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SUMMARY 

Movements of radio-collared moose (Alces alces) in the potential 
impoundment area of the Susitna Hjdroelectric Project during spring prior to 
parturition prompted questions of why moose were using these areas at this 
time of year (Ballard et al. 1982). The 1982 phenology study emphasized a 
few areas of the impoundment zones where moose seemed to concentrate at this 
tim•~ of year and nearby areas where they did not concentrate. Marked 
locations were studied each week for 5 weeks, however, the investigation did 
not start until early June, past the! critical period. The phenology study 
was expanded in 1983 to obtain data over a wider area, at the cost of using 
fixed locations and gathering environmental data, and was initiated earlier 
in the season. Additionally, since bear (Ursus spp.) movements were believed 
to be affected by availability of horsetail (Eguisetum spp.) and overwintered 
berries in these areas (Miller and MlcAllister 1982, Miller 1983), abundance 
of horsetail and berries were also measured. 

The initial hypothesis suggested by the Alaska Department of Fish and 
Game (ADF&G) was that moose were consuming forbs during this time period, 
and might be eating them to ground level. Exclosures were constructed in 
late May 1982 at four elevations along four transects on south-facing slopes 
to protect plants from grazing and to provide a fixed location where plant 
devE~lopment could be studied over time. The general areas of study were 
based on areas of moose concentration on south-facing slopes, and 
cone en trations sometimes occurre-d on the north-facing slopes. This 
theoretically permitted an evaluation of why moose used certain south-facing 
slopes and not others, but sometimes used north-facing slopes. Exclosures 
were visited each week to measure vegetation and soil temperatures. 

Elevation within transect and transect location had a significant effect 
on_ :soil temperature, plant canopy cover, and current growth biomass during 
the spring period. However, the effects of elevation were not consistent 
among transects. On some transects vegetation matured faster at the bottom
elevation site while on others it matured faster at the middle-slope or at 
the highest elevations. Vegetation along one of the transects matured much 
later than along any other transect. Timing of vegetation development 
resulted from an interaction of climate, topography, and site history. 
Recent fire (last 40 - 70 years) appeared to be the common factor among 
early developing areas. Maturation rates differed among species at the 
samE~ site. Most early-developing sites that were studied were above the 
levE~l of the potential impoundments. 

Nine areas of moose concentration were selected for sampling during 1983 
aftE~r consul tat ion with the ADF&G: Devil Creek, Tsusena Creek, Fog Creek, 
Watana Slide, Watana Creek, Fish Creek, Kosina Creek, Clarence Creek, and 
Switchbacks. Four areas had north- and south-facing transects that began on 
benches above the potential impoundment and descended to the Susitna River. 
The other transects were either completely above or below the impoundment, 
had only one aspect, or were along a tributary stream. 

Transects were sampled each period at 10-m intervals with observers 
recording a coded value for elevation, aspect, slope, vegetation type, snow 
depth, and species identification, phenological stage and utilization of the 
closest shrub, forb, or graminoid within a 0.5-m radius of the snowshoe or 



boot tip. Coded values for abundance of over-wintered berries and horsetail 
were also recorded. The transects were flagged so the same approximate stops 
were sampled each week. However t it was not possible to sample the exact 
stop in different sample periods or to obtain consistent values for the 
various parameters. Data were analyzed using 2-way contingency tables and 
log-linear models on reduced data. This methodology permitted sampling more 
areas than the 1982 study when detailed methods with relatively fixed 
locations were used. Variables that affected phenological development or 
snow melt could not be confidently isolated although some trends were noted 
for south-facing slopes t usually greater than 3° in closed forest or low 
shrub types. Sample sizes in the various cells limited the confidence placed 
in these generalizations. 

Berries tv'ere too scarce to conclude anything about locations with this 
methodology. However, in areas with abundant berries, they were available 
during sample period 1. Horsetail, however, was found on 0-3° slopes in 
open forests below the impoundment zone. It frequently was not visible 
until the second sample period. Phenological development data for horsetail 
were available only where it was the closest forb to the boot tip. Hencet it 
could not be tracked over time, although the latest observations were that it 
was half grown. A large percentage of areas where overwintered berries were 
concentrated in 1983 probably will not be inundated by the project, but a 
large percentage of the horsetail sites probably will be flooded. 
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1 INTRODUCTION 

The plant phenology - moose utilization study was initiated because it 

was suspected that pregnant cow moose concentrated along south-facing slopes 

and some north-facing slopes of the Susitna River valley during calving 

(Ballard et al. 1982) to take advantage of any late winter - early spring 

gro\\rth by herbaceous plants. Energy reserves of moose are probably near 

depletion by late winter. Parturition and .lactation further increase energy 

demands of cow moose. 

Graminoids and forbs that are breaking quiescence and actively 

photosynthesizing immediately prior to and during moose calving would have 

relatively greater energy content than many of the shrubs present (Cook 

1971). Shrubs, graminoids, and forbs all have high energy content when in 

vegetative stages, far beyond what is needed for gestation and lactation in 

domestic large ungulates (Cook 1971). Archer and Tieszen (1980) have shown 

that at Atkasook, Alaska, 2 graminoid species initiated growth sooner than 

the shrub species diamondleaf willow (Salix pulchra) and northern Labrador 

tea (Ledum decumbens). Graminoids and forbs produce only photosynthetic 

tissue while thes~ 2 shrub speci~:!S may allocate 75-84% of their total 

nonreproductive, above ground biomass to stems (Archer and Tieszen 1980). 

Thus, herbaceous plant production in late winter-early spring could be 

critical to moose reproductive success. 

The original objective of the phenology study was to determine if early 

spring growth of forbs on the slopes of the impoundment areas were providing 

forage for cow moose prior to parturition. Since the possibility existed 

that the moose could completely remove the forbs, exclosures were built to 
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protect the vegetation and provide an area of "intensive" sampling: Hence 

the study was relatively intensive in a few locations and relatively cursory 

in other locations to cover the areas needed to explore this hypothesis. As 

implemented the second year, the objective was broadened to monitor 

vegetation development during early spring to determine if early forage 

availability occurred in some areas before others and why these differences 

occurred. It had been hypothesized that herbaceous vegetation development 

would occur first on the south-facing slopes. 

The 1982 results indicated no conclusive evidence of specific forb 

removal by moose during the spring from south-facing slopes as had been 

hypothesized originally. Early green-up areas were also located on north- as 

well as south-facing slopes. 

The specific inclusion of horsetail and berries in the second study 

(1983) was an attempt to assess their influences on early spring bear 

movements. Information on radio-collared brown (Ursus arctos) and black 

bears (U. americanus) indicated many sightings below the potential 

impoundment level during early sprl.ng, possibly related to the early 

appearance of horsetail in the lower lying areas (Miller 1983). Hence, 

another phenology study was initiated in April 1983 to monitor snow melt, to 

cover a broader area than the 1982 study, and to evaluate relative abundance 

of overwintered berries and horsetail. Methods, which will be described 

later, were those desired by the Alaska Department of Fish and Game (ADF&G). 

Many studies have investigated the phenological development of plant 

species, particularly as it related to range readiness or forage availability 

and its relationship to environmental variation. Clary and Kruse ( 1979) 

discussed the use of forbs as indicator species for range readiness for deer 
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in southwestern states. Halls (197:3) evaluated flowering and fruiting of 

bro"rse species with respect to weather information. Komonov ( 1981) used 

multiple regression analysis to quantify important environmental factors 

affecting plant development. McGee (1976) reported that shade in the 

previous year affected budbreak on oak seedlings. Hoefs (1979) observed that 

vege!tation on mid-slope elevCJ.tions t~mded to develop earlier than higher or 

lowe!r elevations on Sheep Mountain in the Kluane Lake area, Yukon Terri tory. 

Pearcy and Ward (1972), however, found that individuals of tufted hair grass 

(Deschampsia caespitosa) responded differently in phenological development 

base!d on their original elevation. However, their elevation ranges were. much 

larger than ours. Stewart et al. (1976) evaluated phenological development 

and energy relationships for browse in Saskatchewan, which were related to 

moose energy requirements and snow depth. Some of these studies supported 

the belief that spring plant development was related to topographic factors, 

but the information was needed for specific areas in the Susitna basin. 

2 OBJECTIVES 

Objectives of the 1982 phenology :study were to: 

1. Identify any forbs that might be grazed by moose prior to parturition. 

2. Monitor species development weekly during the spring. 

3. Monitor soil temperatures weekly to have a parameter that could be 
compared across sites. Different plant species common to the various 
vegetation types initiated growth under different conditions so did 
not make good standards for comparisons of several locations. 

4. Determine if grazing had a significant effect on vegetation during the 
spring. 

Objectives of the 1983 phenology study were to: 
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1. Identify what areas became snow free first in relation to aspect, 
elevation, slope, and vegetation type. 

2. Identify where forage became available for moose first. 

3. Identify where overwintered berries were most abundant and when they 
were available. 

4. Identify where horsetail occurred most abundantly and when it became 
available. 

5. Identify utilization of early growth vegetation. 

The overall objective was to evaluate snow and plant species development 

as they might relate to moose and bear movements during snowmelt. 

3 SITE DESCRIPTION 

3.1 1982 Site Descriptions 

3.1.1 Watana Creek Transect 

The bench location upstream from the Watana Creek transect (Figure 1) was 

in a low birch shrub scrub inclusion in an open spruce type. It was at an 

elevation of 774 m (2440 ft) with 2° slope and 185° average aspect. Resin 

birch (Betula glandulosa) dominated the low shrub layer while Labrador tea 

(Led urn groenlandicum), bog blueberry (Vaccinium uliginosum), and mountain 

cranberry (y_. vitis-idaea) dominated the dwarf shrub layer. Moss covered 

almost 90% of the ground. The average age of four large trees in the areas 

was 94 years, making it a relatively old site. Methodology describing the 

aging technique used for tree cores is contained in the Methods section. 

The exclosure at the top of the slope was in an ecotone between low birch 

shrub scrub and woodland spruce. It was at an elevation of 683 m (2240 ft) 

with a 5°slope and 150° aspect. This would be 17 m above the potential 

impoundment water surface. Vegetation consisted of resin birch in a low 
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shrub layer with a dwarf shrub layer of Labrador tea, mountain cranberry, and 

crml/berry. Moss provided about 65% ground cover. The mean age of three 

white spruce (Picea glauca) individuals was 82 years. 

The middle-slope location along the Watana Creek transect was in open 

white spruce forest located on the side of a small knoll. Poorly drained 

black spruce areas existed just uphill from the site in a relatively level 

area. This site had an elevation of 610 m (2000 ft) with an average aspect 

of 173° on an 8° slope. This site would be inundated by the Watana 

impoundment. One exclosure faced westward on a 13° slope while the other 

had a southerly exposure. Vegetation consisted of a low shrub layer 

dominated by resin birch with Labrador tea, bog blueberry, and mountain 

cranberry in the dwarf shrub layer. Bog blueberry was more abundant in the 

south-facing exclosure while resin birch was more abundant in the west-facing 

exclosure. Moss formed 90% of the ground cover. Trees averaged 62 years 

(N=4) making it a medium-aged site. Old snags were present but not aged. 

The bottom location was in an open mixed spruce-birch site just above the 

floodplain with a 12° slope and 192c' aspect. It's low elevation of 549 m 

(1000 ft) placed it in the potential impoundment zone. The most important 

undE~rstory vegetation included Labrador tea and mountain cranberry, but 

prickly rose (Rosa acicularis) was also present. Moss was less important in 

this site because of the litter lay1er in some places. The average age of 

thn~e trees was 99 years. Bottom elevations generally had older trees than 

the other elevations for all transects. The bottom location on the Watana 

transect was about 35 years younger than any other bottom site on the other 

transects. The Watana transect bottom-elevation site was the only bottom 

site positioned on a slope, and it had the warmest soil temperatures of any 
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bottom-slope site for any transect. These three facts (younger, greater 

degree of slope, and warmer) are related to disturbance due to fire at this 

site that was not a factor at bottom sites on other transects. 

3.1.2 Jay Creek Transect 

The Jay Creek tr an sect beg an at a higher elevation than· any other 

transects at 884 m (2900 ft) (Figure 3). The bench location was on a slope 

below an almost barren outcropping. The highest elevation site was a low 

birch shrub scrub type with a 10° slope and 176° aspect. The low shrub layer 

was composed of resin birch and the dwarf shrub layer contained northern 

Labrador tea (L. decumbens) and mountain cranberry. Trees in this area were 

of mixed age with one tree being 89 years old and two others averaging 27 

years. This was a relatively dry area. 

The second elevation, top position, was another low birch shrub scrub 

type located on a gentle break in the 15° slope. Elevation was 792 m (2600 

ft) on a 5° slope with 144° aspect. The low shrub layer was composed of B. 

glandulosa and a dwarf shrub layer of northern Labrador tea and mountain 

cranberry. Resin birch usually occurred on mounds, and other shorter species 

grew beneath the shrub layer. Most trees at this site averaged 31 years of 

age although one was 100 years old and a dead tree was 157 years old. 

The middle slope position was in an open mixed spruce-birch forest at an 

elevation of 701 m (2300 ft) with 14° slope and 157° aspect. It was located 

about 35 m above the potential impoundment area and might be affected by 

mesoclimatic change associated with the reservoir. The exclosures were 

placed on either side of an open, grassy area in the forest type. Understory 

vegetation in one exclosure was dominated by mountain cranberry with some 
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bunchberry (Cornus canadensis) and tall bluebell (Mertensia paniculata). The 

othEH exclosure was dominated by bluejoint (Calamagrostis canadensis), 

woodland horsetail (Eguisetum silvatic.um) and tall bluebell. Average age for 

six trees at this site was 37 years, making it one of the youngest sites. It 

also appeared to be the warmest site, as indicated by plant species 

composition, the time at which plant growth was initiated, and soil 

temperatu~es. 

The bottom location was in a woodland black spruce forest with exclosures 

on either side of a wet sedge-grass-shrub meadow. The slope was <1 ° and 

aspe!ct averaged 119° although one exclosure faced south-southeast and the 

other faced east-northeast. At an elevation of 610 m (2000 ft), this site 

would be in the potential impoundment zone. Important vegetation consisted 

of resin birch, Labrador tea, crowberry, and graminoids. Mean age of ·four 

trees was 146 years, the oldest average of any site. 

3.1.3 Switchback Transect 

The bench location at the Switchback transect (Figure 1) was in a low 

birch shrub scrub type. The site was at an elevation of 762 m (2500 ft) with 

average slope of 6° and aspect of 250°. Vegetation consisted of a resin 

birch low shrub layer and a dwarf shrub layer of northern Labrador tea, 

mountain cranberry, and lichens. The average age of three trees was 35 

years, although one tree was 91 years old. Hence, the area was probably 

disturbed by fire within the last 40 to 50 years. 

The top-slope elevation (762 m, 2500 ft) was located on the bench just 

above where the terrace sloped toward the river, and was 96 m above the 

potential Watana impoundment. This site was in an ecotone between low birch 
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shrub scrub and woodland white spruce forest with an average slope of 

"""" 1° and aspect of 275°. Important species included resin birch, bog blueberry 

and lichens. Average age of three trees was 56 years while a fourth 

individual was 163 years old. Fire scarred snags were present, again 

indicative of disturbance. ~ 

The middle slope location was just upstream from a dry knoll. Vegetation 

was an open spruce type at an elevation of 701 m (2300 ft) with 16° slope and 

189° aspect. The site was 35 m above the potential impoundment zone. 

Important plant species included resin birch, Labrador tea, and diamondleaf 

willow (§_. pulchra). Moss covered over half the area. The average age of 

three trees was 41 years while one was estimated to be 210 years old. This 

supported the contention that a relatively recent fire had occurred at this 

site. 

The bottom elevation at the Switchback location was in an alder-spruce 

type with 3° slope and 210° aspect at an elevation of 640 m (2100 ft). This 

site would be flooded by the impoundment. The most abundant plants at this 

site were Sitka alder (Alnus sinuata), American red currant (Ribes triste), 

and several forb species. This was a relatively moist site. Mean age of five 

trees was 143 years, making it one of the oldest sites sampled. 

3.1.4 Tsusena Creek Transect 

The transect downstream from Tsusena Creek was the only one in the 

potential Devil Canyon impoundment area (Figure 1). The bench location was a 

low birch shrub scrub type at an elevation of 758 m (2486 ft) on a mean slope 

of 3°. Aspects of the two exclosures were 232° and 86° at this site which 

was on top of a knoll. Abundant vegetation consisted of resin birch over a 

-.., 

.~ 



-

-

-
-

-

-

-

9 

layer of Labrador tea and crowberry. Resin birch was much taller at this 

site than at other sites. Moss covered about 85% of the area and was 

about 8 em deep, much deeper than at any other location. Average age of 

thn~e trees was 114 years while one tndividual was 56 years old. Trees were 

ran~ at this location. This site had not been disturbed as recently as 

other sites and was well above present timber line. 

The top-slope position on the Tsusena Creek transect was another ,low 

birch shrub scrub type at an elevation of 635 m (2086 feet) on a r slope 

with aspects of 110° and 20°. Vegetation consisted of a low shrub layer of 

resin birch and a dwarf shrub layer of Labrador tea and crowberry. Moss 

covE~red about three-fourths of the ground and was about 8 em deep. Average 

age of four trees was 87 years. 

No middle-elevation exclosure was constructed because of difficulties 

getting equipment there with tree cover. The bottom location was in an open 

spruce type with 2° slope and aspects of 5° and 140° at an elevation of 512 m 

( 1680 f t) . This site was on a level , forested area by the Susi tna River . 

VegE~tation consisted of resin birch, Labrador tea, and mountain cranberry. 

Moss covered 90% of the ground. Mean age of four trees was 135 years. 

3.2 1983 Site description 

Vegetation along the 1983 transects cannot be described in as much detail 

as the 1982 transects since descriptive data were not collected and time 

limitations did not permit taking sufficient field notes. Nomenclature 

for vegetation types follows Viereck et al. (1982). General descriptions of 

these vegetation types in the middle :Susitna basin are found in McKendrick et 

al. (1982). 



10 

3.2.1 Devil Creek 

The area that had been indicated as a moose concentration area extended 

from above Devil Creek's first tributary up the Susitna River to the second 

bend above Devil Creek (Figure 2). Devil Creek transects started in low 

shrub types dominated by resin birch, bog blueberry, some willows, and other 

shrub species on the benches on each side of the river, upstream from Devil 

Creek. The south-facing transects passed through open to closed mixed 

forest with an understory of bluejoint and mountain cranberry on slopes that 

were occasionally steep. The north-facing transects descended through 

alternating sect ions of low shrub and open and woodland spruce forest 

types with typical shrub understories. The last portion, approximately 50 m 

in elevation, was relatively steep. Alder were more common at the bottom of 

this transect than on the south-facing slope. Ice jams had deposited ice at 

the bottom of both transects during period 2 (week of May 1). Bears were 

observed at the top of the south-facing slope. Some utilization of resin 

birch, alder, and sedges was noted, presumably by moose. 

3.2.2 Tsusena Creek 

The area of moose concentration around Tsusena Creek extended from the 

stream below Tsusena Creek, including some upper stretches, up beyond Deadman 

Creek about one third the distance to Watana Creek (Figure 2). The Tsusena 

Creek transects started in a well-drained, somewhat disturbed opening and 

descended through mixed birch-spruce forests which contained bluejoint and 

mountain cranberry in the understory until poorly-drained black spruce types 

were entered on a flat lowland. The transects traversed this until they 
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reached a strip of riparian forest and riparian low shrub types near the 

river. This area was relatively well advanced even when first visited. 

This contrasted greatly with a transect sampled in 1982, located 

downstream a short distance. The 1982 site was a relatively cold area that 

was late developing. Deep moss layers were common. The 1983 site seemed to 

have younger vegetation and seems to have been disturbed more recently. 

3.2.3 Fog Creek 

The Fog Creek area of moose concentration paralleled the stream near the 

Fog Lakes area and involved less than 100-m elevation difference. The 

south- facing transects started in a low shrub-dwarf tree scrub area and 

proceeded 

across some wet areas. They then climbed a well-drained ridge covered with 

spruce and descended to a willow stand along a feeder stream. Many moose 

pellets were found in this area. The north-facing transects started in a low 

shrub type then proceeded over a hillside covered with spruce. They 

descended into a creek bottom area that was hummocky and contained large 

spruce trees. 

3.2.4 Watana Slide 

An area of moose concentration had been indicated by ADF&G on the north 

side of the Susitna River and extended up Watana Creek. The Watana Slide 

tr an sects were up Wa tana Creek a short distance from a mud slide that 

occurred sometime between summers 1982 and 1983. They included elevations 

above and below the impoundment. The east-facing slopes had a number of old 

earth slides and some areas that looked like they might slide if conditions 
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were right. Silt was deposited by wind on litter and low-growing vegetation 

just above the first of two sets of bluffs, which were probably old slide 

scars. This silt appeared to inhibit growth since the dust-covered plants 

were shorter than adjacent dust-free plants. The east-facing transects 

started in a woodland forest-dwarf tree scrub area with many snags from old 

fires. They descended among some very old slides then followed a small 

stream over flat terrain. They reached a more recent set of slides then 

descended into a flat area vegetated with willows and horsetail. 

The west-facing transects began in a low shrub type abundant with bog 

blueberry, resin birch, and crowberry, then passed through shorter spruce (< 

6 m tall), and finally taller spruce (> 6 m tall) on the floodplain. 

Robust feltleaf willow (Salix alaxensis) had been browsed heavily at the 

bottom of these transects and moose pellets were abundant. The last snow to 

melt along these transects was on the floodplain. 

3.2.5 Watana Creek 

Watana Creek transects were located on both sides of the Susitna River 

just upstream from the mouth of Watana Creek. Their highest elevations were 

still beneath the level of the potential impoundment. The south-facing 

transects began in a wet low shrub area, then passed through spruce 

vegetation. One transect ended in mature mixed balsam poplar-white-spruce 

type along Watana Creek. The other passed through a stand of willows near 

the Susitna River. The north-facing transects started in a woodland spruce 

area, descended gradually through spruce, then entered a flat woodland 

forest-dwarf tree scrub area with relatively poor drainage. They then 

descended over another steeper slope covered with thick moss. Alders were 
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arranged in a band of vegetation apove where the transects entered the open 

strtp of shrubs and herbaceou13 speci,es by the river. The 1983 Watana Creek 

transects were considerably downstream from the 1982 Watana Creek transects, 

which were called Fish Creek in i983. 

3. 2 •. 6 Fish Creek 

Another moose concentration area w~s observed only on the north side of 

the river from Fish Creek to Kosina Creek with elevations ranging from the 

ri V«H to the benches. Hence, comparisons of the north- and south-facing 

slopes for Fish and Kosina Creeks might indicate why moose occurred mainly on. 

south-facing slopes rather than north-facing slopes in the area. 

Fish Creek transects were locate!d just downstream from a small feeder 

stream and were the locations called Watana Creek in 1982. They were about 

half-way between Watana and Jay Creeks. The south-facing transects began in 

a wet low shrub area, passed through woodland and open white spruce types, 

then descended gently through more white spruce vegetation. 

Phenology 

Black spruce was growing o~ a poorly-drained area above where the 

transects made a final, steeper descent through birch-spruce with some aspen 

(Populus tremuloides) and a fringe of willows along the floodplain. The 

south-facing transects were relatively long. The north-facing transects 

originated on a gently sloping low shrub site then descended gently through 

black spruce and a small drainage. There was a steep descent through spruce 

before encountering the open strip of riparian vegetation along a slough by 

the river. High water levels sometimes inundated this vegetation so the 
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stops parallel to the river were moved downstream a little. Iris (Iris sp.) 

and sweet-vetch (Hedysarum sp.) had been utilized on an island across the 

slough. 

3.2.7 Kosina Creek 

Kosina Creek transects were located a short distance downstream from 

Kosina Creek., Concentrations of moose had been reported on the south-facing 

slopes in the past (W.B. Ballard, personal communication) and were observed 

during this study. The south-facing transects began on a gentle slope 

covered with low shrub vegetation dominated by resin birch and bog blueberry 

then went downhill through combinations of aspen, paper birch, and white 

spruce. White spruce in the understory in some of the aspen-dominated 

portions of the transects were only 2-3 m tall and apparently were invading 

the site since they appeared younger than the aspen. One closed aspen area 

had living and dead trees the same size and a lot of dead fall. Apparently 

two di st ur bances had occurred, resulting in much growth of young trees. 

Green bark was stripped from willows, and mountain cranberry had been browsed 

near the bottom of these transects, hence the area was apparently used in the 

spring. 

The north-facing transects descended through alder and spruce on steep 

slopes. South-facing slopes occurred near the bottom of .the transect where 

dips occurred. A strip of alder occurred above a narrow band of willows by 

the river. Many animal signs were found on both slopes, although most 

tracks on the north-facing transects occurred in the relatively flat areas 

where travel was easier. The animal trails appeared to be transitting areas, 

rather than connecting snow-free areas where animals could utilize shrubs. 
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In other words, although animals apparently travelled through the area, they 

were not eating much. 

3.2.8 Clarence Creek 

The moose concentration area around Clarence Creek, a small stream 

draining Clarence Lake, extended up Clarence Creek and down the south side of 

the Susitna River. This area was unusual in that it faced north, but few 

moose locations occurred on the south-facing slopes. Most other moose 

cone en tration areas either faced :south or contained both aspects. The 

transects started in dwarf spruce scrub, descended through spruce, then alder 

in a draw, to a dry, open knoll. They then passed through more spruce, and 

then a strip of alder before reaching the river. This was also the site of a 

spectacular ice jam which covered most of the shrub and herbaceous vegetation 

by the river. Snow occurred later he:re than most sites. 

3.2.9 Switchbacks 

The concentrations of moose in the switchback area were on the north side 

of the river on the benches, much of which was covered by low shrub or dwarf 

spruce scrub, and contained many fire-scarred areas. The benches on the 

south side also contained many old burn areas, but were drier. The south-

facing transects started in some moist low shrub sites which contained 

scattered spruce trees and snags and which were dominated by resin birch and 

willow. They descended through scattered, disturbed sites near a stream, 

through alder thickets, over a dry, open knoll, and through wet willow 

vegetation before reaching the shore. The north-facing transects descended 

from a low shrub-woodland white spruce area through a wide strip of alder, 
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into some small, relatively flat areas with willow near small drainages. A 

variety of open areas were passed until a large poorly drained area of 

cottongrass (Eriophorum spp.) tussocks with scattered dwarf black spruce 

trees was encountered. A final descent was made through alder to the 

strip of small shrubs at the bottom. 

4 METIIODS 

4.1 1982 Methods 

4.1.1 Site Selection 

Transect locations were selected based on concentrations of 

radio-collared moose in the impoundment zone during parturition periods 

(Figure 1). Locations were chosen to represent areas of use and non-use by 

radio-collared moose during April-June, the usual period of parturition 

(Ballard et al. 1982). It was recognized that nonradio-collared moose might 

be using areas that were not being used by radio-collared moose. However, 

this was the best approximation available for an experimental design. Areas 

of "use" and "non-use" were included in the design to attempt to identify 

differences in vegetation that were attractive to cow moose. 

The study transect near the switchbacks of the Susitna River (downstream 

from Goose Creek and Oshetna River) represented sites with usage on both 

south- and north-facing slopes. The transect east of Jay Creek represented 

areas of little or no usage by radio-collared moose during parturition. The 

transect east of Watana Creek was used by radio-collared moose on the south

facing slope but not on the north-facing slope. These areas were all in the 

potential Watana impoundment area. One transect was chosen west of Tsusena 

Creek in an area used by radio-collared moose on both north- and south-facing 
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slopes in the potential Devil Canyon impoundment area. Exact locations 

of transects were determined using aerial and ground reconnaissance during 

May 1982. 

Transects were generally about 1..5 km long, although one was 2 km. The 

"transects" were lines used for qualitative, non-structured observations, 

especially on the north-facing slopes. Transects generally followed the 

easiest path down, which was usually along animal trails which permitted more 

obse!rvations of animal signs. Excloslllres were constructed at discrete points 

along the transects on the south-facing slopes. 

Four elevations for each study area were selected along each of the four 

transects, except Tsusena Creek transect where only three elevations were 

examined. The highest elevation was on the bench above the river, the 

second elevation was at the top of the slope, and the third and f ou rt h 

elevations were mid-slope and b6ttom of the slope, respectively. Selection 

of ground locations at each elevation were based on slope position, 

vegetation, and helicopter access. Tree cover at the mid-slope elevation 

on the Tsusena Creek transect prevented helicopter access either by landing 

or by dropping a sling load. Terrain was too rough and vegetation too dense 

to reasonably hand-carry the materials to an appropriate location, therefore 

no exclosures were constructed at the site. 

Pairs of 2.1 x 2.1-m (7 x 7 ft) exclosures were constructed in late May 

at each location using 1.5-m (5 ft) woven wire with a single strand of barbed 

wire at the top, and 2 .1-m metal fence posts. Exclosures were constructed 

in vegetation representative of each elevation and transect. Some exclosures 

were! located within a single vegetation type, such as low shrub scrub, while 

others were located along ecotones because moose frequently use "edges" 
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of vegetation types. The exclosures were always constructed away from the 

helicopter access point. 

Transects were sampled at 7-day intervals beginning 31 May and ending 2 

July, 1982. The south-facing slope exclosures were sampled in the morning 

for all transects except Watana Creek. The corresponding north-facing slope 

without exclosures was examined in the afternoon for general observations on 

vegetation composition and phenological development as well as utilization by 

wildlife. The north-slope at Watana Creek was visited at the end of each 

week for logistical reasons. 

because of project delays. 

4.1. 2 Photographic Points 

Sampling was not begun until after snowmelt 

Photographic points inside and outside each exclosure were permanently 

marked with 30 to 45-cm long rebar painted florescent orange and which were 

driven into the ground. Photographs of the vegetation were taken each time 

the site was sampled to document phenological development of plant species. 

Photographs were taken looking uphill from a height of 1.6 m using a Fujica 

ST605 camera with 28 mm lens. The rear two fence posts were located in the 

upper corner of the photograph. Sometimes two photographs had to be taken to 

include some of the taller vegetation. Individual twigs of shrubs were 

flagged and photographed each week outside some exclosures to record 

development of individual twigs. Species selected for individual tagging 

were resin birch, Labrador tea, and prickly rose. Selection of individuals 

was random. 
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4.1.3 Soil Temperature 

Soil temperature at the 1-cm depth was taken inside each exclosure using 

a bimetallic thermometer with a dial scale. The temperature was always 

measured'in a "typical" location in the shade to avoid daily heating effects 

of the sun. Hence, the thermometer location varied slightly from week to 

week because the sun angle as well as our arrival time would vary. The 

thermometer was allowed to equilibrate in the ground while plant canopy cover 

was estimated. Soil temperatures were used to monitor the warming of sites 

because daily ambient temperatures were extremely variable. Phenological 

development of plant species could not be used to monitor these trends since 

no species occurred at all sites and some species develop more rapidly. 

4.1.4 Canopy Cover 

Percent canopy cover was ocularly estimated in 0.5 x 1-m (0.5-m 2
) 

quadrats using 5% intervals (1% if < 10% or > 90%). Two quadrats were 

randomly located outside the exclosure by pacing a random number of steps 

from a randomly selected corner of · the exclosure. Quadrats outside the 

exclosure were independent of each other across weeks. Two quadrats were 

randomly located inside each exclosure but were not independent across weeks 

because of the limited size of exclosures. Cover was the vertical projection 

of living vegetation and did not include small gaps in shrub canopy gaps. 

Canopy cover was estimated by species for most vascular plants, by genus for 

sedges, and by life form for bryophytes, lichens, and unidentified forbs and 

graminoids. 
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4.1.5 Height and Phenological State of Growth/Maturation 

Average height (em) and most advanced phenological state were recorded 

for each plant species in each quadrat inside and outside the exclosures. 

Phenological states were as follows: 

vegetative (1) just emerging or first signs of new growth or dormant 

for evergreens 

(2) leaf buds visible 

(3) leaves expanded 

an thesis (4) flower buds 

(5) flowers 

fruiting (6) seeds 

(7) decadent 

In some evergreen species, such as mountain cranberry, it was extremely 

difficult to tell when the plant initiated new growth in the spring. New 

leaves were almost the same color as old leaves. Thus, unless a leaf was 

only partially emerged, new growth could not be easily determined. Hence, 

some phenological states for some species were not as precise as for others. 

4.1.6 Tree Ring Analysis 

Two tree cores were taken as close to the ground as practical from 2 

trees or snags near each exclosure when possible. These data were collected 

to age the present plant community at each site in an effort to determine 

fire history. Ages of living trees were determined by counting rings after 
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the cores had been sanded smooth on one side. The cores of dead snags were 

in such poor condition that the rings could not be counted. 

This study was not included in the original proposed methodology. During 

the early phases of the phenological study, it was noted that the sites with 

the earliest maturing forage appeared to have been burned relatively recently 

.Clast 50 years) whereas the latest maturing sites had a deep moss layer and 

little evidence of fire. Cores of living and dead trees were obtained in an 

attE~mpt to determine the fire history of each site. Field time did not 

permit an intensive collection of cores. The intention of coring snags was 

to match tree ring patterns of living. and dead trees in an attempt to 

determine when the trees had died andi hence when the fire occurred, assuming 

the trees died during the fire. Limited laboratory time and poor quality 

cores did not permit this analysis. 

If all the tree ages at one site were approximately the same, then the 

mean age was taken as the age of the stand. If the trees were of uneven age, 

the older individuals were assumed to be survivors of a fire (they usually 

had fire scars) while the younger trees were considered to be reproduction 

since the fire. Both sets of ages were reported as well as the number of 

treE~s. This was a qualitative study intended to determine if the hypothesis 

relating recent burn history to early forage availability was reasonable. 

4.1.. 7 Statistical Analysis - Cover 

Cover data were analyzed using an analysis of variance model with nested 

mixE~d effects. The model consisted of transect, elevation, inside/outside 

exclosure, exclosure, and plot. Transect, elevation, and inside/outside were 

fixed effects since each level was unique, rather than a random sample of a 
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population. Each transect also represented either documented presence or 

absence of radio-collared moose. Each elevation was a particular location 

with respect to slope. Exclosures and plots represented random locations 

from the population of exclosures and plots. 

The model was nested since the levels (bench, top, middle, bottom) of the 

nested factor (elevation within transect) were different for each level 

(Watana, Jay, Switchback, Tsusena) of the main factor (transect). Even 

though the bottom elevations of the Watana and Jay Creek transects were both 

the lowest elevations of the transects, geographical considerations dictated 

that they were different and hence nested within their respective transects 

(as opposed to being cross-classified). Cover data for each week were 

analyzed using this model since we were primarily interested in spatial 

differences at a given point in time rather than changes over time. 

Additionally, computer core limitations would not permit analysis over 

time. Field work was initiated too late in the season to make plant 

development over time important. 

4.2 1983 Methods 

4.2.1 1983 Field Methods 

Thirty-two line transects were established in the proposed Devil Canyon 

and Watana impoundment zones during April 26 to May 5, 1983 (Figure 2). Four 

transects were located at each of 7 areas and 2 transects located at each 

of 2 areas. Two parallel line transects spaced approximately 100 m apart 

were positioned so they began on the benches above the impoundment zones and 

extended downslope to the Susitna River if terrain and distance permitted. 

The transects turned at right angles and paralleled the river at the bottom. 

-

-
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Two transects were placed on each side of the Susitna River valley at the 

Devil Creek, Watana Creek, Fish Creek, Kosina Creek, and the Switchback areas 

(Figure 2). Two transects were also placed on either side of Watana Creek in 

the area designated Watana Slide (Figure 1). Two transects were positioned 

on the north side of the Susitna River at Tsusena Creek and on the south side 

at Clarence Creek (Figure 2). Access and time limitations prevented the 

establishment of paired transects for the Tsusena Creek and Clarence Creek 

areas. Two transects, which did not terminate at the Susitna River were also 

placed on either side of Fog Creek (Figure 2). 

Placement of transects was based primarily on identification of areas 

knmm to have local concentrations of moose during spring. ADF&G biologists 

were consulted during early April 1983 to determine where snow was melting 

most rapidly and the location of concentrations of moose. Slope, aspect, 

elevational gradients, and helicopter access at top and bottom of transects 

were also considered in the placement of transects on opposite slopes. 

Each line transect followed a compass bearing to minimize observer bias, 

but sometimes directions were altered for topographical reasons. Some stops 

along the transects were flagged with surveyor's tape tied to shrubs or trees 

so the transect could be approximately relocated during later time periods. 

Beginning and ending elevations were recorded for each transect. 

Transects were walked at 7-day intervals over 5 consecutive periods 

encompassing 6 weeks. The 5 periods 'were as follows: Period 1, April 26-May 

5; Period 2, May 6-May 12; Period 3, May 13-May 19; Period 4, May 20-May 26; 

and Period 5, May 27-June 2. The four observers were regularly rotated among 

the transects. The same observer walked the same transect only during 

periods 1 and 5. 



24 

The transect number, stop number, date, and level IV vegetation type 

(Viereck et al. 1982) were recorded at 10-m intervals along the transect. 

Coded values for elevation, slope, and aspect were also recorded (Table 1). 

Elevation was estimated with hand-held altimeters. Slope and aspect were 

estimated using a clinometer or Abney level and compass, respectively. 

At each 10-m stop the coded value for the snow depth at the tip of the 

observer 1 s snowshoe or boot was recorded during periods 1 through 4 (Table 

1). A coded number of berries and horsetail stems within a 0.5-m radius in 

front of the boot or snowshoe was recorded. Species (Table 3), phenological 

state (Table 2), and utilization codes (1 = not used, 2 = used) of the 

nearest shrub, forb, and graminoid within a 0.5-m radius were also recorded. 

A coded value for the Level IV vegetation type was also recorded (Table 4). 

A qualitative estimate of phenological advancement (late, middle, early) was 

rec or de d during the fifth per i<>d when no snow was present. Other 

observations such as utilization signs, general transect description, 

observation of animals and animal signs, general description of phenological 

development, and other notes of interest were recorded in field notebooks by 

individual observers. 

One 50-m to 100-m line transect was also established on the riverbanks, 

parallel to the Susitna River (or Watana Creek), at the lower terminus of 

each downslope transect. These transects were needed to observe the 

development of horsetail near the river for possible bear usage. These 

riparian transects were located approximately midway between the water and 

the alder or forest vegetation, whichever was closer to the water. The same 

information described in the preceding paragraphs was recorded for the 

~. 
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riparian transects as for the downslope transects, but at 5-m rather than 

10-m intervals. 

4.2.2 1983 Data Analyses 

The hypotheses to be tested were that phenological advancement, 

overwintered berries, and horsetail densities were a function of elevation, 

aspl:!Ct, slope, and vegetation type. Log-linear models and 2-way contingency 

tables were used to test the hypotheses and obtain an understanding of 

what factors interacted. The hierarchical log-linear model used an additive 

function of main effects and interactions to predict the logarithm of the 

exp•:!cted cell frequency. This was similar to an analysis of variance, but 

all variables were treated equally with no variable considered as the 

depl:!ndent, or response variable. Another technique, logistic regression, 

treated one qualitative variable as a response or dependent variable and the 

others as qualitative, independent variables. This may be a more appropriate 

method of analysis, but lack of knmdedge or adequate documentation of the 

technique and difficulty in interpreting the computer outputs resulted in the 

use of log-linear models. 

Aspect (8 directions), elevation (17 30-m bands), slope (7 categories), 

vegetation type (approximately 30 level IV categories, Table 1) and transect 

location (9 areas) defined the cells of interest in a log linear model. 

This was initially considered across all transects during one time period. 

Several problems with this approach led to its abandonment. The river near 

the Switchbacks was slightly lower than the highest elevation of Devil Creek 

transects. Numerous missing cells ;,rould occur since the higher elevations 

were not present at Devil Creek, but lower elevations were not present near 
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the Switchbacks. This would invalidate the results. Some transects had few, 

if any, east or west-facing slopes while others had few south-facing slopes 

resulting in more missing cells or structural zeroes. Additionally, certain 

combinations ·of aspect. and elevation did not have all slopes or vegetation 

types present. Most of the above would be considered structural zeroes. 

Aside from such structural zeroes, insufficient data were collected to 

represent all cells that might exist with these narrow definitions. 

Inaccuracies in elevation, slope, and aspect estimates could lead one to 

question the narrowness of these categories. However, broader categories 

that were justifiable could not be established initially. Finally, computer 

statistical packages could not handle this many cells at one time. Hence, 

the following procedures were developed to reduce the data to a meaningful 

form. 

The data for a time period were divided according to transect groupings 

and analyzed one group at a time. The first analysis consisted of 2-way 

contingency tables for each response variable (phenological advancement, 

berries, horsetail) and each independent ·variable (aspect, elevation, slope, 

vegetation type). Aspect and elevation were treated in their original coded 

form. Slope categories were combined into 0-3°, 3-10°, and greater than 

10° intervals since these had reasonable interpretations. Slopes greater 

than 10° were eliminated when they only accounted for a small fraction ( < 

10%) of the observations. They accounted for 20% of the observations for 

some transects and were included because that much information could not be 

eliminated. These steeper slopes were considered marginal wildlife habitat. 

Vegetation types were grouped according to crown closure and growth form: 

closed, open, and woodland forest; dwarf tree scrub, tall shrub, low shrub; 

~-
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and herbaceous. More detailed classification levels should be used for such 

phenological studies, but techniques were insufficient to handle the 

information. Berry and horsetail abundance were reduced to presence or 

absence, or frequency, since most of the with more abundant berries (code 

~3)cells were empty. 

Computer printouts included observed frequency, percentages of row 

totals, standardized deviates, and marginal subtotals. The marginal 

subtotals indicated which categories for a variable were missing or poorly 

represented for each independent variable. The observed frequency and 

percentages of row totals enabled assessment of which categories had similar 

responses and could be combined. Combining categories was needed to reduce 

the number of 0 cells in multi-way contingency tables. 

The standardized deviates were the differences between observed and 

expected values divided by the square root of the expected value. The value 

of this in each cell was similar to a z-statistic and indicated if 

significantly more or fewer responses occurred in a specific cell than 

would be expected by chance. These! 2-way contingency tables provided an 

estimate of how each independent variable (slope, aspect, elevation, 

vegetation type) affected each response variable (phenology, berry, and 

horsetail frequency) without considering interactions. 

The previous analysis was used to combine categories in a meaningful way 

so that multi-way contingency tables could be analyzed using a log-linear 

modE~l. Elevation was reduced to above and below the estimated impoundment 

levels where possible. This reduced the biological information, but it 

directly tested the hypothesis of potential loss of spring forage by 

inundation. The 450-m band was the top of the Devil Canyon impoundment, and 
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the 660-m band was considered the top of the Watana impoundment. Where all 

locations within a group of transects were either above or below the 

impoundments, elevation was not considered in the models. Similarly, aspect 

was not used when transects were only sampled on one side of the river. 

