolia

Menziesia ferruginea Smith var. ferruginea

Monotropa uniflora L.

Phyllcdoce empetriformis (Sw.) D. Den
Phyllodoce granduliflora (Hook.) Colville
Pterospora andromedea Nutt,

Pyrcla asarifolia Michx.

Pyrola dentata Smith

Pyrola picta Smith

Pyrola secunda L. var. secunda

Pyrola uniflora L.

Pyrola virens Schweigg.

Rhododendron albiflorum Hock.

Vaceinium alaskense Howell

Vaceginium caespitosum Michx.

Vaccinium deliciosum Piper

Vaccinium membranaceum Dougl. ex Hook.

Vaccinium ovalifolium Smith

Vaccinium rarvifolium Smith

PRIMULACEAE

Dodecatheon conjugens Greene

Trientalis arctica Fisch. ex Hook.

Trientalis latifolia Hook.

3,4
12,5

2,3

2,6

2,3,4
1,2,3
1,2,3%,6
1,5

3.4

1,5
1l2,3

1’2
34
1’2

324
2,3,4
1,2
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GENTIANACEAE
Gentiana calycosa Griseb, var. asepala (Maguire) C. L. Hitche. 4
Gentiana amarella L. 2
MENYANTEACEAR
Menyanthes frifoliata L. 1
APOCYNACEAE
; Avocynum androsaemifolium L. 1
POLENMONIACEAE
Collomia grandiflora Dougl. ex Lindl. 1
Collomia heterophylla Hook. 1
Collomia linearis Nutt., ' 1,2
Micresteris gracilis (Hook.) Greene var. gracilis 1,2
Phlox diffusa Benth. var. longistylis (Wherry) Peck 3,4
Polemonium pulcherrimum Hook. var. pulcherrimum 3
HYDROPHYLLACEAE

Hydrophvllium fendleri (Gray) Heller var. albifrons Heller

Hacbr. 2,%,4
Nemophila parviflora Dougl. ex Benth var. parviflora 1
Phacelia hastata Dougl. ex lLehm var. leptosepala (Rydb.)
S T VR T PR ) Cronq. 3
Phéceiié ﬁéteréphjiia Puréh var: heterophylla 354,5,6
Phacelia nemoralis Greene 1,2,3
Phacelia sericea (Grah.) Gray var. sericea 3
Rormanzoffia sitchensis Bong. 3,4

BORAGINACEAE

Cryptantha ambigua (Gray) Greerne

Mertensiana paniculata (Ait.) G. Don
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LABTATEAE
Galeopsis tetrahit L. 1
Mentha arvensis L. var. glabrata (Benth.) Fern. 1
Prunella vulgaris L. ‘ 1,2,3
Scutellaria laterifilora L. 1,5
Stachys cooleyae Heller 1,2,3
SCROPHULARIACEAE
Castilleia elmeri Fern. 243
Castilleja hisgpida Benth. var. hispida 3
Castilleda miniata Dougl. ex Hook. 1,2,3,4,5
Castilleia parviflora Bong. var. albida (Penn.) Ownbey 3,4
Cagtilleia rupicola Piper 3
Collinsia parviflora Lindl. A 1
*igitalis purmurea L. 1
Mimulus alsinoides Dougl. ex Benth 1
Mimulus guttatus DC. var. guttatus _ : 1
Mimulus lewisii Pursh 2,3,4,5,6
Mimilus moschatus Dougl. - 1,4
Mimulus tilingii Regel var. caesvitosus (Greene) Grant 3,4
Pedicularis bracteoga Benth. var, latifolia (Pennel) Crong. 3,4
Pedicularia contorta Benth. var. contorta 3
Pedicularis groenlandica Retz. : 5.4
Pedicularis ornithorhvnea Benth. S - 4
Pedicularis racemosa Dougl. ex Hook. var. racemosa 2,3
Penstemon confertus Dougl. 3
Penstemon davidsonii Greene var. menziesii (Keck) Crong. 3
Penstemon fruticosus (Pursh) Greene var. fruticosus 3
Penstemon procerus Dougl., ex R. Grah. var. tolmiei {Hook) Crong. 3
Penstemon serrulatus Menzies ex Smith 1,2,3,4,5,6
Verbascum blattaria L. ' 1
Veronica cusickii Gray 3,4
Veronica scutellata L. 1
Vercnica serpyllifolia L. - 1
Veronica wormskijoldii Roem. & Schult, 3.4
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OROBANCHACEAE

Orobanche ﬁnif;pra L. var. minuta (Suksd.) Beck

Orobanche uniflora L. var. purpurea (Heller) Achey

LENTIBULARIACEAE
Pinguicula vulearis L.
PLANTAGINACEAE
*Piantago lanceolata L.
*Plantago major L.

RUBIACEAE

Galium avparine L.

Galium biflorum Wats.

Galium boreale L.

Galiym trifidum L.
Galium triflorum Michx.
Kelloggia galicides Torr.

CAPRIFOLIACEAE

Linnaea borealis L. var. longiflora Torr.

Lonicera ¢iliosa (Pursh) IC.

Lonicera involucrata (Rich.) Banks ex Spreng.

Lonicera utahensis Wats.

Sambucus racemosa L. var. arborescens (T. & G.) ex Gray

Sambucus cerulea Raf.

Symphoricarpos albus (L.) Blake var. laevigatus (Fern.)
Blake

Viburnum edule (Michx.) Raf.

VALERIANACEAE

Valeriana sitchensis Bong.

CAMPANULACEAR

Canpanula rotundifolia L.

Triodanis perfoliata (L.) Nieuwl.

1,2
1,2

3,4

1,2,3

1,2

1,2,3,4

1,2,5
1,6

1,2,4

1’2’3!516

3,4

1,2,3,4
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COMPOSITAE
Achillea millefolium L. ssp. lanulosa (Nutt.) Piper
' var. lanuleosa 1,2
Achillea millefolium L. ssp. lanulosa (Nutt.) Piper
var. avicola (Rydb.) Garrett 3
Adenocaulon bhicolor Hock. 1,2,4,5,6
Agoseris aurantiaca (Hook.) Greene var. aurantiaca 2.4
Agoseris elata (Mutt.) Greene 3
Agoseris glauca {Pursh) Raf. var. dasycephala (P. & G.) Jeps. 3.4
Anachalis margaritacea (L.) B. & H. 1,2,3,4
Antennaria alpina (L.} Gaertn. var. media {(Greene) Jeps. 3
Antennaria lanata (Hook.) Greene 3,4
Antennaria neglecta Greene 3
Antennaria racemosa Hook. 6
Antennaria rosea Greene Co 4,5,6
Antennaria umbrinella Rydb. : 3
Anthemis arvensia L. ' 1
Arctium minus (Hill) Bernh. 1
Arnica amplexicaulis Nutt. ‘ T 3,4
Arnica latifolia Bong. var. graciliS‘(Rydb.) Crong. T.243
Arnica latifolia Bong. var. latifolia : 2,3,4
Arnica mollis Hook. : 3.4
Arnica parryi Gray 3.4
Arnica rydbergii Greene 3
Artemisia absinthium L. | 1
Artemisia ludoviciana Nutt, var. latiloba Nutt. | 3
Artemisia norvegica Fries var. sazatilis (Bess.) Jeps, 3
Artemisia suksdorfii Piper 1,6
Artemisia tilesii Ledeb.
Artemisia trifurcata Steph. ex Spreng. 3
Aster engelmannii (Eat.) Gray 3,4
Aster foliaceus Lindl. wvar. folizceus 3,4
Aster modestus Lindl. 3,5
Aster gibiricus L. var. meritus (A. Nels.) Raup. 3

Aster subspicatus Nees var. subspicatus 1,2
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*Chrysanthemum leucanthesum L.

*C{rsium arvense (L.) Scop. var. horridum Wimm. & Grab.

Cirsium edule Nutt.

*Cirsium vulgare (Savi) Airy-Shaw

Crepis atrabarba Heller ssp. atrabarba

Crepis barbigera Leib.

Crepis capillaris {(L.) Wallr.

Erigeron

acris L. var. debilis Gray

annuus (L.) Pers.

Erigeron

aursus Greene

Erigeron

Erigeron

compositus Pursh var. glabratug Macoun

Erigeron

leibergii Piper

Erigeron

peregrinus (Pursh) Greene ssp. gallianthemus (Greene)

Erigeron

Crong. var. angustifolius. (Gray).Crong.

peregrinus (Pursh) Greene ssp. callianthemus (Greene)

Erigeron

Crong. var. scaposus (T. & G.) Crong.

rhiladelphicus L.

