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THE COASTAL WESTERN HEMLOCK ZONE ON THE SOUTH-WESTERN
BRITISH COLUMBIA MAINLAND
Vegetation - Environment Patterns and Ecosystem Classification
Léaszl6 Orloci
NATO Science Fellow, University College of North
Wales, Bangor, United Kingdom
The Climax Area Pattern

Since the time that Whitford and Craig (1918) described some forest zones (" climatic forest types') from British
Columbia, several zonal classifications were proposed. These utilize@y mainly climatic and vegetation criteria (Table1).

TABLE . Zonal Classifications with Reference to the South Western British Columbia Mainland

Whitford and Craig 1918 Halliday 1937 (Sections) Rowe 1959 (Sections) Krajina 1959, 1964
(Climatic types) (Biogeoclimatic units)
Douglas-fir -- Red cedar Red [Madrofio - Oak transition Straits of Georgia(C.l) Coastal Douglas-fir Zone, Garry
cedar -Hemlock (c.n Oak (Dry) Subzone
South Coastal Douglas-fir Zone, Wet
Southern Coast (C.2) Pacific Subzone
Coast (C.2)

Coastal Western Hemlock Zone,
Dry Subzone

Coastal Western Hemlock Zone,

Wet Subzone
Hemlock -Basam
Coastal subalpine Mountain Hemlock Zone
The subal pine part of the
"subal pine and muskeg type"
. Part of the southern and Part of the northern Pacific Coastal Western Hemlock Zone,
Hemlock - Sitka spruce central Coast (C.I, C.2) and |Coast (C.3), and Queen Sitka Spruce Subzone (edaphic;
northern Coast (C.4) Charlotte Island (C.4) ocean salt spray)

The zonal classification concept has been broadened and deepened recently by Krajina (1959, 1964) and his students to include
climate, soils, and vegetation as the three regular criteria for the recognition of biogeoclimatic regions, zones, and subzones.

The Coastal Western Hemlock Zone belongs to a perhumid mesothermal climate (K8ppen Cfb) in which the zonal (or mesic)
soils are strongly podzolized and western hemlock (Tsuga heterophylla) is the climatic climax tree species.
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Two subzones are recognised within the Coastal Western Hemlock Zone: one dry and one wet. These sub-zones are distinct
climax areas and constitute successive segments along aregional climatic gradient, separated on the basis of the climatic climax
vegetation and zonal soils. Each subzoneis characterized by specific tendenciesin vegetation and soil development which convergeto
ahypothetical climatic climax (mesic) ecosystem.

Mesic soils are strongly podzolized in the Dry Subzone, characterized by the climatic climax Tsuga heterophylla-
Plagiothecium undulatum association. Association isused in the sense of an abstract vegetationtype. Mesic soils of the Wet Subzone
are not only strongly podzolized but moderately gleyed. In thiswettest belt of the region (Table I1) the climatic climax is the Tsuga
heterophylla -Abies amabilis - Vaccinium alaskaense - Plagiotfaecium undul atum association.

TABLE Il. Altitudinal Occurrence of Maximum Precipitation as Speified. After Orloci 1964

Observation period  1961* January 1961 Long-term averages October 1961 July 1961

Altitude at which 2390 ft. 4830 ft. 2450 ft. 2660ft. 2060 ft
maximum precipi-
tation occurred

* A random year of the last 10.

The ecotone of the Dry and Wet Subzones occurs between the 100 and 110 in. isohyets, corresponding approximately to 1200
ft. to 1300 ft. elevation. The division between the Wet Subzone and the Mountain Hemlock Zone liesin the critical altitudinal belt of
3000 ft. to 3200 ft. on slopes, and dlightly lower in the valleys. Above these elevations snow accumulation is considerable during the
winter months, but below them snow accumulation becomes insignificant (cf. Peterson 1964, Brooke 1964). A total annual
precipitation of 60-70 inches appears to be the critical limit which separates the Coastal Douglas-fir Zone from the Coastal Western
Hemlock Zone. The differentiating characteristics of the subzones of the Coastal Western Hemlock Zone are shown in Table l11.