Contingency tables were constructed for (1) phenological advancement, 

aspect, elevation, and slope or vegetation type and (2) berries or horsetail, 

aspect, elevation, and vegetation type. Slope and vegetation type 

information were considered to be redundant, but it was uncertain which was 

more important for phenology; hence, each was included separately. Berry and 

horsetail densities were believed to be more related to vegetation type, so 

slope was never considered in those models. A table was also produced for 

vegetation type, aspect, elevation, and slope to investigate independence 

among these variable and to see if the assumption of interrelation of 

vegetation type and slope was reasonable. This was used as an interpretation 

aid rather than an actual test of hypotheses. 

Each table of observed frequencies was accompanied by partial and 

marginal tests of association. These tests were used to determine what 

factors and interactions affected the model or indicated which factors 

affected the response variable. Partial association tests indicated if a 

term could be removed from the full model without affecting it 1 s 

meaningfulness. Significance on this test meant that the term was needed. 

Marginal association tests indicated if a term added information to a model 

consisting only of lower order terms. If a third order term improved the 

mode 1 produced by the first and second order terms' then the term was 

significant. 

~1 
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Tables of standardized deviates for the full log-linear model indicated 

which cells had significantly more positive responses than would be expected. 

A cell in this context referred to the interaction of levels of independent 

variables (aspect, elevation, slope, vegetation type). The "dependent" 

variables were considered to have responses in these cells. Reduced models 

were not considered because of the additional expense. 

The berry and horsetail frequencies were sometimes low enough that no 

mod•~ls after the first were considered. Observation of the observed 

frequency table would indicate where the concentration occurred. 

5 RESULTS 

5.1 1982 Results 

5.1.1 Reconnaissance Observations 

Some general observations on late winter snow conditions were made on a 

reconnaissance trip on 15 and 16 May_, 1982. The Watana and Jay Creek 

transects were almost snow-free at that time, although the Watana area 

cont:ained some snow patches in depressions between shrubs, and bog blueberry 

was partly snow-covered. The Switchback and Tsusena Creek sites still had 

substantial snow cover on the slopes at this time, although snow cover at the 

base of trees had already decreased. Mountain cranberry was abundant at the 

base of trees in the area between Devil and Tsusena Creeks, while snow was 

melting around Labrador tea at the highest elevations of the Switchback 

transect. 

General· observations between Watana Base Camp and Talkeetna River on 15 

and 16 May indicated that snow cover had been reduced by approximately 50% on 

fon~sted south-facing slopes while it had only decreased around trees on 
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north-facing slopes. The immediate area around shrub stem bases was 

re la ti ve ly snow-free on the benches. Snow depths were greatest between 

shrubs and contained many animal tracks connecting these relatively snow-free 

areas. Apparently these areas of less snow cover surrounding shrub stems are 

important to wildlife at this time of year. Snow depths were least in wet, 

boggy sites as well as the dry, windy areas that had no trees. 

5.1.2 Soil temperature 

Temperatures varied significantly by transect, elevation within transect, 

and date within elevation within transect (Table 5). However, trends for 

elevations within transects varied at each location. The bottom location at 

the Watana transect was usually the warmest in that area (3.5 - 4.0 C) and it 

was located in a mixed birch-spruce stand on a well-drained slope (12°) 

whereas other bottom elevations were flat (<20°) and poorly drained. 

The warmest location on the Jay Creek transect, and the warmest overall, 

was mid-slope in an open birch-spruce stand adjacent to a grassy opening. 

Soil temperatures ranged from 3.5 to 7.0 C. This area .had different 

vegetation from any other site, including large individuals of rose (1 m or 

taller) as well as abundant bluejoint, woodland horsetail, and tall bluebell. 

Evidence of an old burn and extensive browsing by moose was present. This 

was the youngest site in terms of tree ages: 36 years (5 trees) although one 

other tree was 124 years old. Several individuals of paper birch had been 

hedged so that they resembled large resin birch-paper birch hybrids and 

caused species identification problems through the early weeks of the study. 

However, this area was not heavily used by radio-collared moose (Ballard et 

al 1982). 

-
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Bench and top-slope elevations l<rere the warmest (2.0 - 6.5. C) at the 

Switchback transect. These sites had gentle, west-facing slopes and were not 

shaded by higher ridges to the north as were the other south-facing slopes. 

Vegetation here was more open than on the lower slopes, and the locations had 

apparently been burned as evidenced by fire-scarred trees. 

The top-slope location at Tsusena Creek was somewhat warmer (average 

across weeks 2.6 versus 2.0 C) than the other elevations at this transect 

(Table 4). The bench location was well above the current forest-line 

although a few surviving old trees were present. 

The coldest transect was Tsusena Creek. Minimum temperature separation 

from the other transects was 0.9 Clower than the average transect 

temperature during the first and fourth weeks. The maximum temperature 

difference was 1. 5 C colder than any other transect during the last week. 

Colder temperatures delayed phenological development by at least a week, and 

almost 2 weeks, for some plants along this transect. Resin birch did not 

deve~lop leaves until the week of 14 June. During the previous week, 7 to 

11 June, resin birch had already developed leaves at most of the other sites. 

Colder temperatures were probably caused by the thick insulating layer of 

moss as well as colder mesoclimatic conditions. The soil temperatures at 

the top-slope location at Tsusena Creek were 3. 5 to 4. 5 C lower than the 

middle slope temperatures at Jay Creek even though the former site (730 m) 

was 75 m lower than the latter (805 m). Consultation with a project 

hydrologist indicated that climatic conditions along that transect might be 

cooler and moister than along the 3 transects in the potential Watana 

impoundment zone. 
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The Tsusena Creek transect appeared less recently disturbed by fire than 

the other transects. The average age of trees at the bottom elevation on 

Tsusena Creek was 135 years. Large trees on the bench location averaged 114 

· years old (although there was a smaller tree 56 years old) while top-slope 

tree ages averaged 87 years. The only other sites with average large tree 

ages greater than 100 years were the bottom positions. Hence, the Tsusena 

Creek locations appeared to be older than other sites. Whether the lower 

soil temperatures along the Tsusena Creek site resulted from a different 

mesoclimatic regime or the deeper moss layer is a matter of conjecture, but 

it seems likely that the delayed phenological development resulted from an 

interaction of mesoclimate, burn history, and deeper moss layer. 

The middle elevation on the Jay Creek site was consistently the warmest. 

Vegetation there not only initiated growth earlier but was dominated by the 

mixed birch-spruce forest, which was generally found on warmer sites than 

spruce forests or low shrubland types. Each week this site had the warmest 

soil temperatures which ranged from 3.5 to 7.0 C. The middle elevation was 

also the youngest site in terms of tree ages: 37 years (N=6 trees) although 

one other tree was 124 years old. 

5.1.3 Canopy Cover, Height, and Phenological State 

Re su 1 t s and disc us si on of the statistical analysis of phenological 

development of the vegetation were confined to dominant species. Because 

some species only occurred at one or a few sites, they frequently showed 

significant differences (P < 0.10) among elevations and transects. This was 

primarily because of differences in vegetation type rather than a difference 

related to phenological development. Only species that consistently occurred 

~I 
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in most sites would give reasonable statistical results when comparing 

elevations and transects. The major species were resin birch, mountain 

cranberry, bog blueberry, and crowberry. 

5.1.3.1 Week 1; 31 May - 4 June, 1982 

During the first week of 31 May to 4 June, no differences (P < 0.1) 

bet\<reen inside and outside exclosures were observed for the major species. 

Mountain cranberry had significantly different cover values for elevation 

within transect (P < 0.1) and for transects (P < 0.01). Cover values for 

resin birch (P < 0.01) and bog blueberry (P < 0.02) varied among elevations 

within transect while crowberry (P < 0.02) differed among transects. 

Most plant species were either dormant or had just initiated leaf buds 

during the first week. Bog blueberry on the Watana transect was generally 

dormant or had some leaf bud development whereas most resin birch plants had 

deve!loped at least to the bud stage (Table 6). Mountain cranberry appeared 

dormant; however, new growth was sometimes difficult to identify. The bottom 

elevation at Watana Creek contained an individual of rose with leaves 

and mountain cranberry with flower buds. Some individuals of bog blueberry 

were! in leaf bud stage whereas individuals of the same species were still 

dormant at the higher elevations. 

The Jay Creek transect had several species already leafed out on 1 June 

(Table 7). At the bench and top-slope positions, leave had emerged on 

mountain cranberry while more individuals of bog blueberry had leaf buds than 

on the Watana transect. Some resin birch individuals were starting to leaf 

out at the Jay Creek transect, although most were still in the bud stage. 

Alpine bearberry (Arctostaphylos alpi1~) already had leaves and flowers. 
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Paper birch on the middle position of the Jay Creek transect had begun 

leaf expansion, but had been severely hedged in the past. There was a 

substantial amount of woodland horsetail and bluejoint (standing dead from 

the previous year's growth), but little growth (< 1% cover) had started this 

year by week one. Ground cover might inhibit initial soil warm-up in the 

spring. Tall bluebell had flower buds on a few individuals. 

Most species at the bottom elevation of Jay Creek during the first week 

were in the leaf bud stage. This site had some of the few species of willow 

observed on the south-facing slopes. 

The corresponding north-facing slope at the highest point had more dense, 

but smaller, resin birch individuals. Leaf buds did not appear to be as far 

advanced on this slope. More willow was present here than on the south

facing slope. Farther down the slope (about midway), last year's standing 

dead growth of woodland horsetail (Eguisetum silvaticum) was abundant but no 

current growth was observed. 

black spruce scrub site. 

Two species of willow were found in a woodland 

Diamondleaf willow (Salix pulchra) generally 

occurred along small runoff rills while grayleaf willow (S. glauca) grew on 

the small ridges between these drainages. One lower elevation area had a 

13° north-facing slope with 4 C soil temperature. This was warmer than most 

of the south-facing transects, except the middle position. Woodland 

horsetail was just emerging from the soil and dwarf arctic birch (Betula 

nana) was leafed out. A wet sedge grass tussock vegetation type existed at 

the bottom and contained partially leafed-out dwarf arctic birch. This area 

was more advanced phenologically than at a similar site on the south-facing 

slope, but since different species were present an actual comparison could 

not be made. 

-
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The Switchback transect had several species already in the leaf stage by 

2 June: diamondleaf willow, American red currant, Labrador tea, and Northern 

Labrador tea (Table 8). Most mountain cranberry was still dormant while some 

bog blueberry had entered leaf bud stage. 

Individual sedges on the bench position were beginning to emerge while 

most other species, except resin birch, were dormant. The top elevation was 

similar to the bench position during this time period. The middle location 

contained bog blueberry in leaf bud, while wood land horsetail was just 

emerging. Resin birch was in the advanced bud stage with many starting to 

break open. Diamondleaf willow already had exerted some leaves. Shrubby 

cinquefoil (Potentilla fruticosa) and mountain cranberry had leaves at the 

lowest elevation. American red currant had leaves and flower buds. Most 

Sitka alder were in the bud stage, but some had started to leaf out. 

The corresponding north-facing slope across from the Switchback transect 

contained very hedged willow, with dpb' s (diameter-at-point-of-browsing) of 

10 mm. Sitka alder had been noticeably browsed. This area contained the 

only bog blueberry which had been observed as browsed. 

The Tsusena Creek transect contained bog blueberry in leaf on 3 June, but 

most other species were dormant or entering leaf bud state (Table 9). The 

two highest elevations were similar with resin birch just starting to 

form leaf buds. Observations between the top and bottom positions indicated 

that graminoids were greening up sooner here than on some other transects. 

RosE~ also was more developed. Labrador tea had new leaves at the bottom 

location whereas bunchberry was dormant and resin birch had leaf buds. 
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5.1.3.2 Week 2; 7 June - 11 June 

The second week of 7 to 11 June had no significant differences (P > 0.10) 

for major species cover values between inside and outside the exclosures. 

All major species had significant (P < 0.03) differences with respect 

to elevation while only mountain cranberry and crowberry (Empetrum nigrum) 

had different cover values among transects (P < 0.01). The previous week, 

crowberry cover varied only with transect, and resin birch and bog blueberry 

varied with elevation. 

Several changes occurred along the Watana Creek transect by the second 

week. Resin birch and bog blueberry had leafed out in many places and had 

rose leaf buds (Table 10). Bog blueberry tended to have leaf buds at the two 

highest elevations while at the lower two elevations plants were leafed out. 

Changes in leaf area like this could account for elevational differences in 

cover for this species. When fully leafed out, there may be no differences 

in cover values among elevations for this species. There were not major 

differences in phenological development at different elevations at this time 

at this site. 

Plant species on the Jay Creek transect had also advanced phenologically 

by 8 June (Table 11). Resin birch and rose were in 1 ea f as were bog 

blueberry, netleaf willow (Salix reticulata) and alpine bearberry. As in 

week one, the top two elevations were similar. At the middle elevation tall 

bluebell was still in the flower bud stage but had grown from 8 to 13 em, 

while fireweed (Epilobium angustifolium) had acquired leaves. Field 

horsetail had strobili on many individuals and had almost doubled in height. 

Sedge and crowberry had acquired leaves at the bottom location. 

~' 
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Phenological development of plant:s on the north-facing slope opposite the 

Jay Creek transect was equal to that on the south-facing slope and was even 

more advanced in some cases. Observations made from this slope while looking 

at the south-facing slope indicated that deciduous trees in mixed evergreen

deciduous forests were leafed out wh:Lle pure stands of deciduous trees were 

only in bud stage or just starting to expand leaves. The deciduous trees in 

the mixed stands, which were relati ve~ly common, were paper birch while those 

in pure stands were probably quaking aspen (Populus tremuloides) although 

this was never ground-truthed. These stands were assumed to be aspen because 

of the different appearance of the individuals relative to those in birch

spruce sites. The other deciduous tree species, balsam poplar, (Populus 

balsamifera) generally did not grow on those types of slopes. Aspen appeared 

to develop later than paper birch. If this was true for stems in the shrub 

and understory layers also, then birch might provide moose forage earlier 

than aspen. However, lack of leaves of aspen overstory might allow the 

ground layer and herbaceous understory species to emerge earlier. 

Almost all major plant species on the Switchback site advanced a full 

phenological state from 2 June to 9 June (Table 12). Alder, resin birch, 

rose, and bog blueberry had leaves at this time. Average height of field 

horsetail had increased from 2 to 10 em (Tables 8 and 12). Currant was in 

flm•er at the bottom elevation. Mountain cranberry had flower buds at the 

middle-slope location. No new differences in phenological development were 

noted on the north-facing slope. 

The Tsusena Creek transect sampled on 10 June was almost identical to the · 

previous week with most species in the leaf bud stage or still dormant 



38 

(Tables 9 and 13). On the north-facing slope resin birch buds were more 

advanced but were still immature. 

5.1.3.3 Week 3; 14 June- 18 June 

Cover values of all major species including resin birch ( P < 0. 001) , 

mountain cranberry (P < 0.08), bog blueberry (P < 0.02), and crowberry (P < 

0.02) were different across elevations within transects during week three. 

Only mountain cranberry (P < .04), bog blueberry (P < 0.06), and crowberry (P 

< 0.06) were different among transects. 

Vegetation on the Watana Creek transect exhibited no major plant 

phenological advances between the second and third week (14 June) except that 

prickly rose was now in leaf and crowberry had some terminal buds at the 

bottom and top transect elevations, respectively (Table 14). Bog blueberry 

had flower buds at the top-slope elevation, where flower buds of Northern 

Labrador tea were starting to break. The north-facing slope at this transect 

had flowers on d iapens ia ( Diapens ia lap ponica) and four-angle 

mountain-heather (Cassiope tetragona) at the higher elevations on 17 June. 

The Jay Creek transect showed no major phenological advancement for 

shrubs during the third week 15 June (Table 15). However, bunchberry 

acquired new leaves and fireweed and tall bluebell had flower buds. The 

average height of tall bluebell increased 10 em while that of field horsetail 

increased 8 em (Tables 11 and 15). Fireweed did not significantly increase 

in height. Tall bluebell, a perennial, appeared to initiate growth earlier 

· than f ireweed, an annual. However, it appeared to grow more slowly. 

Fireweed started growth later but grew more rapidly, reaching its maximum 
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Tall bluebell would be available 

Few plant species progressed phenologically along the Switchback transect 

by 16 June (Table 16). Bog blueberry had flower buds, crowberry had only 

terminal buds, and many American red currant plants had lost their flowers. 

Field horsetail was more abundant since six observations on height were made 

this time, as opposed to one previously. The average height, however, did 

not increase. Moose were observed feeding between top and middle-slope 

elevations. Several small forbs appeared at the bottom elevation: capitate 

valerian (Valeri ana capitata), northern watercarpet (Chrysosplenium 

tetrandrum), and milk-vetch (Astragalus spp.) 

Many plant species had not leafed out until 17 June on the Tsusena Creek 

transect (Table 17). Resin birch, bog blueberry, crowberry all developed 

leaves by this time, Cornus canadensis at the bottom elevation was dormant. 

5.1.3.4 Week 4; 21 June- 25 June 

Resin birch (P < 0.03), bog blueberry (P < 0.01), and crowberry (P < 

O.OJ.) had significant cover differences during the fourth week with respect 

to E!levations within transects. Mountain cranberry (P < 0.02), bog blueberry 

(P < 0.01), and crowberry (P < 0.01) cover values were different among 

transects at this time. Mountain cranberry did show trends with respect to 

elevation (P < 0.14) and resin birch with respect to transects (P < 0.18). 

Most ubiquitous species had diffe~rent cover values among transects and 

elevations within a transect. 

The only new development on the ¥/atana Creek transect in the fourth week 

was that mountain cranberry and bog blueberry had developed flower buds 
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Some Labrador tea had flowered at the top-slope elevation 

although most were still in bud. 

Developments along the Jay Creek transect during week 4 (22 June) 

included flower buds on mountain cranberry and bog blueberry and flowers on 

bunchberry (Table 19). Most of the forbs slowed their growth although the 

average height of field horsetail increased slightly. 

Several phenological advances occurred on the Switchback transect during 

the fourth week. Crowberry, bearberry (Arctostaphylos uva-ursi), and grasses 

entered the leaf stage (Table 20). Although most mountain cranberry were in 

the leafed state, some had acquired flower buds. Capitate valerian was 

flowering at the bottom elevation while tall bluebell had leaves. 

Phenological development on this site was delayed relative to the Jay 

Creek site. 

Only minor changes were evident on the Tsusena Creek transect during the 

fourth week. Bunchberry leafed out while grass expanded leaves (Table 21). 

Cloudberry and bog blueberry were flowering at the top-slope location. 

5.1.3.5 Week 5; 28 June - 2 July 

Cover values of resin birch (P < 0.001, P < 0.04), bog blueberry (P < 

0.01, P < 0.02), and crowberry (P < 0.01, P < 0.01) during the fifth week 

differed with both elevation and transect. Mountain cranberry cover did not 

differ with either elevation or transect (P > 0.10) 

The last week of 28 June to 2 July had few changes as most species had at 

least expanded leaves at all sites by this time. Watana Creek transect had 

only minor changes during the last week. Prickly rose and beauverd spiraea 
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(Sp]~ beauverdiana) developed flower buds (Table 22) and some C. 

canadensis and mountain cranberry started flowering. 

Several changes occurred on the Jay Creek transect by the last week 

(Table 23). Northern Labrador tea and Labrador tea had flowered. Most tall 

bluebell was in flower, rather than being restricted to the most advanced 

individuals. Fireweed, tall bluebe11, and field horsetail all increased 

their average height. Crowberry at the top-slope elevation had set fruit. 

Changes along the Switchback transect during week 5 (30 June) included 

some mountain cranberry flowering at the middle slope location as well as 

Labrador tea flowering at higher elevations (Table 24). The average height 

of field horsetail increased by 10 em while the mean grass height remained 

the same. 

During the fifth week (1 July) some mountain cranberry, bunchberry, 

northern Labrador tea, and Labrador tea had flowered along the Tsusena Creek 

transect (Table 25). Average height of grasses increased slightly. 

5.1.4 Spatial Variation in Phenological State of Resin Birch 

An evaluation of the effect of transect and elevation might be better 

accomplished by discussing a single ubiquitous species during one week. The 

average cover, height, and phenological state for resin birch during week 

of 7 June to 11 June are reported in Table 26. This species was more 

abundant at the higher elevations than at the two lower elevations, but did 

not vary significantly by transect. This trend was consistent with the fact 

that low birch shrub scrub vegetation types occurred at higher elevations 

while several different vegetation types occurred at lower elevations 

depending on the transect. 
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Generally, resin birch grew taller at the higher elevations except along 

the Switchback transect where heights were similar among elevations (Table 

26). The higher elevations, especially the bench position, along Tsusena 

Creek had much taller shrubs (85 em versus overall mean of 55 em). Whether 

this was related to edaphic, climatic, topographic, or site history factors 

or a combination of factors was not known. 

Phenological state of resin birch was not different for the Watana Creek, 

Jay Creek, and Switchback transects during week of 7 June to 11 June (Table 

26) • However, resin birch along the Tsusena Creek transect was in the 

leaf bud state while plants along the other transects had already developed 

leaves. Watana and Jay Creek transects had some variation in phenological 

state with respect to elevation. The bench location appeared to lag behind 

the other elevations in plant development (2.4 versus overall mean 2.7 and 

2. 6 versus overall mean 2. 9). The Switchback and Tsusena Creek transects 

were not different in phenological state with respect to elevation. 

5 .1.5 Phenological Development of a Species Over Time 

Height growth from a phenological point of view was important only for 

herbaceous plant species, which did not occur at many sites. Table 27 

presents cover, height, and phenological development of tall bluebell over 

time for the middle slope elevation of the Jay Creek transect. Cover 

increased slowly during the first two weeks, then increased at a faster rate 

during the third week and remained the same during the fourth week. Cover 

values almost doubled (9·versus 14%) between 22 June and 29 June. Height 

followed a similar pattern with rapid growth through the first three weeks, 

slowing in the fourth week, and almost doubling in the fifth. The 
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phenological state of tall bluebell exhibited a similar pat tern. Most 

individuals had leaves on 1 June but had progressed to the flower bud state 

by 8 June. A few had begun flowering on 15 June. 

Phenological development slowed on 22 June but advanced to the flowering 

state for many plants by 29 June. All parameters showed a slowing of growth 

during the fourth week. This could have resulted from colder air 

temperatures and snow flurries that occurred at the higher elevations the 

previous week or could have been an artifact of sampling. However, tall 

bluebell may normally exhibit a slowing of growth at this stage, as resources 

are directed toward flower development. 

5.1.6 Transect Effects 

The effect of transect location on phenological development of four 

common species can be seen graphically by maintaining the elevation 

approximately constant and comparing observations through time (Figure 3). 

Since plots were not repositioned in the same placed each week, the 

phenological development sometimes appeared to regress. In addition, it was 

sometimes difficult to distinguish between old and new growth in evergreen 

species such as northern Labrador tea and mountain cranberry because of 

similar coloring of old and new growth. If a leaf was partly emerged, it was 

obvious that the leaf was new growth. Otherwise an actively growing plant 

might mistakenly be listed as dormant. For comparison, the bench elevation 

on the two transects farthest downstream (Tsusena and Watana Creeks) and the 

top slope elevation was selected on the upstream transects (Jay Creek and 

Switch backs) so that mean sea level elevations would be similar between 

transects. 
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Resin birch was at the leaf bud stage on the selected transects during 

the first week (Figure 3). During the second week, most leaves had expanded 

on the Jay Creek transect while most were still in the bud stage along the 

Tsusena Creek transect. The other two transects were intermediate in 

development for resin birch. By the third week, plants at this elevation 

along all transects except Tsusena Creek had leafed out. Plants on Tsusena 

Creek site developed leaves during the fourth week. 

Bog blueberry developed earlier than resin birch under some conditions, 

as evidenced by the presence of leaves during the first week at the 

Switchback site (Figure 3). During the second week bog blueberry plants on 

the Jay Creek site had developed leaves. By the third week bog blueberry had 

developed leaves at this elevation on all transects. Differences in leaf 

development of bog blueberry after the third week were probably not 

significant. 

Northern Labrador tea initiated early growth at this elevation on the 

Switchback and Jay Creek transects, with the leaves having been expanded by 

the firs week (Figure 6). By the second week northern Labrador tea on all 

the transects were in the flower bud stage. These plants on the Jay Creek 

transect were in flower by the fifth week. The flower bud stage appeared to 

last longer in this species than in other species. The retrogression between 

weeks 3 and 4 on the Switchback transect probably resulted from variability, 

unless flowers had actually fallen off. 

Mountain cranberry init.iated growth later than other species since the 

first new leaves did not appear on the plants until the third week, and then 

only at the Jay Creek site (Figure 3). Mountain cranberry on most other 
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transects did not develop leaves until week 5, by which time the plants on 

the Jay Creek transect were already in flower. 

5.1. 7 Elevation Effects 

The effect of elevation on phenological development of four common 

species was examined by selecting a single transect and examining its four 

elevations. The Watana Creek transect (named Fish Creek in 1983) was 

selected because the vegetation was the least patchy and had a relatively 

continuous gradient along the entire slope. The other transects all had 

level areas at the bottom slope site. The Watana Creek transect was the only 

transect where elevation would not be excessively confounded with old burns 

or other disturbances. 

Resin birch showed slightly earlier development at the mid-slope 

elevation than at higher elevations during the second week (Figure 4) . 

During the third and fourth weeks the differences in development of resin 

birch along the elevational gradient were minor or nonexistent. Resin birch 

did not occur in an open birch-spruce site at the bottom-slope elevation. 

Bog blueberry exhibited slight differences in development during week two 

(Figure 4). Plants on the lower two 1elevations were slightly earlier in leaf 

development than the higher two elevations on this transect. Following week 

2 the pattern of leaf development of bog blueberry appeared random. 

Northern Labrador tea showed differences in phenological development at 

different elevations during week 1 (Figure 4). Plants at the lowest 

elevation were in the flower bud stage during week one while northern 

Labrador tea at the highest elevat:lon was still dormant. Differences in 

phenological development during and after the second week were minor, 
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although the bottom-slope elevation was slightly more advanced since a number 

of individual plants were flowering. The top slope elevation for Jay Creek, 

which was at a higher elevation than the same position on the Watana Creek 

transect, was even more advanced (full flower). 

The bottom-slope elevation had the earliest development of mountain 

cranberry on the Watana Creek transect and had some individuals in the flower 

during the fifth week (Figure 4). The bench position .was the last of 

the four elevations to develop leaves on mountain cranberry during week 4. 

Slight overall trends with respect to elevation could be observed with 

plants at the bottom elevations developing first and plant phenology being 

late at higher elevations. However, as results on other transects show, site 

burn history may modify the effects of elevation. Many areas have flat areas 

along the river that would have a different cold air drainage regime than the 

Watana Creek transect. The birch-spruce forest, where the bottom exclosure 

was located was also an indicator of disturbance. 

5.1.8 Summary and Discussion of Plant Phenology 

Early development of herbaceous plant species could be important for 

moose in the spring on south-facing slopes of the potential impoundment 

areas, however, numerical data for cover, height, and phenological stage 

collected during spring 1982 did not support this hypothesis. In contrast, 

visual observations indicated that herbaceous species and possibly some 

shrubs such as mountain cranberry or willow bark might provide early spring 

forage in localized areas. Contents of moose pellets collected in 1983 

indicated willow, resin birch, mountain cranberry, and mosses were important 

diet components. There does not appear to be a specific type of location, 
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such as bottom-slope elevation, that was a consistently good source of early 

growth of vegetation. However, sites with recent (< 75 years) disturbance 

tended to green up earlier regardless of vegetation type. 

Areas that had vegetation that greened up earliest were the open birch

spruce vegetation type at the mid-slope elevation on the Jay Creek transect 

and at' the bottom elevation on Watana Creek transect. The low birch shrub 

scrub vegetation at sites on the bEmch and vegetation at the top-slope 

elevations on the Switchback transect also initiated early spring greenup. 

However, the low birch shrub scrub sites at the bench and top-slope 

elevations on the Tsusena Creek transect had late development of green 

forage. The only common factor we were able to identify among 

early-developing sites was a relatively recent (within 50-75 years) burn 

history. 

Availability of forage in the spring depended not only on elevation but 

also on the geographic location within the potential impact areas. Which 

elevations had early available forage depended on the transect location. 

Effects of elevation were probably confounded with vegetation type. Hence, 

disjunct patches of vegetation may become available for foraging at the same 

time~. Forage availability appeared to be dependent on the mesoc lima tic 

environment in a particular area as modified by elevation, aspect, 

surrounding topography, and site history especially with respect to fire. 

Mesoclimate was important since the areas with the Watana impoundment 

tended to be warmer than the area within the Devil Canyon impoundment area. 

Elevation played conflicting roles in plant development since higher 

altitudes generally had cooler ambient temperatures, but lower positions on 

the slope were shaded and were sometimes in cold air drainages. Aspect was 
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important for angle of incidence of solar radiation. The surrounding 

topography could shade what would be an otherwise warm site, or an open area 

might provide more sunlight. For instance, neither south- nor north-facing 

slopes near the Switchback were shaded by mountains above the level of the 

benches. Disturbance, especially by fire, was important as it might remove 

the insulating moss·layer. In fact, fire history may be an overriding effect 

on plant phenological development and should be investigated further. 

It is possible that the late start in field observations may have led to 

results that showed no obvious differences in north- versus south-facing 

slopes. The early reconnaissance trip indicated differences in snow melt 

between the two aspects. However, by the time forage was actually appearing, 

the sun angle was very high. Slight variations in the aspect modify the 

environmental regime. For instance, the "south-facing" slopes along the 

Switchback transect actually faced slightly west. The late snow melt during 

spring, 1982 may have modified the normal plant phenological development; 

e.g. if snow melted earlier, sun angle would be lower and aspect would have a 

greater effect. 

Some species such as mountain cranberry may appear at the base of trees 

in the first snow-free areas in forest types. This species is known to be 

used as forage by moose on the Kenai Moose Range (Oldemeyer et al. 1977, W.L. 

Regelin, ADF&G, personal communication) and was a major portion of late

winter diet of moose in 1983 as determined by fecal analysis. Some species, 

such as tall bluebell and fireweed started later but developed more quickly. 

Thus, fireweed could avoid grazing at the earliest times. Similarly, quaking 

aspen appeared to develop leaves later than paper birch. 

-
-

-



-

-
-

-

-
-
-
-
-
-

49 

Fireweed at the middle-slope Jay Creek site and cottongrass (Eriophorum 

spp.) at the bottom of the north-facing slope opposite the Switchback site 

had been grazed at a time when other forage was not abundant. A moose and 

her calf (the presumed grazers) were observed on the cottongrass site while 

no clues as to the grazer at Jay Creek were observed. Later in the spring we 

obse~rved no evidence of grazing, presumably because there was an abundance of 

forage available at that time. 

If one assumes a maximum reservoir elevation of 666 m for the potential 

Watana impoundment, then several of the "warmer" areas that developed early 

forage would be above the level of the impoundment while some would be 

inundated. Some of the warmest and earliest developing areas (middle-slope 

Jay Creek and bench and top positions on the Switchback transect) would 

not be flooded. However, the bottom two elevations along the Watana Creek 

transect would be flooded. The top location of Watana would be only 17 m 

above the surface of the impoundment, while the middle-slope elevations of 

Jay Creek and Switchback transect would be 35 m above the surface. Sites 

that warm up relatively early would also be available in the Switchback area. 

5.2 1983 Results 

5.2.1 Phenological Advancement - Period 5 - 22 May-2 June 

The general phenological advancement of vegetation at a stop was recorded 

during period 5 instead of recording snow depth. The following sections 

summarize spatial variation of this parameter within each transect. 

Insufficient observations of utilization were inade to analyze it 

statistically. Hence, it is discussed as qualitative observations at the 

start of each transect. 
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5.2.1.1 Devil Creek 

Devil Creek transects were important to the study since digging for 

sweet-vetch roots (presumably by bear) was noted at the bottom, similar to 

that found at Fish. Creek and Watana Creek. Sedge was utilized approximately 

one-fourth of the way down this transect during period 5. This was usually a 

very phenologically advanced area for period 3 - 5. "Phenologically 

advanced" means that the stops had larger values recorded for phenology than 

other stops did during that time period. 

Devil Creek was an early-developing area with 53% of the stops being 

considered as advanced stops during period five. Southeast and southwest 

slopes were the most phenologically advanced during this time period (Table 

28). The north and northeast slopes were later-developing than would be 

expected by chance alone. The earliest-developing sites occurred at the 

lower elevations by the river (Table 29). The highest elevation (660 m) also 

greened up earlier than would be expected by chance alone (Table 29) 

Although overall slope had a significant effect, no category of slope was 

statistically more advanced than other categories. There was, however, a 

trend for gentler slopes to develop earlier (Table 30). Closed forest and 

tall shrub vegetation types were associated with early development at this 

time (Table 31). 

The full log-1 in ear model for Devil Creek using phenology, aspect, 

elevation, and slope was unbalanced for the three independent parameters, as 

indicated by the large chi-square and low probability for aspect x elevation 

x slope interactions (Appendix Table P1-1). Aspect had the largest influence 

on phenology when considering single factors interacting with phenology 

(Table P1-l). Significant (P < .10) cells included 0 - 3° and 10 - 30° 
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east-south slopes below the Devil Canyon impoundment, 0 - 3° east-southeast 

above, 3 - 10° southwest slopes beloV~', and southwest slopes greater than 30° 

above and below the impoundment (Appendix Table Pl-2). The term "cell" will 

be used to refer to a combination of treatment levels for a particular log-

line~ar model. In other words, a cell might have an early phenology state, 

- aspect south, elevation below impoundment, and 0 - 3° slope. Appendix Table 

Pl-3 indicates the number of observations in each cell for this model. 

- Third order interactions were significant in the full log-linear model 

for phenology, aspect, elevation, and vegetation type except for phenology x 

elevation x vegetation type. Aspect appeared to have the most effect 

of any parameters on phenological advancement and significantly affected the 

vege!tation type distribution. In other words, vegetation on south-facing 

slopes along the Devil Creek transects developed earlier, but different 

vege!tation types occurred on the different aspects. Elevation appeared to 

have the least effect according, to the size of the chi-squares and the 

- standardized deviates (Appendix TablE~ Pl-4). In the forest types the more 

southerly aspects above and below the impoundment had significantly more 

stops phenologically advanced than would be expected. Shrub types below the 

impoundment on more southerly aspects also developed early. 

5.2.1.2 Tsusena Creek 

A small bunch of grass had been utilized during period two along the 

Susi tna River near the end of this transect. Numerous moose tracks were 

located in the vicinity. Hence, the area was used by moose during spring 

1983. 
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Tsusena Creek was the most advanced site with 57% being reported as 

"early" in period 5 which was partly attributable to its southern exposure. 

It contained mixed forests along its slope and a broad flat area of black 

spruce at the bottom. The elevation bands, or intervals, with the earliest 

developing vegetation were mid-slope from 480 m to 470 m (Table 29). The 

highest (630 m) and the lowest (450 m) portions of the transects were the 

only bands with fewer early stops than would be expected by chance (Table 

29). However, the bottom had more early greenup stops than other elevations, 

partly because it had. five times as many observations as other elevation 

bands (Table 29). The 10 - 30° slopes had the ·largest number of early 

greenup stops as well as the largest percentage (Table 30). Number is 

important since it indicates that many early greenup stops exist, but this 

may be the result of many stops existing for those slopes. Percentage is 

important since it indicates what fraction of its stops are early greenup. 

Open forest types developed earlier than expected, while woodland forest 

types greened up later than expected by chance (Table 31). 

This was one example where confounding of slopes and vegetation types 

might have produced misleading results. The open forests were usually birch

spruce on steeper, well-drained slopes while the woodland forest types were 

generally black spruce on level, poorly-drained locations. Hence, the 

timeliness of growth initiation was probably related more to drainage than to 

crown cover as one might expect, although an open birch-spruce forest may 

have less crown cover during spring than a woodland black spruce forest 

because the birch leaves have not developed. 

The log-linear model for phenological advancement on Tsusena Creek was 

analyzed using elevation, slope, and vegetation type since the aspect had 
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little variation. The transects were on a south-facing slope with few 

microsites. The simultaneous tests indicated that only interactions up 

to the third order were significant.. All of the 2-way interactions were 

significant with the elevation x slope and slope x vegetation type being 

highly significant (Appendix Table P2-1). This was an artifact of the 

steeper slopes being almost exclusively above the 450-m band and flat areas 

occurring below that elevation. Similarly slopes steeper than 10° contained 

only open forests, while the woodland forest, dwarf tree scrub, and low shrub 

types occurred almost exclusively on the flat portions of the transects. 

This might account for the lack of significance for the elevation x slope x 

vegetation type interaction. 

None of the 3-way interactions were significant by the partial 

association tests (Table P2-1). That meant that any one of those terms could 

be removed from the full model without losing any information. However, the 

phenology x elevation x vegetation type and phenology x slope x vegetation 

type terms were significant in the marginal association tests. That meant 

that each of these terms could be added to the second order model, and the 

model would be improved. The phenology x elevation x slope interaction added 

no information. In other words, phenology was related to the elevation x 

vegetation type and slope x vegetation type interactions, but not to 

elevation x slope. This resulted from the interdependence of slope and 

elevation. 

The standardized deviates from the above model indicated that the 

following cells had higher frequencies of stops with advanced phenology; open 

forests on 3 - 30° slopes above the potential Devil Canyon impoundment and 

low shrub types on 0- 3° slopes belo1N the impoundment (Appendix Table P2-2). 



54 

This corresponded to the well-drained hillsides and the shrub area adjacent 

to the river. Groups of stops with later-developing vegetation occurred in 

forest types on flat positions below the impoundment and low shrub types on 0 

- 10° slopes above the impoundment. These corresponded to the poorly-drained 

bottomlands and the low shrub observations on top. 

The number of 0 cells that resulted because certain slopes, elevatio~s, 

and vegetation types occurred together (Appendix Table #P2-3) might make some 

of the analysis questionable. A log-linear model was run to investigate 

the dependencies of these three parameters. The main effect of elevation was 

not significant. The most significant 2-way interactions were elevation x 

slope and vegetation x slope, but vegetation x elevation was also 

significant. Hence, slope elevation, and vegetation type were related to 

each other as discussed in preceding paragraphs. 

5.2.1.3 Fog Creek 

Fog Creek transects were late initiating growth with only 7% of the stops 

being labeled as having phenologically advanced vegetation. Much of the area 

was on shallow, poorly-drained sites, which sometimes had a shade-producing 

tree canopy over the understory vegetation. The north-facing slopes were 

more phenologically advanced than the south-facing slopes (Table 28), but 

this may be partially because of better drainage of the north-facing slopes. 

The lower elevations (660 m) had earlier green up (Table 29), but all 

elevations were above potential impoundment levels. The 0 - 3° slopes had 

the most phenologically advanced vegetation (Tables 30, 31). The forested 

stops were usually on better drained soils than the low shrub and herbaceous 
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types. Some of the stops with herbaceous vegetation occurred on a very wet 

site. 

The log-linear model for Fog Cn~ek was analyzed using vegetation type 

(closed-open forest, low shrub), slope, and aspect (E-S-W, NW-NE). All 

elevations were above the Watana impoundment and little change in elevation 

occurred along the transects so it was not considered. The most significant 

third order interaction was aspect x slope x vegetation type indicating an 

imbalance among those features (Appendix Table P3-l). Phenology x aspect x 

slope was not significant in either a partial or marginal test of 

association. Phenology x aspect x vegetation type was significant in 

contributing information to the full model (partial association) while it did 

not improve the second order model (marginal association, Table P3-l). 

Phenology x slope x vegetation type was significant in both tests. The 

second order tests of partial association were not significant for any terms 

involving phenology, however, they were significant for the marginal tests. 

Overall, this indicated that third order interactions were needed to explain 

where vegetation was phenologically advanced, that is, phenology was more 

related to interactions of slope, asp,ect, or vegetation type, than it was to 

any single variable. 

The importance of the imbalance among cells was manifested in the table 

of standardized deviates (Appendix Table P3-2). All cells that had 

significantly larger frequencies of early stops also had more stops with 

late~-developing vegetation. This could be interpreted as meaning that those 

cells had more observations in general which was supported by an analysis of 

the slope, aspect, and vegetation type alone. The cells with significantly 

more stops than would be expected by chance included closed-open forest and 
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woodland forest-scrub on 0 - 30° north-£ acing slopes. These last two 

categories account for the other two cells with significantly more stops with 

late-developing vegetation. Unless there was a difference in sign or a large 

difference in absolute value between the standardized deviates, the results 

were not considered indicative of early greenup locations because the 

methodology was not really suited to this type analysis. This problem arose 

because all variables were treated equally rather than treating the 

phenological advancement as a dependent variable. 

considered further in the discussion section. 

5.2.1.4 Watana Slide 

This problem is 

Layers of wind-deposited silt were noticed on leaves and branches at the 

top of the east-facing transects during all sample periods. A long, deep 

fracture line was apparent along these transects, and probably indicated an 

impending mud slide. The east-facing transects were located to avoid the 

worst of the earth-movement problems. Feltleaf willow was heavily browsed at 

the bottom of these transects. 

Watana Slide was rather late developing with only 28% of its sites 

classified as advanced during period 5. Aspects with more early greenup 

stops on the Watana Slide transects included east, south, and northwest 

(Table 28). Southeast-facing slopes were noticeably later with only 5% 

of the 191 stops qualifying as early (Table 28). Vegetation above elevation 

bands 570 m and 690 m were earlier developing although lower-elevations 

vegetation tended to be more advanced phenologically (Table 29). Slope had 

no effect (Table 30) while low shrub types tended to develop earlier (Table 

31). 
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The first log-linear model for ~latana Slide included slope, elevation 

(above, below Watana impoundment), and aspect (SE, S-SW, W, NW-E). Fourth 

order interactions were significant as were most third order interactions 

(Appendix Table P4-l). Again, the aspect x elevation x slope interaction was 

highly significant because of the imbalance. Aspect and its interactions 

seemed to explain much of the frequency distributions. Elevation and slope 

did not contribute individually to interactions with phenology. However, 

their third order interaction was significant in the partial association · 

test, but not in the marginal association test. 

Cells which were more phenologically advanced included 0 - 10° south to 

southwesterly slopes below the potential impoundment level, 3 - 10° south

southwest slopes below the impoundment, northerly 3 - 10° slopes below, and 

10 -· 30° south-southwest slopes above the impoundment (Appendix Table P4-2). 

