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"ahitat Assessment Pléns on the Kenal Peninsula

Background

-

The Alaska Department of Fish and Game has béen working since
1978 to develop a method to measure the éarrying capacity of
different habitats for moose. . Greatly simplified, the method
matches animal requirements for protein and enefgy Qith the

amount and quality of forage on an area.

We have completed studies that measured moose energy and protein
.requifements throughout the year. These data, together with
several other physiological véiues that we measuréd at the MRC,
were incorporated intb a mathematical model that célculétes the
daily nitrogen and energyArequirements and food intake of moose.
We are'piesently tesfing thié simulafion modei to determine if it
accurately predicts'daily forage intake rates and changes in body
cdmposition. These tests ére being conductedlatfgﬁe MRC and will

be completed in June 1985.

From 1977 to 1981; Regelin collected data on forage quaﬁtity and
quality froﬁ numerousAvégetation types on the Kenai National
Wildlife Refuge (KNWR). The amount of fﬁrage.biomass produced in-
all Qegetation types that are important to mobse ﬁas been de-

s

termined. Forage quality of the 7 forage species most important
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to moose were measured at 2-month intervals durina an annual

cycle.

Original research‘plans written in 1977 called for mapping the
Qegetation types on the KNWR so the carrying capacity concept
could be applied to the Refuge. We intended to use 1:24000 scale
color aerial photographs to map the vegetation types. Funding

was never available to accomplish this job..

Current Status o 4

The opporﬁunity to test the utility of theicarrying capacity
model as a tool for area planning and mitigation may b; available
fhrqugh the Regional Guides CIP. Habitat Division is interested
in thé carrying capacity concept and.may be able to provide

sone financial assisﬁance for applyving it fo a large area."The
large-scale mapping (1:24,000) is expensive and not. feasible for
large planning areas like the Susitna Planning Area or Copper
River Planning Area. Small-scale photographs (1:63,360) and Land
Satellite imagery (1:250,000) is available for the KNWR. The
opportunity exists to map the refuge at 3 scales using 3 types of
imagery. The goal would be to determine if the carryiné capacity
concept is useful using small-scale photographs,’ TheAmodel was
developed using data from the KNWR so it is the best place for
the test. We are plaﬁning to uée the model on the Susitna—ﬁgdrb
Project as a mitigations tool if funds ere availéble from the.'

APA. However, we will not test different scales of photographs
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on the Susitna Project and the vegetation sampling has not been
completed. Vegetation sampling will not be as intensive in the

Su-Hydro area as it was on the KNWR, if it occurs at all.

Future PianS'

I recommend a 2jphaseiapproach for a study to evaluate the

carrying capacity.soncept on the KNWR. First, map fhé sfudy ares
using the‘3.scales.offimagery and check the ascuiscy of the maps |
through extensive ground truth sampling. Second, use the vegetation
data callested.by Regelin aud‘the simulation model of moose
reguirements to predict carrying capacity for‘theistudyharea.
Independent estimates uf carrying capacity would be méde.using

each scale of map. Using the 1:24,000 scale map as the best
estimate, we could determlne the usefulness of the smal]er scaie

maps.

The study area would be in GMU 152, that portlon north of the
Sterllng Flghway and the Kenai Spur nghway, and west of 1ong1tude
‘150.05,'a north-south line through Fuller Lake. 21l areas over
|'1,506 feet in elevationAWould be omitted. Size cf this area is
]HOj@M‘ approximately‘GO0,000 acres. It contsins all vegetatisn‘types

that are important to moose on the KNWR.

Steps in the process are outlined below‘along with crudely
: . ‘ - - LS

estimated costs and manpower requirements.



1. Begin projéct July 1, 1984. Spend about

2 months

during summer becoming familiar with vegetation tvpe:

and photographs.

2. During fall and winfer, prepare maps at each scale.
The 1:24,000 scale maps should be able to identify

" vegetation types to level 4 of Viereck's

classificat:

system. Classification levels for the smaTler scalecs

are unknown.

.7

3. Digitize all vegetation maps.

4. . During 1ate sprlng, check accuracy of maps and 1d make

dorrections. - 2 &%&a&}7umu3 &m fwmdc

"_5,- Complete mapS'g;.June 30, 198s.

Manpower requirements for Phase 1 are:

GB or HB II or III for 1 year = $38,0060

Tech III for 6 months 16,C00

’ $54,000

Operating costs: ' )

- Travel/per diem $ 4,000

Computer time 10,000

- Miscellaneous 2,000
$16,000 .

Total $70,0C0

The biologist's pésition requires knowledge of vegetation
classification and mapping, preferably with a background in

computer science.

'Phase IT.

. 'Begih July 1, 1985. Put all Regelin's a

and match with appropriate vegetation types from map:r

2. Calculate standing crop, blonass cf each
type and the entire study area.

3. Apply the carrying capacity model to the
using the 3 scales of maps..

4, Write final reporﬁ, complete by June 30
Manpower

' GB III for 1 year
Operating costs & miscellaneous

Total cost of Project

ata on compu*
veoetatlon

study area

, 1986.

$40,000 3
10,00
S50.000

$120,000
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1 - SUMMARY

The range ecology group of the University of Alaska, Agricultural
Experiment Station, was responsible for conducting browse inventory and plant
phenology studies In the middle Susitna River Basin and a pre-burn inventory
and assessment study In the Alphabet Hills of southcentral Alaska.

A total of 47 sites were sampled from 27 July to 20 August, 1982, to
measure canopy cover, shrub stem density, browse utilization, browse
avallability, and current annual growth biomass in the browse Inventory study.
The 47 sites were classiflied and grouped into 10 Level |V vegetation types
based on Viereck et al.'s (1982) vegetation classification system. Five of
the sampled vegetation types were forest: Open White Spruce, Open Black
Spruce, Woodland Spruce, Open Birch Forest, and Open Spruce-Birch Forest.
Five of the sampled vegetation types were scrub: Dwarf Biréh, Dwarf
Birch-Wil low, Open Ericaceous Shrub Tundra, Ericaceous Shrub=-Sphagnum Bog, and
Low Willow Tundra.

Picea glauca was the dominant overstory tree In the Open White Spruce and
Woodland Spruce vegetation types while Picea mariana dominated the tree canopy

in the Open Black Spruce vegetation type. I[n these 3 needleleaf forest types,

Alpus sinuata was the only tall shrub, Betula glandulosa and Salix puichra -
were the dominant |ow shrubs, and Yaeccinlum wullginosum, Y. yitis-idaea, and
Empetrum pligrum were the dwarf shrubs with the highest average canopy cover.
Egigglig; frigidus and Cornus canadensis were the predominant forbs. Moss
cover averaged 46% In the needleleaf forest types. Alnus sinuata, B.
glandulosa, and S. pulchra were the domlinant shrubs producing leaf and twig
current annual growth blomass and gross available fwlg biomass in the 3
needleleaf forest vegetation types. Percent utilization of these shrub

species ranged from 2% to 30% in the needleleaf forest. Betula papyrifera



and mixed Picea glauca - B. papyrifera stands were the dominant overstory

cover in the Open Birch Forest and Open Spruce-Birch forest vegetation types,
respectively. Alnus sinuata was the dominant tall shrub in these deciduous
forest types. Drvopteris spp., Epilobium angustifolium, and Lipnnaea borealis
were the predominant forbs.

Betula glandulosa had both the highest canopy cover, stem density,
current annual growth biomass, and gross available twig biomass In the Dwarf
Birch vegetation type of all vegetation types sampled. Percent utillzation of
twigs, however, was only 3%. Salix pulchra had low canopy cover and scattered
distribution In the Dwarf Birch Type, but still averaged 14 kg/ha current
annual twig growth biomass with 9% utilization. The Dwarf Birch=Willow
vegetation type was only 1 of 2 types sampled where the low shrub S. pulchra
had canopy cover estimates approximately equal to or greater than R.
g_La_n_gLu_Loj_a, although stem density esﬂma*l'eskremained lower. Current annual

growth biomass of both leaves and twigs of B. glandulosa remained much higher

than for S. pulchra. The ericaceous shrubs lg_cg_l_n_[_u_m uliginosum, ¥.
vitis~idaea, Empetrum nigrum, and Ledum groenliandicum were dominant

low=growling shrubs in the Open Ericaceous Shrub Tundra and Ericaceous |
Shrub-Sphagnum Bog vegetation types. Salix pulchra in the Low Willow Tundra.
végefaﬂon type had both the greatest canopy cover and stem density in the
vegetation types sampled.

The phenology study was Initlated to evaluate forage avallability for cow
moose during parturition along the canyon slopes above the middle Susitna
River. |If critical spring forage were found only in the potential Impoundment
area, then moose survival and reproduction may be Impacted by the reservqir.
Exclosures were erected in late May at 4 elevations along 4 transects (3 at 1

transect) on south-facing slopes to protect plants from grazing. The
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exclosures were sampled and the corresponding north-facing slopes were
observed at 7-day Intervais for phenological development of the vegetation and
evidence of ut!lization by moose. These observations were made from 31 May to
2 July 1982. Some general observations were made on a‘reconnaIssance survey
on 15 and 16 May. Samples were also obtalned at the end of the growing season
from 31 August to 3 September 1982.

Elevation within transect and transect location had a significant effect
on soll 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 fransect. Timing of vegetation development
resulted from an interaction of climate, fopography, and site history. Some
plant maturation differed among specles at the same site. Most
ear |y-developing sites that were studied were above the level of the potential
impoundment, but could be Influenced by mesocliimatic changes created by the
reservolir.

Twenty-five sites were sampled for cover of shrubs, herbaceous plants,
Itchens, and bryophytes in the Alphabet HIlls study area. The density of
trees as well as tall and low shrubs was estimated at each site. Biomass and
utilization of major tall and low shrub fwigs were aiso estimated. The sites
examined were classifled Intfo 5 vegetation ftypes: Open White Spruce, Open
Biack Spruce, Woodland White Spruce, Dwarf Birch, and Dwarf Birch-Willow.
Picea glauca and P. mariana were the major free species present in the study

area. Betula glandulosa, Sallx pulchra, and Salix glauca were the most
abundant low shrubs. Utilization was greatest for §. pulchra twigs.



Yaccinium spp. and Empetrum pnigrym were the most abundant dwarf shrubs.
Equiseftum spp., Cornus gcanadensis, and Petasites frigidus were the most
abundant forbs. Carex spp. were also abundant, as well as bryophytes and
| ichens,

Vegéfaﬂon type names were Indicative of the relative abundance of trees
and/or shrubs In each type. Cover of herbaceous vascular plants was lnversely
related to shrub density In the study area. Fire may InCrease the potentiai
of Open White Spruce, Open Black Spruce, and Woodiand White Spruce types as
moose habitat. Shrubs that are major foods of moose In Alaska exist in these
types. In addition, the Dwarf Birch-W!|low sites had the greatest density o.f
those Important shrub specles, presumably due to a relatively recent history

of fire.
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2 - |NTRODUCTION

During spring, summer, and fall 1982 (15 May through 20 September) the
range ecology group at the Agricultural Experiment Station, Unlversity of
Alaska, Palmer Research Center was Involved In 3 studies that were designed to
examine specific parameters of vegetation types to address information gaps
concerning habitat requirements for moose (Alces glces gigas) In the middle
Susitna River Basin of southcentral Alaska (Fig. 1). The 3 studies were: 1)
an inventory of aVailab[e.browse and Its utilization by large herbivores
(primarily moose) in the middle Susitna River Basin, 2) a plant phenology
study, also In the middle Susitna River Basin, and 3) a pre-burn Inventory and
assessment of the vegetation in the nearby Alphabet Hills in cooperation with
the Bureau of Land Management (BLM) and the U.S. Forest Service Institute of
Northern Forestry (INF), Falrbanks.

Utllizatlon as determined In the browse study could possibly be
attributed tfo a number of animal speclies, ranging from herbivorous insects to
farge ungulates. However, utilization was determined only for shrubs that are
major foods of moose In Alaska (Peek 1974). In addition, utilization was
based on observations of browsed and unbrowsed twigs on these plants, which by
the very nature of the methods used excluded all| animals but the large
herbivores. We have assumed that moose are the domlinant large herblivore in
the middle Susitna River Basin and that the majority of utilizaton that these
plants received was due to moose browsing.

2.1 - Browse Inventory

Browse abundance and utilizatlion in different habitat types (plant
communities) are key components for agsessfng the Impacts and developing
mitigation procedures required for the proposed dam Impoundments. Until now,

this data has been lacking for the middle Susitna River Basin. The



implementation and design of a mitigation ptan for many species of wildl|ife
will be greatly enhanced by this information.

The objectives of the browse inventory were to measure canopy cover and
standing crop biomass of shrubs, graminolds, and forbs., Utillization of shrub;
that are presumably the major foods of moose in the middle Susitna RIver‘ Basin
was also estlmated. These data were collected from some of the 16 vegetation
types described by McKendrick et al. (1982). Only vegetation types that were
considered to be Important as moose habitat were examined.

2.2 - Plant Phenology

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 siopes of the Susitna River valley during calving
(Ballard et al. 1982) to take advantage of any late winter - early spring
growth by herbaceous plants. The original objective was to determine I1f early
spring growth of forbs on the slopes of the impoundﬁenf areas were providing
forage for cow moose prior to parturition. Since the possibillty existed that
the moose could completely remove the forbs, exclosures were built to protect
the vegetation and provide an area of "Intensive" sampling. Hence, the study
had to be rather qualitative to cover the area needed to explore this
hypothesis, As actually implemented, the objective was broadened to monitor
vegetation development during early spring to determine if early forage
avallabil Ity occurred in some areas before others and why these differences
occurred. 1t had been hypothesized that herbaceous vegetation development
would occur first on the south-facling slopes and would be affected by
elevation. Hence, field effort were concentrated on south-facing slopes.

Energy reserves of moose are probably near depletion by late winter.

Parturition and lactation further increase energy demands of cow moose.
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Graminoids and forbs that are breaking guliescense 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 1s needed for gestation and lactation In domestic
large ungulates (Cook 1971), Archer and Tieszen (1980) have shown that at
Atkasook, Alaska, 2 graminoid species Initlated growth sooner than the shrub
specles Sallx pulchra and Ledum decumbens. Graminolds and forbs do not
produce any nonphotosynthetic support tissue while these 2 shrub species may
allocate 75-84% of thelr total nonreproductive, aboveground biomass to stems
(Archer and Tieszen 1980). Thus, herbaceous plant production In late
winter-early sbrlng could be critical to moose reproductive success.

2.3 - Alphabet Hills Pre-burn Inventory and Assessment

The purpose of the Alphabet Hills study was to obtain pre-burn Inventory
and assessment data on composition, distribution, utilization, and abundance
of the vegetation, as well as |itter depths, and chemlical composition of solls
In the proposed burn area. The long term obJectives of the study are to
monltor changes In the vegetation, |itter, and solls following the burn and
the subsequent response of moose to documented vegetation dynmamics.

The Bureéu of Land Management (BLM) proposed the controiled burn in the
Alphabet Hilis area {(Fig. 1) to Improve moose habitat. Several starved moose
found in the area after the 1982 winter (W. B. Ballard, ADF&G, personal
communication). Habitat Improvement in the Alphabet Hills could possibly
decrease moose mortality due to starvation. The fire team of the BLM and INF
cooperated throughout all phases of planning and sampling. The management
goal was a discontinuous burn that woﬁld create more area of favorable habitat

for moose and could be easily controlled. The area was surrounded by natural



water boundarles in most sections which eliminated the need for fire |lnes.
Several points had been selected for ignition by heli=torch. A heli-torch
exudes a discontinuous stream of jelled gasoline which Is Ignited by a
striker, This burning mass then ignites the vegetation where it falls,
Because of the natural boundaries, little, If any, ground support would be
required to contro! the fire. |If the fire did not spread as Intended, the
fire boss would have the option of starting additional Ignition points.
Fluorescent pink panels were placed near our study sites so that ignition
could be made near them and insure that some study plots would be burned. The
panels also Insured that fuel would not be dumped directly on the permanent
plots.,

initlally, a secondary burn area was defined by the BLM-INF fire team.
This area was also surrounded by natural boundaries. Any part of it could
concelvably be burned. Later, the fire boss deflned the primary burn area.
This was the area expected to carry the fire. Study sites within this area
would have a high probability of impact If the flre burned as expected. Based
on similarities In vegetation as determined from coior Infrared U-2 imagery,
the range ecology group defined a control area that was outside the burn
areas. Sltes placed here had |i1t+tle probability of burning and were used as
controls. Most study sites were positioned within the primary burn area
because it had the highest probability of belng burned. Fewer sites were

located In the secondary burn area because it had a lower probability of beling
burned.

Spencer and Hakala (1964) noted that moose responded positively to fire on
the Kenal Peninsula. They estimated that the productive |ife of a burn as
good moose range was about 20 years. Oldemeyer et al. (1977) found that

within 30 years after the 1947 Kenal burn the range was deficlent in browse
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qual fty. Although different plant communities are involved, the same results
could be expected in the Alphabet Hills area. Our personal observation of
areas with a past history of fire in the middle Susitna Rlver Basin support
this contention.
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4 - STUDY AREAS
4.1 - Middle Susitna River Basin

The middle Susitna River Basin In the northern Talkeetna Mountalins was
the primary study area for the 1982 range ecology studies (Fig. 1). The
browse Inventory and plant phenology studies were both conducted within this
46,644 kmZ area (Fig. 1). The middle Basin was bounded on the west by Devlil|
Canyon and on the east by the Maclaren River, and extended approximately 16 km
on elther side of the Susitna River. Elevations ranged from about 333 m on

the river at Dev!! Canyon to 2085 m at the top of Mt. Watana. The river



elevation rises to approximately 800 m at the confluence with the Maclaren
River. |

Topography of the middle Basin has been strongly Influenced by past
glacial ac+fon and assoclated creek and rlver erosion. Generally, the middle
Basin Is a broad U~-shaped valley. Presumabiy, the west and east fork glaciers
united and extended into the middle Basin. The Susitna River has carved a
steep, relatively narrow V-shaped channel through the valley as +he glaclers
receeded. Numerous creeks and rivers draln into the Susitna River along its
course in the middie Basin. The channel slopes are extremely steep near Devll
Canyon, rising approximately 333 m vertically In about 1 km horizontal
distance. The bénches above the river channel| are approximately 666 = 833 m
in elevation and make up a majority of the study area. At the eastern end of
the middle Basin, the river channe| Is relatively less steep and much wider.

Various plant communities are found in the middle Basin study area.
McKendrick et al. (1982) mapped 16 vegetation types in the middle basin at
Levels 1l or |V of Viereck et al. (1982). The plant communities are strongly
influenced by site topography, soils, and moisture regimes. The steep, well
drained river channel slopes are dominated by forest communities such as the
mixed forest and various open to closed conlferous forests on both sides of
the river. The benches above the river contain primarily shrub communities on
the drier sites, followed by white spruce (Picea glauca) forests on
well-drained slopes, and black spruce (Picea mariana) forests at the wettest
sites. Alpine tundra exlsts at the highest elevations.
4.2 - Alphabet HlllIs

The Alphabet Hills study area encompassed approximately 276 kmZ and
elevations ranged from 833 m to 1137 m. This study area was approximately

38 km north of Lake Louise and 19 km southeast of the confluence of the
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Maclaren and Susitna Rivers (Fig. 1). The Alphabet Hills are a gently

sloping, elevated ridge (1137 m) surrounded by lowland areas wlth numerous

{akes and ponds.

communities.

Major vegetation types are scrub and coniferous forest
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5 - METHODS
5.1 - Browse Inventory

A total of 47 sites were sampled from 27 July through 20 August, 1982, to
estimate the availability of woody browse and herbaceous plants for large
herbivores In the middle Susitna River Basin (Fig. 2). Thirty-nine sites wers
randomly selected by overlaying a grid on a vegetation map (from McKendrick et
al. 1982) of the area. Selection of sites was limited to areas within home
ranges of radlio=-collared moose that use the potential Impoundment areas as
del ineated by ADF&G biologists. This was within approximately 16 km (10
miles) of the proposed dam Impoundments and the Coal Creek area. However,
because the planar of the proposed Impoundment was relatively small in
relation to that portion of the middie Basin under consideréfion, 8 of the 47
sites were sampled near the locations of the 4 1982 phenology transects within
the area to be inundated (see Fig. 3). Near the |lower elevations of each of
these transects, a browse Inventory site was situated on each opposing slope
at approximately mid-slope of the canyon in the representative vegetation
type.

In the field, browse Inventory sites were visually classified to Level V

of Viereck et al. (1982). Several sites were l|later adjusted to different, or

n'ew, Level V classifications based on results of preliminary analysis of
canopy cover data. Some veQefaﬂon types were sampled more intensively than
others. Samplling Intensity was based on land area occupied by a vegetation
type and also on suspected importance to moose. Several prospectlive sites
originally selected using the grid overlay were omitted from the final
selection of sites. Vegetation types that were considered of iesser
importance to moose such as mat and cushion tundra, sedge grass tundra, mat
and cushlon-sedge grass tundra and alpine herbaceous tundra vegetation types
were not sampled.

- 12 =
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At each browse inventory site, 3 parallel 50-m |line transects were
established from a randomly chosen polnt. The transects were spaced 10 to 20
m apart; the distance between transects was adjusted from site to site In an
effort to keep all transects within the particular vegetation type being
sampled. Temporary plots were located at 10 m intervals along each transect;
5 plots per transect, totalling 15 plots per site.

5.1.1 - Canopy Cover

At each plot location a 0.5-m2 (1 x 0.5 m) rectangular quadrat was
sampled for percent canopy cover of plant species within the vertlical
projection of the boundaries of the quadrat. The quadrat was oriented such
that the left-rear corner was touching the center-point of the plot location
and the long axis of the quadrat was parallei to the direction of travel.
Percent canopy cover of understory plant specles and trees <1.13 m In helight
(breast height) was ocularly estimated using 5% cover Increments [f plant
cover was between 10 to 90% (10, 15, 20,...,90%) and 1% cover increments in
the 1 to 9% and the 91 to 100% ranges. A preclsion of> 1% for low and high
cover values was used for all studles since an observer can differentiate
between 1% and 2% cover (or open space in the case of 98% and 99% cover);
however, differentiation between 20% and 21% Is difficult. Use of 5%
intervals at the low and high ends would lead to overestimates of uncommon
species which would usually cover only 1% of the quadrat In any particular
area. These precision levels are frequently used in vegetation Inventories.
Percent canopy cover of forbs, graminoids and shrubs was estimated by specles
and |ife form totals. Percent cover for several graminoids and |fichens was
estimated by genus as well as Iife form totals. Percent cover of bryophytes
was estimated as a |ife form total.

Additionally, at each plot location along each transect |ine a 4-m2
circular quadrat was delineated by rotating a rope, 1.13 m Iin length, around a

- 13 =



metal rod placed at the center of the plot location. Percent canopy cover of
tail shrubs, low shrubs, and crown canopy and basal stem cover of trees
> 1.13 m in helght within the vertical projection of the boundaries of the
quadrat were occularly estimated using the same cover Increments as for the
0.5-m2 quadrat. For all canopy cover estimates, the acfual vertical
projection of the vegetation upon the area enclosed by the quadrat boundaries
was used rather than methods employing connection of outer points of plant
crowns into polygons for cover estimates based on area of vegetation
influence. Neither 0.5-mZ or 4-mZ quadrat sizes were adequate to estimate
tree canopy coverage. Tree canopy estimates were taken from a cdmbina+lon of
ocular estimations using aerial photographs, aircraft over-fjight, and
on-the-ground site descriptions.
5.1.2 = Shrub Stem Density

Within each 4-mZ quadrat at each plot location, the number of live stems
of each tall and low shrub species were counted by diameter ciass. Diameter
classes were in 1=-cm increments: 0-1 cm; 1-2 cm; 2-3 cm; and 3-4 cm. The
total number of |lve stems was obtained by summing ovef all diameter classes
for each species.
5.1.3 = Browse Utlllzation

At each plot location along each transect Iine a circular quadrat with a
5-m radius was established. This quadrat was divided Into 4 even-sized
quadrants (point=centered quarter) with its center at the plot location.
Within each quadrant, the distance to the nearest stem 40 cm or taller of each
tall and low shrub species represented within the quadrant was measured. The
maximum distance measured to a shrub was 5 m. This arbitrary Iimlt was
established to prevent overlap between quadrats that were spaced at 10 m
Intervals a]ong the 1ine transect and to expedfTe sampl Ing and decrease search
time for shrubs with low densities.

- 14 =
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Only shrubs with stems 40 cm or taller were considered for measurement.
Our observations Tndicated that 40 cm was the approximate lower ]imit of much
of the browsing of low shrubs during winter. This height limitation
approximated "typical™ snow cover during winter when most of the twigs below
40 cm would be covered by snow. In effect, this particular Iimitation on the
selection of the nearest Indlvidual shrub of each species in each gquadrant
biased the sampling effort toward taller plants. This eliminated sampling of
smal | seedlings or root-sprouts that did not meet the minimum height of 40 cm.
We determined, however, that for 2 reasons thls bias was supportive of our
goal to estimate avallable browse for |arge herbivores such as moose: ‘1)
sampling for avalilable browse conducted during the summer was to be used to
estimate the avallability of that same browse during the winter, thus sampling
very smal! individuals (e.g. 10 cm in height) with high probability of being
covered with snow during winter was not desirable; and 2) most browsing
pressure was observed to be on shrubs 40-50 cm or taller in height.
Additionally, the establishment of some minimum shrub size was necessary to
defining a browsable shrub; Inclusion of small seedlings or root-sprouts was
not considered a good estimate of browse avallable to moose during the winter.
The basal diameter at approximately 5 cm from ground level of each nearest
shrub stem was also measured to the nearest miilimeter. Average height of the
stem was measured to the nearest 10-cm increment. The number of unbrowsed and
"recent|y" browsed twigs extending above 40 cm on the stem were counted., A
twig was deflined as a branch that had a basal diameter approximately equal fo
the estimated diameter at point-of-browsing (DPB) for that shrub species. The
average DPB for each shrub species was estimated for the middlie Susitna River
Basin by randomly measuring "recentiy" browsed twigs at a number of sites and
locations over the study area.
Basal dlameters of intact twigs were estimated rather than measured when
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counting unbrowsed twlgs. Twigs on branches were counted In such a way that
the basal dlameter of any twig did not exceed the average DPB for that shrub
species. Thus, In cases where several lateral twigs were produced due to
previous browslng of the terminal bud and/or stem, Individual lateral twigs
would be counted as unbrowsed twigs rather than counting the large mafn stem
below the point-of-browsing and below the base of the lateral twigs. Every
attempt was made to count twigs at the average DPB; however, smaller twigs
would be counted as unbrowsed twigs before a single large stem containing > 1
smaller twigs would be counted as a single |large unbrowsed twig. Due to the
low growth stature of all shrubs except Alnus sinuata and the open branching
habit of both A. sinuata and Betula giandulosa, no arbitrary distinction other
than minimum height of the twigs (40 cm) was placed on availablliity of twigs
to browsing large herblvores. Few individuals shrubs of any specles were
hedged to the degree that would directly Inhibit acquisition of new growth
twigs by browsing animals. In extremely few and in only local Instances would
hedging have been severe enough to produce "broom-stick-l|ike"™ stems of dead
twigs that would directly Inhibit browsing of new twig growth. For these
reasons, al! twigs above 40 cm in helight on the shrub In question were counted
and considered available to a browsing animal.

To be considered a "recently" browsed twig, the remaining portion of the
stem Immediately below the point-of-browsing either had to be alive or appear
as If browsing had occurred within the previous 2 years. Twigs that had been
browsed In the less recent past, leaving only dead stubs where the bark was
separating from the xylem and/or the twligs were shrunken in dlameter, were not
counted as browsed twigs. Utilization (by browsing) of browsable twigs by
large ungulates was expressed as a percent by dividing the number of browsed

twigs by the total number of browsed and unbrowsed twigs for each stem.
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5.1.4 - Browse Avallabll ity

At each site, 25 twigs from each tall and low shrub speclies were randomly
harvested at the average DPB. These twligs were oven-dried at 600C for 48
hrs., separated Into their respective l|eaf and woody stem components, and
welghed to the nearest tenth gram. The average dry weight per twig of leaves
and woody stems provided estimates of standing crop biomass removed when twigs
were browsed by moose. Dry weight standing crop biomass Is referred to as
biomass In this report. Average weight per twig and its associated leaves for
each shrub species was multiplied by the mean number of unbrowsed +wi§s/s+em
in each vegetation type. This total was then multiplied by the average number
of stems/ha for each specles to produce estimates of total kg/ha of unbrowsed
forage. Estimates of total kg/ha of utillzed forage was calculated in the
same manner using average number of browsed twlgs/stem. Avallable and
utilized |eaf biomass apply to summer use only.

5.1.5 = Current Annual Growth Blomass

All current annual growth (CAG) of forbs and graminoids as |ife form
totals and shrubs by specles were clipped from the 0.5-m2 quadrats used to
estimate canopy cover. Samples were oven-dried, the leaves and woody stems of’
shrubs separa+ed, and then weighed to the nearest 0.01 gram.

Estimates of dry weight biomass were for all current forb and graminoid
growth to ground (or moss) level was calculated by |ife form totals. The dry
weight biomass estimates of shrubs was derived from CAG of woody stems, and
CAG of leaves that were attached to the stems. CAG of leaves affachéd to
previous years' woody stems were not collected. CAG for shrubs was collected
over the entire helght of the plant within the vertical projection of the

boundaries of the quadrat.
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5.1.6 - Statistical Analysis

Analysis consisted of descriptive statistics (x, SE, N) and comparisons
among vegetation types of the variables measured. The number of plots that
were needed to adequately sample each variable to within 20% of the mean with
67% confidence (except for small means) In each vegetation type was also
calculated. Only Indtvidual plant species or life form total average
measurements with a mean > 1 were presented. LIfe form totals (e.g. total
tall shrub, total forb) were either estimated or computed additive
measurements across all individual species occurring within each |ife form.

The reported standard error -and the variance used for the sample size
estImates were based on the ftotai variance calculated from plofts within sites
within Level IV (Viereck et al. 1982) vegetation fypes. This was the total
varfance from "between" sites (within type} and within sites. This
represented the variance resulting from plots within sites and sites within a
vegetation type. Hence, the estimated sample size represents the number of
plots needed [f they were located randomly within a vegetation type. |t does
not Indicate the number of sites per type or the number of plots per site
needed for adequate sampling.

As noted earlier, sample sizes were calculated to estimate the number of
plots needed to adequately sample the parameter to within 20% of the mean with

67% confldence for means that were not considered "too small". The formula

is: slt2
n = 2
where n = estimated sample size,

s = standard deviation,
t = t value for 67% confidence (1.0}, and
d = half-width of confidence Interval.
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The 67% confidence level was chosen since It was decided that being right 2
out of 3 times was ecologically acceptable. Sampling to within 20% of the
mean for small averages meant that If the calculated mean was 1% cover, the
conflidence Interval ranged from 0.8 to 1.2%. Realistically, If the cover were
1%, results of a repeated experiment would probably be acceptable if the cover
were estimated to be less than 5%. Hence, absolute differences (rather than a
percentage of the mean) were selected for smal!l values. |f cover was less
than 25%, then an absolute difference of 5% cover was used rather than 20% of
the mean. Criteria used for all studies are shown in Table 1.

5.1.7 - Soils

In order to galn an understanding of the difference or similarities in
chemical composition of soils between the proposed Susitna Impoundment area
and Alphabet Hills burn area, soll samples were collected during the browse
inventory study. 1in this study, 3 parallel transects of 5 plots each,
Totalling 15 plots per site, were used to estimate vegetation parameters. At
each site, soll samples were collected from plots 2, 6, and 13. The soll
sample was taken approximately 1.13 m distance from plot center and
perpendicu[ar to +h¢ line of travel. A cylindrical coring device
approximately 15 cm in diameter and 45 cm deep was used to take soll samples.
The coring device was pushed into the soll and a bullt=in plunger was used to
push the soll and |itter core out of the cylinder after extraction.

Each of the soll profiles were sampled to a depth of 15 cm, where
possible. Depth of the organic matter was measured, removed from the core,
and placed in a cloth bag. Soll samples from extracted cores were divided
into 0-5 cm, 5-10 cm, ahd 10-15 cm depths which were separated and stored In
labelled plastic bags. Soll samples were submitted to the Alaska Agricultural

Experiment Station Plant and Soil Analysis Laboratory, Palmer. The
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analysis performed consisted of:

1) pH (1:1 water-soil method),

2) avalilable potassium, calcium, and magnesium measured In parts per

million (neutral 1 normal ammonium acetate extraction methed),

3) +total nitrogen and phosphorus measured in parts per mili{lon

(modified Kjeldahl method, than autoanalyzed),

4) sand, silt, and clay measured by percent (hydrometer method),

5} organic matter measured by percent {(Walkley-Black method), and

6) copper, zinc, manganese, and [ron measured in milligrams per gram

(DPTA extraction method).

Analysis consisted of descriptive statistics (X, standard deviation, N)
and comparisons of the solls among depths and among vegetatlion ftypes of the
variables measured. Analysis of variance Incorporating a nested design was
used to test differences In soil parameters among vegetatlion types. Sites
were nested within vegetation types and depths nested within sites. |
5.2 - Plant Phenoclogy
5.2.1 - Site Selection

Transect locatlons were selected based on concenftrations of
radio-collared moose 1n the Impoundment zone during parturition periods (Fig.
3). Locations were chosen to represent areas of use and non-use by
Eadlo-collared moose during April-June, the usual period of parturition
(Ballard et al. 1982). |t was recognized that nonradio-coilared moose were
probably using areas that were not being used by radio-collared moose.
However, thls was the best approximation available for an experimental design.
Areas of M"use" and "non-use" were included in the design to attempt to
Ident!fy differences Invvege+a+ion that were attractive to cow moose. The

study transect near the switchback of the Susitna River (near the Oshetna
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River) represented sites with usage on both south- and north-facing slopes.
The transect east of Jay Creek represented areas of |Ittle or no usage by
radio-col lared moose during parturition. The transect east of Watana Creek
was used by radlio-col lared moose on the south-facing slope but not on the
north-facing stope. These areas were all In the potential Watana Impoundment
area. One transect was chosen west of Tsusena Creek in an area used by
radlo=col lared moose on both north- and south-facing slopes in the potential
Devii 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 Ilnes used for qualitatlive, non-structured observations,
especially on the north-facing slopes. Exclosures were constructed at
discrete points along the transects on the south-facing siopes.

Four elevations for each study area were selected along each of the 4
fransects, except Tsusena Creek transect where only 3 elevaﬂoﬁs 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 fourth elevations
were mid-slope and bottom of the slope, respectively. Exact ground locations
aj’ each elevatlion were based on slope position, vegetation, and hellcopter
access. Tree cover at the mid-slope elevation on the Tsusena Creek transect
prevented helicopter access either by landing or by droppling a sling load.
Terralin was too rough and vegetation too dense to reascnably hand-carry the
materials to an appropriate locatlion, therefore no exclosures were constructed
at the site.

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

-21 -



ecotones because moose frequently use "edges" of vegetation types. The
exclosures were always constructed away from the helicopter access point.

Pairs of 2.1 x 2.1=m (7 x 7 ft) exclosures were constructed In late May
at each l|ocation 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. 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 phenologlical
development as well as utilization by wildiife. The north-slope at Watana
Creek was visited at the end of each week for logistical reasons. Samplling
was not begun untll after snowmelt because of project delays.
5.2.1.1 - Plant Phenology Transects, Specific Site Descriptions
5.2.1.1.1 - Watana Creek Transect

The bench location upstream from the Watana Creek transect (Fig. 3) was
in a low birch shrub scrub Inclustion in an open spruce type. |1t was at an
elevation of 774 m (2440 ft) with 20 slope and 1850 average aspect. [Betula
glandulosa (resin birch) dominated the low shrub layer while Ledum
groentandicum (Labrador tea), Yaccinium utlginosum (bog blueberry), and Y. -
yitis-Idaea (mountaln cranberry) dominated the dwarf shrub layer. Moss
covered almost 90% of the ground. The average age of 4 large trees In the
area was 94 years, making I+ a relatively old site. Methodology describing
the aging technique used for free 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. |t was at an elevation of 683 m (2240 ft)
with a 50 slope and 1500 aspect. This would be 17 m above the potential

Impoundment water surface. Vegetation consisted of B. glandulosa in a low
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shrub |ayer with a dwarf shrub layer of L. groenlandicum, Y. vitis~idaea, and
Empetrum nlgrum (crowberry). Moss provided about 65% ground cover. The mean
age of 3 Picea glauca Individuals was 82 years.

The middle-slope location along the Watana Creek transect was an open
white spruce site located on the sides 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 f+) with an average aspect of 1730
on an 80 slope. This site would be inundated by the Watana Impoundment. One
exclosure faced westward on a 130 s|ope while the other had a southerly
exposure. Vegetation consisted of a B.’ glandulosa low shrub layer with L.
groeniandicum. Y. ullginosum, and ¥. yitis-Idaea in the dwarf shrub layer.
Vaccinlum ullginosum was more abundant on the south=facing exclosure while B.
glandulosa was more abundant on the west-facling 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 mlxed spruce-birch site Just above the
floodplaln with a 120 s]lope and 1920 aspect. Its Jow elevation of 549 m (1000
ft) placed 1t In the potentiai Impoundment zone. The most important
undersfdry vegetation included L. groenlandicum and ¥. vitis-idaea, but Rosa
aclcylaris (prickly rose) was also present. Moss was less Important In this
site because of the litter layer In some places. The average age of 3 tfrees
was 99 years, As a general observation, bottom elevations 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 onIy‘
bottom site positioned on a slope, and it had the warmest soll temperatures of

any bottom-slope site for any transect. These three facts (younger, greater
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degree of slope, and warmer) are related to disturbance due to fire at this
site Théf was not a factor at bottom sites on other transects.
5.2.1.1.2 - Jay Creek Transect

The Jay Creek transect began at a higher elevation than any other
transects at 884 m (2900 ft) (Fig. 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 B. glandulgsa and the dwarf shrub layer of L. decumbens
{northern Labrador tea) and Y. vitis-idaea. Trees in this area were of mixed
age with 1 tree being 89 years oid and 2 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 'n the 150 slope. Elevation was 792 m (2600
ft+) on a 50 slope with 1440 aspect, The low shrub layer was composed of B.
glandylosa and a dwarf shrub |ayer of L. decumbens and Y. yitis-Idaea. Betula
glandulosa usually occurred on mounds with other lower growing species growing
beneath the shrub layer. Most trees at this site averaged 31 years of age
although 1 was 100 years old and a dead tree was 157 years old.

The middle slobpe position was in an open mixed spruce-birch forest at an
elevation of 701 m (2300 ft) with 140 sjope and 1570 aspect. It was located
about 35 m above the potentlal impoundment area and might be affected by
mesoc| imatic changes associated with the reservolir. The exclosures were piaced
on either stde of an open, grassy area in the forest type. Understory
vegetation In 1 exclosure was dominated by Y. yitis-idaea with some Cornus
canadensls and Mertensia panjiculata (tall bluebell}. The other exclosure was

dominated by Calamagrostis canadensis, Equisetum silvaticum (woodland
horsetall), and M. paniculata. Average age for 6 trees at this site was 37
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years, making It one of the youngest sites. [t also appeared to be the
warmest site, as Indicated by plant species composition, the time at which
plant growth was Initlated, and soil temperatures.

The bottom location was a woodland black spruce type with exclbsures on
elther slide of a wet sedge-grass-shrub meadow. The slope was <10 and aspect
averaged 1190 al+though 1 exclosure faced south-southeast and the other faced
east-northeast. At an elevation of 610 m (2000 f+), this slte would be In the
potentlal impoundment zone. Important vegetation consisted of B. glandulosa,
L. groenlandicum, Empetrum nigrum, and graminoids. Mean age of 4 trees was
146 years, the oldest average of any site.
5.2.1.1.3 = Switchhback Transect

The bench location at the Switchback transect (Fig. 3) was In a low birch
shrub scrub type. The site was at an elevation of 762 m (2500 ft+) with
average slope of 60 and aspect of 2500, Vegetation consisted of a B.
glandulosa low shrub layer and a dwarf shrub layer of L. decumbens, Y.
yitis-idaea, and |ichens. The average age of 3 frees was 35 years, although 1
tree was 91 years old.

The top-slope elevation was located on the bench as [t broke toward the
river at an elevation of 762 m (2500 f+), 96 m above the potential Watana
impoundment. This site was in an ecotone between low birch shrub scrub and
woodland white spruce with an average siope of 10 and aspect of 2750,
Important spécles Included B. glandulosa, Y. ullglnosum, and |ichens. Average
age of 3 trees was 56 Years while a fourth individual was 163 years old. Flre
scarred snags were present.