TABLE I1l. Differentiating Characteristics of the Climax Sites within the Coastal Western Hemlock Zone and the Adjacent Zones on
the Southwestern British Columbia Mainland

Climax Area Climatic Mean Annwxl Anral Alvitude  Zonal Climatic climax
type annisnl togal eotal (ft.} sail= [mesic)
temperd-  precipita-  mowiall form kg, asznciatkon
ture Liom (R T
{7} fim ) [in.}
Coastal Hummid over 48 balow 65 below 30 Q-500 Wk podeoli= Pr=udotsaga men=
Diauglag-fir {summer dry) :atiom, we ezl - Gaultheria
Lone mesothermal weak lateri= shallon -Eurhyn-
aathon, moder-  chinm oreganum
ate melani-
HiLion
Diry Subsone of Perhumid Ah-df §5-114 I-50 0-1200  Strong pod- Tsuga hetero=
the Coastal ma gt heraal molization phyllz = Flagio-
Western Hemlack thecium wndulamm
Zona
Wet Subaone of Pephamid A3=dt over 110 B0-200  G00-3000  Strong pod- Tmaga heterophylla =
the Cosstal mesetbermal wliation, Abies amahbilis =
Western Hemlock molanibe Waccindum alasz-
Lone gleyzation kaens: -
Plagiothesivm
und ol bam
Lower Subzons Perhumid below 43 aver 75 onrer 200 ower 3000 Strong pod- Taiga meken-
of the Mouptain  {mowy) wlization, shang - Ables
Hertlock fone miceothermal stroBg amabilic - Vae-
gleyration cinjum alaskiense =

Rhoytidiopeis
Tirbusta




TABLE IV. Ecosystem Types of the Rock Outcrop Land Type, Dey Subione

Sesociations Rhacomitrictum canescentis Cladonbeto - Polytrichetum Danthonietum spicatae
iRl (1] {Daj
Land [erm Koneall Tahble Crevice
Reticf shape Comvies Convex Lontave
Slope pradient® 27 (10-40) o* 16 (o-30) " o (3-21) 4%
Altitude fr, 620 (250-1000) o 610 (250-1000) &~ 740 (250-1200) 4*
Hygrotope Very doy Very doy ery dny
Permeable mineral soil depth £ -
{em. 1,4 (0.5-3.0) & 2,8 (0-5.0) 8 23,0 (13-33) 4"
pH L~ 4.7 [4.3-5.1) =¥ 4.4 (4. 3-d,5) 2* 4,504, [-4.F) 3*
A 4.4 (4.0=5,0) 3* 4.8 (4. 7=4,9) 2 4,54, 1-4, ] 3¥
g 4. B4, 2-5.5) 37
Humus form Baw humus Raw humus Duadf mull
Charicberistic Rhacomitrium canescans Cladonia pacifica Danthoniz spicata
combination of Palytrlelm pilifemum Palytrichum pililenum
speches Pelytrichurn juniperimm Falytrichum juniperinam
Cladomia rangiferina Bhacomitrium canescens
Bhacomitrium canescens Cladonia pacifica
Dicranum seapirinm Cladonia rangiferina
Cladonia gracilis Cladonia graciliz
Polytrichetwn communis Caultherienun shallomis Cladonieta - Peewdotsugetum
— P {Ca} LG}
Land form Crevice Comples Upper-alope
Reliel shape Concive Convex oovex
Slope gradient™ 7 {5=10) 537 10 (5-21) 8% 25 (E=d0) 5
Aleitude de, TG {GO0- 1000) 3 690 (S00-1000) & 980 [540-1300) 5*
Hygratope Wil Fy T mmois Doy
Piermeable mineral soil .
depth {cm, ) 21 (7-35) 3% 16 (6-30) 87 9 (313} 5
pH  L«F 4.4 4.7 (4. 4=4.9) 5 1B (3, 7-4,00 5%
A 5.0 4. (4. 14, 9) 5% 3,6 (3.6-3,7) 3%
E 5.4 5.2 (4. 3=5.9) 5 3.6 (3.6-3.7) 3
Hurnus form Druff raudl Raw humus Baw hwmus
Site index ) Douglas-iie 69 (60-78) 5 +
w, hemlock a6 [64-67) 5
w, rideedar 56 {54-69) 5%