Neighboring aspect categories frequently showed the opposite response. 

South-southwesterly 10 - 30° slopes above the impoundment were more advanced 

while southeasterly aspects were les~ advanced. Hence it was the interaction 

terms that were very important. 

A second log-linear model was considered using phenological advancement, 

aspe~ct, elevation, and vegetation type. Vegetation type alone as a main 

treatment explained less variability than did slope alone. However, its 

interaction with phenology was significant. This model was also more 

interpretable than the one using slope. Stops that were more phenologically 

advanced included woodland forest-scrub and low shrub types on the south

southwest slopes below the impoundment and possibly low shrub types on 

northerly-facing slopes above the impoundment (Appendix Table P4-4). 
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An analysis of vegetation type, aspect, elevation, and slope indicated 

the four parameters were not independent. The only interaction that might 

not be· considered significant was elevation x slope (partial p = 0. 07, 

marginal p = 0.10), but vegetation and slope were dependent. 

5.2.1.5 Watana Creek 

Bears had been digging on the beach trying to unearth sweet-vetch roots 

as a source of early spring food during period 2. This coincided with 

similar observations along Fish Creek and Devil Creek. Two bear dens were 

located near the Watana Creek transects on the north side of the river. one 

of these bear dens was recently vacated while the other appeared to be quite 

old. During the last week of study, utilization of iris, a monocotyledon, 

was observed along the Susitna River. The transect areas were used by 

wildlife during spring, but the measurements did not appear at· any stop. 

Watana Creek was late developing and only contained 9% "early" stops. 

Aspect and slope had no significant relationship to phenology (Tables 28, 30) 

while elevation had a small effect (p = 0.07, Table 29) and vegetation type 

was significant. Scrub, closed forest, and herbaceous types were most 

advanced phenologically although only scrub types had enough stops to make it 

ecologically meaningful (Table 31). The effect of slope was not significant, 

but there was a tendency for 0 - 3° slopes to be more advanced (Table 30). 

Lower elevations were generally later developing (Table 29). 

Watana Creek had an unbalanced design in terms of aspect, vegetation, and 

slope for the log-linear model. The only interaction that was not 

significant in both the partial and marginal tests was phenology x vegetation 

x slope (Appendix Table PS-1). Slope seemed to contribute least to the two-
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way interactions. Vegetation type had the most significant two-way 

interaction. Cells which had a higher frequency of occurrence for advanced 

phenology sites were dwarf tree scrub on 3 - 10° northeast slopes and 0 -

3° southerly and north slopes (Append:Lx Table PS-2). 

5.2.1.6 Fish Creek 

Sweet-vetch roots were utilized at the bottom of this transect as 

evidence by digging and bear tracks in the area. 

Watana and Devil Creeks. 

This also occurred at 

Fish Creek was a rather late developing area with only 20% of the 

recorded stops in period 5 being early or middle phenological advancement 

(Table 28). Aspects were predominantly south and southwest versus north and 

northeast. East- and southwest-facing slopes had fewer early stops than 

would be expected by chance alone. The southwest-facing slopes appeared 

warmer. 

Elevation bands 540 - 570 m had more early stops than would be expected, 

while bands 510 and 660 m contained fewer early stops (Table 29). The 

warmest slopes were in the 3 - 10° range with steeper slopes having fewer 

early stops than would be expected (Table 30). Early stops occurred more 

often in low shrub vegetation types than in other types (Table 31). 

The elevation and aspect were collapsed according to above or below the 

potential Watana impoundment zone and the three aspects: E-S, SW, and W-NE. 

The three vegetation types used were open forest, woodland forest - scrub, 

and low shrub. The north and northeast slopes seemed to green up earlier 

while southwest-facing slopes were noticeably slower. Elevations below the 

impoundment seemed to develop slightly earlier, but the percentages were not 
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very different. The 3 - 10° slopes had more phenologically-advanced stops 

than the others. -~ 

The full log-1 in ear model indicated the phenology was significantly 

affected by aspect, slope, and elevation, but the elevation term was somewhat 

questionable (Appendix Table P6-1). Cells with significantly more early 

stops than would be expected included west to northeast-facing 3 - 10° slopes 

above the impoundment, east to south-facing slopes on 10 - 30° slopes below 

the impoundment, and west to northeast 0 - 3° slopes below the impoundment 

(Appendix Table P6-2). 

The model using vegetation type rather than slopes seemed to explain more 

of the variation. Low shrub types above the impoundment on west- to 

northeast-facing slopes, open forest types below the impoundment on east- to 

south-facing sites, and woodland forest-scrub types below the impoundments on 

southwest-facing slopes contained significantly more early stops than did 

other cells (Appendix Table P6-4). Some of the vegetation type effect 

was confounded with aspect and elevation, since low shrub types were most 

common on west to northeast slopes above the impoundment. Vegetation type 

was not independent of aspect, elevation, and slope. 

5.2.1.7 Kosina Creek 

Approximately 20 moose were present in the general vicinity of this 

transect 1 s starting point on the north side of the river during the first 

week of this study. Mountain cranberry had been browsed near the bottom of 

the south-facing transects, and willow bark had been stripped. Stripping of 

willow bark by moose is a common source of food at this time of year in 

Denali National Park (V. Van Ballenberghe, personal communication, also 
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personal observation by author). Nutrient levels in the cambium are probably 

high. Iris was also utilized near the river. The south-facing slope 

appeared to be used by wildlife at this time of year. 

Kosina Creek was one of the earlier~developing stops with 35% of the 

observations being "early" in period 5 (Table 28). Aspects were 

predominantly south versus north with the southerly aspects having more early 

stops and the northerly aspects having fewer early stops than would be 

expected by chance (Table 28). Higher elevations, especially band 750 m, had 

more! early stops while the lower elevations, particularly those by the river, 

had fewer early stops (Table 29). The late development by the river might 

have resulted from an earlier ice jam which deposited ice up to the bottom of 

the alder and covered much of the shore-line vegetation, including the bottom 

of the transect. 

Slope did not affect the phenological development as much as the aspect 

and elevation did, but its effect was significant with the 3 - 10° slopes 

having the earliest development (Table 30). Low shrub and closed forest 

vegE~tation types had the most-advanced vegetation, although the number of 

obsE~rvations (n = 21) in the closed forest type was too small to place much 

confidence in the conclusion (Table 31). Woodland forest types generally 

devE~loped later. 

The first full log-linear mode run for Kosina Creek included phenology, 

aspect, elevation, and slope. Interactions of aspect and slope with 

phenology were the only significant third order interactions in both partial 

and marginal tests (Appendix Table P7-l). All second order interactions 

including phenological advancement were also significant. Aspect and aspect x 

slope appeared to have the strongest effect on phenological advancement 
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according to the first log-linear model (Table P7-l). Aspect x elevation x 

phenology was not significant. The significant cells included southerly 

slopes less than 30° above the impoundment and 3 - 10° and greater than 30° 

below the impoundment. 

The model with slope replaced by vegetation type indicated that low shrub 

types on south slopes above the impoundment were more advanced phenologically 

than would be expected (Appendix Table P7-4). This was one of the few 

models with a relatively clear interpretation. Vegetation type and elevation 

were significantly related because almost all the vegetation above the 

impoundment was low shrub. The low shrub vegetation types seldom occurred 

below the impoundment. The first model appeared better, but an untested 

model that might also be considered would be phenology, aspect, slope, and 

vegetation type. After aspect, it was not clear which other variables 

accounted for the most variation with respect to phenology. 

The contrast between the standardized deviates for early and late stops 

below the impoundment for the same categories indicated that this should also 

be considered significant and was supported by the observed frequency 

table. The low standardized deviates occurred because there were few south

facing low shrub sites below the impoundment. 

5.2.1.8 Clarence Creek 

A number of moose had been sighted in the Clarence Creek area on a 1982 

fall reconnaissance. The bottom of these transects were covered by ice from 

an ice jam, but undamaged graminoids were observed through the spaces 

between the ice blocks. The area had predominantly northerly slopes and was 

undeveloped phenologically during period 5 with only 14% of the stops being 
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reported as early developing. Northeast-facing slopes had a smaller 

frequency of early stops than would be expected (Table 28). Although the 

600-m elevation band appeared to be the only band with a significant number 

of early stops, the small number and distribution of early stops made that 

questionable (Table 29). Although slope and phenology were independent by 

the chi-square test, gentler slopes generally were early developing 

phenologically (Table 30). Woodland forest types had more early stops in 

terms of numbers and percentage of stops (Table 31) while low shrub and open 

forest types were late developing. 

Third order interactions involving phenology were generally significant 

in the partial association test, but only the elevation x slope term was 

important in the marginal test (Appendix Table P8-1). Vegetation type 

appeared to affect phenology more than slope or aspect. Indeed, the stops 

which developed earliest were in woodland forest-dwarf tree scrub types below 

the impoundment on 0- 10° slopes (Appendix Table P8-2). 

5.2.1.9 Switchbacks 

The switchback area near the big bend of the Susitna River was a medium

deve!loping area with southerly aspec:::ts containing the earliest-developing 

stops (Table 28). Elevation band 660 m had the greatest number of early

deve!loping stops while elevation 690 m had the largest percentage of early

deve!loping stops and was the only band' with significantly more early stops 

than would be expected (Table 29). 11ore early developing stops occurred in 

the 10 - 30° slopes than on gentler slopes (Table 30). Low shrub vegetation 

types contained more early greenup stops (n = 66) than other types because of 
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its large areal extent (302 stops) (Table 31). However, a larger percentage 

of dwarf tree scrub type stops developed early in the season (44%). 

The transects by the switchbacks tended to follow drainages so that the 

general aspect of a transect· might be northeast although the aspect at the 

stop might be east. This resulted in the uneven distribution without clear 

cut north- and south-facing transects. It also prevented comparisons among 

time periods. The following aspect groupings were used for the log-linear 

model: E, SE, S, SW, NW-NE. Vegetation types used included open forest, 

woodland forest, dwarf tree scrub, tall shrub, and low shrub. 

The full log-linear model had significant third order interactions but 

aspect x elevation x slope was not significant, indicating a balance of 

observations among these cells (Appendix Table P9-1). Third order 

interactions involving phenology x aspect x elevation or slope were the most 

significant. Cells with the earliest developing vegetation were south to 

southwest aspects below the impoundment regardless of slope. These same 

aspects above the impoundment on 10 - 30° slopes also developed early. 

When slope was replaced by vegetation type, aspect x vegetation was not 

significant among the second order terms, nor was the third order interaction 

with phenology significant. Phenology x vegetation type was not significant 

indicating these two variables were independent. This was validated by the 

observation that cells with higher frequencies of earlier-developing sites 

included south to southwest slopes above the impoundment regardless of 

vegetation type (Appendix Table P9-4). Low shrub types on these same slopes 

below the impoundment also developed earlier. 
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5.2.2 Snow Cover -Period 2-6 May-12 May, 1983 

Snow depth was analyzed only for the second sample period since 

insufficient snow remained after that to analyze any patterns. After period 

two, many areas were starting to green up so that analysis of snow depth past 

that time period was not cost beneficial. During the first sample period, 

large amounts of snow remained in many places and few areas appeared ready 

for spring forage. This was noted in the transect descriptions rather than 

spending time and money on complllter analyses. The analysis using 

topographical features was done with presence or absence of snow since there 

was insufficient snow in the deeper categories. 

5.2.2.1 Devil Creek 

Approximately 78% of the stops along Devil Creek transects were snow free 

during period 2 with less than 3% of the stops having more than 50 em snow 

Aspect had a significant effect with southwest-facing slopes being 

more snow free than expected and northwest slopes having more snow than 

expected (Table 32). The lowest elevation (band 360m:) was almost completely 

sno\\r free while elevation 570 and 600 m had more snow than the others 

(Table 33). Slope had a statistically significant effect (P = 0.08), but no 

cate!gory had less snow than would be expected (Table 34). The low shrub 

vege!tation type had less snow while woodland forest and dwarf tree scrub had 

more! snow than would be expected (Table 35). 

The full log-linear model contained several important interaction terms 

and demonstrated why it was necessary to consider interactions of parameters 

rather than considering parameters separately. The model using snow, aspect, 

elevation, and slope had significant fourth order interaction while mast 
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lower order terms were significant except for aspect x elevation. Cells with 

significantly less snow included: 0 - 3° northerly and 3 - 10° southerly 

aspects below the Devil Canyon impoundment and 10 - 30° north-northeast

facing slopes above the impoundment (Appendix Table Sl-1). 

The model with vegetation type rather than slope was "easier" to 

interpret since higher order interactions were not as important. Cells with 

less snow included southerly aspects in open forest types regardless of 

elevation, low shrub types below the impoundment regardless of aspect, and 

low shrub types on north-northeast-facing slopes above the impoundment 

(Appendix Table Sl-2). This included low shrub types on north-northeast 

aspects without regard to elevation. 

5.2.2.2 Tsusena Creek 

Tsusena Creek had insufficient snow to analyze statistically or 

generally. Little snow was present during the first sample period. 

5.2.2.3 Fog Creek 

Fog Creek transects had 86% of their stops free of snow during the second 

period. Aspect was significantly related to snow-free stops, but no one 

aspect was significant. However, southerly aspects tended to have more snow

free stops than would be expected by chance (Table 32). North aspects, 

however, did have more stops in the 1 - 10 em and 10 - 30 em snow-depth 

categories . Elevation had no effect, probably because of the small 

variation, although there was a tendency for higher elevations to have less 

snow (Table 33). Slope also had no effect (Table 34). Although vegetation 

type was significant, no types were particularly snow free (Table 35). 
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However, forest vegetation types tended to have more snow. The log-linear 

model indicated that snow-free stops occurred more often on 0 - 3° southerly 

slopes in low shrub types and 3 - 10° northwest slopes in open to woodland 

forest types (Appendix Table S3-10). 

5.2.2.4 Watana Slide 

Watana Slide· had approximately 87% of the sites snow-free in period 2. 

Although aspect was significantly related to snow cover, no one aspect had 

less snow than might be expected by chance (Table 32). However, northwest

facing slopes generally had less snow cover. Elevation and vegetation type 

were also significantly related to snow, but no one category had more snow

free stops than would be expected by chance (Tables 33, 35). Slope and snow 

cover were independent (Table 34). 

The full log-linear model analysis was able to isolate characteristics of 

snow-free stops than the 2-way tables because levels of parameters were 

collapsed to reduce the number of 0 cells. Significant third order 

interactions included snow x aspect x slope and elevati6n x aspect x slope. 

Significant second order terms involving snow included aspect and elevation. 

Cells with significantly less snow included 0 - 3° east facing slopes above 

the Watana impoundment, 3 - 10° west to northeast slopes below the 

impoundment, and 0 - 30° south to southwest slopes above the impoundment 

(Appendix Table S4-l). 

When slope was replaced by vegetation type in the log-linear model, a 

strong dependence between aspect and vegetation type was indicated. The 

third order :interaction of aspect x vegetation with snow was also highly 

significant. Many different cells had less snow than expected with no 
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apparent pattern supporting the 1982 conclusion that factors other than 

slope, aspect, and elevation needed to be considered when identifying early 

snow-free or greenup areas. 

5.2.2.5 Watana Creek 

Watana Creek had only 77% snow-free stops during the second sample period 

with the west, southwest, and south exposures having less snow than expected 

(Table 32). Northwest-facing slopes had more snow than would be expected. 

Elevation band 450 m by the river was 99% snow free at the time and was the 

only elevation to have more stops free of snow than would be expected (Table 

33). Higher elevations had more snow than would be expected. Only 2% of the 

stops had more than 30 em of snow. Slope had a significant effect; however, 

no slope category had significantly more snow-free stops than any other 

category. Flatter slopes tended to be more snow free (Table 34). Low 

shrub types had more snow-free stops, and woodland forest had more snow than 

would be expected by chance (Table 35). 

The full log-linear model had significant third order interactions for 

snow and vegetation type crossed with aspect x slope for partial tests. All 

second order terms were significant with the marginal association tests as 

were all second order terms. Aspect appeared to affect snow depth more than 

did elevation and slope. Cells with significantly more snow-free stops 

included northeast-south-southwest slopes in low shrub types on 0 - 3° slopes 

and the same aspect in open forests regardless of slope (Appendix Table 

S5-l). 
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5.2.2.6 Fish Creek 

. Fish Creek had 89% of its stops free of snow with less than 1% having 

more than 50 ern of snow. Aspect affected the snow distribution (Table 32). 

Although no aspect had more snow-free stops, north-facing aspects had more 

snow (Table 32). Similarly, elevation affected. snow distribution, and more 

snow-free stops were located at the lower elevations (Table 33). Higher 

elevations contained more snow. Lower elevations contained birch-spruce 

forests on moderate slopes while mid-slope elevations contained spruce on 

gentler slopes. Slope and vegetation type were significant, but gentler 

slopes tended to have fewer snow-free stops and closed forest stops were 

completely snow free (Table 34, 35). Closed forests stops were generally 

birch-spruce or birch-aspen vegetation. These vegetation types were 

gene~rally associated with "recent" disturbance and well-drained slopes. 

Most second order interactions in the full log-linear model were 

significant in both partial and marginal tests of association. However, the 

only significant third order term which included snow was snow x elevation x 

slope.. Cells containing more snow-fn~e stops than would be expected were 0 -

3° southerly slopes below the impoundment, 3 - 10° souther slopes above the 

impoundment, and 10 - 30° northerly slopes below the impoundment (Appendix 

Table S6-l). 

When slope was rep laced by vegetation type, the snow x elevation x 

vegetation type was significant in tlhe partial tests while snow x aspect x 

vegE~tation was significant in the marginal tests of association. Elevation 

and vegetation type were more related than elevation and slope. Hence, the 

model with slope was more meaningful than the model with vegetation types 

since the variables were less dependent on each other. Significant cells in 
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the vegetation model included northerly aspects in closed to open forests 

below the impoundment and southerly aspects in woodland forests above the 

impoundment (Appendix Table S6-2). If the greater crown cover of closed to 

open forests corresponded to 10 - 30° slopes and the woodland type 

corresponded to 3 - 10° slopes, the two models would correspond. Indeed 9 the 

period 5 analysis using vegetation, slope, aspect, and elevation indicated a 

strong dependence among vegetation and slope. 

5.2.2.7 Kosina Creek 

Approximately 86% of the stops along the Kosina Creek transects were free 

of snow during period 2 with less than 2% of the stops having more than 30 em 

of snow. Southern aspects had more snow-free stops than would be expected 

(Table 32). Elevation and snow distribution were significantly related, but 

no bands appeared to have significantly more snow-free stops than would be 

expected (Table 33). However, lower elevations tended to have less snow, and 

higher elevation bands had more snow. Slope also had a significant effect 

(Table 34). Although no category had more snow-free stops than expected, 10 

- 30° slopes generally had more snow. Open forest types had more snow

free stops than expected while woodland forest and tall shrub types had more, 

snow (Table 35). 

The full log-linear model for snow on Kosina Creek transects was easier 

to interpret than some of the other models. Third order terms involving snow 

were not significant, but all second order terms were, especially the 

interaction of snow with aspect. Cells containing significantly more snow

free stops included south aspects below the impoundment on 0 - 10° slopes and 

above the impoundment on 10 - 30° slopes (Appendix Table S7-1). The model 
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which replaced slope by vegetation type was more complicated and not 

interpretable because vegetation was dependent on aspect and elevation, 

leading to a large imbalance and many 0 cells. 

5.2.2.8 Clarence Creek 

Clarence Creek had more snow cover than the other transects at this time. 

Although less than 2% of the stops had snow greater than 30 em, only 64% of 

the stops were snow free and 19% and 16% had 1 - 10 em and 10 - 30 em, 

respectively. Aspect had no effect since most areas were north-facing (Table 

32). Elevation had a significant effect with the 600-m band by the river 

having more snow-free stops (Table 33) at this time. Earlier, this band 

r 
I had been covered· by large blocks of ice from an ice jam. Elevation bands 810 

m-840 m at the top and band 690 m had more snow. Effect of slope was 

significant, and 10 - 30° slopes tended to have more snow (Table 34). 

Vegetation type was significant with dwarf-tree scrub tending to have 

less snow and open-woodland forests having more snow (Table 35). Cells with 

less snow than expected were 3 - 30° slopes below the impoundment in dwarf 

tree scrub-low shrub vegetation types as indicated by the log-linear model. 

5.2.2.9 Switchbacks 

The switchbacks were relatively free of snow during period two with 98% 

of the stops being snow free. Aspect was significant, and northerly aspects 

tended to have more snow than southerly aspects (Table 32). Elevation was 

significant although the 690 m band seemed to have more snow (Table 33). 

Slope was also significant with 0 - 3° category tending to have more snow 

(Table 34). Vegetation type was significant, and woodland forest had more 

-
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snow than would be expected (Table 35). No vegetation type had more 

snow-£ ree stops than expected. There was insufficient snow to warrant 

analyzing the log-linear model so no effects of interactions could be 

determined. 

5.2.2.10 Synopsis - Spatial Variation for Phenology and Snow 

Differences occurred among the different transect groups, aspect, 

elevation, slope, and vegetation type for phenological advancement during 

period 5 (27 May - 2 June) and snow cover during period 2 (6 May - 12 May). 

Although any aspect might have a significant number of stops that were 

phenologically advanced, southern aspects prevailed in this respect (Table 

28). Elevations that were significantly more advanced also varied among 

transect groups with approximately half being a hove and half below the 

potential impoundments. Slope frequently did not have a significant effect 

on phenological advancement, although flat slopes (0 - 3°) were usually late 

developing (Table 30). When slope did have an effect, the steeper slopes 

were the earlier sites. Hence, vegetation on steeper south-facing slopes 

might develop faster than other areas, but there were many exceptions. The 

1982 study indicated that fire history played a role. 

Similarly, vegetation type effects varied among transects (Table 31). 

Closed forests and herbaceous vegetation types were always significantly 

advanced where they occurred, but the number of stops in these types was 

often small and the conclusion might be misleading (Table 31). Closed 

forests were associated with mixed broadleaf-evergreen or broadleaf forest. 

These vegetation types were usually seral and associated with warm, well-

drained slopes. Stops in low shrub areas contained earlier developing 
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The 

successional nature of the vegetation supports the 1982 conclusion concerning 

fire. 

Transects also varied greatly in their relative phenological development. 

The percentage of stops classified as phenologically advanced varied from 7 

to 53% during period 5 (Table 44). The percentage of snow-free stops varied 

from 64 to 99% during period 2. One would expect transects with relatively 

little snow during period 2 to be phenologically advanced by period 5. 

However, the relative rankings of the transects differed slightly between 

periods 2 and 5. 

Tsusena Creek was the most advanced area both times probably because of 

the well-drained, southern exposure. Over half the stops were considered 

advanced during period 5 and almost all sites were free of snow in the second 

period. The birch-spruce forest co'ITering much of its slopes was a seral 

vege!tation type. Seral vegetation s1eemed to be associated with early plant 

development in many areas. 

Devil Creek had almost as large a percentage of advanced stops in period 

5 but had a lot of snow in period 2. It either had deeper winter snow than 

othe!r areas or had slower melting snow. Kosina Creek was farther behind 

with only 35% advanced stops. It was tied for fifth with snow-free areas but 

was only 3% behind the third ranked transect at that time. Hence, it's rank 

did not really change between periods 2 and 5. 

Watana Slide was a medium area in both time periods with a rank of 4. 

Switchbacks ended up in fifth position phenologically although they were 

almost completely (98%) snow free in the second period. Either this site may 

have had less snow than others or the vegetation types or plant species may 
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have been slow developing. Fish Creek was ranked sixth during period 5 but 

third in period 2, and was only 3% ahead of sixth place. Hence, it remained 

about the same. Clarence Creek was slow during both periods, but this was 

largely because of north-facing aspects and a large ice jam that covered 

almost the entire portion of the transect parallel to the Susitna River. 

Watana Creek was also relatively slow during the entire study. Fog Creek 

was the least developed transect group during the last sample period, but had 

been tied for fifth, only 3% behind the third ranked transects in period 2. 

Overall most transects retained their same relative positions although 

some differences occurred. Fog Creek and the Switchbacks were slower 

developing after snow melted while Devil Creek advanced rapidly. Rates of 

development could differ greatly among transects as seen by comparing Devil 

and Watana Creeks. Both had the same percentage of snow-free areas during 

period two, but Devil Creek had 53% advanced sites and Watana had only 9% in 

period 5. 

5.2.2.11 Discussion - 1983 Study 

Determining what factors affect forage availability in the spring was a 

complex problem. As with the 1982 phenological study, no generalizations 

about aspect, elevation, slope, or vegetation type could be made with 

confidence. It was true that, in some cases, southern aspects were more 

advanced phenologically than northern ones or that higher (above the 

impoundment zones) were more advanced. However, there were many cases where 

northern aspects or lower elevations were more advanced. The same was true 

about vegetation type and slope. More or different environmental parameters 

affect growth initiation than what were measured in either 1982 or 1983. 
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The objective of these studies has been to identify why moose were using 

the slopes of the impoundment zone prior to parturition. This question was 

raised based on several years of ADF&G data (Ballard et al 1982, Ballard et 

al 1983). However, in 1983 the moos'e had moved out of the impoundment zone 

prior to parturition, although numerous moose were sighted near the south

facing Kosina Creek transects just before sampling was initiated and 

occasional moose were spotted during the study period. They could have been 

using the areas in the evenings or early mornings and been undetected. Fewer 

moose signs were observed in 1983 relative to 1982. However, this was partly 

attributable to different methods of descent. Animal trails were followed in 

1982, but compass courses were followed in 1983. The presumed 

moose-vegetation relationship may be very variable among years. 

Many problems with the field and statistical techniques were encountered. 

The usual errors involved in field measurement problems were present, even 

though only codes were being recorded. Tapping an altimeter could result in 

a 30-m change, which was the width of the elevation bands. Bands were made 

this narrow so that possible differences in the reservoir height could be 

assE~ssed; however, they were not used this way in the analysis. 

Analysis among time periods was hampered by not having precisely located 

points. Relocation between time periods resulted in considerable error. In 

somE~ cases the recorded aspects were sufficiently different that there was no 

way development through time with respect to aspect could be studied. Part 

of this was relocation error and part was sampling error with respect to 

aspect. This problem existed for all the other variables also. Relocatable 

sample locations are strongly recommended for studies over a period of time. 
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This was the big difference why plant development could be followed in 1982, 

but not in 1983. 

Observation of snow depth and species phenology was extremely dependent 

on exact placement of the observers foot. No matter how hard one tried not 

to bias steps, if one were wearing snowshoes on one tended to walk on snow, 

and ·if one did not have snowshoes on one tended to walk on snow-free areas. 

Since snow depth was based on the snow at the tip of the boot or snowshoe, 

considerable bias was introduced. Depth could vary within a few centimeters 

of the boot which meant that unless exactly the same location was hit next 

time, changes in depth could result from different location as well as a 

different snow depth. This might have accounted for the apparent rapid snow 

disappearance after the first period. Our recollections indicated there was 

still considerable snow at that time, which were not substantiated by the 

data. 

The phenological development by species would not be as affected as the 

snow depth by the "snowshoe" bias because the species were selected within a 

0. 5-m radius. But this meant plants could be fully leafed out at the 

same location where 30-50 em of snow was recorded. This was not unusual 

because plants absorb and create heat as a byproduct which, in turn, melts 

snow around the plants. Hence, snow depth was extremely difficult to relate 

to phenological stage of individual species. Development of individual 

species could not be traced statistically across time because of insufficient 

reliable data. However, the data listings were scanned for general trends. 

A species that was recorded during period one was generally a low shrub 

(approximately 50 - 100 em tall). As snow melted and dwarf shrubs (< 20 em 
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tall) became visible, the low shrubs might not be the closest shrub to the 

boot anymore. 

Qualitative data were less expensive to obtain in the field than 

quantitative data for a given observation, however, many more observations of 

qualitative data were needed for a meaningful analysis. Statistical 

techniques for qualitative data are fewer, less well understood, and much 

more expensivE~ than quantitative techniques. Our overall experience (field 

and computer time) on this indicates that quantitative data may be less 

expensive. 

The most appropriate statistical techniques available were contingency 

tables, their full log-linear model equivalent, and logistic regression. The 

full log-linear model produced a table of significance similar to an analysis 

of variance, but used qualitative data. Since it was an iterative procedure 

whose running time depended on the number of cells (which depended on number 

of treatments and levels), it was expensive as more variables and levels 

were added. This analysis treated aLL variables as independent variables, as 

in contingency tables. Logistic regression was a special case where one 

variable was considered to be the dependent and the others as independent 

variables like a regression analysis using qualitative data. By considering 

interactions only with the dependent variable, a log-linear model could be 

interpreted as a logistic regression. The log-linear model was used since it 

was understood better. 

The log-linear model was limited by computer core space and data (no 0 

cells). Since each cell needed space, the amount of computer space that was 

needed grew astronomically if more than a few categories were used for 

each (elevation, aspect, slope, vegetation type). All recorded levels of 
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variables (treatments) could be used if only 2-way analyses were performed. 

Since most phenological development was assumed to be a response to 

interactions of terms, several variables had to be analyzed simultaneously. 

If many levels (coded values for treatments, or variables) were used, costs 

were exorbitant or the amount of computer memory needed exceeded that 

available to the program. Hence, many treatment levels had to be collapsed 

together. Levels also had to be combined to eliminate most 0 cells which 

would invalidate the results. This sometimes meant either eliminating levels 

that were unimportant or too rare to have an effect, or combining levels that 

did not have a uniform response. The latter was a violation of assumptions. 

Effect of vegetation type was difficult to interpret because of the 

combination of levels of vegetation types. These categories were grouped by 

canopy cover since this seemed to be the most relevant factor during the 

field work. During some of the interpretation, it seemed like a moisture 

gradient might have been useful although slope accounted for part of this. 

Usually slope and vegetation were not considered in the same run. Data were 

inadequate to fill additional cells created by a moisture variable unless it 

replaced some other variable. 

One item that was not considered in this analysis was the use of two 

different elevations: absolute elevation and elevation relative to the 

river. The river elevation near the Switchbacks was slightly lower than the 

highest elevation by Devil Creek. The microenvironment associated with the 

river may have an effect on phenological advancement and could be as 

biologically important as the actual elevation. Theoretically the elevation 

x slope interaction may take some of this into account. However, one of the 

main objectives of this study was to assess the effect of the impoundments. 
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Hence, only absolute elevations were considered because of the_objectives and 

time limitations. 

Another characteristic of vegetation that could be relevant for snow 

accumulation might be whether the vegetation at a stop was the same as the 

surrounding vegetation. Some low shrub stops, for example were in a large 

expanse of low shrub type with a lot of exposure for sun and wind while 

others were in an inclusion sheltered by surrounding trees. This could 

account for llrhy low shrub types had a lot of snow in some areas and other 

places they were relatively snow free~. 

These results were reported as if no sampling error were involved. A 

slightly different foot placement could give a different results as has been 

disc us sed. We have found evidence of this by the lack of matchup for 

aspects, slope, elevation and vegetation type among sample periods. 

5.2.3 Berry Availability - Period 5; 27 May-2 June, 1983 

Berry availability was analyzed on a presence or absence basis since 

there were insufficient stops with high abundance of berries for a meaningful 

analysis. Availability of overwintered berries was directly related to snow 

melt since no time was needed for development of berries after the snow 

melted. The fifth period was selected for analysis since the most berries 

would be available then for a spatial analysis of berry occurrence. 

Timeliness of availability could generally be considered to start during 

period 2 and by period 3 most berries would be available. 
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5.2.3.1 Devil Creek 

Berries occurred at only 7% of the stops along the Devil Creek transects, 

with northeast-facing aspects being the most likely aspect based on two-way 

models (Table 36). Berries occurred more frequently at higher elevations 

(630-660 m) (Table 37) and on steeper slopes than in other slope categories, 

(Table 38). Low shrub types had more frequent occurrences of berries than 

would be expected (Table 39). 

Aspect and elevation were the two individual factors that affected berry 

distribution according to the full log-linear model containing berry 

presence, aspect, elevation and vegetation type. Vegetation type was 

strongly dependent on aspect. Berries were found predominantly on the 

northerly slopes in low shrub types· above the Devil Canyon impoundment 

(Appendix Table Bl-1). Hence, the Devil Canyon dam would not be expected to 

impact berry availability here. 

5.2.3.2 Tsusena Creek 

Berries were found at only three stops (Table 36). This was insufficient 

to draw conclusions. 

5.2.3.3 Fog Creek 

Berries were relatively rare on these transects with less than 3% of the 

stops having berries. The analysis was questionable because of the small 

sample size but some trends might be indicated. North aspects tended to 

have more frequent berry occurrences than south aspects (Table 36) while the 

steeper slopes had larger berry frequencies than the gentler slopes (Table 

38). Berry frequency was independent of vegetation type (Table 39). 

-
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5.2.3.4 Watana Slide 

Approximately 7% of the stops along the Watana Slide transects had 

overwintered berries with the northwest, north, and northeast aspects being 

the predominant aspects on which to find . berries (Table 36). Higher 

elevations, especially band 690 m, we1re also favored with smaller frequencies 

at lower elevations (Table 37). Slope and vegetation type had. no effect on 

berry frequency although low shrub types seemed to contain berries more 

frequently (Tables 38, 39). 

The full log-linear model was analyzed with berries, aspect, elevation, 

and vegetation type. Berries interacted significantly with aspect and 

elevation alone, but did not have significant interaction with vegetation. 

However, the berry x aspect x elevation term was not significant. In 

reality, there was one major area of berry abundance on the northerly aspects 

in the low shrub types above the Watana impoundment zone (Appendix Table 

B4-1). The other pair of transects also had frequent berry occurrences near 

the top. Hence, the project should have no effect on berry availability in 

this area. 

5.2.3.5 Watana Creek 

Watana Creek transects had an average frequency for berries of almost 8%. 

Aspects with the most frequent occurrences of berries were northeast and east 

(Table 36) while elevations where be1rries occurred most frequently were 510 

m, 540 m, and 660 m (Table 37). Slop1es from 10 - 30° had larger frequencies 

for berries (Table 38) while vegetation type was ~ot significantly related to 

berry frequency (Table 29). 
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The full log-linear model for berry distribution was affected primarily 

by aspect and vegetation x slope. The only features to have a significantly 

larger frequency of berries were northeast aspects on 3 - 10° slopes in open 

to woodland forest and 10 - 30° slopes in dwarf tree scrub (Appendix Table 

BS-1). All of these areas were below the impoundment zone since no portion 

of the transects were above the potential water level. 

5.2.3.6 Fish Creek 

Overwintered berries were more frequent on south- and east-facing slopes 

with north- and northeast-facing aspects having less frequent berries (Table 

36). Approximately 13 to 17% of the south- and east-facing stops contained 

berries. Berries were more common in elevation bands 660 m and 720 m (above 

impoundment) while bands 510 and 570 m (below impoundment) contained fewer 

berries than would be expected (Table 37). Berries had less tendency to 

occur on 0 - 3° slopes (Table 38). Frequencies were relatively large in 

woodland forest stops and small in low shrub stops (Table 39). Almost 12% of 

the woodland forest stops contained berries. 

The full log-linear model for berries indicated that berries were 

affected more by single factors than by an interaction of factors. The 

interaction of aspect, elevation, and vegetation type contributed greatly to 

the model which indicated the dependency of these variables. All cells which 

had more stops with berries than would be expected also had more stops with 

berries (i.e. had more stops) (Appendix Table B6-1). This again pointing out 

the problems with the unbalanced design inherent when treatments (aspect, 

elevation, vegetation) are dependent. 

-
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5.2 .. 3.7 Kosina Creek 

Berries were found on about 6?c: of the stops along the Kosina Creek 

transects. Aspect and vegetation types were not related to berry frequency 

(Tables 36, 39) while elevations with frequent berry occurrence included 600 

m and 720 m (Table 37). Slope and berries were not independent with 10 -

30° slopes tending to have larger frequencies and 0 - 3° slopes having 

significantly lower frequencies than 'would be expected by chance (Table 38). 

The full log-linear model for berries was significant; however, virtually 

none of the tE~rms involving berries were included. Hence, the model did not 

explain berry distribution and was dominated by dependencies among vegetation 

type and elevation. Higher elevations were dominated by low shrub types and 

forested types occurred predominantly below the impoundment zone. These low 

shrub types had a more frequent berry distribution than would be expected by 

chance (Appendix Table B7-1). Hence, the impoundment would not have a major 

effect on berries in this area. 

5.2.3.8 Clarence Creek 

Clarence Creek had a larger frequency of berries (12%) than most other 

transects. Aspect and vegetation typ~~s were not related to berry frequencies 

(Tables 36, 39). Elevation 630 m had a significantly larger frequency 

of berries than would be expected by chance (Table 37), although fluctuations 

among adjacent elevations appeared random. Slope had a significant 

relationship, but no slope category had a larger frequency than would be 

expected by chance (Table 38). 

The only significant interaction with berries in the full log-linear 

model was with slope. The only cell that appeared to have more frequent 
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occurrences of berries was low shrub types above the impoundment on slopes 

greater than 30° (Appendix Table BS-1). Again, the impoundment would 

probably have negligible effect. 

5.2.3.9 Switchbacks 

Berries were rather scarce in the switchback area with only 2% of the 

stops containing berries (Table 36). South-facing slopes contained mare 

berries than did other aspects (Table 36). Differences among elevation bands 

were not significant, but all stops with berries occurred above the 

impoundment zone (Table 37). Slope did not significantly affect berry 

frequency, although slopes greater than 3° tended to have more berries than 

those less than 3° (Table 38). Berries occurred most frequently in the low 

shrub vegetation types with woodland forest being the only other type where 

berries were recorded (Table 29). Frequency of berry occurrence on the 

Switchback transects was insufficient to warrant a full log-linear analysis. 

5.2.3.10 Synopsis - Spatial Variation for Berries 

Berry availability also varied considerably among transects. Clarence 

Creek had the largest frequency of berries in period 5 while Tsusena Creek, 

Switchbacks, and Fog Creek had the lowest frequency (Table 44). There 

appeared to be a weak inverse relationship between frequency of berries in 

period 5 and of snow-free transects in period 2. Significant aspects tended 

to be more northerly ones (7 significant cells vs 3 significant cells 

for southerly aspects, Table 36).; This could also relate to later snowmelt. 

Elevation patterns differed with transects, but higher elevations tended to 

have larger frequencies of berries than did lower elevations (Table 37). 
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5.2.3.7 Kosina Creek 

Berries were found on about 6~: of the stops along the Kosina Creek 

transects. A:spect and vegetation types were not related to berry frequency 

(Tables 36, 39) while elevations with frequent berry occurrence included 600 

m and 720 m (Table 37). Slope and berries were not independent with 10 -

30 o slopes tending to have larger frequencies and 0 - 3° slopes having 

significantly lower frequencies than 'would be expected by chance (Table 38). 

The full log-linear model for berries was significant; however, virtually 

none of the terms involving berries were included. Hence, the model did not 

explain berry distribution and was dominated by dependencies among vegetation 

typE! and elevation. Higher elevations were dominated by low shrub types and 

forested types occurred predominantly below the impoundment zone. These low 

shrub types had a more frequent berry distribution than would be expected by 

chance (Appendix Table B7-1). Hence, the impoundment would not have a major 

effect on berries in this area. 

5.2.3.8 Clarence Creek 

Clarence Creek had a larger frequency of berries (12%) than most other 

transects. Aspect and vegetation typt:!s were not related to berry frequencies 

(Tables 36, 39). Elevation 630 m had a significantly larger frequency 

of berries than would be expected by chance (Table 37), although fluctuations 

among adjacent elevations appeared random. Slope had a significant 

relationship, but no slope category had a larger frequency than would be 

expected by chance (Table 38). 

The only significant interaction with berries in the full log-linear 

model was with slope. The only cell that appeared to have more frequent 
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occurrences of berries was low shrub types above the impoundment on slopes 

greater than 30° (Appendix Table BB-1). Again, the impoundment would 

probably have negligible effect. 

5.2.3.9 Switchbacks 

Berries were rather scarce in the switchback area with only 2% of the 

stops containing berries (Table 36). South-facing slopes contained mare 

berries than did other aspects (Table 36). Differences among elevation bands 

were not significant, but all stops with berries occurred above the 

impoundment zone (Table 37). Slope did not significantly affect berry 

frequency. although slopes greater than 3° tended to have more berries than 

those less than 3° (Table 38). Berries occurred most frequently in the low 

shrub vegetation types with woodland forest being the only other type where 

berries were recorded (Table 29). Frequency of berry occurrence on the 

Switchback transects was insufficient to warrant a full log-linear analysis. 

5.2.3.10 Synopsis - Spatial Variation for Berries 

Berry availability also varied considerably among transects. Clarence 

Creek had the largest frequency of berries in period 5 while Tsusena Creek, 

Switchbacks, and Fog Creek had the lowest frequency ( Table 44). There 

appeared to be a weak inverse relationship between frequency of berries in 

period 5 and of snow-free transects in period 2. Significant aspects tended 

to be more northerly ones (7 significant cells vs 3 significant cells 

for southerly aspects, Table 36).; This could also relate to later snowmelt. 

Elevation patterns differed with transects, but higher elevations tended to 

have larger frequencies of berries than did lower elevations (Table 37). 
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Slope generally was not significantly related to berries, but on transects 

where it was significant, the 10 - 30° category had larger berry frequencies 

(Table 38). Similarly vegetation type was not usually related to berry 

frequency, but low shrub types tended to have larger frequencies of berries 

where vegetation type was significant. Hence, the many areas with a high 

berry frequency would remain above th1~ impoundment. 

5.2.4 Horsetail Abundance - Period 5 - 27 May-2 June, 1983 

Analysis of horsetail abundance had the same major problem as berries: 

there were too few values in the various categories to analyze anything 

except presence or absence, and distribution was very localized. Horsetail, 

on the other hand, required time to green up before it was available. All 

species were recorded with no differentiation, and the bear diet work (Miller 

and McAllister 1982, Miller 1983) did not indicate which species of horsetail 

was eaten. Some species occur primarily in riparian areas while others occur 

on wooded hillsides. Hence, the different species would be impacted 

differently by the proposed hydroelectric project. Two moose calves, 

apparently killed by a bear, were found on a north-facing slope near Tsusena 

Creek in spring 1982. Relatively fresh (within past day) bear feces were 

found and appeared to contain pieces of an upland horsetail species. An 

upland horsetail species had been grazed along the 1982 Jay Creek transect, 

but it is unknown whether bear or moose grazed it. No utilization of 

riparian horsetail (such as Eguisetu:m variegatum) has been observed. The 

evidence is not strong but it seems to indicate that the upland species may 

be used by bears, but they dig sweet-1retch roots along the river, which would 

account for their presence along the river. 
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5.2.4.1 Devil Creek 

Aspect (Table 40) and slope (Table 42) did not explain horsetail 

frequency, but it was most frequent at elevation band 480 m (Table 41) as 

indicated by 2-way contingency analyses. The 450-m band also had 

significantly more horsetail occurrences than would be expected, but had a 

smaller percentage of occurrences than the 480-m band (Table 41). Horsetail 

was more abundant in open and woodland forest vegetation types than would be 

expected by chance (Table 43). 