The middie slope location was Just upstream from a‘dry knoll. Vegetation
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was an open spruce type at an elevation of 701 m (2300 ft) with 160 slope and
1890 aspect. The site was 35 m above the potential impoundment zone.
Important plant species Included B. glandulosa, L. groenlandicum, and S.
pulchra. Moss covered over half the area. The average age of 3 frees was 41
years while 1 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
'I'y%pe with 30 s|iope and 2100 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 Alnus sinuata, Ribes friste, and severa] forb species. This was a
relatively moist site. Mean age of 5 ftrees was 143 years, making It one of
the oldest sites sampled.
5.2.1.1.4 -~ Tsusena Creek Transect

The transect downstream from Tsusena Creek was the only one In the
potential Devi! Canyon impoundment area (Fig. 3). The bench location was a
low birch shrub scrub type at an elevéﬂon of 758 m (2486 ft) on a mean slope
of 30, Aspects of the 2 exclosures were 2320 and 860 at this site which was
on top of a knoll. Abundant vege1:a'l'ion consisted of Betula glandulosg over a
layer of L. groenlandicum, and E. nigrum. Betula glandulosa was much taller
at this site than at other sites. Moss covered about 85% of the area and was
about 8 cm deep, which was much deeper than at sites on other transects.
Average age of 3 trees was 114 years while 1 individual was 56 years old.
This site had not been disturbed as recently as other sites and was well above
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 70 slope with

aspects of 1100 and 200. Vegetation consisted of a low shrub layer of B.
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glandulcsa and a dwarf shrub layer of L. groenlandicum and E. plgrum. Moss

covered about three-fourths of the ground and was about 8 cm deep. Average
age of 4 trees was 87 years.

The bottom location was in an open spruce type with 20 slope and aspects
of 50 and 1400 at an elevation of 512 m (1680 ft). This site was on a level,
forested area by the Susitna River. Vegetation consisted of B. glandulosa, L.
groenlandicum, and Y. yitis-idaea. Moss covered 90% of the ground. Mean age
of 4 trees was 135 vyears.

5.2.2 - Photographic Polnts

Photographic points inside and outside each exclosure were permanently
markgd with 30 to 45-cm long rebar painted fluorescent orange 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 helght of 1.6 m using a Fujica
ST605 camera with 28 mm lens. The rear 2 fence posts were located in the
upper corner of the photograph. Sometimes 2 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 Betula
glandulosa, Ledum groenlandicum, and Rosa acicularis. Selection of
indlviduals was random.

5.2.3 - Soll Temperature

Soll temperature at the 10-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 avold 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
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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.
5.2.4 - Canopy Cover
Percent canopy cover was ocularly estimated in 0.5 x 1=m (0.5-m2)
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 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 grasses.
5.2.5 - Height and Phenological State of Growth/Maturation
- Average helght (cm) and most advanced phenological state were recorded
for each plant species in each quadrat inside and outside the exclosures.
Phenological stages were as follows:
vegetative | (1) just emerging or first signs of new growth or dormant
for evergreens
(2) leaf buds visible
(3) leaves expanded
anthesis (4) flower buds
(5) flowers
fruiting (6) seeds

(7) decadent.

In some evergreen species, such as Yaccinjum yltis-idaea, 1t was extremely
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difflcult to tell when the plant initiated new growth in the spring. New
leaves were 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.

5.2.6 - Biomass Estimations

Standing crop biomass (current annual growth) of forbs and graminoids,
and current annual growth biomass of 4 individual twigs with associated leaves
of Betula spp., Salix spp., and Alnus spp. was estimated within each 0.5-m2
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 4 representative twigs. This permitted an analysis of
total mass per 4 twigs, but not mass/unit area. During the first 5 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 sampITng. 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 Yaccinium vitis-idaea was cllpped in each
plot because of its potential Importance as moosé 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-dried for 48 hours at 600C and weighed to
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the nearest 0.01 g. Twligs of shrubs were stripped of leaves, and both
components welghed 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 deslgn
applied to fhe 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 simllar as
described above, except that Inside/outside exclosure comparisons were nested
within elevation. Tukey's test was used as a mean separatlion procedure.
Statistical signiflicance was accepted at P £ 0.05.

5.2.7 = Current Annual Growth Tilg Dlameter - Length Relationshlps

Four twigs of each shrub species were clipped from within the 0.5-m2
plots of the phenology study. The twigs were clipped at the leaf bud scale to
remove only the current anrnual growth. Shrubs were cilipped 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
cal ipers.

A mean dlameter and length was calcuiated for each species and tested for
significant differences among species with paired t-tests. Simple |lnear
regression equations were developed for each species, examining the
relationship between basal diameter of the twlig 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 that
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measurement was also calculated for each measurement taken on each species.
5.2.8 - Tree Ring Analyslis |

Two free 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 communi+ty at each site in an effort to determine fire
history. Ages of |iving trees were determined by counting rings after 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 included In the original proposed methodology. During the
early phases of the phenological study, it was noted that the sites with the
ear|fest maturing forage appeared to have a relatively recent burn history
whereas the |atest maturing sites had a deep moss layer and little evidence of
fire. Cores of living and dead trees were obtained in an attempt to determine
the fire history of each site. Fleld 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 how long since

the trees had died and hence when the fire occurred, assuming the trees ,dled
during the fire. Limited laboratory time and poor quality cores did not
permit thls analysls.

If all the tree ages at one site were approximately the same, then the
mean age was taken as the age of the stand. |f 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 trees.
This was a qualltative study intended to determine If the hypothesis relating

recent burn history to early forage availability was reasonable.
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5.2.9 - Statistical Analysis - Cover

Cover were analyzed using an analysis of variance model with nested mixed
effects. The model consisted of transect, elevation, insIde/ogfside
exclosure, exclosure, and plot. Transect, elevation, and inslide/outside were
fixed effects since each level was unique, rather than a random sample of a
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 mode! 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 (fransect). Even though
the bortom elevations of the Watana and Jay Creek transects were both the
lowest elevation on those transects, geographical considerations dictated that
they were different and hence nested within their respective transects (as
opposed to being cross-classifled). vCover data for each week were anaiyzed
using this model since we were primarily interested In spatial differences at
a glven point in time rather than changes over time. Additlionally, computer
core |Iimitatlions would not permlit analysls over time.

5.3 - Alphabet Hills Pre-burn Inventory and Assessment

To facllitate the vegetation inventory of the burn area, the Alphabet
Hills area was mapped at the scale of 1:24,000 (Fig. 4, back pocket) by'
vegetation type to Level |1l of Viereck et al. (1982) during June, 1982. From
this map, sites to be sampled were selected based on known |ocations of moose
(W. B. Ballard, ADF&G, personal communlicatlon). Sites were then randomly
assigned within each vegetation type. The number of sites sampled In each

vegetation type were based on the amount of area occupled by that type and the
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percelved varlability of that type within the study area.

Twenty-flive sites in the Alphabet Hills were sampled from 13-21 July
1982, At each site, 2 parallel 50-m |Ine transects were establlshed, spaced
10 m apart. Plots were located every 10 m along each transect. |In addition,
1 site in each vegetation type contained 20 plots, spaced at 5-m intervals
along each transect line. A number of steps were taken to permanently mark
each site. At the center of each plot location, a 76 cm (2.5 ft) long, 1.3 cm
(0.5 inch) dlameter conduit was driven into the ground so It protruded
approximately 30 cm (1 f+) above ground level. A numbered metal tag was wired
to the top of each conduit stake for identifying purposes. A 120-cm (4-ft)
condult tripod was placed in an open area near plot location #1 and a metal
tag identifying the site was wired to the top of the tripod.

Photographs were taken of 1) each 1-m2 quadrat [ying in position at each
plot location, 2) each 50-m |ine transect from both ends and 3) of the general
site from the fripod near plot location #1. At each plot location a number of
measurements were taken.

5.3.1 - Canopy Cover

At each permanent plot location a 1-m2 (1 x 1 m) quadrat was sampled for
canopy cover of plant specles within the vertical projection of the boundarles
of the quadrat. The quadrat was oriented such that the left-rear corner was
touching the conduit stake in the center of the plot location. Percent canopy
cover of life form ftotals, dwarf shrubs, forbs, graminoids, bryophytes, and
| fchens as well as |itter, dead wood, bare ground, and water were ocularly
estimated within each 1-m2 quadrat. Percent canopy cover was estimated using
5§ cover Increments if plant cover was between 10 to 90% (10, 15, 20,..., 90%)
and 1% cover increments In the 1 to 9% and the 91 to 99% ranges. Percent

canopy cover of forbs, graminoids, and shrubs was estimated by specles and
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|1fe form totals. Percent cover for several graminolds and [ichens was
estimated by genus and |ife form totals. Percent cover of bryophytes was
estimated as a |ife form total and in some cases by genus.

At each permanent plot location along each transect |ine, a 4-mé circular
quadrat was also delineated by rotating a rope, 1.13 m In length, around the
metal stake In the plot center. Percent canopy cover of trees, free saplings,
tree seedlings, tall shrubs, and low shrubs was ocularly estimated using the
same cover increments as for the 1-m¢ quadrat. Trees were > 1.13 m In height
and had ditameter-at-breast-height (dbh) measurements exceeding 2.5 cm.
Saplings were > 1.13 m in height with < 2.5 cm dbh's and seedlings were
< 1.13 m in height. :
5.3.2 - Shrub and Tree Stem Density

Density of tall shrubs was estimated by counting the number of stems
rooted within the 4-m2 clircular quadrat. A distinction was made between ]ive
and dead plants. Shrubs were also tallied by 1-cm basal diameter classes:
0-1 cm; 1-2 cm; 2-3 cm; and 3~-4 cm.

Tree density was estimated using the point-centered quarter method
(Muel ler-Dombois and Ellenberg 1974). At each location along the transect

| ines, the center of a circular plot with a radlus of 33.3 m (3485 m2) was

establ ished. Within each quarter of the circle, the disfance to the nearest

individual of each species present within the quadrant was measured. The
total helght and dbh of these trees was also estimated. Both |ive and dead
trees were examined. Tree seedlings and saplings were also talllied.
5.3.3 - Browse Utilization

The point-centered quarter method was also used to estimate utilization
of Salix spp., Alnus spp., and Betula spp.. Plots had a radius of 5 m

(79-m2). The closest shrub of each species In each quadrant was measured for
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distance from the plot center and basal diameter by size ciass (0-1 cm,
1=2 cm, 2=3 cm, and 3=4 cm). Shrubs had to be at least 40 cm Iin height
(average snow depth) to be sampled. The number of unbrowsed and "recently"
browsed twigs above 40 cm were counted on the shrubs.

A twig was defined as a branch that had a basal diameter equal to the
estimated diameter at point-of-browsing (DPB) for that shrub species. The
average DPB for each shrub species was estimated for the Alphabet Hills by
randomly measuring twigs that had been "recently' browsed at a number of sites
over the study area. Utilization of browsable twigs was expressed as a
percent by dividing the number of browsed twigs by the total number of browsed
and unbrowsed twigs for each stem.

5.3.4 - Browse Availabllity

Biomass estimates based on the diameter at point-of-browsing (DPB) were
made by clipping, at random, approximately 25 twigs from a number of
individuals of every specles examined. These twigs were trimmed to the
average DPB (mm), oven-dried at 600C for 48 hrs, and weighed to the nearest
tenth gram. Stems and |leaves were welghed separately.

Average welght per twig and [+s associated leaves by shrub species was
multiplied by the mean number of unbrowsed twigs/stem In each vegetation type.
This total was then multiplied by the average number of stems/ha for each
species to produce estimates of total kg/ha of unbrowsed forage biomass.
Estimates of total kg/ha of forage already utilized was calculated in the same
manner using average number of browsed twigs/stem. Available and utilized

leaf biomass were estimated for summer use only.

5.3.5 - Statistlical Analysls

Analysis consisted of descriptive statistics (X, SE, N) and comparisons

among similar vegetatlion types. In addition, the number of plots that needed
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to be sampled to estimate within 20% of the mean of each plant species, with
67% conflidence in those estimates, was determined for cover and twig count
data. Spearman's rank-order correlation (rg) was used to compare
relationships In cover among vegetation categories (shrub, graminoid, forbs,
lichens) across vegetation types. Only individual plant species or |ife form
total average measurements with a mean > 1 are presented in the tables,

5.3.6 - Solls

To assess the chemical composition of soils found within the Alphabet
Hills study area, samples were taken at each slte where vegetatlon sampling
occurred, At each site where vegetation was examined in 10 plots, solls were
taken at plots 2, 5, and 7. At each site where 20 vegetation plots were
examined soils were sampled at piots 1, 7, 13, and 17, A{ each plot location,
the soll was cored at a distance of 1.13 m from the plot center, perpendicular
and to the right of the line of travel.

A cylindrical coring device, approximately 15 cm in diameter and 45 cm
deep, was used to take soil samples. The coring device was pushed [nto the
soll and a bullt=in plunger was used to push the soil and |itter core out of
the cylinder after extraction.

Each of the soll cores were sampled to a depth of 15 cm, where possible.
Depth of the organic matter |layer was measured, removed from the core, and
placed in a cloth bag. The soil profile was divided Into 0-5 cm, 5-10 cm, and
10=15 cm depths which were separated and stored in labelled plastic bags.
Soll samples were submitted to the Alaska Agricultural Experiment Station
Plant and Soi! Analysls Laboratory, Palmer. The analyslis performed consisted
of:

1) pH (1:1 water~-soil method)

2) avallable potassium, calcium, and magnes!ium measured in parts per
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million (neutral 1 normal, ammonium acetate extraction method),
3) +total nitrogen and phosphorus measured in parts per million
(modified Kjeldahl method, then autoanalyzed),

4) sand, silt, and clay measured by percent (hydrometer method),

5) organic matter measured by percent (Walkley=Black method),

6) copper, zinc, manganese, and iron measured in milligrams per gram

(DPTA extraction method).

At each plot where soils were sampled, depth to permafrost was recorded.
These readings were derived by using a frost probe measuring 110 cm In length
that was pushed Into the soil profile unti! permafrost was reached. Six
readings were taken at each of the plots where soil samples were taken at
various points radiating not more than 5 m from plot center. These readings
were then pooled in order to derive an average depth to permafrost at each of
these plots,

Analysis conslsted of descriptive statistics (X, standard deviation, N)
and comparisons of the soills among depths and among vegetation types of the
variables measured. Analysis of variance Incorporating a nested design was
used to test differences In soil parameters among vegetation types. Sites
were nested within vegetation types and depths nested within sites.

5.4 - Specles List and Range Extensions

Identification and verification of plant species not previously reported
with ranges extending into the Susitna River Basin was undertaken to document
thelr presence and range extensions. Unknoﬁn specles on the various studies
were collected and identifled. |f the species had not been identifled
previously, it was added to the |ist of species for the study area. |[f the
occurrence was outside the range indicated by Hulten (1968}, then it was added

to the range extension [Ist. No special attempt was made fo find new specles
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as an end In itself, although several new species were found In the phenology
study because we were [ooking for forbs and this was the earlliest that plant

ecology studies had been initiated.
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6 ~ RESULTS AND DISCUSSION

Results and discussion of the 3 studies are presented in the same
sequence as In the Methods section; browse inventory, plant phenology, and
Alphabet Hills pre=burn inventory and assessment. Results for the browse
inyenfory and Alphabet Hills studies are presented by vegetation type. A
comparison of the browse inventory and Alphabet Hills vegetation types fol lows
the discussion of the Alphabet Hills results. Plant phenology results are
presented by week of study and for individual species through time and by’
study slte location,

6.1 - Browse Inventory

During the browse inventory and plant phenology studies in the Susitna
River Basin, 14 new vascular plant species (Table 2) were added to the species
[1st compiled by McKendrick et al. (1982) and are found in Appendix A, Eight
new species were |ocated upstream during the plant phenology study while 1 new
specles was found during the browse inventory study. Another species, Ribes
budsonianum (northern black currant), had been previously found downsfream,
but has now also been identified upstream. A total of 294 vascular plant
specles haQe been found during vegetation studies on the Susitna River
project. This includes a total of 58 familles and 146 genera. Two hundred
sixty-eight species In 57 famillies and 138 genera have been identifled
upstream. Several of these species were not found before because field work
had not started in early as May In the past.

Range extensions for 2 species were made. Primula egalliksensis
(Greenland primrose) and Ribes hudsonianum were found upstream. Ribes
hudsonianum was previously reported as a downstream extension, but Its
location upstream was also a range extension Additionally, 4 genera of

mosses were Identiflied, and 2 species of lichens were identified for a
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previously reported genus.

A list of the scientific and common names of species appearing in this
report are tabulated by |ife form in Appendix B. For simplification, Salix
planifolia subsp. puichra Is referred to as Salix pulchra in this report.

Average DPB measurements for shrub species in the middle Susitna River
Basin are shown In Table 3. Alnus sinuata, Befula papvrifera, and Salix
glauca DPB measurements all averaged 3.5 mm. |Individual DPB measurements
often exceeded these average values. This was particularty evident for some
Sallx spp. when they occurred in low densities scattered among less pretferred
browse species, e.g. B. glandulosa. Individual DPB measurements were smaller
than the average measurement when smaller ftwigs adjacent to a dominant
terminal twig were taken in the same bite. From our observations it appeared
that no attempt was made to browse secondary ftwigs beyond the initial bite.

The average weight per twig and for the attached leaves was greatest for
A. sinuata (Table 3). Mean weight of attached leaves was similar among S.
gulgnca; S. glauca and A. sinuata. Leaves attached to twigs would only be
avallable as forage elther during the summer growihg period or after |eat drop
In the fall when leaves accumulated on the ground. Some |eaves probably
remained on some twigs during at least part of the winter.

The 47 browse inventory sites were grouped at Level IV of Viereck et al.
(1982) for presentation of results. A much more Intensive sampling effort
woula be required to produce adequate mean and variance estimates for
vegetation types at Level V. Level |V and the associated Level V vegetation
types sampled in the middle Susitna River Basin during summer, 1982 are shown
In Table 4.

Ten vegetation types defined at Level |V of Viereck et al. (1982) were

sampled In the middie Susitna River Basin during summer, 1982. These 10
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vegetation types were classlified under 2 broad Level | (Viereck et al. 1982)
vegetation classifications; forest and scrub. Within the forest
classification are those types with trees > m or more in height at maturity
and totaling at least 10%‘crown canopy cover. The scrub classlification
includes vegetation types with < 10% tree cover and with low and dwarf shrub
categories comprising > 25% absolute cover.
6.1.1 - Forest

The forest classification was subdivided according to: 1) the dominant
tree types (1.e. needleleaf, broadleaf and mixed), 2) by dominant tree
species, and 3) by tree crown cover percen‘fagé. Needleleaf and broadleat
types had at |east 75% of the tree cover provided by needleleaf or broadleaf
trees, respectively. The open types contained 25-50% tree cover. The
division between open and ciosed forest was retained at 50%, rather than 'Ilhe
604 that Viereck et al. (1982) used, to maintain continuity with the studies
conducted by McKendrick et al. (1982). No closed forest types were sampled.
The woodland types had 10-25% tree crown canopy cover.
6.1.1.1. - Needleleaf Forest

Needleleaf forests were dominated by Picea glauca (white spruce) or Bicea
marlana (black spruce).
6.1.1.1.1. - Open White Spruce Vegetation Type

Seven sites were sampled In the Open White Spruce vegetation type. The
Open White Spruce type contained B. glauca as the dominant overstory tfree,
although P. marlana was often present. -The tall shrub (shrubs over 1.5 m In
height) layer was composed entirely of Alnus sinuata (Sitka alder) while the
fow shrub (shrubs 20 cm - 1.5 m in helght) layer had small cover percentages

of Betula glandulosa (resin birch), Sallx pulchra (diamond leaf willow) Aand s.
glauca (glaucous willow) (Tables 5 and 6). Canopy cover percentages for both
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tall and low shrubs were very similar between the 0.5-mZ quadrat (Table 5) and
the larger 4-m2 quadrat (Table 6). The dwarf shrub (shrubs < 20 cm in height)
layer totaled 31% cover, dominated by Yaccinlum uliginosum (bog biueberry) and
Y. yvitis-idaea (mountain cranberry) (Table 5). As noted by McKendrick et al.
(1982:39) and Viereck (1970:12), the forb Linngea borealis (twinflower) was
observed in this study only In vegetation types dominated by P. glauca
overstory. Average percent cover for individual forbs was low, but they were
relatively consistent from plot=to-plot as evidenced by low standard errors
and low estimated sample sizes (Table 5). The Open White Spruce vegetation
type had low canopy cover of both graminolds and lichens.

The average density of stems (#/ha) for S. glauyca and S. lanata was
greater In the Open White Spruce vegetation type than in the other needleleat
forest types sampled in the middle Susitna River Basln (Table 7).
Approximately 94% of B. glandulosa stems were < 1 cm iIn basal diameter. The
greatest density of Salix langta (Richardson willow) and S. glauca in the
needieleaf forest types was found in the Opeh White Spruce vegetation type.

The average basal diameter, helight, and percent utilization of +a|l‘and
low shrub species In the Open White Spruce vegetation type is shown in Table
8. The average basal diameter of all shrubs was less than 2 cm, which
corresponded closely with results from density estimates based on size classes
(Table 7). Percent utilization of twigs In the Open White Spruce type
averaged 5% for all shrub species. Alnus sinuata was utillized In about the
same percentages as the Salix spp. and B. glandulosa shrubs in this vegetation
+ype {Table 8).

Total avallable blomass of twigs and leaves for shrub species in the Open
White Spruce vegetration type is shown In Table 9. Total available woody twig

blomass totaled 208 kg/ha. Thirty-seven percent of avallable woody twig
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biomass was A. slnuata, which, presumably, Is not a preferred browse species
of moose in the study area. Utilization estimates show slightly higher
utllization for A. sipuata (6%) than for S. pulchra (4%) (Table 8), which was
probably the most heavily hedged browse species measured in the Open White
Spruce type. The 3 Salix spp. composed 54% of the total avallable twig
biomass and 58% of the total available leaf biomass (Table 9). Salix pulchra
had higher estimates of both available and utillzed biomass than S. glauca.

Average current annual growth (CAG) of forbs for the 6 sites In the Open
White Spruce vegetatlion type was 159 kg/ha (Tabie 10). Leaf CAG of shrubs
ranged from 1 to 9 times higher in weight than the twig CAG to which they were
attached. Alnus sinuata, R. acicularis, and S. glauca produced from 9 to 20
kg/ha of leaf CAG biomass. Alnus sinuata also produced the greatest twig CAG
biomass (12 kg/ha), while 7, 4, and 9 kg/ha of twig CAG biomass were produced
by S. glauca, B. glandulosa, and S. pulchra, respectively (Table 10).
Approximately 36 kg/ha of twlg CAG and 79 kg/ha of |eaf CAG were produced by
tall and low shrubs in the Open White Spruce vegetation type.
6.1.1.1.2 - Open Black Spruce Yegetation Type

Ten sites were sampled in the Open Black Spruce vegetation type. The
Open Black Spruce type contained P. mariana as the dominant tree In the
overstory layer, although P. glauca was also often present. The understory of
the Open Black Spruce vegetation type (Tables 11 and 12) was similar to the
understory of the Open White Spruce vegetation type (Tables 5 and 6) for both
specles composition and percent canopy cover. Alnus slnuata was the only tail
shrub sampled In the Open Black Spruce vegetation type (Tables 11 and 12).
Betula glanduylosa and S. pulchra had the greatest canopy cover in the |ow
shrub layer while Y. uliginosum and E. nigrum had the greatest average canopy

cover in the dwarf shrub layer. Viereck (1970:10) showed increasingly greater
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cover percentages of Y. yitis-idaea as the overstory changed from P. glauca to
P. mariana - dominated stands along the Chena River In Interlor Alaska.

Although the difference in this study was between the Open Black Spruce and
Open White Spruce vegetation types, our data show the opposite trend in
changing cover of ¥. yitis-Idaea (Tables 11 and 5).

Total average moss cover was greater In the Open Black Spruce type than
in the Open White Spruce vegetation type (Tabies 11 and 5). Sphagnum
girgensohnii and Hylocomium splendens were dominant mosses In a climax B.
mariana/Sphagnum spp. stand on the Chena River in interior Aiaska (Viereck
1970:11). The Open Black Spruce vegetation type in the Susitna River Basin
had low canopy cover of both graminoids and Ifchens (Table 11).

The average denslty of stems/ha for B. glandulosa and S. pulchra was
greater In the Open Black Spruce vegetation type than for any other type in
the needleleaf forest (Table 13). Over 97% of B. glandulosa stems and 62% of

S. puichra stems were £ 1 cm in basal diameter. Betula glandulosa stem

densitles In thls slze class averaged approximately 4 stems/m2 in the 10 sites

sampled In the Open Black Spruce vegetation ftype. The average density of A. .

slinuata n the Open Black Spruce vegetation type was comparable in both size

class distribution and density estimates to the Open White Spruce vegefaﬂonv

type (Tables 13 and 7).

The average basal diameter of B. glandulosa shrubs was smaller in the
Open Black Spruce vegetation type (Table 14) than In the Open White Spruce
vegetation type (Table 8). This was \par'fially explained by the high density
of 0-1 cm diameter stems In the Cpen Black Spruce vegetation type (Table 13).
Both S. glauca and S. pulchra twigs were uﬂllzed In the Open Black Spruce
type to a greater extent by browsing animals than In the Open White Spruce

vegetation type. Only 2% of B. glandulosa and A. slnuata twigs were utllized.
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Forty percent of the total avallable twig biomass in the Open Black
Spruce vegetation type was B. glandulosa while 30% was S. pulchra (Table 15).
Available woody biomass of §. pulchra was almost 2 times greater in the Open
Bltack Spruce than in the Open White Spruce vegetation type. In contrast to
the Open White Spruce type, S. pulchra had substantially higher uﬂllrzed
biomass estimates in the Open Black Spruce vegetation type (Table 15). This
difference was due largely to greater stem densities and higher percent
utilization of S. pulchra in the Open Black Spruce type (Tables 13 and 14).
Betula glandulosa and S. pulchra had the greatest available biomass, together
comprising 67% of the fotal available biomass.

Total forb CAG was approximately 35% lower in the Open Black Spruce type
than the Open White Spruce type (Table 16). However, total graminoid CAG was
104 greater in the Open Black Spruce type (Tables 16 and 10).
Salix pulchra and B. glandulosa had the highest |eaf CAG production (Table
16). Total leaf CAG. for tall and low shrubs was 64 kg/ha and twig CAG totaled
32 kg/ha. Alfhough“rhe bulk of leaf and twig CAG produced in the Open Black
Spruce vege‘l'aﬂon type was mainly by S. pulchra, B. glandulosa, and A.
sinyata, the total leaf and twig CAG estimates were comparable to total CAG
estimates for the Open White Spruce vegetation Typé.
6.1.1.1.3 - Woodland Spruce Vegetation Type

Three sites were sampled In the Woodland Spruce vegetatlon type, which
contained both P. marizna and P. glayca in the overstory (Tables 17 and 18).
The average percent cover of B. glandulosa ranged from 1 to 19% over the 3
sites. The dwarf shrub layer was the major contributor to shrub canopy cover
In the Woodland Spruce vegetation type (Table 17). Yaccinium uliglinosum, Y.
vitis-idaea and E. nligrum were the dominant dwarf shrubs. Total moss cover
was simllar to moss canopy cover in the Open Black Spruce vegetation type
{(Tables 17 and 11). Canopy cover of lichens, particularly Cladonia spp., was
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greater in the Woodland Spruce vegetation type than in the other needleleaf
forest types that were sampled.

Average density of S. pulchra and S. glauca stems was lower in the
Woodland Spruce vegetation type than in other needleleaf forest types (Table
19). Approximately 67% and 96% of S. pulchra and S. glauca stems,
respectively, were < 1 cm in basal dlameter. Approximately 93% of the B.
glandulosa stems were In the smallest basal stem size class (Table 19).

Percent utiilzation of 3. pulchra, 9. glauca, and A. sinuata twigs was
substantlally greater In the Woodland Spruce vegetation type (Table 20) than
either the Open White Spruce (Table 8) or Open Black Spruce (Table 14) types.
I+ should be noted, however, that the number of plants actually sampled for
those shrub specles In the Woodland Spruce vegetation type was low.
Generally, palatable shrub specles were observed fo be heavily browsed when
densities were low or when they had a scattered distribution. Individual
shrubs often recelved heavier browsing pressure when growing at low density
than when stem density was relatively greater.

Betula glandulosa made up approximately 78% of the total avallable
bifomass In the Woodland Spruce vegetation type (Table 21). Salix pulchra had
only 27 kg/ha of woody twig bioﬁass which wouid be available as winter browse.
Low stem densities (Table 19) and 30% utlilization of S. pulchra twigs (Table
20) contributed fo only 14 kg/ha estimated for twig blomass already utilized.

Totai forb CAG biomass estimates were lower in the Woodland Spruce
vegetation type than for any other forest type sampled. Mean forb CAG biomass
was 54 kg/ha and total graminold CAG was 65 kg/ha (Table 22). Total tall and
low shrub leaf CAG was 20 kg/ha and twig CAG was only 10 kg/ha.
6.1.1.2 - Broadleaf Forest

Broadleaf forest types were restricted to the steep canyon walls along
the Susitna River and tributary drainages. Betula papyrifera (paper birch)
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dominated the overstory of the broadieaf forest type sampled for the browse
inventory study.
6.1.1.2.1 - Open Birch Forest Vegetation Type

Alnus sinuata was the principal shrub species in the understory of the
single slte sampled in the Open Birch Forest vegetatlion type (Tables 23 and
24). Below a B. papyrifera overstory, nearly 50% of the understory vegetation
was composed of forbs (Table 23). Dryopteris spp. (shleld fern) was the
dominant forb, making up approximately 72% of the total forb cover. Moss
canopy cover was about one-third less than in needleleaf forest types. MNearly
50% of the ground layer was covered by l|itter, primarily leaves of B.
papyrifera.

Species of Sallx were essentially absent in the Open Birch Forest
vegetation type (Tables 23, 24, and 25). Very low densities of B. glandulosa,
all with small basal dlameters, were found in this type. Alnus sinuata,
growing in the understory of B. papyrifera in this vegetation type, had the
highest stem densities (0.5/m2) of all vegetation types sampled (Table 25).
Alnus sinuata growing in the Open Birch Forest vegetation type aiso had the
largest avérage basal stem diameter and height measured in any of the
vegetation types sampled (Table 26). Percent utilization of both B.
glandulosa and A. sinuata twigs was very iow In this type.

About 99% of available browse for moose In the Open Birch Forest was A.

sjinuata (Table 27). However, utilization of A. slnuata was almost

" non-existent for the 48 stems sampled in this type (Table 26), thus biomass

estimates for utilized A. slnuata leaves and twigs were also very low.

The Open Birch Forest type had by far the largest canopy cover of forbs
of all vegetation types sampled (Table 23), averaging 578 kg/ha CAG bTomass
(Table 28). The forb CAG was composed primarily of Dryopteris spp., however
Linnaea borealls, Lycopodium spp., Cornus canadensis, and Rubus chamaemorus
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were consistently found in plots sampled in this type (Table 23,. Alnuys
slnuata was the only tall shrub that occurred in plots sampled In the Open
Birch Forest vegetation type, a\)eraging only 2 kg/ha woody CAG biomass (Table
28).
6.1.1.3 - Mixed Forest

The mixed forest types had overstory cover that was Intermediate between
that of needleleaf forests and broadieaf forests. The mixed forest type is
typical of Interlor Alaska and Is dominated by a P. glauca and B. papyrifera
overstory. McKendrick et al. (1982:43) suggested that mixed forests were
probably successional stands which developed as needleleaf forest replaced
broadleaf forests.
6.1.1.3.1 - Open Spruce-Birch Forest Vegetation Type

The B. glauca - B. papyrifera dominated overstory of the single site
sampled in the COpen Spruce-Birch Forest vegetation type was located on a
south=-facing slope of the Susitna River canyon. The low shrub Ribes friste
(red currant) and dwarf shrubs Y. yltis-idaea, ¥. uliglnosum, and Ledum
groenfandicum were common understory shrub species (Table 29). Betula
glandulosa was the only low shrub speclés sampied In the 4-m€ quadrats (Table
30). Eplloblum angustifollum, Merfensia panlculata, and Q. canadensls were
fhe dominant forbs (Table 29). Llnnaea borealls was found In the Open
Spruce-Birch Forest vegetation type in approximately the same cover
percentages as In the Open White Spruce vegetation type; bcth have B. glauca
frees in the overstory. Similar to the Open Birch Forest vegetation type,
| T+Ter cover was high (594). However, moss cover was low (6%) in relation to
the Open Birch Forest (Tables 29 and 23). Low density and a clumped
distribution pattern in this vegetation type resulted in no shrubs being
rooted in the 4-m2 quadrats. Thus, stem densities could not be calculated for
shrub specles. ‘

- 48 -

=y



s

N

FERR

T

famm

pet

Where B. glandulosa and A. slnuata shrubs were present In the Open
Spruce=Birch Forest vegetation type, they were utillzed relatively more
heavily than In other vegetation types (Table 31).

Total forb CAG biomass In the Open Spruce Birch Forest vegetation
type was approximately half as abundant In the Open Spruce Forest, averaging
284 kg/ha (Table 32). Populus balsam|fera (balsam poplar) had 6 kg/ha and
Rosa aclcularis had 5 kg/ha of twig CAG biomass. Sixty-nine percent (42 kg/ha)
of the total [eaf CAG biomass (61 kg/ha) was R. acicularis. Woody twig CAG
totaled 13 kg/ha in this type (Table 32).

6.1.2 = Scrub
6.1.2.1 - Low Shrub Scrub

Low shrub scrub vegetation was composed of vegetation ftypes dominated by
shrubs between 20 cm and 1.5 m In height and with > 25% canopy cover of shrubs
In this height range. Total canopy cover of tall shrubs such as A. sinuata
was < 25%.
6.1.2.1.1 - Dwarf Birch Yegetation Type

The low shrub B. glanduylosa dominated the 19 sites sampled In the Dwarf
Birch vegetation type (Tables 33 and 34). Sallx pulchra, a preferred Item in
moose dlets (Milke 1969, Peek 1970), was scattered In distribution In this
vegetation type., Other predominant shrub species Inciuded the dwarf shrubs Y.
ulliginosum, E. nig:um and L. groenlandicum (Table 33). Total !|ichen cover was
20%, which was the second |argest mean total lichen cover for all vegetation
types sampled. Cladonla spp. and Stereocaulgon paschale were the prevalent
lichen species in the Dwarf Birch vegetation type (Table 33).

The greatest density of B. glandulosa stems of all vegetation types
sampled was In the Dwarf Birch vegetation type (Table 35). Approximately 88%
of the stems had basal diameters < 1 cm in size. Many small seedlings and
root sprouts of B. glandulosa occurred in the Dwarf Birch type. The average
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density of 74,677 stems/ha for all slze classes combined yielded over 7
stems/m2, most of which were about 70 cm in height (Table 34). Sallx pulchra
had a scattered distribution and was subdominant to B. glandulosa.

Betula glandulosa occurred In 81% of 1,140 quadrants used to sample
utilization at 19 sites in the Dwarf Birch vegetation type, but received only
very light utilization (Table 36). Approximately 23% of the quadrants for the
19 sffes in this vegetation type confalhed S. pulchra. Where present, §S.
lanata was utillzed to a greater extent than other Salix spp. shrubs in the
Dwarf Birch type. However, very low densities of §. lanata precluded an
accurate assessment of the Importance of that species as forage.

By far the dominant shrub species in terms of browsable forage for moose
in Dwarf Birch vegetation types was B. glandulosa, totaling 535 kg/ha in
available twlig biomass alone (Table 37). However, only an average of 3% of B.
glandulosa twigs were utilized over the 19 sites sampled In this type (Table
36). This low utilization of B. glandulosa as forage was probably due to the
relatively large amount of area dominated by this species (33,549 ha)
(McKendrick et al. 1982) and low palatability of the species. However, B.
glandulosa might be eaten by moose when snow covers the lower-growing Salix
spp. or when more palatable forage species become |Imited.

Betyla glandulosa and S. pulchra were the major shrubs 1n terms of leaf
and twig CAG In the Dwarf Birch vegetation type (Table 38). Total leaf CAG
for the 2 low shrub species was 64 kg/ha while total twig CAG blomass was 35
kg/ha. Forb CAG (12 kg/ha) was lower in the Dwarf Birch type than any other

vegetation type sampled.
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6.1.2.1.2 - Dwarf Birch-Willow Yegetation Type

| The single slte sampled in the Dwarf Birch-Willow fype was in a wetter
area than sites In the Dwarf Birch ftype. Saljx pulichra was the dominant
willow species (Tables 39 and 40). Low-growing B. glandulosa was also present
in the Dwarf Birch-Willow vegetation type. Yaccinjum uliginosum was the most
abundant dwarf shrub, averaging 13% canopy cover (Table 39). Forbs and
graminoids had greater cover percentages in this type than the Dwarf Birch
vegetation type, probably due primarily to the molsture regimes found In
association with the Dwarf Birch-Willow vegetation type. Total moss cover was

lower than the total moss cover in the Dwarf Birch vegetation type (Tables 39

"and 33).

Betula glandulosa had greater stem densities than S. pulchra in the Dwarf

<1 cm

Birch-Willow vegetation type (Tabie 41). All B. glandulosa sfehs were
In basal dlameter. Approximately 67% of the S. pujchra stems were < 1 cm In
basal diameter.

Percent utilization of B. glanduiosa was very low In the Dwarf
Birch-Willow vegetation +fpe (Table 42). Stem densities of S. pulchra were
low (Table 41), but utilization was higher than for B. glandulgsa (Table 42).
Browslng of shrubs with |ow densitlies might inadvertently suggest that 3.
glauca was a major forage items in the dlet of moose. However, heavlily
browsed shrub species with low densities may not necessarlily be preferred
forage species. Animals may browse plants that, In jow densitles, sustain

higher utilization per plant than do the same plants when they occur at

greaTter densitles. Utillzation data aione cannot determine forage preference.

Information on animal diets Is also necessary, as well as Information on the
ecology of the animal (Johnson 1980).
The number of unbrowsed twigs of B. glandulosa was nearly 8 times greater
than for S. pulchra, reflecting calculated available leaf, twig, and total
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biomass‘of the 2 species In the Dwarf Blirch-Willow vegetation type (Table 43).
Total avaliable blomass 'n the Dwarf Birch-Willow vegetation type was 451
kg/ha, of which approximately half was twig and half was leaf blomass (Table
43).

Betula glandulosa and S. pulchra were the 2 major shrub species in terms
of twig and leaf CAG In the Dwarf Birch-Willow vegetation type (Tabie 44).
Salix pulchra had 3.7 times as much leaf CAG as B. glandujosa but only twice
as much twig CAG blomass. In contrast to the Dwarf Birch vegetation type, the
wetTer soil moisture conditions predominating in the Dwarf Birch-Willow type
averaged 88 kg/ha of forb CAG biomass (Table 44), The forb CAG biomass was
composed of Petasites frligldus, Cornus canadensls, and Rubus chamaemorus
/ (Table 39), Graminoid CAG was composed primarily of Calamagrostis canadensis
and Carex spp. (Table 39). Total leaf and twig CAG biomass for tall and |low
shrubs was 56 kg/ha and 24 kg/ha, respectively, in the Dwarf Birch-Willow
vegeTtation type.
6.1.2.1.3 - Open Ericaceous Shrub Tundra Vegetation Type

The Open Erifcaceous Shrub Tundra had low=growing dwarf shrubs and the
largest canopy cover of lichens of all vegetation types sampled (Tables 45 and
46.) . The predominant shrubs In thls type were the erlcaceous dwarf shrubs Y. -
ullginosum, E. nigrum, L. groenlandicum and ¥. yitis-idaea (Table 45).
Cladonia spp. and Stereocaulon paschale were the most I[mportant components of
the |ichen canopy cover.

Betula glandulosa was the only low shrub which occurred in plots sampled
in the Open Ericaceous Shrub Tundra (Tabie 47). Stem densities of B.
glandulosa were similar to those found In the Wood!and Spruce (Table 19) .and
Dwarf Birch-Willow (Table 41) vegetation types. Percent utilization of shrubs
In the Open Ericaceous Shrub Tundra vegetation type was very low (Table 48).

Betula glandulosa averaged 84 kg/ha leaf biomass and 111 kg/ha twig
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blomass (Table 49). Shrubs in this vegetation Type were low-growing, and
would be covered when snow exceeded 0.5 m [n depth.

The Open Erlcaceous Shrub Tundra vegetatlion type had 51 kg/ha and 17
kg/ha CAG biomass of forbs and graminoids, respe;fively (Table 50). Betula
glandulosa was the only shrub with CAG blomass estimates.
6.1.2.1.4 - Ericaceous Shrub-Sphagnum Bog Vegetation Type

The Ericaceous Shrub-=Sphagnum Bog vegetation type 1s common on ridges,
lowlands, depressions, and poorly drained flats (McKendrick et al. 1982).
Scattered P. mariang were In the overstory layer (Tabies 51 and 52). Betula
glandulosa was the only low shrub species with '> 1% cover in the 1 site
sampled in this vegetation type. The ericaceous shrubs £. nigrum, Y.
uliginosum, and L. groenlandicum were common plants In this type (Table 51).
Rubus chamaemorys and Carex spp. were also present. Sphagnum spp. moss made
up a large proportion of the total moss cover in the Ericaceous Shrub-Sphagnum
Bog vegetation type (Table 51). Seven percent of the area sampled was covered
by standing water.

Stem densitles of B. glandulosa in the Erlcaceous Shrub-Sphagnum Bog

vegetation type (Table 53) approximated those found In the Open Black Spruce

vegetation type (Table 13). Utilization of low-growing B. glandulosa shrubs
was very low (Table 54).