Characieristic
combination of mocies

Polytrichum commung

Caultheria shallon
Drantlonia sploaa
Polytrichurs cammune
Plenrozium iehreberi
RBlhacomitrium canescens
Hylocominm splendens
Eurfrynchinm CF A TIALIE
Cladonia pacifica
Cladenia rangifering
Palytrichum piliferum
Polytrichum junipesinern

Piradatsuga menzbesii
Gaultheria shallon
Furbiynchiuem oregannm
Hylocomium gplendens
Cladonia pacifica
Cladonia rangifesina
Bhacomitrium caneseens
Palytrichum pilifenum

Fleurseium schreheri

* The aumber of measurenens,
1) Site indes in @1, per 100 yeas in all tzhles,
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The climax area pattern shifts in space as a consequence of regional climate change. Hansen (1947) has described two
major changesin the climate which occurred in the region since the last glaciation. A warm climate prevailed 8000 to 4000 years
ago in which the Coastal Douglas-fir Zone reached its maximum distribution. A returnto acooler climate forced the migration of
the Coastal Western Hemlock Zone and the Mountain Hemlock Zone to their present positions.

Ecosystem Classification

It is appropriate to separate |and types from within each subzone on the basis of the origin and origin of the parent materials
as the second step in the stratification. These land types are natural units and they constitute distinct segments of the vegetation
and ecotope.

ry
Ecosystem types of the Rock Outcrop Land Type, Dry Subzone

The rock outcrop land type includes localities which lack continuous soil cover, and in which the ground surfaceisa
complex of projecting peaks, knolls and crevices. The patters of these different habitats have distinct plant associations. The
peaks are characterized by aloosely integrated association of crustose and foliose lichens. The knolls and the side slopes of the
peaks are colonized by abryophyte association in which Rhacomitrium canescensdominates. The community of fruticoselichens
and some bryophytes is transitional between the Rhacomitrium canescens and the Gaultheria shallon associations. The dry
crevices are occupied by Danthonia spicata, different lichens, and bryophytes. Polytrichum communeistypical in the wet crevices.

The Gaultheria shallon association is occurs on thick raw humus along the forest edge. The side slopes and depressions
where soil development is the most advanced are occupied by alithosolic forest. Thisisthe only forest association in the Coastal
Western Hemlock Zone in which Douglas-fir (Pseudotsuga menziesii) can be self-perpetuating without fire or logging. The
ecosystem types of the rock outcrop land type are described in Table IV.

Ecosystem types of the Glacial Till Land Type

The glacial till land type includes all localities of glacial deposits except those of the swamps. Glacial till originated
during the Seymour, Semiamu, Vashon, and Capilano glaciations (Armstrong 1956, 1957). The Seymour sediments are
more than 30, 000 yearsold. The Capilano sediments are approximately 11,000 years old.

Two major environmental gradients were identified through ordination techniques within the glacial till land
type as underlying causes of variation in the vegetation: soil-moisture gradient, local climatic gradient.