Horsetail was probably too scarce along these transects to justify a full 

log-linear analysis, however, the vegetation type interaction appeared to 

affect the horsetail distribution the most. Open forest-dwarf tree scrub 

forest on northwest to northeast aspects below the impoundment and east to 

southeast aspects above the impoundment had more horsetail than would be 

expected (Appendix Table Hl-1). Most other cells had none. 

5.2.4.2 Tsusena Creek 

Horsetail was found predominantly at lower elevations with larger 

frequencies than would be expected at elevation 480 m (Table 41). The 3 -

10° slopes and open forests had larger frequencies of horsetail than would be 

expected (Table 42, 43). 

The full log-linear model for horsetail had some of the same problems 

that the phenological model did: namely, a strong dependence among elevation 

and slope which resulted in many empty cells. Vegetation type and slope had 

significant interactions with horsetail frequency. In reality, horsetail 

occurred most frequently in open forests on 3 - 10° slopes regardless of 

elevation (Appendix Table H2-l). It occurred least frequently in open 

~. 



-

-

-
-

-

87 

forests on 10 - 30° slopes above the impoundment and 0 - 3° slopes below 

the impoundment. 

5.2.4.3 Fog Creek 

Horsetail was much more frequent on western aspects (Table 40) and lower 

elevations (660 m) (Table 41). It was most abundant on 0 -3° slopes and open 

forE~sts (Tables 42, 43). One location accounted for most of the stops with 

horsetail. 

The full log-linear model for horsetail along Fog Creek had the problem 

with imbalance among cells. Aspect x slope x vegetation type was the most 

sign if ican t third order interact i.on so these variables were dependent. 

Slope x vegetation type x horsetail frequency was the only third order term 

involving horsetail that was significant in both partial and marginal tests 

of association. North-facing 0 - 3° slopes in closed to open forest types 

were the only stops that appeared to have a significantly higher frequency 

for horsetail occurrence (Appendix Table H3-1). One other cell did, but it 

was equally significant for absence of horsetail, an artifact of the 

methodology. 

5.2.4.4 Watana Slide 

Approximately 27% of the stops along the Watana Slide transects contained 

horsetail. Southerly aspects had higher frequencies and the northerly 

aspects had lower frequencies of horsetail than would be expected by chance 

(Table 40). Elevation bands 540 and 570 m contained the largest number of 

stops with horsetail as well as the largest percentage and these effects were 

significant (Table 40). Horsetail frequency and elevation were generally 
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inversely related along these transects: horsetail occurred more often at 

higher than lower elevations. Slope and horsetail frequency were dependent 

with 0 - 3° slopes having the most in number and percentage of horsetail 

occurrences (Table 42). Horsetail occurred more frequently in herbaceous and 

low shrub types than in other vegetation types (Table 43). Much of this 

distribution resulted from a stand of willow and horsetail on the west side 

of Watana Creek at the bottom of the transects. 

inundated. 

This stand would be 

The full log-linear model and the observed frequency table verified some 

of the above discussion. Low shrub types below the impoundment level, 

regardless of aspect, contained the most significant frequencies of horsetail 

(Appendix Table H4-l). All the third order and lower interaction terms were 

significant except for the partial test for horsetail x aspect x elevation. 

5.2.4.5 Watana Creek 

Horsetail was recorded at 14% of the stops along Watana Creek with 

southwestern aspects having horsetail at 42% of these stops (Table 40). 

Elevation 480 m contained horsetail at 37% of its stops, which was 

significant (Table 41). Horsetail was more frequent on 0 - 3° slopes than 

would be expected with 20% of the stops containing horsetail (Table 42). 

Approximately 36% of the open forest stops contained horsetail (Table 43). 

In reality, most of the horsetail along these transects occurred on gentle 

southwest aspects in open balsam poplar - spruce forest near the bottom of 

the transects on the north side of the river. This location would be 

inundated with Watana Dam in place. 

-

~-, 

-



-
-

-

.... 

-

-

89 

The only interactions not significant in the full log-linear model were 

horsetail x v1egetation x slope. Vegetation and slope appeared to be strongly 

dependent .. The most significant location for horsetail was 0 - 3° southerly 

slopes in open-woodland forests as reported previously (Appendix Table H5-1). 

Secondary locations were the same aspect and vegetation on 10 - 30° slopes 

and 0 - 3° slopes in low shrub types. 

5.2.4.6 Fish Creek 

Horsetail was most frequent on northeast-facing slopes as indicated by 

the number of stops containing it, the percentage of stops on this aspect 

containing it, and the significance of the standardized deviates (Table 40). 

All three of these measures indicate something different: whether it occurred 

in many places, whether most transect contained it, and whether it was 

significant. It was most frequent on elevation band 510 m with 25% of the 

stops in this elevation band containing horsetail (Table 41). Bands 660 m 

and 720 m contained fewer horsetail than would be expected. Horsetail tended 

to be more abundant on 0 - 3° slopes and less abundant on 10 - 30° slopes 

although this was significant only at the P = 0.07 level (Table 42). Low 

shrub types contained the largest percentage of stops with horsetail, while 

open forest types had the largest number of stops with horsetail (Table 43). 

In other words, low shrub types had a higher frequency of horsetail than did 

open forest types, but the latter contained horsetail at more stops. 

Significantly more horsetail was present in low shrub types and less in 

woodland forest types than would be expected by chance. 

Horsetail frequency had interactions with elevation, vegetation type, and 

aspect in the full log-linear model. The three environmental variables were 
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dependent since 10 - 30° slopes were· vegetated predominantly with open 

forests. Low shrub types below the impoundment on west- to northeast-facing 

slopes cant ained more horsetail while the same locations above the 

impoundment contained lower frequencies of horsetail (Appendix Table H6-1)'. 

5.2.4.7 Kosina Creek 

Horsetail was most abundant on south- and southeast-facing slopes both in 

number of stops, percentage of stops with horsetail, and significance (Table 

40). Elevation bands 540, 570, and 660 m (boundary), which were all below 

the potential impoundment zone, and flat slopes (0 - 3°) contained the most 

stops with horsetail (Tables 41, 42). Horsetail was most common in open 

forest stops with 19% of those stops containing horsetail (Table 43). 

The full log-linear model indicated that second order interactions 

explained most of the horsetail abundance. Vegetation and elevation were 

strongly dependent which accounted for a lot of the variation. Most 

vegetation above the impoundment was low shrub, while forest types occurred 

primarily below the impoundment. Almost all the horsetail occurred below the 

impoundment on south aspects. Low shrub and closed to open forest were the 

most important vegetation types there (Appendix Table H7-l) 

5.2.4.8 Clarence Creek 

Horsetail was found at only 9% of the stops along the Clarence Creek 

transects. Aspect had no effect, but the transects were located only on the 

south side of the river (Table 40). Elevation band 780 m and to some extent 

750 m contained higher frequencies of horsetail than would be expected (Table 

41). Slope had no effect (Table 42), but all shrub sites contained more 
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stops with horsetail (Table 43). The only cells with a significant frequency 

of horsetail in the full log-linear model were woodland forest - dwarf tree 

scrub and low shrub types on 10 - 30c' slopes above the impoundment (Appendix 

Table HS-1). 

5.2.4.9 Switchbacks 

Almost 17% of the switchback stops contained horsetail during period 5 

with northeast-facing slopes having a higher frequency of horsetail than 

would be expected (Table 40). Horsetail occurred at more stops on east- and 

southeast-facing slopes, but there was more area there. Elevation bands 690 

and 750 m contained horsetail at more stops than would be expected and a 

larger percentage of contained horsetail than other elevations (Table 41). 

Slopes in the 3 - 10° range had a higher frequency of horsetail than would be 

expected (Table 42). The 10 - 30° slopes had a slightly lower percentage of 

stops with horsetail, but the result was not significant. Tall shrub 

and woodland and open forest types generally contained larger frequencies 

than other types (Table 43). 

The full log-linear model indicated the most important interactions with 

horsetail were aspect, vegetation type, and elevation x vegetation type. The 

only cell that definitely had a larger frequency than would be expected 

was low shrub type above the impoundment on northerly slopes (Appendix Table 

H9-1). 

5.2.4.10 Synopsis - Spatial Variation for Horsetail 

Horsetail frequencies ranged from 4 to 27% with Devil Creek having the 

lowest percentages and Watana Slide having the highest (Table 44). The 
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effect of aspect was variable, but the more southerly aspects tended to have 

larger frequencies of horsetail (Table 40). Horsetail tended to be more 

frequent at lower elevations below the potential impoundment level (Table 

41). The 0 - 3° slope category had significantly higher frequencies of 

horsetail on almost half of the transects (Table 42). Open forest vegetation 

type was significant on two-thirds of the transects (Table 43). Tall shrub 

may also be an important vegetation type for horsetail, but the number of 

stops in this vegetation was rather small. Horsetail was more likely to be 

frequent on 0 - 3° slopes below the impoundment in open forest types. Many 

of these areas would apparently be lost by inundation in the impoundments. 

5.2.5 Phenological Development over time by Transect Group 

Phenological development over time was evaluated in a very general sense 

by scanning the listings of raw data to look for trends or which species were 

initiating growth first. This was performed only on a transect group basis 

since reports for vegetation type, aspect, and slope were not very consistent 

over time. Scanning the printouts also pointed out possible biases among 

observers or sampling errors that may have occurred. 

5.2.5.1 Devil Creek 

Most shrubs were dormant along most of the Devil Creek transects during 

sample period 1 on May 3, 1983. However, mountain cranberry had broken some 

buds at a few stops. Dwarf birch and alder were visible, but were dormant. 

An unknown grass was just emerging from the ground at one stop. More species 

were visible at the lower elevations, but they were still dormant. Paper 

birch had burst some buds and bluejoint, bluegrass, and fireweed were 
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just emerging near some stops, but were not the recorded individuals. 

Utilization was reported on alder, willow, and rose in the area, but not on 

any stops. 

Many of the· dwarf shrubs were visible above the snow during period 2 

(11 May). whereas during period 1 only low and tall shrubs were visible. 

Mountain cranberry and Labrador tea had broken bud, especially at the higher 

elevations around 660 m, which was above the potential Devil Canyon 

impoundment zone. Currant leaves we:re partly expanded at some stops on the 

south-facing aspects. Twinflower (Linnaea borealis) and wintergreen (Pyrola 

spp.) had burst buds at some stops. 

Leaves of dwarf birch and spiraea were partly expanded on the 

north-facing slopes during sample period 3, May 18, 1983. Twinflower leaves 

were partly expanded at some stops on north-facing aspect. Most shrubs. had 

half-expanded leaves on the south-facing slopes below elevation band 570 m. 

Much forage was available especially below elevation 570 m. Since the upper 

level of the impoundment would be near 450-m band, some of this forage would 

be lost to the impoundment·, but a lot would still be available in the spring. 

5.2.5.2 Tsusena Creek 

Tsusena Creek was among the areas with the earliest available forage. It 

was virtually snow-free during the first sample period. Mountain cranberry 

had broken some buds, and an unknown grass species was just emerging from 

the ground at this time. By the second sample period, 12 May, mountain 

cranberry and twinflower had burst buds in many places, and bluejoint · was 

emerging from the ground. 
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Most mountain cranberry had burst their buds by period 3, 19 May. while 

some willows had produced catkins. About half of the unknown grass 

observations were dormant while the other half ranged from just emerging to 

fully grown. All three life forms in an open white spruce type at elevation 

480 m, just above the impoundment, were either just opening buds or emerging 

from the ground or had half-expanded leaves or half-grown stems. Most shrubs 

and forbs were still dormant in an open black spruce area while bluejoint and ~I 

an unknown grass were just emerging or half grown. By the fourth period, 

abundant forage was available. 

5.2.5.3 Fog Creek 

Most plants were dormant during the first sample period, 29 April, along 

the Fog Creek transects, but an unknown sedge was just emerging on one stop. 

This was generally true during the second period also except that sedges at 

many stops in woodland white spruce were emerging and cotton grass was half 

grown in a sedge tundra vegetation type. An unknown grass was also emerging. 

By the third period, (18 May) sedges were approximately half-grown along 

half of one transect while diamondleaf willow had leaves about half-expanded. 

Crowberry was just starting leaf expansion. Most grasses were either just -
emerging or half grown during period 4 (25 May), but sedges were half to 

full grown. Shrubs mostly had leaves half expanded, but some had fully 

expanded leaves or catkins. 

5.2.5.4 Watana Slide 

Most plants were dormant along the Watana Slide transects during period -1 (2 May) except for an occasional mountain cranberry just breaking bud. 

-
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Bluejoint and sedges were emerging during period 2 (9 May), but bluejoint was 

half-grown in some closed alder stands. Mountain cranberry was just breaking 

bud. During period 3 (16 May) bluejoint was half grown in some woodland 

white spruce vegetation types and open alder stands. Sedge was half grown in 

some birch shrub stops. Dwarf scouring rush was half grown on some stops. 

Grass in a low willow shrub stand at the bottom of the transects was still 

dormant at this time, but shrubs and forbs were just initiating growth 

(phenological state=2). 

By period 4 ( 23 May), most shrubs had half-expanded leaves, forbs, 

bluejoint and sedges were just emerging or half grown. Variegated scouring 

rush was mostly half grown. Most species were half developed (phenological 

state=3) during period 5 (30 May). This was a relatively slow developing 

transect, but there was considerable unused forage during period 3. 

5.2 .. 5.5 Watana Creek 

Vegetation along the Watana Cre1~k transects was mostly dormant during 

the first sample period (28 April) although some individuals of mountain 

cranberry had burst buds and some bluejoint and sedges were just emerging. 

By the second period (6 May), most plants were still dormant, but sedges 

were half grown on a few stops. The same was true during period 3 except 

that: some grasses had started to eme~rge and mountain cranberry had started 

to break bud.. Plants finally started developing during period 4 ( 20 May) 

when grasses 'were just emerging or half grown, and twinflower and horsetail 

were half grown in some stops. Mountain cranberry had also broken bud by 

this time. Great growth had occurred by period 5 (27 May) when shrubs had 

leaves half expanded at the higher elevations. Although sedges were 
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generally just emerging or half grown, some stops had individuals fully 

grown, in the boot stage, or in anthesis. 

5.2.5.6 Fish Creek 

Vegetation along Fish Creek was somewhat earlier developing than that at 

mouth of Watana Creek. During period 1 (28 April), sedge was just emerging 

and mountain cranberry was breaking bud at the higher elevations above 

the impoundment. A wintergreen was also initiating growth when few forbs 

were visible. Open black spruce stops in the 540-m elevation band below the 

impoundment also seemed to develop earlier with many individuals of mountain 

cranberry breaking bud and some having leaves half expanded. 

Sedges were either just emerging or half grown on many stops during 

period 2 (10 May). Bluejoint and other grasses were just emerging. By 

period 3, most shrubs had broken bud and graminoids were just emerging. 

Forbs were still generally dormant. Leaves were occasionally half expanded 

for resin birch, gray leaf willow, rose, and alder. 

willow were half expanded more often. 

Leaves on diamondleaf 

During period 4 (24 May), shrubs at higher elevations were generally 

still breaking bud while those at lower elevations had half-expanded leaves. 

Sedges and grasses were generally half grown, but sedges sometimes were full 

grown or in boot stage already. By the last sample period (31 May) 

everything was either half grown or had leaves half expanded. 

5.2.5.7 Kosina Creek 

Vegetation along the Kosina Creek transects was generally dormant during 

the first sample period (26 April) except for bluejoint and mountain 

~I 
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cranberry and sedges. Some sedges were as far advanced as having leaves half 

expanded. The same was true for period 2 (10 May) except that more sedge 

individuals were half grown, especially in open alder and woodland black 

spruce. Twinflower and horsetail were also just emerging. 

Shrubs and sedges were initiating growth or half developed in period 3 

(17 May) while twinflower, astragalus, artemisia, and an unknown forb were 

half developed. Tall bluebell was half grown at lower elevations while 

diamondleaf and grayleaf willows and rose had leaves half expanded. 

Mountain cranberry had floral buds in some places along these transects 

during period 4 (24 May) although most individuals had half-expanded leaves. 

Shrubs generally were initiating growth but some had half-expanded leaves. 

Most forbs and graminoids at the bottom of the transects were half grown. 

Resin birch, diamondleaf and grayleaf willows had half-expanded leaves at 

lower elevations, but the willows occasionally had catkins. 

5.2.5.8 Clarence Creek 

Clarence Creek was one of the slower .developing transect areas where 

everything was dormant during the first sample period · ( 4 May). By period 2 

(12 May) occasional sedge individuals and mountain cranberry and alder were 

initiating growth. The most importatnt vegetation type for the sedges for 

greenup was in the woodland and open. black spruce scrub near the bottom of 

the transects .. 

Most shrubs had at least initiated growth by period 3 (19 May) and 

resin birch and rose occasionally had half-expanded leaves. Sedges and 

grasses were generally just emerging, but sedges were occasionally half 

grown. Grasses and shrubs were initiating growth or were half developed by 
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Sedges were generally half developed with occasional 

individuals being in the boot stage, especially in the open black spruce 

forest and scrub types. Good growth was present by the last sample period. 

5.2.5.9 Switchbacks 

Cottongrass and sedges were half grown at some stops during the first 

sample period (5 May) along the Switchback transects, and these stops were 

above the impoundment zone. Additional species which had initiated growth by 

this time were unknown grasses, bluegrass (Poa s pp.) and wheat grass 

(Agropyron spp.), bluejoint, and highbush cranberry (Viburnum edule). 

By period 2 (12 May), most grasses had initiated growth or were half 

grown. Cottongrass had developed seedheads at stops above the impoundment 

level. Shrubs were still generally dormant except for mountain cranberry. 

Shrubs and grasses were generally half developed in open ericaceous 

shrub tundra and woodland white spruce forests above the impoundment and open 

low willow below the impoundment by period 3 ( 11 May). Some shrubs in the 

latter case had catkins already developed. 

By period 4 (26 May), most shrubs had half-expanded leaves, dwarf 

scouring rush was fully grown, field horsetail had strobili, coltsfoot 

(Petasites frigida) and cottongrass were in flower. 

5.2.6 Berry Availability Over Time 

Berry availability over time was analyzed by scanning the printouts of 

raw data in the same manner that phenological development over time was 

analyzed. All of the same limitations apply. 
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5.2.6.1 Devil Creek 

Berries were available during period 1 at elevation band 420 m in open 

and woodland black spruce and birch shrub vegetation types. This would be 

below the potential Devil Canyon impoundment. During the second sample 

period, howev1:!r, as snow melted and dwarf shrubs became visible, berries were 

frequent in birch shrub· vegetation at the higher elevations. More berries 

became available by period 3. At least one of these groups of stops was 

below the impoundment, but most were above. More berries were available 

from 540- to 570-m band by period 5. Berries along these transects became 

relatively abundant by the second pE!riod, and these were generally located 

above the impoundment. 

5.2.6.2 Tsusena Creek 

Berries were never abundant along the Tsusena Creek transects partly 

because the most important species we:re not berry producers. 

5.2.6.3 Fog Creek 

Scattered herr ies were available during period 1 in woodland white 

spruce forest and open ericaceous shrub tundra stops along the Fog Creek 

transects. They were also available in woodland white spruce scrub and open 

white spruce forest during the second period. Some of the difference in 

vegetation was very likely the results of different observers. 

however, never seemed to be very imp01~tant in this area. 

Berries, 
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5.2.6.4 Watana Slide 

Watana slide was an important berry area at the higher elevations in 

shrub birch and woodland and open white spruce sites during period 1. These 

areas had a heavy cover by berry-producing species and little or no snow 

cover at this time. Berry abundance did not increase noticeably with time 

since everything was available during the first period. 

5.2.6.5 Watana Creek 

Scattered berries occurred during period 1 in woodland white spruce 

forest and shrub vegetation types. Open spruce - cottonwood vegetation types 

were important for berries at lower elevations, which would be below the 

impoundment. Berries became more available during periods 2 and 3. mostly at 

the higher elevations along the transects. All elevations were below the 

impoundment zone, so some loss of berries would occur with the project. 

However. these transects are not nearly as important as the Watana slide 

transects as far as supplying berries is concerned. 

5.2.6.6 Fish Creek 

Scattered berries were available during period 1 at elevations above the 

impoundment in open white spruce forest and open ericaceous shrub tundra 

vegetation types. Berries appeared to be slightly more abundant during 

period 2, but again, this was not an important berry area. 

5.2.6.7 Kosina Creek 

Scattered berries were found during period 1 along the Kosina Creek 

transects, but more stops with berries were found during the second and third 

I~ 
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sample periods. The more important areas seemed to be below the impoundment 

zone! in woodland and open white spruce forest sites and open mixed white 

spruce - aspen sites. Reports of berries were rare during period 4 except in 

the spruce - aspen sites. This resulted either from berries falling off, 

bears eating them, or sampling error with the latter being the most likely 

explanation. 

5.2.6.8 Clarence Creek 

Only scattered berries were available during period 1 along the Clarence 

Creek transects, but abundant berri,es were available during period 2 in 

woodland black spruce scrub near the top, which would be above the Watana 

impoundment. Berries were not abundant again until period 5. This lends 

some support to the previous statement that some of the variability resulted 

from sampling error. 

5.2.6.9 Switchback 

Berries were abundant during the firs·t sample period at higher 

elevations in woodland white spruce forest and open dwarf birch - willow 

along the S"llii t ch back transects. They remained important throughout the 

study, and probably represent one of the richer sources of berries. 

5.2 .. 7 Horsetail Availability Over Time 

Horsetail availability over time was evaluated by scanning the printouts 

of raw data as was done for berries and phenological development. The same 

limitations apply. Additionally, horsetail abundance was recorded whether 

the plants had greened up or not. Unless horsetail was also the closest forb 
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so that its phenological state was recorded, there was no way of telling from 

the data if new growth of horsetail was available. The abundance was 

recorded even if horsetail were not growing. so information would be 

available on location ·of potential horsetail sites. 

5.2.7.1 Devil Creek 

Horsetail was negligible along the Devil Creek transects. 

5.2.7.2 Tsusena Creek 

Horsetail was of minor importance along the Tsusena Creek transects. 

None was recorded during period 1, and only at one stop during period 2. 

Horsetail was reported in more places during period 3. 

5.2.7.3 .Fog Creek 

Horsetail was not available on the Fog Creek transects until period 2 

when it was recorded in an open low willow tundra area. These transects were 

generally not important for horsetail. 

5.2.7.4 Watana Slide 

Some horsetail was present in open and woodland white spruce forests and 

open low willow shrub during period 1. There was a concentration of 

horsetail near the bottom and all recordings were probably below the 

impoundment level or very close. 

/llRl'i?' 
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5.2.7.5 Watana Creek 

Horsetail was abundant along this set of transects even during the first 

sample period. All stops were belo\lr the impoundment. The most important 

horsetail areas occurred in open white and black spruce forests at 600-m 

band and open white spruce and open mixed white spruce - cottonwood 

vegetation types in the 480-m elevation band. Individuals in these horsetail 

sites began emerging from the ground during period 3. 

sites would represent loss of important horsetail sites. 

Inundation of these 

5.2.7.6 Fish Creek 

Horsetail along the Fish Creek transects was first recorded during the 

second period at elevations generally below the impoundment (600 to 660-m 

elevation bands) in open white and black spruce forest sites. 

changes were reported over time. 

5.2.7.7 Kosina Creek 

No major 

Horsetail was reported along the Kosina Creek transects for the first 

time during period 2 in an open white spruce site very close to the 

impoundment level. Horsetail had beg1lln to emerge from the ground by period 3 

and was identified as field horsetail. Horsetail was reported at several 

othE~r stops during period 4 and all were below the impoundment. Most 

horsetail along these slopes would be lost to inundation. 
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5.2.7.8 Clarence Creek 

Horsetail was not recorded on the Clarence Creek transects until the 

third period. It was found primarily at higher elevations and would not be 

affected by the impoundment. 

5.2.7.9 Switchbacks 

Horsetail was not recorded until the second sample period on the 

switchback transects. It was found at higher elevations in closed alder and 

open low willow stands. Field horsetail was emerging at that time. 

Horsetail was relatively important along these transects, but it was almost 

always above the impoundment so would not be impacted directly. 

6 GENERAL SUMMARY 

Generalized south and north-facing slopes are illustrated in Figure 5. 

They do not illustrate all conditions that exist, but give a general idea of 

typical situations. The highest elevations sampled on both aspects contained 

low shrub vegetation, such as resin birch with some diamondleaf willow in 

cases. These sites were frequently good for overwintered berries. 

Occasionally the transects started in an alpine mat-and-cushion vegetation 

type in dry, windy areas. Proceeding downhill on a well-drained south-facing 

slope, one would find white spruce or paper birch-white spruce stands. 

Birch-spruce stands were found generally in the warmer or more recently 

disturbed areas. Pure aspen stands also occurred in one disturbed location. 

Black spruce forests or scrub were found in poorly-drained locations. 

Riparian vegetation along the shorelines consisted of shrubs and herbaceous 
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species. Some areas were dominated by shrubs, others by forbs, and some by 

graminoids. Reasons for the differences were unknown. 

North-facing slopes generally had white spruce on well-drained sites, but 

black spruce· occurred on some adequately-drained sites, whereas on south

facing slopes it only· occurred in poorly drained sites. Black spruce also 

occurred on poorly-drained north-facing slopes. Some slopes had dips, then a 

knoll with a south-facing slope, the opposite direction of the overall slope. 

This: enabled vegetation typical of at warmer, drier area to grow there. A 

band. of alder was frequently present just above the riparian vegetation. 

No combination of topographical factors measured in 1982 or 1983 

adequately described areas with ,early plant development. However, 

obsE~rvations did not contradict our 1982 conclusion: recently disturbed 

areas midway up the slope contained earlier-developing plants than other 

areas. Fire has removed the insulating layer of moss so soils may warm up 

more rapidly. Tree canopies are more open, and deciduous trees, such as 

birch and aspen, are leafless at this time of year. This allows more solar 

radiation to reach the understory and soil than in a more closed vegetation. 

Locations at the top of the slop,es were generally cooler because of the 

elevation. Elevations near the river, in many cases, were either covered by 

ice from iCE! jams or · were relatively shaded by the sides of the steep 

valley. Sometimes south-facing aspects were shaded by surrounding mountains, 

but locations on the north-facing transects might get more solar radiation. 

Sometimes flat areas were well-drained while sloping areas were poorly 

drained. 

Moose fecal samples (pellets) collected during this study contained the 

following major forage components, in order of percentage of diet: willows, 
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mosses, and resin birch and mountain cranb~rry (similar percentage). Other 

species were minor. No forbs or graminoids were identified al~hough some 

were included in unknown categories. Willows were, by far, the most 

important component. This could be related to the observation of willows 

having been stripped by moose, or it could be a result of normal browsing. 

Overwintered berries were generally available by the second period of the 

1983 study, the second week of May, and were most abundant in some low shrub 

vegetation and some white spruce forests predominantly above the impoundment 

zones. Horsetail was seldom more than half-grown during the study, but was 

most often found in forests below the impoundment zone. 

Based on the current estimates of impoundment levels, a substantial 

number of areas with early phenological development and areas with a high 

frequency of overwintered berries would probably not be impacted by the 

impoundment. 

inundated. 

Several areas with high horsetail frequencies would be 

-
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TABLE 1. Coded values for variables measured at 10-m 

intervals along phenology transects. 

Slope Snow Berry Horsetail Elevation 

Code midpoint 

(m) 

(degrees) Aspect Depth Abundance Abundance 

(em) (berries) (stems) 

1 300 0-1 E 0-1 None None 

2 330 1-3 SE 1-10 1-10 1-5 

3 360 3-7 s 10-30 11-25 6-10 

4 390 7-10 sw 30-50 > 25 > 10 

5 420 10-15 w 50-100 

6 4·50 15-30 f'.W > 100 

7 480 > 30 N 

8 510 NE 

9 540 

10 570 

11 600 

12 630 

13 660 

14 690 

15 720 

16 750 

17 7'80 

18 810 



TABLE 2. Codes for phenological states for the shrub, forb, and 

graminoid life forms. 

Code Shrub Forb 

4 

5 

6 

7 

1 

2 

3 

dormant dormant 

leaf buds burst emerging from ground 

leaves partly expanded about 50% maximum 

height or 15 em 

tall, whichever 

is 1 ess 

leaves fully expanded maximum height or 

30 em tall, 

whichever is less 

catkins present flora 1 bud 

anthesis 

fruit 

Graminoid 

dormant 

emerging from ground 

about 50% maximum 

height or 15 em 

tall, whichever 

is less 

maximum height or 

30 em tall, 

whichever is less 

boot stage 

anthesis 

fruit 

~I 
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TABLE 3. Codes for species observed during 1983 
phenology study. 

Code Scientific Name 

1 Vaccinium vitis-idaea 
2 Vaccinium uliginosum 
3 Ledum groenlandicum 
4 Empetrum nigrum 
5 Arctostaphylos alpina 
6 Arctostaphylos rubra 
7 Arctostaphylos uva-ursi 
8 Andromeda polifolia 
9 Ribes spp. 

10 Populus balsamifera 
11 Betula glandulosa 
12 Betula papyrifera 
13 Salix pulchra 
14 Salix glauca 
15 Salix lanata 
16 Rosa acicularis 
17 Salix spp. 
18 Potentilla fruticosa 
19 Spiraea beauverdiana 
20 
21 Shepherdia canadensis 
22 Salix alaxensis 
23 Viburnum edule 
24 Myrica gale 
25 Cassiope tetragona 
26 Salix novae-angliae 
27 Rubus idaeus 
28 Salix reticulata 
29 Salix fusescens 
31 Alnus sinuata 
32 Potentilla spp. 

FORBS 
38 Equisetum sp. 
39 Valeriana capitata 
41 Cornus canadensis 
42 Petasites frigidus 
43 Epilobium angustifoliu~ 
44 Mertensia paniculata 
45 Equisetum arvense 
46 Equisetum silvaticum 
47 Lycopodium complanatum 
48 Linnaea borealis 
49 Pyrola spp. 
50 Rubus chamaemorus 
51 Artemisia tilesii 
52 Astragalus spp. 
53 

Common Name 

Mountain cranberry 
Bog blueberry 
Northern Labrador tea 
Crowberry 
Alpine bearberry 
Bearberry 
Kinnikinnick 
Bog rosemary 
Currant 
Balsam poplar 
Resin birch 
Paper birch 
Diamondleaf willow 
Grayleaf willow 
Richardson willow 
Prickly rose 
Willow 
Shrubby cinquefoil 
Beauverd spiraea 
Unknown with red bud 
Soap berry 
Feltleaf willow 
Highbush cranberry 
Sweet gale 
Four-angle mountain-heather 
Tall blueberry willow 
Raspberry 
Netleaf willow 
Bog willow 
Sitka alder 
Cinquefoil 

Hollow horsetail 
Capitate valerian 
Bunch berry 
Arctic sweet coltsfoot 
Fireweed 
Tall bluebell 
Meadow horsetail 
Field horsetail 
Ground cedar 
Twinflower 
Wintergreen 
Cloud berry 

Milk-vetch 
Unknown forb 



54 Epilobium latifolium 
55 Tofieldia spp. 
56 Equisetum pratense 
57 Rubus articus 
58 Boykinia richardsonii 
59 Aster spp. 
60 Aconitum delphinifolium 
61 Compositae 
62 Rumex spp. 
63 Pyrola secunda 
64 Equisetum scirpoides 
65 Equisetum variegatum 
66 Anemone sp. 
67 Iris sp. 
68 Pteropsida 
69 Hedysarum sp. 
70 Pedicularis sp. 
71 Sedum rosea 
72 Geranium sp. 
73 Gentianaceae 
74 Lupinus sp. 
75 Geocaulon lividum 
76 Cruciferae 
77 
78 Anemone sp. 
79 Dryas spp. 
80 Sanguisorba sp. 

GRAMINOIDS 
81 Calamagrostis canadensis 
82 Carex spp. 
83 Eriophorum spp. 
84 Gramineae 
85 Juncus spp. 
86 Poa spp. 
87 Agropyron 
88 Agrostis scabra 
89 Festuca altaica 
90 Trisetum spicatum 
91 Trichophorum caespitosum 
92 Deschampsia sp. 
93 Hierochloe sp. 

Dwarf fireweed 
Asphodel 
Meadow horsetail 
Nagoon berry 
Richardson boykinia 
Aster 
Monks hood 
Unknown composite 
Sorrel 
One-sided wintergreen 
Dwarf scouring.rush 
Variegated scouring rush 
Anemone 
Iris 
Fern 
Sweet-vetch (probably sp. alpinum) 
Lousewort 
Rose root 
Geranium 
Gentian 
Lupine 
Geocaulon 
Purple mustard 
Forb, Devil Creek 
Anemone 
Dryas 
Burnet 

Blue joint 
Sedge 
Cottongrass 
Unknown grass 
Rush 
Bluegrass 
Wheatgrass 
Ticklegrass 
Fescue 
Downy oatgrass 
Tufted clubrush 
Hair grass 
Holy grass 

-
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~ Table 4. Codes for vegetation types recorded during phenology study 1983. 

-

-

-

Nomenclature according to Viereck et al. (1982). 

Forest 
1113 
1123 
1124 
1133 
1134 
1211 
1213 
1214 
1221 
1311 
1321 
1323 
1324 
1325 
1331 

Scrub 
2113 
2123 
2114 
2124 
2212 
2222 
2321 
2322 
2323 
2324 
2325 
2326 
2327 
2328 
2424 
2425 

types 
Closed white spruce forest 
Open white spruce forest 
Open black spruce forest 
Woodland white spruce forest 
Woodland black spruce forest 
Closed paper birch forest 
Closed aspen forest 
Open aspen-paper birch forest 
Open paper birch forest 
Closed mixed paper birch-spruce forest 
Open mixed paper birch-white spruce forest 
Open mixed paper birch-black spruce forest 
Open mixed white spruce-cottonwood forest 
Open mixed white spruce-aspen forest 
Woodland mixed paper birch-white spruce forest 

types 
Woodland white spruce scrub 
Open white spruce scrub 
Woodland black spruce scrub 
Open black spruce scrub 
Closed alder tall shrub 
Open alder tall shrub 
Open dwarf birch shrub 
Open low willow shrub 
Open dwarf birch willow shrub 
Open ericaceous shrub tundra 
Open ericaceous shrub-sphagnum 
Open low alder shrub 
Open low paper birch shrub 
Open soapberry-cinquefoil shrub 
Sedge shrub tundra 
Open low willow tundra 

Herbaceous types 
3122 Bluejoint-forb meadow 
3211 Sedge tundra 



TABLE 5 

Average sol I temperatures (OC) during the plant phenology study by transect, 
elevation, and week, 1982. 

Transect 

Position Watana Jay Switchback Tsusena Mean 

3 May - 4 June Bench 0.5 1 .o 2.0 o.o 0.9 
Top 2.5 2.0 2.0 2.0 2. 1 
Middle 3.0 3.5 1 • 5 2.7 
Bottom 3.5 2.5 1.5 1.0 2.1 

Mean 2.4 2.3 1.8 1.0 1 • 9 

7 June - ·11 June Bench 3.0 2.0 6.0 0.5 2.9 
Top 2.5 LO 4.0 2.0 2.4 
Middle 2.0 5.5 3.0 3.5 
Bottom 3.5 2.5 2.5 1.5 2.5 

Mean 2.8 2.8 3.9 1 .3 2.8 

14 June - 18 June Bench 3.5 3.0 4.0 2.0 3.1 
Top 3.0 3.5 4.0 2.0 3.1 
Middle 2.0 5.5 2.5 3.3 
Bo"ttom 4.0 3.5 1 • 5 2.0 2.8 

Mean 3. 1 3.9 3.0 2.0 3.1 

21 June - 25 June Bench 2.5 3.0 5.0 3.5 3.5 
Top 3.0 3.0 5.5 3.0 3.6 
Middle 3.0 8.0 2.5 4.5 
Bottom 4.0 5.0 4.5 2.5 4.0 

Mean 3.1 4.8 4.4 3.0 3.9 

28 June - 2 July Bench 5.5 5.5 6.5 3.0 5.1 
Top 6.0 5.0 6.5 4.0 5.4 
Middle 3.5 7.0 5.0 5.2 
Bo"ttom 4.0 5.5 7.0 4.0 5. 1 

Mean 4.8 5.8 6.3 3.7 5.2 
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TABLE 6 

Average cover, hefght, and phenologfcal state for plant species durfng week of 
31 May to 4 June, 1982, at Watana Creek transect <transect #1) (32- 0.5-m2 
q uadrc~ts) • 

Cover <%> Height (em> 

Standard Standard No. of Phenological 
Life form/Specfes Mean Error Mean Error Plots Statea 

Tree 
~tula papyrlfera 

Low Shrub 
aw~ g!and!U!osa 
~ acfcu!arts 
Spiraea ~yerdlana 

Dwarif Shrub 

1 

9 
1 

~:ct n I urn tit I s- I d aea 1 5 
Ya<;c I n I urn JJ • .LI g I no sum 7 
Ledum groenlandtcum 18 
Ledum decumb~ . 
fmpetrum nigrum 2 
Ar:ctostaphyl~ yya-ur:st 3 

Forb 
Cornus canadensis 

Other· 
Total moss 
Tota I I I chen 
L i·tter 

0 

76 
6 
9 

o.a 

1.7 
0.2 

2.0 
1 .a 
1 .6 

1 .2 
1.9 

0. 1 

3.8 
1 • 7 
3.9 

60 

56 
44 

12 
25 
29 

19 

4 

0.0 

4.1 
3.8 

2.2 
2.4 
1.9 

9.9 

1.0 

16 
5 

23 
21 
27 

5 

4 

2 
2 

2 
2 
3 

3 

a Phenolog rca I state: C 1> just emerg r ng from ground, f r rst s lgns of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowe1·s, (6) seeds, (7) decadent. 



TABLE 7 

Average cover, height, and phenological state for plant species during week of 
31 May to 4 June, 1982, at Jay Creek transect <transect #2) (32- 0.5-m2 
quadrats). 

Cover <%> Height <em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots Statea 

Tree 
Betula papyr!fera 2 1 .o 67 13.5 6 2 
Pfcea glayca 10 0.0 1 

Low Shrub 
Betula g!andu!osa 10 1 0 7 51 2.4 21 2 
Sa I I x g I a yea <1 Oo 1 44 2.5 2 2 
~ s:~s;is;uls:~r:is <1 0.2 39 13.5 5 2 
Bib~s tclst~ <1 o.o 
Potent ill a tcuttcosa <1 0.1 20 0.0 3 

Dwarf Shrub 
Yaccln!um yttls-Idaea 18 3.8 11 0.8 21 2 
Yas;{;ioium ul lgloc:aum 4 1 0 0 22 1.6 15 2 
~~dum gr:Q~nlandicum 2 0.9 24 2.8 7 4 
~~dum d~s;umb~ns 12 3.0 21 1.5 17 4 
Em!'l~±r:um oigcum 2 0.9 8 0.8 5 1 
SalIx r:e±Icula±a <1 o. 1 2 
8cs;±c:a±al2bYIQs al!'llna <1 0.1 1 
8rc±cs±aj2bylcs uva-yrst 1 0.5 

Forb 
C52t:DYS {;acad~nsls 0.5 5 2.5 3 2 
El'lilcblum aogus±Ifcl Ium 
Mer±ensla pantcyla±a 0.3 8 0.9 6 3 
EQufsetum s I' I vattcym <1 0.1 9 2.9 4 

Gramlnold 
Calamagr:Qs±Is {;acad~nsls <1 0.1 15 o.o 2 3 
Unknown grass 1 0.2 8 2.2 7 1 

Other 
Total moss 27 5.7 
Total lichen 7 1.9 
Litter 20 5 .. 7 

a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 
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TABLE 8 

Average cover, hefght, and phenological state for plant species during week of 
31 May to 4 June, 1982, at Switchback transect (transect #3) (32 - 0.5-m2 
quadrclts). 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
· Ufe form/Species Mean Error Mean Error Plots Statea 

Tall shrub 
.8J..r~ :a l nuata 3 1 • 1 165 30.1 8 2 

Low Shrub 
ae.tu_~..g, ~ 11 2.0 57 5.9 20 2 
.s.a.JJ.x p y I ch ra 1 0.9 45 5.0 2 3 
.s.a.J..lx g I auca 1 0.3. 39 3.8 5 2 
~ actcy!ac.ls. <1 0.1 34 8.8 4 2 
R!bes trjge <1 0.2 25 8.8 4 3 

Dwad Shrub 
Yacclotym yJtls-ldaea 11 2.3 15 3.8 24 1 
Yacctnlym ~fgfnosum 5 1 .3 21 1.6 14 2 
Ledum groenlandtcum 3 1 • 1 23 1.5 10 3 
Ledym decymbens 8 2.4 17 2.5 15 3 
Empetrym nlgrym <1 0.2 10 o.o 1 1 
Arc:tostaphy I os yya-yrs I 1 0.4 

Forb 
~ silyaticym 2 0.5 2 1 

Gram ir nord 
Unknown gras!S <1 0.1 7 1 .3 10 

Other· 
Total moss 30 4.7 
Total I I chen 13 3.2 
Litter 11 3.7 

- a Phenological state: (1) just emerging from ground, first sfgns of new growth 
or dor·mant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 



TABLE 9 

Average cover, helght, and phenologlcal state for plant species during week of 
31 May to 4 June, 1982, at Tsusena Creek transect (transect #4) (24- 0.5-m2 
quadrats). 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots State a 

Low Shrub 
Betula glandu!osa 12 2.2 60 3.6 19 2 

Dwarf Shrub 
~as;r;lolum !d t l ~-l!;;laaa 5 0.6 8 1.0 19 1 
~as;r;Ioium ul I g I cc::2um 4 1 • 1 22 1 .o 12 2 
~adum gccaolaodlr;um 5 1.5 26 2.7 9 3 
~~gym das;umb~o~ 4 1.0 21 2.3 11 1 
Empetrum D[grum 8 2.3 15 4.7 15 1 
Acs;tcstaphy!gs uva-ucsr 9 3.3 

Forb 
Core us r;aoadeosis <1 0.2 4 0.6 4 2 

GramJnold 
Unknown grass 

Other 
Total moss 86 2.6 
Total I lchen 4 0.7 

a Phenological state: (1) just emerglng from ground, first slgns of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 
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TABLE 10 

f"" Average cover, height, and phenological state for plant species during week of 
7 June to 11 June, 1982, at Watana Creek transect <transect #1) (32- 0.5-m2 
quadrats). 