Similar to the Open Ericaceous Shrub Tundra type, B. glandulosa was the
only low shrub which occurred in quadrats sampled In the Ericaceous
Shrub=-Sphagnum Bog vegetation type. Betula glandulosa averaged oniy 40 cm in
helght (Table 54), so snow depths exceeding 0.4 m would Inhibit utilization of
these shrubs by browsing moose. Twig biomass available above 40 cm was 67
kg/ha for B. glandulosa (Table 55). Utillization of B. glandulosa for forage
in the Ericaceous Shrub-Sphagnum Bog vegetation type was almost non-existent
(Tables 55 and 54). Forb CAG bliomass totaled 154 kg/ha In the Ericaceous
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Shrub-Sphagnum Bog vegetation type (Table 56). Leaf and twig CAG biomass of
B. glandulosa was very low In relation to stem densities totaling 45,550
stems/ha (Table 53) and 67 kg/ha available twlg biomass (Table 55).

6.1.2.2 — Dwarf Shrub Scrub

Dwarf shrub scrub vegetation types are composed of scrub vegetation that
is < 20 cm In height and has > 25% canopy cover of dwarf shrubs,
6.1.2.2.1 - Low Willow Tundra Vegetation Type

The Low Willow Tundra vegetation type was composed of l|ow-growing
(< 20 cm) S. pulchra in the shrub layer (Tables 57 and 58}, The single site
sampled In this higher elevation vegetation type was dominated by E. nigrum
and Y. ullginosum in the dwarf shrub layer. A total of 12 forbs were sampied
In this type, of which Artemisia spp. (wormwood), Leutkea pectinata (leutkea)
and ¥Yiola spp. (violet) had the largest average canopy cover (Tabie 57).

The greatest density of S. pulchra stems In the vegetation types sampled
was found In the Low Willow Tundra vegetation type (Table 59). These low
growing shrubs were relatively random in their distribution as noted by the
smail estimated sample size. Density of 3. pulchra stems averaged over 5
stems/m2 in thls vegetation type. All stems of S. pulchra were < 1 cm In
basal dlameter.

Total gramlnold and forb CAG blomass was 86 kg/ha and 132 kg/ha In the
Low Willow Tundra vegetation type (Table 60). Sallx pulchra had 145 kg/ha of
leaf CAG blomass and 24 kg/ha of twig CAG biomass.

A summary of current annual growth leaf and twig biomass, density, gross
avallable twig biomass, and percent utilization of twigs for the 10 Level 1V
vegetation types in the Susitna browse Inventory study Is shown In Table 61.
6.1.3 - Discussion

The 47 sites sampled for the browse inventory study encompassed
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approximately 27 vegetation types classified at Level V of Viereck et al.
(1982) (Table 4). These 27 Level V vegetation types combined into 10
vegetation types classified at Level IV of Viereck et al. (1982). Levél v
vegetation types, whose classification was based on canopy cover percentages
of trees and shrubs by species, were used for this report because most Level V
vegetation types were represented by oniy 1 sample site.

In an ITnventory of browse gquantity, it would not be practical to
subdivide vegeration types to the lowest common denominator, particularly if
fhaf denominator Is not a plant species keyed in some way to moose.
Subdividing vegetation communities requires that discriminating criteria be
established to identify and distinguish between those vegetation communities.
Level V vegetation types, as described by Viereck et al. (1982), enlist a
number of dominant plant species as descriptive criteria. For Level V
vegetation types In the middle Susitra River Basin these Include: 1) dominant
overstory trees such as P. glauca, P. mariana, Populus balsamifera, and B.
papyrifera; 2) the tall shrub A. sinuata; 3) low shrubs such as B. glandulosa,
S. pulchra, andkﬁ, glauca; 4) dwarf shrubs like Y. uliginosum, ¥. yitis-idaea,
E. nigrum, and L. groenlandicum; and 5) ground |ayer species such as mosses
(e.g. Sphagnum spp.), |lchens (Peltigeraspp., Nephroma spp., Qéiza;ig_spp.,
Cladonlia spp), forbs (Rubus chamaemorus, Petasites frigidus, Cornus
canadensis), and graminoids (Calamagrostis canadensis, Carex spp.). Both
individual species and complexes of species are used In the classification
scheme.

Although a vegetation type Is composed of many plant species, certain
specles are more important to mcose than other plant specles. Trees are
useful descrliptive criteria for defining vegetation types for moose because

they are important components of moose habitat. Trees provide escape as well
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as thermal cover, and also forage in some instances. The relative abundance
of trees is often Indicative of the understory plant species composition; an
important attribute when classifying and mapping vegetation. Shrubs are also
useful| descriptive criteria for defining vegetation types as they relate to
the habitat requirements of moose. Woody browse may supply over 95% of the
winter diet of moose (Spencer and Chatelain 1953)., Shrub species composition
Is partlicularly important because moose are known to exhibit a preferencé for
some shrub species over others (Milke 1969, Peek 1970, Machida 1979). Thus
the identification of Important shrub species in a vegetation association Is
also a useful criterion in defining a vegetation type as it relates to moose
habitat requirements.

Dwarf shrubs, forbs, graminoids, and lichens are probably most useful as
criteria for defining vegetation types as they may relate to moose spring and
summer food habits. Murle (1944) stated that grasses, sedges, various herbs,
and submerged vegetation were eaten by moose In summer. Summer diet of 3
seml-tame moose on the Kenal Penlinsula was composed of one-~fourth forbs
including Rubus chamaemorus, Epllobium angustifollium, and E. latifollum (Le
Resche and Davis 1973). Le Resche and Davis (1973) reported that mushrooms
(Basidiomycetes) were eaten whenever found, and that grasses, sedges, and
aquatic plants constituted about 10% of the observed diet. During winter when
snow depths exceeded 30 cm the dwarf shrub Y. y[tis-Idaea was reported to
comprise 26% of moose dlets (Le Resche and Davis 1973). Under poor range
conditions on the Kenal Peninsula, Le Resche and Davis (1973) reported |Ichens
(Peltigera spp.) as 24% of the diet. Speclies of moss are Important In
characterization of vegetation types, especially successional areas (Viereck

1970, L. A. Viereck, INF, personal communicatlion), but they have |imited

value as mocse forage.
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Classification of vegefafioﬁ types to Level |V for the shrub scrub types
of Vlereck et al. (1982) represents a more useful scheme for identifying moose
habitat than Level V. However, Level V would be more appropriate for the
forest and dwarf tree scrub types since the dominant shrub species in the
understory would be Included. Restructuring of Level V vegetation types to
Include dnly dominant tall and low shrubs used by moose for forage might also
benefit the evaluation of moose habltat. Vegetation types within Level V
could be distinguished by changes in percent cover of dominant tall and low
shrub specles.

The Open Whlte Spruce vegetation +ypé occurred on gentie to steep slopes
where drainage was adequate for growth of P. glauca. Picea marjana also
occurred in the Open White Spruce type where gentle slopes Intergraded with
re|a+iVe|y level, wet areas. Specles composition and canopy cover percentages
among the Open White Spruce, Open Black Spruce, and Woodland Spruce vegetation
types were similar. Two of the 3 sites in the Woodland Spruce vegetation type
were dominated by P. glauca overstory. Total low shrub and dwarf shrub canopy
cover 1n the 0,5-m2 quadrats averaged 12% and 35%, respectively, among the 3
needleleat forest vegeration types. Total moss cover averaged 46%.

Canopy cover of A. sinuata was higher In the Open Birch Forest vegetation
type than any other type sampled. Alnus slnuata grew In narrow, vertical
bands extending from the upper elevational limits of the Open Birch Forest In
the Susitna River canyon down the steep slopes to the edge of the river
floodplain. These vertical bands of A. sinuata were discontinuous, but
generally followed drainage courses down hilisides. Dryopteris spp. was the
predominant forb in the Open Birch Forest vegetation type. Total forb and
| 1+Ter cover together accounted for 92% of the ground surface area sampled In

thls vegetation type.
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Betula glandulosa averaged 22% canopy cover in the Dwarf Birch vegetation
tType. Important dwarf shrubs were E. nigrum and ¥. uliginosum. In contrast
to the Dwarf Birch-Willow vegetation type, the Dwarf Birch type had little
forb cover. The Dwarf Birch vegetation type was situated on ridge-tops or
slopes with good soll moisture drainage. Forb cover and biomass ‘was greater
in the Dwarf Birch-Willow vegetation type. Many areas of standing water were
evidence of the relatively wet site conditions In this vegetation type.

The Open Ericaceous Shrub Tundra and Erlcaceous Shrub-Sphagnum Bog
vegetation types had low-growing ericaceous (Ericaceae) shrubs as the main
shrub component. Lichen cover, notably Lladonia spp. and Siereocaulon
paschale, was greater In the Open Ericaceous Shrub Tundra type whiie moss
cover was 1.9 times greater In the Ericaceous Shrub=-Sphagnum Bog vegetation
type.

Percent canopy cover of 3. pulchra was greater In the Low Willow Tundra
vegetation type than In any other type, averaging 18% In the 0.5-m2 quadrats.
Most of the S. pulchra was shorter than 40 cm In height. Thus it would be
less avallable as winter forage for moose when snows exceeded 40 cm in depth
unless cleared by wind or moose digging Into the snow.

In a study designed to determine the relative preference by moose for
various species of Salix Ih interfor Alaska near Falirbanks, Milke (1969) found
that 5. puichra was generally browsed more Intensively than other species of
Sallx when it and other species were growing together. In each of 4 study
areas where both 3. pulchra and S. glauca occurred together, Milke (1969)
ranked S. pulchra as the preferred species. $Salix lanata was preferred over
S. pulchra at 2 of 3 study areas where both species occurred (Mllke 1969).
Milke (1969) stated that S. glauca was almost without exception one of the

most |Ightiy browsed species of Sallx studied. [+ was a common occurrence on
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the Interior Alaska study plots to see "substantially browsed" S. pulchra
plants adjacent to a stand of unbrowsed S. glauca. Milke (1969) found this
trend to be consistent over all 7 of the study areas he Investigated, leading
to the conclusion that S. pulchra was preferred by moose over most other Salix
spp. at those sites. Extrapolating to important moose range throughout
Interlor Alaska, Milke (1969) ranked in order of decreasing preference by
moose the species of Sallx which were studied. For the species of Salix
referenced by Milke (1969) that were measured in the middie Susitna River
Basin browse Inventory study, the order of decreasing preference was as
foliows: 1) S. pulchra, 2) S. lanata, and 3) S. glauca. Murie (1961)
indicated that of the more than 20 species of Sallx in M, McKinley National
Park, S. pulchra was 1 of 3 species preferred by moose.

In the Susitna Basin vegetation types where both $S. pulchra and S. glauca
occurred fogether, and percent utilization estimates were made for each
species, utilization estimates of S. glauyca exceeded those for S. pulchra in 4
out of 5 vegetation types. Also average percent utilization of S. glauca was
greater than S. lanata in | of 2 vegetation types.

The reasons for the apparent contradiction in the preference or use of S.
glauca between the Susitna study and those reported for Milke's (1969) data In
Interifor Alaska could possibly be related to the relative availabillty of
species of Salix In different vegetation types. Stem densitlies of S. pulchra,
S. lanata, and S. glauca were all approximately equal (4667 to 8548 stems/ha)
in the Opeh WhITeKSpruce vegetation type, where percent utilization ranged
from 4 to 6%. Similarly, S. glauca and S. pulchra stem densities ranged from
1278 to 2167 stems/ha, respectively, In the Woodland Spruce vegetation type
where utllizatlion was 22% and 30%, respectively. In the Open White Spruce and

Woodland Spruce vegetatlion types, stem densities of any species of Salix
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ranged from 5% to 74% of the total stem density of B. glandulosa. In the Open
Black Spruce, Dwarf Birch and Dwarf Birch-Willow vegetation types, stem
densities of both S. pulchra and the much less utilized B. glandulosa (Spencer
and Hakala 1964) far exceeded those for S. glauca and/or S. lanata. However,
percent utilization of the species of Salix with low stem densities was
greater than those with higher stem densities. Observations of browsed shrubs
for this study suggested that, although in most areas the intensity of
browsing within the previous 2 years had been relatively |ight, almost every
S. pulchra shrub had been browsed to some degree. In a given locallty, most
S. pulchra shrubs were consistently l|ightly fo moderately hedged and exhlblted
the growth form of shrubs which had been moderately to heavily hedged in the
past. Sallx glauca and S. lanata shrubs were usually more scattered in
distribution than S. pulchra, but, although they received a higher degree of
recent utilization than S. pulchra in most cases, they were less consistently
browsed. Standard errors for percent utilization estimates were higher for
both S. glauca and 3. lanata than for S. pulchra in all vegetation types
sampled where thess speclies occurred together.

Ml ke (1969), however, observed that the relative rarlty or abundance of
a specles of Salix in interfor Alaska did not affect its degree of utilization
to an extent greater than did the species! Inherent palatability. Milke
(1969) found that certalin species of Sallx including S. glauca were poorly
utilized by moose, regardiess of Its relative abundance, on all the study
areas on which the species occurred. Milke (1969) reported that S. glauca was
poorly utilized on study areas where It was abundant as well as on study areas
where [t was scarce. Conversely, Miike (1969) noted that S. pulchra was
heaviiy browsed by moose whether it was very abundant or relatively uncommon.

For Salfx spp. occurring tn intertor Alaska,'species utilization by moose was
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not correlated with species density (Milke 1969). Milke (1969) also concluded
that neither relative abundance nor density of Salix spp. observably affected
the degree to which moose utilized the plants. Rather, the inherent
palatability of a species Tends to override the effects of relative abundance
or density on browsing intensity.

One other reason why . glauca is browsed more heavily than S. pulchra in
the middie Susitna River Basin study may be the physical proximity of 3.
glayca stems to nearby S. pulchra stems. Milke (1969) observed moose feeding
on S. pulchra that, while standing in place, would briefly browse nearby S.
glauca or S. lapnata plants that were within reach. Thls type of feeding
behavior suggests a possibie explanafién for the abnormal degree of
utiiization on the lower preference Sallix spp. shrubs that occur In |ow
density or with scattered distribution in the immediate vicinity of a more
highly preferred forage species. |n addition, other herbivores sucH as
caribou (Ranglfer tarandus), rodents, leporids, and insects may be selectively
browsing S. glauca. Informatlion on the food habits of moose in the middle
Susitna Rlver Basin Is essentlal to determine forge preferences of this
animal.

Average DPB measurements for all shrub species sampled in the middie
Susitna River Basin study area were iarger than the average measurements of
basal diameter of current annual growth of twigs. The mean DPB was: 1) 121%
for A. sinuata; 2) 133% for B. glandulosa; 3) 152% for B. papyrifera; 4) 184%
for S. glauca, and 5) 147% for S. pulchra greater than the basal diameter of
current year's growth for each respective shrub species. Peek et al. (1976)
described a similar situation In northeastern Minnesota where mean DPB's
averaged 111% greater than the basal diameter of current year's growth for all

shrub species. The DPB Increase over basal diameter of current annual growth
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twigs for the 5 shrub species In the middle Susitna River Basln averaged 147%.
Peek et al. (1976) suggested that thelr estimates of utilization based on
percentages of current annual growth leaders probably underestimated actual
utlilization of twigs on a welght basis. Thils conclusion was based on the
premise that either more than the current year's growth was browsed or that
only larger twigs were eaten (Peek et al. 1976). The avaiiable and utilized
|leaf biomass estimates for the Susitna study do not have the same Inherent
calculation error as Peek et al. (1976). Our utillization estimates for
avallable and utilized twig and leaf biomass were calculated from twigs
clipped at an average point-of-browsing calculated for each shrub species
rather than at the basal diameter of current annual growth. Except for
occaslonal cases where S. glauca and 3. lanata current annual growth of twigs
was stimulated by past browsing and were long and robust, DPB's extended below
the current year's growth.

Removal of 100% of the avallable twig biomass back to the DPB we have
used would concurrently remove 100% of the previous summer's current annual
growth as well as a portion of the piants 2-yr, and/or 3-yr-old stem growth.
In species of Salix, 96% of the lateral dormant buds were located on 1-yr-old
stems (Archer and Tieszen 1980). Lateral dormant buds were those which would-
réspond by Initiating leaf or twig growth following removal of the terminal
bud. Three percent of the bud production In Salix spp. was located on
2-yr-old stems and about 1% was on 3-yr-old stems (Archer and Tieszen 1980).
The average 3allix plant Initiated growth of leaves and |ateral fwigs from less
than 20% of its visible buds during spring and summer growth. Archer and
Tleszen (1980) concluded that a Sallx shrub experiencing partial defoliation
of leaves during the growing season had great potential to replace

photosynthetic tissue lost to herbivores because buds were still Intact.
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However, 1f terminal 1- and 2-yr-old stems were removed along with current
growth, particularly [f 1t occurred late In the growing season, shrubs could
not regenerate photosynthetic tissue in time to recover the energy investment
before the end of the growing season (Archer and Tieszen 1980).

Archer and Tieszen's (1980) work on §. pulchra demonstrated that removal
of terminal growth back to 5- to 7-yr-old growth stimulated the development of
terminal long-shoots from suppressed lateral buds buried in the cambium. This
growth far exceeded growth of terminal long-shoots under non-defoliation
conditions (Archer and Tieszen 1980). However, the energy reserves of a plant
may become depleted if all terminal stem growth back to 3-yr-old stems were
removed over a number of consecutive years during the growing season.

Wol ff (1978) found that browsed branches of S. scouleriana (Scouler
willow) produced more than unbrowsed branches during subsequent growing
seasons over a 3-yr period. However, continuous browsing during the growing
season over several years may eventually deplete plant or soll reserves,
causing eventual decline In productivity (Menke 1973)., Aldous (1952) reported
that B. papyrifera could withstand cllpplng‘of 50% of the current year's
growth over a 6-year period without jJoss of production. Several authors have
suggested that 50% browse utllization may give maxImum sustalned production of
hardwood browse (Spencer and Chatelain 1953, Krefting et al. 1966, Wolff 1976,
Wol ff 1978).

Based on this argument, avallable and utilized leaf and twig biomass as
well| as current annual growth bliomass estimates reported here should be
reduced by at least 50%. This reducflon would provide more reasonable
estimates of the actual amount of forage available when calculating carrying
capacities of vegetation types for moose. More Information Is needed on shrub

response to the degree of utilization by moose and Its season of use.
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Assuming the daily consumption rate of forage for adult moose was 13
kg/day (C., C. Schwartz, ADF&G, personal commynication), and 50% of availyable
twig biomass of all shrub species was consumed, the Open White Spruce
vegetation type (104 kg/ha) would support 8 moose/ha for 1 day. It follows
that 1 moose could survive for 8 days on each hectare, or 8 moose days/ha.
Using vegetation type area estimates for the portion of the middle Susitna
River Basin 16 km on either side of the Suslitna River from Gold Creek to the
Maclaren River reported by McKendrick et al. (1982), the Open White Spruce
vegetation type could support 414 moose-days for a winter 210 days long.
These estimates are probably too high. Certain broad assumptions must be made
in order fo use the foregoing technique:

Assumption #1: Moose occupy all geographical areas and vegetation types
equal ly.

However, moose will not make full use of a large geographical area such
as the Open White Spruce vegetation fype uniess populatlions are extremely
large. Variables such as snow depth, slope, aspect, wind speed and direction,
general movements, behavioral patterns, and proximity to a localized source of
forage all Interact to influence the use of a vegetation type by moose. Moose
In the middle Susitna River Basin were not randomly distributed throughout all
vegetation types during all times of year (Ballard et al. 1982).

Assumption #2: All shrub species are equally preferred, equally
palatable, and equally utilized by moose.

Although preference and/or browsing Intensity on different species of
shrubs varles by locallity, association with more preferred shrub species, and
animal behavior, some shrub species such as A. sinuata and B. glandulosa
presumably do not make up a large proportion of the dlet of moose on ranges

where Sallx spp.fare abundant. However, without specific food habits
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Information on moose In the middle Susitna River Basin, accurate estimates of
the relative importance of shrub species cannot be determined. A 55%
reduction in moose-days for a 210 day winter was calculated if a maximum of
10¢ of the winter diet were composed of avallable A. sinuata and B. glanduiosa
twigs and the remalnder of the diet were composed of Salix spp. twigs in the
Open White Spruce vegetatlion type.

Assumption #3: Moose consume woody browse only during the winter months.

However, utfllization of woody browse is not restricted to the winter
months., Mooée were observed to browse current annual growth of twigs and
leaves, particularly of §. puichra, throughout the summer growing season.
Summer dlet of moose are dominated by S. pulghra In Denall National Park (V.
Van Bal lenberghe, INF, personal communication).

Therefore, the actual calculation of carrying capacity for vegetation
types, and subsequently for the middle Susitna River Basin as a whole, rests
on assumptions whose accuracy cannot be addressed within the scope of this
study. Periodicity, timing, and season of use of various vegetation types by
moose are valuable Information in assigning the relative Importance of varlous
shrub specles. Activity patterns (e.g. feeding, resting, hiding) of moose
within vegetation types Is needed to determine the reasons why those
vegetation types are used. Food habits must be determined to rank shrub
species and to ascertain the composition of food Items In moose dlets. Of
course, the presence and abundance of preferred forage species will weigh
heavily in determining the relative importance for moose of the vegetation
types sampled in this study. Ballard et al. (1982:70) commented that the
distribution of species of Salix preferred by moose probably strongly
influenced seasonal distribution of moose in the middle Susitna River Basin.

However, presence or absence of plant specles, or even abundance of forage
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based on canopy cover, stem densities, and biomass estimates alone do not
provide the complete picture when assessing the imporftance of the various
vegetation types to moose in the middle Susitna River Basin.
6.1.4 - Susitna Basin Soils

Sbils information in this study was collected for comparison between the
proposed Alphabet Hills burn and those locations sampled within and near fhe
proposed Susitna dam Impoundment areas. Similar sampling techniques and
analysis were employed for that purpose. Unless ofherwise stated, means
presented In the text reflect the average for the entire soll profile sampled
(0=15 cm).
6.1.4.1 - Open White Spruce Vegetation Type

Withln the Open Whlfe Spruce vegetation type, pH averaged 5.97+0.71 (X+
standard deviation). Averages for each depth (Table 62) within this
vegetation type ranged from 5.93 fto 6.05 (moderately to slightly acidic).
Individual readings within the Open White Spruce vegetation type varied from
4,90 to 6.71 for depths 0-5 cm, 5-10 cm, and 10-15 cm, indicating that soils
ranged from strongly acidic fo neutral.

Macronutfrient concentrations were greatest for calcium at
1680.94+£1506.11 ppm (parts per mililon), followed by magnesium
(245.62+252.06 ppm), and potassium (52.09+23.06 ppm). Average concentrations
of macronutrients were always greater In the 0-5 cm depth than either the 5-10
or 10-15 cm depths. Viereck (1970) noted that greater levels of potassium,
mognesium, and calclium were often found In asso;iafion with the greafés#
concentrations of organic matter in study areas adjacent to the Chena River in
interior Alaska.

Micronutrient concentrations were greatest for iron (300.51+133.90 mg/g),

followed by manganese (23.19+27.29 mg/g), copper (2.30+2.21 mg/g), and zinc
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(1.44+1.41 mg/q).

Average percent organic matter of sampled soils was 9.24+7.50 in the Open
White Spruce vegetation type. Organic matter decreased (Table 62) from the
0-5 cm depth through the 10-15 cm depth.

Total nitrogen and phosphorus averaged 0.28+0.23% and 0.07+0.03%,
respectively. Total niftrogen and phosphorus are usuaily Correlaféd with
organic matter content of soils (Hausenbuiller 1978). Assoclated decreases In
total nitrogen and phosphorus content with increasing soil depth are not
uncommon.

Texture classification would be loamy with 37.47+10.27% sand, 46.35+8.26%
silt, and 16.18+6.28% clay in the Open White Spruce vegetation type.
6.1.4.2 - Open Black Spruce Vegetation Type

In the Open Black Spruce vegetation type, pH averaged 6.09+0.54. Average
pH for each depth in this vegetation type (Tab!e 63) ranged from 5.88 to 6.29.
Individual readings in the Open Black Spruce vegetation type varied from 5.36
to 6.51 for depths 0-5 cm, 5-10 cm, and 10-15 cm, reflecting a moderately to
slightly acldic soil pH range.

Macronutrient concentrations were greatest for calcium
(2537.25+£2315.91 ppm), followed by magnesium (310.20+268.06 ppm), and
potassium (61.10+42.56 pmm). High concentrations of calcium would be expected
since calclum 1s often a more abundant element than elther magnesium or
potassium {(Hausenbuil ler 1978).

Micronutrient concentrations were greatest for iron (456.37+287.36 mg/g),
followed by manganese (86.36+121.59 mg/g), copper (9.50+11.50 mg/g), and zinc
(2.75+3.13 mg/g).

Organic matter content averaged 13.54+10.64%. Total nitrogen and total

phosphorus averaged 0.50+0.41% and 0.09+0.02%, respectively.
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Soil| texture classiflcatlion indicated a loamy soil with 33.78+10.84%
sand, 49.08+8.17% silt, and 17.15+9.12% clay.
6.1.4.3 - Woodland Spruce Yegetation Type

In the Woodland Spruce vegetation type, pH averaged 4.21+0.06. Average
pH for each depth in this vegetation type ranged from 4.15 to 4.26, or
strongly acldic (Table 64). The soll samples taken in this vegetation type
were more acidic than solls In any other vegetation type sampied. Large
amounts of conliferous l|eaf [itter and a thick moss [ayer could have
contributed to the low pH.

The greatest macronutrient concentration was found for calcium with
99,00+23.52 ppm, followed by 46.67+4.,16 ppm for potassium, and 30.00+5.57 ppm
for magnesium.

Micronutrient concentrations were greatest for jron with
482,50+7.78 mg/g, followed by 23.90+0.85 mg/g for manganese, 0.92+0.08 mg/g
for zinc, and 0.37+0.08 mg/g for copper.

Organic matter averaged 10.45+1.76%. Total nitrogen averaged 0.38+0.07%
and total phosphorus averaged 0.09+0%.

Soil texture Indicated a |loamy classification with 33.87+4.67% sand,
43.1342.04% siit, and 23.0043.64% clay.
6.1.4.4 - Dwarf Birch Vegetation Type

In the Dwarf Birch vegetation type, pH averaged 6.01+0.48. Average pH
for each depth within thls vegetation type ranged from 5.70 to 6.26, or
moderately to sllightly acidic (Table 65). |Individual pH readings within the
Dwarf Blrch vegetation type ranged from 5.70 to 6.51 for depths 0-5 cm,
5=-10 ¢m, and 10-15 cm.

The greatest macronutrient concentrations were found for calcium with

1992.40+2692.70 ppm, followed by magnesium with 127,00+118.37 ppm and
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potassium with 40.20£19.83 ppm.

Micronutrient concentrations were greatest for iron at
253.80+236.69 mg/g, followed by 14.76+16.80 mg/g for manganese,
5.41+10.38 mg/g for copper, and 0.90%1.06 mg/g for zinc.

Organic matter content averaged 8.19+9.40%. Total nitrogen measured
0.24+0.24% and total phosphorus was 0.06+0%.

Texture classification was loamy with 33.92+6.13% sand, 43.32+3.58% silt,
and 22.7614.88% clay for soils sampled within the Dwarf Birch vegetation type.
6.1.4.5 - Conclusions

Comparisons of soil variabies were made using analysis of variance.
Significance was set at P <0.10., No significant differences were found among
depths within a vegeration type for any of the soil variables measured. No
significant differences in variables measured were found among all vegetation
types. It appeared that there was a substantial amount of variability between
soils at each site within a given vegetation type as shown by the high
standard errors (Tables &2, 63, 64, and 65). Organic matter decreased with
decreasing depths as did total nifrogen and phosphorus in most instances.
Soils were grouped based on vegetation type rather than on soil type. High
variability In soil chemical analysis within a given vegetation type is an
indication of the variability Inherent in the vegetation composition itself
within the Level |V vegetation types of Viereck et al. (1982).

6.2 - Plant Phenology
6.2.1 - Reconnaissance Observations

Some general observations on late winter snow conditions were made on a
reconnalssance trip on 15 and 16 May, 1982, The Watana and Jay Creek
transects were almost snow-free at that time, although the Watana area

contained some snow patches In depresslions between shrubs, and Yaccinium
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yliginosuym was partly snow-covered. The Switchback and Tsusena Creek s’H'es
stil|l had substantial snow cover on the siopes at this time, although snow
cover at the base of trees had already decreased. Yaccinlum vitis-Idaea was
abundant at the base of frees in fhe area between Devil| and Tsusena Creeks.
Snow was melting around Ledum groen|andicum 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
forested south-facing sliopes while It had only decreased around trees on
north-facing slopes. The Immediate area around shrub stem bases was
refatively snow-free on the benches. Snow depths were greatest between shrubs
and contained many animal tracks. 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,

6.2.2 - Soll Temperature

Temperatures varied significantly by fransect, elevation within transect,
and date within elevation within transect (Tabie 66). However, trends for
elevations within ftransects varied at each location. The bottom location at
the Watana transect was usually the warmest in that area (3.5 - 4.00C). |t
was a mixed spruce-birch stand on a well-dralned slope (120} 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 spruce-birch type adjacent to a grassy opening. Soll
temperatures ranged from 3.5 to 7.00C. This area had different vegetation

from any other site, Including large Individuals of Rosa acicularis (1 m or
taller) as well as abundant Calamegrostis canadensis (bluejoint), Equisetum
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silvaticum (woodland horsetail), and Mertensja panicujata (tafl 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 1 other
tree was 124 years old. Several Individuals of B. papyrifera had been hedged
so that they resembled large B. glandylosa - B. papyrifera hybrids and caused
species identification problems through the early weeks of the study.

Bench and top-siope elevations were the warmest (2.0 - 6.50C) at the
Switchback transect. These sites had gentle, west-facing slopes and were not
shaded by higher ridges tc the north as were the cther south-facing slopes.
Vegetation here was more open than on the lower slopes.

The top-slope location at Tsusena Creek was somewhat warmer (average
across weeks 2.60 versus 2.00C) than the other elevations at this transect
(Table 66)., The bench location was wél] 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 0.99C lower than the average fransect temperature

during the first and fourth weeks. The maximum temperature difference was
1.50C 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 at this site. Betula glandulosa did not deveiop leaves
until the week of 14 June., During the previous week, 7 to 11 June, B.
glandulosa 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 soll temperatures at the
top-siope location at Tsusena Creek were 3.5 to 4.50C |ower 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
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Iindicated that climatic conditions along that transect mlight be cooler and
moister than along the 3 transects in the potential Watana Impoundment zone.

The Tsusena Creek transect appeared [ess 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 age
greater than 100 years were the bottom positions. Hence, the Tsusena Creek
sites appeared to be mecre mature than other sites. Whether the lower soll
temperatures along the Tsusena Creek site resulted from a different
mesccl Imatic regime or the deeper moss layer is a matter of conjecture, but It
seems |lkely that the delayed phenological development resulted from an
interaction of mesoclImate, burn history, and deeper moss layer.

The middie elevation on the Jay Creek site was consistently the warmest,
Vegetation there not only Inftiated 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 thlis site had the warmest
sol| temperatures which ranged from 3.5 to 7.00C. The middle elevation was
also the youngest site in terms of tree ages: 37 years (N=6 trees) although 1
éfher tree was 124 years old.

6.2.3 - Canopy Cover, Height, and Phenological State of Growth/Maturation
6.2.3.1 - General |

Results and discussion of the statistical analysls of phenological
development of the vegeration were confined to dominant species. Because some
species only occurred at 1 or a few sites, they frequen+|y 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
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phenological develcpment. Only specles that conslstently occurred In most
sites would give reascnable statistical results when comparing eleva'i'klons and
transects. The major species were B. glandulosa, Y. ¥itis-idgea, X.
uliginosum, and Empeirum nigrum.
6.2.3.2 - Week 1; 31 May - 4 June

During the first week of 31 May to 4 June, no dlfferences (P < 0.1)
between inslde and outside exclosures were observed for the major species.
Yaccinlum yitis~-idaea had significantiy different cover values for elevation
within transect (P < 0.1) and for transects (P < 0.01). Cover values for B.
glandyiosa (P < 0.01) and ¥. uliginosum (P < 0.02) varied among elevations
within transect while E. nlgrym (P < 0.02) differed among transects (Table
67).

Most plant species were elther dormant or had Just initiated leaf buds
during the first week. Yaccinium ulliginosum on the Watana transect was
generally dormant or had some leaf bud development whereas most B. glanduiosa
plants had developed at least to the bud stage. VYaccinlum yltis-idaea
appeared dormant; however, [t was sometimes difficult to Identify new growth.

The bottom etevation at Watana Creek contained an Individual of BR. aclicularis

with leaves and Y. yltis~Idaea with flower buds. Some Individuals of Y.
ullginosum were In leaf bud stage whereas individuals of the same species were
stitl dormant at the higher elevations.

The Jay Creek transect had several species already leafed out on 1 June
(Tabie 68). At the bench and top-slope positions on Y. yitis-Idaea exhibited
leaf emergence while more Individuals of Y. ulliginosum had leaf buds than on
the Watana transect. Some B. glandulcsa Indlviduals were starting to leaf. out

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

Arctostaphylos alpina (afplne bearberry) already had leaves and flowers.
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Betula papyrifera 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 Equisetum silvaticum and Calamagrostis canadensis
(standing dead from the previous year's growfh), but tittlie growth (< 1%
cover) had started this year by week 1. Ground cover might [nhibit Initial
soil warm-up In the spring. Mertensia panicuiata had flower buds on a few
individuals.

Most species at the bottom elevation of Jay Creek dur!hg the first week
were [n the leaf bud stage. This site had some of the few speéies of Salix
observed on the south~facing sliopes.

The corresponding north-facing siope at the highest point had more dense,
but smallier, B. glandulosa individuals. Leaf buds did not appear to be as far
advanced on this slope. More Salix spp. was present here than on the
south-facing slope. Farther down the siope (about midway), last year's
standing dead growth of Eguisetum silvaticum was abundant but no current
growth was observed. Two speclies of Sallix were found In a woodland black
spruce scrub site. Salix pulchra generally occurred aiong small runoff rilis
while S. glauca grew on the smail ridges between these drainages. One lower
elevation area had a 130 north-facing siope with 49C soil temperature. This
was warmer than most of the south-facing transects, except the middle
position. Equisefym silvaticum was JusT emerging from the soll and Betula
napa (dwarf arctic birth) was |eafed out. A wet sedge grass tussock
vegetation type existed at the bottom and contained partiaily ieafed-out B.
nana. Thls 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.

The Switchback transect had several species already in the |eaf stage by
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2 June: Q. puichra, Ribes friste, Ledum groenlandicum, and L. decumbens (Table
69)., Most VY. yitis-Idaea was still dormant while some ¥. uliginosum had
entered leaf bud stage.

Individuals of Carex spp. on the bench position were beginning to emerge
while most other specles, except B. glandulosa, were dormant. The top
elevation was similar during this time period. The middle location contalned
Y. uliginosum [n (eaf bud while Equisetum silvaticum was just emerging.
Betula glandylosa was In the advanced bud stage with many starting to break
open. Salix pulchra already had exerted scme leaves. Potentlilla fruticosa
(shrubby cinquefoll) and ¥. yifis-Idaea had |leaves at the |owest elevation.
Rlibes triste had |eaves and flower buds. Most Alnus sinuata were in the bud
stage, but some had started to leaf out.

The corresponding north-facing siope across from the Switchback transect
contalined very hedged Sallx, with DPB's of 10 mm. Alnus sinugta had been
noticeably browsed. This area contained the only Y. uliginosum which had been
observed as browsed.

The Tsusena Creek transect contained X. uiigiﬁgggm In leaf on 3 June, but
most other specles were dormant or entering leaf bud state (Table 70). The
two highest elevations were similar with B. glandulosa just starting to form
leaf buds. Observations between the top and bottom positions Indicated that
graminoids were greenling up sooner here than on some other transects. Rosa
aclcularls also was more deveioped. Ledum groenjandicum had new leaves at the
bottom location whereas Cornus capadensis was dormant and B. glandulosa had

[eaf buds.
6.2.3.3 - Week 2; 7 June - 11 June
The second week of 7 Tb 11 June had no significant differences (P > 0.10)

for major species cover values between Inside and outside the exclosures. All
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major species haa significant (P < 0.03) differences with respect to elevation

while only ¥. yitis-Idaea and Empetrum nigrum had different cover values among

transects (P < 0,01). The previous week, E. nigrum cover varied only with

transect, and B. glandulosa and Y. uliginosum varied with elevation.

Several changes occurred along the Watana Creek transect by the second
week, PBetula glandulosa and Y. uliginosum had leafed out In many places and
Rosa acicularis had leaf buds (Table 71). Yacclinfum uliginosum tended to have
leaf buds at the 2 hlghésf efevations while at the lower 2 elevations plants
were |eafed out. Changes In leaf area like This could account for elevational
differences in cover for this species. There were no major differences In
phenologlcal development at different elevations at this time at this site.

Plant species on the Jay Creek transect had also advanced phenologlcally
by 8 June (Table 72). Betula glandulosa and R. aclcularis were In leaf as

were Y. ullginosum, Salix reticulatg (netleaf willow), and Arctostaphvlos
alpina (alpine bearberry). As In week 1, the top 2 elevations were similar.
At the middie elevation Mertensia paniculata was still In the fiower bud stage
but had grown from 8 to 13 cm, while Eplloblum angustifolium (flreweed) had
acquired leaves., Equisetum silvaticum héd strobili on many Individuals and
had almost doubled in height. Carex spp. and Empetrum nlgrum had acquired
leaves at the bottom location.

Phenoiogical development of plants on the north-facing siope opposite the
Jay Creek transect was equal to that on the south-facling slope and was even
more advanced Iin 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 while pure stands of deciduous
trees were only In bud stage or just starting fo expand leaves. The deciduous

trees in the mixed stands, which were relatively common, were B. papvrifera

- 76 -

]



s

=Y

R,

while those in pure stands were probably Populus iremuloides (quaking aspen),
although this was never ground-truthed. These stands were assumed to be P.
Iremuloides because of the different appearance of the individuals relative to
those in B. papyrifera - P. glauca sites. The other deciduous tree species,
Populus balsamifera, generally does not grow on those types of slopes. Populus
tremuloides appeared to develop later than B. papyrifera. I{f this was frue
for stems in the shrub and understory layers, then B. pagisiigna might provide
moose forage earlier than P. Ifremuloides. Lack of leaves on P. iremuloides
overstory might allow the ground |ayer 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 73), Alnus sinuata, B,
glandulcosa, R. acicularis, and Y. uliginosum had leaves at this time. Average
height of Equisetum silvaticum had increased from 2 to 10 cm (Tables 69 and
73)}. Rlbes friste was in flower at the bottom elevation. Yaccinium
yitis-Idaea had flower buds at the middie-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 (Tables
70 and 74). On the north-facing slope B. glandulosa buds were more advanced
but were still Immature.
6.2.3.4 - Week 3; 14 June = 18 June

Cover values of all major species including B. glandulosa (P < 0.001), ¥.
yitis-idaea (P < 0.08), Y. uliginosum (P < 0.02), and Empetrum nigrum
(P < 0.02) were different across elevations within ftransects during week 3..

Only Y. vIltls-idaea (P < .04), ¥. ullginosum (P < 0.06), and E. nigrum

(P < 0.06) were different among transects.
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Vegetation on the Watana Creek transect exhibited no major plant
phenological advances between the second and third week (14 June) except that
Rosa aclicularis was now in leaf and E£. nigrum had some terminal buds at the
bottom and top transect elevatlions, respectively (Table 75). Yaccinjum

ullginosum had flower buds at the top-sliope elevation, where flower buds of
L. decumbens were starting to break. The north-facing slope at this transect
had flowers on Dlapensia lapponica (diapensia) and Casslope tetragona
(four-angle mountain—~heather) 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 76). However, Cornus canadensis
acquired new leaves and Epilobium angustifolium and Mertensia paniculata had
flower buds. The average height of M. paniculata Increased 10 cm while that
of Equlsetum silvaticum Increased 8 cm (Tables 72 and 76). Epllobium
angustifoiium did not significantly Increase in height. Mertensia paniculata,
a perennial, appeared to Initlate growth earlier than E. angustifollum, an

annuat. However, It appeared to grow slower. Epi{lobium angustifolium started

growth |ater but grew more rapidly, reaching its maximum height a week earlier
than M. paniculata. Mertensia paniculata would be available earlier as
forage.

Few plant species progressed phenologically along the Switchback transect
by 16 June (Table 77). Masginium.uligingggm had flower buds, Empetrum nigrum
had oniy terminal buds, and many Ribes friste had lost their flowers.
Equlsetum silvaticum was more abundant since 6 observations on height were
‘made this time, as opﬁosed to 1 previously. The average helght, however, did
noT increase. Moose were observed feeding between top and middle-slope

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

caplrata (caplitate valerian), Chrvsosplenium tetrandrum (northern

watercarpet), and Astragalus spp. (milk=-vetch}.
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Many plant species had not leafed out unti| 17 June on the Tsusena Creek
transect (Table 78). Betula glandulosa, Y. uliginosum, and Empetrum pigrum
all developed |eaves by this time. Cornus canadensis at the bottom elevation
was dormant.
6.2.3.5 - YWeek 4; 21 June - 25 June

Betula glandulosa (P < 0.03), ¥. uliginosum (P < 0.01), and E. nigrum
(P < .01) had significant cover differences during the fourth week with
respect to elevations within transects. VYacciniuym vitis-idaea (P < 0.02), Y.
uliglnosym (P < 0.01), and E. nigrum (P < 0.01) cover values were different
among fransects at this time. Yacclinium vitis-Idaes did show trends with
respect to elevation (P < 0.14) and B. glandulosa with respect to transects
(P < 0.18). Most ubiquitous species had different cover values among
transects and elevations withln a transect.