Eriophyllum lanatum (Pursh) Forbes var. lanatum

Gnaphalium microcephalum Nutt. var. thermale (E. Nels.) Crong.

Grnaphalium palustre Nutt.

Gnaphalium purpureum L. var. puroureum

Gnavhalium uliginosum L.

Havoplopappus lyallii Gray

Hieracium albiflorum Hock.

Hieracium cynoglosscides Arv.-~-Touv.

Hieracium gracile Hook.

Hypochaeris radicata L.

Lactuca serriola L.

Iuina hypoleuca Benth.

Madia citriodora (reene

Madia glomerata Hook.

Madia gracilis (Smith) Keck

Peatagites frigidus (L.) Fries var. palmatus (Ait.) Crong.

Preranthes alata (Hook.) D. Dietr.

Senecio fremontii T. & G.

Senecio integerrimus Nutt. var. exaltatus {Nutt.) Crong.

WM e 2 G B 0N OV Bt e e
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Senecio pgeudaureus Rydb.

Senecio sylvaticus L.

Senecio triangularis Hook.

Solidago canadensis L. var. salebrosa (Piper) Jones

Solidago multiradiata Ait. var, scopulorum Gray

Taraxacum ceratochorum (Ledeb.) IX.

Taraxacum officinale Weber

3,4
1,2,3’6



Mosses

SPHEAGNACEAE

Schagnum gilrgenschnii Russow

Sphaenum teres (Schimp.) Angstr,

ANDREAFACEAE

Andreaea blyttii B.S.G.

Andreaea nivalis Hook.

Andrezea rothii Web, & Mohr var., crassinervia

TETRAPHIDACEAR

Tetravhlis pellucida Hedw.

ITRICHACEAE

Ceratodon pursureus (Hedw.) Brid.

Ditrichun montanum Leib.

DICRANACEAE

Arctoa starkei (Web. & Mohr) Hoeski

Dicranella heteromalla (Hedw.) Schimp

Dicranoweisia cirrata (Hedw.) Lindb.

Dicranoweisia conternina Ren., & Card.

Dicranoweisia crispula (E@dw.) Lirdb. var. contermina

Grout {Ren. & Card.)

icranum bonijeani De Hot

Dieranum fuscescens Turn.

Picranum howellii Ren. & Card.

Dicranum pallidisetum (Bailey) Irel.

Dicranum scoparium Hedw.

POLYTRICHACEAE
Oligotrichun aligerum Mitt.

Olizotrichum varallelum (Mitt.) Kindd,

Pegonatum zlvinum (Hedw.) KBhl var. alpinum

L e Y.
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Pogonatun alvipum (Zedw.) RBnl var. septentrionale

Pogonatum contorturm (Schwaegr.) Sull.

Pogonatum wrigernun {Hedw.) Beauv.

Polvtrichadelphus 1+wallii Hitt.

Polyvtrichun commune Hedw.

Polytrichum juniverinum Hedw.

Polvtrichur norvegicum Hedw.

Polvirichum viliferim Hedw.

Polvtrichum sexanguliare Brid.

BUYBAUMIACEAE
Buxbaunia viperi Best
TRICHOSTOMEAE
Welssizs controversa Hedw.
POTTIEAR

Tortula norvegica {Web.) Wahlenb. ex Lindb.

GRIFITIACEAE

Grimmia alpestris {Web. & Mohr) Schleich

Rhacomitrium aguatioun {P. Beauv.) Brid.

Rhacomitrium aviculare 3rid.

(Brid.} Brid.

Rhacomitrium canescsns Brid. var. evilosum (H. Muell.) Milde

Rhacomitrium canescens Brid. var. ericoides (Brid.) B.S.G.

Rhacomitrium hetercstichunm {(Hedw.) Brid.

Rhacomitrium sudeti-um (Funck) B.S.G.

Rhacomitrium sudetizum (Funck) B.S.G. var. sudeticum

f. hevipes {(Kindb.)

. s ——

Rhacoritrium variu- (Mitt.) Lesq. & James

Scouleria acuatica Zook.

QRTECTRICHACEAE

Amppidiun califormizun (Hampe) Broth.

Ulota megalospora Vant.

e
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Timmia austriaca Hedw.

AULACOMNIACEAR

Aulacomnium androgynum Schwaegr.

Aulacomnium valustre {Hedw.) Schwaegr.

BARTRANIACEAE

Bartramia ithyohylla Brid.

Pnilonotis fontana {Hedw.) Brid. var. pumila Brid.

PF R

BRYACEAE

Bryunm creberrimum Tayl.

Bryum cvelaohyllum {Schwaegr.) RB.S.G.

Bryum sanchergii Holsz,
Pohnliz cardotii (Ren.) Broth.
Pohlia eruda (Hedw.) Lindb.

Ponlia drummendii (C. Mi1l.) Andr.

Pohliz nutans (Hedw.) Lindb,

MNIACEA

e}

Mnium insigne HNitt,

Vnium lvcopcdicides Schwaegr.

Mnium marginatum (With.) P. Bezuv.

Prnium nudusn Williams

Vnium punctatum Hedw.

Mnium venustum Miti.

HYPNACEAE

Brachvthecium asperrimun (Hitt.) Sull.

Brachythecium collinum (C. Mf11.) B.S.G.

Brachythecium starkei (Brid.) B.5.G. var. explanatiem

{Brid.) Moeuk.

Brachvthecium velutinum (Hedw.) B.3.G.

$alliergonella cuspidata (Brid.) Loeske

Drevanocladus aduncus (Hedw.) Warnst.
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Drepancecladus fluifans (Hedw.) Warnst.

Drepanocladus uncinatus (Hedw.) Warnst.

Furhynchium orsganum (Sull.) Jaeg.

Eurhynchium stokesii (Turn.) B.S.G.

Homalothecium nuttallii (Wils.) Jaeg.

Hyerohyonun ochraceun (Wils.) Loeske

Hylocomium solendens (Hedw.) B.S.G.

Hypnum circinale Hook.

Hyonum dieckii Ren. & Card.

Hyonum subimuonens Lesq.

Placiothecium denticulatunm {Hedw.) B.S.G.

Plagiothecium viliferum (Harim.) B.S.G.

Plagicthecium undulatun (Hedw.) B.S.G.

Rhvtidiadelvhus loreus {Hedw.) Warnst.

-

Rhytidiadelohus sguarrosus (Hedw.) Warnst.

Rhvitidiadelphus triguetrus {Hedw.) Warnst.

Rhvtidicpsis robusta (Hook.) Broth.

LESKEACEAE

Claovodium bolanderi Best

Claopodiun crispifeliuc (Hook.) Ren. & Card.

Heterccladium heteropteroides Best

Lescurzea baileyi (Best & Grout) Lawt.

Lescuraea patens (Lindb.) Arn. & Jeﬁs

Lescuraesa radicosa (Mitt.) Hoeuk.

Lescuraea saviana (De Not.) Lawt,

CRYPHARACEAE

Antitrichia curtipendula {Hedw.) Brid.

PTILIDIACEAS

Blepharostoma ‘richophvlium (L.) Dumort.

Ptilidium californicum (Aust.) U. & C.

P+ilidium pulcherrimun (Wedb.) Hampe

f]
-
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LEPIDCZIACEAD

Bazzania denudata (Torr.) Trev.

CALYPCGETIACEAE

Calvporeia trichomanis {L.) Corda

CEPHALOZIACEAE

Cechalozia bicuspidata {L.) Dumont.

Cerhalozia lammersians Spruce

Cevhalozia media Lindb.

Cevhalozia pleniceps {Aust.) Lindb.

JUNGERMANNIACEAR

Lovhozia incisa {Schrad.) Duncrt.

Loohozia porvhyroleuca (Nees) Schiffn.

Plectocolea obovata (Nees) Mitt.

Plectocolea rubra (Gottsche) Evans

HARPANTHACEAL

Loohocolea bidentata (L.) Dumort.

PLAGICCHILACEAE

Plagiochila asvlenicdes (L.) Dumort.

SCAPANTACEAE

. . ’
Divlochvlium albicans (L.) Dumort,

Dinlozhyllum ovatum Steph.

Diplovhyllum taxifolium (Wahlenb.} Dumort.

Scapania anericana XK. [Hll.

Scapania bolanderi Aust.

Scanania dentata Dunort.

Scanania oakesii Aust,

Scarzania undulata (L.) Dumort.

PORELLACEAL

Porella navicularis (L. & L.} Lindb.

Porells roellii Steph.

DV S
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FRULLANIACEAZR

Prullania nisguallensis Sull.