Three distinct associations occur along the soil-moisture gradient of the Dry Subzone: Gaultheria of xeric habitats,
Plagiothecium of mesic habitats, and Polystichum of hygric habitats. The occurrence or absence of Mahonia nervosa
signifies the warm or cool exposures respectively within the Gaultheria and the Plagiothecium associations. Utilizing the
occurrence or absence of Mahonia nervosa, the Gaultheria and the Plagiothecium associations are subdivided into the
Gaultheria-Mahonia, orthic Gaultheria, Plagiothecium - Mahonia, and the orthic Plagiothecium ecosystem types. Theorthic
and Mahonia variations constitute successive segments along alocal climatic gradient from cool to warm aspects. The
Polystichum association is divided two two ecosystem types: the orthic Polystichum with melanized soils, and many
nitrophilous species and the degraded Polystichum on well podzolized soils, including an admixture of raw humus inhabiting
plants. A brief description of these ecosystem typesisgivenin Table V.

The xeric, mesic, and hygric segments of the soil moisture gradient within the Wet Subzone are characterized
respectively by the Vaccinium - Gaultheria, the Vaccinium - Plagiothecium, and the Blechnum associations. The
Vacciniurn - Gaultheria association consists of two distinct ecosystem types: the orthic Vaccinium - Gaultheria on shallow
glacial tills, and the lithosolic Vaccinium - Gaultheria on lithic (AeC) soils (Lesko 1961). The Vaccinium -Plagiothecium
association is subdivided into an orthic and a hygric segment. Thelatter istransitional between the mesic and wet habitats.
Theinfluence of alocal climatic gradient is apparent within the Blechnum association. The orthic Blechnum ecosystem
typeischaracteristic for low elevationsin the Wet Subzone. The Blechnum - Streptopus ecosystem type occurs on the higher
elevationsin the Wet Subzone and in the Mountain Hemlock Zone (Peterson 1964). The ecosystem types of the Wet Subzone
are described in Table V1.

2 Ecosystem type includes a multitude of individual ecosystems among which variationsin floristic structure are independent of the
environmental variations.
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TABLE VI. [continued)
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AR iATions

Blechnste - Trugetum heterophyllae

Crrthic Bleehnom

Blechnum - Streplopus

Ecnwsteﬂ:p Ty [OE} [B=5)
Lagd form Lower=glope Lower-slope
Relief shape Concave Concave
Slape gradient™ 7 (2-10) 13% & (5-14) 5%
Altitode (It} 1370 (570-2730) 13* 2810 (2650-2950) 5"
Hygrotope Wet Wt
Stoniness (%) 29 (0-60) 12* 34 (25-50) 4*
FPermeable mineral soil depth 35+ 18+
Ende -humus depth {cm. ) 1 {0-15) 12* Mil
Eluviated horizon deprh {em. ) 5 (0-13) 12* 6 (0-13) 4%
pH L-F 3.8 (3. 2-4,4) 6= .2
A 38 {3.5-4. 1) 5F 7
B 4.8 (4. 3=5.1) 6* 4,2
Hurnig formy © Raw I G b
¥ F W IAIUS ATEASY FAW
Site incex Douglas-fie 125 (96-149) 13" '-'!r?r hiusnus
wgslern hemlock LIS [94-136) 13% LOE (57 =123) G
western redoedar 107 (B5-149) 13% 112
ammabilis fir 115{77-141} 13 109 (92-122) 5%
vellow coday M1l i
Characteristic
combination of Tauga heterophylla Tsuga heterophylla
EpEeias Thuya plicata Thuja plicaca

Abics amabilis
Vaceinium ovalifoliym
Yaccinium alaskaense
Rubus spectabilis
Sambucus pubens
{Oplopanax horridus)
Elechmam spicant
Tiarella trifoliata
Athyriom filix-feming
Strepropus amplesifolius
Ciyopleris austrizaa
(Lysichitum americanam}
(Polystichum munitem)
fhytidiadelphus Lorews
Hylocomium splendens
(Fellia sp.)
[Conrocephalum COoniguIn)
{Eurhynchium stokesii)

Abies amahilis
Vaccinium owallfolivm
Vaccihium alaskaense
Buibus sgrectabilis
Sambucus pubens
{Cplopanax hermidus)
Blechoum spicant
Tiarella trifoliacs
Strepbopus amplexiloliug
Athyrium filiz=femina
Rubus pedatys

Streptopus moseus
Dieyopleris austrinoa
Comus canadensis
(Lyshchitum americanm)
Hhylidiadelphus bopaus
Bhytidlopsiz mbusta
Plagisthecium undulaturm

Maote: Datz were compiled bom the ficld potes of Lesko (1961), Orloci (1961), and Eis (LB62).