-
-

-

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots Statea 

Low Shrub 
S5d~ glandylosa 8 1 .8 51 3.8 17 3 
~ actcu!arJs <1 0.1 33 13.3 3 2 

Dwarf' Shrub 
~ yftis-idaea 8 1 .5 8 0.5 27 1 
~;cfnium ul Igi ocsum 7 2.1 22 2.0 20 3 
~ grgenlandjcum 10 1.8 29 2.2 23 4 
Ledum decumbeos 6 1 .5 18 2.1 15 4 
fnw.etrum .n.I.gr..wn 2 1.1 7 0.9 7 1 
~tgstaphylos uva-ursi 2 0.5 

Other 
Total moss 62 5.8 
To1·al I i chen 10 2.8 
L 11"ter 6 3.0 

a Phenological state: (1) just emerging f·rom ground, first signs of· new growth 
or dor·mant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 

: ,/ 



TABLE 11 

Average cover, height, and phenological state for plant species during week of 
7 June to 11 June, 1982, at Jay Creek transect (transect #2) <32 -
0.5-m2quadrats). 

Cover C%> Height Ccm) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots Statea 

Low Shrub 
Betula glandulosa 
eetula papyrffera 
Sa I I x g I a uca 
.&wt ac!cu!ar!s 
Potent'! I Ia fruticosa 

Dwarf Shrub 

9 
3 

<1 
<1 

Yaccfnfum yltls-ldaea 16 
Yacclnfym yligloosum 3 
Ledum groen!andicum 5 
bedum decumbens 9 
Empetrum ntgrum <1 
Salix cetfculata 1 
Arctostaphylos a!ptna 2 

Forb 
CQrnys canadensis 
Epllobfym angustlfol!um <1 
Mertensla pan!cylata 1 
EQufsetym siiyatlcum 1 

Gram!nold 
Calamagrostls canadensis <1 
Unknown grass 1 

Other 
Total moss 
Tota I II chen 
Litter 

30 
10 
10 

1 .9 
1 .4 

0. 1 
0.1 

3.2 
0.8 
1 • 7 
2.6 
0.2 
0.6 
1.1 

0.3 
0. 1 
0.5 
0.3 

0.2 
0.2 

6.2 
3.4 
3.9 

45 
91 

13 
25 

10 
21 
26 
17 

6 

5 
23 
13 
17 

25 
11 

3.5 
1 o.8 

3.4 
o.o 

1.2 
2.1 
1.9 
1.3 
0.9 

0.6 
2.3 
2.3 
2.7 

o.o 
1 • 9 

20 
6 

5 
1 

21 
16 
14 
12 
3 

4 
3 
5 
4 

1 
9 

3 
3 
4 
3 
3 

2 
3 
4 
4 
2 
3 
3 

2 
3 
4 
5 

3 

a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 
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TABLE 12 

AveraHe cover, height, and phenological state for plant species during week of 
·7 June to 11 June, 1982, at Switchback transect (transect #3) (32- 0.5-m2 
quadrats>. 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots Statea 

Tall shrub 
A I nus sf nuata 

Low Shrub 
Betula glandy!osa 
SalIx pulchra 
~ ac!cy!arls 
R!bes trtste 

Dwad Shrub 

5 

14 
2 

<1 
2 

Vapct n I urn ,dtf s- idaea 6 
Vacc I n I um .u.JJ g I no sum 7 
Ledum groenlandfcum 1 
Ledum decymbens 6 
Empetrum nlgr_wn 1 
Arctostaphy!ps uya-ursf 2 

Forb 
~ sf!yatfcum 

Graminoid 
Unknown grass 

Other· 
Total moss 
Tota I I t chen 
Lftter 

<1 

<1 

29 
10 

9 

1. 9 

2.6 
1 .2 
0.1 
0.6 

1 .5 
1.7 
0.4 
1. 9 
0.5 
0.6 

0. 1 

0.1 

5.7 
2.7 
3.2 

158 

55 
43 
20 
19 

7 
18 
29 
19 

9 

10 

12 

28.0 

3.7 
5.3 
7.7 
4.1 

0.6 
1 • 7 
2.0 
1. 7 
0.8 

0.0 

2.0 

8 

21 
5 
3 
7 

20 
18 

5 
12 
6 

11 

3 

3 
3 
3 
5 

2 
3 
4 
4 
2 

2 

a Phenological state: (1) just emerging from ground, first signs of new growth 
- or dor·mant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 

flowers, (6) seeds, (7) decadent. 



TABLE 13 

Average cover, height, and phenological state for plant species during week of 
7 June to 11 June, 1982, at Tsusena Creek transect <transect #4) <24- 0.5-m2 
quadrats). 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots State a 

Low Shrub 
Betula glandylosa 11 2.1 67 6.0 21 2 

Dwarf Shrub 
~a~~lolum )l;ltl~-lca~a 5 0.8 8 0.9 20 1 
Yacclntum yllglnosym 3 1 • 1 19 1 0 7 12 2 
L~cum ~rQeolanci~um 4 1 .3 29 4.0 8 4 
Ledum ce~umbeo~ 10 2.1 21 1.6 15 4 
Empetrum n[grum 8 3.1 8 0.5 13 2 
Arctgstaphylgs uva-urSI 4 0.9 

Forb 
Qornus canadeosfs <1 0.2 

Other 
Total moss 82 3.9 
Total II chen 5 0.9 

a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3} leaves, (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 
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TABLE 14 

Average cover. height. and phenological state for plant species during week of 
14 June to 18 June. 1982. at Watana Creek transect (transect #1) (32- 0.5-m2 
quadrats). 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Err-or Mean Error Plots Statea 

Low Shrub 
Esd~ glandu!osa 13 2.3 55 4.7 20 3 
RQ.sa acicu!arts <1 0.1 24 3.6 6 3 
~~ beauyerdiana <1 0. 1 40 0.0 1 3 

Dwarf Shrub 
Vacc in I um Jllj·i s- I daea 7 1.1 8 0.7 26 2 
~ .ulJginosum 12 2.7 22 1 .2 27 3 
~ groen!andicum 10 1 .6 28 2.6 24 4 
Led1mJ. decumbens 6 2.0 14 1.6 12 3 
Empetrum ntgrum 2 1 .4 8 1 • 1 5 1 
Arctostaphylos uva-urst 1 0.5 

Other· 
Total moss 60 5.2 
Total I tchen 5 1 .8 
Litter 3 2.5 

a Phenological state: (1) just emerging from ground. first signs of new growth 
or dor·mant for evergreens. ( 2) I eaf buds. ( 3) I eaves. ( 4) f I ower buds. ( 5) 
f I ower·s. ( 6) seeds. ( 7) decadent. 



TABLE 15 

Average cover, height, and phenological state for plant species during week of 
14 June to 18 June, 1982, at Jay Creek transect (transect #2) (32- 0.5-m2 
quadrats). 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots Statea 

Tree 
Betula papyrtfera 

Low Shrub 
Betula g!andulosa 
~ acfcu!arls 
R!bes trlste 
Potentll Ia frutfcosa 

Dwarf Shrub 

13 
<1 
<1 

YaccJnlum yltts-Idaea 7 
Yacc!ntum yltgtnosum 12 
Ledum groenlandlcym 10 
Ledum decumbens 6 
Empetrym nlgrym 2 
Sal lx retlculata 
arctostaphylos a!ptna 
Arctostaphylos yya-yrst 

Forb 
Qornys canadensis 
Eptlobtum angusttfoliym 
Mertensta pantcylata <1 
EquJsetum sl!yaticym <1 

Gramfnoid 
Ca!amagrostis canadensis 
Unknown grass <1 

Other 
Total moss 
Tota I I I chen 
Litter 

60 
5 
3 

0.3 
Oo 1 
0.2 

L1 
2.7 
1.6 
2.0 
1.4 

0.5 

o.o 
0.3 

0.1 

5.2 
1.8 
2.5 

89 

51 
35 
10 
18 

10 
21 
24 
21 

8 

8 
26 
23 
25 

30 
15 

5.0 

3.8 
7.1 
o.o 
1 • 7 

1.3 
1.5 
1 .5 
2.8 
0.4 

2.3 
2.9 
0.9 
2.0 

5.0 
2.7 

8 

17 
7 
1 
3 

22 
24 
13 
7 
5 

3 
5 
6 
4 

2 
6 

3 

3 
3 
3 
3 

3 
3 
4 
4 
1 
3 
3 

3 
4 
4 
4 

3 
2 

a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2} leaf buds, (3} leaves, (4} flower buds, (5} 
flowers, (6} seeds, (7} decadent. 

-
-

-

-



I~ 

-
-

TABLE 16 

Average cover, height, and phenological state for plant species during week of 
14 June to 18 June, 1982, at Switchback transect (transect #3) (32- 0.5-m2 
quadrats). 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots Statea 

Tall shrub 
A I nu.s s I nuata 

Low Shrub 
Bej-y!a~ 

SaLix pylchra 
Sa I {x g I auca 
.BQ.s.a ;act cuI ar~ 
Ribes trtste 

Dwarf Shrub 

5 

15 
2 
1 

<1 
2 

~;c I n t urn y itt s- I daea 7 
Yaccinfum y! iglnosum 13 
Ledum groenlandjcum 3 
Ledum decumbftM 7 
Empetrym D!QrJWn 1 
~tostaphy!QS uya-ursi 1 

Forb 
EQ u I set urn ~.LI v;at I c urn 

Graminoid 
Unknown grass 

Other· 
Total moss 
Tota I I i chen 
Litter 

<1 

2 

31 
15 
6 

2.4 

3.0 
1 .3 
0.5 
0.2 
0.6 

2.1 
2.2 
0.9 
2.9 
0.8 
0.5 

0. 1 

0.9 

5.7 
3.5 
3.0 

176 

58 
46 
46 
24 
27 

8 
21 
28 
20 

8 

6 

12 

33.5 

4.5 
12.1 
15.5 
5.9 
3.3 

0.6 
1 .6 
2.0 
2.3 
1. 7 

0.8 

2.4 

6 

21 
5 
2 
6 
6 

21 
22 
12 
10 
3 

6 

12 

3 

3 
3 
3 
3 
4 

2 
4 
4 
4 
2 
2 

3 

2 

- a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves,- (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 
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TABLE 17 

Average cover, height, and phenological state for plant species during week of 
14 June to 18 June, 1982, at Tsusena Creek transect <transect #4) (24 - 0.5-m2 
quadrats). 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots Statea 

Low Shrub 
Betula g!aodylosa 13 

Dwarf Shrub 
vaccfn!ym yJtis-ldaea 9 
vaccinlym yl lglnosym 5 
Ledym groen!andicum 7 
Ledym decymbens 10 
Empetrum nlgrym 10 
Arctostaphylos yya-yrs! 5 

Forb 
Qornys canadensis 

Gram I no I d 
Unknown grass 

Other 
Total moss 
Tota I I I chen 

<1 

69 
11 

1.7 

1.8 
1.4 
2.0 
2.8 
2.9 
0.8 

0.3 

o.o 

3.9 
2.7 

70 

8 
22 
29 
19 
7 

4 

8 

5.8 

0.9 
2.5 
2.5 
1.2 
0.4 

0.7 

0.0 

21 

23 
13 
10 
14 
15 

3 

1 

3 

2 
3 
4 
4 
3 

2 

a Phenological state: (1) just emerging from ground, ftrst signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5} 
flowers, (6) seeds, (7) decadent. 
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TABLE 18 

Averane cover, height, and phenological state for plant species during week of 
21 June to 25 June, 1982, at Watana Creek transect (transect #1) (32- 0.5-m2 
quadrats). 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
-Life form/Species Mean Error Mean Error Plots Statea 

Tree 
Betula papyrttera 

Low Shrub 
Betyla~ 

BQs.a acicularis 
Spiraea beauyerdiana 

Dwarf Shrub 

15 
1 
1 

Yaccfnlym ~tis-Idaea 9 
Yaccinlum ~Iginosum 18 
Ledym groenlandlcum 9 
Ledym decumbens 4 
Empetrum ~ 4 
Arctostaphylos yya-urs! 2 

Forb 
Cor·nus canad~ 

Other· 
Total moss 
Tota I I I chen 
Litter 

<1 

50 
11 
6 

1 • 1 

3.4 
0.3 
0.4 

1 .5 
3.2 
1.4 
1 .3 
1.7 
0.6 

0.1 

4.5 
2.9 
2.8 

99 

58 
36 
32 

9 
27 
27 
16 
7 

3 

0.0 

4.7 
10.2 
8.3 

1.8 
2.2 
2.2 
3.6 
0.8 

1.0 

15 
6 
3 

27 
27 
26 

8 
8 

3 

3 

3 
3 
3 

3 
4 
4 
4 
3 

4 

a Phenological .state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 

F f I ower·s, ( 6) seeds, ( 7) decadent. 
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TABLE 19 

Average cover- height, and phenological state for plant species during week of 
21 June to 25 June, 1982, at Jay Creek transect <transect #2) (32- 0.5-m2 
quadrats). 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Lt fe form/Species Mean Error Mean Error Plots Statea 

Tree 
Betula gapyrttera 8 2.9 68 6.4 9 2 

Low Shrub 
Betula g!andulosa 9 2.4 54 5.1 13 3 
Sal I~ glauca 3 2.5 15 o.o 1 3 
&2s.a. a~::lculacl5 1 0.3 40 14.2 7 3 
Ribas triste <1 0.1 15 o.o 1 3 
Potent[ II a tcuticosa <1 0.1 15 o.o 1 3 

Dwarf Shrub 
Yacctnium yit[s-Idaea 13 2.7 14 1 • 9 19 3 
Yacclclum Ul [Q[DQSLIDl 9 1.9 24 2.3 20 4 
~edum gcceolacdlcum 2 0.8 20 1 .8 5 4 
~edum decumbeo5 11 2.9 21 1 • 9 16 4 
Em12etcum olgcum 1 0.5 8 o.o 3 4 
Sail~ cetlculata 3 1.2 3 
8cctcstapbylc5 a112Ics:a <1 0.2 3 
8cctcstapbylcs uva-ucsi 1 0.5 

Forb 
Coco us caoadeosls 1 0.4 7 2.7 4 4 
Ep 1· I cb I um aogust I fc I I um 1 0.2 25 2.2 7 3 
Mecteosla paclc1.1lata 2 0.9 19 3.9 8 4 
Equ l setum st I vatkum 1 0.5 32 4.4 3 3 

Gramtnotd 
Qalami:lgccstls ~::anadecsis 1 0.5 38 2.5 2 3 
Unknown grass 2 1.1 22 4.4 5 3 

Other 
Total moss 20 5.2 
Total I ichen 10 3.3 
Litter 7 2.8 

a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 
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TABLE 20 

Average cover, height, and phenological state for plant species during week of 
21 June to 25 ~lune, 1982, at Switchback transect <transect /13) (32- 0.5-m2 
q uadra·ts >. 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots · Statea 

Ta I I shrub 
A I nus. s I nuatal 

Low Shrub 
Betula glandulosa 
SalIx pulchra 
Sal Jx g I auca 
B.Qs. ac! cu I ar~ 
Ribes tr i ste 

Dwarf Shrub 

6 

17 
2 
1 
1 
3 

Yaccfniym yftls-ldaea 4 
Yacc In I ym y I I g I nosum 19 
Ledvm groenlandjcum 2 
Ledum gecymbe~ 7 
Empetrum nlgrJJ.m 1 
Arctostaphylos yya-yrs! 1 

Forb 
~fsetum sl!yatlcum 

Graminoid 
Grass spp. 

Other 
Total moss 
Total I !chen 
L it·ter 

<1 

2 

21 
11 

5 

3.3 

3.4 
1 .o 
0.5 
0.3 
1.3 

1 • 1 
3.6 
1.0 
2.9 
0.4 
0.5 

0.2 

0.7 

4.5 
2.9 
2.2 

233 

60 
50 
46 
26 
32 

9 
24 
29 
20 

8 

13 

19 

32.1 

4.4 
o.o 
o.o 
4.3 
6.0 

1 • 1 
1.5 
3.2 
2.3 
1 .2 

2.4 

2.1 

5 

20 
1 
1 
4 
5 

19 
20 

7 
10 

4 

7 

14 

3 

3 
5 
3 
3 
4 

6 
4 
4 
4 
3 

3 

3 

a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
f I ower·s, C 6) seeds, C 7) decadent. 



TABLE 21 

Average cover, hefght, and phenological state for plant species during week of 
21 June to 25 June, 1982, at Tsusena Creek transect <transect #4) (24- 0.5-m2 
quadrats>. 

Cover <%> Height (em) 

Life form/Species 
Standard Standard No. of Phenological 

Mean Error ·Mean Error Plots Statea 

Low Shrub 
Betula g!andu!osa 19 2.9 80 6.5 22 3 

Dwarf Shrub 
:ia~t:l ol um ::£1±1~-lda~~ 6 1.1 9 0.8 19 2 
Vacc!oium u!Jginosum 7 1.6 24 2.3 16 4 
L~dum gcc~olaodl~um 12 3.4 25 2.7 14 4 
L~dum ge.t:umb~tl:ii 5 1 • 9 24 3.1 5 4 
Em~~±cum oigcum 15 4.6 10 1.0 14 4 
Acctcs±aphy!gs uva-ucsi 6 1 • 1 

Forb 
Coco us caoadensis <1 0.1 7 1 • 5 2 2 

Gramlnold 
Unknown grass <1 0.1 8 o.o 2 3 

Other 
Total moss 72 5.3 
Total lichen 3 0.7 

a Phenological state: (1) just emerging from ground, first sfgns of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 
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TABLE 22 

Average cover, height, and phenological state for plant species during week of 
28 .June to 2 July, 1982, at Watana Creek transect (transect #1) (32- 0.5-m2 
quadrats). 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots Statea 

Tree 
.Birt:u.l.a ~ 

Low Shrub 
Betyla g!andu!osa 
.8Qs.a act cy I ar Is 
Spiraea beayverdtana 

Dwarf Shrub 

2 

12 
1 
1 

Vacctniym yftts-tdaea 9 
Vacctnlum y! !gtnosum 25 
Led~ groen!andlcym 4 
Leduro decumbens . 7 
Eropetrym ntgrum 3 
8rctostaphy!os uya-urst 2 

Forb 
~~canadensis 

Other· 
Total moss 
Tota I I Jchen 
Litter 

55 
5 
3 

1 .3 

3.0 
0 .. 5 
0.9 

2 .. 6 
3 .. 7 
1 .3 
1 .5 
1. 8 
0.6 

0.4 

6.4 
1 .6 
2.0 

76 

68 
27 
25 

12 
26 
34 
27 

7 

5 

3.8 

8.0 
8.6 

10.0 

3.3 
1 • 5 
4.0 
1 .6 
1.4 

0.4 

3 

14 
8 
2 

26 
28 
13 
17 
8 

10 

3 

3 
3 
4 

4 
4 
4 
4 
3 

4 

a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant" for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flower·s, (6) seeds, (7) decadent. 



TABLE 23 

Average cover, height, and phenological state for plant species during week of 
28 June to 2 July, 1982, at Jay Creek transect (transect #2) (32- 0.5-m2 
quadrats). 

Cover <%> Height <em> 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots Statea 

Tree 
Betula papyr!fera 
Picea g!auca 

Low Shrub 
Betula g!andu!osa 
Salix gl auca 
£Qs.a acicularjs 
Ribes trtste 
Potent! I Ia fruttcosa 

Dwarf Shrub 

3 
4 

14 
5 
2 
1 
1 

Vacclnlum yltts-!daea 11 
Vacc!nlym y!lgfnosum 8 
Ledum groenlandjcym 1 
Ledym decumbens 10 
Empetrym ntgrym 1 
Sal lx rettcylata 1 
Arctostaphylos alp!na 3 
Loiseleurta procumbens 1 

Forb 
Qprnus canadensis 4 
Ept!obfym angustlto!Ium 2 
Mertens!a panlculata 4 
Equlsetum stlvatlcum 4 

Gramlnoid 
Qalamagrostfs canadensis 1 
Unknown grass 4 

Other 
Total moss 
Tota I I i chen 

19 
13 

2.7 
3.1 

3.8 
3.0 
0.9 
0.8 
0.9 

3.3 
2.2 
0.4 
2.7 
0.6 
0.5 
1 .6 
0.8 

2.2 
1.0 
2.0 
2.4 

0.4 
1.4 

92 
357 

53 
53 
38 
31 
14 

12 
19 
23 
20 

4 

9 
38 
38 
49 

50 
30 

8.3 
321.2 

6.1 
10. 1 
9.6 
0.0 
7.2 

2.2 
2.2 
2.5 
1 .6 
0.8 

1 .8 
7.9 
9.9 
5.9 

12.6 
3.8 

3 
3 

15 
6 
7 
1 
7 

20 
20 

5 
17 
4 

7 
8 
5 
4 

3 
10 

3 
3 

3 
3 
3 
3 
3 

4 
4 
5 
5 
6 
3 
3 
4 

4 
3 
5 
3 

3 
3 

a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowers, (6} seeds, (7) decadent. 
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TABLE 24 

Average cover, height, and phenological state for plant species during week of 
28 June to 2 July, 1982, at Switchback transect (transect .#3) (32-
0.5-m2quadrats>. 

Cover <%> Height (em) 

Standard Standard No. of Phenological 
Llfe form/Species Mean Error Mean Error Plots State a 

Tree 
Ptce.a glauca 3 3.1 520 479.5 2 3 

Tall shrub 
AJ..rl..u.5. s t nuata 17 5.3 190 31.5 8 3 

Low Shrub 
~~ glandulosa 18 3.6 71 4.9 20 3 

. Sal~ pulchra 1 0.7 39 20.2 3 3 
.s.a.L~ g I auca 1 0.8 
~acicular~ 1 0.4 25 6.1 5 3 
Rib~ trfste 1 0.5 24 6.2 7 4 

Dwarf Shrub 
Yacctnlym yftls-Jdaea 9 2.9 13 3.9 22 4 
Yacctntym ylfginosum 21 4.0 26 1 .9 23 4 
Leclym green I cmd f cym 3 1 • 5 30 1.5 7 4 

. Ledym decumbens 8 2.3 21 2.4 13 4 
~etrum nigrum 1 0.4 8 0.6 7 .3 
Arcctostaphyl~ yya-yrsl 2 0.6 

Forb 
fQ.l.1 I setum .slJ vat I cym 0.4 23 1.7 11 3 

Gramtnold 
Unknow grass 3 2.0 20 3.3 12 3 

Other· 
Total moss 29 5.2 
Total I tchen 9 2.3 
Litter 2 1 • 1 

a Phertological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flower-s, (6) seeds, (7) decadent. 



TABLE 25 

Average cover, height, and phenological state for plant species during week of 
28 June to 2 July, 1982, at Tsusena Creek transect <transect #4) (24 - 0.5-m2 
quadrats). 

Cover <%> Hetght (em) 

Standard Standard No. of Phenological 
Life form/Species Mean Error Mean Error Plots Statea 

Low Shrub 
Betula glandulosa 25 3.8 67 6e 1 23 3 

Dwarf Shrub 
Vacclntum yltrs-Jdaea 6 2.1 17 5.8 18 4 
Va~~loium u I lgl DQSUOO 16 2.8 22 2. 1 20 4 
L~dum gcQ~claodl~um 3 1.5 28 1.9 7 4 
L~r.lum ca~umbeos 13 3e2 22 1.9 15 5 
Em!letc:um olgc:um 13 3.9 7 0.5 14 3 
Arctgsta!lhy!gs uva-yrsi 4 0.8 

Forb 
Cc>c:ous ~anadeosts 3 0.6 7 0.5 18 4 

GramlnoTd 
Unknown grass 2 1 .3 15 4.9 4 3 

Other 
Total moss 65 5.8 
Total I Tchen 6 1.6 

a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 
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TABLE 26 

!""" AveraHe cover, height, and phenological state for Betula glandulosa during 
week of 7 June to 11 June, 1982, at each elevation within each tansect. 

,.,. 

-

I""" 

!"""' 

-
-

Transect 

Positron Watana Jay Switchback Tsusena Mean 

Coyer <%> 

Bench 15 14 21 14 16 
Top 13 16 17 16 16 
Middle 4 18 6 
Bottom 6 2 2 

Mean 8 9 14 11 10 

Height (em) 

Bench 51 49 58 86 61 
Top 57 47 50 68 56 
Mr dd 1 e 39 59 49 
BoTtom 33 36 35 

Mean 51 45 55 67 55 

Phenological Statea 

Bench 2.4 2.6 3.0 1.9 2.5 
Top 2.8 3.1 2.8 2.0 2.6 
Middle 3.0 3.0 3.0 
BoTtom 3.0 2.0 2'.5 

Mean 2.7 2.9 2.9 2.0 2.6 

a Pheno Jog J ca I state: ( 1) just emergr ng from ground, first s lgns of new growth 
or dormant for evergreens, (2) leaf buds, (3} leaves, (4) flower buds, (5) 
flower·s, (6) seeds, (7) decadent. 



TABLE 27 

Average cover, height, and phenological state for Mertensia panicy ~ during 
each week at the mid-slope elevation of the Jay Creek transect, 1982. 

Phenological 
Date Cover <%> Height <em) Statea 

1 June 3 8 2.8 
8 June 4 13 3.8 

15 June 8 23 4.2 
22 June 9 19 3.6 
29 June 14 38 4.6 

a Phenological state: (1) just emerging from ground, first signs of new growth 
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) flower buds, (5) 
flowers, (6) seeds, (7) decadent. 
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TABLE 28. Number and percentage (in parentheses) of stops by aspect with early phenological advancement during 

period 5, 1983, Plant Phenology Study. a 

Aspect 

Transect E SE s SH ~I N~l N NE 

Oev i 1 Creek*** 6{100)* 55(78.6)*** 49(59.8) 85(85.0)*** 36(55.4) 37 ( 38.9) 93(35.6) 

Tsusena Creek 162( 57. 7) 7(38.9) 

Fog Creek** 2(3.8) 4(2.5) 8(11.1) 3(5.4) 24( 11.2)** 

~latana Slide*** 18(45.0)** 10(5.2) 73(38.2)*** 13(38.2) 28(27.2) 29(46.8)*** 12(46.2) 1(16.7) 

Wa tan a Creek 3(9.7) 5(9.8) 9(8.4) 4(9.1) 3(4.3) 30(11. 2) 10(7.2) 

Fish Creek*** 11(24.4) 46(23.2) 20(8.5) 1(50.0) 2(40.0) 38(23.8) 43(24.6)* 

Kosi na Creek*** 2(66.7) 18( 58.1 )** 153(55.6)*** 25(73.5)*** 8(66.7)* 31(9.9) 

Clarence Creek*** 1(25.0) 1(16.7) 12(19 .4) 23(19.0)* 3(3.1) 

Switchbacks*** 6(2.8) 56(29.5)** 63(48.8)*** 20(26.7) 

a Asterisks immediately following transect names indicate the significance of a chi-square test. Asterisks 

printed after each cell indicate significance of the standardized residuals. *** p ~·.01, ** p~.05, * p~.10. 



TABLE 29. ~mber and percentage (in parentheses) of stops by elevation with early phenological advancement 

during period 5, 1983, Plant Phenology Study. a Page 1 of 2 

Transect 

Dev i 1 Creek*** 

Tsusena Creek*** 

Fog Creek*** 

Watana Slide*** 

Watana Creek* 

Fish Creek*** 

Kosi na Creek*** 

Cl a renee Creek** 

Switchbacks*** 

Elevation (m) 

360 390 420 450 480 510 540 

40(100)*** 67(64.4)* 20(62.5) 33(38.4) 14(28.6) 22(51.2) 37(57.8) 

66(41.8) 31(100)*** 22(100)*** 15(100)** 

30(33.7) 

9(4.3) 9(12.0) 5(8.9) 

8(7.8) 25(37.9)*** 

2(7.4) 19(20.0) 

570 

26(37.1) 

17 (100 )** 

35(50.7}*** 

5(6.0) 

40(36.0)*** 

65(36.1) 

4(6.8) 

a Asterisks immediately following transect names indicate the significance of a chi-square test. Asterisks 

printed after each cell indicate the significance of the standardized residuals. *** p.:!.01, ** p ~.05, * p~.10. 
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TABLE 29. Number and percentage {in parentheses) ofstops by elevation with early phenological advancement 

during period 5, 1983, Plant Phenology Study. a Page 2 of 2 

Transect 600 630 

Devi 1 Creek*** 25 ( 29.1) 39(58.2) 

Tsusena Creek*** 14(51.9) 4(13.8) 

Fog Creek*** 

Watana Slide*** 24(40.7}* 23(20.5) 

Watana Creek* 29(12.0)* 5(14.7) 

Fish Creek*** 17(21.5) 15(17 .0) 

Kosi na Creek*** 18(25. 7) 14(29.2) 

Clarence Creek** 7(28.0)** 4(18.2) 

Switchbacks*** 4(15.4) 

660 

38(84.4)*** 

28(13.4)*** 

8(7.7} 

2(12. 5) 

5(6.1) 

23(24.5) 

5(23.8) 

43(23.0) 

Elevation (m) 

690 

3( 1. 3) 

60(45.5)*** 

18(12.7) 

33(54.1)*** 

1(5.3) 

28(42.4)*** 

720 

10(7.2) 

4(6.3) 

33(19.1) 

19(41.3) 

5(22.7) 

15(6.9) 

750 780 810 

44( 81.5 )*** 

2(10.5) 8(22.9) 4(5.3) 

9(13.6) 32(27.4) 14(11.6) 

840 

-

a Asterisks immediately following transect names indicate the significance of a chi-square test. Asterisks 

printed after each cell indicate the significance of the standardized residuals. *** p~.01, ** p .:.:::·.05, *p <.10. 



TABLE 30. Number and pecentage (in parentheses) of stops by slope 

class with early phenological advancement during 

period 5, 1983, Plant Phenology Study. a 

Slope( 0
) 

Transect 0-3 3-10 10-30 

Devil Creek** 86(60.1) 150(53.8) 125(47.3} 

Tsusena Creek*** 59(35.8) 39{72.2) 71(88.8)*** 

Fog Creek*** 34( 11.4 )*** 7(2.9) 
' 

Watana Slide 84( 31. 2) 59(24.5) 41(28.7) 

Watana Creek 36(11.4) 17(7.1) 11(6.9) 

Fish Creek** 23(17.2) 103(22.6)* 35(13.8) 

Kosi na Creek*** 69(31.4) 110(42.6)** 58(29.4) 

Cl a renee Creek 7(19.4) 18 (14.6) 15(10.9) 

Switchbacks*** 31(14.4) 44(17.0) 70(35.5)*** 

a Asterisks immediately following transect names indicate the signi

ficance of a chi-square test. Asterisks printed after each cell 

indicate significance of the standardized residuals. ***p ~.01, 

**p ~.05, *p ~-.10. 
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TABLE 31. Number and percentage (in parentheses) of stops by vegetation class with early phenological 

advancement during period 5, 1983, Plant Phenology Study. a 

Vegetation Type b 

Transect CF OF WF SB TS LS HB 

Devil Creek*** 40(95.2)*** 95(43.2) 39( 41.1) 6(24.0) 29(72.5)* 152(57.6) 

Tsusena Creek*** 138( 65. 7}** 4(12.1) 27(52.9) 

Fog Creek*** 14(10.8)* 19{10.3)* 3(9.4) 5(2.4) 

~Ia tana Slide*** 30(15.0) 62(30.5) 89(36.6)*** 3(75.0)* 

Wa ta na Creek*** 6(33.3)*** 7(3.4) 16(6.1) 18(20.9)*** 14(9.9) 3(42.9)*** 

Fish Creek*** 77(16.0) 30(15. 2) 3(50.0)* 51(32.9)*** 

Kosi na Creek*** 16(76.2)*** 75(29.8) 44(24.4) 4(25.0) 1(20.0) 97(48.3)*** 

Clarence Creek*** 1(100)** 2(4.0) 25(26.9)*** 8(11.6) 3(11.1) 1(2.7) 

SWitchbacks** 12(26.7) 35{17.9) 12(44.4)*** 20(19.8) 66(21.9) 

a Asterisks immediately following transect names indicate the significance of a chi-square test. Asterisks 

printed after each cell indicate significance of the standardized residuals. *** p ~.01, ** p ~.05, 

* p~.10. 

b CF=closed forest, OF=open forest, HF=woodland forest, SB=scrub forest, TS=tall shrub, LS=low shrub, 

HB=herbaceous. 



TABLE 32. Number and percentage (in parentheses) of stops by aspect without snow during period 2, 1983, 

Plant Phenology Study. a 

Aspect 

Transect E SE s sw ~I N~l N NE 

Devil Creek*** 8(80.0) 2( 100) 29(96.7) 175(90. 7) 59(90.8) 56(50.9) 70(70. 7) 133(76.9) 

Tsusena Creek 19(100) 229(98.3) 29{100) 

Fog Creek*** 10(100) 169( 90.9) 33(89.2) 1(100) 109(85.8) 138(79.3) 17 (100) 

Watana Slide*** 121(87. 7) 161(87.0) 26{100) 37(92.5) 50(86.2) 65(74.7) 6(75.0) 39(95.1) 

Wa tana Creek*** 13(92.9) 22(95.7) 45(97.8) 112(91.8) 95(96.0) 41(47.1) 177(69.1) 33(61.1) 

Fish Creek*** 3(100) 39(90.7) 230(90.9) 115(89 .8) 23(95.8) 78(87.6) .103(80.5) 134(90.5) 

Kosina Creek*** 290(99.3) 54{100) 2(100) 18(38.3) 183( 74. 7) 

Cl a renee Creek 1(100) 4(80.0) 120(66.3) 62(56.4) 9{90.0) 

Switchbacks*** 122(100) 15(100) 111 ( 98.2) 227( 98. 7) 74(90.2) 104(97.2) 

a Asterisks immediately following transect names indicate the significance of a chi-square test. Levels 

of significance were based on 6 snow depths rather than presence or absence. *** p ~.01, ** p~·.os, *p~.10 

J 
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TABLE 33. Number and percentage (in parentheses) of stops by elevation without snow during period 2, 1983, 

Plant Phenology Study. a Page. 1 of 2 

Elevation (m) 

Transect 360 390 420 450 480 510 540 570 600 

Devil Creek*** 79( 98.8) 53(88.3) 25(86.2) 61( 77 .2) 37(72.5) 30(75.0) 59(84.3) 42(58.3) 53(57.0) 

Tsusena Creek 72(96.0) 104(99.0) 18(100) 14(100) 16(100) 23(100) 

Fog Creek 

~latana Slide* 90(87.4) 28(80.0) 56(84.8) 

~Jatana Creek*** 86(98.9) 69(81.2) 55(84.6) 74(86.0) 42(73.7) 181(73.0) 

Fish Creek*** 135(94.4) 118( 99. 2) 62(93.9) 68(88.3) 

Kosina Creek*** 42(85.7) 104(99.0) 114( 88.4) 57(89.1) 

Clarence Creek*** 45(90.0) 

Switchbacks* 

a Asterisks immediately following transect names indicate the significance of a chi-square test. Levels of 

significance were based on 6 snow depths rather than presence or absence. *** p ~.01, ** p~.05, * p ~.10. 



TABLE 33. Number and percentage (in parentheses) of stops by elevation without snow during period 2, 1983, 

Plant Phenology Study. a Page 2 of 2 

Transect 630 660 

Devil Creek*** 53(81. 5) 40(93o0) 

Tsusena Creek 28(100) 

Fog Creek 139( 83 0 7) 

~Ia tan a Slide* 90(90) 127(79.9) 

Watana Creek*** 8(32o0) 23(47o9) 

Fish Creek*** 57(90o5) 101(91o0) 

Kosina Creek*** 37(82o2) 80(84o2) 

Clarence Creek*** 20(83o3) 18(75o0) 

Switchbacks* 99(97o1) 107(98.2) 

690 

Elevation (m) 

720 

211(86o1) 127(90o1) 

24(92o3) 23 (100) 

109(77o9) 75(77 .3) 

39(70.9) 28(70.0) 

3(23o1) 12(75.0) 

60(92.3) 88(97.8) 

750 

67(94o4) 

46(79 o3) 

25(62o5) 

73(98.6) 

780 810 840 

33(75o0) 12(30.8) 28(48o3) 

185( 98.4) 41(100) 

a Asterisks immediately following transect names indicate the significance of a chi-square test. Levels of 

s i gni fi cance were based on 6 snow depths rather than presence or absence o *** p .::.0 01, ** p ~. 05, * p ::.010. 

J 



- TABLE 34. Number and percentage (in parentheses) of stops by slope class 

without snow during period 2, 1983, Plant Phenology Study. a 
,_ 

SloEe{ 0
} 

Transect 0-3 3-10 10-30 

-
Devi 1 Creek* 89 (79.5) 247 (75.3) 196 ( 81.0) 

Tsusena Creek 175 (98.3) 36 (97.3) 66 (100) 

Fog Creek 295 (87.0) 
F"" 

157 (86. 7) 25 (78.1) 

Watana slide 159 (85.0) 220 (86.6) 126 (88. 7) 

Watana Creek*** 268 (83.5) 141 {73 .1) 129 (69.0) 

Fish Creek* 138 (84. 7) 406 (90.6) 181 (88.3) - Kosina Creek*** 101 ( 92. 7) 277 (90.8) 169 (74.8) 

,...., Clarence Creek** 12 (75.0) 95 (70.9) 89 (56.3) 

Switchbacks* 193 (95.5) 295 (98.3) 165 (98.8) 

~ 

a Asterisks immediately following transect names indicate the significance 

of a chi-square test. Levels of significance were based on 6 snow depths 

- rather than presence or absence •. ***p~01, **p-:::.05, *p~lO. 



TABLE 35. Number and percentage (in parentheses) of stops· by vegetation 

class without snow during period 2. 1983. Plant Phenology Study. a 

Vegetation Type b 

Transect CF OF WF SB TS LS 

Devil Creek*** 20(95.2) 238(81.0) 32(43.2) 7{24.1) 16(80.0) 219(89.8) 

Tsusena Creek 29(100} 148(97.4} 24{100) 74(100) 

HB 

Fog Creek*** 

llatana slide* 

149{82·.3} 97(88.2} 23(67 .6) 

115{83.9) 205(87.2) 27{100} 

229{83.3) 176(64.5) 36{67.9) 

182(90.5) 26(100) 

152{86.9) 6(66.7) 

watana Creek*** 

Fish Creek*** 

Kosina Creek*** 

Clarence Creek*** 

Switchbacks*** 

7{100} 

32{100) 427{89.3} 

15(100.0) 282(96.2) 

58{55.2) 

12(92.3) 150{98.7) 

4{80.0) 86(97.7) 

135(84.4) -22(95.7) 

80(68.4) 1(100.0) 23(59.0) 

32(51.6) 85(77.3) 7(63.6) 

109{88.6) 

145(83.3) 

14(70.0) 

49{90.7) 53{96.4) 72(98.6} 317(98.4) 

1(100) 

a Asterisks immediately following transect names indicate the significance of a chi-square test. 

Levels of significance were based on 6 snow depths rather than presence or absence. *** p ~.01, 

**P ~.as. *p "!.1o. 
b Cf=c1osed forest. OF•open forest, ~F=woodland forest, SB=scrub forest

1 

TS~tall shrub, LS=low shrub, HBcherbaceous. 
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TABLE 36. Number and percentage {in parentheses) of stops by aspect with berries present during period 5, 

1983, Plant Phenology Study. a 

Aspect 

Transect E SE s sw w NW N NE 

Devil Creek*** 1(1.2) 2(2.0) 2(3.1) 2{28.6)** 3(3.2) 40(15.3)*** 

Tsusena Creek 3( 1.1) 

Fog Creek 1{6.3) 1{1.9) 1 ( 0 0 6·) 1(1.4) 2(3.6) 10(4.7-)* 

Watana Slide*** . 4{10.0) 6(3.1) 7(3.7) 4{11.8) 5(4.9) 9(14 0 5 )** 9(34.6)*** 3(50.0)*** 

Watana Creek*** 5(16.1)* 5(4.7) 2(4.5) 5(7.1) 11(4.1) 27{19 0 6 )*** 

Fish Creek*** 4{16 0 7)* 1(2.2) 26{13.1 )*** 21(8.9) 3(1.9) 5(2.9) 

Kosina Creek 18(6.5) 5{14. 7)** 1(8.3) 17(5.4) 

Clarence Creek 1{16.7) 1{16.7) 3(4.8) 18(14. 9) 12(2.2) 

Switchbacks** 1(0.5) 4(2.1) 8(6.2)*** 1(1.3) 2(3.8) 

a Asterisks immediately following transect lines indicate the significance of a chi-square test. Asterisks 

printed after each cell indicate significance of the standardized residuals. *** p !!.01, ** p~.n5, 

*p ::-.10. 

. ] 



TABLE 37. Number and percentage (in parentheses) of stops by elevation with berries present 

during period 5, 1983, Plant Phenology Study, a Page 1 of 2 

Elevation (m) 

Transect 360 390 420 450 480 510 540 570 600 

Devil Creek*** 2(1.9) 1(3.1) 4(4.7) 1(2.0) 6(14.1)* 6(9.4) 2(2.9) 10(11.6) 

Tsusena Creek '1(0.6) 1(5.9)** 1{3.7) 

Fog Creek** 

Watana Slide*** 1(1.4) 2(3.4) 

Watana Creek*** 8(3.8) 10(13.3)* 9(16.1)** 7(8.3) 17(7.0) 

Fish Creek*** 5(7.6) 1(0.9) 2(2.5) 

Kosi na Creek* 1(3.7) 4(4.2) 12(6.7) 8(11.4)* 

Cl a renee Creek* 2(3.4) 2(8.0) 

Switchbacks 

a Asterisks immediately follo\'ling transect lines indicate the significance of a chi-square test. 