The only new development on the Watana Creek tfransect in the fourth week
was that ¥. yifis-idaea and Y. ullginosum had developed flower buds (Table
79). Some L. decumbens 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 Y. vitis-Idaea and Y. uligipnosum and flowers on m_n_u_s
canadensis (Table 80). Most of the forbs slowed their growth although the
average height of Eguisetum slivaticum increased slightly.

Several phenloglical advances occurred on the Switchback transect during
the fourth week. Emp_ei_l:y_m nlgrum, Arctostaphvlos uva-ursi (bearberry), and
grasses entered the leaf stage (Table 81). Although most ¥. vitis-idaea were
In the leaf stage, some had acquired flower buds. JXalerjang capitata was
f[oweriing at the bottom elevation while M. paniculata had leaves.
Phenolloglcal development on this site was delayed relative to the Jay Creek
site.
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Oniy minor changes were evidenced on the Tsusena Creek fransect during
the fourth week. QCornus canadensis |leafed out while grass expanded |eaves
(Table 82). Rubus chamaemoruys and Yaccinium uliginosum were flowering at the
top-slope location. '
6.2.3.6 - Week 5; 28 June - 2 July

Cover values of B. glandulosa (P < 0,001), P < 0.04) Y. uliginosum
(P < 0.01, P < 0.02), and E. nigrum (P < 0.01, P <0.01) during the fifth week
differed with both elevation and transect. VYaccinlum vitis-Idaea cover did
not differ with efther elevation or transect (P > 0.10).

The last week of 28 June to 2 July had few changes as most specles had
at least expanded |eaves at all sites by this time. Watana Creek transect had
only minor changes durling the last week. Rosa aclicularls and Spiraea
beauverdiana (beauverd spiraea) developed flower buds (Table 83) and some (C.
canadensis and Y. vitis-Idaea started flowering.

Several changes occurred on the Jay Creek transect by the last week
(Table 84). Ledum greoenlandicum and L. decumbens had flowered. Most
Mertensia paniculata was in flower, rather than being restricted to the most
advanced [ndividuals. Epllobium angustifollum, M. panicyiata, and Equisetum
sllvaticum all Increased their average height. Empefrum nligrum at the

top-slope elevation had set fruit.

Changes along the Switchback transect during week 5 (30 June) included
some Y. yitis-idaea flowering at the middle slope location as well as L.
decumbens flowering at higher elevations (Tabie 85). The average height of
Equisetum silvaticum increased by 10 cm while the mean grass height remained

t+he same.

During the fifth week (1 July) some ¥. vitis-ldaea and C. canadenslis

flowered along the Tsusena Creek transect (Table 86). Average height of
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grasses Increased slightly. Ledum groenlandicum and L. decumbens had flowered
at this time.

6.2.4 - Spatlal VYariation in Phenological State of Betula glandulosa

An evaluatlion of the effect of ftransect and elevation might be better
accomplished by discussing a single ubiquitous species during 1 week. The
average cover, helight, and phenoiogical state for B. glandulosa are reported
In Table 87. This species was more abundant at the higher elevations than at
the 2 fower elevations, but did not vary significantly by transect. This
trend was consistent with the fact that higher elevations were generally low
blrch shrub scrub vegetation ftypes while the Iower'elevaftons contalined
several different vegetation types, depending on the fransect.

Generally, B. glandulosa grew taller at the higher elevations except
along the Switchback transect where heights were similar among elevations
(Table 87). The higher elevations, especially the bench positlon, along
Tsusena Creek had much taller shrubs (86 cm versus overall mean of 55 cm).
Whether this was related fto edaphic, climatic, topographic, or site history
factors or a combination of factors was not known.

Phenological state was not different for the Watana Creek, Jay Creek, and
Switchback transects (Table 87). However, B. glandulosa along the Tsusena
Creek ftransect was In the leaf bud stage 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 fo lag behind the other elevations in plant development (2.4
versus mean 2.7 and 2.6 versus mean 2.9). The Switchback and Tsusena Creek

transects were not different in phenological state with respect to elevation.
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6.2.5 - Phenological Development of a Species Over Time

Helght growth from a phenological point of view was Important only for
herbaceous plant species, \\which did not occur at many sites. Table 88
presents cover, height, anli phenological development of M. paniculata over
time for the middie slope elevation of the Jay Creek ftransect. Cover
Increased slowly during the tirst 2 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. Helght
fol lowed a s!mllaf pattern with rapid growth through the first 3 weeks,
slowing In the fourth week, and almost doubling in the fifth, The
phenological state of M. paniculata exhibited a similar pattern. Most
Individuals were In a leaf state on 1 June but had progressed to the flower
bud stage 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 elevatlons the previous week or could

have been an artifact of sampling. However, M. paniculata may normally

exhibit a slowing of growth at this stage, as resources are directed toward.

f'iower development,
6.2.6 - Transect Effects

The effect of transect location on phenological development of 4 common
specles can be seen graphically by 'malnfainlng the elevation approximately
constant and comparing observations through time (Figure 5). Since plots were
not repositioned In the same place each week, the phenological developrpen'i'

sometimes appeared to regress. In addition, In evergreen species (Ledum

groenlapdicum and Y. yitis-Idaea) It was sometimes difficult to distinguish
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between oid and new growth because of similar coloring. |f a leaf was party
emerged, It was obvious that the leaf was a result of new growfh. Otherwise
an actively growing plant could be |isted as dormant. For comparison, the
bench elevation on the 2 transects farthest downstream and the top slope
elevation was selected on the upstream transects so that mean sea level
elevations weuld be similar between transects.

Betula glandulosa was at the |eaf bud stage on the selected transects
during the first week (Figure 5). Durlng the second week, most leaves had
expanded on the Jay Creek transect whlle most were still In the bud stage on
the Tsusena Creek transect. The other 2 transects were intermediate In
development of B. glandulosa. By the third week, plants along ali transects
except Tsusena Creek had |eafed out. Plants on the Tsusena Creek site
developed leaves during the fourth week.

Yaccinium ulliginosum developed earlier than B. glandulosa under some
conditions, as evidenced by the presence of leaves during the first week at
the Switchback site (Figure 5). During the second week Y. uliglinosum plants
on the Jay Creek site had developed leaves. By the third week Y. uliginosum

had developed leaves at the elevation on all transects. DIfferences Tn |eaf

development of ¥. ullglinosuym after the third week were probably not

significant.

Ledum groenfandicum In{tlated early growth at this elevation on the
Swithback and Jay Creek transects, with the |eaves having been expanded by the
first week (Figure 5). By the second week L. groenlandicum on all the
transects were In the flower bud stage. Tﬁese plants on the Jay Creek
transect were in flower by the tifth week. The flower bud stage appeared to
last longer iIn this species than In other specles. The retrogression between
weeks 3 and 4 on the Switchback transect was unexplained, unless flowers had
fallen off.
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Yaccinium vitis-idaea initiated growth |ater 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 (Flgure 5). Yaccinium vitis-idaea on most other
transects did not show deveiopment of leaves until week 5, by which time the
plants on the Jay Creek transect were already in flower. The apparent
retrogression probably resulted from difficulty In determining phenclogical
state on This specles,

6.2.7 - Elevation Effects

The effect of elevation on phenological development of 4 common species
was examined by selecting a single transect and examining Its 4 elevations.
The Watana Creek transect was selected because the vegetation was the |east
patchy and had a relatlvely continuous gradient along the entire slope. The
6+her transects all had level areas at the bottom slope site. The Watana
Creek transect was the only transect where elevation would no‘l’_ be excessively
confounded with burns or other disturbance.

Betula glandulosa showed slightly earlier development at the mid-slope
elevation than at higher elevations during the second week (Figure 6). During
the third and fourth weeks the differences In deveiopment of B. glandulosa
;Iong the elevational gradient were minor or nonexistent, Betula glandulosa
did not occur in an open birch=-spruce site at the bottom-slope elevation.

Yacciplium uligingsum exhibited slight differences in development during
week 2 (Figure 6). Plants on the lower 2 elevations were slightly earllier in
|leaf development than the higher 2 elevations on this transect. Following
week 2 the pattern of leaf development of Y. uliginosuym appeared random.

Ledum groenlandicum showed differences In phenological development at
different elevations during week 1 (Figure 6). Plants at the lowest elevation
were In the flower bud stage during week 1 while L. groenlandicum at the
highest elevation stil| was dormant. Differences In .phenologlcai development
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during and after the second week were minor, although the bottom-slope
elevatlion was slightly more advanced since [t had a number of individual
plants In the flower stage. It should be noted, however, that the top slope
elevation for Jay Creek which was at a higher eievation than the same position
on the Watana Creek transect, was even more advanced (full flower).

The bottom=slope elevation had the earllest development of Y. vltis-idaea
on the Watana Creek tansect and had some Individuals In flower during the
rifth week (Figure 6). The bench position was the last of the 4 elevations to
develop leaves on Y. yitls-ldaea during week 4.

Slitght overall ftrends with respect to elevation could be observed with
bortom elevations developing tirst and plant phenological development
proceeding up the slope. 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.

6.2.8 - Summary and Discussion of Plant Phenology
Early development of herbaceous plant speclies could be Important for

moose In the spring on south-facing slopes of the potential Impoundment areas,

'however, numerical data for cover, helight, and phenological state coilected In

this study did not support this hypothesls. In contrast, visuai observations
Indicated that herbaceous species and possibly soﬁe shrubs such as ¥Yaccinium
yitlis-ldaea might provide early spring forage In locallzed areas. There does
not appear to be a specific type of locatlion, such as bottom-siope elevation,
that was a conslstently good source of early growth of vegetation. However,
"younger" aged sites tended to greenup ear!ler regardiess of vegetation +ype.
Areas that had vegetation that greened up earllest were the open
blrch-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
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shrub scrub vegeration at sltes on the bench and top-slope elevations on the
Switchback transect also Initiated early spring greenup. However, the |ow
birch shrub scrub sites at the bench and top-siope elevations on the Tsusena
Creek transect had |ate development of green forage. The only common factor
we were able to ldentify among early-deveioping sites was a relatively recent
(within 50-75 years) burn history.

Avallability 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 avallable forage depended on the transect lccation,
Effects of elevation were probably confounded with vegetation ftype. Hence,
dlsjunct patches of vegetation may become avallable for foraging at the same
time. Forage avallabillty appeared to be dependent on the mesoclimatic
environment In a particular area as modiflied by elevation, aspect, surrounding
Topography, arnd site history especially with respect to fire.

Mesocl| imate was Important since the area within the Watena impoundment
tended to be warmer than the area within the Devli| Canyon Impoundment area.
Elevation played confllcting rotes in plant development since higher alt|tudes
general ly had cooler ambient temperatures, but lower positions on the slope
were shaded and were sometimes In cold alr drainages. Aspect was important
for angie ot incidence of solar radiation. The surroundlng fopography 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, especlaily by flre, was Important as it might remove the
insulating moss layer. |In fact, fire history may be an overriding effect on
plant phenological developmen‘f and should be investigated further.

't Is possible that the late start in field observations may have led to
results that showed no obvious differences in north- versus south-facing
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slopes. The early reconnalssance ftrip Indicated differences in snow melt
between the 2 aspects. However, by the time forage was actually appearing,
the sun angle was very high. SlIlght variations Ih the aspect modify the
environmental regime. For Instance, the "south-facing" sicope 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 earller, sun angle would be lower and aspect would have a
greater effecr.

Some species such as Y. yiftlis-idaea may appear at the base of trees lln
the first snow-free areas In forest types. This species Is known to be used
as forage by moose on the Kenal Moose Range (Oldemeyer et al. 1977, W. L.
Regelin, ADF&G, personal communication). Some species, such as Mertensia
panlculata and Epllobium angustifolliuym, grow at different rates, possibly
providing forage at different times. Mertensia paniculgta started slowly and
continued deve!opmenfr over a longer period while E. angustifolium started
later but develfoped morebquickly. Thus, E. angustifollum could avolid grazing
at the earlnies*l' times. Simitarly Populus fremuloldes appeared to deveiop
leaves Jater than Betfula papvrifera.

Equisetum silvaticum at the middle-siope Jay Creek site and Erigophorum
spp. (cottongrass) at the bottom of the north-facing slope opposite the
Switchback site had been grazed at a time when other forage was not abundant.
Later In the spring we observed no evlidence of grazing, presumably because
there was an abundance ot forage avallable at that time.

If one assumes a maximum resevolr elevation of 666 m for the potential
Watana Impoundment, then several of the "warmer" areas that developed early
forage will be above the level of the Impoundment while some will be

Inundated. The warmest and ear!lest developing areas of middle-siope Jay

Creek and bench and top positions on the Switchback transect would not be
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flooded. However, the bortom 2 elevatlions along the Watana Creek ftransect
wouid be flooded. The top location of Watana wouid be only 17 m above the
surface of Tthe impoundment, while the middle~slope elevations of Jay Creek and
Switchback fransect would be 35 m above the surface. |If the water body were
to create a mesoclimatic effect, it might modify the timing of spring growth
“on the Watana site. The other 2 areas may be far enough from the Impoundment
to avoid such effects. Regardiess, sites that warmup relatively early woﬁld
still be avallable in the Switchback area.

6.2.9 - Biomass Esf.lmatlons

Forbs and graminoids were the most abundant plants measured in terms of
current annual growth blomass (Table 89). Forbs averaged 29 kg/ha over all
sites and graminolds averaged 33 kg/ha. Biomass of forbs (P < 0.05) and
graminoids (P < 0.05) Increased over the growing season. Betula glandulosa
had the greatest current growth of twigs and leaves for all sites. Weights of
paired leaves and twigs were closely correlated (P < 0.01) for all speclies
meésured. Shrub biomass remalned relatively constant over the period of
study, except for B. glandulosa leaves which Increased slightly (P > 0.05) In
biomass over time.

Graminoid biomass was greatest (P < 0.05) at Jay Creek and Switchback,
bottom elevation when éompared to all other locatlions (Table 89)., Forb
biomass was greatest (P < 0.05) at Jay Creek, mid-slope and Switchback, bottom
elevation. Few significant trends In differences among ftransects and
elevations were observed for any shrub specles. However, B. glandulosa
biomass of 100 twigs was different (P < 0.05) among all sites, depending on
week and elevation. Alnus slinyata was most abundant (P < 0.05) at Switchback,
bottom elevation averaging 24 g current growth of leaves and stems per 100
twlgs. BRBetula papyrifera biomass was greatest (P < 0.05) at Jay Creek,
mid-slope averaging 8 g current annual growth of leaves and twigs per 100
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twigs (Table 89).

During week 1 (31 May - 3 June), B. glandylosa current twig biomass (per
100 twigs) was slignificantly greater (P < 0.05) at Watana Creek, bench
location than any other location (Table 82). Current twig biomass per 100
twigs of A. slnuata was greatest (P < 0.05) at Switchback, bofttom elevation.
Jay Creek, mid=-slope had the greatest (P < 0.05) biomass of B. papyrifera
during week 1.

For week 2 (7-10 June), B. glandulosa leaf biomass per 100 twigs was
greater (P < 0.05) at Jay Creek, mid-slope than any other locatlon. Graminoid
standing crop was greatest (P < 0.05) at Watana Creek and Jay Creek, bottom
elevation,

Betula glandulosa average leaf and twig biomass per 100 twigs was
greatest (P < 0.05) at Watana Creek, top=-siope during week 3 (14=17 June).
Graminoid biomass was greater (P < 0.05) at Switchback, bottom elevation, and
B. papyrifera leaf biomass per 100 twigs at Jay Creek, mid-siope, than any
other location.

During the 4th week (21-25 June), B. glandylosa leaf biomass per 100
twlgs was greatest (P < 0.05) at Switchback and Tsusena Creek and B.
papyrifera biomass at Jay Creek, mid-slope.

For week 5 (28 June -1 July), B. glandulosa leaf biomass per 100 twigs
was greatest (P < 0.05) at Jay Creek, bench location. Forb biomass was
greater (P < 0.05) at Jay Creek, mid-slope, and graminold blomass 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. slpuata at
Switchback, mid-slope and bottom, and B. glandulosa leaf biomass per 100 twigs
at Watana Creek and Switchback, bench location (Table 89).

Comparlisons inside and outside the exclosures during week 6 Indicate that

- 89 -



forb biomass was significantiy greater (P < 0.05) Inside the exciosures at
Watana Creek, Top- and mId-siope, and Switchback, bottom elevation (Table 89).
Current growth biomass per 100 twigs of A. slnuafa was greatest (P < 0.05)
inside the exclosures at Switchback, bottom elevation. No other significant
differences occurred befween inside and oufside the exclosures for the other
plants measured.

Generai trends indicated that forb biomass was greater inside the
excllosures, and grass biomass outside the exclosures (Table 89). 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 (P > 0.05)
Inside and outside of the exclosures (Tablie 90). However, twig and leaf
biomass of B. papyrifera was greater (P < 0.05) outside the exclosures at the
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 89 and 90).
6.2.9.1 - Discussion of Biomass EstImatlons

Results of the phenology study addressing c‘urren*l' annual growth biomass
indicate that differences among sites and elevations In plant blomass exis;i',
but few significant trends were apparent for any species. Generally,
graminold and forb biomass was greatest at mid-slope and bottom el‘evaﬂons at
all transects (Table 89). Shrub current growth blomass per 100 twigs was
greatest at bench and top-siope exclosures (Table 89). These results would be
expected as the plant communities change with elevation goling 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 sliope of the rlver
channel, to various plant communities at fh’e bottom of the slope, reflecting
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successional stage and environmenta! characteristics of the site. Generally,
these bottom=siope sites were the oldest sites sampied. Moisture regimes and
soi| communities also played a part in these elevational trends. However,
site fire history aiso provided an important modifying influence, overcoming
the effects of elevation at some sites. |

Over the perlod of this study, forb and graminoid biomass steadily
Increased at all sites (Flg. 7). However, shrub biomass per 100 ftwigs (leaves
and twigs) tended to remalin stable for most species. The only conslstent
increase in biomass over time for the shrubs sampled occurred for |eaves of B.
glandulosa. These data indicated that B. glandylosa directed more resources
towards leaf development than stem growth as the growing season progressed.
However, leaf biomass associated with a twig was generally less than twig
biomass for B. glandulosa until the last 2 weeks of sampling (Table 89).

Comparisons of plant current growth blomass Inside and outside the
exclosures {(week 6, both data sets) reveal few signiflicant differences (Tables
89 and 90). Forb biomass was greater Inside the exclosures, Indicating
possible utillization ot forbs by moose, caribou, or bears. The same ftrend was
apparent for B. glandulosa leaves and twigs. Utilizatlon of B. glandulosa was
less than for species of Salix and Alnus at many of the sites sampled In the
middle basin. Blomass of A. sinuata per 100 ftwigs was greater Inside the
exclosures than outside (Tables 89 and 90). This may also reflect utillzation
by large herbivores.

Total current annual growth biomass of plants sampied during week 6
outside the exclosures indicated the amount of new forage biomass available
going Tnto 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 graminoid 75 kg/ha, Y. yitis~Idaea 346 kg/ha,

B. glandulosa 49 kg/ha, B. papyrifera 32 kg/ha, 8. pulchra 31 kg/ha, S. glauca
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98 kg/ha, and A. sipuata 37 kg/ha. Biomass of these plants totaled
approximately 710 kg/ha which would support 0.26 moose/ha/winter assuming
that: 1) a moose eats about 13 kg of dry forage per day (C. C. Schwartz,
ADF&G, personal communlcation), 2) all of the available biomass was utilized,
and 3) winter lasts 210 days. However, this estimate must be qualifled as 1t
applies only to south-facing slopes of the river channel, and only [f moose
eat all the current annual growth of each specles sampled. Defollation
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 defollation to a greater extent than
evergreen shrubs, however, defoliatlion significantly decreased production in
both shrub types the next year. Archer and Tieszen (1980) concluded that séme
arctic shrubs are highly Intolerant to grazing. However, graminoids are much
more tolerant of grazing because above ground bliomass production can be
actual ly stimulated (Matthels et al. 1976, Archer and Tleszen 1980).

One of the primary purposes of the phenology study was to explore 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 samp|ing conducted during
late spring did not lend itseif to examination of this hypothesis. However,
the greater blomass of forbs inside than outside the exclosures at week 6
supported the contention, that forbs were eaten at some time during the
growing season. To provide a definitive answer as Td the vaildity of the
mocse-forb relationship, forb biomass needs to be estimated inside and outside
the exclosures on @ yeekly basis during early spring at snowmeit. The new
location and size of exclosures will faciiitate such a procedure. In
addition, information dn foed habits of mocose during spring at those sites Is
necessary to complete the analysis.
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6.2.10 = Current Annual Growth Diameter - Length Relatlonships

Approximately 1,052 current annual growth twigs of B. glandulosa were

sampled for the entire study. Fifty-elght twigs of S. pul¢chra and 91 twigs of

S. glauca were examined. Slxty-five twigs were collected from A. slnuata and
B. papyrifera. The number of twigs clipped were directly proportional to the
abundance of these species at the sites sampled.

Mean basal dlameters ranged from 1.8 to 2.9 mm (Table 91). Alnus sipuata
had the largest diameters and B. glandulosa the smallest. Mean twig lengths
ranged from 47.2 to 119.4 mm, with B. papyrifera having the lcngest twigs of
current annual growth. Both Salix spp. were Tdentical In mean basal dlameter,

and were similar in mean length.

The mean basal diameter of both A. slinuata and B. papyrifera were

significantly larger (P < 0.05) than B. glandulosa. No other significant

differences were found for basal dlameters (Table 91).

The average length of B. papyrifera twigs was significantly greater (P <
0.05) than B. glandulgsa twigs. Both A. slinyata and B. papvyrifera twigs were
longer (P < 0.05) than twigs of both Sallx species. No other significant
differences were detected (Table 91).

The observed differences In basal diamefter and length cf current annual
growth of the shrubs examined was reiated to both the Iife form and growth
pattern of these speclies, and the amount of browsing a particular species
received. Betula glanduiosa s generally a low growing and relatively open
shrub. Utililzatlon of B. glanduliosa was less than on the other specles
examined. Both Saj[x specles were also low growing, presumabiy because of
higher utillzation whlch»was reflected In thelr greater basal diameter and
twig length. Betula papyrifera is a tree, that was occasionally found to be
kept In a tall shrub class by heavy browsing at some sites. |ts large basal
dlameter and twig length were a reflection of the utliization as well as 1ife
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form of that species. Alnus sinuata Is a tali shrub that received only light
to moderate utilization. Basal dlameter and twig length were probably more a
reflection of its Iife form than browsing pressure.

Correlations beftween basal diameter and length of the individual twigs
sampled were significant (P < 0.05) for each species with correlafioh
coefficients of 0.31 for A. slnuata, 0.33 for 3. glauca, 0.41 for B.
glandulosa, 0.42 for S. puichra, and 0.48 for B. papyrifera. The slope of the
regression |Ine was very similar for each species (Fig. 8) and was generally
flat. Only A. slpata differed noficeably 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 annual growth of these shrubs. Such a
relatlonship suggests that 1 measurement may be all that Is needed to
accurately 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
911}.

Basal diameter was the least variable of the two measurements
(coefflclents of variation ranging from 20% to 29% and 46% to 75% for
dlameters 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 bitterbrush (Burshia fridentata) twigs was adequate fo
predict both current annual growth and biomass of ftwigs for that shrub

species.
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6.2.11 - Photographic Study

The sequence of photographs obtained during the phenoiogy study
graphically Illustrated the spatial and temporal development of vegetation In
the spring. The photographs 1llustrate many of the differences indicated by
the data and supported the results already dliscussed. The photographs aré on
file at the Alaska Agricultural Experiment Statlon, Palmer.
6.2.12 - Larger Exclosures

Larger exclosures were constructed for Tﬁe 1983 spring fleld season
shortly after 1982 exclosures were disassembled. The new exclosures (5 x 5 m)
were constructed of 2 layers of 1.2-m (4 ft) netted wire supported by 2.1-m
metal fence posts guyed out with wire. These exclosures were approximately
2.1 m tall. The new exclosures were arranged in clusters of 2 to 4 in areas
where moose were known to congregate during parturition (Fig. 9). W, B.
Ballard (ADF&G) provided Information on moose |locations and assisted In the
general positlioning of the clusters of exclosures. Placement of the
exclosures within these general areas was undertaken during September 1982, by
Agricultural Experiment Station range ecology personnel.
6.3 ~ Alphabet Hills Pre~burn Inventory and Assessment

The 25 sites sampled In the Alphabet HIllls pre-burn Inventory and
assessment were combined Into Level IV vegetation types of Viereck et al.
(1982). Pre=burn site descriptions will have greater meaning once a flire has
taken place and pre- and post-burn comparisons are made. Subsequent changes
In specles composition and the responses of Individual specles to rﬁanipulaﬂon
by fire are best undertaken on a site-by-site basis. Five vegetation types
were sampled in the Alphabet Hliils during summer 1982. These 5 vegetation
types were classified under 2 Level | (Viereck et ai. 1982) vegetation
classifications; forest and scrub. The Open White Spruce, Open Black Spruce,
and Woodland White Spruce vegetation types were all forest types. The Dwarf
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Birch and Dwarf Birch-W!|low vegetation types were classified as scrub type.

Area (ha) of each Level |l Viereck et al. (1982) vegetation type, and
the relative percentage of each, for the primary, secondary, and control burn
areas In the Alphabet Hills is shown in Table 92. The outer boundary,
surrounding the controi burn area, was based primarlly on the similarity of
the vegetation In the burn and control areas (Fig. 10). The outer boundary of
the secondary burn area followed the reasonable expected |imits of the burn as
formed by natural barriers. The primary burn site represented the area
expected to burn, Most study sites were located in the primary burn and
control areas. The primary and secondary burn areas were defined by INF and
BLM fire speclalists while the control area was defined by Agricultural
Experiment Statlon range ecology personnel,

Average diameter at poinf?of-browstng (DPB) measurements for shrub
species In the Alphabet Hills are shown in Table 93 . Sallx glauca had the
largest DPB measurements, averaging 3.5 mm. The smallest DPB's of the shrub
specles was for B. glandulosa, averaging 2.4 mm. All species of Sallix had
larger average DPS's than B. glanduiosa.

Salix glauca had the greatest weight for leaves attached to twigs clipped
at the average DPB (Table 93). Mean welght of ieaves was 0.74 g for S. glauca
while B. glandulosa averaged 0.30 gm. 3Sallx pulchra had the greatest twig
weights, averaging 0.51 g/twig (Table 93). Species of Sallx had larger |eaf
and twig welghts than B. glandulogsa. This was due In part to the larger
average DPB's for Salix spp.

6.3.1 - Open White Spruce Yegetation Type

Three sites were sampled within the Open White Spruce vegetation type.
Tree cover averaged 10%, tali shrub canopy cover 1%, low shrub cover 19%,
dwarf shrub cover 11%, forb cover 34%, graminoid cover 10%, moss cover 50%,

and llchen cover 2%. Plcea glauca, Alnus crispa, Sallx puichra, Yaccinium
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ullglnosum, Equisefem spp., and Calamagrostis canadensis were the most
abundant vascular plants In this vegetation type (Table 94).

Density of B. glauca averaged 455/ha, whlle A. crispa, B. glandulgsa, and
S. puichra had the greatest density of the shrubs sampled (Table 95). The
oldest-aged trees 1n each of the 3 sites averaged 183 yrs for B, glauca and
151 yrs for B. mariana. |

Sallx pulchra basal diameter was larger than B. gLanﬂulgga, and percent
utlllzation based on twig counts was similar between the 2 species {(Table 96).
Total avallable biomass was greatest for S. pulchra and utilized biomass was
also greatest for S. pulchra, averaging 24% of the total biomass produced
(Table 97). |

Adequate sample sizes needed for cover estimates ranged from 1 to 13
plots per vegeration type. For stem density estimates, only 1 plot was needed
for both shrub species measured. Percent utllization estimates required from
54 to 77 plots in the Open White Spruce type (Tables 94 and 96).

6.3.2 - Open Black Spruce Yegetation Type

Seven sltes were examined in the Open Black Spruce vegetation type.
Basal tree averaged 13% canopy cover, low shrubs provided 12% cover, dwarf.
éhrubs 31%, forbs 20%, graminolds 10%, moss 53%, and |lchens 19% cover.
L1+ter, dead wood, and bare ground combined to account for 12% cover (Table
98).

Stem densities were greatest for B. mariana, B. glanﬁulgga, and S.
pulchra. The oldest trees of the 7 sites sampled in the Open Black Spruce
vegetatlion type averaged 155 yrs for P. marjana and 209 yrs for B. glauca.
Live shrub stems were more abundant than dead stems (Table 99).

Basal diameter of shrubs fell within the <1 = 2 cm range, and utilization
based on twig counts ranged from 3% to 27% (Table 100).

Avallable and utilized browse biomass in the Open Black Spruce Typé
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Tofal‘ed 540 and 135 kg/ha, respectively (Table 101). This represents
approximately 20% utilization of the total blomass of the shrubs sampied.
Sallix pulchra was the major species and received 22% utilization of the total
biomass present. Betyla glandulosa was second In biomass with 16%
utilization. Sallx glauca accounted for only 3 kg/ha, but received 25%
uttlization of the blomass present. (Table 101).

Adequate sample size for cover estimates ranged from ! fo 13 plots per
site. To estimate basal diameters only 1 plot was needed, however, between 68
and 325 plots were needed fto adequately estimate utillzation using twig counts
(Tables 98 and 100).

6.3.3 - Woodland White Spruce Yegetatlion Type

Five sites were sampled in the Woodland White Spruce vegetation type.

Basal tree cover averaged 6%, low shrub cover 25%, dwarf blrch 45%, forbs 8%,
moss 46%, .and | ichens 21% (Table 102). Plcea glauca was the most abundant
tree, B. glandulosa, S. pulchra, ¥. uliglinosum, Ledum groenlandicum, and
Empetrum pnigrum were the most abundant shrubs. Equisetum sllvaticum was the
most abundant forb, and Cladonia spp. were the most abundanf |1chens (Table
102).
' Tree density totaled 448/ha, dominated by B. glauca. The oldest trees of
P. glauca averaged 243 yrs while P. marlana averaged 211 yrs of age. Tree
seedl ings were numerous. PBetula glandulosa, Rosa acicularis, and S. pulchra
were the shrubs with the greatest density (Table 103).

Basal diameters of shrubs measured ranged from <1 to 2 cm. Percent
utillzatlon estimates based on twig counts were less than those based on
blomass estimates, however, trends were simllar between the 2 methods (Tables
104 and 105).

Total avallable biomass of shrub stems was 411 kg/ha (Table 105). QRBetula

glandulosa and S. pulchra provided the greatest blomass and received 23% and
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26% utilizatlon of the biomass present, respectively. However, every
indlvidual of §. glauca and 3. lapata that was sampled at these slites had been
browsed. One Individual S. pulchra shrub at site #2Z3 in the Woodiand White
Spruce vegetation type had 208 browsed stems and 332 unbrowsed stems,

Adequate sample sizes followed the same pattern as for the 2 previous
vegetation types (Tables 102 and 105.)

6.3.4 - Dwarf Birch Yegetation Type

Seven sites were examined In the Dwarf Birch vegetation type. Low shrub
canopy cover averaged 49%, dwarf shrub cover 55%, forb cover 8%, gramlnoid
cover 3%, moss 53%, and |ichen cover 23% (Table 106). Betuia glandulosa, Y.
uliginosum, E. nlgrum, and L. greoeniandicum were the most abundant shrub
specles. The only forb with >1% cover was Cornus canadensls. Cladonia spp.
were the major |ichens.

Tree density totaled 27/ha, most of which wef‘e saplIngs. Both Picea
species were evenly represented (Table 107). The few trees present were
younger in age than trees in the forested vegetation types. Picea mariana
averaged 91 yrs of age while B. glauca ftrees had a mean age of 106 yrs.
Betula glandylosa and S. puichra had the greatest density of the shrubs
sampled, and most Individuals were allve.

Basal diameters of shrubs ranged from 1 to 2 cm. Percent utllization of
twigs on these shrubs ranged from 5 to 15, and ranked similar to utlilizatlon
based on biomass (Table 108).

Browse availabiiity totaled 1,822 kg/ha with only 16% utilization of the
total blomass. Betula glandulosa and S. pulchra provided the most blomass and
15% and 20% of the total biomass had been ut]|ized, respectively (Table 109).

Adequate sampie sizes needed for cover estimates and twig counts showed
the same trends as for the other vegetation types discussed previously (Tables
106 and 108).
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6.3.5 - Dwarf Birch - Willow Vegetation Type

Three sites were sampled in the Dwarf Birch-Willow vegetation type. Low

shrub canopy cover averaged 37%, dwarf shrub canopy cover 68%, forb cover 12%,

graminoid cover 9%, moss cover 53%, and |ichen cover averaged 26% (Table 110).
Abundant shrubs in terms of canopy cover were identical to those iIn the Dwarf
Birch type. However, Salix spp. were abundanf in the Dwarf Birch-Willow types
(Tables 106 and 110). Equisetum silvaticum, carices, and Pelflgera spp. were
also abundant. Tree density was [ow and domfnated by dead frees and seed!ings
of P. glauca. Picea mariara had nearly equal densities of dead and live Tregs
(Table 111). Picea mariana trees had average ages of 55 yrs in this
vegetation type. The oldest trees of P. glauca were 30 yrs of age. Shrub
density was made up primarily by B. glandulosa and 3. puichra.

Basal diameters of shrubs were in the 1 - 2 cm size class (Table 112),
Percent utilization of these shrubs, based on twig counts, ranged from 5 fo 8.

Browse availabilffy totaled 1,039 kg/ha with 18% of the total biomass
utilized (Table 113). Betula glanduiosa and S. pulchra were the most abundant
shrubs sampled In terms of avallable biomass (Table 113), Leaf biomass was
similar fo twig biomass for each shrub species.

The number of plots needed to estimate canopy cover with the degree of
precision as stated (Table 110) ranged from 1 to 21. Utilization estimated by
counting twigs needed from 80 to 147 plots for an adequate sample in the Dwarf
Blirch=Willow type (Tables 110 and 112).

A summary of density, gross available twig biomass, and percent
utifitzation of twigs for the 5 Level |V vegetation types sampied in the

Alphabet Hills study Is shown in Table 114,

»6.3.6 - Discussion

Tree density In the Open White Spruce type was greater than any other

type where B. glauca was present. P. mariapa dominated the Open Black Spruce
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type where density of Picea marjana in thls type was greater than denslity of
B. glauca In any vegetation type. The Dwarf Birch and Dwarf Birch-Willow
types supported very few trees. Most of the fTrees [n The Dwarf Birch=Willow
type were dead, but seediings of P. glauca were abundant. This fype appeared‘
to have a history of relatively recent flire.

Shrub cover was Iﬁversely related to tree density (rg = - 0.81,
N=5, P < 0.05) In the Alphabet HIlls study area. Major shrubs at ail sites
inciuded B. glandulosa, S. pulchra, and Y. uliginosum. Alnus crispa was found
only at Open White Spruce sH'eé, and S. lanata only at Open White Spruce and
Open Black Spruce sites.

Generally, forb and graminoid cover decreased as shrub covef increased
(rg = =0.71, -0.23, respectively, N=5, P > 0.05). Moss cover was cons|stent
among all vegeration types, averagling 53%. Cover of |lchens was greatest
where forb and grass cover was the least (rg = -0.,70, -0.08, respectively,
N=5, P > 0.15). Litter cover increased (rg = 0,98, N=5, P < 0,001) 1In
association with Increasing shrub cover.

The Open White Spruce type was made up of stands with moderate tree
densiTty dominated by E. glauca. Shrub cover was relatively low, while forb
and gramineid cover was abundant, Moss was the major ground cover, while
| ichens and |ltter were relatively less abundant.

The Open Black Spruce type had the greatest free densities, dominated by
P. marlang. Shrub cover was sparse, and forb and graminoid cover was
relatively abundant. Moss and |ichens were the major ground cover and !|itter
cover was low.

The Woodland White Spruce type was moderate In free density, yet less
than the Open White Spruce type. Viereck et al. (1982) classiflied tree stands
as forest (open, closed, and woodland) based on canopy cover of trees,
Forests have > 10% tree cover. Shrub cover was higher In the Woodland White
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Spruce type Tthan in any other forest or woodland type sampled due to an
increase in both low and dwarf shrub categories. Forb and graminoid cover was
~also low, but lichen cover was relatively great. Liftter cover was also
greater In this type than any other forest type.

The Dwarf Birch type had very few ftrees and P, glauca and P. mariana were
equally abundant. Shrub cover was much more abundant than in the forested
types due to an Increase in both the low shrub and dwarf shrub components.
Forb and graminoid cover was low. Moss provided the major ground cover, but
| 1chens were aiso abundanf. Litter cover was relatively greater than in other
vegetation types, probably originating from the deciduous shrubs.

The Dwarf Birch=-Willow type was very similar to the Dwarf Birch tfype,
except that density of dead trees was higher, and 3. pulchra and S. glauca
were present.,

The primary objective of the Alphabet Hills burn study was fto monitor the
response of The different vegetation types to fire, and the subsequent
response of moose to changes in the plant communities. Until the burn has
been completed and vegeTtation development has occurred, this objective cannot
be fully met. The burn was attempted during September 1982, but environmental
conditlions prevented the fire from spreading beyond the Ignition sites.
Presumably, another attempt to burn the area will be made during fall, 1983.

However, some subjective evaluations can be made based on the present
vegetative composition and knowliedge of flire ecology. If appears that the
potential to improve the study area as moose habitat exists, at least in terms
of forage avallabllity. Shrubs such és B. glandulosa, Salix spp., Alnus spp.,
and R. angQLaLLi exist in almost every vegetation type present. The few
post-fire successional studlies that have been conducted in Alaska indicate
that on most sites shrubs dominate the plant community after 6 years, and up
to 25 years, of vegetation development (Lutz 1956, Van Cleve and Viereck 198i,
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Viereck 1982). Picea mariang forests generally revegetate at a faster rate
than B. glauca forests (Van Cleve and Yiereck 1981). Following dlsturbance by
fire, plant communities domlnated by shrubs experience qulck revegetation wlth
numerous stump sprouts and root suckers. However, it was noted by Lutz (1956)
and Yan Cleve and Viereck (1981) that some sites révegeTaTe directly back to
Picea spp. forest without development of a shrub-dominated stage. This [s
probably due to a lack of shrubs in the immediate area of the fire. Lutz
(1956) stated that Sallx spp., B. papyrifera, and Populus fremuloides produced
seeds at a relatively young age, produced many seeds each year, and that seeds
of these plants were morphologlically adapted tfo be wind-blown great distances.
The Alphabet Hills study area appears to have an adequate seed source for
Salix spp., B. glandulosa, and Alpus spp. Betula papyrifera did not occur at
any of the sites sampied in the Alphabet Hills. |In addifion, stump sprouts
and root suckers from the shrubs present at the burn site will also contribute
to revegetating the area following the flre.

Fire Intensity also plays a role in post-fire vegetation succession In
Alaska. Fire intensity is directly related to the burning of the organic
layer covering the solil surface. Dyrness (1982) stated that fire effects on
tThe environmental conditions of a site were directly related to how much of
the organic layer, as well as vegetation, [s removed. When fthe organic layer
is consumed by fire, the active layer of the permafrost increases, soil
femperatures Increase, and seedlIng establishment by shrubs and frees Is
enhanced (Van Cleve and Yiereck 1981, Dyrness 1982, Viereck 1982). The
magnitude of rthese effects Is directly related fo how much of the organlc
layer Is removed. Lutz (1956) stated that mineral sofl exposed by fire.
provided an optimal seedbed for secondary plant succession.

Dyrness (1982) noted that flre effects are highly variable. Fire usually
does not consume all of the surface organic layer In P. marjana forests due to
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the relatively wetter site conditions. However, most P. mariana sites do
respond to fire in a way that would be desirable in the Alphabet Hills study.
Furthermore, it would be desirable to provide areas ¢of undisturbed forest
communiTies in close juxfaposifion to the fire, for use as escape and thermal
cover by moose. To date, no published studies have examined vegetation
response to fire In a quantitative manner for plant communities other than P,
mariana forests.

The history of fire in Alaska Is extensive. Most sites [n interior
Alaska burn every 50 to 100 years. Fire is a recurring and consistent
phenomenon [n Alaska, and the plant and animal communities have evolved around
this ecologically Important disturbance.