* The munber of fedmre ments.

Ecosystem types of the Spring-Water Swamp Land Type

After water infiltrates the soils on the slope, t beginsto move laterally under gravitational pressure over the impervious
layer. If theimperviouslayer outcropsonthe slope, thentheoverlying water comesto the surface at thispoint, saturatesthe soils
downslope, and a spring-water swamp isformed. Two pedogenically distinct types of spring-water swamps are encountered in
the Coastal Western Hemlock Zone: one on waterlogged mineral soils, and the other on waterlogged woody peat. Swamps on
mineral soils are confined mainly to slopes, while woody peat occur in the depressions. The ecosystem types of the spring-water
swamp land type are described in Table VII. It should be mentioned that the Vaccinium -Lysichitum type is characteristic for
localities with intensive water movement. The Lysichitum - Coptis type is confined to the margins of Swagnum bogs with
stagnant water, but exposed to runoff water or seepage from the adjacent slopes.

Ecosystem type of the Ravine Alluvium Land Type
In the glossary of geology and related sciences (American Geological Institute 1962), aravineis defined as a " depression

worn out by running water, larger than agully and smaller than avalley". Thisterm isapplied in the present work to narrow
valley-like depressions which were cut by running water in the glacial till, and
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which usually contain permanent or semi-permanent streamlets or creeks.

The Thujaplicate - Oplopanax horridus association which characterizesthe ravine alluvium land type is remarkably
uniform throughout both subzones, constituting a single ecosystem type. It extends into the Mountain hemlock zone where
Thujaplicata isreplaced by Chamaecyparis nootkatensis. A brief description isgivenin Table VII.

Ecosystem types of the Squamish Flood-Plain Land Type

Variationsin floristic structure among the flood-plain ecosystem types are attributed mainly to differencesin overflow and
post-flood drainage. Overflow conditions are directly related to run-off induced fluctuation of the stream water level, and is
therefore indirectly controlled by the climatic elements of the drainage area.  Post-flood drainage reflects how rapidly the flood
water isremoved from an areawhen the water level of the stream startsto fall. In this connection, the differences are most marked
between the benches along the active channel and the scars, between soils which contain a gravel horizon close to the soil surface,
and soils which do not contain such a horizon, and so forth.

Theterrain of aflood-plain aggrades by deposition of sediments from intermittent overflow. Asthe surface grows higher,
overflow becomesless frequent. A similar reduction of overflow frequencies can occur as a consequence of downcutting in the
river bed.

The bench height gradient coincides with a definite sequence of plant communities. Variations can occur at any
particular bench height as a consequence of differencesin post-flood drainage and soil quality. The ecosystem types of the
Squamish flood-plain land type are described in Table VIE. Scars and oxbow |lakes are not discussed.

Plant communities are most specific in their ecotopic requirementsin all land types which were considered in this paper.
This makes it possible to utilize the plant communities as bioindicators of the different ecotopes.

Development of Ecosystems

Development implies vegetational and environmental ecosystem changes which result in a successional (time) sequence of
plant communities and ecotopes at any particular point of the landscape. Developmental trends in time can be anticipated on the
basis of present plant community distribution in space along existing environmental (eco-topical) gradients. The successional
sequence, so defined, necessarily pertains only to plant communities and ecotopes which presently exist in the general region. It
should be mentioned that a successional sequence of plant communities and ecotopes does not necessarily coincide with their
geographic sequence.