PELLIACEAR
Pellia epiphylla (L.) Corda
BLASIACEAE
Blasiz pusilla L.
¥ETZGERIACEAE

Metzeeris conjugata Lindb.

Fetzgeris pubescens (Schrank) Raddi

RICCARDIACEAE

Riccardia rmltifida {(L.) S. F. Gray

FARCHAITIACEAR

Asterella ludwigii (Schw.) Underw.

Herechantia pelyvmorphia L.
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Lichens

DERMATCCARPACEAR

Dermatocarpon miniatum (L.) Mann

SPHAEROPHCRACEAE

Sphaerovhorus globus {Huds.) Wainie

GYALECTACEAR

Microphiale lutea (Dicks.) Zahlbr,

COLLEMACEAR

Leptogium lichenoides (L.) Zahlbr.

STICTACEAE

Lobaria oregana (Tuck.) Muil.

Lobaria verrucosa (Huds.) Hoffm.

PELTIGERACZAE

Solorina crocea (L.) Ach.

Solorina saccata (L.) Ach.

Nevhroma laevigatum Ach.

Peltigera aphthosa (L.) Willd. var. typica
Peltigera canirna (L.) Willd.

Peltigera canina {L.) Willd. var., soura (Ach.) Schaer.
f. gorediata S3chaer.

Peltigera mebranacea (Ach.) Nyl.

A
Peltigera polydactyla (Neck.) Hoffm.
Peltigera scutata (Dicks.) Duby

LECIDEACEAE

Lecidea albocaerulescens (Wulf.) Ach. var. flavocaerulescens
(Hornem.) Schaer.

Lecidea arctica Somrft.

Lecidea contizua (Sm.) Frizs
Lecidea cyanea (Ach.) RBhl.
Lecidea granulosa (Ehrh.) Ach.

11213

1,2,3

1!2’3

1,23

(VIS N S Y Y |
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mg_gg_ lapicida Ach. 3
m_‘g}_a_stus alpinus (Fr) Kernat. 1,2
foninia ruginosa (Muck.) Herre 5

CLADONIACEAE
pilochoron cereolus (4ch.) Th. Fr. 1
Clzdonia chlorovhaea (Flk.) Spreng. 1,2,3
gladonia ccccifera (L.) willd. 1,2,3
clasdonia gracilis {(L.) Wwilld. 1,2,3%
g_l_adonia macrophyllodes Nyl. e =
Cladonia mitis Sandst. ‘ - 3
cladonia subsauamosa {(Nyl.) Wainio 1
Sterecocaulon albicans Th. Fr. 3
Steraocaulon alpinum Laur. 3
teraccaulon alpinum Laur. var. alpinum {la=>. T=—-. 3
Stereccaulon depudatun Flk. 3
Stereocaulon tomentosum Fries 1
UMBILICARIACEAE
Uzbilicaria erosa (Web.) Ach. 1,2,3
ACAROSPORACEAE
diatorella testudinea (Ach.)-Mass. 3
LECANCRACEAE
Lecanora alpina Somrft. 2,3
Lecanora calcarea (L.) Somrft. 1,2,3
Lecanora laevata {Ach.)} Nyl. 2,3
Ochrolechia pallescens (L.) Mass. 1
Icmadovhila ericetorum (L.) Zahlbr. 1
PARMELJACEAE
Parmeliopsis diffusa (Web.) Riddle 3
!3;“52;}__@_ enteromorpha Ach.’ 1,2,3
Farzelia levidiota (Swartz) MUll. Arg. 5

Parselia multispora Schneid. 2
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Parmelia pannariiformis (Nyl.) Wainio

Parmelia pubescens (L.) Wainio
Parmelia vittata (Ach.) R8hl

Cetraria arborialis (Merrill) Howard

Cetraria glauca (L.) Ach.
Cetraria islandica (L.) Ach.

Cetraria tuckermani Herre

USHEACEAE

Letharia vulpina (L.) Hue
Alectoria fremontii Tuck.
Alectoria ochroleuca (Ehrh.) Nyl.

Alectoria sarmentosa Ach.

Cornicularia tenuissimpa (L.) Zahlbr.

CALOPLACACEAE

Calovlaca jungermanniae (Vahl.)'Th.-Fr.

TELOSCHISTACEAE

Xanthoria polvearpa (Hoffm.) Cliv.

BUELLIACEAE

Rinodina orbata (Ach.) Wainio

3,5
1,2

1,2,3

1,2,3

1,2,3

1’2l3
112’3
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Ornitholo

Introcduction

The zvifauna of the North Cascades has received very iittle atten-
tien. The reports of species occurring in the area have been compiled
by bird students and collectors over a peried of about 120 years. George
Gibbs, a geologist with the Intermational Boundary Cocmission, was prob-
ably the first collector (1859a186l) within the North Cascades Complex
(Jewett, 1653). Dr. C. B. R. Kennerly, also with the Commission, col-
lected within or near the northern boundaries of the complex during 1860
(Baker, 1900). Allan Brooks, probably the rmost avid collector in the
North Cascades, made many trips tc the area from 1887 to 1300 {Brooks,
1917, 1620, 1922). Early collectors in or near the Lake Chelan National
Recreation Area were W. L. Dawson (1901), J. H. Bowles {1208}, and F. R.
Decker (192%).

Ho scientific studies, other than reconnaissance trips, have been
undertaken in the FNorth Cascades. Many heipiul references to studies
of Forth Cascades specles appearing in other locations may be found in
Jewett (195%).

The following bird checklist is based chiefly on the specimens
cited in Jewett (1953). Viore recent information gathered from other
sources has provided additional specimens. The species listed include
sightings or collections made in or within approximately 15 wiles of the
complex. Nomenclature (and rmuch of the habitat infcrmation) follows
the treatment by Larrison and Sonnenberg (1968). The classification is

from Jewett {1953).
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The checklist has been separated infto two sections. The first,
regular species, includes only seasonal or permanent residents who may
be of importance to the environment of the eccsystem. The second sec-
tion includes accidental and hypothetical species. Accidental species
are defined here as rare species or migranis who have 1litile effect on
the environment. Hypothetical species are those which have never been
seen in the North Cascades, but since the habitat fulfills their require-
ments, or their migration flyway is near the area, future sightings of
these birds can be expected.

In both sections of the checklist the species have been arranged by
families. In the regular species section a numerical designation of
the most common habitat(s) in which the species is found is provided.

In the second section hypothetical species have been designated by an
asterisk while the accidental species have numbers dencting the habitat
in which they were sighted or collected.

The avifauna habitats are medified from those forest types and
zones described in the ecology section of this survey and are as follows:

1. Western Hemlock Forest Type (streams and lakes)

2. Western Hemlock Forest Type (forests)

3. Pacific Silver Fir Forest Type (streams and lakes)

4. Pacific Silver Fir Forest Type (forests)

5. Subalpine - Alpine Zones

6. Bngelmann Spruce - Alpine Fir Forest Type (streams and lakes)
7. Engelmann Spruce - Alpine Fir Forest Type (forests)

8. Grand Pir - Douglas-Fir Forest Type {strears and lakes)

9. Grand Fir - Douglas-Fir Forest Type (forests)
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Bird Checklist

Regular Species
GAVIDAE
Gavia immer (Brunnich) Common Loon 1
COLYMBIDAE
Aechmorshorus occidentalis (lawrence ) Western Grebe 1,8
ARDEIDAE
Ardea herodias Linnaeus Great Blue Heron 1,3,8
ANATIDAE
Anas platyrhynchos Linnaeus Common Mallard ' 1,8
hnas carolinensis Gmelin Green-winged Teal . 1,8
¥areca americana (Gmelin) American Widgeon 1
Avthva mparila (Linnaeus) Greater Scaup 1
Aythva affinis (Eyton) Lesser Scaup , 1
Histrionicus histrionicus (linnaeus) Harlequin Duck 1,3
ACCIPRIDAE
Accipiter gentilis {Linnaeus) Goshawk - 2,4,5,7,9
Accipiter striatus Vieillot Sharp-shinned Hawk 1,3,5,7,9
Aceipiter cogperii (Bonaparte) Cooper's Hawk 1,3,5,7,9
Buteo jamaicensis (Gmelin) Red-tailed Hawk 2,5,9
Buteo swainsoni Bonaparte Swainson's Hawk 5
Aquila chrvsaetos {lLinnaeus] Golden Eagle 5
Haliaeetus leucocephalus (Linnaeus) Bald Eagle ' 1
PANDICHIDAE
Pandion halisetus (Linnaeus) QOsprey _ 1
FALCONIDAE
Palco sparverius Linnaeus Sparrow Hawk 1,5,9
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TETRACHIDAE