Further evidence of the potential for fire to improve moose habltat was
provided by the Dwarf Birch-Willow type, which appeared to have a history of
recent fire. Biomass of shrubs that could potentially be utilized by moose
(primarily Sallx spp.) was greatest in this type, followed by the Open White
Spruce type. Utilization of availablie biomass was greatest in the Woodland
White Spruce, but was also great for the Dwarf Birch Type and moderate for the
other vegetation types. Utilization Is a function of forage availability and
the number of moose. Utllizatlon of avallable biomass in the Dwarf
Birch-Willow type was |ow, presumably due to the greater avallability of
shrubs., Sallx pulchra and §. glauca consistently received the greatest
utilization {(based on both twig counts and biomass estimations) in any
vegeTation type. These shrubs are major winter foods of moose In Alaska (Peek
1974). Information concerning use of each vegetation type by moose and food
habits of moose before and after the burn would greatly Increase our

understanding of moose -~ fire relationships.
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Sample sizes needed for cover estimates were well below the number
ofplots actually read for most plant species. However, twig counts needed
approximately fwice the number of plots that were actually examined. Twig
count data was variable with coefflcients of variatlon (SD/x) ranging from 20%
to 30%, depending on the species.

6.3.7 - Alphabet Hills Solls

The information presented here is baseline data for the proposed Alphabet
Hills burn. Pre- and post-burn should yield important information on changes
in amounts and composition of the soll variables analyzed. Unless otherwise
stated, means presented in the fText reflect the average for the entire soll
profile sampled (0-15 cm). »
6.3.7.1 - Open White Spruce Vegetation Type

Average soll pH for the Open White Spruce vegetation type was
6.34+0.56(x+ standard devlation). Overall averages for each depth within this
vegetation type ranged from 6.28 to 6.45, or were sl|lightly acidic (Table 115).
Individual soll samples varied from 5.67 to 7.05 over all depths, Indicating a
pH ranging from moderately acidic to neutral.

Macronutrient concentrations were greatest for calcium with an average of
3690.40+3115.44 ppm (parts per million) followed by 483.68+289.44 ppm
magnesium and 370.56+768.09 ppm potassium. Average concentratlions for each of
the macronutrients were usually greater at the 0-5 cm depth than either the
5-10 cm or 10-15 cm depths. Viereck (1970) found the greatest levels of
potassium, magnesium, and calcium to be assoclated with areas of the profiie
contalning the greatest concentrations of organic matfter In study areas
adjacent to the Chena River In interior A!aska. I+ is not apparent why an
exceptlonally high potassium content was found at the 5-10 cm depth.

Micronutrient concentrations were greatest for iron which had
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189.08+81.54 mg/g (milligrams per gram), followed by 27.79+34,18 mg/g for
manganese, 2.27i1.15_mg/g for copper, and 2.17+3.34 mg/g for zlinc.

Average percent organic matter was 11.76+10,02 In the Open White Spruce
vegeTtation type. As would be expecféd, organlc matter decreased (Table 115)
from the 0=5 cm depth to the 10=15 cm depth.

Total nitrogen averaged 0.41+0.35% and total phosphorus averaged
0.09+0.01%. Total soil nitrogen and phosphorus are often correlated with
organic matrter content of scils (Hausenbuilier 1978)., This can be observed to
some extent by décreases In concentration of fotal nitrogen and phosphorus
with increasing depth (Table 115).

Texture analysls yielded 33.419.4% sand, 46,2+7.8% silt, and 20.4+4.5%
clay, generally indicating a loamy texture classification for the soils within
this vegetation type.
6.3.7.2 - Open Black Spruce Vegetation Type

Average soil pH for the Open Black Spruce vegetation type was 6.08+0.58.
Averages at each depth within the Open Black Spruce vegetatlion type ranged
from 5.82 to 6.31, Indicating a moderately or slightly acidic soil (Table
r16); Individual pH's over ail depths for sites sampled In the Open Black
Spruce vegetation type ranged from 4.81 to 6.78. A thick moss layer and
coniferous tree |itTer probably accounted for the low pH of solls observed In
this vegetation type (Viereck 1970).

Concentrations of calclum were the greatest at 2485.00+£1795.90 ppm,
followed by 410.20+245.02 ppm for magnesium and 104.41+94.83 ppm for potassium
In the Open Black Spruce vegetation type. Of all the macronutrients examined,
calclium always had the greatest concentration. Calcium Is generally a more
abundant element In the earth's crust than either magnesium or potasslum

(Hausenbuiller 1978).
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Iron had the greaTtest average concentration of all micronutrients
examined (300.63+215.18 mg/g), followed by manganese with 62.18+109.17 mg/g,
copper with 2.97+1.40 mg/g, and zinc with 2.76+4.44 mg/gq.

Percent organic matter averaged 11.21£11.14. Total nitrogen averaged
0.37+0.38% and tota! phosphorus averaged 0.09+0.02%.

Texture classiflication of soils in the Open Black Spruce type indicarte a
loamy sol! with 31.5%9.6% sand, 42.8+7.3% silt, and 25.719.4% clay.
6.3.7.3 - Woodland White Spruce VYegetation Type

Average soll pH for the Woodland White Spruce vegetation type was
6.16£0.24. Averages for each depth ranged from 6.04 fo 6.24, or slightly
acldic (Table 117). Individual pH readings over all depths sampled within the
Woodland White Spruce vegetation type varied from 5.76 to 6.43, indicating a
range from moderately to slightly acidic.

Macronutrient concentrations were greatest for calcium with
2086.49+1358.77 ppm, followed by 406.81+235.70 ppm for magnesium, and
388.14+757.90 ppm for potasslium.

Average micronutrient concentrations were greatest for iron at

225.70+120.94 mg/g, followed by 21.89+20.84 mg/g for manganese, 2.0410.97 mg/g

_for copper, and 0.96+1.23 mg/g for zinc.

Organic matter content was low compared to other vegetatlion types,
averaging 7.99+8.41%. Total nitrogen measured 0.26%0.25% and total phosphorus
was 0.09+0.03%. This soll had have a !6amy textural classification with
31.5+14.9% sand, 42.949.8% silt and 25.6+11.6% clay.
6.3.7.4 - Dwarf Birch Vegetation Type

Average soil pH for the Dwarf Blirch vegetation type was 5.12+0.68, or
moderately acidlc. Averages for each depth varied from 4.66 to 5.52, ranging

from strongly to moderately acidic (Table 118). Individual pH readings over
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ail depths ranged from 3.99 to 6.51. A thick moss |ayer contributed to low
pH. Viereck (1970) noted low soil pH in black spruce/sphagnum stands adjacent
to the Chena River In interior Alaska. The pH readings in the Dwarf Birch
type were the lowest found in any of the vegetation types sampled in the
Alphabet HIlls study area (Table 118).

Macronutrient concentrations were greatest for calclum with
716.154803.90 ppm, followed by magnesium (150.80+143.93 ppm) and potassium
(105.38+179.28 ppm).

Micronutrient concentrations were greatest for iron with
231.26499.73 mg/g, followed by 10.27+11.58 mg/g for manganese, 1.02+0.72 mg/g
for copper, and 0.95+2.80 mg/g for zinc.

Organic matter averaged 10.54+9.10%. Total nitrogen averaged 0.28+0.23%
and total phosphorus was 0.08+0.02%. Soil texture classification was |oamy
with 33.9+10.1% sand, 45.2+8.9% silt, and 20.9+8.6% clay.
6.3.7.5 - Dwarf Birch-Willow Yegetation Type

Average soil pH for the Dwarf Birch-Willow vegetation type was 5.8610.42.
Averages by depth ranged froﬁ a pH of 5.64 to 6.07, or moderately to slléhfly
acidic (Table 119). Individual readings over all depths ranged from 5.50 to
6.70.

Macronutrient concentrations were greatest for calclum with
2090.94+1052.26 ppm, followed by magnesium (478.471224.51 ppm) and potassium
(103.56+51.31 ppm).

Micronutrient concentrations were greatest for Iron with
275.65+£90.56 mg/g, followed by 14.32+11.53 mg/g for manganese, 1.81+1.03 mg/g
for copper, and 0.85+0.74 mg/g for zinc.

Organ{c matter canenT averaged 10.90+11.,10%. Total nitrogen and total

phosphorus averaged 0.37+0.32% and 0.09+0.02%, respectively. Soll texture
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classification for this vegetation type was loamy, with 31.8+9.2% sand,
43.,5+4.8% silt, and 24.7+7.6% clay.
6.3.7.6 - Permafrost and Organic Matter

Average depth to permafrost wlthin vegetation types was greatest In the
Dwarf=-Blrch Willtow type (Table 120). Lack of overstory and/or lack of an
insulating moss layer in this vegetation type probably were major factors
contributing to thls characteristic. Open Black Spruce stands had the
shal lowest depth to permafrost. Dyrness (1982) reported shallow permafrost
readings in undistrubed black spruce/feathermoss vegetation communities in the
Yukon=Tanana Uplands of Alaska. Organic layer depth (Table 120) and depth to

permafrbsf were negatively correlated (rg = -0.61, N=5, P > 0.05), but the

correlation was not signlificant.
6.3.7.7 - Total Tons Nitrogen and Phosphorus

Total metric fons of nitrogen and phosphorus were calculated by
vegefafioh type within the Alphabet HIlls primary and secondary burn areas
(Table 121), The total metric tons per hectare were calculated for the entire

0-15 cm soil depth sampled using an average bulk density of 1.25 g/cm3.

Amounts of total nitrogen are expected to change after the burn is completed.
Total nitrogen, including that In the organic layer, would decrease, much of
it being lost to volatllization, However, more nitrogen would be avallable on
slte through release from organic matter (Martin 1987). Total phosphorus
would also decrease following the burn. Slopes of sites sampled ranged from
1-25 percent, Siope steepness can have an effect on soil chemical composition
due to the prospects of increased erosion followling a burn. The
aforementioned effects are highly variable due to differences in burn
Intensity, slope length, amount of ground cover, -nd preclipitation.

Reslistance of soil particlies to detachment, water Inflltration rate, and rain
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Intensity also play an important role in the severity of erosion (Boyer and
Dell 1980). The Alphabet Hilis burn will be attempted again during the late
summer or fall of 1983. Post-burn studies should Include solls analysis of
each site burned to determine the extent of release of nutrients from burned
vegetation and the organic maﬁer layer. These post-burn soils will provide
the baseline information necessary to document soll chemical composition
changes through time for each site that was burned.

6.3.7.8 - Conclusions

Comparisons of soil components were made using multivariate analysis of
variance. For dlscussions where this is used, significance of F has been set
at P < 0.10.

Significant differences for pH (P < 0.001) were found by depths within
separate vegetation types. This was most apparent in the Dwarf Birch
vegetation type, where pH values had a broad range and a relatively high
- standard error. Significant differences (P < 0,001) in organic matter, total
nitrogen, and total phosphorus were found by depth within separate vegetation
types. This was true for all vegetation types sampled in the Alphabet HIlIs.
This reinforces the concluslon that organic matfer, total nitrogen, and total
phosphorus decreased with Increasing depth In the soll profile. Particie size
did not significantly differ by depth within separate vegetation types for
sand (P = 0.18), sli+ (P = 0.51), and clay (P = 0.22).

Comparisons among all vegetation types yielded signiflcant differences
(P < 0.u01) for pH. This was not unexpected glven the broad ranges (strongly
acld to neutral) found for pH. Macronutrients were significantly different
among all vegetation types for calcium (P = 0.006) and magnesium (P = 0.002)

whereas no signlficant dlfferences were found for potassium (P = 0.14). For

mlicronutrients, particle size classes, total nitrogen, and total phosphorus,
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no signiflicant differences (P > 0.10) were found when compared among
vegetation types.

Following the Alphabet HIlls burn, significant dIfferences should be
found in the soil variables measured In this study. Depth to permafrost
measurements should increase with assoclated reductions In the organic fayer
(Dyrness 1982). Generally, nutrient availability will increase immedlafe!y»
after the flre. Erosion and/or leaching may cause a net decrease In
succeedling years, although much of this depends on fire intensity (Boyer and
Dell 1980).

I+ should be noted that the sampling scheme used for solls was consistent
with that employed for vegetation sampling. Thus, our soil samples were not
grouped wlth respect to strict soil types, rather they were grouped according
to Level |V vegetatlion types. Enough variation in séil chemical composition
exists within Level |Y vegetation types to effectively mask much éf the
differences Thaf may actually exlst between vegetatlion types and/or soil types
based on a flner classlification scheme.

6.3.8 - Comparison of Susitna Basin and Alphabet Hills Vegetation Types

The 5 vegetation types In the Alphabet HIills corresponded to 5 of the 10
vegetation ftypes In the browse Inventory study In the middle Susitna Rlver
Basin. The Open White Spruce, Open Black Spruce, Dwarf Birch, and Dwarf
Birch- Willow vegetation types were sampled at both study areas. The Woodland
Spruce of the Susitna Basin and the Woodland White Spruce of the Alphabet
Hills were also directly comparable. One of the 6 sites in the Susitna Basin
Woodland Spruce vegetation type was classlifled as a Wocdland Black Spruce
type. The other 5 s!fés In that study area were considered Woodland White
Spruce vegetation types. However, both species of Picea were generally found

growing together in the forest types. The stem density and relative canopy
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cover of each specles of Picea usually was the determining factor In whether a
slte was classified as a Woodland White Spruce or Woodiand Black Spruce
vegetation type. Thus, for our purposes the Woodland Spruce and Woodland
White Spruce vege‘l'aﬂor\1 types of the Suslitna Basin and Alphabet HIlls studies,
respectively, were compared. |
6.3.8.1 - Open White Spruce VYegetation Type

Percent canopy cover of all plant specles common to the Open White Spruce
vegetation type In both the Susitna Basin and Alphabet Hills study areas was
not significantly correlated (r=0.29, N=10, P > 0.05). Alnus spp. was present
in both studies and total low shrub and total dwarf shrub were comparable.
Average canopy cover of Sallx puichra was approximately 8 times higher in the

Alphabet HIlls, but both erlcaceous shrubs Yacclplum uliglinosum and ¥.
yltlis-idaea were 2-3 times greater In the Susitna Basin. Average total forb

cover was approximately 3 times greater In the Alphabet Hills during summer,

1982. Total stem density of B. glandulosa was very similar between the 2
study areas. However, as Indicated previously by canopy cover estimates, S.
pulchra was more abundant In the Aiphabet Hills, averaging nearly 12 times as
many stems/ha as In the Suslitna Basin. However, utilization of both 8.
glama and S. pulchra twigs was lower In the Susitna Basin, averaging
about 50% as many browsed twigs/stem In this vegetation type even though stem
densities were also lower than in the Alphabet Hills. Also reflecting these
differences In stem densitles was 1'61'al avallable twlg biomass for $. pulchra,
which was over 600% higher in the Alphabet HIlIs.
6.3.8.2 - Open Black Spruce Yegetation Type

Total low shrub and total dwarf shrub canopy cover was very similar
between the Susitna Basin and Alphabet HIlls In the Open Black Spruce

vegetation type. Percent canopy cover of plant species found In both the
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Susitna Basin and Alphabet HIlls study areas were highly correlated (r=0.98,
N=17, P < 0.01). Similar to the Open White Spruce type, total forb cover was
greater In the Alphabet HIll|s during summer, 1982. Canopy cover of (Carex spp.
and total Ilchens was also greater In the Alphabet Hills. Although canopy
cover of B. glandulosa was nearly identical between the Susitna Basin (7%) and
Aiphabet HIlls (58), stem densities were nearly 3 times higher In the
Alphabet Hills. Stem densitlies for S. pulchra averaged 11,549 stems/ha and
15,500 stems/ha for the Susitna Basin and Alphabet Hills study areas,
respectively. Sallx lanata In the Alphabet HIlls and §. glauca In the Susitna
Basin had the highest uti!ization estimates based on twig counts for the 2
studies. Excluding A. slnuata from the comparison, total avallablie twig
biomass was Identical between the Alphabet Hills and Susitna Basin. Ivn both
study areas the bulk of total available shrub biomass was S. pulchra and B.
glandulosa.
6.3.8.3 - Noodland White Spruce Yegetation Type

Species composition and canopy cover In the Woodiand White Spruce type
was highly correlated (r=0.89, N=8, P < 0.01) between sites sampled In the
Susitna Basin and Alphabet Hiils study areas. Canopy cover of B. glandulosa,

S. pulchra, Y. uliginosum, and L. groenlandicum were greatest sampled fn the
Alphabet HIlls. Cover of |lchens was greater in the Alphabet HIlls,

particularty Peltlgera spp. Stem densities of B. glandulosa and S. puichra
were 2004 and 11 times greafer in the Alphabet Hills, respectively. Some of
the highest utllization estimates of shrubs based on twig counts were observed
in the Woodland Spruce type In both study areas. The average percent
utiiization for all shrub species (excluding Alnus spp., which were not
measured in the Alphabet HI[ls) was 20% In the Susitna Basin and 33% in the
Alphabet Hills. Estimates of avallable and utiilzed biomass were
approximately 2-3 times greater for the Alphabet Hills.
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" 6.3.8.4 - Dwarf Birch Vegetation Type

Canopy cover of B. glandulosa in the Dwarf Birch vegetation type was
approximately 2 times greater at sites In the Alphabet Hills than at sites In
the Sus!Tna Basin. Empetrum nigrum, L. groeniandicum and Y. ullglinosum aiso
had substantlially greater canopy cover In the Alphabet Hills. Total forb,
graminoid, and llchen cover was simllar between the 2 study areas. The
Alphabet Hills averaged 30% cover of |itter whereas sites In the Susitna Basin
had mean |itter cover of only 78. In spite of the apparent differences In
cover percentages, there was a significant correlation (r=0.90, N=25,
P < 0.01) of species composition and canopy cover between the 2 study areas In
the Dwarf Birch vegetation type. Stem density estimates for B. glandulosa,
Rosa acicularis, S. glauca, and S. puichra were all greater at the Alphabet
Hills sites, rangling from 1.6 to 2.4 times higher than in the Susitna Basin.
UtilTzatlion of twigs was greater for B. glandulosa and 3. pulchra in the
Alphabet HIills. Utlllization of S. pulchra was approximately equal for the 2
study areas. Betula glandulosa was the major component of total available
blomass for both the Alphabet Hills and Susitna Basin. Total avallable
blomass of B. glandulosa in the Alphabet Hills exceeded that of the Susitna
Basin; the opposite was true for S. puichra In the Dwarf Blrch vegetation
type.
6.3.8.5 - Dwarf Birch - Willow Vegetation Type

Specles composition and percent canopy cover were significantly
correlated (r=0.85, N=4, P < 0.01) between the 2 study areas for in the Dwarf
Blrch-Willow vegetation type. Canopy cover of the low shrubs B. glandulosa
and 3. glauca as well|l as the dwarf shrubs E, nigrum and Y. ullginosum was
greater in the Alphabet Hills sites. Total forb and graminold cover was equal

between the 2 study areas for this vegetation type. Lichen cover was much
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lower for the Susitna BaslIn sltes, particularly Peltigera spp. and
Cladonlaspp., than for the Alphabéf Hills sites. Stem densities of B.
glandulosa and S. pulchra were both greater In the Alphabet Hills study area.
Percent utillzation of $. glauca twigs was greater In the Susitna Basin, whiie
percent utllization of both S. pulchra and B. glandulosa were both greater In
the Alphabet Hilis. Total available biomass was approxIimately 2 times greater
In the Alphabet HIlls than in the Susitna Basin.

6.3.9 - Comparison of Scll Yarlables Between the Alphabet Hllls and Susitna

BasIn Study Areas.

The followlng is a quantitative comparison between soil samples taken
from the Alphabet Hills and the middle Susitna River Basin study areas. Due
to the complexity involved in the analysis of variance between these two
areas, the analysl!s was run separately by depth. Signiflcance was set at
P < 0.1,

At depth 0-5 cm, pH was significantly different (P = 0.09) between the
two study areas when comparing the same vegetation type. The pH also differed
significantly (P < 0.001) at depth 0-5 cm among all vegetation types when both
study areas are Eomblned. At depth 5=10 cm pH was not significantly different
(P = 0.37) between the two study areas when comparing the same vegetation
type. Comparisons among all vegetation types for both study areas combined
Indicated signiflicant differences (P < 0.001) for pH at depth 5=10 cm. At
depth 10=-15 cm there were no significant differences P = 0.80 between the two
study areas for pH when comparing the same vegetation type. Significant
differences (P < 0.001) were found at depth 10-15 cm among ali vegetation
types for both study areas comblned. \

Macronutrlients at the 0-5 cm depth were not significantly

dl fferentbetween the 2 study areas for calcium (P = 0.13), magnesium
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(P = 0.23) and potassium (P = 0.84) when comparing the same vegetation type.
Among atl‘vegefﬁfion types, for both study areas combined, signiflicant
differences were found for calclum (P = 0.04) and magneslium (P = 0.01)
although no signlficant differences were noted for potassium (P = 0.39). At
the 5-10 cm depth, no significant differences were found between study areas
when comparing the same vegetation type for calcium (P = 0.31) and magnes|um
(P = 0.50), however, potassium was slignificanti{y different (P < 0.001).
SignlflcanT differences among all vegetatlion types sampled were found when
comblning the two study areas at depth 5-10 cm for calclum (P = 0.02),
magneslum (P = 0.02), and potassium (P = 0.09). At the 10-15 cm depth, no
signlflicant differences were found between the two study areas when comparing
the same vegetation type for calclum (P = 0.22) and potassium (P = 0.95)
although significant differences were found for magnesium (P = 0.02).
Differences among all vegetation types when the 2 study areas were comb I ned
were signlficant at the 10-15 cm depth for potassium (P = 0.05) and magnes!um
(P = 0.01, however differences were not significant for calcium (P = 0.17).

At the 0-5 cm depth no significant differences between study area were
found when ‘comparing the same vegetation type for Iron (P = 0.62), manganese
(P =0.79), or zlnc (P = 0.43). Significant differences did occur for copper
(P < 0.001). No significant dIfferences were found at the 0-5 cm depth among

all vegetation types when the 2 study areas were combined for Iiron (P = 0.23),

copper (P = 0.24), and zInc (P = 0.13}, however, manganese was found to be

significantly different (P 0.08). At the 5-10 cm depth, signiflcant
differences between the 2 study areas were found for Iron (P = 0.01),
manganese (P = 0.09), copper (P = <0.001), and zInc (P = 0.10) when comparing
the same vegetation type. Comparisons among all vegetation types when
combined over the 2 study areas at the 5-10 cm depth Indicated that

significant differences occurred for manganese (P = 0.03), copper (P < 0.001),
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and zinc (P < 0.001), however, signiflicant differences were not found for Iron
(P=0.18). At the 10-15 cm depth, significant differences between the 2 study
areas were found for Iron (P = 0.03), manganese (P < 0.001), copper
(P < 0.001), and zInc (P < 0.001) when comparing the same vegefafldn type.
Among all vegetation types when both study areas were combined, significant
differences at the 10-15 cm depth were found for manganese (P < 0.001), copper
(P = 0.05), and zinc (P = 0.05). However, no significant differences were
found for fron (P = 0.21).

At the 0-5 cm depth, organlic matter was not significantly different
between the 2 study areas when comparing the same vegetation type (P = 0.82).
Among all vegetation types when both study areas are combined there was also
no significant difference at the 0-5 cm depth for organic matter (P = 0.99).
At the 5-10 cm depth, no significant difference in organic matter (P = 0.79)
was found between the 2 study areas when comparing the same vegetation type
nor when both study areas were combined (P = 0.81), At the 10-15 cm depth, no
significant difference (P = 0.90) In organic matter was found between the 2
study areas when comparing the same vegetation type nor when both study areas
were coﬁblned among all vegetation types sampled (P = 0.44).

For 0-5 cm, 5=-10 cm, and 10-15 cm depths, there were no signiflcant
differences between the two study areas for total nltrogen or total phosphorus
when comparing the same vegetation type. Comparisons among all vegetation
types when both study areas were combined also showed no signiflicant
dlfferences for elther total nitrogen or total phosphorus.

At al| depths (0-5 cm, 5-10 cm, and 10-15 cm) there was no signiflicant
differences In any of the particle size classes (sand, silt, clay) between the
two study areas when comparing the same vegetatlion type nor when the 2 study

areas were combined.
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6.3.9.1 - Conclusions

Comparlscons Indicated that, In general, many soll| components are not
significantly different (within a vegetation type) between the Alphabet HIlIs
and middle Susitna Rlver Basin area. However, the lack of signlflicant
statistical differences between the Alphabet HIlls burn area and the mliddle
Susitna River Basin are probably due to the fact that Indlvidual sites within
a vegetation type in both study areas were often significantly different,
producing large variance estimates when sltes are averaged across a vegetation
type and then vegefaqun types compared between study areas.

It should also be noted that the soll sampl Ing scheme was designed to be
cbnslsfen? with our sampling scheme for vegetation types. Any differences In
the results of the solls analysis may be attributable to the fact that soll
samples were taken In a certaln vegetation +ype rather than a specific soll
type. Information presented will serve as useful baseline data after the
Alphabet HIlls burn Is completed. Changes In soil nufr!enf concentrations are
common following fire. Pre= and post-burn comparisons will provide Important
Information In assessing the feasabllity of using controlled burns as a

mitigation technique for manipulation of habitat for moose.
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8 - GLOSSARY

This glossary of terms, acronyms, and phrases fs provided to assist
reéders, both scientists and laymen, In understanding the terminoclogy as uéed
In this report. Some definitions depart sliightly from the norm for
special ized cases.
Adequate sample slze - refers to a statistical procedure used to determine the
number of sampling units needed to estimate a parameter within a sampling site
to a degree of precislon determined by the Investigators.
Anthesis -~ the action or perlod of opening a flower,
Aspect - a positlion facing a partficular compass direct, usually deflned
qualitatively (north, south, east, west) or as a compass direction degrees;
also the predominant direction of slope of the land.
Assessment - the act or an Instance of determining the Importance, size, or
value of a resource.
Avaliability - the gquallity or state of being present or ready for immediate
use. Used In this report to differentiate among forage units that for varlous
reasons would or would not be accessible.
Available twig blomass - refers to twig blomass as accessible forage, twlg

blomass protected from browsing by snow cover, or dead plant parts was not

. considered as avallable.

Basal dliameter - the dlameter of shrub stems immediately above ground or moss
level, measured at the Internode.

Basal stem cover - the area of the cross section above the root swell of trees
in a sampiing unit. _

Basidliomycetes - a large class of higher fungl having septate hyphae, bearing

spores on a basidium (mushrooms).
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Bimetalic thermometer - a thermometer composed of 2 different metals with
different expansion rates the difference of which [s used to estimate
temperature; versus a mercury thermometer .

Blomass - the amount of |lving matter usually expressed as weight per unit
area or part. As used here, biomass refers to dry weight standing crop of
designated above-ground plant parts per unit area.

Browse - shoots, twlgs, and l|eaves of shrubs or trees that are fit for
consumption by animals.

BrowsIng pressure and Intenslty - the relative amount of plant defollation
resulting from consumption by animals.

Bryophytes - any nonflowering plant comprising the mosses or |lverworts.

CAG ~ acronym for current annual growth dry weigh+ standing crop blomass.
Cambium - a thin formative layer between the xylem and phloem of most vascular
plants that gives rise to new cells and Is responsible for secondary growth.
Canopy cover - the percentage of a sampling unlt covered by a class of
vegetation that is projected onto the ground. We did not include gaps in the
vegetation canopy in our estimates.

Carices - plural for Carex.

Clipped plots ~ refers to sampling units In which plants were harvested at
ground or moss level to estimate plant standing crop above ground dry weight
blomass.

Composition - refers to the plant species present in any sampling unlit, site,
or vegeration type.

Controlled burn - the use of fire as a management tool under specifled
conditions for burning a predetermined area.

Cover Increments - percentage units to which plant canopy cover was estimated.

- 123 -



Current annual growth - the primary growth (dry weight blomass) of plants, up
to the point In +Iime when sampling Is conducted, that occurred during the
present growing seas;n; usual |y measured per unit area.

Current growth blomass - the amount of |Iving matter produced by the
vegetation during the current growing season, at the point of tIme of
sampl Ing; usually measured as dry welght per unit area.

DBH - acronym for dlameter-at-breast-helght.

Decadent - refers to vegetation that has dled, or s deteriorating.

Density - the number of indlviduals per unit area.

Dlameter class - refers to a unit class in which the basal diameter of a shrub
belongs; 1-cm Increments in this report.

Diameter-at-breast-height - diameter of the maln stem of a tree at 1.13 m
above the ground.

Diameter at point-of-browsing - the dlameter of a twig or stem where it has
been bitten off by an animal.

Distributlon - the spatlial arrangement of vegetatlion.

Dormant - plants that are not actively photosynthesizing or growing, but still
allve.

.DPB - acronym for dlameter at polnt-of-browslng.

Dwarf shrub - a shrub less than 20 cm In height.

Ecotone - refers to the area Influenced by the transition between plant
communi{ties or between successional stages or vegetative conditlons within a
plant community.

Edaphic factors - resulting from or influenced by the soil rather than the
climate. |

Elevational gradient - changes in parameters over a range In elevation.

Erfcaceous shrubs - shrubs classifled into the family Ericaceae.
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Phenological state (stage) - a

Eharacferlzed by certain morp
growth, flowering, fruiting, etc
Photographlc polnts - designa
development were taken over time
of vegetation.

Plant community - a concret
recognized and are obvious to th
over many [ocations.

Plant production - the dry wel
growth over an entire growing se
grazing.

Plots - a unit of area in whi«
usual ly refers to the basic sam
lTne. See quadrat.

Ppm -~ acronym for parts per mll|
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usual ly attached to a collar arot
Réndom sampiing - sampling in suc
| Tkely to be measured.

Range extension - the document
Its previously known geographic ¢
Reconnlassance survey - done tc

of an area prior to planning or i



Life form - the body form that characterizes a klﬁd of organism at maturlty
sucﬁ as graminolds, shrubs, frees, mosses, |lIchens, etc.

Life form total - the sum of an estimated parameter of all species of a [[Ife
form in a sampllng‘unlf.

Litter - the uppermost, slightly decayed layer of organic matter on the ground
surface, usually composed of leaves, stems, flower and frult parts, etc.
Low-growing shrubs - shrubs that are from 20 cm to 1.5 m tall.

Mesocl Imate - climate associated with spatial varlation in a geographic area;
l.e. Watana versus Devi| Canyon Impoundments.

Microcl imate - the essentlally uniform local climate of a small site or
habltat.

Mg/g - acronym for mil|lgrams per gram.

Mitlgation - the act of compensating for, or decreasing the effect of a
perturbation to a natural ecosystem. |

N - symbol for sample size.

Nested design - an experimental design where levels of one fac+of are
subsamples of levels of another factor.

Node - a joint of a plant stem; the place where branches and [eaves are joined
+o the stem.

North-facing siope - a hillslide or slope that has a northern exposure; when
standing on this slope, facing away from the slope, one faces In a northerly
direction,

Ocular - refers to estimating a parameter based on visual observation alone.
Palatable - agreeable to the taste or particularly sought out by an animal.
Parturitlon - the act or process of glving birth to offspring.

Phenology - a branch of sclence studying the reiations among plant development

and environmental condltlons.
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Phenologlcal state (stage) - a point In time of plant development that Is
characterized by certaln morphologlical attributes such as Initiation of new
growth, flowerlng, fruiting, etc.

Photographic polnts - designated points where photographs of vegetation
development were taken over time so as to conslstently observe the same unit
of vegetation.

Pltant community - a concrete deflinable unit of vegetation that can be
recognized and are obvious to the eye, usually made up of the same specles
over many locations.

Piant production - the dry welight blomass per unlt area resulting from plant
growth over an entire growing season iIf the plants had been protected from
grazing.

Plots - a unlt of area In which estimates of various parameters are made;
usual ly refers to the basic sampling units such as plots along a transect
{lne. See quadrat.

Ppm - acronym for parts per million.

Quadrat - similar to a plot. See plot.

Quadrant - 1/4 of a sampling unit.

Quiescence ~ a state of being inactive, at rest, or dormant.

Radlo~collared - refers to an animal which is carrying a radio transmitter,
usual ly attached to a collar around the neck.

Random sampling - sampling in such a manner that any sampling unit Is equally
[ Tkely to be measured.

Range extension - the documented occurrence of a plant or animal outside of
[ts previously known geographic area,

Reconnlassance survey - done to faml!larize personnel with the main featurss

of an area prior to planning or implementing a survey, Inventory, or study.
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Reservoir - a body of water which results from the damming of a river, stream,
or dralnage.

River bench - refers to the fiat, plateau-like areas Immediateiy above the
slopes of the river channel.

River floodplain - that portion of the river channel experiencing perlodic
- flooeding and drying.

Root sprouts - vegetative parts of roots of plants fhéf emerge above ground to
eventually form clones of the parent plant.

Sampling site - usually a relatively large area In which the basic units of
sampling will be distributed In a systematic or random manner.

SE - acronym for standard error.

Sedges - common name for members of the famlly Cyperaceae.

Seedl Ings - offspring of plants recently emerged from seeds.

Shrubs - woody plants that are not trees, usually with several main stems.
Slope - refers to the degree of steepness of a hillside, or the tangent of the
angle made by a stralght line with the x-axls.

South-facing slope - a hillside or siope that has a southern exposure; when
standing on this slope facing away from the slope one faces in a soufheriy
direction. |
Species - a logical division of a genus; part of a biological classification
of organism; the second word In a sclentific name.

Standard error - a measure of the varliation In a set of data calculated by
dividing the standard devliation by the square root of N.

Standing crop blomass - the dry welght of above-ground plants parts per unit
area at a point in time.

Stroblll - a structure characterlized by Imbricated bracts or scales, as a pline

cone. Refers to reproductive structure of Equisetum spp.
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Tall shrub - shrubs that are 1.5 m or greater In height.

Terminal bud - a bud on the terminal portion at a twig or stem from which most
primary growth orfginates.

TermInal twig - a fwig on the terminal portlon of a stem.

Timberline - the polnt at which trees cease to be dominant along an
elevational or |atitudinal gradient.

Topography - the configuration of the land surface Including its rellief and
the position of Its natural and man-made features.

Transect - a sample area usually Iin the form of a long continuous line or
belt.

Trees - tall woody plants with a single main stem, at lease 3 m In helght at
maturity.

Tree rings - areas of banding In the xyiem of trees caused by the dlfferential
growth rate of xylem cells during annual perlods of accelerated growth and
dormancy.

Tundra - a level or undulating treeless plain that Is characteristic of arctic
and subarctic reglons.

Unbiquitous specles - species found over a majority of a given area.
Utlli1zation - refers fo the amount of vegetative dry weight standing crop
above ground blomass consumed by animals.

Yarlance - the square of the standard devliation or the fact, quallty, or state
of being variable.

Vascular plants - a plant having a speclallized conducting system that includes
xlyem or phloem; trees, shrubs, and forbs.

Yegetative classification - a scheme by which several recognizable and

distinct units of vegetation are Identifled and named.
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Vegetative state (stage) - the polnt at which a plant has not produced flowers
or frult,

Yegetative type - a homogeneous unit of vegefafidn similar to a plant
community, usually at a a relatively refined level.

X - symbol for the mean or average of a data set.

Xylem - a complex tissue In the vascular system of plants with wood fibers,
etc.; functions chiefly as a conductive system, but also in support and

storage, and constitutes the woody element.
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TABLE 3

Average diameter at point-of-browsing (DPB) for browsed twigs (estimated from
a large but undetermined number of twigs), weight/twig, and welght of Ieaves
attached to clipped twigs in the middle Susitna River Basin.

Species DPB (mm) Leaf (g) Twlg (g) Sample size
Alnus sinuata 3.5 1.33 1.27 266
fBetula glandulosa 2.4 0.39 0.51 922
Betuia papyrifera 3.5 0.98 0.72 66
Sallx glauca 3.5 0.87 0.84 284
Sallx lapata 3.0 0.58 0.36 25
Salix pulchra 2.8 0.72 0.75 540
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TABLE 2

New species reported for the plant ecology studies through the summer of
1982. Original species list in McKendrick et al. (1982). Updated list

in Appendix A. (U = upstream, D = downstream)

Manacotyledoneae

Cyperaceae
Carex eleusinoides Turcz.
Carex magellanica Lam. subsp. irrigua
(Wahlenb.) Hult.
Carex rotundata Wahlenb.

Orchidaceae
Platanthera obtusata (Pursh) Lindl.

Dicotyledoneae

Adoxaceae
Adoxa moschatellina L. -

Caryophyllaceae
Moehringia lateriflora (L.) Fenzl

Cruciferae
Parrya nudicaulis (L.) Regel
Rorippa islandica (Oeder) Borb.

Ericaceae
Cassiope stelleriana {Pall.)} DC.

Leguminosae
Oxytropis borealis DC.

Primulaceae
Primula egaliksensis Wormsk.

Ranunculaceae
Caltha palustris L.

Rosaceae
Potentilla villosa Pall.

Saxifragaceae
Chrysoplenium tetrandrum (Lund)
T. Fries

Ribes hudsonianum Richards

Sedge
Bog sedge
Sedge

Small bog-orchis

Moschatel
Grove sandwort

Mustard
Marsh yellowcress

Alaska moss heath
Oxytrope
Greenland primrose

Marsh marigold

VV111ous cinquefoil

Northern water
carpet

Northern black
currant
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Table 4 (continued - 2)

Levei IV

Dwarf Blrch

)

i i i i 1 i i i b i
Site #
wdulosa/Vaccinium ul iginosum/Carex bigelowil/moss 32
\dulosa/Vaccinlium ul iglnosum~Ledum
s/Cladonia-Cetrarla 42,56
wdulosa/Ledum groenlandicum-Vacclnium spp. 31
idulosa/Vaccinlum ul iginosum-Empetrum nigrum 6,8,23,39,
44,46,57,61
1dul osa/Empetrum nlgrum 54

idulosa/Empetrum nigrum-Ledum groenlandlcum-
m ul 1ginosum

3,27,30
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_Level 1V and Level V (Vlereck et al. 1982) classlflcaflon of vegetation types sampled during summer, 1982 In the

middle Susitna River Basln.

TABLE 4

Level IV Level V Site #
Open White Spruce Picea glauca/Vaccinium ul iginosum-Betula glanduiosa-Sal Ix
glauca-Petasites frigidus 67
Plcea glauca/Betula glandulosa/Sphagnum 66
Picea glauca/Betula glandulosa/Cladonia 62
Picea glauca/Vaccinium vitis-ldaea~Cornus canadensis 64,68
Plcea glauca/Vaccinium ul Iginosum 21
Picea glauca/Sal ix pulchra/Vaccinlum ul iglnosum/
- Calamagrostls canadensls - 60
Open Biack Spruce Picea mariana/Vaccinium spp./feathermoss 22,25,53,99
Plcea mariana/Vacclnium ul Iginosum/Ledum groenlandicum 63
Picea mariana/Betula glandulosa-Sal ix pulchra/Petasl|tes
frigidus 26,43
Picea mariana/Alnus sinuata/Betula glandulosa/Vaccinium spp. 65
Picea mariana/Vaccinium ul iginosum/Empetrum nlgrum/iichen 35,52
Woodland White Spruce? Picea glauca/Betula glandulosa~Vaccinium ul iglnosum-
Empetrum nigrum 29
Woodland Black Spruce?@ Picea marlana/Ledum decumbens-caccinium spp. 5
Picea mariana/Betula glandulosa-Vaccinium ul Iginosum-
Empetrum nigrum/moss 19
Open Blrch Forest Betula papyrifera/Alnus sinuata/Calamagrostis canadensis 98
Open Spruce-Birch Forest Picea glauca-Betula papyrifera/Ribes-forbs 45
3 1 i 3 H 3 ! 3 3 i ] H 3 ¥ . |
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Table 4 (continued - 2)
Level {V Leve! V Site #
Dwarf Blrch Betula glandulosa/Vaccinlum ul iginosum/Carex bigeiowii/moss 32
Betula glandulosa/Vaccinlum ulIgInosum—Ledum
decumbens/Ciadonia-Cetrarla 42,56
Betuia glandulosa/Ledum groenlandicum-Vaccinium spp. 31
Betula glandulosa/Vacclinium ul Iginosum-Empetrum nigrum 6,8,23,39,
44,46,57,61
Betula glanduiosa/Empetrum nlgrum 54
Betula glandulosa/Empetrum nlgrum-Ledum groenlandicum~
Vaccinlum ui lglnosum 3,27,30
Betula glandulosa/Ledum groenlandlcum-Vaccinium
ul Iglnosum-VaccInlum vItis—idaea-Empetrum nigrum 12,14,28
Dwarf Blrch-Wl|iow Betula glandulosa-Sal Ix pulchra/Vaccinium uiiginosum-Ledum
groenlandlcum-Empetrum nigrum 34
Open Ericaceous Shrub Tundra Vacclnlum ullglinosum-Vaccinlum vitls—Idaea-Ledum
groenlandlcum 1,7,58
Ericaceous Shrub-Sphagnum Bog Vaccinlum spp.~Empetrum nlgrum/Carex/Rubus chamaemorus/
Sphagnum 13
Low Wlllow Tundra Salix puichra/Empetrum nigrum-Vaccinium uliginosum/forbs 10

8 Combined Into Woodiand Spruce vegetation type for analysls.



TABLE 5

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |1fe form and plant species In 105 -
0.5-m2quadrats from 7 sites in the Open White Spruce vegetation type, middie
Susitna Rlver Baslin.

Standard Estimated
Life Form/Species Mean Error Sample Size

Total tall shrub
Alnus sinuata

Total low shrub 1
Betula glandulosa
Rosa aclcularis
Sallx glauca
Sallx lanata
Sallx pulchra
Yiburnum edule

Total dwarf shrub
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Total graminold
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Total moss

Total |ichen
Cladonia spp.
Peltigera spp.
Stereocaulon paschale

Litter 1
Dead wood
Bare ground
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TABLE 6

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confldence by |lfe form and shrub specles in 105 -
4~-m2quadrats from 7 sites In the Open White Spruce vegetation type, middle

e

PR

Susi+na River Basin.