Asterisks printed after each cell indicate significance of the standardized residuals.*** p~.01, 

** p :=;.as, * p :::·.10. 

J 1 
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TABLE 37. Number and percentage (in parentheses) of stops by elevation, with berries present durin~ 

period 5, 1983, Plant Phenology Study. a Page 2 of 2 

Elevation (m) 

Transect 630 660 690 720 750 780 810 840 

Devil Creek*** ;'10( 14. 9)** 8(17 .8 )*** 

Tsusena Creek 

Fog Creek** 2(1.0) 12(5.1)** 2(1.4) 

~Jatana Slide*** 7(6.3) 7(6.7} 20(15.2)*** 8(12.7}* 2(8.0) 

Watana Creek*** 1(2.9} 3(18 .8)* 

Fish Creek*** 5(5.7} 11 (13 .4 )** 12(8.5} 24(13.9)*** 

Kosi na Creek* 7(7.4} 2(3.3) 6(13.0)* 1(1.9) 

Cla renee Creek* 6(27.3}** 2(9.5} 1(5.3} 4(18. 2) 4(21.1) 2(5.7) 12(16.0) -
Switchbacks 3(4.5) 4(4.5) 1(1.5) 3(2.6) 5(4.1} 

a Asterisks immediately following transect lines indicate the significance of a chi-square test. 

Asterisks printed after each cell indicate significance of the standardized residuals. *** p ~.01, 

** p <.05, * p !5.10. 

1 



TABLE 38. Number and percentage (in parentheses) of stops by slope 

class with berries present during period 5, 1983, 

Plant Phenology Study. a 

SloQe{ 0
} 

Transect 0-3 3-10 10-30 

Devil Creek** 4(2.8) 20(7.2) 26(9.8) 

Tsu sena Creek 1(0.6) 2(2.5) 

Fog Creek*** 4(1.3) 8(3.4) 4(8.9)*** 

Watana Slide 21(7.8) 13(5.4) 13(9.1) 

Watana Creek*** 13(4.1) 19(7.9) 23(14.4)*** 

Fish Creek* 3(2.2) 37(8.1) 20(7.9) 

Kosi na Creek*** 5(2.3) 18(7.0) 18(9.1)* 

Clarence Creek** 6(16.7) 7(5.7) 22(15.9) 

Switchbacks 2(0.9) 8(3.1) 6(3.0) 

a Asterisks immediately following transect lines indicate the 

significance of a chi-square test. Asterisks printed after each 

cell indicate significance of the standardized residuals. 

*** p ! . 01 ' ** p ~. 0 5' * p -=· .1 0. 
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TABLE 39. Number and percentage (in parentheses) of stops by vegetation class with 
a berries present during period 5, 1983, Plant Phenology Study. 

Transect CF 

Devil Creek*** 

Tsusena Creek 

Fog Creek 

Watana Slide 

~~atana Creek 4(22.2)** 

Fish Creek*** 

Kosi na Creek 3(14.3) 

Clarence Creek 

Switchbacks* 

OF 

13(5.9) 

3(1.4) 

2(1.5) 

12(6.0) 

15(7.4) 

34(7.1) 

14(5.6) 

Vegetation Type b 

WF SB 

5(5.3) 1(4.0) 

4(2.2) 2(6.3) 

12(5.9) 

23(8.8) 7(8.1) 

23(11.6)** 

16(8.9) 

8(16.0) 10(10.8) 9(13 .0) 

3(1.5) 

TS LS 

31 (11. 7) *** 

8(3.9) 

23(9.5) 

6(4.3) 

3(1.9) 

8(4.0) 

4(14.8) 4(10.8) 

13(4.3)** 

a Asterisks immediately following transect names indicate the significance of a 

chi-square test. Asterisks printed after each cell indicate significance of the 

standardized residuals. ***p <.01, **p (.05, *p <.10. - - -
b GF=closed forest, OF=open forest, WF=woodland forest, SB=scrub forest, TS=tall 

shrub, LS=low shrub, HB=herbaceous. 

HB 
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TABLE 40. Number and percentage (in parentheses} of stops by aspect with equisetum present during period 

5, 1983, Plant Phenology Study. a 

Aspect 

Transect E SE s SH w NW NE 

Devil Creek 4( 5. 7} 1(1.2} 4(4.0} 3(4.6} 3(3.2} 13(5.0) 

Tsusena Creek 36(12 .8} 1(5.6} 

Fog Creek*** 2(1.2} 26(36.1}*** 19(8.9} 

Watana Slide*** 13(32.5} 63(33.0} 59(30.9} 14( 41. 2}* 23(22.3} 5(8.1} 1(16.7) 

Watana Creek*** 2(3.9} 45(42.1}*** 8(18.2} 9(12.9} 36(13.4} 3(2.2} 

Fish Creek** 1(2.2} 16 ( 8.1} 15(6.4} 12(7.5) 26(14. 9 }*** 

Kosi na Creek*** 19(61.3}*** 63(22.9}*** 1(2.9} 1(8.3} 8(2.5} 

Cl a renee Creek 2(33.3}* 1 (16. 7} 3(4.8} 9(7.4) 13(13.3} 

Switchbacks*** 45( 21.1 }* 30(15.8} 15(11. 6} 3(4.0} 2(33.3} 16(30.2}** 

a Asterisks immediately following transect lines indicate the significance of a chi-square test. Asterisks 

printed after each cell indicate significance of the standardized residuals. *** p~.01, ** p ~.05, 

* < 10 p - • • 
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TABLE 41. Number and percentage (in parentheses) of stops by elevation with equisetum present during period 5, 

1983, Piant Phenoiogy Study. a Page i of 2 

Elevation (m) 

Transect 360 390 420 450 480 510 540 570 600 

Devil Creek*** 1(2.5) 1( 1.0) - 7(8.1)* 7(14.3)*** 1(2.3) 2(2.9) 6(7.0) 

Tsusena Creek*** 22(13. 9) 14(45.2)*** 1(4.5) 

Fog Creek*** ,_ 

· Watana Slide*** 45(50.6)*** 49(71.0)*** 15(2!1.4) 

Watana Creek*** 78(37.1)*** 10(13.3) 1(1.8) 14(16.7) 

Fish Creek*** 26(25.2)*** 8(12.1) 12(10.8) 12(15. 2)** 

Kosina Creek*** 21(22.1)** 38(21.1)*** 2(2.9) 

· Clarece Creek*** 4(6.8) 

S\<Ji tchba cks*** 

a Asterisks immediately following transect lines indicate the significance of a chi-square test. Asterisks 

printed after each cell indicate significance of the standardized residuals. *** p ~-.01, ** p ~.0!1, * p ~.10. 



TABLE 41. Number and percentage (in parentheses) of stops by elevation, with equisetum present during 

period 5, 1983, Plant Phenology Study. a Page 2 of 2 

Elevation (m) 

Transect 630 660 690 720 750 780 810 840 

Dev i 1 Creek*** 3(4.5) 

Tsusena Creek*** 

Fog Creek*** 44( 21.1 )*** 1(0.4) 2(1.4) 

Watana Slide*** 12(10.7) 22(21.2) 27(20.5) 8(12.7) 

Watana Creek*** 

Fish Creek*** 4(4.5) 1(1.2) 7(4.9) 

Kosi na Creek*** 21(22.3)** 5(8~2) 2(4.3) 3(5.6) 

Clarence Creek*** 1(4.8) 2(9.1) 4( 21.1 )* 11 ( 31. 4 ) *** 6(8.0) 

Switchbacks*** 32(17 .1) 22(33.3)*** 16(18.0) 23(34.8)*** 12(10.3) 6(5.0) 

a Asterisks immediately following transect 1 ines indicate the significance of a chi-square test. Asterisks 

printed after each cell indicate significance of the standardized residuals. *** p ~.01, ** p~.05, 

*p~.10. 
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TABLE 42. Number and percentage ("in parentheses) of stops by slope class 

with equisetum present during period 5, 1983, Plant 

Phenology Study. a 

Transect 0-3 3-10 10-30 

Devil Creek 7(4.9) 13(4.7) 8(3.0) 

Tsusena Creek*** 14{8.5) 19(35.2)*** 4(5.0) 

Fog Creek:*** 44(14.8)*** 3(1.3) 

Watana Slide*** 95(35.3)*** 47(19.5) 36(25.2) 

Watana Creek*** 62(19 .6 )*** 21(8. 7) 20(12.5) 

Fish Creek* 15(11.2) 42(9.2) 13(5.1) 

Kosina Creek*** 48 ( 21.8 )*** 30(11.6) 14(7.1) 

Clarence Creek · 5(13.9) 8(6.5) 15(10.9) 

Switchbacks*** 15(6.9) 56( 21.6 )** 40(20.3) 

a Asterisks immediately following transect names indcate the significance 

of a chi-square test. Asterisks printed after each cell indicate signifi

cance of the standardized residuals. *** p .=.01, ** p 5:· .05, * p ~.10. 



TABLE 43. Number and percentage (in parentheses) of stops by vegetation class with equisetum present 

during period 5, 1983, Plant Phenology Study. a 

Vegetation Type b 

Transect CF OF WF SF TS LS HB 

Devil Creek*** 2(4.8) 14(6.4)* 8(8.4)** 4(10.0)* 

Tsusena Creek*** 35(16. 7}* 2(6.1) 

Fog Creek*** 32(24.6)*** 13(7.0) 2(1.0) 

Watana Slide*** 46(23.0) 46( 22. 7) 82( 33. 7}* 4(100)*** 

Watana Creek*** 74(36.3)*** 9(3.4) 1(1.2) 19(13.5) 

Fish Creek*** 45(9.4) 3(1.5) 22(14. 2)*** 

Kosi na Creek*** 4(19.0) 47( 18. 7}** 12(6.7) 1(6.3) 1(20.0) 27 (13. 4) 

Clarence Creek*** 6(12.0) 4(4.3) 8(11.6) 9(33.3)*** 1(2.7) 

Switchbacks*** 1(100)** 12(26.7)* 43(21.9)* 4(14.8) 27(26. 7}*** 24(7.9) 

a Asterisks immediately following transect names indicate the significance of a chi-square test. 

Asterisks printed after each cell indicate significance of the standardized residuals. 

*** p ~.01, ** p =.os, * p ~ .10. 

b CF=cl osed forest, OF=open forest, HF=woodland forest, SB=scrub forest, TS=tall shruh, LS=low shrub, 

HB=herbaceous. 
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TABLE 44. Summary of numbers and percentage (parentheses) of stops 

that were phenologically advanced, snow-free, or had 

berries or horsetail by transect. The third number 

represents relative rank. 

Transect Phenology Snow-Free Berries Horsetail 

Devil Creek 361(53) 2 532(78) 7 50(7) 4 28(4) 9 

Tsusena Creek 169( 57) 1 277 ( 99) 1 3(1) 9 37(12) 5 

Fog Creek 4.1( 7) 9 477(86) 5.5 16( 3) 7 47(8) 8 

Watana Slide 184( 28) 4 (87) 4 47(7) 4 178( 27) 1 

Wa tana Creek 64(9) 8 538(77) 8 55(8) 2 103(14) 3.5 

Fish Creek 161 (19) 6 725(89) 3 60(7) 4 70(8) 7 

Kosina Creek 237(35) 3 547(86) 5.5 41( 6) 6 92(14) 3.5 

Cl a renee Creek 40(14) 7 196(64) 9 35(12) 1 28(9) 6 

Switchbacks 145(22) 5 653(98) 2 16(2) 8 111( 17) 2 . 
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FIGURE 1 

Location of transects for 1982 plant phenology study. middle Susitna 

River Basin. 
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FIGURE 2 

Locations of plant phenology transects, 1983, and areas of 

moose concentrations . 
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FIGURE 3 

Effect of transect location on phenological development of 4 shrub 

speci1es over weeks with elevation he I d rei atlvely constant, 1982. 
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FIGURE ll. 

Effect of elevation on phenological development of 4 shrub species over 

weeks on 1 transect,. 1982. 
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FIGURE 5 

Generalized South- and North-facing slopes, middle Susitna 

River Basin. 
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Appendix A 

Methods-Biomass Estimations 1982 

Standing crop biomass (current annual growth) of for bs and graminoids, 

and current annual growth biomass of four individual twigs with associated 

leaves of birch, willow and alder was estimated within each 0.5-m
2 

plot. 

Forbs and graminoids were clipped at ground or moss level. The current 

growth (leaves and stems) of each designated shrub species occurring within a 

plot was clipped from four representative twigs. This permitted an analysis 

of total mass per four twigs, but not mass/unit area. During the first five 

weeks (31 May through 2 July) only plots located outside the exclosures were 

clipped. During week 6 (31 August through 3 September) plots inside and 

outside the exclosures were clipped. This information makes up the phenology 

current annual growth data set. 

The scope of biomass estimations for the phenology study was changed for 

week 6 sampling. In addition to the data collected as described above, all 

of the current annual growth of shrubs was clipped in the plots both inside 

and outside the exclosures. From . those clipped samples 4 twigs of the 

designated shrubs were subsampled from each plot to complete the phenology 

current ·annual growth data set. Furthermore, all mountain cranberry was 

clipped in each plot because of its potential importance as moose forage 

(Oldemeyer 1977, W.L. Regelin, ADF&G, personal communication). The 

information on total current annual growth of shrubs sampled during week 6 

makes up the phenology total current annual growth data set. 

All clipped samples were oven-dr_ied for 48 hours at 60 C and weighed to 

the nearest 0.01 g. Twigs of shrubs were stripped of leaves, and both 

components weighed separately. 



Statistical analysis of the plant current growth biomass data for the 

phenology study consisted of analysis of variance using a nested design for 

both current annual growth and total current annual growth data sets. 

Transect location was treated as the main effect. Elevation was nested 

within transect, and exclosure and week were nested within elevation. This 

design applied to the current annual growth data, weeks 1 through 6 outside 

the exclosures. For data collected during week 6 (current annual growth and 

total current annual growth inside and outside) the nested design was similar 

as described above, except that inside/outside exclosure comparisons were 

nested within elevation. Tukey' s test was used as a mean separation 

procedure. Statistical significance was accepted at P < 0.05. 

Current Annual Growth - Twig Diameter - Length Relationships 

Four twigs of each shrub species were clipped from within the 0.5-m' 

plots of the phenology study. The twigs were clipped at the leaf bud scale 

to remove only the current annual growth. Shrubs were clipped from plots 

located outside the exclosures during weeks 1 through 5 and from plots both 

inside and outside the exclosures during the last week (week 6) of sampling. 

The basal diameter and total length of each twig was measured to the nearest 

0.1 mm with calipers. 

A mean diameter and length was calculated for each species and tested for 

significant differences among species with paired t-tests. Simple linear 

regression equations were developed for each species, examining the 

relationship between basal diameter of the twig and its total length. 

Statistical significance was accepted at P ~ 0.05. The number of twigs 

needed to adequately estimate within 20% of the mean with 67% confidence in 

-
-
-

-
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that measurement was also calculated for each measurement taken on each 

species. 

RESULTS 

B f omass Estlma-tt ons 

Forbs and gramlnotds were the most abundant plants measured In terms of 

current annual growth biomass (Table Gl). Forbs averaged 29 kg/ha over all 

sites and gramlnolds averaged 33 kg/ha. Biomass of for-bs CP < 0.05) and 

gramJ'noids (P < 0.05) Increased over the growing season. Betula glandy!osa 

had 1·he greatest current growth of twigs and leaves for all sites. Weights of 

. ~ pafred leaves and twigs were closely correlated CP < 0.01) for all species 

·"" 

measured. Shrub ·biomass remained relatively constant over the period of 

study, except for .a. glandu!osa leaves which increased sl lghtly {P > 0.05) In 

bfomass over time. 

1Gram I no f d bIomass was greatest CP < 0.05) at Jay Creek and Switch back, 

- bottom elevation when compared to all other locat{ons (Table Gl). Forb 

-
!""" 
! 

-

biomass was greatest <P < 0.05) at Jay Creek, mid-slope and Swltchback,.bottom 

.. Few signiffcant trends In dlf~erences among transects and elevation • 

elevc:ntrons were observed for any shrub species. However, .a. glandylo§a 

biomass of 100 twTgs was different CP < 0.05) among all sltes, depending on 

week .and el evatlon. AI nus stnuata was most abundant (p < 0.05) at Switchback, 

bottc•m elevation averaging 24 g current growth of leaves and stems per 100 

twigs; Betula. papyrtfera biomass was greatest CP < 0.05) at Jay Creek, 

mid-slope averaging 8 g· current annual growth of leaves and twigs per 100 



twigs (Table ~1 ). 

Durtng week 1 (31 May- 3 June), .B.. glandulosa current twJg biomass (per 

100 twlgs) was significantly greater CP < 0.05) at Watana Creek, bench 

locatlon than any other locatfon (Table 'G·l). Current twig biomass per 100 

twigs of A. stnyata was greatest (P < 0.05) at Switchback, bottom elevation. 

Jay Creek, mtd-slope had the greatest CP < 0.05) biomass of .a. Qapyrlfera 

during week 1. 

For week 2 (7-10 June), .B.. glandu!osa leaf biomass per 100. twigs was 

greater CP < 0.05) at Jay Creek, mid-slope than any other location. Gramlnold 

standing crop was greatest (P < 0.05) at Watana Creek and Jay Creek, bottom 

elevation. 

-

-
Betula glandulgsa average leaf and twig biomass per 100 twigs was -

greatest CP < O.P5> at Watana Creek, top-slope durlng week 3 ( 14-17 June). 

Gramtnoid biomass was greater CP < 0.05) at Switchback, bottom elevation, and 

a. papyritera leaf btomass per 100 twigs at Jay Creek, mid-slope, than any 

other location. 

During the 4th week (21-25 June), .a. glandy!osa leaf biomass per 100 

twigs was greatest CP < 0.05) at Switchback and Tsusena Creek and .a. 
papyrifera biomass at Jay Creek, mid-slope. 

For week 5 (28 June - 1 July), .B.. glandy!osa leaf biomass per 100 twigs 

was greatest CP < 0.05) at Jay Creek, bench location. Forb biomass was 

g,reat"er CP < 0.05) at Jay Creek, mid-slope, and gramlnofd biomass at Jay 

Creek, bottom elevation than any other location. 

By week 6 (31 August- 3 September), forb blomass was greatest (P < 0.05) 

at Jay Creek, mid-slope and Switchback, bottom elevation, A. slnuata at 

SwJt"chback, mid-slope and bottom, and a. glandu!osa leaf biomass per 100 twigs 

at Watana Creek and Switchback, bench location (Table 89). 

Comparisons Inside and outside the exclosures during week 6 tndicate that 

'"''" 

-
-
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forb biomass was significantly greater (P < 0.05) inside the exclosures at 

Wafana Creek, Top- and mid-slope, and Switchback,. bottom elevation CTableGl ). 

Curremt growth biomass per 100 twigs of A. sl nuata was greatest (P < 0.05) 

inside the exclosures at Switchback, bottom elevation. No other significant 

dtfferences occurred between inside and outside the exclosures for the other 

plants measured. 

General trends indicated that forb biomass was greater inside the 

exclc>sures, and grass biomass outside the exclosures (Table ~G~. Betula 

glandulosa leaf and twig biomass per 100 twigs was highly variable when 

comparisons between inside and outside the exclosures were made (Table 89). 

Total current annual growth biomass of shrubs was similar CP > 0.05) 

inside and outside of the exclosures (Table GV. However, twig and leaf 

biomc:1ss of ,B. papyrtfera was greater CP < 0.05) outside the exclosures atthe 

Switchback bottom elevation. 

Transect and elevation differences in total current annual growth biomass 

were similar to those in current annual growth data for all plants measured 

<Tables Gland.iGa • 

6.2.9.1 -Discussion of Biomass Estimations 

Results of the phenology study addressing current annual grow"th biomass 

indicate that differences among si"tes and elevations ln plant biomass exist, 

but few significant trends were apparent for any species. Generally, 

gramlinold and forb biomass was greatest at mid-slope and bottom elevatlo~s at. 

all transects (Table GlJ. Shrub current growth biomass per 100 twigs was 

greatest at bench and top-slope exclosures (Table Gl>. These results would be 

~ expected as the plant communities change with elevation going from low shrub 

-
scrub woodland and open spruce forest types on the bench above the river 

slopes, into a mixed deciduous-coniferous forest on the slope of the· river 

channel, to various plant communities at the bottom of the slope, reflecting 



successional stage and environmental characteristics of the site. Generally, 

these bottom-slope sites were the oldest sites sampled. Moisture regimes and 

soil communities aJso played a part In these elevatfonal trends. However, 

sIte f Ire h f story a I so provIded an Important mod J fy I ng I nf I uence, overcomIng 

the effects of elevation at some sites. 

Over the period of this study, forb and gramtnofd biomass steadily 

Increased at all sites CFig. Gl. However, shrub biomass per 100 twigs (leaves 

and twigs) tended to remain stable for most species. The only consistent 

Increase In biomass over time for the shrubs sampled occurred for leaves of a. 
~!andu!osa. These data Indicated that a. glandulosa directed more resources 

towards leaf development than stem growth as the growing season progressed. 

However, leaf biomass associated wfth a twig was generally less than twig 

b.fomass for .a. glf!ndylosa until the last 2 weeks of sampHng <Table G1). 

Comparisons of plant current growth biomass Inside and outside the 

exclosures Cweek 6, both data sets) reveal few slgnlficant differences (Tables 

Gland G2). Forb biomass was greater Inside the exclosures, Indicating 

possible utilization ot forbs by moose, caribou, or bears. The same trend was 

apparent for a. glandu!osa leaves and twigs. Utilization of a. glandulos§ was 

less than for species of Salix and Alnus at many of the sites sampled In the 

middle bastn. Biomass of A. siouat§ per 100 twigs was greater Inside the 

exclosures than outside (Tables Gland GC>. This may also reflect uti I lzatlon 

by large herbivores. 

Total current annual growth biomass of plants sampled during week 6 

outslde the exclosures Indicated the amount of new forage biomass avai !able 

going Into the winter at these sites. Presumably, peak biomass was reached by 

late August- early September. At this time and over all sites, total forb 

biomass averaged 42 kg/ha, total gramlnoid 75 kg/ha, X. yltls-ldaea 346 kg/ha, 

.a. glandulosa 49 kg/ha, .a. papyritera 32 kg/ha, £. py!cbra 31 kg/ha, s. gl§uca 

-
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-
98 kg/ha, and A. sfnyata 37 kg/ha. Biomass of these plants totaled 

- approximately 710 kg/ha which would support 0.26 moose/ha/wlnter assuming 

that: 1) a moose eats about 13 kg of dry forage per day (C. C. Schwartz, 

ADF&G, personal communJcation), 2} all of the available biomass was utilized, 

and 3) winter lasts 210 days. However, this estimate must be qualified as It. 

applies only to south-facing slopes of the river channel, and only if moose 

- eat all the current annual growth of each spectes sampled. Defol ration 

-
-

-
-

-

-

experiments have shown that biomass replacement In arctic plants Is highly 

variable and dependent on environmental conditions (Archer and Tieszen 1980). 

Deciduous shrubs replace growth after defoliation to a greater extent than 

evergreen shrubs, however, defoliation significantly decreased production In 

both shrub types the next year. Archer and Tieszen (1980) concluded that some 

arctic shrubs ar~ highly Intolerant to grazing. However, gramtnolds are much 

more toleranT of grazing because above ground biomass production can be 

actually stimulated (Mattheis et al. 1976, Archer and Tieszen 1980). 

One of the primary purposes of the pheno·l ogy study was to exp I ore the 

hypothesis that moose eat herbaceous plants during spring, following snowmelt. 

These plants are presumably highly nuTritious and palatable, and are crucial 

to survival of moose on the study area. Biomass sampling conducted during 

late spring did not lend itself to examination of this hypothesis. However, 

the greater biomass of forbs inslde than outside the exclosures at week 6 

supported the contention, that forbs were eaten at some time during the . . 

growing season. To provide a defini-tive answer as to the validity of the 

moos&•forb relationship, forb biomass needs to be estimated inside and outside 

the exclosures on a weekly basis during early spring at snowmelt. The new 

location and size of exclosures wil I facilitate such a procedure. In 

addit·fon, information on food habits of moose during spring at those sites Is 

necessary to complete the analysts. 



6.2.10 - Current Annual Growth Diameter- Length Relationships 

Approximately 1,052 current annual growth twigs of a. glandulosa were 

sampled for the entire study. Fifty-eight twigs of£. ~ulchra and 91 twrgs of 

£. glauca were examined. Sixty-five twigs were collected from ,b. stnuata and 

a. pa~yrtfera. The number of twigs clipped were directly proportional to the 

abundance of these species at the sttes sampled. 

Mean basal diameters ranged from 1.8 to 2.9 mm (Table G3). Aloys sinuata 

had the largest diameters and a. glandulosa the smallest. Mean twlg lengths 

ranged from 47.2 to 119.4 mm, with a. papyrltera having the longest twrgs of 

current annual growth. Both Salix spp. were Tdentlcal In mean basal diameter, 

and were similar In mean length. 

-
-

The mean basal diameter of both ,b. stnyata and a. papyrttera were ~ 

significantly larger <P < 0.05) than a. glandy!osa. No other significant 

differences were found for basal diameters CTableGB ). 

The average length of .a. papyrffera twigs was stgnlffcantly greater (p < 

0.05> than a. glandu!osa twigs. Both fl. stnyata and a. papyrfteca twrgs were 

longer (P < 0.05) than twigs of both Sal tx specfes. No other stgnlftcant ·"""' 

dIfferences were detected <Tab I e G 3 } • 

The observed differences In basal diameter and length of current annual 

growth of the shrubs exam I ned was rei ated to both "the I ffe form and growth 

pattern of these species~ and the amount of browsing a particular species 

receIved. Betu I a g I andu I osa J s general I y a I ow growl ng and relatl vely open ... 

shrub. Utilization of a. glandu!osa was less than on the other species 

examined. Both Sal fx specJes were also low growing, presumably because of 

higher uti I JzatJon which was reflected In their greater basal dfameter and 

twig length. Betula papyrttera Is a tree, that was occasionally found to be 

kept In a tall shrub class by heavy browsing at some sttes. Its large basal 

diameter and twtg length were a reflection of the utlllzatton as well as I Jfe 

-
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form of that species. Alnus stnuata Is a tall shrub that received only light 

to mc>derate uti I fzation. Basal diameter and twig length were probably more a 

reflection of Its I ife form than browsing pressure. 

Carre J at I on s between bas a I dIameter and I ength of the I nd I v J dua.l twIgs 

sampled were significant (P < 0.05) for each species with correlation 

coefficients of 0.31 for A~ sfnuata, 0.33 for~. gtayca, 0.41 for a. 
glandy!osa, 0.42 for~. py!chra, and 0.48 for a. papyrtfera. The slope of the 

regretssfon I lne was very similar for each species (fig. 8) and was generally 

flat.. Only A. stnatQ differed noticeably from the other species along the 

y-axis. These data Indicate a nearly 1:0 relationship between the basal 

diameter and length of 'the current annua I growth of these shrubs. Such· a 

relationshTp suggests that 1 measurement may be all that Is needed to 

a~curately predict biomass of current annual growth, and that no more than 33 

twigs would be necessary to adequately estimate basal diameter and 223 twigs 

would be necessary to adequately estimate length for any shrub species (Table 

91). 

Basal diameter was the least variable of the two measurements 

(coefficients of variation ranging from 20% to 29% and 46% to 75$ for 

dJame1ters and lengths, respectively) and would be the best to use. Both 

Basile and Hutchings (1966) and Ferguson and Marsden (1977) found that the 

basal diameter of bltterbrush (Pyrshla tridentata) twigs was adequate to 

p.red J ct both current annua I growth and bIomass of tw 1 gs for that shrub 

species. 



· Photographic Study 

The sequence of photographs obtained during the phenology study 

graphically Illustrated the spatial and temporal development of vegetation Jn 

the spring. The photographs Illustrate many of the differences fndicated by 

the data and supported the results already discussed. The photographs ·are on -

file at the Alaska Agricultural Experiment Station~ Palmer. 

larger Exclosures 

larger exclosures were constructed for the 1983 sprlng field season 

short I y after 1982 exc I osures were d I sassemb I ed. The new exc I osures ( 5 x 5 m) 

were constructed of 2 layers of 1..2-m (4ft) netted wire supported by 2.t-m 

metal fence posts guyed out wfth wire. These exclosures were approximately 

2. 1 m ta I I • · The new exc l osures were arranged In cl usters of 2 to 4 l n areas 

where moose were known to congregate during parturJtlon (Fig.: 9). W. B. 

Ballard (ADF&G) provided Information on moose locatTons and assisTed tn the 

general positioning of the clusTers of .exclosures. Placement of the 

exclosures wfthtn these general areas was undertaken durfng September 1982, by 

Agricultural Experiment STatTon range ecology personnel. 

-

-
-
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APPENDIX G 

TABLES - 1982 BIOMASS STUDY 



l l l 1 

TABLE Gl 

Mean <±SEl biomass of forbs (kg/hal, gramlnolds (kg/hal, and total current growth biomass <±SE) of twigs and attached leaves (g/100 twigs) clipped from the 
maJor shrubs sampled lns!de and outside exclosures during weeks 1 through 6 (5/82 - 8/82) !n the m!ddle Sus!tna R!ver Basin • 

Bfl:tu.1ll. ~ ..s.a.ux .s.aJ..1x ~ 

Tran- Eleva- In g I andul QlHI Pi:lllllC lf~ca pulcbr:a g.l..a.u.ca slnuata 
Week' sect tlon Out Forbs Grasses leaf twig leaf twig leaf twig leaf twig leaf twig 

1 (out 11.25±1.46 
2 only 8.42±1.93 
3 weeks 1±1 8.42±1.46 
4 1-5) 5±1 1.25±1.25 

2 1 6.40±1.00 
2 1±1 6·.87±1 .04 
3 15±12 28~2 3.93±1.76 14.55±1.92 
4 29±16 6.38±1 .29 

3 1 4.88±0.73 
2 3±2 4.30±0.76 
3 1±1 4.43±1 .64 
4 5±5 18±7 35.25±7.25 

4 1 4.63±0.63 
2 3 .13±0 .35 
4 2 .88±1.69 

2 1 1.25±1.00 6.05±1.94 
2 2.18±0.48 5.30±0.31 
3 54±.34 1.43±0.84 1.63±0.94 
4 10±7 

2 1 3±.3 2.18±1.34 5.05±0.59 2.18~.16 2.63~.63 

2 2±1 2.25±0.38 3.55±0.51 
3 32±21 8.88±0.69 9.38±1.23 
4 78~3 3.25±1.91 2.30±1.38 

3 1 2.63±0.66 3.88±0.89 
2 2.63±0.55 3.63±0.38 
3 4±4 3.93±1.51 5.18±1. 77 1.75±1.75 1.18±1.13 
4 5±5 41±10 10.50±2.43 14.36±4.30 

4 1 6.80±0.79 
2 3.80±1.20 
4 3.36±1.18 



TABLE G1 (continued 2) 

amwt .6n.u..l..a. .s.a.L1x .s.a.L1x AJ..n.u.s. 
Tran- Eleva- In gliiiDdUIQfiiil WIP¥rlhu:a puls;;bra ~ SIDUiil±iil 

Week sect tlon Out Forbs Grasses leaf twig leaf twig leaf twig leaf twig leaf twig 

3 1 2.63±0.33 4.00±0.10 
2 5.55±1.34 5.63±1.10 
3 4.13±0.31 4.50±0.75 
4 18±18 

2 1 3.05±1.39 4.88±1.08 
2 9±9 3.63±1.33 3.80±1.48 1.63±1.63 2.55±,2.50 
3 67±67 32.±.32 10.80±0.90 8.12±1.49 
4 83.±30 

3 1 2.25±0.41 1.93±0.35 
2 1±1 2.93±1.00 2.38±0.81 
3 9±5 3.30±1.28 2.75±0.96 
4 73.±.37 121±63 4.00±4.00 1. 50±1 .50 1.88±1.88 1 .25±1 .25 

4 1 2.63±0.99 
2 0.93±0.35 3.13±0.43 
3 1.06±0.90 3.30±1.29 

4 1 1.30±0.48 1,68±0.50 
2 4.25±1.58 4.00±1 .54 
3 3±.3 3.30±1.94 2.38±1.38 
4 50±29 15±7 

2 1 2. 75±1 .07 2.63±0.94 
2 13±13 2.80±1.13 2.25±0.86 
3 140±72 117±69 9.55±5.74 4.38±.2.63 
4 13±10 93.±32 1.93±1.61 1.30±1 .08 

3 1 2±2 4.43±1.71 3.13±1.15 
2 4.±3 35.±31 4.00±.2.05 2.88±1.28 
3 19±13 14±1 5. 75±2 .69 3.43±1.16 
4 37±25 94±28 9.38±9.38 10.05±10.05 

4 1 3.30±0.69 4.38±0.21 
2 3.93±1.51 4.63±1.63 5.00±5.00 4.38±4.38 
4 2±2 5.37±0.88 4.00±0.80 



1 1 

TABLE Gl (continued 3l 

Mu.L.a .6lrtu..l..a. ~ ~ AJ..nus. 
Tran- Eleva- In glandul~:~rza 12DP¥rlfera 121.1l~::bra ~ rzlnuata 

Week sect tlon Out Forbs Grasses leaf twig leaf twig leaf twig leaf twig leaf twig 

5 1 4. 13±1 .46 3.92±1.63 
2 2±2 5.30±,3.06 3.66±.2.34 
3 8±.3 
4 2±.2 31±.24 

2 1 1±1 
2 6±.3 16.55±4.65 10.87±,3.10 
3 152±63 119±88 3. 13±.3. 13 1.88±1.88 
4 210±38 3.30±1.94 3.43±.2.00 

3 1 4.55±0.95 3.05±0.74 
2 7±7 15±9 1. 75±1. 75 2.00±.2.00 
3 34±.22 6±.2 4.75±3.14 3.43±.2.68 
4 6±.2 114±49 

4 1 1±1 6.00±1.23 5.50±1.18 
2 51 ±51 91±63 6.50±1.16 6.55±1.00 
4 5. 75±1.18 5.62±1.13 

6 In 5±4 6.25±0.76 2. 77±1 .19 
out 6±6 11±5 3.13±1.68 3.92±.2.38 

2 In 13±7 1±1 2.80±0.19 3.25±1.21 
out 1±1 1±1 9.38±3.08 8.05±0.63 9.55±5.93 3.93±.2.60 

3 In 4±.2 1±1 1.30±1.30 1. 75±1.61 
out 3±.2 1±1 1.63±1.63 1.55±1.55 

4 In 35±14 11±7 
out 34±17 167±154 



TABLEGJi (continued 4) 

.Bnu.Ll 
Tran- Eleva- In glamluiQ&a 

Week sect tlon Out Forbs Grasses leaf twig 

2 In 1± 11.62±6.38 36.13±.29.00 
out 2.±.2 6.43±3 .1 0 5 .00.±.2. 41 

2 In 1±1 5.18±2.04 6.38.±.2.01 
out 30±8 6±4 4.68±1.89 4.63±1.72 

3 In 1176±345 579±310 
out 316±85 281±209 

4 In 94±31 76±30 2 .13.±2 .13 2.55.±,2.55 
out 19±19. 116±46 1,56±0.94 2 .13±1 .88 

3 In 1±1 3.±2 5.80±1.41 7 .05±1 .81 
out 5±5 1±1 7.30±3.48 9.00±4.86 

2 In <1 3±1 3.55±1.44 4.13±1.44 
out 19±12 32±15 2.43±1.48 3.00.±2 .24 

3 In 78±47 30±10 5.30±0.35 6.05±0.33 
out 42.±22 4±3 

4 In 121±49 238±82 
out 16.±2 411.±278 

4 In 26.±23 5 .38±1 .35 5.88.±2.26 
out 47.±22 2.25±0.83 5.63±1.38 

2 In 54±23 2±1 5.25±1.71 3.68±0.33 
out 22±9 13±8 3.00±0.84 5.30±1.49 

4 In 60±13 4.43±1.56 4.68.±2. 19 
out 35±16 1±1 3.38.±2.73 3.88.±2 .96 

a Elevation 3 not established at transect 4. 

.Bnu.Ll 
papyrlfer:a 

leaf twig 

3.75±3.75 3.30±3.30 

.sa.ux 
pulchra 

leaf twig 

0.63±0.63 1.88±1.88 
3.75±3. 75 1.25±1.25 

leaf twig· 

~ 
&Jnuata 

leaf twig 

6.88±6.88 
6.87±6.87 

30.67±4.88 23.37±5.74 
18.75±8.43 16.63±16.12 
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TABLE G2 

Mean C±SE) current annual growth Ckg/ha) of twigs and leaves of major shrubs sampled Inside and outside of exclosures 
during September 1982 In the middle Susltna River Basin. 

~a~~lnlum Betula Salix Sa I I~ Alnus Betula 
yltls-ldaea glanduiQliia lll.lls:;bra glau~a liilnua:ta gag~clf~ca 

Transect Elevation In-Out leaf twig leaf twig leaf twig leaf twig leaf twig I eat twig 

1 1 In 140±40 40±20 40~0 

1 1 out 140±40 60±40 40.±20 

2 In 140±40 20±9 20±7 
2 out 340±120 20±2 20±5 5±5 60±15 20±7 80~0 

3 In 240±100 4±4 5±5 
3 out 340±60 9±9 20±20 

4 In 300±80 
4 out 580±340 

2 In 720±40 20±20 20±20 
2 out 500±140 20±20 40±40 

2 2 In 400±80 20±6 20~0 

2 2 out 1340±800 20±6 20±8 

2 3 In 560±320 
2 3 out 200±80 60±20 8±4 

2 4 In 20±20 20±20 20±20 3±3 20±7 
2 4 out 60±60 20±8 5±4 8±5 20±6 



TABLE G2 (continued 2) 

~acclnlum Betula Sal fx Salix Alnus B~:tula 

vltls-ldaea glandulosa pulchra glauca ~lnua:ta papyrltera 

Transect Elevation In-Out leaf twig leaf twig leaf twig leaf twig leaf twig leaf twig 

3 In 260±1 00 20±.20 20±8 
3 out 300±160 60±40 60±40 

3 2 In 120±40 20±4 20±6 2±.2 20±.20 
3 2 out 200±80 20±20 40±20 5±.5 20±.20 60±60 180±180 

3 3 In 600±400 40±.20 20±20 20±<1 40±.20 
3 3 out 280+140 <1±<1 <1±<1 40±.20 80±80 60±60 60±60 

3 4 In 40±40 80±20 140±20 
3 4 out 20±20 2±.2 3.±.3 60±40 8±4 3.±.3 3.±.3 

4 In 420±60 40±.20 40±.20 
4 out 320±80 20±.20 20±.20 

4 2 In 220±100 20±5 20±5 
4 2 out 220±120 40±.20 20±.20 

4 4a In 200±60 20±8 20±.20 
4 4 out 360±160 5±4 4.±.3 

a Elevation 3 not establ lshed at transect 4. 
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TABLE G3 

Means, standard errors, and number of tw lgs required to samp I e wIthin 1 O% of 
the mean with 95% confidence for basal diameters <mm) and length (mm) of 
current annual growth twigs for major shrubs sampled for the plant phenology 
study, middle Susitna River Basin. 

Shrub Species/Category Mean 

Betula g I andu I osa 
Diameter 1 .8 
Length 47.2 

Salix pulcbra 
Diameter 1.9 
Length 53.4 

SalIx glauca 
Diameter 1.9 
Length 63.5 

Alnus slnuata 
Diameter 2.9 
Length 87.0 

Betula papyritera 
Diameter 2.3 
Length 119.4 

Standard 
Error 

0.01 
0.82 

0.06 
3.76 

0.06 
5.02 

0.09 
5.00 

0.07 
7.03 

Estimated 
Sample Size 

15 
121 

25 
115 

33 
223 

26 
86 

23 
90 
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FIGURE Gl 

Mean b fomass of forbs and gramT nor ds Ckg/ha current annua I growth) by 

week, plant phenology study, middle Susttna River BasTn. 
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BIOMASS 

kg/ha 

5 

31 May 
3 Jun. 

7Jun. 
10 Jun. 

LEGEND 

FORB 

- - - GRAMINOID 

14 Jun. 
17 Jun. 

TIME 

21.kn 
25 Jun. 
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FIGURE G2 

PloT of basal diameter and length of twfgs of current annual growth for 5 

shrubs, plant phenology study, middle Susitna River Basin. 
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APPENDIX P 

1983 PHENOLOGICAL STATE TABLES 

-
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------------~--------------~-----------------------------------
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·1 Table Pl-1. Tests of partial ~Jnd marsinal associat,ion for F•henolosical 
·j advancement,, aspect, elevation, and sl OF•e' fJev i 1 C ''eek' Pe J' i od 5' 1983. 
l! . 

. .. ~ . 

·-,-~-=-;·;mmii .... . .. . .. ;·-··:•--·--·· . 

PAE. 4 26.96 0.0000 20 21~48 Ot0003 6 
PAS. 11 ·• . 5t54 Ot9023 17 18.36 0,1052 6 
PES • ------~ !~..t-~c$ 0 • Q.QJ? ___ ?,_ 24_L~-Q 0 • OOQ.9:.._ __ :~-~==-....~-

----AES·~-~--·-·- .. ~--~·-·~- .. 12:--_ .--._-._~_-1_3,5. 72~~-_-'.o:...;.!:....' a --,...------_1~49. 21---... -. ~o. 6 
.. ,', ' · .. :; . 

_?..A.E.S.t·--· _____ .;. __ -_.9r._.~ · 1J..t_02 ___ 0_u'?..Z.O .. w-_____ __.;.,__·_··_.__~----~c-_.;....--------

·.·. _,' 

·.··.· 
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Table Pl-2. Standardized deviates for Phenolosical 

__e_le_vationr and slope,Ilevjl Creek..L _ ___e_.eriod ::;, 1983. 

ELEV ASP PADV 

advancement,asPectr 

~ •. ·' -0-3 BUrl 465 ·E-SE-·. ·· ... -:r· • ·-o.u ...... ='.._~ ___ ._.7~:... • .._2'-_-:_.;__:._ ___________ _ 

I. s . -1.2 4.6 
'sw ·. -1.9 0. 4 

- w -1.6 -1.7 

I 

I 
I. 
I 
I 

I 
l 

NLI-NE ·.· · 3.6 2.5 

ABV .46SM E-SE 

-~ .. ··--··. 
~: . :-:...~. -~ · .. . .. '·.:·' :~ 
-~~;~·-.. ~.r·;· ___ _ 

:.' ... __ ~-

3-10 BLW 465M E-SE -2.4 1.1 
s 0.4 -1.4 

-- -.-,. .:-::.s~:i_;/··:>-- =-

------·-

ABV 465M E-SE -1.0 -0.6 
s -1.5 -1.2 

.: .. 
. . _,_,__... .. ~ -

. . --r . . 

---------------------------------------~-----_ 

f--G R.__.3""0...__ _ __...B Lt.LA65M E-SE 
-0.6 -o.o 

4.1 l 

s 
SW -1.5 

. _ .. ·._ 

.,:·- :··.,-1 •. 