Each individual plant community is visualized as the product of development that can be produced in a particular habitat.
Any further plant community development requires a habitat change. In thisway, each individual community represents a habitat
"climax" ("permanent community" sensu Braun-Blanquet 1932). A geographic pattern of the habitat climax communities
("climax pattern" sensu Whittaker 1953) appears as a cross-section across individual developmental lines, evolving at different
points of the landscape.

Lesko (1961) has recognized within the Coastal Western Hemlock Zone distinct trends in soil development that
converge to mesic podzols. These podzols have a thick raw humus surface horizon, a prominent eluviated horizon (Ae) and a
cemented illuvial horizon rich in organic, clay colloids, an and iron oxides (Bfhc). The lower part of the B horizon is gleyed in
the Wet Subzone, but gleization is absent from these soils in the Dry Subzone.

The convergencein plant community development to aclimatic climax state isthe consequence of atrend in habitat change
towards a mesic condition under the given climate. The concept of successional convergence implied in the present work can be
understood at two levels of generalization: a universal establishment of a particular dominance type appropriate to the forest
climate, and the establishment of a mesic state of environment and vegetation through a sequence in time of many different plant
associations at a given point of the landscape. While atrend of successional convergence is recognized, it does not mean that
development must go through the compl ete successional sequence in every locality of the landscape. In some localities,
development is very slow and it would require substantial physiographic changes to move toward a mesic status, longer than the
persistence of the given climate. In a mountainous terrain substantial physiographic change, however, may involve a period of
time far exceeding that required for substantial soil or climatic changes. The climax pattern therefore, may change geographically
in such away, that the developmental lines evolving at the different points of the landscape may be re-oriented in the direction of
new attractor conditions several times before a climatic climax state ecosystem would develop in certain localities. No distinction
is made between climax and seral communitiesin a sense that one is more stable than the other. The climax community itself isa
changing entity, and therefore in successional convergence, as Cowles (1901) pointed out, one variable approaches another variable
rather than a constant.

The direction in plant community development depends on the nature of the environmental gradient produced in alocality
by environmental changesintime. For example, achangetoawarmer and drier climate could result in successions as indicated
by the horizontal arrow from right to left in Table X. This succession could lead, for example, to the establishment of plant
communities which characterize the Coastal Douglas-fir Zone in place of those which occur at present in the Coastal Western
Hemlock Zone.
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Primary successions on Rock Outcrops (Dry Subzone)

Since the loosened particles are immediately removed by wind, water, and gravity the steep rock outcrop, little essential
endogenic devel opment can occur in their ecosystem, and, theinitial colonising stages can be greatly prolonged. Shade, litter, and
root action of the arboreal vegetation around the pioneer communities, however, can accelerate development in them far beyond
their endogenic potentials.

Development binds the pioneer communities into a common complex with Gaultheria shallon. At this stage of, organic
matter accumulates more rapidly than in any one of the preceding stages, and raw humus (or root mor) isformed. Accumulation
of raw humus and the root action of Gaultheria cause the destruction of the pioneer community fragments, and promote uniformity.

The decomposition of the rock surface is accelerated under the Gaultheria association.  The weathering products are
well protected against erosion, they accumulate, become leached, and form a soil horizon which is ash-gray in colour. The soil
profile, hence, consists of athick root mor underlain by an eluvial (Ae) horizon and the parent rock. This soil type was described
by Lesko (1961) as an Eluviated Lithosol.

Establishment of Douglas-fir (Pseudotsuga menziesii) leads to the development of alithosolic forest. In this stage, the
disintegration of the remnants of the pioneer lichen and bryophyte communities is nearly complete, owing to shading and root
action. Roots concentrate in the crevices, thereby occupying the space with the extra soil which had accumulated there and which
conditioned the floristic structure of the Danthonia spicata and the Polytrichum commune associations. The sequence of primary
successions on rock outcropsis shown in Table I X.