Dendragapus obscurus (Say) Blue Grouse

Canachites canafensis (Linnaeus) Spruce Grouse

Bonasa umbellus (Linnaeus) Ruffed Grouse

Lagovpus leucurus {Richardson) White-tailed Ptarmigan

PHASTANIDAE

Phasianus cclchicus Linnaeus Ring-necked Pheasant

RALLIDAE

Rallus limicola Vieillot Virginia Rail

Fulica americana Gmelin American Coot

CHARADRIIDAE

Charadrius vociferus Linnaeus Killdeer
SCOLOPACIDAR

Capella gallinago (Linnaeus) Common Snipe

Actitis macularia (Linnaeus) Spotted Sandpiper

Tringa solitaria Wilscn Solitary Sandpiper

LARIDAE

Larus glaucescens Naumann Glaucus-winged Gull

COLUMBIDAE

Columba fasciata Say Band-tailed Pigeon

STRIGIDAE

Otus a2sio (Linnaeus) Screech Owl

Bubo virginianus (Gmelin) Great Horned Owl

Surnia ulula (Linnaeus) Hawk-owl

Glaucidium gnoma Wagler Pygmy Owl
Strix occidentalis (Xantus) Spotted Owl

Aegolius acadius {Gmelin) Saw-whet Owl

CAPRIMULGIDAZ

Chordeiles mincr (Forster) Common Nighthawk

2,4,5,7,9
2,4,5
1,2

1,2,8,9

1,345
1,3

2,4,5

2,4
2,4,7,9
8
2,4,7,9
1,2,3,4
2,4,5,7,9

1,5,7,9
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APCDIDAE

Cypseloides niger (Gmelin) Black Swift

Chaetura vauxi (J. K. Townsend) Vaux's Swift

TROCHILIDAE

Selasphorus rufus {Gmelin) Rufous Husmmingbird

Steilula calliope (Gould) Calliope Hummingbird

ALCEDINIDAE

Megaceryle alcyon Linnaeus Belted Kingfisher

PICIDAE

Colavtes cafer (Gmelin) Red-shafted Flicker

Dryccopus pileatus (Linnaeus) Pileated Woodpecker

Asyndesmus lewls (Gray) l.ewis Woodpecker

Schyracicus varius (Linnaeus) Yellow-bellied Sapsucker

Dendroconos villosus {Linnaeus) Hairy Woodpecker

Dendroccocs pubescens {Linnaeus) Downy Woodpecker

Picoides tridactylué'(Linnaeus) Northern Three-toed
Woodpecker

TYRANNIDAE

Empidenax traillii {Audubon) Traill's Flycatcher

Empidonax hammondil (Xantus) Harmond's Flycatcher

Empidonax difficilis Baird Western Flycatcher

Contopus sordidulus Linnaeus Western Wood Peewee

Nuttallornis borealis (Swainsen) Olive-sided Flycatcher

ALAUDIDAE

Eremochila alpestris {Linnaeus) BHorned Lark

HIRUNDINIDAE

Tachyeineta thalsssina (Swainson) Viclet-green Swallow

Iridoprocne bicolcr (Vieillot) Tree Swallow

Petrochelidon pyrrhonota (Vieillot) Cliff Swallow

1,3,4,5
l|2:314;6’8

2,4,5
5,7,9

2,4,5,7,9
2,4,7,9

2

1,2,8,9
2,4,7,9

1

132’314!7’9

1,3
2,4,7,9

2
2,4,7,8,9
4,5,7,9
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CORVIDAE

Perisoreus canadensis (Linnaeus) GCray Jay

Cvanocitta stelleri (Gmelin) Steller's Jay

Corvus corax Linnaeus Common Raven

Corvug brachyrhynehos Brehm Common Crow

Nucifraga columbiana (Wilson) Clark's Nutcracker

PARIDAE

Parus atricapillus Lirnaeus Black-capped Chickadee

Parus gambeli Ridgway Mountain Chickadee

Parus rufescens J. K. Townsend Chestnut-backed Chickadee

SITTIDAE

Sitta canadensis Linnaeus Red-breasted Huthatch

CERTHIDAE

Certhia familaris Linnaeus Brown Creeper

CINCLIDAE

Cinclus mexicanus Swainson Dipper

TROGLODITIDAE

Troglodvies troglodvies (Linnaeus) ¥inter Wren

Telmatodytes palustris (Wilson) Long-billed Marsh Wren

TURDIDAE

Turdus migratorius Linnaeus Robin

Ixoreus naevius (Gmelin) Varied Thrush

Hylocichla guttata {Pallas) Hermit Thrush
Hylocichla ustulata {Nuttall) Swainson's Thrush

Sialia mexicana Swainson Western Bluebird

Sialia currucoides (RBechstein) Mountain Bluebird

Mvadestes fownsendi (Audubon) Townsend's Solitaire

RaGULIDAR

Regulus satrana Lichtenstein Golden-crowned Kinglet

Regulus calendula (Linnaeus) Ruby-crowned Kinglet

4,5,7,9
2,4
2,4,5,7,9

5,7,9
1,2,3

2,4,5,7,9

2’4!5l7’9

1,3,5,6,8

2!417’9

1,3,5,7,9
2,4,7,9
4,5,7,9
2,4

9

5,7,9
4,5,7,9

2,4,7,9
7,9
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MOTACILLIDAE

Anthus gpinoletta (Linnaeus) Water Pipit
BOMBYCILLIDAE

Bombycilla cedrorum Vieillot Cedar Waxwing

STURNIDAE

Sturnus vulgaris Linnaeus Starling

VIREQNIDAE

Vireo olivaceus (Linnaeus) Red-eyed Vireo

Vireo gilvus {Vieillot) Warbling Vireo

PARULIDAE

Vermivora celata (Say} Orange-crowned Warbler

Dendroica petechia (Linnaeus) Yellow Warbler

Dendroica coronata (Linnaeus) Myrtle Warbler

Dendroica auduboni (Townsend) Auduben’s Warbler

Dendroica nigrescens (Townsend) Black-throated Gray Warbler

Dendroica towngsendi (Townsend) Townsend's Warbler

Oporornis tolmiei (Townsend) Macgillivray's Warbler

Geothlypis trichas {Linnaeus) Yellowthroat

Wilsonia pusilla (Wilson) Wilson's Warbler

ICTERIDAE

Buchagus cyanocephalus (Wagler) Brewer's Blackbird
Molothrus ater (Bcddaert) Brown~headed Cowbird"

THRAUPIDAE

Piranga ludoviciana (Wilson) Western Tanager
& g

FRINGILLIDAE

Pheucticus melanocephalus (Swainson) Black-headed Grosbeak

Hesperiphona vesvertina (W. Cooper) Evening Grosbeak

Carpodacus cassinii Baird Cassin's Finch

Leucosticte tephrocotus {Swainson) Gray-crowned Rosy Finch

Spinus pinus (Wilson) Pine Siskin

1,8

1,8
2,4,9

1,3,7,9

1

2

1,5,7

1

2,4,5,9
1,3,5,7,9
1,8
2,4,5,7,9

2’415l7!9

7,8
4,5,7,%

2,4,5,7,9



Lexia curvirostra Linnaeus Red Crossbill

Pipile erythrophthalmus Bell ERufrus-sided Towhee

JUNCO Oreganus (Townsend) Oregon Junco

Spizella pascerina {Bechstein) Chipping Sparrow

Melosciza melodia (Wilson) Son Szarrow

Passerella iliaca (Kerrem) Fox Sparrow

Zonotrichia leucoshrys (Forster) ¥hite-crowned Sparrow

Accidental and Hypothetical Species
]

COLY:BIDAE

Podicens grisegensa Boddaert Red-necked Grebe

Podilvymbus podicens (Linnaeus) Fizd-biiled Grebe

ARD=IDAE

Botaurus lentizinosus (Montagu) 4merican Bittern

ANATIDAR

Dlor columbianus (Ord) whistling Swan

Branta canadensis (Linnaeus) Canzia Goose

Anas scuta Linnaeus Pintail

Aix svorsa (Linnaeus) Wood Duck

Avihya americana (Eyﬁon) Redhead

Avthya'collaris (Donovan) Ring-recked Duck

Aythva valisineria (Wilson) Canvasback

Bucevhala islandica {(Gmelin) Barrow's Goldeneye

Melanitta deglandi (Bonaparte) White-winged Scoter

Lophodytes cucullatus (Linnaeus) Hooded Xerganser

Mergug merganser Linnaeus Common Herganser

Merzus serrator Linnaeus Red-brezsted Merganser

* Hypothetical species

2,4,5,7,9
1
1,2,4,7,9
2,4,5,7,9
1
5
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ACCIPITRIDAE