~. 

_.,._ 

. -:· 
~-J·f;.:~~ ~ :~··;->~-- . 

i 
I 
t 

J -1.? -
·----------------.. ~ .. ~N~W----N-E~.~;~;(~ .. ,~. ~~4~.-~8-~~~-~.0~.~3~-~~--~-~~~~.~-~--~--~----,.~ .. 

I 

t 
i 

-~ •.. > ~~ -, :~·-· -~ . :.: -~- • ~ --~~-- " •••• •. ~;·:·_,,,.::. • 
. ·····~ . :·;;:-:··=-~;·:_.;.-: •. :;·-:;_~; • .:·. ' . ·>:··-~-~~ 

~-----------,_:A_B_Y_A_65Ji~St:..E...:...· __:__;__ _ _:__=..Lt__..__L_ __ -=~._u...---'--------------"""' 
j s 1.1 s.s 

sw -1.4 5.9 
w -0.9 0.8 
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.. : . ~ 
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-~ ·- -~ ... _ 

, .• ·C}.. • .,. ... ~~;_j~_--::._-. :::,.·~:- .. - ...• , -

Table f'l-3· Observed f-reauencieS_ for PhertOiO!:tical-a·dvance"iter.-i,asPectr. 
elev~tiono and sloPeoDevil Creeko .Period 5r 1983. 

l 
i__.At..CI£.£ 
I ------

LATE-I'IID 
·;. ' - · .. EARLY TOTAL 

------------------------------------------------------

' {-, 
~} 

0-3 

10-30 

BL\1 46SH E-SE . •.. 2 -1& I 18 

ABIJ 465H 

ABIJ 4&5H 

.. .. : 

ABV 4&511 

~ 3 
sw 5 
w ' 0 
NW-NE 27 2'5 I 52 

E-SE 
s 
sw 

E-SE 
s 

lrl 

_,.,.. ....... 

NW-NE 

. : ~ i •• : & 
-~~-:..::.:,.._ . . 5 

15 
67 

B I 14 
7 I 12 

19 I 34 
5& I 123 

-----~--..;.-~--"':'--:-..::-~-:-------I--:-~':"'----- ·-

TOTAL 

E-SE 
s 
sw 

·.:->'. 98 

. : -~ 0 
4 

·. 5 

98 I 19& 

1 I 1 
·3 I 7 

.. 7 I 12 

·.---~-=-=-=-=--~-=-=-=-=-=-~--~-=-=-=-=-=--~-~-=-=-=-=--~-~-=-~-~-~--~-=-=-=-=-~-~--=-=-~-=---~--~-~-=-=-~------------~ I .. """"' . · .. ·. 

r 
i 
I 

GR 30 BLW 46511 E-SE ·::::-;;.:' . . 0 1 I " -~. 

S 1 2 I 3 
SW 0 9 I 9 
W 0 0 I 0 
N"l::l4E 2.2 10 I .'32 "", ----------.,-. __ u_"'----------:----------------I---------

i TOTAL 23 22 I 45 
1 
L ABV 465!1 Es-sE o o I o 
- 5 14 I 19 
l~ _________________ ___swL-------~~_Jl ______ ~lub~IL_ __ ~1~7'-------------------~ 

w 1 4I '5 
tnoi-NE -.~;.,..o -----~~-., 0 I .. 0 
-----------~.:.·.::...:. ___ _: ________ ..1---------
TOTAL 7 34 I 41 

.~;- ·.,-: . .: :; ·~ ,.:. .· 



.. 
---·---· . __ .. 

I I Table Pl-4. Standardized deviates for ehenolo~ical advancement,asPect,-
f--tievatiqn_, and yegetation .tl:1pe,Devil Creekr eeriod s, 1983. 
I . 

I ~=~·---
. .. :~ ,_ ... . 

ELEV ··· ... . ··PADV 
·------

LATE-MID EARLY 
---------------------------~---------~---~---

l
i w .. 1.5 
' . . · NW-NE -2.0 

ABV .465M E-SE 
·s 
SW .. 

w 
NW-NE. 

8.1· 
-2.1 

-1.1 
·-2.7 

-· ~-

·-

·1· .::,~4¥~i1·~~~J!~1lff~s;~~~~~~(~1~§!f~~t~?ff. ~;~z~:tt·~f~t~~!jtdt1:~l;¥.~f 
I TS-LS BLW 465M E-SE -2. 5 7. 0 
1 s -2.2 ~2.1 

ABV 465M E-SE -2.5 -2.4 

. :· • · .. ·::: .. ,?:;,~,;·:.~~- ·~·w,;,_ :~·::.:,<.<·,:;;;~~~~~;·;··· ~;+~ : .~-·.t • ....... :·<' .. -2.7 
-0 t 1·. 

:___ _ _____,.,..,_....,..,.._---'-_____ .. _, '...JNu.W ,;..N E . . 3 • 3 ·3.7 



Table P2-1. Tests of Partial and marsinul association for Phenolosical 
advan~ement,ve~etation t~Pe,sloPe' and elevation•Tsusena Creek , Pericd 5, 1983. 
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Table P2-2. Standardized deviates for Phenolosical advancement,sloPer 
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Table P2-J. Observed freauencies f6r Phenolo~ical advancement,ve~etation t~pe, 
.::!l,~vatior" and slope,Tsusena Creelo Period 5, 1983. 
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i .. l Table F'3-1·. Tests IJf Partial and llliHginal <:lssociatirJn for F•hanolo!:iical · · -~. 

'·; ~~ .'].· .·~-~ ::*~x=~~!C•I:~:::;~;~:;;;;;;~:;:;;~~:n~E.::::: i: ~:DeErRE ol=·~::~ N~: :.~::U:~::3~ ... ·-··· . · ..•... ·······-· ... -
j . . . . . . _,, ,· ii: ; . PARTIAL ASSOCIATION ... MARGINAL ASSOCIATION 
j EFFECT ·. · , ·. D • F t<'ti( CHI SQUARE .· F'ROB ITER · CHI SQUARE PROB ITER 
-1. ______ ........ - ..... --~ .. .L._~;.:.+:;;~ __ ,:.:..:.:l~;~::.~.,:.; _______ ...;_·: ' ---- . . ·;.: -·: ... __ :._ _______ ...;_.~-----·-··---- .. ·. ----. . ........ " .. 
1 r--. , · 1: r;.: ;.4os.1s· o. ,, <· 
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v. 2 .. :; i . 86.08 0 t . ;· 
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: }blE! .. ..£:..~:-:-:.2.~ Standardized deviates for Phenolosical adva.nce,nent,as?ect, 
sloPe, and vesetation t~Pe,Fos Creek' Period s, 1983 • 

. .. 
; ... --·- : --· . '-.:· ·. ~ ._ .;.· ·: .. . 

&..'C SLOPE A SF' PADV . 

. -- ~- . -

-- --·-~---~--~--:..:..-.-·-··~-~-LATE-MID EARLY··· .. -: :.-·-. . ---------------------------------------------
CF-CF 0-3 

--- ... --- ---3-10 

SOUTH 
NORTH 

·-·.- •. 
: -··SOUTH 

NORTH 

-------- .... 10-30 --~-~SOUTH 
NORTH 

· -- _;_;:~::...: . ..:.z. o 
.-1.4 

-1 t 4 .. 
1·9 

-1.0 
-1 .• 1 

·-:-0.4 
-o.s 

~ ----...-----------------------------------------------~-

WF -SCF;B . 0-3 . . 
. ___,... -·:- -:·--·--- ,: . ---·. ... -

SOUTH 
NORTH 

.. 
3-10 

10-30 

. . . .. 
-· --~..,;:; ...:. .. __ .... ,:_-___ ~ .. -;.. ,. 

SOUTH 
---NORTH 

.. 

SOUTH 
.::-'NORTH 

-0.4 
6. T·-· 

1.1 0.2 
--·-e···-1 + 5 -· ·· ··-· -2 t 0 · 

-1.6 
····----· -1.2 

-0 .. 7 
-o.s 

---------------------------------------------

- ... ---~- .... . .:·;··· ..;_._~ -·:~ ~--~- ... ~~~·-. -- :.- ....... :.-.......... :-:. 

•.• ·~ •• ··~.-.·::~ _. ·,:,. ~-, ,; .I • 

.--LOt:JS.mB--·- 0-3 ··· -- ..... ::.:.soUTH-· - .:..: __ ;.;..;~ .. :-·2 .1-
NORTH -5.4 

·. .~ t . • ~~ • ' •• - .• 

.· 3-10 • SOUTH 
. NOHTH 

__ ...,._ _____ ~~----·---~-... ·-·-----------.~---.... ---- ... - -------........... ~ -~-. 

~-

' . 

10--30 ·SOUTH 
NORTH 

. -··· ·--- -- ---------·- -· .... ________ ,., _________ ,. ·- ·-

. ·..;._:-.:• ~ ·- .. 

-1.6~·-·-·· 

-1.4 

-1.0 
-0.4 

-0.7 
-o.s 

·.··. 

. ·"""·. ·r 

--·- ·-- --~ ~--·-

.. 

· .. ~ 



able P3-3. Observed freauencies for Phenolo•ical advancement,aspect, 
'e~_~t.ati_o_n tYee' and slope,Fo:;i Creek, Period s, 1983. 

LATE-~HD EARLY TOTAL 
--------------------~--------------------------------

. : . ~· .. 
. ,· .. 

.. · .... 
:"' CF-OF ~- -- 0-3 --- -SOUTH 7 0 l - 7 

NORTH 32 6 1 38 

----~----------------~----1-------~-
TOTAL 39 6 I 45 

.•· . ··:· .. ; . ~ . 
.. ,_~.>- _.- --· ·-3-1.0 :· -- . SOUTH_-~~---: . . . ' 5 .. 0 I 5 

NORTH . -, ·11 . 0 I . 11 
----~---~--. ..:..~-~---:----:---·:_, __ ---I_..:., ____ =---

------~~---------TOTAL:: .. ,:_· --..,··~i·,_ 16···· ·· 0 -I 16. 
· .. ~ .:·: '·:·~'· . 

. : .. .-:·_~ .. ~-:~~:-::··.' · ..... ·_"_.r?"j •. 

10-30 SOUTH 0 ~ I Q 
----NORTH-------.:-~,---·----- 6 --,--· -... ·-~ 0 -I· 6 

--:----------~~~--:-----~-----1----~----
TOTAL. ·. · 6 0 I 6. 

·~·- .:,.;._:_.....__: -· 

-----------------------~------------------------------

_:~w:=-scr:B----o-3 ---------sou:fri--~--:.... ___ ----- · · s ------:-- · - 2 I ___ " __ , · -7 
NORTH 85 17 I 102 

---------------------------1---------
-·· ··------ -- - · --·-·· - TOTAL 90 19 I 109 

3--10 SOUTH 42 
40 

3 I 
0 I 

4 G:
. .., 

·- -- ..... -- NORTH .40 
~-~..:..---------:----------~---1-------~-
TOTAL 82 3 I :B5 

10-30 SOUTH :-- -,_::. ,~,-- • 2 0 I ·., 2 
. NORTH . .· .. · 5 _. 0 .I ··: 5 .. . . ·.:.~- :: ___ ::.:.:.:..;;·:::,-:.::_ __ ._._~-~;...------------I _____ ._--:-----

~:-" -:~;. __ TOTAL.:· · ·· ·.:.;_;;~;_~.;t¥i:''<7 o· I .... - . 7 .<-::_· 

--~ I 

• ; 
j 

i 
I r 

.. ···---~ .. /·T~~~~~·;;).::;;_~: -. , ... _ .. 7§i.'_:·:: . ·.- - ~-~-:-. ;, ·_ :_ . -:_.- . 
_..;;.~.--·----------· -~----~~~---~:.:.:~::--------:------=----..~--~- :-.~.:·~-~~~:7~~ -···----~~-·. 

/.f;::~:-1.:~: ~-- . . ... · .:::'.~;: ~-< :. ~··- ~.-::<:~·:,.~··;. ... . ~- ~.. ., ~ -:· . -~ 

LO WSK~~~ 3 .:;;;. ~.~~B!~~J=~~~~~ ;~ -~~2.;:-'~t-t~~~:;~_:_:· . : ··~ .. -,~-------· .. _ 
':'._. TOTAL' ,:,··;--'·'i ~:-;':.•:·>·:: 58 . ;.,.,-:·:. 1 -I :59 

.. ·•. •·. -· · .. ~ -·1··;_·,.... • " .. .. : • . ·. -· ··:·+_;,~~~: .. 

.-~. 

------·. ~··-:-~-·---""':"""''. ------·- ··---;--:--:---·-. -·- ":'.-::-· -- ._ ... __ _ 
3··10 SOUTH ·· :·'.•··.,·~;~:.. ....• 77 ''· · 1. I .. , 78 

. . · ... ·NORTH . -· .. : .. ~~---- 33 . 3 I -- 36 

·---~ 

.. ---· ~ 

--------- -----·-~-- ___ ._ ____ .:_ __ ,.;..:.;__· __________ . ____ I------------ ..... -- ... --- . -------- --·------· 
TOTAL 110 . 4 I 114 . 

• ·• : .• • < •.• ;- ~ 

------------------ ·1 0-30 -----SOUTH· ______ _-_ _:_~--- 0-- -•·-· ----- -· 0 I · 0 · · -,-- - -----
NORTH . . .. , 23 0 I . 23 

--------------------------1---------
... - -----------------------TOTf'\L------:------23- ·- ---· ---0 -I-··--- 23 ---------------

·~ t.=; ..... ~~'<<f;l~:-7:"·!=~-~~~~-4 .. · .. f.-A':-'t::='!f".. • . .-.-~.'~~~~-·,:.:.-_-_·. ··-.. ---~ ·::[<: . ~-. -:-:~· ."'. : '• ---·"':""':~:---.,.., 
·.:·· 

~-~-~~~~--~~~~~~-------
.• /'.-~l:·::--

"4.·:;.·' . , r .•> _. ~ :··• 
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Table P4-1. Tests of Partial and marsinill association for Phenolosical 
" _ _e_tj_'u'lJ1!:.'.f!1JJ!.e..n.t..~il_~_on r slope' amJ_a~~J.J4J:~.~~-ii!IHl_Jil~1er :i. oi:;J 5, 1983 '--··-····-· 
I 

-·. L \! , ,:.~ ;,_ .; .·_-. ....,..··--~:..;...., __ :-.-;::---_ _..~·""'! .• "'"'i(~.:::-'·· .... f,--J~~=·;!~.,-:;·_....,.~..,..,.::d"";_~~.,.,1 .... ·a~~a-r.I;LT-~"!'.::~~.~"t"'"tv."""llirr!~'""'"l:--:: .:o.:;r.:_-~~:~"")~"~:-:""'i·· ~<:"'~,~;!;:;"'!,_;~~~-~-!?~( ~::~~. -___,.,....~ ,, ... -- : · i~.< :.::, .,: , ;.~J:,~.t ,;;~:~: :,; . 

. :j ***** ASSOCIATION~OPTION-~ELkCTED FOR ALL TERMS OF ORDER LESS THAN OR EDOAL TO 4 
:1~:.,·--~ -· .. ··· -·-·--·-- .. - ....... ···r- ,. ··-~-- .. ·· :--·.;.;:·:·~:i·+-:--~~--~-~'-.. ,. ,,; F'ART I AL. AS SOC I AT I 0 N ..... · .... · :·~_;_~_:·•?~ .. · -·· ··· HARG IN AL - ASSOCI AT I ON ·: ·. 

EFFECT · ·'~:<:; ... }'Ir~F;.t:f •. CHISQUARE: .· F'~~Otc .ITER·.>·,.· ·:-:,_·:cHISCWf,F<E ._: F-'ROic ITER. 
h ---··--- ..• ~-~·· ... r .. 7·:-'--:'. : .. _.,; ---···---··- ··--- . .. ..;·:: : ·. ~. ----.;..--~~-~:.. ·----
l' ...... F' t ··~- ..... ---~ ................... · .. ·-:··-·····-·-1··:-··"'~~j"""·134·t 83 ... · 0 t · ., ... .:... ·--··---"c~----· .. ···~~~-~ ... -· 
~l ~:,. . .··· -~· ··3· ·':.··.'.66'.26 o. ; 

~ ·}! E. . . . . . ; .. i. ·.~ .. !_ ·,;1'·:.-.-\_;;l:· .. --62.~~7 · o. .. . . ... ·. ., .. :. 
: ':if·· 6 .• -- .. - ,-. .c~--c .;"fi ·f~t~ t1·.; 0:1 : s 0 • 9 a. •. . . . 0 • ·~ - -· -· ··-:-··~~,--,· - ··---. - ': . :~ :- - -

,. ·' ;I P A • · · · •- : . . ' ·:. . 3 ; . i L · . 91 • a 9 o • s · · . 9 i • a 3 . . o • 
~~·-··PE~... ·-····--,u--~······-·-····--: ........ _;··-1-~~·-··· ~- .. __ · .. ··· 1.17 Ot2796 5- .-~---~ .. ~--···---~ .... ·.:_ O:t-46 ·-··· 0.4.9'62 
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-.IA.bl e_.f'.'l-,;t. Standardized deviates for F•h1-:mol osic~l advancement, as::>ec,....:t~''---
elevation,. and slope,Watana Slide, Perio~ 5, 1983. 

/ 

SLOPE--··- ELEV · · · ASP PADIJ 
---'-:'--

LATE-·MID · EARLY 
. ____ _......._._..___----------------------------------- ... 

•. · 
0 -'7 

. •J 

··-:" . 

,_ 

3-10 

~- ---~ ----=------'~ .·~ ... ~ .: .. ··- _ ...... .__ ___ _ 

BLOW. 765 SE .. 
s-sw 
w 
NW-E. 

- ·~ .. -·-----·-· ............ __ 

1.8 
o.s 

-0.3 
.-4 .2 

ABU 765M SE . -4.2 
s-sw -o.7 

----w .... ··---:----- _:· ..... 3. 4 
_NW-E 2.2 

-3.8 
-6".2. 
-o.s 

'··3 .1 

-2.7. 
-1.6 
1.6 
B .2· 

--------------------::------------·-
BLOW 765 SE 3.5 -3.6 

·------·------·-S-SW·-·--·--·-·-: . 0 • 9 _..; .. ----· 2 •. 7 
w 3!.3 -0.6 

· NW-E -3.5 0.2 
·----------------------- ··--·--·-

.... .. . 

; .. 10~30 
r·-··· .. .• . , 'i ........... · .. 
' 

ABV 765M SE 
s._sw 

... -· ---··.. . ·.W 
NW-E 

0.9 
-1.8 
-1.7 

0.'3 

-2.6 
~1.4 

1 .. 4·· 
2.1 

-----------------------------------.... :.,_ ... , ..... ·: ~: . :-·· 
... 

BLOW 765 SE . 3.5· 
-------·· _ _::s-sw ------- ·.- -4 .. 7 

· , .. ~. vl · ._ _: · · - o ; a 
NW~E 0.8 

. 0.7 
-2.9-. 
-1.4 

·---····---.-·---------;--·--::-- ------------
. . {4·.3;· 

. ~-~ ""!~~. ' :s. 
~·" . 

ABU 765M SE 3,2 -1.4 
·s-sw -o.s 2.7 

-- __ ....:..:. -- .:.~. 

-

-

~I 

--lrJ ... .:..... _________ 2 .2 .......... -1.4 -- ·-- ---·- -· - --· 
NW-E. 1.8 -1.6 ,. 

:--··------------------ ···-·--·-. --- ___ .. _ -
-~~-----· -·. ---........ . ·-- ----·-··----- ~---
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-------------------------- -------
Table P4-3. Observed freauencies for Phenolo~ical advancementrelevation, 
~SP-.~ct~--- __ an.d_~l_a_P_e_LWLtarr.~_j~_l_!_c;i~_L_~iJ:LcL..!iJ~1.._9L8l.L!d3-t•-----------------

. . · '=:o;_· . 
. ".8:: ·-~ ,..;; 

-~--2 
~:.::.. 

. · .. .. ·:-~ . 

. ~ · . 

•• -,....:.!· ••. , 

. _______________ -:;::. ________ . ---------
. . ~t 

LATE-MID EARLY TOTAL 
-----------------------------~---~--------------------

" -lJ-..) ·BLOW 76'S SE 49 0 I 49 
- s-sw so 42 I 92 

------- ---------- ------'-~-w- ..... ;:c~.:-···----- 18-- 5 I 23 
· -- NW-E ·. ·· . · 4 . 0 I 4 . -: .. - . --.'. ' - ------~· ___ ::.. ___ ...:. __ ..., _________ -:-]--·-~..:::.· __ _ 

.: __ ,_·-'· :::_-~----·-----TOTAk--···--,- .:,.. .. :,_~L121 47- I 168-- - - -----------: ·. 

ABV 7 65M SE 1 0 I . 1 . , 
-----s--sw -~o - · 4 --I- - · - -24 - -- ·- ...... -- --- -- .:_ 

·: , W 21 · 7 -I 28 
. NW-E 21 23 I 44-l ' ; ,: ..... -~-. . 

-----------:-:-------------I----------- __ .;_; ____ ~--- ._ -·-
TOTAL · --:· 63 34 I 97 

' ·.-.. ~- ;:· .~:- .... 
~---
~ . i . 

-------------------------------------------· 
3-10 BLOW 765 SE 55 0 I 55 .-

---··------------- ------- · s-sw 46 - -----· --· 26 I 72 
IJ 23 5 I 28 
NW-E 6 9 I 15 

·----------· ---···-·-- ·-------··--:-------------:---------------1-:--:----:---
.. 

...... -~--- -----------l-OT-Al---------130 · 40· I -170- -~------- ----

----------~·--·---.. -·-· ------·-
-1 . ----:;,-~,::;;_.;_ __ .,;.·_;;.;.:.;._:;,: __ .:... ___ .:_ __ :..;;; __ ~:~-------~-----..;;~-:--------------...:. 

..• ~-- • •'.•'!'.· ~""~"'..-.· • • . • ; ' ~ ... 

'·_...:.:.:..1-£,. 3e~----Itl::-ol.r:--7-~SE ' .,,_,· ; -34 __ : ____ · ---9 -I- -43--·---

. - ··- ·--·--· ·.· · ... .. . ·_"-.. ·~- .... s-sw;-~·_ . o · o 1 o 
.- .... . '•:• .. ,., .... ,~ .. ·. ··-· .·. ~_.-o,>.·;~'W 7 1 I 8 

------~--~------. -----· -~~-1--JW-E-~-----------· -··15 -------- 14 -I 29 

--------------------------I---------
TOTAL 56 24 I BO 

ABV 765M SE 20 1 I 21 
s--sw 10 10 I 20 

- -----~-------·--.: ...... --_----w ·- -·- --~------·-· --- . o - -o I -- o 
NW-E 11 0 I 11 
--------------------------1---------

. ----·------------- .. · ··------- · TOTAL 41 ·--- -· -- · 11 I 52 
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Table E'4-~·. Standardized devja.t_es for ehenolo~; cal advanceu~elevation· 
ve~etation t~pe, and asPect,watana Slider Period s, 1983. 

·VC· ····-·-·- -· · ELEV- -:-~- .. ·ASP PAI&V 
. l 

LATE..;.MID EARLY 
(~ __ __..:,_ ______ ~~~---~-~------...1"---·--------------. ~~1 . . .. l • 

. . ... : ::~ ..... ~.·...- ... :.".:"/;::'t·i~~- _.:. :. : . 
. OF : · -~ .. :a·LOW. 765 s·E. 

. ------~-- __ .. _.;.... __ . ___ : .. ·· ~- ~:...--. 

.. 

. f 

ABV 765M 

s-sw 
.W 
NW-·E · 

~;,~·;;. .. .. s-sw 

1.2 
·3. 7 
1.3 

-0.5 

2.2 
--1.0 

·. -2.3 

-:-0.7 
. -1.0 

·, -o. 7-

;·-· .. · _._ .. ·---·-· __ __.:~_::_ -_-,_-···----~w . . ___ _:._:__~·:··~·· -2. 7·· 
... Lii~:-:~(. .. .. N~J~E -o. a 

,...1.9 
0.2 

-1.7 . 
-1.9 

·------------------- .. 

WF-SCRB BLOW J65 SE 
,______ -S-SW-·--

.W 
NW-E 

·4.2: -l.S 
. - f~-s· . ---~-2 • 3--
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-2.9 0.7 

------------------------------·. ·------ --· ----· ·- -.. ----- ··--·--- ... ---
.::\ ABV 765M SE 

s..:sw 
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. . . ~ 

--· ... --- ---------- ... -.. --- -- . w· ..... --- .. ---- __ .. _ -· 
NW-E 
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2.-3· 
0.1 

. , ... -~· ·····_:~: .. · •. -·~~-: 

'~ ...... ',.-.. --~~~;~-~------~~:----· __ .:,. ____ ~~--~--------~-~--~.~ ~· ~·· 

,:.·· .. :··;;;:,·' 

.... • ... · 

.• 
-------~-:-------------·-- ·-----· .. ____ ···-· 
SE 
s-sw 
w 

'NW.-E 

.. , :,.:'" .:'.:~ .. 3 • 1 
. -3.7 

. /.' .':: ;' ' _;.;..1 • 3 
> .:.·.· _: ,.. -4 .1 

·----------------

-3.6. 
·::;. 5 ·. 

-0.6' 
0.2 

ABU 765M SE -o_~B -2.6 
s-~w -1.4 -2.s 

. .:..:--...:---w --------'·0. 6-.. -- .. - · -2:.-4, ~-·--·· -
.. NW-E 4 • ~ _i2 :_?;~\ .. -· :, 

____ " ____ flll{ill\ 

·---··---···-··--- ··-· ··- ··-------~ 

~· 
. ~ . 

. ' ., 

.· .. /:":... . 

...... . 
·~ : . . -
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~-T a b.Le_f~5...=-L~_e.s.f&__ of P a r t i a.l___an d m a r s i n.iti__il.S_S o c i at t c~1 F• hen o 1 o s i c a 1 
~~-------------advancementtvesetation t~Pe,s1oPet and asPect,Watana Creek , period 5, 1983. 

· .... . . . . . , ; : : . · ';: ::~~·~H::t}~.~: .':· • :· '> , . --- · ~.- ~~-: '1~$!: ~t~Jti~1~t&~t~r~,~~: 'N(j;;o;:¥s:·:~;;~7:':";;;r', , :: · . 
--****LA.SSOC.II\l-I-ON-O.P-T..I.ON~SELECXE:.n..::..JUUt~-.A.l.L-I.E.R.~tS-O.F--O.Rilr..F<-L.ESS 'THAW..:.OR' EO-UAL' TO· •·-4· ·. - :· · ·. _.,-. ·;·;' : . . 

EI::FECT 

F' • 
A. 
v. 

s. 

· PV • :; 
Ps.r 

·_AV. 
AS. 
vs. 
F'AV·.· ... 
F'AS • :_ · _; 

. .·· .. :Qtt''.· 
Avs; 

·, . . ; 

..... ·, .. 
I o '~ • ' 

~ .. .', . 
' ," ~ I ':o ' 

(. 

. . d ... ' •. 

. . · .•. \;({!'( · ."- PAF'<TIAL. ASSOCIATION MARGINAL ASSOCIATION 
:•. ·~ D.F.:"iF·'~CtiiSQUARE . PRDB ITER I CHISQUARE PROD ITER' 

' ·f·. --------- -· .. 

·--: 

-2 
. .·. 

., ' 

' -.· .· .. : ··:f··;;!. 

··~··: ':<. ~~···· . 
··..;. ..... :. ,' '·~ •. . . • ' • ·:·· ~.! :"~. 

.:.:_; ,. . ...... 

73.22 

o. 
o. 
o.-

o. 

--------- .----

.. ,_ .. . :. 

. ',1 ·-



--~·. 

-:~.:-

c .. :,;~.~, 

.. ;;~ . 

---~----~-~- .. 

Table P5-2. Standardized deviates for Phenolosical advancement,sloPe, 
vesetation t~pe, and aspect,Watana Creek, Period 5, 1983. 
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E-W 
NW 
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--- N 
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2.9 
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.. .... .. -2.0 
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NW -1.3 -0.4 
N -2.0 -0.7 
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. '., 

. ~ .:~~·~:·::~_;_:{~'· ~·; .. ... 

-E-W ---~;;,·· ... -2.5 -0.8 
. . · 

- tw. ···~·:>-:-,, o.9 -o.s 
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~~i- Table P6-2. Standardized deviates for 

.. .....:s~1nd aspect, fish Creek' period 
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5, 1983 
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r~' .... -. 
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. k-~~!.__. --~---------- --· ----- ____ .. __ . --· .... 
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W-NE 
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~~ ·~ .. ,., ... 

-1.8 
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Table P6-3. Observed freouencies for Phenolo~ical advancement,elevation, 
_as._e:_~_c_:t. _ _, __ ao_d_.s..lD.P__e_,_F_i_s.h_c..r_e_al:', ' p e r i o d 5 , 19 8 3 -

·' 
· .... ·--.-···----. 

SLGf·E ELE\.' 
·------ ._-.- ... ~_ .·. r· r ...... -· .... :: L.e, ... -M.:. :..r 
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·_sw .·.·:~:;;. ·_- .9 o I 9 
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-------~~~-------------~--1---------
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3~-10 . ~--. P.LW 7b5M. .E~s 38 
sw . . . .......... ·· ... 7 (;. 
W-NE 81') 

TOTAL 194 

20 I 
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- ..... 
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'.:·; Table F"6-4. Stand;;ndi zed deviates for r•henol os ical advancement' asPect' 
.. eLe.'l..ati_o.ru and ve!:letation typerFish Creek, eeriod 5r 1983. 

. \) !C . _ .. _..:__:....ELEV----------A SF' 
------··.-
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. . - ··- -:-:- ~~-~-~.:----~ .. ~ :.-:...::: -=--~---7- ----:--~- ---------- --~-...,;- ..... ---=--· . 

OF 
----------

BLW 765M E-S 
------SW :· 

W-NE 

... -.----------At-tV -765M E-S 
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. . .. , .. 
-2.8 ·. ·'· -6-.J.) . . 
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---------~----------~---~------¥-------------

. LotJSHRB BL"l·! · 765M E-S 
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~::ti'-:..· ·' 
:.·" 
< 

i" . ' ·.~ 
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LloPe' and asPect,Kosioa Creek, period 5, 1983. 
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-3.1 
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. . ~- - ·. __ -. · . 
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~t --------------------------------------------------------------------------------
3-10 BLW 675M E-SW -2.7 

W-N , -3.9 
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W-N .. -1.9 
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~·------------------------~-----------------------------------_-_-_-_-_-__ -~--------------------------------~--~------------------
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. W-N 
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-5.3 
5.9 

-~. . 
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~. ~ > ~ 

· . ,_,_,_... -.... · W...;,N ':> ·>. -7.6 -:::<: ,;::2·,:4·· 

~~------------------------------------------------

.... - ...... 
. t ~ :-.. . . . >, -~ . 
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~~-~~=-----~~~~~~~~--~~----~~~~--=-~-~~~~~--~~~--------------~ I. GR 30 • BLW 67~M ~::~w. ::;;;Ji';_t;:i:~ · ·· ~~:1 -, 
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! 
1 ___ . 

ABV 675M E-SW 
W-N 

-2.1 

· .. _ _, : . 
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1 Table P7-3. Observed freauencies for Phenolosical advancement,elevation, -
[ __ a_s._pe_c_t, and slope,J<osina Cree_l(..._t Peri_o_d s, l£_B_JJ__ ______________ _ 

·--------~-:-----:-::-=-----SLOPE ELEV ASP PAIIV 

----------------=LAJ E -tH_~,;_I ---=E:.:A.!.!R.:...:L=-Y=--__ T:c...::O::....;T:....:;A..:..:L=---------__,_---
! ------------------------------------------------------; . 

. ~ 

_: _Q_-:_;3 ___ ___Jl_lW_6.7SM E-SW 82 41 I 123 
I • 

' I W-N 64 6 I 70 
j --------------------------I---------

________ T~O~T~A~L~-- 146 ---~4~7-~I ___ =1~9=3 __________________ _ 

ABV 675M E-SW S 20 I -25 
W-N · _ 0 2 I 2 

~-----------"_'-_....!.._'-_-_-_-_-_-____________ ------I--------.,... 
TOTAL 5 22 I 27 

I -----------------------~-------------------------------

I 
·-~ __ J-1~0L-_

1

_JB~L~W~6~7u5~-M~E~-~s~w~-----4~47----~4~9~I~--~973 ____ ~----------------
W-N 84 10 I 94 

I --------------------------I---------
~-----------~---T~O~TDAruL~------~1~2~8L_ ___ ~5~9~I~-~1=8~7 __________________ ~ 

ABV 67SM E-SW 6 38 I 44 
W-N 10 12 I 22 

--------------~_'-_~_~_-_-_-_-_-__________________ 1---------
TOTAL 16 50 I 66 

' 
---------··-------------- ----------------~------------------~-------.~ 

--------------------------------------~---------------

: ____ 1_9.=-:;,tO __ _JtLW 67~J1 E-SW 5 13 I 18 
W-N 68 0 I 68 
-----------------~--------I---------
TOTAL 73 13 I 86 --·-- _____________ _.:._.::....:....:...:.=..--

'! 
ABV -675M E-SW 2 22 I 24 

W-N _ 35 0 I 35 -, - ·-·· ----------'----!!_:...._..Ll_'-_-_-_-_-_-_-____ - ------------I---------
TOTAL 37 . 22 I 59 

---------------~--------------------------------------· 

BLW 675M E-SW 22 I. 27 

W-N 18 0 I 18 
--------------------------1---------
TOTf-1L --------------..l...lo.L...t.....UJ......___ 23 2? I 

ABV 675M E-SW 0 1 I 1 -
_____ _w~M _ _ __ 6_ 0'---.J.!~--J.C1L_ _________ _ 

---- --------------------------1---------
TOTAL 6 1 I 7 

------ ------· 



L~P7=A-• S.tandardized deviates for ?henolosical advancement, asPect, 
e ~ ~vati on' and· ve£ietation t!:J?e' Kosin a Creek' Pe J' i od 5, 1983. 

-~ ~=~~.;~ · ~~~-:.-'-. ·. ~~-~~to.Jt.tAIE=~~~-- EARLY 
.... , :.- .. 

i -----~~------~-------------------------------

! BLW 67~il1 E-Slrl CF-OF 2.1 5.8 
.--·- WF -SCRB . . -0 • 7 .,,. 0 • 4 r-"! . <··LOWSHRB. _ · ..... ~7 .1 -.0:21.6 

' 

;;• ,.''·.:/; ·. . ·.·Y.··.·: ·/. ·. .'.:>·.' .. 
I · . .... :•''• ·. •• 

r- W-N CF-OF 3.3 -5.5 
~~ WF-SCRB 7.0 1 LOWSHRB 0.6 

.. : ·. -~~;._~ :-._~ . .... . 

i ABV 675M E-SW CF-OF -4.1 0.5 
-1 WF-SCRB ·-3.5 -0.9 I 

I J_OWSHRB 17.5 ..... _.,, ···.•. 

. . ·.·· 

. . ... ~ . . . . 

~I W-N. . CF-OF .. ::_-,_. __ ~4~4 ." .:.3.3 . / __ :_:~~·:··~'--
L--.~------------~~~W~E~-~s~c~~~·~B~~-~·~:=-~1it~9----~-!2~·~8~--------~~--··_·_·-~_:'-_____ ._. ______ _ 
j LOWSHRB 7.7 2.2 _, 

. ! 
-· --··------~.....,.......,....--------

~:.. ···-~----~ ....... ·-··· .... 

-
-



Table PS-1. Tests of Partial and mar~inal association for Phenolosical 
__ il.l ~:1 v <:lf!.~_f!_DH?I!1_1 e 1 eva t ion , s J. oPe r v e !.H?-~ at ion hu-! e ' C 1 are rLC e .uu..........iJ..L-.L...Z.JI:l.W......__,_-~ 

PEV. 
PES. 

2 
5 
~-. PVS. •---~------------· 

EVS. · 6 

14.00 
25.93 
1ii.49 .. 
63,t36 

L,_ES S THAN OR E QUA:.:...:L~T~0::....__..;.:.4 ________ _ 

0.0009 20 
0.0001 6 
Q..!.9.1 .. 1;1-~-- _,__Q__~--
o. 20 

. MARGINAL ASSOCIATION 
1
CHI~GUARE PROB ITER . ,·; · . .....,_""""______ __ ... _ 

2t63 
20.69 
_-h_«L'$ 

"::S2. 88 

0.2698 
0.0043 

3 
3 

. Q.!...~.£. 5_~ :.__.. ___ 5 ________ . 

o.oooo 6 

~-----PE.V S • ..... ··-·-·-·· -·-··· •............... -······------0··--------.0 .•. 21 ______ 3...,_00. 00 ---..:..- ---'-----~-------------------

i i j ! ll J } .) .. J § 
':1} "" 



__ "[ab~e_f_'_8':".2L_lian.dardi zed_d_e_yj ates ftu ?h.enCJloS j C'al advancement' eleva+. i no • 

sloPe' and vesetation t~Pe,Clarence Creek' period 5, 1983. 

-

-

-
-

-----------~--------~------------------------------~-------
! · SLOPE VC ELEV PADV 
i ------ ------ ------ ------
i lATE-MID EaRLY r-
J -----------..-------~~----~-------~-------------

I 
I 
l 

r 
I 
I r 
' I 
' 

3··10 .. 

-.·, ..... ·-.: . ... 
QE BJ._Q_W. 265 

ABV 765M 

WE-SCRB BLOW 765 
ABV 765M 

LOWSHRB BLOW 765 
ABV 765M 

. 
OF BLOW 765 

QI(!l Z65M 

WF-SCRB ·BLOW 765 
ABV 765M 

-:. ::': .. 

LOWSHRI-c BLOW.765 
Qit~ 765M ·, 

-0 ... ..1 
7.2 

-1.2 
-o.a 

-1.9 
-1.7 

·-1 ~8 
2_,_1 

-2.7 
-1.8 

--::=:--_. 
. ~·,,:71 9 

·. ·-2...t..3 

-0.7 

3.·o 
-1•1 

0.6 
-o.s 

-1.1 
0.3 

2~3 1 

.. o·~2 

-1.4 
Ot-.3 

---------------------------------------------
10-30 

·.:·. ... -. 

OF BLOW. 765 . ,_·',',~2. 5 
·.··ABV ... 765l1 , ·. ~::: _;;:0. 3 .... 

. v . . . . . . _;. - . ; _;; .. ··:~:--~.'/~;~ ~·';. -·- . : . . ·; .. ·,.·_.~~,~~,-.. (:·;~_}.. . . .... :-"':}: . 

WF-SCRB. BLOW 765 
ABV 765M 

3.7 
-0.1 

.. -1.0. ·. 
-1.1":;·:,_:. 

2.0 
o.J 

---------------------------------------------
OE B.L~65 -l.B -0.7 

•.ABV 765M .o.o ·. -o.a 
~: .. ·;.,_:;- ..... ~· . . .. 

WE=.S.C.RB BLO.IL.2J-5 1 dl -1.? 
ABV 765M o.t 1.6 

O.WSHRIL_BLo.t~ Z65 -1 .. ? .-o. 
ABV 765M 2.6 -1.0 

. ._. : -~-~- '.::'. :>; "': _·:.~· 

'·. -:;. . ·. ~. ~ .· ... · 

.-··' 

• •• 4 

. -.:. .... 
.. 

. . ·:· ·:. :~:: . ·. . "': ... ~ . . .. - . ... ' ... 

.. ;JJ ,'·;:;cY.:·\'~;~i~¥,;:;;},~_< 



.· .. -
·>- ~:j;_~:t::i-~~~;·;;~·."i,· ~~: ":'"': .... ~ 

Table P8-J, Observed freauencies for Phenolosical advancement.elevation• 
.vesetat i or, t1:1Pe , __ a.D..!:Lli.op_e, Cl;u-_enCJLJ::.~:,e.el-.o-P.e r io.d_5,__L'1B3 ._ _______ _ 

i 
:--SLOPE 

L~:.--.:.. LATE-HID EARLY TOTAL I ____ -:_-:-_:-__ ..,._...-_-:_-:_:-__ :::_...-_-:_=_:-__ :::_::_:--_-: __ :-_-_..!o_o.!:!_.L __ !O.::_:r_u._.lo! _____ :-_--!;_o.!:!_~ __ l.-__ !..._-_-_-__ !!_u_...!:l_i!-_. ___ --------l 

vc ELEV PADV 

I 
L 0-3 

3-10 

OF 

UF-SCRB 

LOWSHRB 

OF 

BLOW 765 2 1 I 3 
ABV 76511 15 0 I 15 
--------------------------I---------
TOTAL 17 1 I 18 

BLOW 765 2 4 I 6 
.ABU 76511 6 0 I 6 

--------------------------I---------TOTAL . -· 8 ·· ··4 I · 12 

BLOW 765 
ABV 76511 

TOTAL 

0 
1 

20 

1 I 
0 I 

2 I 

1 
1 

22 

.WF-SCRB BLOW 765 
ABV 76511 

10 
.20 

a I 
5 I 

18 
25 

-~ 

~~;;~~~oi;~~~:;.·.~~::>:]~~ ~ 

10-30 OF 

.... 

' I· .• 

i_ .,'_.:- .Jo~ 

BLOW 765 
ABU 70511 

0 
. 7. 

0 I · 0 
0 I..... 7 

----------------·~...;._________ ----!-·----

~UH~ . n · . 41 U ___ ..:.--~---------...;· _________ 1--------- . 
TOTAL 55 10 

-----------~~-------------1---------TOTAL . ·· 16 0 I 16 

-~ ~~ 

--------------.:c-. :c-. --:: .. -:-.-----------:c-.------------',_"'>:-;;,~:,"5!,.~-'-' . .",;~_~~-~~-;:< ~ 
-------------------------:-----:-~-;-------------- .... ------- . 

•. ~' ;< ... '.!~ :~· ... 
i 
L__G.RJ~L---~O~F,~·------~a~L~~-~~~----~~------~~~--~--------------~ 

ABV 765M 4 0 I ~ 

--------~----~------------I---------

WF-SCRB 9LOW 765 -~~ 0 I 12 
AB.Y_26::il1 l2 4 I 16L------------I 

~------------------~-·-------------------------1---------
TOTAL 24 4 I 28 

LOUSHRB DLOU 765 
ABV 765M 

0 
13 

0 I 
0 I 

0 
13 

-------------------------- ---------
TOTAL 13 0 I 13 

TS __ _2g1 

-. -; -- _:·_-_- .. -.. --~-- ... 