St+andard Estimated

Life Form/Specles Mean Error Sample Size
Total tree 10 71.7 13
Total basal tree 1 0.2 1
Total tall shrub 3 1.0 5
Alnus sinuata 3 1.0 5
Total low shrub 14 1.4 8
Betula glandulosa 3 0.6 2
Sallx glauca 3 0.6 2
Salix lanata 1 0.3 1
Salix pulchra 3 0.5 2
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TABLE 7

Average density (number/ha) of stems, by slze class and total, and number of
plots required to sample within 208 of the mean with 67% confidence for shrub
species In 105 - 4-m2 quadrats at 7 sites In the Open White Spruce vegetation
type, middie Susitna River Basin.

Slze Class Standard Estimated
Specles (cm) Mean Error Sample Size

Alnus sinuata 0-1 1238 764 10
1=2 1238 764 10

2=3 691 363 3

3=4 143 88 1

Total 2095 873 13

Betula glandulosa 0-1 10833 2280 117
1-2 595 181 1

2-3 71 53 1

Total 11548 2390 113

Sallx glauca 0-1 2810 756 10
1-2 1357 418 3

2=3 238 129 1

Total 4667 1234 26

Sallx lanata 0~1 4595 1558 41
1=2 48 34 1

Total 4691 1575 42

Salix pulchra 0-1 6381 1127 82
1=2 1810 433 4

2=3 357 215 1

Total 8548 1448 76
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TABLE 8

- Average basa! dlameter, height and percent twig utllization of shrub specles,

‘ and number of plants required to sampie within 20% of the mean with 67%
confldence based on those measures, for 7 sltes In the Open White Spruce
vegetatlon type, middle Susitna River Basin.

e Standard No. No. Estimated
Measure Specles Mean Error Plants Sites Sample Size
; Basal Betula glandulosa 10 0.4 240 7 1
Diameter Sallx pulchra 1R 0.4 219 7 1
= (mm) Sallx glauca 12 0.4 161 7 1
: Salix lapata 13 2.0 | 3 1
| Alnus sinuata 18 1.0 146 6 1
- Helght Betuia glandulosa 60 1.0 241 7 4
(cm) Sallx pulchra 50 1.0 219 7 2
Sallx glauca 70 2.0 161 7 4
= Salix lanata 80 16.0 11 3 13
Alnus slnpuata 110 4.0 146 6 5
o Utilization Betula glandulosa 5 0.8 241 7 142
(%) Sallx pulghra 4 0.7 219 6 99
sallix glauca 6 0.9 161 6 97
o Sallx lanata 4 2.3 12 2 62
? Alnus sinuata 6 1.3 146 5 165

[
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TABLE 9

Gross avallable and utlllzed leaf, twlg and total blomass (kg/ha) estimated from number of unbrowsed and browsed
twigs/ha and stem denslitles (number/ha) from 6 sites In the Open White Spruce vegetation type, middle Susitna River
Basin. :

No. Unbrowsed Avallable Avallable Total Avallable No. Browsed Util lzed utillzed Total Utlllzed
Specles Twigs/ha Leaf Blomass Twig Blomass Biomass Twigs/ha  Leaf Blomass® Twig Blomass Blomass
Alnus sinuata 34568 46 44 90 6076 8 8 16
Betula glandulosa 102777 40 52 92 30025 12 15 27
Sallx glauca 42470 37 36 73 10734 9 9 18
Sal ix lanata 47379 27 17 45 18764 11 7 18
Salix pulchra 78642 56 59 115 20515 15 15 30
Total Blomass 206 208 415 55 54 109

2 | eaf blomass removed |f browsing had occurred when |eaves were attached.
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TABLE 10

Average total current annual growth (kg/ha) and number of plots required to
sample within 20% of the mean with 67% conflidence by |ife form and shrub
species for 7 sites In the Open White Spruce vegetation type, middle Susitna
River BasIn.

o Standard Estimated
? Life Form/Species Category Mean Error Sample Size
‘ Total forb 159 19.0 36
- Total graminoid 62 14.3 139
Tree
ﬁ Betula papyrifera leafa 3 2.3 6
™ Betula papyrlfera twig 1 1.3 2
Tall shrub ;
= Alnus sinuata |eaf 20 7.7 64
‘ Alnus sinuata twig 12 5.2 29
- Low shrub
Betula glandulosa ieaf 6 2.0 5
Betula glandulosa twig 4 1.6 3
Rosa acicularis leaf 9 2.0 5
- Rosa aclcularls twlg 1 0.4 1
Salix fuscescens | eaf 1 0.8 1
Salix fuscescens twig <1 0.1 1
= Salix glauca eaf 17 6.8 49
Sallx glauca twig 7 2.7 8
Salix lanata leaf 3 2.3 6
e Sallx lanata twlg 1 0.4 1
f Salix pulchra |eaf 20 4.4 21
Salix puichra twig 9 2.2 5
, Yiburnum edule : |eaf 3 1.4 3
- Yiburnum edule twig 1 0.5 1

28 Leaf CAG ars only those leaves attached to twig CAG.

T
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TABLE 11

‘Average percent cancpy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |ife form and plant species In 149 -
0.5-m2quadrats from 10 sltes In the Open Black Spruce vegetation type, middle
Susitna River Basin.

Standard Estimated
Life Form/Specles Mean Error Sample Slze
Tree
Plcea mariana 4 0.7 4
Total tall shrub 0.7 3
Alnus sipuata 1 0.7 3
Total low shrub , 12 1.2 8
Betula glandulosa 6 0.8 4
Sallx pulchra 3 0.6 3
Total dwarf shrub 29 1.6 1
Empetrum nlgrum 8 0.7 -4
Ledum groenlandicum 4 0.4 2
Yaccinlum ullginosum 15 1.1 7
Yaccinlum yltis~1daea 5 0.5 2
Total forb ’ 1 1.3 10
Cornus canadensis 1 0.3 1
Petasites friglidus 5 0.9 5
Rubus chamaemorus 3 0.4 1
Total graminoid 4 0.4 1
Calamagrostis canadensis 1 0.1 1
Carex spp. 3 0.4
Total moss 50 2.7 11
Total |Ichen 6 0.8 4
Cladonia spp. 4 0.5 2
Nephroma spp. 1 0.4 1
Peifigera spp. 1 0.2 1
Stereccaylon 1 0.2 1
Litter 7 1.0 7
Dead wood 1 0.3 1
Bare ground 1 0.5 2
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TABLE 12

Average percent canopy cover and number of plots required to sampie within 20%
of the mean with 67% confldence by |Ife form and shrub species In 150 - 4-m2
quadrats from 10 sites in the Open Black Spruce vegetation type, middle
Susitna Rlver Basin,

o Standard EstImated
Life Form/Species Mean Error Sample Slize
Total tree i 16 1.4 13
Total basal tree 1 0.1 1
o Total +all shrub 2 0.7 4
Alnus sinuata 2 0.7 4
- Total low shrub 15 1.3 1
: Betula glandylosa 7 0.8 4
Sallx glauca 1 0.2 1
- Sallix pulchra 6 0.9 6

fi
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TABLE 13

Average density (number/ha) of stems, by size class and total, and number of
plots required to sampte within 208 of the mean with 67% confldence for shrub
species in 150 - 4-m2 quadrats at 10 sites in the Open Black Spruce vegetation
type, middle Susitna Rlver Basin.

Size Class Standard Estimated
Species (cm) Mean Error Sample Size

Alnus sinuata 0-1 1233 570 8
1-2 1233 570 8
2-3 700 223 2
3-4 633 313 3
Total 3799 1041 26
Betula glandulosa 0-1 39467 2993 22
1=2 1000 271 2
2-3 50 50 1
Total 40517 3092 22
Sallx glauca 0-1 883 480 6

1=-2 367 156 1 -
2-3 117 83 1
Total 1367 648 11
Salix lanata 0-1 400 340 3
Total 400 340 3
Sallx pulchra 0-1 7200 982 70
1=2 3883 717 13
2=3 383 102 1
3=4 83 44 1
Total 11549 1560 67
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TABLE 14

Average basal diameter, height and percent twig utilization of shrub specles,
and number of plants required to sample within 20% of the mean with 67%
confidence based on those measures, for 10 sites In the Open Black Spruce

fate]

e

e

[t

o,

vegetation type, middle Susitna River Basin.

Standard No. No. Estimated

Measure Species Mean Error Plants Sites Sample Size
Basal Betula glandulosa 7 0.4 510 10 1
Diameter Sallx puichra 11 0.4 372 10 1
(mm) Sallx glauca 13 1.0 64 9 1
Alous sinuata 18 1.0 123 6 2
Helght Betula glandulosa 50 1.0 510 10 2
(cm) Sallx pulchra 60 1.0 372 10 2
Sallx glauca 60 3.0 64 9 4
Alnus sinuata 120 5.0 123 6 6
Utflization Betula glandulosa 2 0.3 510 9 51
(%) Sallx pulchra 9 0.8 370 9 70
Sallx glauca 12 1.8 64 6 34
Alnus sinuata 2 0.6 123 6 44
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TABLE 15

Gross avallable and utilized leaf, twig and total blomass (kg/ha) estimated from number of unbrowsed and browsed
twigs/ha and stem densitles (number/ha) from 10 sites In the Open Black Spruce vegetation type, middle Susitna River
Basin. :

No. Unbrowsed Avallable Avallable Total Available No. Browsed Utilized Utilized Total Utllized
Specles Twigs/ha Leaf Biomass Twig Blomass Biomass Twigs/ha  Leaf Biomass? Twig Blamass Biomass
Alnus slnuata 73701 98 93 191 13676 18 17 36
Betula glandulosa 271464 105 138 243 97241 38 49 87
Sallix glauca 15994 14 14 27 6015 5 5 10
Sallx pulchra 138588 99 104 203 64674 46 49 95
Total Blomass 316 349 664 107 120 228

2 | eaf biomass removed [f browsing had occurred when leaves were attached.



* TABLE 16

Average total current annual growth (kg/ha) and number of plots required to
sample within 20% of the mean with 67% confidence by [Ife form and shrub
species for 9 sites in the Open Black Spruce vegetation type, middle Susitna
River Basin."

Standard Estimated

Life Form/Species Category Mean Error Sample Size
Total forb 104 12.8 58
Total graminold 75 7.1 34
Tall shrub

Alnys sinuata *  |eafd 1 6.6 65
Alnus sinuata twig 8 4.7 34
Low shrub .
Betula glandulosa |eaf 23 5.9 53
Betylg glandulosa twig 11 1.6 5
Spiraea beauverdliapa leaf 1 0.4 1
Spiraea heauverdiana twig 1 0.4 1
Salix glauca leaf 1 1.2 3
Sallx glauca twig 1 0.8 1
Salix pulchra leaf 28 6.1 57
Salix pluchra twig 11 2.6 11

3 Leaf CAG are only those leaves attached to twig CAG.
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TABLE 17

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by iIfe form and plant species in 45 -
0.5-m2quadrats from 3 sites In the Woodland Spruce vegetation type, middle
Susitna River Basin.

Standard Estimated

Life Form/Species Mean Error Sample Size
Tree
Picea glauca 2 2.2 9
Bicea mariana 1 0.4 1
Total tall shrub 1 0.4
Alous sinuyata 1 0.4
Total low shrub 11 2.0 8
Betula glandulosa 8 1.9 7
Salix puichra 1 0.7 1
Total dwarf shrub 41 3.8 10
Empetrum nigrum 12 1.9 7
Ledum groenlandicum 6 0.9 2
Yaccinium ulliginosum 16 2.4 11
Yaccinium vitis-1daea 12 2.1 9
Total forb 6 1.6 5
Cornus canadensis 2 0.5 1
Petasites frigidus 1 0.3 1
Rubus chamaemorus 1 0.3 1
Total graminold 5 1.2 3
Calamagrostis canadensis 1 0.7 1
Carex spp. 3 1.1 3
Total moss 48 5.3 14
Total lichen 10 1.7 6
Cladonia spp. 6 1.1 3
Nephroma spp- 1 0.7 1
Peltlgera spp. 1 0.4 1
Stereccaulion 2 1.1 3
Litter 6 1.2 3
Dead wood 1 0.7 1
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TABLE 18

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |Ife form and shrub species in 45 - 4-m2
quadrats from 3 sites In the Woodland Spruce vegetation type, mliddie Susitna

]

)

River Basin.

Standard Estimated
Life Form/Specles Mean Error Sample Slze
Total tree g 2.0 8
Total basal trese 1 0.2 1
Total tall shrub 1 0.4 1
Alnus sinuata 1 0.4 1
Total low shrub 11 1.6 5
Betula glandulosa 9 1.3 3
Salix pulchra 2 0.8 2
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TABLE 19

Average density (number/ha) of stems, by size class and total, and number of
plots required to sample within 20% of the mean with 67% confidence for shrub
specles In 45 = 4-m2 quadrats at 3 sites In the Woodland Spruce vegetation
type, middle SusItna Rlver Basin.

Size Class Standard Estimated
Species (cm) Mean Error Sample Slze

Alnus sinuata 0-1 1 111 1
1-2 111 111 1

2-3 56 56 1

3-4 111 111 1

Total 389 251 2

Betula glandulosa 0-1 26278 4154 29
1=2 1778 494 2

2=3 111 78 1

Total 28167 4143 25

Salix glaugca 0-1 1222 769 5
1=2 56 56 1

Total 1278 820 5

Sallix pulchra 0-1 1444 772 5
1-2 389 251 1

2-3 278 278 1

3=-4 56 56 1

Total 2167 828 5
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TABLE 20

Average basal dlameter, height and percent twig utillization of shrub specles,
and number of plants required to sample within 204 of the mean with 67%

confldence based on those measures, for 3 sites In the Woodland Spruce

vegetation type, mliddle Susitna River Basin.

Standard No. No. Estimated
Measure Species Mean Error Plants Sites Sample Size
Basal Betula glandulosa 11 0.4 139 3 1
Diameter Salix pulchra 16 1.0 32 3 1
(mm) Sallx glauca 10 1.0 9 3 1
Alnus slinuata 16 2.0 19 3 1
Helght Betula glanduiosa 70 2,0 139 3 4
(cm) Sallx pulchra 60 4,0 32 3 3
Sallx glauca 50 2.0 9 3 1
Alous sinuata 110 12.0 19 3 6
Utlllzation Betula glandulosa 7 1.1 139 2 84
(%) Sallx pulchra 30 4,0 32 3 15
Salix glauca 22 7.8 9 3 30
Alnus sinuata 1 3.8 19 3 63
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TABLE 21

Gross avallable and utilized leaf, twlg and total blomass (kg/ha) estimated from number of unbrowsed and browsed
twigs/ha and stem denslties (number/ha) from 3 sites In the Woodland Spruce vegetation type, middle Susitna Rlver
Baslin.

No. Unbrowsed Avallable Avaliable Total Avallable No. Browsed UtTl1zed tH1llzed Total U1l lzed

Specles Twigs/ha Leaf Blomass Twlg Blomass Blomass Twigs/ha  Leaf Blomass? Twig Blomass Blomass
Alnus sinuata 5057 7 6 13 1595 2 2 4
Betula glandulosa 312654 121 159 280 104218 40 53 93
SalIx glauca 6773 6 6 12 5112 4 4 9
Sallx pulchra 35539 25 27 52 18636 13 14 27
Total Blomass 159 198 357 59 73 133

a8 |eaf blomass removed If browsing had occurred when leaves were attached.
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Average total current annual growth (kg/ha) and number of plots required to
sample within 208 of the mean with 67% confidence by |1fe form and shrub
species for 3 sites In the Woodland Spruce vegetatlion type, middle Susitna

River Basin.

TABLE 22

Standard Estimated
Life Form/Species Category Mean Error Sample Size
Total forb 54 15.1 66
Total graminold 65 19.7 103
Tall shrub
Alnus slnuata leafa 7 4.9 11
Alnus slnyata twlig 4 3.0 5
Low shrub
Betula glandulosa leaf 6 2.2 3
Betula glandulosa twig 3 0.9 1
Bosa aclcularis leaf 1 0.6 1
Sallx pulchra leaf 6 5.0 12
Salix pulchra twlig 3 2.8 4

a8 Leaf CAG are only those |eaves attached to twig CAG.

- 153 =



TABLE 23

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by life form and plant species in 15 -
0.5-m2quadrats from 1 site In the Open Birch Forest vegetation type, middle
Susitna River Basin.

Standard Estimated
LIfe Form/Specles Mean Error Sample Size
Total tail shrub 15 6.5 15
Alnus sinuata 15 6.5 15
Total low shrub 3 1.0 2
Echinopanax horrldum 2 2.0 3
Ribes iriste 1 0.5 1
Total dwarf shrub 7 2.9 5
Splraea beauverdiapna 9 2.9 5
Total forb 46 8.0 12
Cornus canadensis 2 0.5 1
Dryopteris spp. 33 7.2 19
Linnaea borealls 4 2.0 3
Lycopodium spp. .3 1.7 2
Polemonium spp. 1 0.7 1
Rubus articus 1 0.5 1
Rubus chamaemorus 2 1.7 2
Rumex spp. 1 0.7 1
Irtentalls europaea 1 0.4 1
Total graminoid 2 0.8 1
Calamagrostis canadensis 2 0.8 1
Total moss 31 7.1 20
Litter 46 7.1 10
Bare rock 2 1.7 2
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TABLE 24

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by Iife form and shrub species In 15 - 4-m2
quadrats from 1 site In the Open Birch Forest vegetation type, middie Susitna
Rlver Basin.

Standard Estimated
Life Form/Species Mean Error Sample Size
Total tree 42 7.1 11
Total basal tree 1 0.6
Total tall shrub 14 6.1 23
Alnus sinuata 14 6.1 23
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TABLE 25

Average density (number/ha) of stems, by size class and total, and number of
plots required to samplie within 20§ of the mean with 67% confldence for shrub
specles in 15 ~ 4-m2 quadrats at 1 site In the Open Birch Forest vegetation
type, middle Susitna River Basin.

, Size Class Standard Estimated
Specles (cm) Mean Error Sample Size

Alnus sinuata 0-1 2000 1658 7
1=-2 - 2000 1658 7

2-3 500 500 1

3~4 333 227 1

Total 4833 2338 _ 14

Betula glandulosa 0-1 500 362 1
Total 500 362 1
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TABLE 26

Average basal dlameter, height and percent twlg utilization of shrub species,
and number of plants required to sample within 20% of the mean with 67%
confldence based on those measures, for 1 site In the Open Blirch Forest
vegetation type, middle Susitna River Basin,

Standard No. No. Estimated
Measure Specles Mean Error Plants Sites Sample Size
Basal Betula glandufosa 12 3.0 8 1
Diameter Alnus slnuata 29 2.0 48 1 3
(mm)
Helght Betula glandujosa 90 11.0 8 1 3
(cm) Alnus sinuata 230 20.0 48 1 10
Utilization Betula glandulosa 0 0 8 1 -
(%) Alnus slnuata 1 1.1 48 1 55
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TABLE 27

Gross avallable and utllized leaf, twig and total blomass (kg/ha) estimated from number of unbrowsed and browsed
twigs/ha and stem densitles (number/ha) from 1 site in the Open Birch Forest vegetation type, middle Susitna River
BaslIn. ’

No. Unbrowsed Avallable Avallable Total Avallable No. Browsed  Utllized Utillzed  Total Utilized
Specles Twigs/ha Leaf Blomass Twig Blomass Blomass Twigs/ha Leaf Biomass? Twig Blomass Bliomass
Alnus sinuata 112126 149 142 291 208 <1 <1 1
Betula glandulosa 3650 1 2 3 0 0 0 0

Total Biomass 150 144 294 <1 <1 1

A Leaf blomass removed I|f browsing had occurred when leaves were attached.
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TABLE 28

Average total current annual growth (kg/ha) and number of plots required to
sample within 20% of the mean with 67% confidence by |ife form and shrub
specles for 1 site In the Open Blirch Forest vegetation type, middie Susitna

Rlver Baslin.

Standard Estimated
Life Form/Specles Category Mean Error Sampie Slze
Total forb 578 11741 16
Total graminold 62 21.2 45
Tat| shrub
Alnus sinuata leafd 8 6.4 7
Alous slnuata 2.2 1

twig 2

a Leaf CAG are only those leaves attached
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TABLE 29

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |1fe form and plant species in 15 -
0.5-m2quadrats from 1 site in the Open Spruce-Birch Forest vegetation type,
middle Susitna River Basin.

Standard Estimated
Life Form/Specles Mean Error Sample Size
Total tal!l shrub 4 4.0 10
Alpus sloyata 4 4,0 10
Total low shrub 12 4.3 11
Ribes triste 15 9.0 49
Rosa acicularis 7 1.5 2
Shepherdia canadensis 4 2.3 4
Yiburpnum edule 2 1.7 2
Total dwarf shrub 19 4.5 13
Ledum greoenlandicum 6 2.1 3
Yaccinium uliginosum 6 2.8 5
Yaccinium vitis-idaea 8 2.2 4
Total forb 26 5.5 18
Cornus canadensis 4 1.7 2
Epilobium angustifollum 7 3.1 6
Linnaea borealls 2 0.6 1
Mertensia paniculata 7 3.0 6
Petasites frigidus 1 0.4 1
Solldago multiradiata 1 1.0 1
Total graminold 2 0.7 1
Calamagrostis canadensis 2 0.7 1
Totai moss 6 5.3 17
Total |lchen 1 0.7 1
Peitigera spp. 1 0.7 1
Litter 59 6.4 5
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TABLE 30

Average percent canopy cover and number of plots required to sampie within 20%

‘of the mean wlth 67% confldence by |1fe form and shrub specles In 15 = 4-ml

quadrats from 1 site In the Open Spruce-Blrch Forest vegetatlion type, middle
Susi+na River Basln,

Standard Estimated

LIfe Form/Specles Mean Error Sample Size
Total tree 21 6.6 27
Total basal tree 4 2.7 4
Total [ow shrub 2 1.3 1
Betula glandulosa 2 1.3 1
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TABLE 31

Average basal diameter, height and percent twig utilization of shrub species,
and number of plants required to sample withln 20% of the mean with 67%
confldence based on those measures, for 1 site In the Open Spruce-Birch Forest
vegetation type, middle Susitna River Baslin.

Standard No. No. Estimated
Measure Species ~ Mean Error Plants Sites Sample Size
Basal Betula glandulosa 7 1.0 4 1
Diameter Alnus sinuata 14 2.0 11 1 1
(mm)
Height Betula glandulosa 60 48.0 4 1 1
(cm) Alnus sinuata 40 108.0 11 1 19
UtflTzation Betula glandulosa 32 11.8 4 1 14
(%) Alnus sinyata 33 11.6 10 1 31
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TABLE 32

Average total current annual growth (kg/ha) and number of plots required to
sample within 208 of the mean with 67% confidence by |ife form and shrub
specles for 1 sites In the Open Spruce - Blrch Forest vegetation type, middle
Susitna River Basin.

Standard Estimated
Life Form/Specles Category Mean Error Sample Size
Total forb 284 54.8 15
Total graminold 64 23.9 53
Tree
Populus balsamlfera |eaf?@ 6 6.0 6
Populus balsamifera twig 6 5.5 5
Low shrub
Rosa acicularis leaf 42 14.8 33
Rosa aclicularls twig 5 1.7 1
Shepherdia canadepnsis |eaf 4 3.6 2
Shepherdla canadensis twig 1 1.1 1
Yiburnum edule | eaf 9 6.0 6
Yiburnum edule twig 1 0.9 1

2 Leaf CAG are only those l|eaves attached to twig CAG.
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TABLE 33

Average percent canopy cover and number of piots required to sample within 20%
of the mean with 67% confldence by I|ife form and plant species In 258 =
0.5-m2quadrats from 19 sites? in the Dwarf Birch vegetation type, middie
Susitna Rlver Basin.

Standard Estimated
Life Form/Species Mean Error Sampie Size

Total low shrub 19 1.1 13
Betula glandulosa 16 1.0 11
sallx pulchra 2 0.4 2
Total dwarf shrub 40 1.5 9
Empetrum nigrum 14 1.1 13
Ledum groenlandicum 8 0.7 5
Lolseleurla procumbens 1 0.3 1
Sallx reticulata 1 0.2 1
Yaccinium uliginosum 17 0.9 9
Yaccinlum vitls=Idaea 6 0.4 2
Total forb 2 0.2 1
Cornus canadensis 1 0.2 1

Total graminoid 4 0.5 3 |
Carex spp. 3 0.5 3
Grass spp. 1 0.1 1
Total moss 33 1.9 23
Total |ichen 20 1.5 22
Cetraria spp 2 0.3 1
Cladonia spp. 12 1.0 11
Nephroma spp. 1 0.1 1
Peltigera spp. 2 0.2 1
5 0.7 6
Lichen spp. 1 0.1 1
Litter 6 0.6 4
Bare ground 1 0.3 1

a Site 61 had only 3 plots.
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TABLE 34

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |ife form and shrub species In 257 =
4=-m2quadrats from 18 sites In the Dwarf Birch vegetation type, middle Susitna

River Baslin.

Standard Estimated

LIfe Form/Specles Mean Error Sample Size
Total tree 1 0.3 2
Total low shrub 24 1.2 14

Betula glandulosa 22 1.1 13
Sallx pulchra 2 0.3 1

a Site 56 had only 14 plots and Site 61 had only 3 plots.
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TABLE 35

Average density (number/ha) of stems, by size class and total, and number of
plots required to sampie within 20§ of the mean with 67% confidence for shrub
species In 257 - 4-mZ2 quadrats at 18 sites2@ [n the Dwarf Birch vegetation

type, middle Susitna River Basin.

Size Class Standard Estimated
Specles (cm) Mean Error Sample Slize

Betula glandulosa 0-1 65866 3473 18
1=2 7977 642 42

2-3 807 200 2

3-4 27 17 1

Total 74677 3516 15

Sallx glauca 0-1 652 390 7
1=2 234 102 1

Total 886 474 10

Sallx pulchra 0-1 3677 995 41
1=2 652 132 1

2-3 49 22 1

Total 4378 1017 43

@ Site 56 had only 14 plots and Site 61 had only 3 plots.

- 166 -




TABLE 36

Average basal dlameter, height and percent twig utilization of shrub specles,
and number of plants required to sample within 20% of the mean with 67%
confldence based on those measures, for 19 sites@ in the Dwarf Blrch

]

]

-

vegetation type, middle Susltna Rlver Basin.

Standard No. No. EstImated

Measure Species Mean Error Plants Sites Sample Slze
Basal Alnus sipuata 9 1.0 4 8 1
Dlameter Betula glandulosa 10 0.4 921 19 1
(mm) Sallx pulchra 12 0.4 261 15 1
Salix glauca 12 1.0 81 12 1
Sallx lanata 9 1.0 4 5 1
Helght Alnys slnuata 70 9.0 4 8 2
(cm) Betula glandulcsa 70 2.0 3920 19 10
Salix pulchra 60 2.0 262 16 7
Salix glauca 50 2.0 81 12 2
Sallx lapata 50 5.0 4 5 1
Utilization Alnus sinuata 31 19.0 5 6 438
(%) Betula glandulosa 3 0.3 920 12 101
Sallx pulchra 9 1.1 259 1 100
Sallx glauca 10 2.0 81 9 74
Sallx ilapnata 26 9.2 4 4 13

2 Slte 61 had only 3 plots.
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TABLE 37

Gross avaliable and utillzed leaf, twig and total blomass (kg/ha) estimated from number of unbrowsed and browsed
twigs/ha and stem densltles (number/ha) from 19 sites in the Dwarf Blrch vegetation type, middle Susitna Rlver Basin.

No. Unbrowsed Avallable Available Total Avallable No. Browsed U1 ized Utli1zed Total Utilized

Specles Twigs/ha Leaf Biomass Twig Blomass Blomass Twigs/ha  Leaf Blomass? Twig Blomass Blomass
Betula glandulosa 1052946 407 535 942 283773 110 144 254
Salix glauca 6999 6 6 12 2215 2 2 4
SalIx pulchra 54725 39 41 80 18825 13 14 27
Total Biomass 452 582 1034 125 160 285

A Leaf biomass removed |f browsing had occurred when leaves were attached.



TABLE 38

Average total current annual growth (kg/ha) and number of plots required to
sample within 208 of the mean with 67% conflidence by |1fe form and shrub
specles for 19 sitesd In the Dwarf Birch vegetation type, middle Susitna River
BaslIn.

Standard Estimated

Life Form/Specles Category Mean Error Sample Slze
Total forb 12 1.5 6
Total graminold 56 9,7 204
Low shrub ,

- Betula glandulosa leafd 44 3.2 28
Betula glanduiosa twig 22 1.6 7
Sallx pulchra leaf 20 4.3 50
Sallx pulchra twig 13 3.6 36

2 Leaf CAG are only those leaves attached to twlg CAG.

b Site 61 had only 3 plots.
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TABLE 39

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% conflidence by |ife form and plant specles In 15 -
0.5-m2quadrats from 1 site In the Dwarf Birch-Willow vegetation type, middle
Susitna River Basin.

Standard Estimated
Life Form/Specles Mean Error Sample Size
Total |low shrub 25 4.9 14
Betuia glandulosa 5 1.8 2
Echinopanax horridum 3 2.7 9
Sallx glauca 1 0.7 1
Salix pulchra 5 4.6 13
Total dwarf shrub 20 3.4 14
Empetrum nigrum 4 0.7 2
Ledum greenlandicum 7 1.0 1
Splraea heauverdiana 2 1.1 2
Yaccipium ullginosum 13 2.7 5
Yaccinlum yitis=[daea 2 0.4 1
Total forb 18 3.2 12
Cornus canadensls 6 1.7 2
Petasites frigldus 3 1.7 2
Bubus chamaemorus 4 0.9 1
Total graminoid 8 2.2 3
Calamagrostls canadensis 6 2.5 8
Carex spp. 6 1.0 1
Eciophorum spp. 2 1.7 2
Total moss 10 5.0 15
Total |ichen 4 1.1 1
Cladonia spp. 2 0.7 1
Peltigera spp. 3 0.8 1
Litter 16 2.6 5
Dead wood 1 1.6 1
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TABLE 40

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |ife form and shrub specles In 15 =
4-m2quadrats from 1 site In the Dwarf Birch-W!llow vegetation type, middle
Susitna River Basin.

Standard Estimated
Life Form/Specles Mean Error Sample Size
Total low shrub 10 2.7 5
Betula glandulosa 7 1.7 2
Salix pulchra 3 2.3 4
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TABLE 41

Average density (number/ha) of stems, by size class and total, and number of
plots required to sampie within 20% of the mean with 67% confidence for shrub
species In 15 = 4-m2 quadrats at 1 site in the Dwarf Birch-Willow vegetation
type, middle Susitna River Basin.

. Size Class Standard Estimated

Species (cm) Mean Error Sample Size
Betula glandulosa 0-1 38167 7350 14
Total 38167 7350 14
Sallix pulchra 0-1 3333 1594 7
1-2 1333 1333 5
2-3 333 333 1
Total 4999 2845 20
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Average basal diameter, helght and percent twig utilization of shrub species,
and number of plants required to sample withln 20% of the mean with 67%
confidence based on those measures, for 1 site In the Dwarf Birch=Willow

TABLE 42

vegetation type, middle Susitna River Basin.

Standard No. No. Estimated

Measure Specles Mean Error Plants Sites Sample Size
Basal Betula glanduiosa 8 0.4 45 1 1
Dlameter Salix pulchra 14 1.0 16 1 1
(mm) Salix glauca 13 2.0 11 1 1
Helght Betula glandulosa 50 1.0 45 1 1
(cm) Sallx pulchra 70 4.0 16 1 2
Sallx glauca 60 5.0 11 1 2
Utillzation Betula glandulosa 0 0.0 45 1 -
(%) Sallx pulchra 11 2.0 16 1 14
Sallx glauca 12 9.1 1 1 163
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TABLE 43

Gross avallable and utillized leaf, twlg and total blomass (kg/ha) estimated from number of unbrowsed and browsed
twigs/ha and stem densitles (number/ha) from 1 site In the Dwarf Birch - Willow vegetation type, middle Susitna River
Basin. ‘

No. Unbrowsed Avallable Avallable Total Avallablie No. Browsed Utilized Ui11zed Total WHilized
Specles Twigs/ha Leaf Blomass Twig Blomass Blomass Twigs/ha  Leaf Blomass? Twig Blomass Blomass
Betula glandulosa 416020 161 211 372 0 — - —_—
Sallx pulchra 53989 39 41 79 0 - - _—
Total Blomass 200 252 451 - - -

@ leaf blomass removed |f browsing had occurred when leaves were attached.
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TABLE 44

Average total current annual growth (kg/ha) and number of plots required to
sample within 208 of the mean with 67% confidence by |{fe form and shrub
species for 1 site in the Dwarf Birch - Willow vegetation type, middle Susitna
River Basin.

: Standard EstImated
Life Form/Specles Category Mean Error Sample Size

Total forb 88 22.2 24
Total graminold | 138 29.6 18
Low shrub

Betula glandulosa |eafa 12 3.7 3

Betula glanduiosa twig 8 2.2 1

Sallx pulchra leaf 44 40.8 250

Sallx pulchra twig 16 14.7 33

a8 Leaf CAG are only those |leaves attached to twig CAG.
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TABLE 45

Average percent canopy cover and number of plots required toc sample within 20%
of the mean with 67% confidence by |1fe form and plant species In 45 =
0.5-m2quadrats from 3 sites In the Open Ericaceous Shrub Tundra vegetation
type, middle Susitna River Baslin,

Standard Estimated
Life Form/Specles Mean Error Sample Size

Total |ow shrub 3 1.1 3
Betula glandulosa 4 1.5 5
Total dwarf shrub 57 3.6 5
Arctostaphylos alpina 2 0.5 1
Empetrum nigrum 15 3.1 18
Ledum groenlandlcum 15 2.2 9
Yaccinium yllglnosum 24 2.8 14
Yaccinium yitis=idaea 12 1.7 5
Total forb 4 1.5 4
Cornus canadensis 2 0.5 1
Lycopodium spp. 1 0.3 1
Rubus chamaemorus 1 0.6 1
Total graminold 1 0.3 1
Carex spp. 1 0.3 1
Total moss 36 5.3 25
Total |ichen 34 4.2 18
Cetraria spp. 3 0.7 1
Cladonia spp. 20 2.4 11
Nephroma spp. 1 0.3 1
Pelfigera spp. 1 0.5 1
Stereocauion paschale 11 2.6 13
Litter 3 0.5 1
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TABLE 46

Average percent canopy cover and number of plots required to sample within 20%
of the mean wlth 67% confldence by |ife form and shrub species In 45 - 4-mZ
quadrats from 3 sites in the Open Erlcaceous Shrub Tundra vegetation type,
middie Susitna River Basin.

Standard Estimated
Life Form/Species Mean Error Sample Size
Total tree 1 0.4 1
Total iow shrub 6 1.6 5
Betula glandulosa 5 1.3 3
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TABLE 47

Average density (number/ha) of stems, by size class and total, and number of
plots required to sample within 20% of the mean with 67% confldence for shrub
species In 45 - 4-mZ quadrats at 3 sites In the Open Erlcaceous Shrub Tundra
vegetation type, middle Susitna River Basin.

Size Class Standard Estimated

Specles (cm) Mean Error Sample Size
Betula glandulosa 0-1 21833 5732 78
1=2 1333 467 2
Total 23166 5864 72
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TABLE 48

Average basal diameter, height and percent twig utilization of shrub species,
and number of plants required to sample within 20% of the mean with 67%
confidence based on those measures, for 3 sites In the Open Ericaceous Shrub
Tundra vegetation type, middle Susitna River Basin.

Standard No. No. Estimated
Measure Specles Mean Error Plants Sites Sample Size
Basal ‘Betula glandulosa 9 0.4 108 3 1
Diameter Alnus sinuata 28 7.0 5 3
(mm)
Helght Betula glandulosa 50 4.0 108 3 19
(cm) Alnus slinuata 130 24.0 5 3 5
Utilization Retula glandulosa 1 0.5 108 1 25
(%) Alnus sinuata 0 0.0 5 3 -
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TABLE 49

Gross avallable and utllized leaf, twlg and total blomass (kg/ha) estimated from number of unbrowsed and browsed
twlgs/ha and stem densitles (number/ha) from 3 sites In the Open Ericaceous Shrub Tundra vegetation type, middle

Sustitna Rlver Baslin.
Uil ized Total Utltized

Avallable Total Avallable No. Browsed Uilized
Twigs/ha  Leaf Blomass? Twig Blomass Biomass

No. Unbrowsed Avallable

Species Twigs/ha Leaf Blomass Twlg Blomass Blomass
Betula glandulosa 217760 84 11 195 39382 15 20 35
Total Blomass 84 11 195 15 20 35

a8 Leaf blomass removed [f browsling had occurred when leaves were attached.
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TABLE 50

Average total current annual growth (kg/ha) and number of plots required to
sample within 20% of the mean with 67% confidence by life form and shrub
species for 3 sites In the Open Ericaceous Shrub Tundra vegetation type,

middle Susitna River Basin.

Standard Estmated
Life Form/Speclies Category Mean Error Sample Size
Total forb 51 23.3 233
Total graminold 17 4,2 8
Low shrub
Betula glandulosa leafa 4 1.4 1
Betula glandulosa twig 2 0.7 1

8 Leaf CAG are only those |eaves attached

- 181 -
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TABLE 51

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |ife form and plant specles In 15 =
0.5-m2quadrats from 1 site In the Ericaceous Shrub - Sphagnum Bog vegetation
type, middle Susitna River Basin.

Standard Estimated
Life Form/Species Mean Error Sample Size
Tree
Plcea mariana 1 0.4 1
Total low shrub 3 0.9 1
Betula glandulosa 3 0.9 1
Total dwarf shrub 15 2.7 5
Empetrum nigrum 5 1.2 1
Ledum groenlandicum 4 0.8 1
Yaccinfum uliginosum 5 1.1 1
Yaccinfum vitis-Idaea 2 1.3 2
Total forb 13 2.6 4
Rubus chamaemorus 13 2.6 4
Total graminoid 12 2.7 5
Carex spp. 11 2.7 5
Grass spp. 1 1.3 2
Total moss 67 7.0 5
Total |ichen 3 1.7 2
Cladonia spp. 3 1.6 2
Litter 4 0.7 1
Water 7 6.4 25
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TABLE 52

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confldence by life form and shrub species In 15 - 4-m2
quadrats from 1 site In the Ericaceous Shrub - Sphagnum Bog vegetation type,
middle Susitna River Basin.

Standard Estimated

Life Form/Species Mean Error Sample Size
Total tree 9 2.6 5
Total basal tree 1 0.3 1

Total low shrub

Betuia glandulosa

[o W)}
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TABLE 53

Average denslty (number/ha) of stems, by slize class and total, and number of
plots required to sample within 20f of the mean with 67% confidence for shrub
species In 15 - 4-m2 quadrats at 1 site In the Ericaceous Shrub - Sphagnum Bog
vegetation type, middle Susitna River Basin.

Size Class Standard Estimated
Species (cm) Mean Error Sample Size
Betula glandulosa 0-1 45550 11031 23
Total 45550 11031 23
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TABLE 54

Average basal dlameter, height and percent twig utilizatlion of shrub species,
and number of plants required to sample within 204 of the mean with 67%
confidence based on those measures, for 1 site In the Erlicaceous Shrub -
Sphagnum Bog vegetation type, middle Susitna River Basln.

Standard No. No. Estimated
Measure Speclies Mean Error Plants Sites Sample Size
Basal Betyla glandulosa 41 0.2 43 1 2
Dlameter
{(mm)
Height Betula glandulosa 40 0.1 43 1 1
(cm)
Uttiization Betula glandulosa <1 0.3 43 1 1
(%) '
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TABLE 55

Gross avallable and utilized leaf, twig and total blomass (kg/ha) estimated from number of unbrowsed and browsed
twlgs/ha and stem densitlies (number/ha) from 1 site In the Ericaceous Shrub - Sphagnum Bog vegetation type, mlddle
Susitna River Basin.

No. Unbrowsed Avallable Avallable Total Available No. Browsed Utilized Utllized Total Utillized
Species Twigs/ha Leaf Blomass Twig Blomass Blomass Twigs/ha Leaf Blomass@ Twig Blomass Blomass
Betula glandulosa 132551 51 67 119 386 <1 <1 <1
Total Bilomass 51 67 119 <1 <1 <1

A |eaf biomass removed If browsIng had occurred when leaves were attached.



TABLE 56

Average total current annual growth (kg/ha) and number of plots required to
sample within 20% of the mean with 67% confidence by life form and shrub
species for 1 site In the Ericaceous Shrub - Sphagnum Bog vegetation type,
middle Susitna River Baslin.

Standard Estimated

)

il

Life Form/Species Category Mean Error Sample Size
Total forb 154 28.6 13
Total graminold 182 41.4 20
Low shrub

Betula glandulosa leafa 6 1.9 1
Betula glandujosa twig 3 1.1 1

a Leaf CAG are only those leaves attached

- 187 -
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TABLE 57

Average percent canopy cover and number of plots required to sampie within 20%
of the mean with 67% confidence by |1fe form and plant specles In 15 -
0.5-m2quadrats from 1 site In the Low Wil low Tundra vegetation type, middle
Susitna River Basin.