Successions in some forest ecosystems

Glacial till soilsare very unstable on steep slopes. They are easily removed by erosion when the continuity of the
vegetation cover isinterrupted, especialy after logging and fires. The trend is the complete removal of soils from the steep and
convex slopes, and a subsequent expansion of thelithosolic forest (LG) and other rock outcrop communities. Accumulation of the
weathering products is very slow and the erosion potential in the perhumid climate is extremet. Materials that are removed from
the upper slopes are deposited on the lower slopes or carried further by the run off. These depositsincrease soil depth and alter the
soil-moistureregime.  In thisway, aggradation is a significant source of development on the lower slopes.

Glacial drift isarelatively young and little altered material in the Coastal forests of British Columbia. Therefore, soils
originating from glacial drift can change agreat deal in arelatively short period of time. The perhumid meso-thermal climate
supports raw humus accumulation, leaching, and subsequent ortstein development. The ortstein layer may develop at various
depthsin the soil profile. Thisinevitably reduces the effective soil depth and alters the soil-moisture regime. In some habitats,
seepage may occur in the at the impervious layer and succession may proceed towards hygro-or hydrophytic communities.
Ortstein development may also bring about a shift toward Xeric conditions in those soils which are intensively drained and lack
seepage.

Seepage will contribute to changes in the soil by causing sedimentation of fine materials in the soil profile which, in turn,
reduce aeration and impede drainage.  Seepage water, enriched by nutrients, affects the floristic composition of the plant
communities and consequently may influence the humus quality. The nutrient richness can promote fast decomposition of the
organic matter, thereby affecting soil and plant community development. Successions in the forest ecosystems of the Coastal
Western Hemlock Zone, except those of the flood plains, are otlined in Table X.

Successions on the Squamish flood plain

While the meander cuts away at the outer bank where the turbulence of the flow is greatest, it deposits sediments along the
inner bank where flow velocity isleast. This causes migration of the meander and builds up a new terrain that is open to plant
colonization. Additional deposits of sediments will raise the surface of the terrain above a critical level where plant colonization
can begin.

Different successional trends (see Table XI) evolve on the different trranova. Equisetum arvense is the first species on
loose sand. By itslong rhizomes, Equisetum arvense efficiently stabilizes sand and promotes aggradation.  Scouleria aquatica
and Hygrohvpnum ochraceum form an initial community on stabilized boulders. Scouleria and Hygrohvpnum are attached
firmly to the bouldrs and resist strong current and long summer overflow. Accumulation of atiny horizon of silt from the
withdrawing flood on gravel benches may provide a suitable seed-bed for the establishment of Salix sitchensis, S . lasiandra, _S.
scouleriana, Alnus rubra, and Populus trichocarpa. Successful establishment of the trees, however, requires the coincidence of
several factors. Thebench should be slightly higher than the average summer water level, the flood should have retreated |eaving
amoist nutritive surface soil behind at the time of seed dissemination, and germination should be followed by along flood-free
period for successful development of the seedlings.

A vegetated surface will aggrade faster than one without vegetation. Thiswill initiate a process of differentiation of levels
onaflood plain. Topographic forms which were produced by an even aggradation under stands of vegetation may be called
benches and they can be classified by their relative height above the zero water mark, awater level which coincideswith zero of the
water gauge. The extent of a uniform bench usually coincides with a uniform even-aged stand of vegetation in primary
successions under which deposits were laid down by intermittent overflow at a rate and extent influenced by the vegetation itself.
Within these limits, soils, overflow conditions, and potential productivity are very similar. Different bench levels reflect
variationsin the time of establishment of theinitial stand. The age of aprimary stand isusually younger on alow bench than the age
of aprimary stand on a high bench.
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It is possible to distinguish between benches from the terraces in spite of their similarity in form. Hefley (1937; correctly
pointed out that benches (or levels) are aggradation forms within aflood plain and they are attributabl e to the action of overflow
water, wind, and vegetation. Terraces, on the other hand, mark aformer valley floor level as stated by Thornbury (1958), and
are largely the products of stream erosion rather than deposition (Gilbert 1877).