Cathartes aura {Linnaeus) Turkey Vulture

Buteo lagopus (Pontoppidan) Rough-legged Hawk

Circus cvaneus {Linnaeus) Marsh Hawk

FALCONIDAE

Falco peregrinus Tunstall Peregrine Falcon

Falco columbarius Linnaeus Pigeon Hawk

PHASIANIDAE

Lothortvx califernica {(Shaw) Califcrnia Quail

Oreortvx nictus (Douglas) Wountain Quail

GRUIDAE

Grus caradensis (Linnaeus) Sandhill Crane

SCOLOPACIDAE

Totanus melanoleucus (Gmelin) Greafer Yellowlegs

Erclia bairdii (Coues) Baird's Sandpiper

PHALARCPCDIDAE

Stecanopus triceolor Vieillet Wilson Phalerope

LARIDAR

Larus argentatus Pontoppidan Herring Gull

Larus californicus Lawrence California Gull
Larus delzwarensis Ord Ring-billed Gull

Larus canus Linnaeus Mew Gull

Larus vhiladelohiz (Ord) Bonaparte's Gull

AICIDAE

Brachyramphus marmoratum {Gmelin) HMarbled Murrelet

COLUMBIDAE

Zenaidura macroura (Linnaeus) Mourning Dove

TYTONIDAE

Tyto alba {Scopoli) Barn Owl
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STRIGIDAE

Strix nebulosa Forster Great Gray Owl

Asio flammeus (Pontoppidan) Short-eared Owl

APODIDAE

Aercnautes saxatilis (Woodhouse) White-throated Swift

PICIDAE

Picoides arcticus (Swainson) Black-backed Three-tced Woodpecker

TYRANRIDAE

Tyrannus verticalis Say Western Kingbird

Empidonax oberholseri Phillips Dusky Flycatcher

HIRUNDINIDAE

telgidovteryx ruficollis (Vieillot) Rough-winged Swallow

Hirundo rustica Linnaeus Barn Swallow

CORVIDAE
Pica pica (Linnaeus) Black-billed Magpie
PARIDAE

farus hudsonicus Forster Boreal Chickadee

Psaltriparus minimus (J. K. Townsend) Common Bushtit

SITTIDAE

Sitta carclinensis latham White-breasted Huthatch

TROGLODYTIDAE

Tarvomanes bewickii (Audubon) Bewick's Wren .

MIMIDAR

Dumetella carolinensis (Linnaeus) Catbird

BOMBYCILLIDAE

Bombyeilla garrula (Linnaeus) Bohemian Waxwing

LANIIDAE

Lanius excubitor Linnaeus Northern Shrike
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VIREONIDAE

Vireo solitarius (Wilson) Solitary Vireo

PARULIDAE

Vermivora ruficapilla (Wilson) Nashville Warbler

Dendroica occidentalis (Townsend) Hermit Warbler

Setonhaga ruticella (Linnaeus) American Redstart
PLOCEIDAE

Passer domesticus (Linnaeus) House Sparrow

ICTERIDAE

Sturnelila neglecta Audubon Western Meadowlark

Azelaius phoeniceus {Linnaeus) Redwing

FRINGILLIDAK

Pinicola enuncleator (Linnaeus) Pine Grosbeak

Carvedacus purpureus (Gmelin) Purple Finch

Carpcdacus mexicanus {P. L. S. Miller) House Finch

Spinus tristis (Linnaeus) American Goldfinch

Loxia leucoptera (Cmelin) White-winged Crossbill

Junco hysmalis (Linnaeus} Slate-colored Junco

Passerculus sandwichensis {Gmelin) Savannah Sparrow

Spizella arborea (Wilson) Tree Sparrow

Spizella breweri Cassin Brewer's Sparrow

Zonotrichia queyula (Wuttall) Harris' Sparrow

Zonotrichia atricapilla (Gmelin) Golden-crowned Sparrow

Zonotrichia albicollis (Gmelin) White-throated Sparrow

Melosoviza lincolnii (Audubon) Lincoln's Sparrow

5,8

* O %k N %

*



Mammology

Introduction

Because of the great topographic variety in the North Cascades
and the resultant numerous habitats, a diverse mammalian fauna exiasts.
Although there are many references to the study of these mammals in
other locations {Dalques%, 1948; Hall and Kelson, 1959), there are none
which apply teo the North Cascades of Washington. Two nearby studies
are relevant and of interest. The first was by Larrison (1946) in the
central Cascades of Washington. He studied three chipmunk species
{Putamias spp.) along a transect that ran both east and west of Sno-
gqualmie Pass. The second study was conducted by Smith (1963, 1965) on
tree squirrels (Tamiaciurus spp.) just north of the North Cascades Com-
plex. More recently,‘an intensive blacktail-mule deer (Qggg spp. )
study has been conducted by the British Columbia Fish and Wildlife Ser-
vice just north of Ross lake (G. A. West, personal communication).
Following ig a brief review of the present statusg of the larger mammals,

1..Deer

Wiéhin the complex two species of deer occur: the blacktail

deer (Dama nemionus columbiana Iﬁichandsod]) and the mule deer

ama hemjonus hemionus !Hafinesque: j. e acktall ranges
(D h hemi [’{ai‘" }) The blacktail

from the western boundaries to the vicinity of Ross lLake and

the Cascade Crest, while the mule deer is generally found east
of the blacktail range. Where the ranges come together most of
the deer are hybrids (G. a. West, personal communication). Deer
may be found from lower elevations at all times of the year up

to the highest meadows during the summer. Populationg are
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abundant in all areas, with the greatest numbers probably oc-
curring within the viciniiy of Ross lake. Canadian studies
covering a four-mile distance just nprth of the border showed
a spring deer population of 457 ¥ 100 and 355 1100 for the
years 1867 and 1968 respectively (G. A. West, personal commun-
ication). West felt that most of these deer spent the summer-
fall pericd in the United States or nearby Manning Provincial
Park, since hunting in the area was guite unsuccessful during
those two years. At the present time the deer population must
be at or below an optimum level since very little sign of deer
damage is seen within the complex.

2. Black Bear |

The black bear (Ursus americanus Pallas) is found in a

variety of haﬁitats throughout the complex. During the winter
the bear hibernates but from spring onward he is frequently
seen. In the fall he may be found from high in the readows,
where he feeds on the berries of Vaccinium spp., down to the
lowland rivers where his diet consistsof spawning salmon (On-
corhynchus spp.) No population figures are availablg but from
the frequent sightings it can be assumed they are abundant
throughout the complex.

3. Mountain Goat

The rugged mountains of the North Cascades provide an ideal

habitat for the mountain goat (Oreamos americanus {Blainville]).
Their sure-footed ability to climb the most precipitous cliffs
protects all but the very young or very old goats from all

redators except man. HMost of the higher mountains within the
E I Fo4
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complex support a goat population, but their numbers are not
known.
Elk

There is no native population of elk (Cervus canadensis

[Erxleheﬁ]) within the complex. On the western boundaries,
however, elk which were originally planted in the Nooksack Riv-
ers area have thrived and the herds are now expanding. Elk
have been sighted on the Cascade River (Jerry Wood, personal
communication) and have alsoc been noted near Baker Lake, These
animals are likely to occur within the complex at the upper
ends of these drainages. East of the Cascade crest elk have
been seen in the Stehekin Valley (Kenney, 1968).

Hoose

The moose (Alce americana shirasi Nelsor) is a non-resident

but often finds his way into the complex. MNcose have been
sighted near the northern end of ﬁoss Lake {¥ary H. Douglas,
personal commnication; Jerry Wood, personal communication)
and also in the Stehekin Valley {Kenney, 1968). Since very
little suitable moose habitat is available in the complex it is
doubtful whether any but a few sporadic "visiting" moose will
be seen.
Grizzl& Bear

A%t one time it was thought that the grizzly bear (gzggg
horribilis Ord) might be extinct in Washington (Dalquest, 1948).
In recent years, however, several have been sighted and one

aninal was shot near Cascade Pass (Roger J. Contor, personal-,
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communication; Jerry Wood, personal communication). The grizzly's
aversion to civilization will probably make this mammal even more scarce
than he is at the present time.