Standard Estimated
Life Form/Specles Mean Error Sample Slze
Total low shrub 18 5.1 16
Salix pulchra 18 5.1 16
Total dwarf shrub 18 2,6 5
Cassiope stelleriana 1 0.7 1
Empetrum nigrum 12 2.3 4
Sallx polaris 2 141 1
Sallx reticulata 2 1.4 2
Spiraea beauverdiana 1 0.9 1
Yaccinium uliginosum 8 2.9 5
Yaccinium vitis-idaea 1 0.2 1
Total forb 15 2.7 5
Aconltum delphinifolium 1 0.2 1
Artemisia spp. 3 0.6 1
Eolygonum 1 0.4 1
Leutkea pectinata 3 1.9 3
Lycopodium spp. 1 0.6 1
Rubus articus 2 1.2 1
Sedum rosea 2 0.6 1
Yiola spp. 3 1.7 2
Total graminold 9 1.5 2
Calamagrostis canadensis 2 1.2 1
Carex spp. 4 0.8 1
Grass spp. 2 1.0 1
Total moss 21 2.9 6
Total lichen 4 1.0 1
Cetraria spp. 2 0.8 1
Cladonla spp. 2 0.8 1
Litter 6 1.4 2
Bare ground 1 0.4 1
Water 2 1.4 2
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TABLE 58

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |Ife form and shrub species in 15 - 4-m
quadrats from 1 site In the Low Willow Tundra vegetation type, middie Susitna
River Basin.

Standard Estimated

LIfe Form/Species Mean Error Sample Size
Total low shrub 1 2.6 5
Salix pulchra 12 3.0 6
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TABLE 59

Average density (number/ha) of stems, by size class and total, and number of

plots requlired to sample within 208 of the mean with 67% confidence for shrub
speclies in 15 - 4-m2 quadrats at 1 site In the Low Willow Tundra vegetation
type, middle Susitna River Baslin.

Size Class Standard Estimated

Species (cm) Mean Error Sampie Size
Sallx pulchra 0-1 52833 10405 15
Total 52833 10405 15
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TABLE 60

Average total current annual growth (kg/ha) and number of plots required to
sample within 20% of the mean wlth 67% confldence by life form and shrub
specles for 1 site in the Low Willow Tundra vegetation type, middle Susitna

River Basin.

Standard Estimated
Life Form/Specles Category Mean Error Sample Size

Total forb 86 16.2 14
Total graminoid 132 23.7 13
Low shrub

Sallx pulchra leafa 145 38.9 27

Salix pulchra twig 24 7.0 8

2 Leaf CAG are only those leaves attached to twig CAG.
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TABLE 61

Summary of average current annual growth blomass of leaves and twigs, denslty, gross avallable twlg blomass, and percent utlllzatlion of
twigs for 4 major shrub specles In 10 vegetation types, middle Susitna River Basin,

-Current Annual Growth Blomass (kg/ha) Gross Avallable
Leafd Twig Density (#/ha) Twig Blamass (kg/ha) Percent Utllization

Vegetation Type AlsiP Begi€ Sagld Sapu® Alsi Begl Sagl Sapu Alsl Begl Sagl Sepu Aisl Begl Sagl Sapu Alsl Begl- Sagl Sapu
Open White Spruce 20 6 17 20 12 4 7 9 209 11548 4667 8548 44 52 36 59 6 5 6 4
Open Black Spruce "mn 2 1 28 8 N 1 1 3799 40517 1367 11549 93 138 14 104 2 2 12 9
Woodland Spruce 7 6 - 6 4 3 - 3 389 28167 12718 2167 6 159 6 27 11 7 22 30
Open Blrch Forest 8 —_ - - 2 — -_ -_— 4833 500 —_ - 142 2 - - 1 0 -— -_—
Open Spruce-Blrch Forest e — -— — e T 32 3 - -
Owarf Blrch — M4 - 20 - 22 - 13 -- 74677 886 4378 —~ 535 6 4 3 3 10
Dwarf Birch-Wililow - 12 - 4 - 8 - 16 -— 38167 — 4999 — 211 - 4 -— 0 12 11
Open Erlcaceous Shrub Tundra — 4 —_ - - 2 — -= 23166 -— - - m —_— - 0 1 — —
Erlcaceous Shrub-Sphagnum Bog -~ 6 - — - 3 — -_— — 45550 — - — 67 - - - <1 —_ —_
Low Willow Tundra —_ - = 145 = - - 24 —_ - -~ 52833 @~ = = - —_— == = ee

2 Leaf current annual growth only for those leaves attached to twig CAG.

b Alsl = Alnus slnuata
€ Begl = Betula glandylosa
d Sagl = Sallx glauca
© Sapu = Sallx pulchra



TABLE 62

Mean and standard error for variables measured for chemical analysis performed
on soll samples collected from 6 sites in the Open White Spruce vegetation
type, middle Susitna River Basin.

0-5 cm 5=10 cm 10-15 cm

it

patin

Standard - Standard Standard

Soll Varlables Mean Deviation Mean Devlation Mean Deviation
pH 5.93 0.68 5.94 0.81 6.05 0.70
0.M (%) 13.44 8.66 7.02 5.56 5.43 4,26
Total Nitrogen (%) 0.37 0.24 0.27 0.26 0.16 0.12
Total Phosphorus (%) 0.07 0.03 0.08 0.03 0.08 0.03
Sand (%) 34.77 10.90 39.98 12.20 39.05 5.33
STt (%) 47.86 8.50 43,92 9.87 46.75 5.43
Clay (%) 17.37 5.84 16.10 7.42 14.20 5.75
Potassium (ppm) 67.0 17.40 48,91 24,06 32.78 12,50
Calclum (ppm) 1996.21 1520.58 1737.91 1851.29 1120.89 885.67
Magnesium (ppm) 314.71 293.35 246.18 262.76 137.44 120.05
Copper {(mg/g) 1.53 1.38 2.24 2.13 3.41 2.88
Zinc (mg/g) 2.23 1.92 0.84 0.29 1.04 0.83
- Manganese (mg/g) 20.83  27.83 18.00  20.31 32.18  33.62
lron (mg/g) 329.25 111.31 287.50 157.13 776.67 142,59
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TABLE 63

Mean and standard error for variables measured for chemical analysis performed
on soil samples collected from 3 sites in the Open Black Spruce vegetation
type, middle Susitna River Basin.

0-5 cm 5=-10 cm 10-15 cm

Standard Standard Standard

Soll Varliables Mean Deviation Mean Deviation Mean Deviatlion
pH 5.88 0.67 6.25 0.44 6.29 0.26
0.M. (%) 18.34 10.85 8.96 6.63 10.39 12.29
Total Nitrogen (%) 0.61 0.48 0.42 0.39 0.42 0.32
Total Phosphorus (%) 0.10 0.03 0.08 0.02 0.10 0.03
Sand (%) 30.73 13.72 38.48 10.21 32.72 7.60
Silt (%) 48.77 8.56 . 49,72 9.28 48.80 8.49
Clay (%) 20.50 11.48 11.80 7.33 18.48 6.19
Potassium (ppm) 89.00 48.67 40.17 20.11 36.00 12.88
Calcium {ppm) 2654.11 2592.27 2552.17 2584.85 2309.00 1894.38
Magnesium (ppm) 348.89 302.71 290.00 282.42 264.80 227.54
Copper (mg/g) 6.02 7.27 10.70 15.00 13.45 13.15
Zinc (mg/g) 2.83 3.37 2.57 3.12 2.85 3.45
Manganese (mg/g) 57.23 60.26 79.98 72.11 140.62 219.64

lron (mg/g) 433.38 213.22 470.83 372.84 475.80 341.22
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TABLE 64

Mean and standard error for varlables measured for chemical analysis performed
on soll samples collected from 1 site In the Woodland Black Spruce vegetation
type, middle Susitna River Basin. -

0-5 cm 5=-10 cm 10=15 cm
Standard Standard Standard
Soll Variables Mean Deviation Mean Deviation Mean Deviation
pH ‘ 4.15 0a 4,22 0 4.26 0
0.M. (%) 12.06 0 8.58 0 10.72 0
Total Nitrogen (%) 0.45 0 0.36 0 0.32 0
Total Phosphorus (%) 0.09 0 0.09 0 0.09 0
Sand (%) 28.80 0 38.00 0 34.80 0
Stit (%) 44,00 0 40.80 0 44 .60 0
Clay (%} 27.20 0 21.20 0 20.60 0
Potasslum (ppm) 50.00 0 48.00 0 42.00 0
Calcium (ppm) 126.00 0 83.00 0 88.00 0
Magnesium (ppm) 36.00 0 29.00 0 25.00 0
Copper {(mg/g) : 0.31 0 0.43 0
Zinc (mg/g) 0.98 0 0.86 0
Manganese (mg/g) 23.30 0 24.50 0
Iron (mg/g) 477.00 0 488.00 0

2 Only 1 plot sampled at 1 slte.
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TABLE 65

Mean and standard error for variables measured for chemical analysis performed
on soil samples collected from 2 sites in the Dwarf Birch vegetation type,
middle Susitna River Basin.

0-5 cm 5«10 cm 10-15 cm

Standard Standard Standard

Sotl Variables Mean Deviation Mean Deviation Mean Devlation
pH 6.26 0.82 5.92 0.03 5.70 Da
0.M. (%) 12.67 14.79 6.70 7.40 2.21 0
Total NItrogen (%) 0.32 0.33 0.25 0.28 0.08 0
Total Phosphorus (%) 0.06 0.01 0.07 0 0.06 0
Sand (%) 28.00 2.83 35.80 0.28" 42.00 0
Silt () 46,10 0.99 41.00 4.81 42.40 0
Clay (%) 25.90 1.84 23.20 4.53 15.60 0
Potassium (ppm) 40.00 12.73 48.00 32.53 25.00 0
Calcium (ppm) 3720.00 4058.80 1200.50 1342.80 121.00 0
Magnesium (ppm) 175.00 120.21 137.00 152.74 11.00 0
Copper (mg/g) 12.62 16.10 0.64 0.21 0.55 0
Zinc (mg/g) 1.56 1.65 0.57 0.47 0.23 0
Manganese (mg/g) 14.35 7.28 22.00  28.00 1.10 0
fron (mg/g)} 327.00 321.51 272.50 265.17 70.00 0

a Oniy 1 plot sampled at this depth.
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TABLE 66

Average soll 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 1.0 2.0 0.0 0.9
Top 2.5 2.0 2.0 2.0 2.1
Bot+tom 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.
Top 2.5 1.0 4.0 2.0 2.
Mtddle 210 5.5 3.0 - 3.
Bot+om 3.5 2.5 2.5 1.5 2.
Mean 2.8 2.8 - 3.9 1.3 2.
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
Bottom 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
Bot+om 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
Bot+om 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 67

Average cover, helght, and phenological state for plant species during week of

31 May to 4 June, 1982, at Watana Creek fransect (transect #1) (32 - 0.5-m2
quadrats).

Cover (%) Helght (cm)
Standard Standard No. of Phenological
Life form/Specles Mean Error Mean Error Plots Stated
Tree
Betula papyrifera 1 0.8 60 0.0 1
Low Shrub
Betula giandulosa 9 1.7 56 4.1 16 2
Rosa aclcularis 1 0.2 44 3.8 5 2
Splraea beauverdliana - -
Dwarf Shrub
Yaccinlum vIfis-Idaea 15 2.0 12 2.2 23 2
Yaccinium uliginosum 7 1.8 25 2.4 21 2
Ledum groenlandicum 18 1.6 29 1.9 27 3
Ledum decumbens - - .
Empetrum pnigrum 2 1.2 19 9.9 5 1
Arctostaphylos uva-ursf 3 - 1.9
Forb
Cornus capadensis 0 0.1 4 1.0 4 3
Other
Total moss 76 3.8
Total Iichen 6 1.7
Litter 9 3.9

3 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 68

Average cover, helght, and phenological state for plant species during week of
31 May to 4 June, 1982, at Jay Creek transect (transect #2) (32 - 0.5-ml
quadrats).

Cover (%) Height (cm)
Standard Standard No. of Phenologlcal
Life form/Species Mean Error Mean Error Plots Stated
Tree
Betula papyrifera 2 1.0 67 13.5 6 2
Elicea glauca 10 0.0 1
Low Shrub
Betula glanduiosa 10 1.7 51 2.4 21 2
Sallx glauca <1 0.1 44 2.5 2 2
Rosa aclcularis <1 0.2 39 13.5 5 2
Ribes triste <1 0.0
Potentilla fruticosa <1 0.1 20 0.0 1 3
Owarf Shrub
Yaccinlum yitis-Idaea 18 3.8 11 0.8 21 2
Yaccinium ullginosum 4 1.0 22 1.6 15 2
Ledum groenlandicum 2 0.9 24 2.8 7 4
Ledum decumbens 12 3.0 21 1.5 17 4
Empetrum nigrum 2 0.9 8 0.8 5 1
Salix reticulata <1 0.1 2
Arctostaphvlos alplna <1 0.1 1
Arctostaphyios uva-ursi 1 0.5
Forb
Cornus canadensis 1 0.5 5 2.5 3 2
Epllobium angustifollum
Mertensia panliculata 1 0.3 8 0.9 6 3
Equisetum silvaticum <1 0.1 9 2.9 4
Graminoid
Calamagrostis canadensis <1 0.1 15 0.0 2
Unknown grass 1 0.2 8 2.2 7 1
Other
Total moss 27 5.7
Total I|ichen 7 1.9
Litter 20 5.7

4 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 69

’ Average cover, helght, and phenological state for plant species during week of
31 May to 4 June, 1982, at Switchback transect (transect #3) (32 = 0.5-m2
quadrats).

Cover (%) Height (cm)
Standard Standard No. of Phenological

Life form/Species Mean Error Mean Error Plots Stated
Tall shrub

Alnus sinuyata 3 1.1 165 30.1 8 2
Low Shrub

Betula glandulosa 11 2.0 57 5.9 20 2

Sallx puichra 1 0.9 45 5.0 2 3

Salix glauca 1 0.3 39 3.8 5 2

Rosa acicularis <1 0.1 . 34 8.8 4 2

Ribes friste <1 0.2 25 8.8 4 3
Dwarf Shrub

Yaccinium vitis-idaea 11 2.3 15 3.8 24 1

Yaccinium uliginosum 5 1.3 21 1.6 14 2

Ledum groeniandicum 3 1.1 23 1.5 10 3

lLedum decumbens 8 2.4 17 2.5 15 3

Empetrum nigrum <1 0.2 10 0.0 1 1

Arctostaphylos uva=ursi 1 0.4
Forb

Equisetum silvaticum 2 0.5 2 1
Graminoid

Unknown grass <1 0.1 7 1.3 10 1
Other

Total moss 30 4.7

Total Iichen 13 3.2

Litter 11 3.7

@ Phenological state: (1) just emerging from ground, first signs of new growth
or dormant for evergreens, (2) leaf buds, (3) ieaves, (4) flower buds, (5)
flowers, (6) seeds, (7) decadent.
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TABLE 70

Average cover, height, and phenclogical state for plant specles during week of
31 May to 4 June, 1982, at Tsusena Creek transect (transect #4) (24 - 0.5~-m2
quadrats). ,

Cover (%) Helght (cm)
Standard Standard No. of FPhenological
Life form/Species Mean Error Mean Error Plots Stated
Low Shrub
Betula glandulosa 12 2.2 60 3.6 19 2
Dwarf Shrub
Yaccinium yitis-Idaea 5 0.6 8 1.0 19 1
Yaccinium uliginosum 4 1.1 22 1.0 12 2
Ledum groenlandicum 5 1.5 26 2.7 9 3
Ledum decumbens 4 1.0 21 2.3 11 1
Empetrum nigrum 8 2.3 15 4.7 15 1
Arctostaphylos uva=ursi 9 3.3
Forb
Cornus canadensis <1 0.2 4 0.6 4 2
Graminold
Unknown grass
Other '
Total moss 86 2.6
Total Iichen 4 0.7

a8 Phenological state: (1) Just emerging from ground, first signs of new growth
or dormant for evergreens, (2) leaf buds, (3) |eaves, (4) flower buds, (5)
flowers, (6) seeds, (7) decadent.

- 201 -



TABLE 71

Average cover, height, and phenologlical state for plant species durlng week of
7 June to 11 June, 1982, at Watana Creek transect (t+ransect #1) (32 - 0.5-mZ
quadrats).

Cover (%) Hefght (cm)
Standard Standard No. of Phenologlical
Life form/Specles Mean Error Mean Error Plots State@
Low Shrub
Betula glandulosa 8 1.8 51 3.8 17 3
Rosa aclcularis <1 0.1 33 13.3 3 2
Dwarf Shrub
Yaccinfum vitis~idaea 8 1.5 8 0.5 27 1
Yaccinium ulliginosum 7 2.1 22 2.0 20 3
Ledum groenlandicum 10 1.8 29 2.2 23 4
Ledum decumbens 6 1.5 18 2.1 15 4
Empetrum nigrum 2 1.1 7 0.9 7 1
Arctostaphylos uva=-urs{ 2 0.5
Other
Total moss 62 5.8
Total |lchen 10 2.8
Litter 6 3.0

a Phenologlical state: (1) Just emerging from ground, first sligns 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 72

Average cover, height, and phenological state for plant specles during week of
7 June to 11 June, 1982, at Jay Creek transect (transect #2) (32 -
0.5-m2quadrats).

Cover (%) Helght (cm)
Standard Standard No. of Phenological

Life form/Specles Mean Error Mean Error Plots State?d
Low Shrub

Betula glandulosa 9 1.9 45 3.5 20 3

Betula papyrifera 3 1.4 91 10.8 6 3

Sallx glauca . 4

Rosa acicularis <1 0.1 13 3.4 5 3

Potentilla fruticosa <1 0.1 25 0.0 1 3
Dwarf Shrub

Yaccinium vitis-Idaea 16 3.2 10 1.2 21 2

Yaccinjum uliginosum 3 0.8 21 2.1 16 3

Ledum groenlandicum 5 1.7 26 1.9 14 4

ledum decumbens 9 2.6 17 1.3 12 4

Empetrum nigrum <1 0.2 6 0.9 3 2

Sallx reficulata 1 0.6 3

Arctostaphyios alpina 2 1.1 3
Forb

Cornus canadensis 1 0.3 5 0.6 4 2

Epiloblum angustifoilum <1 0.1 23 2.3 3 3

Mertensia paniculata 1 0.5 13 2.3 5 4

Equisetum silvaticum 1 0.3 17 2.7 4 5
Graminoid

Calamagrostis canadensis <1 0.2 25 0.0 1

Unknown grass 1 0.2 11 1.9 9 3
Other

Total moss 30 6.2

Total Iichen 10 3.4

Litter 10 3.9

a8 Phenological state: (1) just emerging from ground, first signs of new growth
or dormant for evergreens, (2) leaf buds, (3) leaves, (4) fiower buds, (5)
flowers, (6) seeds, (7) decadent.
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TABLE 73

Average cover, helght, and phenclogical state for plant species during week of
7 June to 11 June, 1982, at Swltchback transect (transect #3) (32 - 0.5-m¢
quadrats).

Cover (%) Height (cm)
Standard Standard No. of Phenological
Life form/Species Mean Error Mean Error Plots Stated
Tall shrub
Alnus sinuata 5 1.9 158 28.0 8 3
Low Shrub
Betula glanduiosa 14 2.6 55 3.7 21 3
Sallx pulchra 2 1.2 43 5.3 5 3
Rosa acicularis <1 0.1 20 7.7 3 3
Ribes triste 2 0.6 19 4.1 7 5
Dwarf Shrub :
Yaccinfum yitis=idaea 6 1.5 7 0.6 20 2
Yaccinlum uliginosum 7 1.7 18 1.7 18 3
Ledum groenlandicum 1 0.4 29 2.0 5 4
Ledum decumbens 6 1.9 19 1.7 12 4
Empetrum nigrum 1 0.5 9 0.8 6 2
Arctostaphylos uva=ursi 2 0.6
Forb .
Equisetum silvaticum <1 0.1 10 0.0 1
Graminoid
Unknown grass : <1 0.1 12 2.0 11 2
Other
Total moss 29 5.7
Total |1chen 10 2.7
Litter g 3.2

a Phenological state: (1) Just emerging from ground, first signs of new growth
or dormant for evergreens, (2) leaf buds, (3) |eaves, (4) flower buds, (5)
flowers, (6) seeds, (7) decadent.
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TABLE 74

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 (cm)
Standard Standard No. of Phenological

Life form/Specles Mean Error Mean Error Plots Statead
Low Shrub

Betula glandulosa 11 2.1 67 6.0 21 2
Dwarf Shrub

Yaccinium vitis-idaea 5 0.8 8 0.9 20 1

Yaccinfum uliginosum 3 1.1 19 1.7 12 2

Ledum groenlandicum 4 1.3 29 4.0 8 4

Ledum decumbens 10 2.1 21 1.6 15 4

Empetrum pigrum 8 3.1 8 0.5 13 2

Arctostaphylos uva—-ursi 4 0.9
Forb

Cornus canadensis <1 0.2 1
Other

Total moss 82 3.9

Total llichen 5 0.9

@ 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 75

Average cover, height, and phenologlcal 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 (%) Helght (cm)
Standard Standard No. of Phenological
L!fe form/Specles Mean Error Mean Error Plots Stated
Low Shrub
Betula glandulosa 13 2.3 55 4.7 20 3
Rosa acicularis <1 0.1 24 3.6 6 3
Spiraea beauverdiana <1 0.1 40 0.0 1 3
Dwarf Shrub
Yaccinium yitis-Idaea 7 1.1 8 0.7 26 2
Yaccinium uliginosum 12 2.7 22 1.2 27 3
Ledum groenlandicum 10 1.6 28 2.6 24 4
Ledum decumbens 6 2.0 14 1.6 12 3
Empetrum nigrum 2 1.4 8 1.1 5 1
Arctostaphylos uva-ursl ! 0.5
Other
Total moss 60 5.2
Total |lchen 5 1.8
Litter 3 2.5

2 Phenologlical 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 76

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-md
quadrats).

Ly

s

R

e

R

]

Cover (%) Helght (cm)
Standard Standard No. of Phenological
Life form/Specles Mean Error - Mean Error Plots Stated
Tree
Betula papyrifera 89 5.0 8 3
Low Shrub ,
Betula glandulosa 13 0.3 51 3.8 17 3
Rosa acicularis <1 0.1 35 7.1 7 3
Ribes triste <1 0.2 10 0.0 1 3
Botentilla fruticosa 18 1.7 3 3
Dwarf Shrub
Yaccinlum vItis-idaea 7 1.1 10 1.3 22 3
Yaccinium uliginosum 2 2.7 21 1.5 24 3
Ledum groenlandicum 10 1.6 24 1.5 13 4
Ledum decumbens 6 2.0 21 2.8 7 4
Empetrum nigrum 2 1.4 8 0.4 5 1
Sallx reticuylata 3
Arctostaphylos alpina 3
Arctostaphylos uva-ursi 1 0.5
Forb
Cornus canadensis 8 2.3 3 3
Epilobium 26 2.9 5 4
Mertensia paniculata <1 0.0 23 0.9 6 4
Equisetum silvaticum <1 0.3 25 2.0 4 4
Graminoid
Calamagrostis capadensis 30 5.0 2 3
Unknown grass <1 0.1 15 2.7 6 2
Other
Total moss 60 5.2
Total |ichen 5 1.8
Litter 3 2.5

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 77

Average cover, helght, and phenological state for plant speclies durlng week of
14 June to 18 June, 1982, at Switchback transect (transect #3) (32 - 0.5-m2
quadrats).

Cover (%) Helght (cm)
Standard Standard No. of Phenological

Life form/Specles Mean Error Mean Error Plots State?@
Tall shrub

Alnus sinuata 5 2.4 176 33.5 6 3
Low Shrub

Betula glandulosa 15 3.0 58 4,5 21 3

Salix pulchra 2 1.3 46 12.1 5 3

Sallx glauca 1 0.5 46 15.5 2 3

Bosa aclcularis <1 0.2 24 5.9 6 3

Ribes triste 2 0.6 27 3.3 6 4
Dwarf Shrub

Yaccinlum vitis-idaea 7 2.1 8 0.6 21 2

Yaccinlum ullginosum 13 2.2 21 1.6 22 4

Ledum groenlandicum 3 0.9 28 2.0 12 4

Ledum decumbens 7 2.9 20 2.3 10 4

Empetrum nigrum 1 0.8 8 1.7 3 2

Arctostaphylos uva-ursi 1 0.5 2
Forb

Equisetum silvaticum <1 0.1 6 0.8 6 3
Graminoid

Unknown grass 2 0.9 12 2.4 12 2
Other

Total moss 31 5.7

Total |1ichen 15 3.5

Litter 6 3.0

3 Phenoiogical 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 78

Average cover, helght, 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 (%) Helght (cm)
Standard Standard No. of Phenologlical

Life form/Specles Mean Error Mean Error Plots Stated
Low Shrub

Betula giandujosa 13 1.7 70 5.8 21 3
Dwarf Shrub

Yaccinium yitis-Idaea 9 1.8 8 0.9 23 2

Yaccinium ullginosum 5 1.4 22 2.5 13 3

Ledum groeniandicum 7 2.0 29 2.5 10 4

Ledum decumbens 10 2.8 19 1.2 14 4

Empetrum nigrum 10 2.9 7 0.4 15 3

Arctostaphylos uva=ursi 5 0.8
Forb

Cornus canadensls 1 0.3 4 0.7 3 2
Graminoid

Unknown grass <1 0.0 8 0.0 1 1
Other

Total moss 69 3.9

Total |lchen 11 2.7

2 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 79

Average 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-m
quadrats).

Cover (%) Helght (cm)
Standard Standard No. of Phenological

Life form/Species Mean Error Mean Error Plots Statead
Tree

Betula papyrifera 1 1.1 99 0.0 1 3
Low Shrub

Betula glandulosa 15 3.4 58 4,7 15 3

Bosa acicularis 0.3 36 10.2 6 3

Splraea beauverdiana 0.4 32 8.3 3 3
Dwarf Shrub

Yaccinium vitis=Idaea 9 1.5 9 1.8 27 3

Yaccinfum uliginosum 18 3.2 27 2.2 27 4

Ledum groenlandicum 9 1.4 27 2.2 26 4

Ledum decumbens 4 1.3 16 3.6 8 4

Empetrum nigrum 4 1.7 7 0.8 8 3

Arctostaphylos uva-ursl 2 0.6
Forb

Cornus canadensis <1 0.1 3 1.0 3 4
Other

Total moss 50 4.5

Total |ichen " 2.9

Litter 6 2.8

2 Phenological state: (1) just emerging from ground, first signs of new growth
or dormant for evergreens, (2) leaf buds, (3) |eaves, (4) flower buds, (5)
flowers, (6) seeds, (7) decadent.
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TABLE 80

Average cover, height, and phenological state for plant species durling week of
21 June to 25 June, 1982, at Jay Creek transect (transect #2) (32 - 0.5-mZ
quadrats).

o Cover (%) Hetght (cm)
Standard Standard No. of Phenological
o Life form/Specles Mean Error Mean Error  Plots Stated
- Tree
‘ Betula papyrifera 8 2.9 68 6.4 9 2
Low Shrub -
- Betula glandulosa 9 2.4 54 5.1 13 3
Sallix glauca 3 2.5 15 0.0 1 3
Rosa acicularis 1 0.3 40 14.2 7 3
= Ribes iriste <1 0.1 15 0.0 1 3
Botentilla fruticosa <1 0.1 15 0.0 1 3
. Dwarf Shrub
Yaccinium vitis-idaea 13 2.7 14 1.9 19 3
Yaccinium uliginosum 9 1.9 24 2.3 20 4
Ledum groeniandicum 2 0.8 20 1.8 5 4
- Ledum decumbens 1 2.9 21 1.9 16 4
Empetrum nigrum 1 0.5 8 0.0 3 4
Salix reticulata 3 1.2 3
- Arctostaphylos alpina <1 0.2 3
Arctostaphylos uva=urs] 1 0.5
oim Forb _
| Cornus canadensis 1 0.4 7 2.7 4 4
Epllobium angustifollum 1 0.2 25 2.2 7 3
Mertensia paniculata 2 0.9 19 3.9 8 4
- Equisetum silvaticum 1 0.5 32 4.4 5 3
Graminold
= Calamagrostis canadensis ! 0.5 38 2.5 2 3
o Unknown grass 1.1 22 4.4 3
— Other
} Total moss 20 5.2
Total |lchen 10 3.3
Litter 7 2.8

3 Phenologlcal state: (1) Just emerging 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 81

Average cover, height, and phenological state for plant specles during week of
21 June to 25 June, 1982, at Switchback transect (+ransect #3) (32 = 0.5-mZ
quadrats).

Cover (%) Helght (cm)
Standard Standard No. of Phenological

Life form/Species Mean Error Mean' Error Plots Statea
Tall shrub

Alnus sinuata 6 3.3 233 32.1 5 3
Low Shrub

Betula glandulosa 17 3.4 60 4.4 20 3

Salix pulchra 2 1.0 50 0.0 1 5

Sallx glauca 1 0.5 46 0.0 1 3

Rosa acicularis 1 0.3 26 4.3 4 3

Ribes iriste 3 1.3 32 6.0 5 4
Dwarf Shrub

Yaccinlum yitis=Idaea 4 1.1 g9 1.1 19 6

Yaccinlum ullglinosum 19 3.6 24 1.5 20 4

Ledum groenlandicum 2 1.0 29 3.2 7 4

Ledum decumbens 7 2.9 20 2.3 10 4

Empeirum nigrum 1 0.4 8 1.2 4 3

Arctostaphylos uva-ursl 1 0.5
Forb

Equisetum siivaticum <1 0.2 13 2.4 7 3
Graminofd

Grass spp. 2 0.7 19 2.1 14 3
Other

Total moss 21 4.5

Total lichen 11 2.9

Litter 5 2.2

a Phenological state: (1) just emerglng 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 82

Average cover, height, 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 (cm)
Standard Standard No. of Phenological

Life form/Species Mean Error Mean Error Plots Stated
Low Shrub

Betula glandulosa 19 2.9 80 6.5 22 3
Dwarf Shrub

Yaccinlum yvitis-1daea 6 1.1 9 0.8 19 2

Yaccinlum ulliginosum 7 1.6 24 2.3 16 4

Ledum groenlandicum 12 3.4 25 2.7 14 4

Ledum decumbens 5 1.9 24 3.1 5 4

Empetrum nigrum 15 4.6 10 1.0 14 4

Arctostaphvlos uva-ursi 6 1.1
Forb

Cornus capadensis <1 0.1 7 1.5 2 2
Graminoid

Unknown grass <1 0.1 8 0.0 2 3
Qther

Total moss 72 5.3

0.7

Total lichen 3

2 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.



TABLE 83

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 (cm)
Standard Standard No. of Phenological

Life form/Specles Mean Error Mean Error Plots Stated
Tree

Betula papyrifera 2 1.3 76 3.8 3 3
Low Shrub

Betula glandulosa 12 3.0 68 8.0 14 3

Rosa acicularls 1 0.5 27 8.6 8 3

Spiraea beauverdiana 0.9 25 10.0 2 4
Dwart Shrub

Yaccinlum vifis-idaea 9 2.6 12 3.3 26 4

Yaccinlum ulliginosum 25 3.7 26 1.5 28 4

Ledum greenlandicum 4 1.3 34 4.0 13 4

Ledum decumbens 7 1.5 27 1.6 17 4

Empefrum nligrum 3 1.8 7 1.4 8 3

Arctostaphvios uva-ursji 2 0.6
Forb

Cornus canadensis 1 0.4 5 0.4 10 4
Other

Total moss 55 6.4

Total |ichen 5 1.6

Litter 3 2.0

a8 Phenologlical 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 84

Average cover, helght, and phenological state for plant specles during week of
28 June to 2 July, 1982, at Jay Creek transect (transect #2) (32 - 0.5-m2
guadrats).

Cover (%) Helght (cm)
Standard Standard No. of Phenological

Life form/Species Mean Error Mean Error Plots State2
Tree

Betula papyrifera 2.7 92 8.3 3 3

Elcea glauca 4 3.1 357 321.2 3 3
Low Shrub

Betula glandulosa 14 3.8 53 6.1 15 3

2alix glauca 5 3.0 53 10.1 6 3

Rosa acicularis 2 0.9 38 9.6 7 3

Ribes friste 1 0.8 31 0.0 1 3

Potent]lla fruticosa 1 0.9 14 7.2 7 3
Dwarf Shrub

Yaccinium vitis-idaea 11 3.3 12 2.2 20 4

Yaccinium ullglnosum 8 2.2 19 2.2 20 4

Ledum groenlandicum 1 0.4 23 2.5 5 5

Ledum decumbens 10 2.7 20 1.6 17 5

Empeirum nigrum 1 0.6 4 0.8 4 6

=alix reticulata 1 0.5 3

Arctostaphyios alpina 3 1.6 3

Lolseleuria procumbens 1 0.8 4
Forb

Cornus canadenslis 4 2.2 9 1.8 7 4

Epllobium angustifolium 2 1.0 38 7.9 8 3

Mertensia paniculata 4 2.0 38 9.9 5 5

Equisetum silvaticum 4 2.4 49 5.9 4 3
Graminold

Calamagrostis canadensis 1 0.4 50 12.6 3 3

Unknown grass 1.4 30 3.8 10
Other

Total moss 19 5.5

Total |lchen 13 3.7

@ Phenologlical state: (1) just emerging from ground, flrst 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 85

Average cover, helght, and phenclogical state for plant specles during week of
28 June to 2 July, 1982, at Switchback transect (fransect #3) (32 -
0.5-m2quadrats).

Cover (%) Height (cm)
Standard Standard No. of Phenological

Life form/Specles Mean Error Mean Error Plots Statea
Tree

Plcea glauca 3 3.1 520 479.5 2 3
Tall shrub
“Alnus slinuata 17 5.3 190 31.5 8 3
Low Shrub

Betula glandulosa 18 3.6 71 4.9 20 3

Salix pulchra 1 0.7 39 20.2 3 3

Sallix glauca 1 0.8

Rosa acicularis 1 0.4 25 6.1 5 3

Ribes ifrliste 1 0.5 24 6.2 7 4
Dwarf Shrub

Yaccinlum yitis=Idaea 9 2.9 13 3.9 22 4

Yaccinium uyliginosum 21 4.0 26 1.9 23 4

Ledum groenlandicum 3 1.5 30 1.5 7 4

Ledum decumbens 8 2.3 21 2.4 13 4

Empetrum nigrum 1 0.4 8 0.6 7 3

Arctostaphylos uva-ursi 2 0.6
Forb

Equisetum silvaticum 1 0.4 23 1.7 11 3
Graminold

Unknow grass 3 2.0 20 3.3 12 3
Other

Total moss 29 5.2

Total I|ichen 9 2.3

Litter 2 1.1

a8 Phenologlcal state: (1) just emerging from ground, first signs of new growth
or dormant for evergreens, (2) |eaf buds, (3) leaves, (4) flower buds, (5)
flowers, (6) seeds, (7) decadent.
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TABLE 86

Average cover, helght, and phenological state for plant specles durlng week of

28 June to 2 July, 1982, at Tsusena Creek transect (transect #4) (24 - 0.5-md
quadrats).

Cover (%) Helght (cm)
Standard Standard No. of Phenological

Life form/Species Mean Error Mean Error Plots State?@
Low Shrub

Betula glandulosa 25 3.8 67 6.1 23 3
Dwarf Shrub

Yaccinium yitis-idaea 6 2.1 17 5.8 18 4

Yaccinfum uliginosum 16 2.8 22 2.1 20 4

Ledum groenlandicum 3 1.5 28 1.9 7 4

Ledum decumbens 13 3.2 22 1.9 15 5

Empetrum nigrum 13 3.9 7 0.5 14 3

Arctostaphylos uva-ursi 4 0.8
Forb .

Cornus canadensis 3 0.6 7 0.5 18 4
Graminold '

Unknown grass 2 1.3 15 4.9 4 3
Other

Total moss 65 5.8

Total Ilchen 6 1.6

2 Phenologlical 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 87

Average cover, helght, and phenological state for Betula glandulosa during
week of 7 June to 11 June, 1982, at each elevation within each tansect.

Transect
Position Watana Jay Switchback Tsusena Mean
Cover (%)
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
Helght (cm)
Bench 51 49 58 86 61
Top .57 47 50 68 56
Middle 39 - 59 - 49
Bottom - 33 - 36 35
Mean 51 45 55 67 55

Bench 2.4 2.6 3.0 1.9 2.5
Top 2.8 3.1 2.8 2.0 2.6
Middie 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 Phenologlical state: (1) just emerging from ground, first signs of new growth
or dormant for evergreens, (2) |eaf buds, (3) lsaves, (4) flower buds, (5)
flowers, (6) seeds, (7) decadent.
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TABLE 88

Average cover, height, and phenologlical state for Mertensia panicualata during
each week at the mid-slope elevation of the Jay Creek transect, 1982,

Phenologlcal

Date Cover (%) Height (cm) Stated

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 Phenologlcal s+a+é: (1) Just emerging from ground, flrst 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 89

v (+SE) blomass of forbs (kg/ha), graminolds (kg/ha), and total current growth blomass (1SE) of twigs and attached leaves (g/100 twigs) clipped from the
r shrubs sampled Inslde and outslde exclosures during weeks 1 through 6 (5/82 - 8/82) In the mlddle Susitna River Basin.

Betula Betula SalIx Sallx Alpus
Tran- Eleva- In glandulosa papyrifaera pulchra glauca slnuata

sect tlon Out Forbs Grasses leaf twlg leaf twig leaf twlg leaf twlig leaf twig
1 1 (out 11.2541.46

2 only 8.42+1.93

3  weeks 111 8.42+1.46

4 1-5) 5+1 . 1.2541.25
2 1 6.40+1.00

2 141 6.87+1.04

3 15412 28422 3.9341.76  14.5541.92

4 29116 6.38+1.29
3 1 4.88+0.73

2 342 4.30+0.76

3 141 4.4311.64

4 515 1847 35,25+7,25
4 1 4.631+0.63

2 3.13+0.35

4 2.88+1.69
1 1 1.25+1.00 8.05+1.94

2 2.18+0.48 5.30+0.31

3 54434 1.4340.84 1.6310.94

4 1047
2 1 343 2.18+1.34  5.0510.59 2.18+2.18 2.63+2.63

2 241 2,2510.38 3.5540.51

3 32+421 8.8810.89 9.3811.23

4 78423 3.25+1.91  2.3011.38
3 1 2.6310.68 3.884+0.89 i

2 2.63+0.55 3.63+0.38 .

3 4+4  3,93+1.51 9.18+1.77 1.7541.75 1.1841.13

4 515 41110 10.50+2.43 14.38+4.30
4 1 6.80+0.79

2 3.80+1.20

4 3.38+1.18
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TABLE 89 (continued 2)

Betula Betula Sal Ix dal Ix Alous
Tran- Eleva- In glandulosa _ papyrifera pulchra glauca sinuata
Week sect tlon Out Forbs Grasses leaf twig leaf twig leaf twig leaf twig leaf twlg
3 1 1 2.6310.33  4,00#0.10
2 5.5541.34  5.6341.10
3 4.1340.31  4.5010.75
4 18418
2 1 3.05+1.39  4.88%1.08
2 949 3.63+1.33 3.80+1.48 1.6311.63  2.5512.50
3 67167 32132 10.8040.90 8.12+1.49
4 83130
3 1 2.2510.41 1.9340.35
2 141 2,9341.00 2,3810.81
. 3 945 3.3041.28 2.7540.96
o 4 73437 121163 4.00+4.00 1.5041,50 1.8841.88 1.2541.25
N,
N 4 ! . 2.6340.99
2 0.9310.35 3.1310.43
3 1.06£0,90 3.3041.29
4 1 1 1.3010.48 1.6840.50
2 4.2541.58  4.00+1.54
3 343 3.30+1.94 2.3841.38
4 50429 1547
2 1 2.7541.07  2.6310.94
2 13413 2.8041.13  2.25+0.86
3 140472 117469 9,5545.74  4.3812.63
4 13410 93432 1.9341.61 1.30+1.08
3 1 242 4,431,711 3.1341.15
2 413 35431 4.00£2.05 2.88+1.28
3 19413 1441 5.75%2.69 3.43%1.16
4 37425 94128 9.368+9.38 10.05+10,05
4 1 3.3040.69  4.38+0.21
2 3.934+1.51  4.6341.63 5.0045.00 4.38t4.38
4

242 5.37+0.88 4.0010.80



E 89 (continued 3)

Betula Betula Sallx
Tran- Eleva= In glandutosa papyrifera pulchra
sect tlon OQut Forbs Grasses leaf twig leaf twlig leaf twig leaf twig leaf twlg
1 1 4.1341.46  3.92+1.63
2 242 5.3043.06 3.88+2.34
3 843
4 242 31424
2 1 1+1
2 6+3 16.55+4.85 10.8713.10
3 152463 119488 3,1343.13  1,88+1,88
4 210438 3.3041.94 3.4342.00
3 1 4.5540.95 3.0510.74
2 747 15+9  1.7541.75 2.0042.00
3 34422 8+2 4.7543.14 3.4312.68
4 62 114449
4 1 141 6.00+41.23 5.50+1.18
2 51451 91163 6.50+1.16 6.55+1.00
4 5.7541.18 5.6211.13
1 1 In 5+4 6.2540.76 2.7711.19
out 616 1145 3.13+1.88 3.9212.38
2 In 1347 141 2.8040.19 3,.2511.21
out 141 11 9.3843.08 8.0510.63 9.554#5.93  3.9312.60
3 In 412 141 1.3041.30 1.75%1.81
out 312 141 1.634+1.63 1.5541.55
4 in  35t14 1137
out 34417 167154
3 § 3 i i L 1 i 3 ¥ s 1
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TABLE 89 (continued 4)
Betula Betula Salix Sallx Alnus
Tran- Eleva- In glandulosa papyrifera pulchra glauca sinuata
Week sect tton Out Forbs Grasses |eaf twig leaf twlg leaf twlg leaf twig leaf twig
2 1 in 1+ 11.6246.38 36.13429.00
out 2+2 6.43+3.10 5.00+2.41
2 in 141 5.1842,04 6.38+2.01
. out 3018 644 4.68+1.89 4.63+1.72
3 in 11761345 5794310
out 316485 2814209
4 in 94131 76430 2.13t2.13 2.5542.55
out 19419 116146 1.5610.94 2.1311.88
3 1 In 141 342 5.80+1,.41 7.05+1.81
out 545 141 7.30+3.48 9.0014.86 0.63+0.63 1.88+1.88
' 2 In <1 341 3.5541.44 4.13%1.44 3.7543.75 1.25%1.25
N out 19412 32415 2.431+1.48 3,00+2.24
N 3 In 78447 30410 5.30+0.35 6.05+0.33 6.8846.88
' out 42422 443 6.8746.87
4 In 121149 238482 30.6714.88 23.3745.74
out 1612 4111278 3.7543.75 3.3013.30 18.7548.43 16.63+16.12
4 1 in 26123 5.38+1.35 5.88+2.26
out 471422 2.2540.83 5.63+1.38
2 In 54123 2+1 5.25+1.71 3,6810.33
out 2249 1348 3.0040.84 5.30%1.49
4 In 60+13 4.43+1.56 4.68+2.19
out 35116 141 3.3842.73 3.881+2.96

2 Elevation 3 not establlished at transect 4.



TABLE 90

Mean (1SE) current annual growth (kg/ha) of twigs and leaves of maJor shrubs sampled Inside and outside of exclosures
durlng September 1982 In the middle Susitna River Basin.