At the upper limit of the Scouleria - Hygrohypnum bench, the spaces among boulders are filled with sand and the
establishment of willows, Alnusrubra, and Populustrichocarpa may take place. The bouldersbecome fully or partially covered by
sand while the bryophytes disappear gradually asthey become buried. The establishment of Elymus glaucus, Lonicerainvolucrata,
and Rubus spectabilisincreases. At this stage the stand is 20 to 30 years old, Populus trichocarpa dominates in the crown canopy,
and Piceasitchensisis abundant in the shrub layer. The soil isfrom two to three feet deep and consists of sand underlain by gravel
or stones.

On the Equisetum arvense bench, development leads also to aLonicera- Rubus community, inwhich the soil is
similar to that just described except that boulders are not present in the subsoil and the sand is somewhat deeper. Devel opment
on the gravel benches converges also to a Lonicera - Rubus community.

The Lonicera- Rubus bench isfrequently flooded but the deposited sediments are finer than before. Eventually aloamy
sand surface horizon accumulates and the proportion of Lonicerainvolucrata decreases. The establishment of Symphoricarpos
rivularis on this bench level indicates that agravel horizon is close to the soil surface and follows arecent shift in the position of the
river bed. Oplopanax horridus and Ribes bracteosum are specific to deep loam soils. In both the Symphoricarpos and the Ribes
- Oplopanax community, Piceasitchensis and Populus trichocarpa dominate at the beginning, and subsequently Piceasitchensis
alone. Onthislevel, overflow is extremely rare and vegetation is conditioned by underground movement of water which varies
with the water level of the stream.

Development on the Symphoricarpos and the Ribes - Oplopanax bench is very slow and if the habitat is no longer
influenced by flood-water but seepage is present, the stand will remain rich in deciduous trees and herbs. These conditions
promote an efficient decomposition of the organic matter and melanization. If no seepage is present in the soil, the stand will be
dominated by conifers and raw humus accumulates. This leads to podzolization of the soil. Melanization and seepage are
associated with the abundant occurrence of Polystichum munitum, and the podzols with raw humus inhabiting plants.

Ecosystem patterns of aflood plain arein a continuous flux. As the meanders migrate from one side of the valley to the
other, benches and plant communities are destroyed along the outside bank. Development of an alternate channel can initiate
substantial changes in the floristic structure of the plant communities through changes in the patterns of overflow and post-flood
drainage. The distance of flow isaways shortened by the alternate channel; thisincreasestheriver gradient. A new equilibrium
is achieved by downcutting in the river bed.

If the break-through occurs across a medium bench, aunique situation can develop. Overflow duration is drastically
reduced on the benches due to downcutting which resultsin arelative increase of bench height.  Soil depth remains as before
because bench level isincreased by downcutting and not by sedimentation. The lesser vegetation will undergo rapid changes but
the crown canopy will remain essentially unaltered for along period of time depending on the stand age.

The overflow pattern in the unique situation just described resembiles that of the Ribes - Oplopanax type. The soil profile
which contains a gravel horizon close to the soil surface is similar to that of the Lonicera- Rubustype. The rate of sedimentation
islow, and therefore no significant increase in soil depth can be anticipated. The crown canopy consists of deciduoustreesin the
early developmental stages (asinthe Lonicera- Rubustype) but these give way later to the conifers (asin the Ribes - Oplopanax
type). Inthelesser vegetation, Symphoricarpos rivularisisthe most abundant species.

The Symphoricarpos type always indicates a gravel horizon in the soil profile close to the soil surface, but this horizon

does not necessarily indicate an earlier downcutting in theriver bed. Thetorrential tributary streams can dump gravel even on the
high benches of the main stream.
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