7. Welverine

The wolverine (Gulo luscus lutsus Elliot) is an extremely

s

rare mammal in the North Cascades. Being a boreal species, he
is much more abundant in the Arctic. The wolverine has prob-
ably been rare ever since the retreat of the continental gla-
ciers. Since each anirmal reguires a large boreal-like range,
suitable habitat is insufficient in the ¥orth Cascades to sup-
port an abundant population (Dalquest, 1948). In 1465 I'sighted
a wolverine near the boundary of the complex southeast of Ht.
Shuksan., There have been no other reports to my knowledge with-
in recent years.

8. Timber Wolf

y " N £ .
The present status of the timber wolf (Canis luovus fuscus

Richarﬁsom) in Washington is uncertain. He may be extinct,
although traspers reported a few between Lake Chelan and Ht.
Baker over 20 years ago (Dalquest, 1948).

The mammal checklist which follows 1s based cn the specimens cited
in Dalquest (1948) and Hall and Kelson (1359). The animals listed in-
clude specimens collected in the complex1or within 15 miles of its
boundaries. Nomenclature, with a few modifications, is that of Dalquest

{1948). The classification follows the treatment of Hall and Kelson

(1959).
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The species have been arranged by families of mammalian fauna. The
habitat is numerically designated for each mamral; the numbers are de-
fined as follows.

| 1. Western Hemlcck Forest Type (streams and lakes)
2. Western Hemlock Forest Type (forest)
3, Pacific Silver Fir Forest Type (streums and lakes)
4. Pacific Silver Fir Forest Type (forest)
5. Subalpine -~ Alpine Zones
6. Engelmann Spruce - Alpine Fir Iorest Type (streams and lakes)
7. Engelmann Spruce - Alpine Fir Forest Type (forest)
8. Grand Fir - Douglas-fir Forest Type (streams and lakes)

9. Grand Fir - Douglas-fir Forest Type (forest)




Mammal Checklist

SORICIDAE

Sorex cinereus Kerr Cinerocus Shrew

Serex vagrans Balrd Wandering Shrew

Sorex palustris navigator {Baird) Mountain Water Shrew

Sorex bendirii (Merriam) Bendire Water Shrew

Sorex trowbridgii Baird Trowbridge Shrew
TALPIDAE

Neflrotrichus gibbsii (Baird) Gibb's Shfew-mole

Scaparus townsendii {Bachman) Townsend's mole

Scapanus orarius True Coast Mole

VESPERTILIONIDAE

Myotis lucifugus {Le Conte) Big Myotis

Mvotis yumanensis (H. Allen) Yuma Myotis

Myotis evotis (H. Allen} Long-eared Myotis

Mvotis californicus (Audubon and Bachman) California Myotis

Lasionycteris noctivagans (Le Conte) Silver-haired Bat -

Eptesicus fuscus bernardinus Rhoads Rig Brown-bat

‘Lasiurus borealis teliotis (H. Allen) Red Bat

Lasiurus cinereus cinersus (Beauvois) Hoary Bat

Corynorhinus rafinesquii (Lesson) Long-eared Bat

OCHOTORIDAE

Ochotona princeps (Richardson) Pika

LEPORIDAE

Lepus americanus Erxleben Snowshee Rabbit

APLCDONTIDAE

Aplodontia rufa (Rafinesque} Mountain Beaver

SCIURIDAE

Tamias amgenus Allen Yellow-pine Chipmunk

Futasmias townsendii Bachman Townsend's Chipmunk

2,4
1,3
3,5
1,3
2,4,5

1,3,5

2,4

2,4,5

2,4
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Marmota flaviventris avara (Bangs) Yellow-bellied Karmot

Marmota caligata cascadensis Howell Hoary Marmot

Citellus saturatus (Rhoads) Golden-mantled Ground Squirrel

Tamiasciﬁrus hudsonicus (Erxleben) Red Squirrel

Tamiasciurus douglasii douglasii (Bachm&n) Douglas' Sguirrel

Glaucomys sabrinus (Shaw) Korthern Flying Squirrel

CASTORIDAE

Castor canadensis Kuhl Eeaver

CRICETIDAE

Peromyscus maniculatus {Wagner) Deer Mouse
Neotoma cinerea Ord Bushy-tailed Wocd Rat

Clethricnomys gapperi (Vigors) Gapper Red-backed Mouse

Clethrionomys californicus occidentalis {Merriam)
Western Red-backed Mouse

Phenacomys intermedius Merriam Heather Vole

Microtus townsendii (Bachman) Townsend's Meadow Mouse
Microtus longicaudus {Merriam) Long-tailed Meadow Mouse

Microtus richardsoni {De Kay) Water Rat

Microtus oregoni oregoni (Bachman) Creeping Mouse

Ondatra zibethicus (Linnaeus) Muskrat

Synaptomys borealis wrangeli Merriam Northern Lemming Mouse

Zapus princeps Allen Big Jumping Mouse

ERETHIZONTOIDEA

Erethizon dorsatum {(Linnaeus) Porcupine

CANIDAE

Canis latrans lestes Say Coyote

Canis lupus fuscus Richardson Timber Weolf

Vulpes fulva cascadensis Merriam Red Pox

URSIDAE

Ursus americanus Pallas Black Bear

Ursus horribilis Ord Grizzly Bear

7,9
2,4
2,4

1,3

2,4,5
4,5

2

5

1

2,4,5

5
1,2,3,4,5
1

5
1

2,4

2,4,5

1,2,4
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PROCYCNIDAE
Procyon lotor (Linnaeus) Raccoon 2,4
MUSTELIDAE
Martes americana Merriam Western Marten 4,5
Martes pennanti (Erxleben) Fisher 2,4
Mustela erminea Linnaeus ZErmine 2,4
Mustela frenata Lichtenstein Long-tailed Weasel 2,4
Mustela vison energumenocs (Bangs) MNink 1
Gulo luscus Iuteus Elliot Wolverine 5
Spileogale gracilis Merriam Spotted'Skunk P
Mephitis mephitis {Schreber) Striped Skunk 2
Lutra canadensis (Schreber) River Otter 1
FELIDAE
felis concolor Linnaeus Cougar . 2,4,5
Lynx canadensis canzdensis Kerr Canadian Lynx 5
Lynx rufus {Schreber) Bobeat 2,4
CERVIDAE
Cervus canadensis (Erxleben) Elk 1,2
Alceg alces shirasi Nelson Moose i
Dama hemicnus colurbiana (Richardsen) Black-tailed Deer 2,4,5
Dama hemicnus hemionus (Rafinesque) Fule Deer 7,9
BOVIDAE

Qreamnos americanus (Blainville) Mountain Goat 5




Limology

Introduction

Cne of the greatest assets of the Horth Cascades Complex is the
great nunber of alpine lakes. These glacial cirque lakes, generally
found above 2500 feet, are visited only infreguently by those few who
~manage to penetrate the highly inaccessable areas where the lakes are
located.

Limnological studies have never been undertaken in the Horth Cas-
cades. There is, however, limited data on fish plantings made by the
Washington State Department of Game and vericus high lake fishing groups,
along with scattered reports senit in by high lake fishormen to the Game
Department. These infrequent reports and the lack of research have
resulted in an inadequate alpine lake mansgement progranm. In most
cases the biclogical and chemical properties of the lakes are unknown
and stocking is undertaken only if a lake is barren or becoming depleted.

The fish must adapt t¢ a harsh envircnment, for the high altitudes
ensure that the lakes are frozen for the greater part of the year (see
figure 1% ). Generally the lakes open up in July and remain open till
near the beginning of October. Occasionally, after a winter of excep-
tionally heavy snowpack, the lakes at the highest elevations will re-
main frozen all sumser.

Ffive species of fish now inhabit the alpine lakes of the complex:

rainbow trout {Salmo gairdnerii gairdnerii Richardson), cutthroat trout

(Salmo clarkii clarkii Richardson), Montana black-spotted trout (salmo

clarkii lewisi Giranﬂ ), California golden trout {Salmo agua-bonita
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Figure 15. Copper Lake in the north unit of the North Cascades National

Park. Aug.16, 1967; elevation, 5250 feet.
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roosevelti mvermann) and eastern brock trout {Salvelinus fontinalis

[Mitchili}). Almost all fish fry which are presently being aerially
planted in the lakes are cutthroat trout from eastern VWashington. This
strain of fish is the only one szmall enough for planting at the time
the lakes are open {Lewis lund, personal communication). The fishes'
ability to reproduce arnd their rates of growth vary considerably from

lake to lake. Rebvertson (1947), working in the aipine lakes of the

Rockies, felt that food supply was the main factor'effecting growth
rates, but also speculated that the chemical éomposition of the water
may be of importance.