) 

EFFECT 

E. 
___ s_. ·---· 

F'AES. 

l . . - l . ) 1 J 1 

Table P9-1. Tests of Partial and mardinul association for Ph~nolasical 
adv arJCe..tTte.r'Lt.J_jli..S£e .. c.i.J.~ .. l..o..E.a.t_iliflCLa.l.e.~J..a.t.i.o.n..t..S.wLt..t:.hQ..il!..C.i',.,s, peri otj ;; , 1983 + 

0 o.oo 1.0000 
•. 

J . 

-~-----~--·--····-···-~--·-·----·----------------------------====---~·==---~-~===============---=-====-------------------



Table P9-J. Standardized deviates fa_ r Phenol o!:tica 1 advancement, asPect, 
elevat.ior" and slope,Switchbacks, pe·riod s, 1983. 

'_ .. _ ·. ·.· 

l ___ SLDE.E~----~E~L~E~V~·-·-~-~~-·:~A~S~P~----··-----·~PADV 
! • ------i 

I LATE-HID EARLY 
I --------------------------------------------- -~~~~~==~~~~~~~~~~~~~~~~~~~~~----------------------------

...... - .... ·- ·- -· - ··-··. -· - - .... ~ . -· 

0-3 BELOW675 s-sw -1;2 2.5 
NW-E 4.6 -2.5 ~)0 

ABOVE675 s-sw 2.6 -1.3 
NW-E -3.0 -3.1 

., ... ~· ,.·· .. ~ . ··. . . 
----------~-------.--------------------~-~-----. 

~,--------------------------~------------~-=------~~7~------------------------------~~ 

I
. 1. 3-10 BELOW675 s-sw -4.5 

NW-E 3.4 
l 

ABOVE675 s-sw .. ·:·-.:··.· .. 
.1 .• 5 

NW-E ... .. . '.·\ i.l 
' .. ·-. 

10-'30 BELOW675 S-SW ~4.4 

-2.7 

···: o.3 
. <·:~3. 0 . 

-:-2.4 

-3.5 

: . :~-~ .... 
. .. · .. 

_; ~:: _. --~-- .= -~ : ·. : , • · .• ·. '•.;.. .-
.. ~-· . · .. 

r-·_·. ~ -~ -· . 
.. . • :.~-. . . 

. ·._ .. ~. ~ ; ·. 



!Table P9-3. Observed freQuencies for ?henolo~ical advanc~ment,asPect, 
,_ _eJ.J;) vat ion L __ an_d.._s_!JJ.p_e.~.S.w.i..t.c.hb..a ck s , P e r_iod __ :i.L_!_j_ah _________ _ 

-

-

-

i 
L__SL~O~e~E--~~E~L~E~V~ __ --uAwS~P __________ ~p~A~D~V~.----------------------------------

LATE-MID EARLY TOTAL 
-------------------------------------------------------
0-3 BELOW675 S-SW 25 16 I 41 

NW-E 44 0 I 44 . · .. ~.~-- :_ ..... :- ... · --------~:------------~-----1--.;..--o:----:- .. · ·.-·_:. 
-- _ ~.- __ :_,/·:-·TOTAL . : ·. 69 - ·.--- l-b I ,._ -·_. as· · : ___ : 

.. :.~ .: ·-_ . . -

NW-E 27 2 I 29 L ADOVE675 S-SW 89 13 I 102 

--------------·------------I---------
1- ----------~--~-~--~T~O~T~A~L--~-----1~1~6~-------~1~5~~I~=-=. ~1=371==--~-----------
1 . . . . . I . .· . . . ·. . .,,, . -._ ... < . • . 

-------------~---------------------------------~----~~ ''~ 

3-10 BELOW675 S-SW 
NW-E 

10 
44 

16 I 
0 I 

26 
44 

----~--~~-~--~-----------~1-------~-
TOTAL ... _- . 54 16 I . -- ?0 

ABOVE675 S-SW 
NW-E 

95 
66 

24 I 
4 I 

119 
70 

---------------------~----1---------
161 ._ .189 

.-- ~ . 

:·:-· 
--~--- ""· · . .;. -----· ·_ 

·_:_:: . ;- .... 
. -·.~ ..... ·.· ~< .-· ... :. · .. TOTAL __ , 28 .. I 

---------------~----------· ____________ .;,_ __ .;......:.~--.:.:...· ___ ..;._ 

10-30 BELOW475 S-SW 5 15 I 20 
NW-E 38 0 I 38 

ADOVE675 S-SW 31 55 I 86 
NW-E 53 0 I 53 
--------------------------!---------
TOTAL 84 55 I 139 

.. · ~ 

. . ~ . 



.Iil.bJ..!:!_E'~9-~ •. S.tandardized de:.lia:t.es for· phenol osical advanceJJentraseeet, 
vegetation t~pe, and elevation,Swit~hbacks, Period 5, 1983. 

STANDARDIZED DEVIATES ~ <OBS - EXP)/SGRT<EXP) FO~ ABOVE MODEL 
' .. ·"·.. .~. . :i:'·-~·:·.. . ***** 

I 

vc . · .. ELE·~ ·,ASP~:';:;,::_;{·;:;\~(}i~, .· .· PADV 

. CF-OF 

WF-S.CRB 

------
LATE-MID 

· BELOW675 s.:.sw · .:<>· ::~(::,,,· . .::.o • 7 
. . '·.:,· 'NW-E · ·. · .. · -6.1 

ABOVE675 s-sw 
NW-E 

: . ' ' . ~-; ·: . :,-_.- ~ "· .--~\: : . 

BELOU675 S-SW 
NW-E 

ABOIJE675 S-SLJ 

NW-E 

-0.9 
-3.2 

· -4.S 
7.5 

0.1 

-1.2 

EARLY 

~1+4 

-1.1 

4.0 
-1.7 

---------------------------------------------

L
, NW-E 1.7 -4.1 

. ·--~=-----

-
-

-
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·.··.-
f .. · 

'"-:' :-.: ~ . 
'"'" .. ,.;. 

..:·- .. . : . '•-4 -~ . 

.- ..• ~ .. ! .. 
.· .. -

,·, 
· ... ~-~-~-~-:~~:-··._-. . . 

. •, 

-- ............ . .. ··~·-·-····· 

: .. ;,_,(~:_,::i. 
. .. '. -:. ~ ; i: --~-.. 

'.~ .... --.... _ . 

·\......I.able __ _s..l.=..l..... S tao d a -c.d i zed cl e y j at. e s 
-lrtev_~_l_._Cl_'_e~~r..~ Period 2, 1983 • 

for s n.a.w r aspect r e.l.eJLa,_,:t..l<...oloi...,o.unLLZ,.:__.soaur:.~t.!.od.__.-s .... l~...,o~o,~ctP::..soe:...;'~-----

. . .... _ . - . - . -._. ,· ··- .-:_.-.,·. -... -~-- ......... , ...... 
·. ·- ' --~ '•; :. .- :~- .. ~~.:· :;: . ~-~-- · .. --- ·:-~JF.·{.j,~~~;~-~;i~~-·. --~ .. ;:';~~-;-_:4~.{t:.-r~):~ ... '~-='----:·· .:_ . 

....... ; ~-·~-- ...... -~ . ,... ... _._ -:--~:·~- ... -;~-~; ._·i~:f ........ .... ~-·'!-~ .. -

,.1 . . . ·- ·· •: '::.:;.:.;'·ABSENT PRESENT \ .... ,~:~··::_ ______________________ ..:~:.-~:.;.: ___ .;.: ___ ~----------

i 

·I 
·. 

I . .'". . . -

' 

ABOVE 
__ .,. .. ' . 

E-S-W .'.:~~::.;.;,~:.; :,. ·;:;.2 .1 
NW. ·::··; ···:.:··· ····-2.3 

.·. 
. ~-- ' ... ·~-~ .. 

. -.:. 

.... ··-:. 

i 3:...10 _BELOW :::_ 6. 7 -3.4 

-·~~~.~--~~~~~~~~~~~;~~-~··_··_·~~:~~~~3~·~4~~--·-·-~2~·~1~~~~~~~~~----~~~--~-----

,,~;~~?~~~~~;~~,f,t,~i:'·;i1;:~~,~~~~~i}:;::~;~t::~~~i;:f~%~f:~~1;' . 
. i.... 

•• _,.f 

·~~~~-----------·-------------.-.---------------------,-.--~~~ 

:·•·· 'j 

, .. '0.8 
.::;- ~,:{':'i 2 • 7 

·, 

- .. -[ .. ___ ... . . 
··- _.. ••_'~-::-·v·."': 

·?' -~3·.'.:,-.· ~ .... 
~\ ~-. 



··:.:· 
# 

·.:. 
;.: . ·! 

.l..-

'· .· 

... 100:; ' 

'' 

. ' 
Table S1- ;a.. Standardize'd deviates for snowrasPec:t,elevation, 
YeS e t r:d. iu,.~.r.t.'! -.~t...;'-::t~J:P:..~ei:W!'~n~·.s::E'wvuj~l"-.J.C.c.J.:r~te;:.· et;~...tk:._. L'--'st!~.~:e:...tc•.Ji..JCOJ.l£dt_.4?:..J,L...I1L.9nB:t.lci... _______________ _ 

and 

·i 

·VC ELEV ·· .ASP CSNOW 

J 

":'" ..... ·:-· ...... ,;" .. · : ...... ---:· '.:i·.-:···~ .: ... ~ -::· ..... 

---------------~-----------------------------

WF .--l 

ABOVE 

SCRUB 

··~-~--.----

,: -~-~~~-..;_ . . :~':'-

• tr.,. ....... ; ... -· •• 

LS 
: ;·:~-~~---~_: i ~-- ·_;i/-<~~~~ ~t' 

.• · ... =-~ ... ~~; 
~ .. 

. ~: ~-· .... 

. _.!•·.·· -: .. .:.. . 

... 

. ·- .:.---:.: ·-.~. . . 

~· --; .• ,. r , .. 

' ·.-:~;: . -- . 

-.-..:· 

.. ;,...·-

. ...... ·. 
. ~· . 

:,_",; 

: , ... ...:·· 

-
_____ .. ..:. __ .:.-:...__ -· ---

~ . -. . ~. 



·.-. ··:.., .. 

... 
·· .. . ~ '!" 

.·.L.__ 

LS-HERB 

-· 

NE-S-SW 

NW 
N 

"!" .'.~: • 

. . • -:.~ :!·.· _-: .. 

·-1.4 
J,•" .-.. ~· 

....,... . ...,.,._..,_,..:" ..... J'r.o":"'---···~:-:~~----
., ... ·-·:· ·. ~ ·'. . 

,,:;.., .... 

· .. 
. . .'• :.''. 

-.·. 
--~ -·-~ 7'" •. 

-0.9 

-0.6 
-o.s 

··-.--:-~~....,.----

i -·-~_-;_.· .. -
.;; 

.···-

. .. ·:· 

,.--··:~ .. ----,.--------· 

. -- .. 
':···-~· 
• .-4.; 

~--

,-i· 

- .:.•:.·. 



-~-: 

·.• •,:· 

·' 
.•·· ·.,. .. ,.··.·, . ·, 

.·, 

~ ••• II ·_., 

------------------------------------------------------------------------------------
3ble 54-1. Standardized deviates for snow,slope,elevation' and as~ect, 
~tana slide, Period 2, 1983. 

SLOPE ELEV ASP 

-- S-Sltl 
,::·rw-NE 

CSNOW _,_, ___ _ 

·•;•· > 6.1 > 

.-2.3 
·-1 .4 
·-o.9 

-o. 

· .c,;"...:_.o • 7 
·-1.,3 
-o.a 
-0.5 

. ~ !·:> . 
.. ···:.:~~.:·_· 

. ~ ,__ .. 

. ~ ..... 

:·:.. . . ·• ~. 

·-·. "-~,-=-,:;;~.:-:--~:::~;zr;.r-~--..~.:-~-..-:~.::::-.;?- ·':}./_-. 
j.=:t.o,._ _ _;;__BELD.t·l·. <'>;,:·-'~,~~')·:1>;~,2.~~-.:~:,t::;:~~-;:.~~-~ ~~'~-4. :· :.~.::o:: ~- . ,t~':::~,-~ .· 

~ ~- .~ . ~ .. ABOVE 
. ··~-· 

. ·:· 

SE 1.0 o.a 
s-sw o.J -o.6 
W-NE 

E 
·sE 

'··· ·: > ·.1.6 
.-. ~;~::.71:'~~(,•:: 1 t 2 

. '·'·' ~-· :. ~· .. :· ··: . ..:-... ·. :" .. 

-0.5 
-~0.1 . 

-·. ~ .. 
: ;_0 ~ 9 

. :!~';--1 • 5 

s-sw 4.2 -o.7 
W-NE -1.5 -1.1 

. ~. ·-;

:··-''". 

.... , .... :· 
-~ ~ :· .. .... . 

~·:·.·· .. ~. 
;---· 

·"!.. 

..· 

.· 

· .. •. 

···;;::· 

.,.· .. ,f. 
<I 

·). 

. .•· ':''! 

. . ··· 

.·:.· 

>::'." 

·· .. ·.· 

..-·--. 

,• 

- .·· . 

-~-: 

•·.· ;,.'":'" "·::;:;..,., ~: ".:~;.: .•. -
. ';._ ., . ' .; ·~···:· ~ . 

.··.,. 

~--

.,o'· • •'' . -~~ .. 

-~-~- •· ••· i.. 

-· 

-



· . 
.... ,. ..... 

'· ,_ .~ ·. •!'. 
. .. . .: ~-~·.:· ·.·. ' 

--~-~ 

•o:---:--·~.e-r:·· ;..--
. ·:.···\~ -~--:'":{ ~·: 

. ,-., 

-La.b..l.e_5.."l.::-J.____at.an.dili.d.iz.ed deviates for sr1ow' vesetat ion h.o~pe 'elevation and 
asPect,Watana Slide' Period 2, 1983. . ..... 

--~~~-~~~-::·-. ~:-.... ~...,.:'-"'~--...;_·~'-·: .. ~_:·.·~~!.!o:U.~-~-· ~-· ___ ._ ... _.-:~·-~---~ ~::!..!!:U~U~.U:~Z-----"--._· -·'_· _,_····_-·_;.._ __________ _ 
I ,,•: .. 

:~i~---------·~-~-7-:~-~-----~-~-~-~-~-~·~~'-~-~-~---~-----~------~~~-=-~_:_
1

~-~---·~-~-=-=-=-~-~-----~--~~--------~~--~---
.;., !-1.:..: ~O_F_. --:. ,:'-,:;_?~_~;~_·;._:~·'-· .·._.;.,;B·...;.·~--~-~~.;..-~_:::._1_~_1-'::~-~--~ .... ;::-~;t~i·:_.;~_f;:·-'~i_:~_·l":....;.·: ·..;...· ,:.:..·;;,;,.·. '-2~Q..:t.: .w: ..... · _; ... :-, ·'_· ~--.:-':t .... ·: !"-':LI!~· ._.:· ...... ·.::_.;...·~i.;.;..;i..;..;,·;_,~'-·:;_,-..__·"::;_·.~._-·· _...;__·:;....;,;~~...:.-~:_~~~-·-:~·f_.-·..,;,_ .. _',: . ..,;.~-,:.:..:;-::..;..{_~·~_; .. ..;;_::.;.:;.:; :_· -

· i ... s-sw o.4 -1.2 ,·L . . . . . . : W-NE -2.3 3".3 

:r""'! --... -~:-··.-ABOVE.·~<:::,., E ',,,: 

:·: :·::~ l -;;_i\~':Yi:: .. ~- .-;~ -~~~~;f;~:~~r~}H~~!?.~1J~t0:~)~~:~i'., .. _,,; 
:;;;.;.;'·t • ... W-NE .,. ., . 

·. 

-2.6 -0.2 
-~--

. -~ -, 
• ,-, / '.c 

I ----------------------------------~----------~:--~~~--~:~~--~~~~~~=-~~:-~~~~~==~~~~~~~-~~~~-~~~~--~~~~~~~~~--~---~--~---------

~- - IJF · :~ BE~~~-y;;;{!:l;;i~'.;~~§~5H~~ ,.;c "?~f:{:~f~~~~Ti~;~J.-t~t~l~ff~i jf~~;~~C ~\ ' 

··-

SCRUB. 
: ~ .... 

. ~ -·- ·, 

LS "BELOW 

ABOVE 

. ~-

s-sw -2.6 -Or3· 
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tb.le___B_6:.:_l_. __ S~ao.d.a.£..d.i.zed dev i at.es far berries, e 1 evati on' vesetab on tu.ee, and 
~Pect,Fish Creek' period 5, 1983. 

***** STANDARDIZED DEVIATES - COBS - EXP)/SQRTCEXP) FOR ABOVE MODEL 

vc ELE\.1 ASF" BERRIES 

NOt4E .. PRESENT .. 

·-···-.OF.-----···--~-- BLU. 765M E~S 
sw 

. o.3 ... ________ -o .. o 
1.3 0.7 

·' 

. W-NE 

ABV 765M E-5 
sw 

··.- -·~-~--~-------· 

... 3.6 -1.1 

3.7 
-1.4 

..... -· ..... W..,.NE .. ---· -- . ..,.5 .. 2 -l.U .. 

WF-SCRB BLU 765M E-S 

LOWSHRB 

sw 
.w-NE 

AIIIJ 765i''l E··S 
sw 
W-NE 

. _, __ ~--· .... , ............ ~-.;.~ ... -. ·---·· .. -

. -~ ; 

""-t-~. _:· . 

,...1.8 

6.0 
.-1.4 

BLW 765H .E-S. .~1.3. -1.5 
- -~.:. ____ .. ·--SW. .. ------· .. --"-"1 .1 ·-- ---- -1.4 -

. ···W-NE 1.5 -1•6 

,--------·-· ~AP.V -7-6-SM- E-·S .. - --·--·----·~-2 .. 6.--- .... ...,0.3 
SW -4.0 · -1.1 

.~W-NE 8.4 0.3 
·---·--- ---~---------·-· 

.. -----:-~---- -·---~~ .. 

~~ 

~· 

-

-



-
----T; lle B7-1. Standardized deviates for berries,elevation,ve~etation t~Pe, and 

aspectrKosina Creek' Period s, 1983. 

- ELEV ASP·. vc BERRIES 

- I .. --·----·-.:--~~·~:·~--·~J~~j·:~i'C~~:i~~~~=-~~~~==~I-~ 
! 

BLW 6';i'5M E-SW l
i 

,.,.. 
I 

W-N 

ABV 675li E-SW 

CF-OF 
WF-SCRB 
LOWSHF!B 

···.····cF..:..OF .. ·,·. 

WF-SCRB. 
LOWSHF:B -1.S 

2.8 
1.0 

-2.2 

·~1.2 
. 1. 8 

-·· .. ·': 
. _-,;.:;.-•. 

. . ~ ·•. _: 

~ t·-------~-----~W~-~t~~-------~C~F~-~O~F~~~--~-~5~·~3~----~-~1~·~4~-------~~------~------~------
WF-SCRB -3.0 -1.2 

· · LOWSHRB 6.7 :·. 4.0 
•• . ; : • ·.~· .. = •. ~ 

-

-

----------------------·-----------------------------------------



~~~~-------~~-----

Table BS-1. Statldardized d~viates for berries,elevation,ve~etation tYPe' and 
slope,Clarence Creek, Period s, 1983. 

I 
I SLOPE . vc . BERRIES 

. I ------ ------ ------
~,--======--~==~~~----------~N~o~~~~E~~P~R~E~s~E~N~r--------------------

. ------------------------------------------~--

1 
0-3 

:·.·:·: .. · 

OF ~BLOW 765 
. ~- ABV 765M 

WF-SCRB BLOW 765 
ABV 765M 

LOWSHRB :BLOW 765 
.ABV 765li 

-0.2 
-1.5 

;'.\..;..1. 4 
-·:-1.7 

-0.5 
5.8 

-0.9 
o.s 

·-0.7 
-o.a:· ··. · 

ABV 765M -1.1 -1.5 

~~·----------~L~O=W~SHRB BLOW 765 
ABV 765M 

---------------------------
10-30 OF BLOW 765 

ABV 765tt 

WF-SCRB BLOW 765 
ABV 765M. 

LOWSHRB BLOW 765 

-2.5 
-0.7 

ABU 76"'iM 0.1 

-1.3 
-o.s 

-0.9 
-0.1 

1 .o. 

~: :... -; ... 

. . . . :•-. . ';: ·. 

__ ·L~~i':.d5Zs·f;~~:;0;.~f7·~A;~:~~~-~-:~,:_,:;;::~~------L:~_;;~ · '· _, · 
.• . . ..:~·~:-. -·; ·_:.: ~ -~-- ~ : .. :. ':>.: .. ~--.":.'~-: · •... 

I 
i 
i 

GR30 OF BLOW 765 
ABV 765M 

WF-SCRB BLOW 765 
. ABV 765M 

LOWSHRB BLOW 765 
ABV 765M 

-1.8 
-0.5 

... · 0.6 
0.7 

, -- .... ,) 

1.0 

-0.6 
0.6 

-0.2 
0.3 

-o ;a, 
;·3.4 

LOWSHRn DLOW 765 0 0 I 0 

~ .. _ . ~- . 

ABV 765H 11 _ 5'.:_! ____ !6~--- \~/ ~ 

---------------------------I--------- , 
TOTAL 11 S I 16 

., 

-----------------------------~-------------------------
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-

-

-

-

Table Ht-1. 
veset<ltion 

Standardized deviates for 
t~pe,Devil Creek, Period 5, 

eauisetum,aspect,elevation, 
1983. 

/ 

ELEV ASP HEQSTM 
---~-- ------ ------ ------ . 

krr-=;:;:,-;:;~ii2;{~~i~1~&~11~::;~~~-~~~=~~~~,:;··.-.:e:·. 
I\; CF .c BELOW .~~ - .... ;t~ =t~ 

(' :;,: Jg;·rz;qr~~t {~~~~~ 
I ABOVE 46 E-SE ~1.4 

-~ .:S -1.3 
·sw -1.4 

I . ' ' · ···· : :~~~~~·0t~:~:p;t~~~]~.z:~t!':gl: 
sw -3.3 
w -0.6 
N!.J NE 
~ .... ""'"t' ... 

. -~ 

· .. ··~· .... : .. ~~ 

!=i • 1 

-0.3 
-0~3 

.. ~o .3 ... < .... 
-9 .. 7.''~;,: 
. : ·~: ·. 

~-1.0 

.:..o.9 
-1.0 
-0.9 
-0 s 

and 



Table H2-1. Standardized 
elevation,Tsusena Creek, 

SLOPE vc 

0--3 OF 
,_ 

d~-:-,viat.es 

Period 5, 

ELE!J. 

BU;J 
ABV 

465M 
465M 

ror eauisetum,slope,ve~etation 
1983. 

HEQSTM 

1. 5 
.-2.6 

.• 

t~Pe' 

-~ ... 

-
and 

.-· 

-·--:.·· .. · 
··- ... 

::::··WF-SCR.£{ >.BLW 4b5M--. 5~7:!:,;- .. :.<:0·•·5 • .. : .. > ····:···=:· __ ,.,,._ •. _ ... __ ,,:_:~:·->. , ·:·-_'>.:~:··-

. ·: _:_,:·---·':·.· __ • __ · -~ ... ·. :,_.·.-----~·.·~:· .. ·:·:--.~',·-.:·.··: _··,··,·._~-•. : .. ··;.·.··:~.s~,---~-··:·_.:.,·.-~.-.. r:·--_···:·.i_'_: ~----.A:-·.·:B· .• ·.·.J_,::'---.·:_·.· __ 4_.-_,· 6:· ___ s ___ M·_-:·:···::_·. _ -•.-:.:··_-.. _.---~·· __ ':·_~:··· __ ·,·._·-.· •. _-_.;_~L_-. !_ ·-:_·.:·,--~---~··-_·::···._.::·:·.·.,·_·.·.~_-,_-.·_·_._-.•.•-_::·_··~--·_.··_~--~_:··::~-:-.,~·-.·--~---~-_:,_~-----~------•_: .• ·_: ____ -,~_.:·_···~--.:·:_-.--:·.· __ :_:_:_.:·,1 __ -:·:-·.· .... :--· __ -_-.·._:·1 __ . . • -· : .;;- · ~ •. ,;;:;;, Y:~: -:: ,;:.:·:"-'~I ·: >' ·. ~,~:c _:. · r.' '~//.:--!'· ,_;_ •·· . · . -~-- · .-:: --<- - -·· - .. · .· .. <- <~ ~· -· : · .Y/~;~_:-:;~H~~t] · . .-:\;~-~'1;::~_3:;}))~i~~:~it:~:~r~-~:·\;; 
.\ LOWStiRI:-c 

. ' 
: . . . t"-------------------· 

BLW 
f~BV 

465rt 
465ti 

' --- .... ------- -·---- ----- ------~_.::.:::~ ~~-·_--- .... --:- ~ ... ·--.-:-~-::-::~-:- -~- ~.::~. :!._ ·.. ~ ·~:·.~--- -- ... ; .. : :.-

' 
.... ,~ ·- ·.to-~ ·_·:_·:·:_._· ____ :;.=.-:·o· ..... _.,!::-_ :_'_:t< .. ·_. __ ··.·--~_-__ ._:_-_;:_~:"'_.·.; __ ._::.; __ .. .-_. -~ .. :(L::.:~~-- ·. ;, ,:::...:. ~ ~ ..... ·.- ;~-~-- .-~ ... -•--~? ,;.--~~1~:.;.::~.--_;~-·~-~:_.~_:_T_-_._:_:~_~.~~.::_;··-~--~-: __ =:-~; • •• :t.}_::\ .~-~·i>··<· __ , ... ~ ·;::.:}~;_ //X;:::'5_:- •- ·' :i:,,,:, ·: ... : 

- -- . , ::l. 'il¥' -y _.."-" - ~ -• ~ _, .. -:.•_'·.' -~;.::_.~:··-~: ·-.:oc"':."/-~7 :·. · ..• · ···~·-· .. . 
-~~--~~~----~----~~~~~ 

1 -.- ABV 465!'-i 0.2 .. ., 5.9 
I ...... " ... .- •... ·;. · .... ;--.. <· ' --~ :"~~:. 

. -· ,. ~-=~--. .'- :.:·~--~.: :·:;· --·. ~-.t: .• ..... -.- ~-:.-"' 

WF..:;SCRn -~BI.:.IA 465ti ~ 1 .. 8 .3::·:·~:-:-··-o ~ 7 .,. 
··-.. : . .. .,. 

· .. 

4651i ·• ··0 ~ 6 

. __ ._·.__ 

.... _. 
• ,.., ~r ' .. ~···- •-.··· •• •-·;- • • •, .•••••.• • • • • •• ·' ,. "· -------- -:-:--:·.:-.------ -.-·-;:::-.:::::~~ .. :-:.::::: :-.~~::,;::; .. ~-- ·-- -·.:-:"::;-:-,.-~;- -~;~~---:.··. 

-· 



> •• : (: ~ ~-

1 1ble HJ-1. Standardized deviates for eQuisetum,asPect,ve~etation type, and 
f.i:...l..o..ae..J..E.ll_g~eek' eer iod :=;' 1983. 

"·;::·)" IY_ ... :.'J 
_,.·· , ·.:a 

·•' • ;• r•- '; •_•, 

. . . . ' . - . 

' .. :... ... -. -- -~-···---·.-

VC SLOPE 

' 

. ---·· ____ :_1 0-30 

ASP. 

···SOUTH 
NORTI-J 

.. SOUTH 
NORTH 

SOUTH 
NORTH 

.HEllSTM 

NONE PRESENT 

-2.1 
-1. 5· 

--1.4 
1.8 

-o.a 
6;.s 

-o.s 
.-0.9 

--0.3 
-0.4 . 

~---·~ ----------------- ··------·--- ... --------------------
'WF-SCRB 0-3 SOUTH -4.9 -1.3 

i__ --·-·· ·· --- -----NOR·T H- --------· 5 .4 · ...... __:.::;:. • S_t.~ 

J-10 SOUTH 1.2 -0.6 
·--------NORTH· ---- .. -1.7----------1.6. 

10-30 SOUTH '··1.7 -0.5 
"'"---=~~---- .. ~----:---· -NOF:TH---·-·------ ·-1. 3 _ _: ___ ·-0. 6 ~- .. - · 

--.-:!!. 

. . .. .. ~ 

~ .... ~---- .... 

..... ·,_.,.,._,...;.A.....•·t .. - .-.x •••• :~,..!. ·~~ --;..:<;.·~.:~:-~~;: .•.oi ::-~·,:;,._~,~~ .. ~~~...6: ... ~5.~:. ~~ 
..,.~- ,_.- ... 

.-------~·-----:--~··.-.-.. ~ . ..:.---.~--~--. --.·--:--.:~----:..-.-~---- ..... . ··- ...... _..,_ .... _ .. ,...__._ ---··~ .... -, 
4 '. ···.·---

-----------------------~-~-----------~----~-~ 
-. :. -~-- -· ·.t::~·-:-.-_. ·. 

. ':'·~·· --~- ····-----···---- -- ----···-~-
.f 

3-10 

10-30 

SOUTH 
NORTH 

SOUTH 
. NORTH . 

SOUTH 
NORTH 

":~ .·.·:- .. 
' 

2.0 -1.3 
_;5. •l -1 ~5 

6.9 -0.5 
-2.2 -0.9 

--2.4 -o.s 
4.9 -0.6 

.. , 
·.-·- .. · .. 

.. •-.·-~------------

·•" 

:. ·--~ 

•.! • I ·- • ..... ·,-.. 

. .;:., -

.-.. , 
·, .. 

--r . 



~ble H4-1. Standardized devia~es for eauisetum,eleva~iontve~etation type, and 
~_t:·_e__c_t..LWaJ .. a.na_Sl.i.!l.t:tL ee r i od 5' 1983--t 

NONE ·PRESEN"f 

, ....... ----------------------------------------------

' 

OF BLOW 765 SE 
s--sw 
w 

· ----NW-E 

A!:IV 765M SE 
·------··- S-Strl 

w 
NW-E 

0.6 
20'4 
0.7 
0.4 

1.1 
------1.8 

-2.7 
-1.2 

... 1.3 
1.-4 

-0.1 
-2 •. 2 

-0.2 
1.5 

-1.7 
-1.3 

---------------------------------------------
·\rl-F-S£R-B·-- P.L O'R ·-=J 6·5-· ·SE - 1 • 9 · ·---- · 2. 3 

s-sw o.z -G.4 
w 1.4 -2.3 

-----NW-E ------ - ·· ---1.1 ---·- -2.2 

ABV 765M SE 
.-···· .. -------·-· .• -- ------s-sw.--·-·---

·-3 .1 
---0.7 

4.1 
0.7 

-1 .. 5 
· ·· 1 • B 

-1.7 

----·----:--
w 
NW-E -1 .. 9 

---------------------------------------------
LmJ SHR-Er-- BLOW 765 SE ·-2.4 5.4 

s-sw ·-1. b 2.1 
w -3.3 2.6 

· --------NW-E . ' -3.9 ·-0 .. 1 

ABV 765M SE -o .. a -2 .. 6 
-------"-·- ··· ---·- --··S-SW -1.6 -2.-1 

w i.2 -l .. B 
NW-E 11.8 0.3 

--···~·----- - ~ --· -

-



,· .. 
. . ·. 

'"lab le H5-1_._ Standardized deyi ates for emui <;etum' sl oee, vesetati on t•:fpe, and 
asPect.,watana Creek, Period 5, 1983. 

I 

- I ~~~~~- ------ ---~-~ ------
i~--- ·-----~--------~------7-N~O~N=E--P~R~E~S~E~N~T~--~-------------------------

.... _ .. 
HEQSTH .. ... vc .. :._ .. :. ·: .. ASP 

-j ---------------------------------------------
~-~o~-~3=.----~--~_=o=F--~w=F~--~-~J~::~~E~-7.w~-------7~-_-<-,--~3~.~3~~~-:~-5~.~4~--~---~------------------------
i . ;·J,:::~·)IW , · <;::>/ -3 • 5 ~1. 8 . - • 
J --------·-·.:'_.· Nu.......;.._ ____ ··._---._~0. 0 · 0. 

[ 
_. .· .NE -3 .. 9 -1.3 

- · ----------~S~C~R~B~-------~-E~-~WL-------~~1~·u1~--~-~1~·~4~-----------------------~-----
.. NW ·.-1~s -o.s 

-

.... 

_3--10 

10-30 

l 

LS 

OF-WE 
. .-~.~-:"~: .. : 

:::<:· ~ ~ 

OF-WF 

SCRB 

l ________ LS 

N 1.2 -o.s 
NE 3.3 -1.1 

_., .· 

-' E-W 

E-W 
NW 

.N. ··· .. 

._. .; _ 

4.0 
3.? 

.. '.. . . <::···~ 3. 4 
. . ::L; ·.:.1 .-a 

... ~-- . 4.0 
1 .. 4 

..:.o.6 
2.0 

. ·< ·:.:\~h5. 4 
.;.': /{i±J '• 4 

·. ·.·· ... 

-0.6 
-;2.2 

· ·;.;;o .1 
- NE 4.8 -2.2 

NW 

E-W 
NW 

NE 

3.7 
1.5 

-0.1 
1.3 

7.6 
-1.2 
-2.3 

:__:..;.1 .. 6 

E-w _____ -2.4 -1.1 
NW 1.0 -0.7 
N ~3.0 -1.3 

-· :~ -~;~:~)'~ -<f·-r;~1_~:!\~~}§'~t~:-. 
,-····· 

~:.,:. ·. -. 

l-------------------.uE 
-1 ~-~2 ________ -~o~~-9, __________________________________________ _ 

; 
i 

, .... -.. 
-~"·-·- -- ·-- '--



Table H6-1. Standardized deviates for eGuisetum,elevation,ve~etation tYPer and 
asPect~Fish Creek' period s, 1983. 

--:-----,---- - . - " .. ---. ,_._.. . . . ·-- ... 
i-- vc ·ELEV ASP HEGSTM 

·---~--: .. NONE. __ PRESENT 

•: .. -· 
---0 F- ------···-· -- B L W ..:.7. 6 5 M .. E-S. 

sw 
-_W-NE 

0 .1 .. ·----·. ·-- 0 • 6 
1.2 1.0 
2.5 

WF··SCR:B 

AI-i 1.,.1 765M E·-S 
sw 
w-t1E .... ___ ,.;.__. ___ .,.;; • o 

.BLW 765H E-S -5.2 
. '. sw 1.1 . - -'-'·,_:-- '-'-UE -. _· _. -1 0 

... --""'-···-~ .... - ... w ....... .. ... ------------. -. 

ABV 76SM E-S .5.9 

0.9 
-2.1 

__ :-:-2.4 

-1.8 
-1.1 
":":.1. 0. ... 

-1.4 
-- ····-----···- -----.:_ ____ .. SW----·· ---·~~:_:__:_ 9.2 ~ 1. 3 .. .

-1.5 - . -:·::~"]:.~·_: W-NE · •· -·- ·":;;.:~_,,::_-._4 • 5 
. .: ~ . . .. ., ...... 

' .. -·~---.:-· :. "' 
·- .: .. ~ 

'. ·•·•• .. :~ ... ._: .. _ .. J~:· ~~ -~~;.:;-.:~.·., ;~.#:.~--~-..-~~~r•·~-~;:( .. -~~~-""'-~· .J-.· ·•·· -• ••' 

LOWSHRB BLW 765M E-S _ ::z;,:-;;~:.1.2 ·_:·. -:-l.b 
' . > · SW . - ._ - .; · ··;..1. 0 : 1 L . -

.· -~----. --:·-· .. u ... -----.- -~ ;--·-- -----
.. ,_,. ··"'c"W-NE ._ .. ,,,_--1.5 .. "'•C'~•.4 -·r 

·----------
._;.·· ~J 

. -·., 

. ! 

( 

... -. ' 

-

-

. ...:.: .. · ... - __ , ______ ---- .. -------------

·-·, .. 

- -·~ ~-

'"1~. :.. .... 

,l •• . .. ~ ·. 



' 
T~ole H7-1. Standardized deviates for eauisetum,elevation,vesetation t~Pet and 
a.~e.c...t..t.Kas.i.J...ta_C.xJ~ .. eY,_, peri ad fo' 1 9J3..3... . ..._ ____ _;_ _______________________ _ 

.... 
I 
t~ 

i: 

ELEV ASP vc 
-------. ----~---.. :~>- . ·.· 

HEQSTM 
~· -..... . 

:·. ··~---<e~~~- ... _-----~- ··- _.-· '::,. ~·-: ~-. : ,. --/:: "::~· . 

• .· NONE.·· PRESENT 
. --. 

-----------------------~-~--~------~-----~--
...._ __ 

I 

'"""' I' 

t~ 

BUJ 6 "l5M E--SW 

!.. _A_BV 675M E-SW 
! ' 

..... 
i 
I 
! 

rr 
'-j -----· 

""" 
' 

'W-N . . 

.. -~ 

->: 

CF-OF 
WF-SCRB 
LOWSHRB 

.. 
- < -::' <t;;.'. :_ 

CF-OF 
WF-SCRB 
LOWSHRB 

CF-OF · 
WF-SCRB 
LOWSHRB 

2.4 
-0.3 

·· ·~s.3 
..... .. 

:o.6 
5.3 

-1.3 

. .. .-. ~~- .... 

~3.1" 

-2.9 
.9 .o 

7.8 
-0.2 
2.7 ... 

~3.1 

-2.1 
-2.8 

· .. ' . 
. ~ •, ... : ·-.. -~ ' :} .. 
,.;.:0.3 
-1.8 
o.a 

<",,:. CF-OF >:::•,-5.1· ,.::~.7;2•0 

· WF-SCRB .· ···: ; . ..;.2 • 7 .. · ... ·. ..··~1 .-z,· 
'''" LOWSHE:B .·.· ... ·~:. 8.5 .... .:.:1;2 

. -··· 
. -<~/:<:_:;.: 

. · __ -· . 

. / : ::· :;-.;~'::;~,~?'; . . ' . 
.. ·-:·· . : .. · .. ~:-~ . ~. :- ' .... · . 

. .·. '.: -.:,~:_?'!-~.; . . . . : -·~:. 



~ble HB-1. Standardized deviates for eGuisetum,elevation,vesetation t~pe, and 
t op__e_ lL C 1 a r· en CJ:! _._.C_r_e..e}~_e_r.i_o d 5 , 1 9 a3 -*-------

~~=~~-~E_~·---~=~----_-__ '_·_· __ ~E~:~:~~----------N~~~=;RESENT 
! 
; -----------------------------------.-----------

0-3 

3-10 

OF BlOW 765 
ABV 765M 

WF-SCRB BLOW 765 
ABU 765M 

OF BLOW-765 · · -·.. v ·.76-=-M · ... · ··:AB o;J · 

-0.2 
s.s 

-0.7 
-1.? 

-1.4"_, 
-1 .z · .. 

0.4 
0.2 

.. 0.2 
-~1.0 . ~: . . ·~ ... ~ ... 

-

-~ 

----------W-F--~S-C_R_B __ B~L~O~W~7~6~5~--~-~1-.~3------~1~.~5:---~-----------------
ABV 765M -1.5 -0.6 

--------~~~~~~~~~~~~--~-on.~~·~:.---~~---~~----~-LOWSHRB ,: BLQ_W.]65 7_.2 ~.:a 

·> _::\ABV:::':z65M -2 • 2 0 • 2 

----~~~~~-,~···~·~V~Y=<;··~:~· ~========~··~,'-~·'-··--------~-.~ 
---~-----------------------------------------

_.J.t.Qo.=-~3_Qo_-:--_gox:F_~~"':-.-... ~:~i~e~w~7~~~;~~~ .. :-:·~-::~i~:~i~-:---__ -:-:.-:i~~:~-~~-~~-~ .. _ .. s_ .. _..-:: _ _.:::-..• ~---~-Tc.::-.-~-Z,:: _---:~-~-
... :.:. ~-,. .. -i..:.'?,::::-~~-:~'if:t;:~~-· -·· .. , . . . . ·:·:~/L-t.·.---~--~ -~ . ·. •·· .. 

~----~~~W~F~-~S~C~R~·B~·~:~:~~~~~W~7~--~~~~~~----~~~6~:~~~----~-~~~~:~:~<--~~i~.~~~~;,\~::,_:~-~-~-:~_·>~:·;_::~_-~_.:-:_~·~~'~-~ 

..... 
. - •.• .. y . .. ... ~·--·: ::;.-;:~?:< 

---------
GR30 

LOWS~RB BLOW 765 -3.2 -1.0 

OF 'BLOW 765 
. ABV· 765M 

. · ... .-.--·· 

WF~SCRB :~.BLOW J:o5 ·.· 
·' - ··ABV 765M 

LOWSHRB BLOW 765 
ABV 765M 

-1 .a 
-0.1 

o.a 
1 .1 

-2.3 
2.4 

-0.6 
-0.6 

,. 

~1.0 

~1. 1 

~o .7 
-o.s 

-
... --::: . ..; . . 

,. 

-.-_ .. 



"able H9-1. Standardized deviates for eauiseturutaspect,ve1etation twPet and 
el._gy_;;.t_t, :iu n_,_s_wi_t_c.hb.ac.J-;. s' ee.llcd 5' 1~_3__. ______________ ~--------

-

-

vc ELEV ASP HEQSTM 

L__-----------------------------------------------------------------------------------------
NONE PRESENT 

CF-OF BELOW675 s-sw -2.7 3.0 
NW-E 4 .. _0 3.0 

r---
1 

l 
ABOVE675 .s-sw 0.9 o.s .. ··-' 

... .- -· .• 

NW-E -3.3_.:. -1.5 
-

.. -. ,_ 
. . 
·-

~------------------------------------------~-----------------
1 -------------------------~-------------------

-3.3 t-1-~w~F--. .!=!S.),CC.uR~B_=:_BE=--L!=UOU67S ~;:~ _: 

I -,_>·-~ ::, ·. . ~-, . ' . 3 ~ 6 . . ·-

I . ABOVE675 ·S-SW 
._.>5\>~.~~'.: -__ ·... . : ·::'.: .... 

\. 1.6 -0.2 
NW-E -3.0 0.5 

---------------------------------------------
j LOWSHRD 
L__ 
I 

. ·. ·-:-·:·: _:t:~~·.'.t .. :_f~~_:.::·~---·:·.-~- · .. 
BELOW67s···s-sw .'Y~nt-- :.· o·.l- .·-_ 

·- NW...;;E.· :.;'',:::·.·-~:o.A-

AI10VE675 S-SW 
NW-E 

.~3.5 

-. --2.3 

-1.1 
2.1 

. -- _J _:~:-. 

.;,:_· ..... 
:~. 

"1- .. 

---·"'. 