The follewing list presents lake location, size, planting date
(with species planted) and reports of high lake fishermen. The names,
locations and surface areas of the lakes are taken from Woolcott (1964,
1365). The planting information, which is incomplete because of the
lack of data at this time, was provided by the Washingion 3tate Game
Department {personal communication). The information on fish caught
in the high lakes of the complex was provided by the Game Department
(personal communication), Carl Gardner (perscnal communication) and my
own data,

Each section has been alphabetically subdivided into sixteenths

to designate locations within the section, as follows.

D c B A

M L X J
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Abbreviations used for the fish species are:

Rainbow trout ' - RB
Cuttnroat trout | - o
lontana black-spotted trout - MBS
Califernia golden trout - G7

Zastern brock trout - EB




i§ORTH CASCADES NATIONAL PARK

List of alpine lakes

R

Lake Township Range Section Elevation Size Aspect Planting Reports
N E (feet) (acres) Date
and
Species
- Innamed 40 10 3R 5100 16.0 E - -
40 10 25 N/P 5250 8.0 E MBS-39 MBS--64
EB-57 (2 1v.)
CT-60 CT-67
{8").
40 11 12 B 5300 14.0 NE - -
40 11 15 K 5100 1.0 N - -
A0 11 24 B 5800 23.0 W - -
40 12 30M 6550 5.0 SW - -
41 10 36 E/F 4550 74,0 N - -
(in U.s.)
41 12 34 Q 6700 164.0 E GT-61 -
79 10 36/H 5260 2.0 N - -
39 10 21D 5360 2.0 E - -
35 10 33 G 4100 3.0 S - -
39 11 2K 5600 2.0 SE - -
39 11 2N 6100 .2 SE - -
39 11 2 /R 5500 7.5 S - -
39 11 3E 5000 4,0 NE - -
39 11 3B 5000 3,0 NE - -
39 11 9 A/H 5750 10,0 S - -
39 11 9 A/H 5750 .5 s - -



tist of alpine lakes {cont.)

Lake Townsghip Hange Section Elevation  Size Aspect Planting Reports
N E (feet) (acres) Date
and
Species

;;;to #3 39 11 9 A/E 5750 .2 s - -
apto # 39 11 9 A/H 5750 2.0 S - -
tddie(lower) 39 11 04 5600 2.5 SE - -
riddle(upper} 39 11  10B 5700 4.0 SE - -
Jnnamed 39 11 13 F 5360 1.0 NE - -
Jnnamed 39 11 13 1/M 5250 3.0 NW - -
© nnamed 39 11 19D 5500 2.0 S - -
iiley 39 11 24 B 6650 6.0 N - -
nnamed 39 11 25 R 3640 4.5 NE - -
rice : 39 9 23D 2895 40.0 NW - -
'named 39 12 1.P 5200 2.0 . N - -
Innamed 39 12 127 5000 1.0 SE - -
ley 39 12 18 M/N 6500 2.5 SE ~ -
ana _ 39 12 31 F 4900 17.0 N - -

loname 39 13 21 B/J 3500 10.0 NE RB8-47  RB -€8
tymo 39 13 2T ¥ 4500 22.5 NE - -
nnemed 39 13 30 J 5600 - 9.0 S - -
Jum #1 38 10 22X 5500 3.0 W - -
lum #2 28 10 27 b/E 5660 3.0 v - -
lum #3 38 10 27 L/% 5000 14.0 W GT-60 -
lum #4 38 10 27X 4950 7.0 [} EB -

Mmamed 38 10 25 R 4880 1.5

=
]
i
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Lice Township Range Section 'Elevation Size Aspect Planting Reports
N B (feet) (acres) Date
: : and
‘ Species
Jnnamed 38 11 10 M5 4880 11.4  SE - -
Innamed 8 12 11 Q 6000 3.0 SE - -
izure ‘ 23 12 21 K 4200 89.0 E GT-617 RB-65
, (9")
Sourdough 38 13 21 N/p 4400 33.4 W - EB-66
(10")
sulphide 38 9 1N 2800 16.0 SE - -
Innamed 37 10 1M 5200 2.0 E - -
Innamed %7 10 2¢C 5020 16.0 S - : -
ipscot 7 10 8 C/D 4500 9.0 N RB-51 CT-68
Unnamed 37 10 10¢/D 5350 1.5 SE - -
Unnamed 37 10 10 M 4550 2.5 . SE - -
Innamed %7 10 11 E/M 4470 8.0 W - -
Zerdeen 37 10 11 F 5000 127.0 S RB-46 CT-68

cT-67 (11", 16")

Green %7 10 15E 4300 80.1 N RB-46 RB, CT-68
, CT-67 (12")

Unnamed 37 10 21 4/B 4850 2.5 E - -
Unnamed 37 10 26K 3800 4.0 N - -
Jiobsud (west) 37 10 317 4490 2.0 S - -
IDiobsud (middle) 37 10 32H 4475 3.5 S CT-60  MBS-65
Diobsud (east) 37 10 32P 4075 2.5 S - MBS-65
M&. Triumph #1 37 11 3E 3950 5.0 E - -

M. Triumph #2 37 11 3N 4800 9.0 NE - -
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%?ist of alpine lakes (cont.)

i

i 'l

Lake Township Range Secticn Elevation  Size Aspect Planting Reports
N _ E (feet) (acres) Date
and
Species
37 11 4 A 4800 1.5 SE - -
37 11 4 A 5100 2.5 SE - -
37 11 9 B 15650 1.0 s - -
37 11 14 K/L 4680 11.0 SE RB,GT GT-67
CT-53 ( 9")
RB-65
37 11 14 M 5040 31.0 SE CT-68 RB-65
37 11 23 4 4450 56,0 S RB-45 CT-67
CT-52 (2:1b)
37 11 21 E 3650 4.0 N - -
37 13 19¢C 5200 3.5 W - -
36 12 13 H 5200 1.5 N - -
36 12 13 L 5200 2.5 N - -
36 12 23 8/J 5150 1.5 N - -
36 12 24 E/M 5200 24.0 ¥ CT-53 -
36 12 26 J . 5400 4.0 N - -
36 12 %2 N/P 4850 28.0 SW  MBS-49 CT-68
cT-61,64 (12")
26 13 76 5600 2.0 N - -
36 13 8N 5000 4.0 SE - -
36 13 18 N 5400 4.5 N - -
36 13 18 N/P 5400 11.0 N - -

36 13 21 M/X 5200 11.0 N - -
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juist of alpine lakes (cont.)
Lake Township Range Section Elevation Size Aspect Planting Reports
‘ N E ) (feet) (acres) Date
and
Species
nnamed 36 13 21 P 5400 15.0 N - -
Innamed 36 14 13X 5600 10.5 N - -
naeed 36 14 24 E 6000 3.0 N - -
Innamed 36 14 34 M 4600 1.0 N ~ -
hnamed 36 14 35 F 5200 9.0 N - -
Innamed 35 12 24K 6000 5.0 N - -
dden 35 12 25§ 6000 55.0 SE - RB-63
(127)

‘nnamed 35 13 2Q SEOb 2.0 N - -
Toraine 35 13 11S 4500 52.0 E - -
nnamed 35 14 2 F/L 6200 ? N - -
‘maned 35 14 17TH 4900 4.0 X - -
‘mnamed 35 16 9 A | 5000 6.0 NW - -
:fﬂoubtful 35 14 31K 5385 29.9 SE = CT-50 -
}ilent (upper) 35 16 11 SW 6975 3.2 5 - -
Alent (lower) 35 16 11 SW 6700 3.0 S - -
| named ) 16 17 P 5800 1.5 (344 - -
*?rzamed 35 16 26 Q 5630 2.2 N - -
*ast Chance 35 16 36 A 6230 1.4 SE - -

lton 34 14 6 J/K 4570 ‘4.3 N - -
apper 34 14 9 R 4165 146.9 E cT

ten View 34 16 8B/ 5455 0.4 E - -

dell 34 16 24 D 4932 10.3 N - -



.1ist of alpine lakes {cont.)

L

L

Lake Township Range Section Elevation  Size Agpect Planting Reports
N E (feet) (acres) Date
and
Species
tnnamed 34 16 24 M 5385 1.9 N - -
'innamed 34 16 24X 6102 1.8 N - -
Innared 34 17 15 XM 5600 3.5 N - -
'{ettling 34 17 16 H 5500 10.3 ¥ - -
Dagger 34 18 7 B/C 5500 10.6 W MBS-34  MBS-53,
58

stiletto 34 18 6¢C 6800 9.3 S - -
fnnamed 34 18 5 N/P 6000 2.5 W - -
;20SS LAKE NATIONAL RECREATION AREA
| Zozomeen 40 14 7L 2800 111,0 ¥ EB,CT EB-68

(127)

RB-68

(11}
Ridley 40 14 18 @/k 3000 14.0 ¥ - -
¥illow 40 14 20 N 2900 27.0 E CT-58 -
' Bouck 37 12 13 B/Qa 4000 4.2 N - CT-65
| (10")
IAKE CHELAN NATIONAL RECREATION AREA
Unnamed 34 17 26 5800 4.8 NE - -
McAlester 34 17 24 K/Q 5500 15.73 N RB-42 -

CT-41,60

Unnamed 34 17 25 M 6000 2.6 S - -
Intermittent = 34 17 28K 5300 6.0 N - -
- Bainbow (lower) 34 17 33 K 5500 12.4 SB - -
{fainbow (upper) 34 17 33 L/M €000 4.0 E - -



13t .0f alpine lakes (cont.)

o

Lake Township Range Section Elevation .Size Aspect Planting Reports
N E (feet) {acres) Date
and

Species
nnamed 34 17 %4 A 5800 2.4 s - -
‘nnamed 34 18 31 G/H 6300 11.4 N - -
sanamed 33 16 24 J 6271 1.0 NE - -
. mttalion 33 17 19 F/L 5334 6.4 E - -
nnamed 33 18 6 E £000 4.4 NW - -
nnaned 33 18 34 B 6800 1135 S - -
riplet #1 32 18 11 A/H 6100 3,0 Y - -
viplet #2 & #3 32 18 11 A/H 6300 4.0  NW - -
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MANAGENENT AND RESZARCH RECOMMEHDATICHS

In facilitating the purposes and objectivez of the Naticnal Park
system a sound management program must be established., If this pro-
gram is to be adequate it must be based on a2 thorcugh knowledge of the
ratural biotic systems. The lack of information pertzining to the
North Cascades National Park is guite evident throughout this survey.
Since excellent general research and management recommendations have
been presented by Leopold et al {1963), only a few of the specific prob-
lems that may arise within the ﬁorfh Cascades National Park in the near
future will be discussed here. H¥any other problems will undoubtedly
appear as soon as experts from varicus fields beccome acquainted with
conditions within the park ecosyste@.

The Hational Recreation Areas will not be considered separately
in this section since nost of my recommendations for the National Park
would 2lso be applicable to them. My only additional recommendation
for the Recreation Areas is in reference to logging. Fuch of the two
areas seems unsulfable for conventional clearcut logging. I logging
is undertaken, it should be resiricted to those areas where desirable
repfoduction may be rapidly established or is already present, or per-
haps where gselection or shelierwood systems are feasible.

Because of the inaccessability of the Horth Cascades National Perk,
its ecosystems are fortunately still in a relatively natural condition.
Commercial grazing, which was widespread in most of the national paris
before they entered the park system (Leopold et al, 1963), was found
to be unsuccessful except near the Cascade crest in the North Cascades

National Park {Fred Bryson, personal communication). The mountains of
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the north unit and much of the south unit were comparativelj isolated,
and in the several years that grazing was attempted, too many sheep
were lost in getting them to the meadows {Fred Bryson, personal communi-
cation). Because access was easier from the eastern slopes of the
Cascade Range, the alpine meadcows near the crest were used by sheep
until 194C, and still show signs of destructive grazing (Thornburgh,
1962).

Since the vegetation (especially at high elevations) and the soils
are extremely delicate, the use of pack animals often resulis in devas—~
tation. The poor condition of some of the existing trails with which
the foot traveller must contend is furither indication of the alienisn
of pack animals in the wetter western part of the park. When the ani-
mals are released in the meadows it takes very little time for just a
few to disturb the area for that season and possibly the next. Several
such instances during a season may cause the biotic communities to be
permanently damaged or at least altered for many years.

The use of pack znimals, especially in the north unit of the park,
should be approzched with caution. If pack animals are used they should
carry their own feed. At campsites they sould be restricted to enclos-
ures provided for them by the park. Packers should use only those
sites equipped with these enclosures. A similar sysitem has met with
scme success in the U. 8, National Forests of Idaho {Carl Gardner, per-
sonal communication).

The pressure of fregquent human use may also czuse neadow damage,
and it weuld be advisable to limit trails to the continuous forests as

much as possible. When a high viewpoint is desirable the trails should
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be constructed through rocky terrain if possible rather than through
the easily de;tructible meadows.

Disturbance has not yet been widespread since only a few trails
traverse the park or lead to lakes and lockouts. Areas showing damage
are presently limifed to such easy access areas as Cascade Pass and the
Thornton Lakes.

When a primitive area such as the Forth Cascades National Park
begins o feel the impact of man, the eliminaticn of native plant species
and intrgduction of exoiics usually tzkes place, Al this time very few
exotics are inhabitants of the Naticnal Park and mest or all ¢f theze
are found along the trails where disturbance has occurred. Although
not desirable, such introduced plants are not a threat in pioneer roles
but would be if they assumed a climax role (pavid R. M..Scott, per—
sonal communication). A careful waich should be kept for potential

climax exotics. An example would be Trifolium revens which has been

noted growing along the trails and in nearby meadows just west of the
.park. With respect to native planis, none are known to have been elim-
inated or endangered as yet within the park boundaries.

Very little research has been conducted which deals with disturb—
ance problems (Thornburgh, 1962; Arno, 1966) except for the studies by

Thornburgh (1962) at Image Lake about 1% miles south of the National

Park. Thornburgh found, after doing a soil and vegetation study in the
Subalpine Zong, that the trampling of man and his pack animals caused
denudation or a vegetational change in the meadows and that recovery

of the vegetaition was extremely slow. He suggested that the exclusion

of peck animals might prevent further deterioration.
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The management problems which will result from high density visitor
use in the Subalpine Zone should receive immediate attention. Study
plots should be established in presently disturbed areas and peotential
damage areas, as well as in control areas. These control areas might
be set up as Natural Areas reserved solely for research. These research
preservations, of which severzl are needed because of the diverse and
unique habitats within the park, should be located away from potential
visitor areas. Long-term study programs for both ecologic education
and continuous research may be conducted in these Haturel Areas. This
research may also aid in the development of a comprehensive interpret-
ation of the natural biotic systems. rgent applied research could be
condu;ted in these preserves. aAn example of this might be developmental
techniques for high-altitude plant propagatiocn for the re-establishrment
of vegetation on denuded areas,

The need for a biological protection progran has been noted in most
of the national parks. Insects, diseases and animals often threaten
the continued existence of a desired environment and therefore require
control or elimination. The status of insects and diseases within the
park is not fully kxnown at this time. There are, however, some that
are known to exist in nearby areas that should be of immediate concern

because of their possible introduction into the park. 4An example of

this is the balsam woolly aphid (Chermes piceae [Ratzeburgﬁ) which has
recently been noted on Mt. Rainier and in a localized area about 40
riles north of.there (Franklin and Mitchell, 1847). This insect, which
attacks the true firs, is most damaging %o alpine fir in the Pacific

Northwest (Mitchell, 1966). As there is no control as yet for this



insect, this would be a potential area for research. There nay be ef-
fective control methods in existence which, although previously rejected
by various concerns for economic reasons, should now be reconsidered in
the light of the policies and objectives of the National Park Service
(Charles H. Driver, perscnal communication).

The excess populations of ungulates, a problem in many parks, does
not gseen to be an irmediate problem in the North Cascades Hational Park.
Hunting pressure has always been light within the park boundaries due
1o iraccessibility. The ungulates, in the ahsence of evidence of bLrowse
damage, would appear to be self-regulating. The study of the ecology
of these animals should not be delayed, however, since problems may
arise at any time. The status of the timber wolf znd, if extinct, the
possibilify of his re-introduction should alsoc be studied.

The many alpine lakes which are well known for their majestic
beauty and challenging fishing should be managed in a manner which will
maintain these goals. The present stocking crogram should be continued
only after limnological research vrovides the information needed for
adequate manageﬁent of previously planted lakes. This study should
consider the fish population that can be supported by a given'lake.
Since most of these lakes are relatively small the fish populations
cannot be maintained if easy access is available. As these lakes also
serve as campsites, the indiscriminate use of axes {which are unneces-
sary in the high country) and fire can soon rar and permanently damage
the fragile communities surrounding the lakes. Wood for fires should
come from smaller downed dead trees and the larger materxalishould not
be disturbed. This large material constitutes a microhabltat, and nay

be an important part of the natural biotic community.
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