Yacclinlum Betula Sallix Sallix Alnus Betula
yitis-idaea glandulosa pulchra glauca glnuata papyrifera
Transect Elevation In=-Out leaf  twig leaf twig leaf twig leaf twlig leaf twig leaf twig -

1 1 In 140440 40420 40420

1 1 out 140+40 60+40 40+20

1 2 In 140440 2049 2047

1 2 out 3404120 20+2 2045 545 60415 2047 80120

1 3 In | 2404100 444 545

1 3 out 340160 949 20420

1 4 In 300480

1 4 out 5804340

2 1 In 720+40 20420 20420

2 1 out 5004140 20420 40+40

2 2 In 400480 2046 20+20

2 2 out 13404800 2046 2048

2 3 In 560+320

2 3 out 200480 60420 8+4

2 4 In 20+20 20420 20420 343 2047

2 4 out 60460 2048 5+4 8+5 2016
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TABLE 90 (continued 2)
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Yaccinfum Betula Sallix Salix Alnus Betula
vitis-idaea glandulosa pulchra glauca slnuata papyrifera
Transect Elevation In-Ouf leaf Twig leaf twig ieaf twig ieaf Twig leaf twig ieaf twig
3 1 in 260+100 20420 20+8 )
3 1 out 3004160 60+40 601440
3 2 in 120440 20+4 2046 212 20+20
3 2 out 200480 20420 40120 515 20120 60+60 180+180
3 3 In 600+400 40+20 20420 20+<1 40120
3 3 out 280+140 <14<1 <11 40+20 80+80 60+60 60160
3 4 In 40440 80+20 140120
3 4 out 20+20 242 3+3 60140 8+4 343 343
4 1 in 420460 40120 40120 ‘
4 1 out 320480 204120 20420
4 2 in 220+100 2015 2045
4 2 out 2204120 40+20 20120
4 44 in 200460 2048 20120
360+160 514 4143

4 4 out

a Elevation 3 not established at transect 4.

=



TABLE 91

Means, standard errors, and number of twigs required to sample within 10% 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.

Standard Estimated

Shrub Species/Category Mean Error Sample Size
Betula glandulosa
Diameter 1.8 0.01 15
Length 47.2 0.82 121
Salix pulchra
Diameter 1.9 0.06 25
Length 53.4 3.76 115
Sallx glauca
Diameter 1.9 0.06 33
Length 63.5 5.02 223
Alnus sinuata
Diameter 2.9 0.09 26
Length 87.0 5.00 86
Betula papyrifera
Diameter 2.3 0.07 23
Length 119.4 7.03 90

- 776 =
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TABLE 92

ozt

Hectares and percentage of each the Primary, Secondary and Control burn areas by vegetation type in the

Alphabet Hills.

Primary Secondary Controi
Vegetation Type Hectares Area (%) Hectares Area (%) Hectares Area(%)
Forest 2203 75.65 10606 77.41 9143 83.06
Open spruce 2134 73.27 9125 66.59 5296 48.10
Open spruce/Woodland spruce - - - - 1124 10.22
Woodland spruce 69 2.38 1461 10.67 2000 18.17
Woodiand spruce/Mesic graminold
herbaceous/Low shrub - - 20 0.15 723 6.57
Shrub 623 21.39 2596 18.95 595 5.40
Low shrub 582 19.98 2146 15.67 566 5.14
Low shrub/Mesic graminold herbaceous - - 253 1.85 - -
Dwarf shrub - - 63 0.45 - -
Low willow 30 1.04 91 0.66 29 0.26
Low wiliow/Mesic graminold herbaceous " 0.37 43 0.32 - -
Herbaceous 63 2.1 137 0.99 149 1.36
Mesic graminold herbaceous 63 - 2.1 137 0.99 149 1.36
Unvegetated 24 0.81 363 2.65 1120 10.18
Lake 24 0.81 363 2.65 1120 10.18
Total Area 2913 100.00 13,702 100,00 11,007 100.00




TABLE 93

Average dlameter at polnt-of-browsing (DPB) for browsed twigs (estimated from
a large but undetermined number of twigs), weight/twig, and welght of |eaves
attached to clipped twigs In the Alphabet Hills.

Specles DPB (mm) Leaf (g) Twig (g) Sample size
Betula glandulosa 2.4 0.30 0.35 648
Salix glauca 3.5 0.74 0.46 199
Salix lapata 3.0 0.58 0.36 25
Salix pulchra 2.8 0.66 0.51 589
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TABLE 94

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |ife form and plant species in 30 - 4-m2
and 1-m2 quadrats from 3 sites In the Open White Spruce vegetation type,

Alphabet Hills.

Standard

Estimated
Life Form/Specles Mean Error Sample Size
Tree (4-m2) - 10 2.9 10
Total tall shrub 1 0.6 1
Alnus ¢crispa 1 0.6 1
Total low shrub 19 3.2 13
Betula glandulosa 3 1.2 2
Salix pulchra 15 2.7 9
Total dwarf shrub (1-m2) 11 2.0 5
Casslope tetragona 1 0.3 1
Empetrum nigrum 3 0.9 1
Ledum groenlandicum 1 0.5 1
Sallx reficulata 1 0.6 1
Yaccinium uliginosum 5 1.4 [
Yaccinium vitis-idaea 3 1.0 1
Total forb - 34 3.5 8
Astragalus spp. 1 0.3 1
Chrysgosplenium tetrandrum 1 0.5 1
Cornus canadensis 5 1.8 4
Equisetum arvense 6 2.3 6
Equisetum silvaticum 3 1.1 1
Petasites frigidus 7 1.6 3
Pyrela spp. 1 0.2 1
Rubus chamaemorus 1 0.3 1
Yalerlana capitata 1 0.2 1
Total graminoid 10 1.1 4
Calamagrostis canadensis 5 1.8 4
Carex spp. 3 1.8 4
Grass spp. 2 1.0 1
Total moss 55 5.9 g
Total lichen 2 0.6
Beltigera spp. 1 0.4
Litter 9 1.4 2
Dead wood 3 1.2 2
Bare ground 1 0.2 1
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TABLE 95

Average denslity (number/ha) of stems for Ilving and dead shrub and mature tree, tree sapling and tree
seedl Ing specles at 2 slites In the Open Whlte Spruce vegetation type, Alphabet Hills.

Dead

Live Live Dead Tree Tree
Life Form/Specles Shrub? Shrub@ Treeb Treeb Sapling®  Seedling?
Tree
Plcea glauca 455 28 133 750
Plcea mariana 172 13 32 333
Tall shrub
Alnus crispa 4167 1583
Alnus slnyata 83 -
Low shrub .
Betula glanduiosa 11583 333
Salix lanata 750 167
Salix pulchra 48000 3333
a 4-m2 quadrat
b Point-centered quarter
¥ ) A ] B 3 i ] ] i ¥ i
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TABLE 96

Average basal diameter class and percent twig utilization of shrub specles,
and number of plants required to sample within 20% of the mean with 67%
confidence based on those measures, for 2 sites@ in the Open White Spruce
vegetatlion type, Alphabet Hills.

Standard No. No. EstImated
Measure Specles Mean Error Plants Sites Sample Size
Basal Betula glandulosa 0-1 - 64 2 1
Diameter Sallx pulchra 1-2 - 80 2 1
Class (cm)
Utilization Betula glandulosa 12 2.5 64 2 77
(%) Salix pulchra 12 2.0 80 2 54

2 Shrubs at site 23 heavily browsed, no data.

- 7% -
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TABLE 97

Gross avallable and utlllzed leaf, twig and total blomass (kg/ha) estimated from number of unbrowsed and browsed
twigs/ha and stem densities (number/ha) from 3 slites In the Open White Spruce vegetation type, Alphabet Hllls.

No. Unbrowsed Avallable Avallable Total Avallable No. Browsed Utlllzed Utli1zed Total Utlllzed
Specles? Twigs/ha Leaf Blomass Twlg Blomass Blomass Twigs/ha Leaf Blomassb Twlg Blomass Blomass
Betula glandulosa 82239 25 28 53 40541 12 14 26
Sallx pulchra 374400 249 192 441 115200 77 59 136
Total Blomass 274 220 494 89 73 162

8 Alnus crispa twlgs not counted.

b Leaf blomass removed If browsing had occurred when leaves were attached.



TABLE 98

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |ife form and plant species in 70 - 4-mZ
and 1-m2 quadrats from 7 sites In the Open Black Spruce vegetation type,

T

el

Eal]

=

Alphabet Hills.

Standard Estimated
Life Form/Species Mean Error Sample Size
Tree (4-m2) 13 1.7 8
Total low shrub 12 1.6 7
Betula glandulosa 5 0.7 1
Salix pulchra 7 1.5 7
Total dwarf shrub (1-m2) 31 2.5 11
Empetrum nlgrum 9 1.9 10
Ledum decumbens 5 1.0 3
Ledum greenlandlicum 3 0.6 1
Yaccinium uliginosum 14 1.8 9
Yaccinium yifls-Idaea 7 1.2 4
Total forb 20 2.2 13
Equisetum silvaticum 2 0.7 1
Petasites frigidus 4 0.9 3
Rubus chamaemorus 3 0.7 1
Total graminold 10 2.8 1
Carex spp. 10 2.8 11
Total moss 53 3.3 7
Total |ichen 19 2.2 13
Peltigera spp. 3 0.7 1
Stereocaulon spp. 1 0.7 1
Litter 9 1.9 10
Dead wood 1 0.4 1
Bare ground 1 0.3 1
Water 1 0.5 1

- 233 -



i ATARS

TABLE 99

Average density (number/ha) of stems for living and dead shrub and mature tree, tree sapling and tree
seedl Ing specles at 7 sites In the Open Black Spruce vegetation type, Alphabet Hills.

Live Dead Live Dead Tree Tree

Life Form/Species Shrub? Shrubd Treeb Treeb Sapl Ingb Seed| ing?
Tree

Picea glauca 29 14 93 -

Picea marlana 1207 56 921 6679
Low shrub

Betula glandulosa 33786 1143

Rosa aclcularls 1500 -

Salix glauca 357 -

Salix lanata 643 250

Salix pulchra 15500 1857

a 4-m2 quadrat

bPMnﬁcmﬁm?dqmer
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TABLE 100

Average basal diameter class and percent twig utilization of shrub species,
and number of plants required to sample within 20% of the mean with 67%
confldence based on those measures, for 7 sites in the Open Black Spruce
~ vegetation type, Alphabet HIlls.

Standard No. No. EstImated

Measure Specles Mean Error Plants Sites Sample Slze
Basal Betula glanduigsa 0-1 - 261 7 1
Diameter Salix glauca 0-1 - 13 2 1
Class (cm) Salix lanata 1=2 - 22 1 1
Sallx pulchra 1=2 - 237 7 1
Utilization Betula glandulosa 3 0.6 261 6 102
(%) Sallx glauca 6 5.8 13 1 325
Sallx lapata 27 5.8 22 1 26
Salix pulchra 8 0.9 237 7 68
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TABLE 101

Gross avallable and utilized leaf, twig and total blomass (kg/ha) estimated from number of unbrowsed and browsed
twigs/ha and stem densities (number/ha) from 7 sites In the Open Black Spruce vegetation type, Alphabet Hlils.

No. Unbrowsed Avallable Avallable Total Avallable No. Browsed Utilized Utl | ized Total Utilized
Specles? Twigs/ha Leaf Blomass Twig Blomass Blomass Twigs/ha Leaf BlomassP Twig Blomass Blomass
Betula glandulosa 320967 97 111 208 60815 18 21 39
Sallx glauca 2785 2 1 3 1071 1 <1 1
Sallx lanata 3729 2 1 4 1865 1 1 2
Sallix pulchra 275900 183 142 325 79050 53 41 _ 93
Total Blomass 284 255 540 73 64 135

A Alnus crispa twigs not counted.

b |eaf biomass removed If browsing had occurred when leaves were attached.



TABLE 102

Average percent canopy cover and number of plots requlired to sample within 20%
of the mean with 67% confldence by |Ife form and plant species In 50 - 4-m2
and 1-m2 quadrats from 5 sites In the Woodland White Spruce vegetation type,
Alphabet Hills. '

Standard Estimated
Life Form/Species Mean Error Sample Size
Tree (4-ml) 6 2.1 9
Total low shrub 25 2.5 13
Betuia glandulosa 14 2.3 11
Sallx puichra 12 2.1 g9
Total dwarf shrub (1=-m2) 45 4.0 10
Arctostaphylos rubra 1 0.6 1
Empetrum nigrum 13 1.7 6
Ledum groenlandicum 15 3.8 28
Yaccinium ullginosum 27 3.9 26
Yaccinlum vitis-{daea 8 1.4 4
Salix reticulata 2 1.3 3
Total forb 8 1.6 5
Equisetum silvaticum 4 1.3 4
Rubus chamaemorus 1 0.4 1
Petasites frigidus 1 0.3 1
Total moss 46 4.2 11
Total |ichen 21 3.3 21
Cetraria spp. 2 0.7 1
Cladonia spp. 9 1.1 2
Peltigera spp. 7 2.2 9
Stereccauion spp. 1 0.8 1
Litter 17 2.9 17
Dead wood 1 0.2 1
Bare ground 1 0.6 1
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TABLE 103

Average density (number/ha) of stems for |iving and dead shrub and mature tree, tree sapling and tree
seedl Ing species at 5 sites In the Woodland White Spruce vegetation type, Alphabet Hills.

Live Dead Live Dead Tree Tree

Llfe Form/Specles Shrub@ Shrub@ Treeb Treeb SaplingP  Seedling@
Tree

Elcea glauca 361 15 95 200

Plicea mariana : 87 1 48 200
Tall shrub

Alous sipuata 150 -
Low shrub

Betula glandulosa 57950 4300

Rosa acicularls 3200 -

Salix glauca 100 -

Salix lanata 100

Salix puichra 25400 4150

a 4-m2 quadrat

b Point~centered quarter



TABLE 104

Average basal diameter class and percent twig utilization of shrub specles,
and number of plants required to sample within 20% of the mean with 67%
confidence based on those measures, for 5 sites In the Woodland White Spruce
vegetation type, Alphabet Hills.

Standard No. No. Estimated

Measure Species Mean Error Plants Sites Sample Size
Basal Betula glandulosa 0-1 - 178 5 1
Diameter Sallx glauca 1=2 - 164 5 1
Class (cm) Sallx lapnata 1-2 - 2 2 1
Rallix pulchra 1=2 - 164 5 1
Utilization Betula glandulosa 8 1.1 177 5 75
(%) Sallx glauca 25 3.3 38 1 17
] Salix lanata 51 7.7 2 2 2
Sallx pulchra 16 1.5 164 5 38
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TABLE 105

Gross available and utillzed leaf, twlg and total biomass (kg/ha) estimated from number of unbrowsed and browsed
twigs/ha and stem densitles (number/ha) from 4 sites in the Woodland White Spruce vegetation type, Alphabet Hills.

No. Unbrowsed Avallable Avallable Total Available No. Browsed Utl lized Utillzed Total Utllized
Specles? Twigs/ha Leaf Blomass Twlg Blomass Biomass Twigs/ha Leaf BlomassP Twlg Blomass Blomass
Betula glandulosa 701195 212 242 454 214415 65 74 139
Sallx glauca 1080 1 <1 1 450 <1 <1 1
Sal ix lanata 650 <1 <1 1 650 <1 <1 1
Salix pulchra 325760 216 167 384 117070 78 60 138
Total Blomass 430 411 840 145 136 279

A Alpus crispa twigs not counted.

b Leaf blomass removed 1f browsing had occurred when leaves were attached.



TABLE 106

Average percent canopy cover and number of plots required fto sample within 20%
of the mean with 67% confidence by |ife form and plant species In 70 - 4-m2

i,

Tty

)

fl

and 1-m2 quadrats from 7 sites In the Dwarf Birch vegetation type, Alphabet

Hills.

Standard Estimated
Life Form/Species Mean Error Sample Size
Total low shrub (4=-m2) 49 3.2 7
Betula glandulosa 45 3.3 9
Total dwarf shrub (1-m2) 55 3.9 9
Empetrum nigrum 26 3.8 36
Ledum decumbens 2 1.2 4
Ledum groeniandicum 21 2.9 24
Yaccinfum ulliginosum 35 3.6 19
Yaccinium yvitis-Idaea 8 1.4 5
Total forb 8 1.5 6
Corpus canadensis 3 1.2 4
Total graminoid 3 0.9 2
Grass spp. 1 0.8 2
Hiercochlice alpina 1 0.3 1
Total moss 53 3.8 9
Total |ichen 23 2.6 19
Cetrarla spp. 3 0.7 1
Cladonia spp. 11 0.8 2
Peitigera spp. 7 1.1 3
Litter 30 3.5 24
Dead wood 2 0.4 1
Bare ground 1 0.5 1
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_TABLE 107

Average density (number/ha) of stems for Iiving and dead shrub and mature tree, tree sapling and tree
seedl Ing species at 7 sites In the Dwarf Birch vegetation type, Alphabet Hiils.

Live Dead Live Dead Tree Tree

Life Form/Specles Shrubd Shrub® Treeb Treed Sapllngb Seedl Ing@
Tree

Plicea glauca 14 2 4 -

Picea mariana 13 1 12 18
Low shrub

Betula glandulosa 125232 12196

Rosa aclcularls 1503 143

sallx glauca 1321 ‘ 821

Salix pulchra 10857 1125

a 4-m?2 quadrat

b Polnt-centered quarter



TABLE 108

Average basal dlameter class and percent twig utilization of shrub specles,
and number of plants required to sample within 20% of the mean with 67%
confidence based on those measures, for 7 sites in the Dwarf Birch vegetation
type, Alphabet Hills.

Fe

]

e

ey

=

Standard No. No. Estimated

Measure Specles Mean Error Plants Sites Sample Size
Basal Betula glandulosa 1-2 -- 276 7 1
Dlameter Salix glauca 1-2 - 36 5 1
Class (cm) Salix pulchra 1-2 - 117 7 1
Utilization Betula glandulosa 5 0.5 276 6 82
(%) Sallx glauca 10 2.5 36 5 53
Salix pulchra 15 1.7 117 7 38
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TABLE 109

Gross avallable and utlllzed leaf, twlg and total blomass (kg/ha) estimated from number of unbrowsed and browsed
‘twigs/ha and stem densitles (number/ha) from 7 sites In the Dwarf Birch vegetatlion type, Alphabet Hills.

No. Unbrowsed Avallable Avallable Total Avallable No, Browsed  Utilized Utllized  Total Utilized
Specles® - Twigs/ha Leaf Blomass Twlg Blomass  Blomass Twlgs/ha  Leaf BlomassP Twlg Blomass Blomass
Betula glandulosa 2492117 754 860 1614 438312 133 151 284
Salix glauca 13738 10 6 16 5416 4 2 6
Sal ix pulchra 162855 108 84 192 41257 27 21 49
Total Blomass 872 950 1822 164 174 339

3 Alnus grispa twigs not counted.

b Leaf biomass removed If browsing had occurred when jeaves were attached.



TABLE 110

Average percent canopy cover and number of plots required to sample within 20%
of the mean with 67% confidence by |ife form and plant species In 30 - 4-m2
and 1-m2 quadrats from 3 sites in the Dwarf Birch - Willow vegetation type,
Alphabet HIlls.

Standard Estimated
Life Form/Species Mean Error Sample Size
Total low shrub (4-m2) 37 4.7 12
Betula glanduiosa 19 3.7 17
Salix glauca 1 1.3 2
Salix pulchra 18 4.1 20
Total dwarf shrub (1-m2) 68 4.5 3
Arctostaphylos rubra 2 1.3 2
Empetrum nigrum 21 3.7 16
Ledum decumbens 8 2.0 5
Ledum groenlandicum 11 2.2 6
Yaccinlum uliginosum 56 5.1 6
Yaccinlum vitis-Idaea 7 2.1 5
Total forb 12 1.9 4
Equisetum silvaticum 2 0.5 1
Petasites friglidus 1 0.4 1
Total graminold 9 0.9 2
Carex spp. 8 1.8 4
Grass spp. 1 0.4 1
Total moss 59 4,8 5
Total |1ichen 26 4.0 18
Qetraria spp. 1 0.3 1
Cladonia spp. 7 1.5 3
Pelfigera spp. 1 0.5 1
Peltigera spp. 18 2.9 10
Litter 33 5.5 21
Dead wood 3 0.6 1
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TABLE 111

Average density (number/ha) of stems for living and dead shrub and mature tree, tree sapling and tree
seedl ing species at 3 sites In the Dwarf Birch - Willow vegetation type, Alphabet Hills.

Live Dead Live Dead Tree Tree

Life Form/Specles Shrub?® Shrub® Treeb Treeb Sapl ingP Seed| ing®@
Tree

Plcea glauca 9 29 9 167

Plcea mariana 14 20 9 -
Low shrub

Betula glandulosa 39833 750

Rosa acicularis 4167 -

2alix glauca 1500 500

Salix pulchra 33417 4000

a 4-m2 quadrat

b point-centered quarter



TABLE 112

Average basal diameter class and percent twig utillzatlon of shrub species,
and number of plants required to sample within 20% of the mean with 67%
confldence based on those measures, for 3 sites In the Dwarf Birch = Willow
vegetation type, Alphabet Hills.

Standard No. No. Estimated

Measure Specles Mean Error Piants Sites Sample Size
Basai Betula glandulosa 1-2 - 120 3 1
Diameter Sallx glauca 1-2 - 14 3 1
Class (cm) Sallx pulchra 1-2 - 98 3 1
Utilization Betuia glandulosa 6 1.3 120 3 147
(%) Sallx glauca 5 2.5 14 3 80
. Sallx pulchra 8 1.7 g8 3 101
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TABLE 113

Gross avallable and utiiized leaf, twig and totai blomass (kg/ha) estimated from number of unbrowsed and browsed
twigs/ha and stem densities (number/ha) from 3 sites In the Dwarf Birch - Wiliow vegetation type, Alphabet Hills.

No. Unbrowsed Avaliable Avallable Total Avallable No. Browsed Utilized Utilized Total Utilized
Specles? Twigs/ha Leaf Blomass Twlg Blomass Blomass Twigs/ha Leaf BlomassP Twig Blomass Blomass
Betula glandulosa 820560 248 283 531 171282 52 59 11
Sal ix glauca 22950 17 11 28 4500 3 2 5
sSallx pulchra 407687 2N1 209 480 93568 ‘ 62 48 110
Total Blomass 536 503 1039 117 109 226

2 Alnus crlspa twigs not counted.

b Leaf biomass removed If browsing had occurred when [eaves were attached.
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TABLE 114

Summary of average density, gross avallable twig blomass, and percent utllization of twigs for 4 major shrub specles
In 5 vegetation types, Alphabet Hills.

Density (#/ha) Twig Blomass (kg/ha) Percent Utillization
Vegetation type Begl@ Saglb Sala® Sapud Begl Sagl Sala Sapu Begl Sagl Sala Sapu

Open White Spruce 11583 - 750 48000 28 - - 193 12 - —_— 12
Open Black Spruce 33786 357 643 15500 1 1 1 142 3 6 27 8
Woodland White Spruce 57950 100 100 25400 242 <1 <1 167 8 25 51 16
Dwarf Birch 125232 1321 -- 10857 860 6 - 84 5 10 - 15
Dwarf Blrch-WI|iow 39833 1500 -— 33417 283 11 - 209 6 5 - 8

@ Begl = Betula glandulosa

b sagl = Sallx glauca

C Sala = Sallx lanata

d Sapu = Sallx pulchra

s



TABLE 115

Mean and standard error for varlables measured for chemical anaiysls performed
on soll samples collected from 3 sites In the Open White Spruce vegetation

type, Alphabet HIlls.

0-5 cm 5«10 cm 10-15 cm

Standard Standard Standard

Soil Variables Mean Devlation Mean Deviation Mean Deviation
pH 6.28 0.65 6.45 0.60 6.34 0.46
0.M. (%) 16.71 10.75 11.75 11.27 6.80 5.24
Total Nitrogen (%) 0.58 0.29 0.34 0.29 0.34 0.44
Total Phosphorus (%) 0.09 0.02 0.09 0.01 0.08 0.02
Sand (%) 35.39 9.43 31.51 9.64 34.40 10.66
Stit+ (%) 47.50 8.05 46.51 8.38 44 .63 7.85
Clay (%) 17.47 4,96 22.00 3.27 20.97 5.00
Potassium (ppm) 240.75 300.67 739.67 1197.46 85.13 77.90
Caiclum (ppm) 4750.00 3053.98 3315.56 2832.09 3052.50 3585.45
Magnes!ium (ppm) 618.88 251.39 428.56 335.71 410,50 253.60
Copper (mg/g) 2.54 1.70 2.10 0.86 - 2.19 0.82
~Zinc (mg/g) 4.65 5.14 0.99 0.79 1.03 0.95
Manganese (mg/g) 42.81 53.94 19.36 12.46 22.22 23.10
lron (mg/g) 201.19 118.51 162.41 66.93 206.99 46.72
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TABLE 116

Mean and standard error for varlables measured for chemical analysis performed
on soil samples collected from 7 sites In the Open Black Spruce vegetation
type, Alphabet Hilils.

0=-5 cm 5=10 cm 10=15 cm

Standard Standard Standard

Soll Varlables Mean Deviation Mean Deviation Mean Deviation
pH 5.82 0.62 6.20 0.45 6.31 .52
0.M. (%) 15.19 12.28 8.55 10.41 8.40 8.82
Total Nitrogen (%) 0.55 0.44 0.26 0.31 0.24 0.26
Total Phosphorus (%) 0.09 0.02 0.08 0.02 0.09 0.03
Sand (%) 31.35 12.60 31.49 8.88 31.80 7.14
Silt (%) 44 .60 6.09 43,97 8.79 39.44 5.81
Clay (%) 24.05 11.00 24.53 9.56 28.75 6.90
Potassium (ppm) 139.95 134.60 83.30 47.02 76.20 31.02
Calcium (ppm) 2616.36 1762.57 2425.89 2220.47 2359.33 1366.78
Magnesium (ppm) 473.45 283.27 342.47 241.97 394,20 166.92
Copper (mg/g) 2:94 1.54 2.92 1.45 3.07 1..18
Zinc (mg/g) 5.14 6.15 1.32 1.40 0.90 0.76
Manganese (mg/g) 93.18 163.54 35.03 39.70 47 .48 23.72
lron (mg/g) 401.07 276.45 239.45 109.45 222.67 141.60
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Mean and standard error for varlables measured for chemical analysis performed

on soil samples collected from 5 sites in the Woodland White Spruce vegetation

type, Alphabet HIlls.

0-5 cm 5-10 cm 10-15 cm

Standard Standard Standard

Sclil Variables Mean Devlation Mean Devlaticon Mean Deviation
pH 6.04 0.27 6.22 0.21 6.24 0.20
0.M. (%) 15.64 9.21 4.32 2.52 2.24 1.75
Total NIitrogen (%) 0.49 0.27 0.15 0.08 0.08 0.05
Total Phosphorus (%) 0.10 0.04 0.08 0.01 0.08 0.01
Sand (%) 34.38 15.84 29.00 11.32 30.60 17.57
Stit (%) 42.71 12.84 45.18 5.52 40.95 9.26
Ciay (%) 22.92 9.41 25.82 9.80 28.49 15.45
Potassium (ppm) 471.36 962.69 328.67 557.96 347.10 710.48
Calclum (ppm) 2995.00 1619.,04 1642.50 889.05 1414.55 693.29
Magnesium (ppm) 544,50 292.89 332.33 157.49 312.82 134.90
Copper (mg/qg) 1.92 1.24 2.12 0.70 2.10 0.90
Zinc (mg/g) ' 1.51 1.79 0.81 0.60 0.41 0.21
Manganese (mg/g) 25.73  24.05 18.95 17.33 20.19  21.14
lron (mg/g) 292.14 125.64 200.62 89.27 168.50 113.26
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TABLE 118

Mean and standard error for varlables measured for chemical anaiysis performed
on soll samples colliected from 7 sites In the Dwarf Birch vegetation type,

Alphabet Hills,

0=5 ¢m 5-10 cm 10-15 cm

Standard Standard Standard

Sol| Varlables Mean Devliation Mean Deviation Mean Deviation
pH 4.66 0.61 5.25 0.61 5.52 0.55
0.M. (%) 16.57 9.12 8.15 7.31 6.24 7.25
Total Nitrogen (%) 0.46 0.24 0.20 0.15 0.16 0.16
Total Phosphorus (%) 0.09 0.02 0.07 0.02 0.07 0.02
Sand (%) 37.00 9.69 29.85 8.85 35.29 10.63
Stlt (%) 44.88 10.21 46.45 8.24 44.21 8.52
Clay (%) 18.14 6.26 23.70 10.11 20.50 8.15
Potassium (ppm). 188.26 271.08 55.50 36.72 64.95 93.65
Calcium (ppm) 745.66 766.22 546.82 467.62 868.50 1093.93
Magnesium (ppm) 168.13 153.08 124.59 113,41 159.70 164.90
Copper (mg/g) 0.85 0.63 1.07 0.76 1.17 0.76
Zinc {(mg/g) 1.78 4,58 0.40 0.27 0.61 0.92
Manganese (mg/g) 10.22 12.03 9.25 10.32 11.44 12.78
lron (mg/g} 301.72 91.01 188.70 66.87 197.05 98.14
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TABLE 119

Mean and standard error for variables measured for chemical analysis performed
on soil samples collected from 3 sites In the Dwarf Birch-W!llow vegetation
type, Alphabet Hills.

0-5 cm 5-10 cm 10-15 cm

Standard Standard Standard

Soil Varliables Mean Deviation Mean Deviation Mean Deviation
pH 5.64 0.39 5.87 0.42 6.07 0.38
0.M, (%) 17.02 13.25 10.34 9.67 5.28 6.79
Total Nitrogen (%) 0.60 0.30 0.28 0.23 0.23 0.30
Total Phosphorus (%) 0.10 0.02 0.08 0.02 0.08 0.01
Sand (%) 34.48 9.96 30.00 9.64 30.73 8.00
Siit (%) 44 .34 4.87 43,94 5.15 42.34 4.68
Clay (%) 21.18 7.43 26 .06 8.65 26.92 5.85
Potassium (ppm) 144,00 56.72 89.90 35.64 74.09 29.36
Caiclum (ppm) 2795.45 1278.98 1970.00 760.35 1496.36 571.77
Magnesium (ppm) 578.90 271.56 477.20 202.61 379.18 153,71
Copper (mg/g) - 1.25 0.65 1.59 0.93 .2.59 1.00
Zinc {mg/g) 1.50 0.91 0.46 0.19 0.55 0.31
Manganese (mg/q) 17.58 12.48 9.67 9.07 15.28 12.15
lron (mg/g) 352.91 77.56 249,09 73.34 222.53 64.74
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TABLE 120

Mean depth to permafrost and depth of organic layer by vegetatlon type,

Alphabet Hills.

Permafrost {(cm)

Organic Layer (cm)

Standard Standard
Vegetation type Mean Deviation Mean Deviation
Open White Spruce 69 8.3 8.6 6.5
Open Black Spruce 56 21.3 9.0 4.4
Woodland White Spruce 70 12.2 9.6 1.8
Dwarf Birch 72 20.7 7.5 2.4
Dwarf Blirch-Willow 82 0.7 8.2 2.2
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TABLE 121

Average total nitrogen and phosphorus by vegetatlion type, Alphabet Hills.

Total Nitrogen Total Phosphorus
Vegetation type (metric tons/ha) (metric tons/ha)
Open Spruce 7.4a 1.7
Woodland Spruce 4.9 1.7
Low Shrub 6.3 1.6

a Totals represent soils within the Primary and Secondary burn areas over
entire 0-15 cm proflie depth.
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Location of Susitna River Basin and Alphabet HIlls study areas

southcentral Alaska.

FIGURE 1
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Location of indlvlidual sites from 1982 browse inventory study, middle

Susitna River Basin.

FIGURE 2
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Location of transects for 1982 plant phenology study, middle Susitna

River Basin.

FIGURE 3
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FIGURE 4

Vegetation map (1:24,000) of 1982 Alphabet HIlls pre-burn inventory and

assessment study (back pocket) showing primary burn, secondary burn, and

control boundarifes, southcentral Alaska.
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FIGURE 5

Effect of transect location on phenological development of 4 shrub

species over weeks with elevation held relatively constant, 1982.
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Effect of elevation on phenological development of 4 shrub specles over

weeks on 1 transect, 1982,

FIGURE 6
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FIGURE 7

Mean biomass of forbs and graminoids (kg/ha current annual growth) by

week, plant phenology study, middle Susitna River Basin.
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FIGURE 8

Plot of basal diameter and length of twigs of current annual growth for 5

shrubs, plant phenology study, middie Susitna River Basin.
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FIGURE 9

Individual sites of relocated exclosures following 1982 plant phenology

study, middle Susitna River Basin.
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FIGURE 10

Location of individual sites from 1982 Alphabet Hills pre~burn Inventory

and assessment study.
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APPENDIX A

List of plant species identified dur%ng summers of 1980-1982 in the
middle and upper Susitna River Basin® (U) and downstream floodplain (D).
List modified from preliminary list of McKendrick et al. (1982).

Pteridophyta

Aspidiaceae

Dryopteris dilatata (Hoffm.)} Gray Shield fern U

Dryopteris fragrans (L.) Schott Fragrant shield-fern U

Gymnocarpium dryopteris (L.} Newm. Qak-fern U
Athyriaceae

Athyrium filix-femina (L.) Roth Lady fern U

Cystopteris fragilis (L.) Bernh. Fragile-fern U

Cystopteris montana (Lam.) Bernh. Mountain fragile-fern U

Matteuccia struthiopteris (L.) Todaro Ostrich fern

Woodsia alpina (Bolton) S. F. Gray Alpine woodsia U
Equisetaceae

Equisetum arvense L. Meadow horsetail 0]

Equisetum fluviatile L. ampl. Ehrh. Swamp horsetail U

Equisetum palustre L. Marsh horsetail

Equisetum pratense L. Meadow horsetail U

Equisetum silvaticum L. Woodland horsetail U

Equisetum variegatum Schleich. Variegated scouring-rush U
Isoetaceae

Isoetes muricata Dur. , Quillwort U
Lycopodiaceae

Lycopodium alpinum L. Alpine c]ubmoés U

Lycopodium annotinum L. Stiff clubmoss U

Lycopodium clavatum L. Running clubmoss U

Lycopodium complanatum L. Ground cedar U

Lycopodium selago L. ssp. selago Fir clubmoss u
Thelypteridaceae

Thelypteris phegopteris (L.) Slosson Long beech fern U

Gymnospermae

Cupressaceae

Juniperus communis L. Common juniper U
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Pinaceae

Picea glauca {Moench) Voss
Picea mariana (Mi11.) Britt.,
Sterns & Pogg.

Monocotyledoneae

Cyperaceae

Carex aquatilis Wahlenb.

Carex bigelowii Torr.

Carex capillaris L.

Carex canescens L.

Carex concinna R. Br.

Carex eleusinoides Turcz.

Carex filifolia Nutt.

Carex garberi Fern.

Carex 1imosa L.

Carex Toliacea L.

Carex magellanica Lam. subsp. irrigua
(Wahlenb.) Hult.

Carex media R. Br. ex Richards.

Carex membranacea Hook.

Carex podocarpa C. B. Clarke

Carex rhynchophysa C. A. Mey.

Carex rotundata Wahlenb.

Carex saxatilis L.

Carex spp.

Eriophorum angustifolium Honck.

Eriophorum scheuchzeri Hoppe

Eriophorum vaginatum L.

Eriophorum sp.

Scirpus microcarpus Presl.

Trichophorum caespitosum (L.) Hartm.

Gramineae (Poaceae)

Agropyron boreale (Turcz.) Drobov
Agropyron caninum {L.) Beauv.
Agropyron macrourum (Turcz.) Drobov
Agropyron sp.

Agrostis scabra Willd.

Agrostis sp.

Alopecurus alpinus Sm.

Arctagrostis latifolia (R. Br.) Griseb.

Beckmannia syzigachne (Steud.) Fern

Calamagrostis canadensis (Michx.)
Beauv.

Calamagrostis purpurascens R. Br.

Cinna Tatifolia (Trev.) Griseb. in
Ledeb

Danthonia intermedia Vasey
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White spruce

Black spruce

Water sedge
Bigelow sedge
Hairlike sedge
Silvery sedge

Low northern sedge
Sedge

Thread-leaf sedge
Sedge

Shore sedge

Sedge

Bog sedge

Sedge

Fragile sedge
Short-stalk sedge
Sedge

Sedge

Sedge

Sedge

Tall cottongrass
White cottongrass
Tussock cottongrass
Cottongrass
Small-fruit bullrush
Tufted clubrush

Northern wheatgrass
Wheatgrass
Wheatgrass
Wheatgrass

Tickle grass

Bent grass

Mountain foxtail
Polargrass

STough grass

Bluejoint
Purple reedgrass

Woodreed
Timber oatgrass
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Deschampsja atropurpurea (Wahlenb.)
Scheele™

Deschampsia caespitosa (L.) Beauv.

Festuca altaica Trin.

Festuca rubra L. Coll.

Hierochloe alpina (Swartz) Roem. &
Schult.

Hierochloe odorata (L.) Wahlenb.

Phleum commutatum Gandoger

Poa alpina L.

Poa arctica R. Br.

Poa palustris L.

Trisetum spicatum (L.) Richter

Iridaceae

Iris setosa Pellas

Juncaceae

Juncus arcticus Willd.

Juncus castaneus Sm,

Juncus drummondii E. Mey.

Juncus mertensianus Bong.

Juncus trigiumis L.

Luzula campestris (L.) DC. ex DC.
& Lam.~

Luzula confusa Lindeb.

Luzula muitiflora (Retz.) Lej.

Luzula parviflora (Ehrh.) Desv.

Luzula tundricola Gorodk.

Luzula wahlenbergii Rupr.

LiTiaceae

Lloydia serotina (L.) Rchb.
Streptopus amplexifolius (L.) DC.
Tofieldia coccinea Richards
Tofieldia pusilia (Michx.) Pers.
Veratrum viride Ait.

Zygadenus elegans Pursh

Orchidaceae

Listera cordata (L.) R. Br.
Platanthera convallariaefolia
{Fisch.) Lindl.

Platanthera dilatata (Pursh) Lindl.

Platanthera hyperborea (L.) Lindl

Platanthera obtusata {Pursh) Lindi.
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Mountain hairgrass
Tufted hairgrass
Fescue grass

Red fescue

Alpine holygrass
Yanilla grass
Timothy

Alpine bluegrass
Arctic bluegrass
Bluegrass

Downy oatgrass

Wild iris

Arctic rush
Chestnut rush
Drummond rush
Mertens rush
Rush

Woodrush

Northern woodrush
Woodrush

Small-flowered woodrush
Tundra woodrush
Wahlenberg woodrush

Alp 1ily

Cucumber root
Northern asphodel
Scotch asphodel
Helebore

Elegant death camas

Heart-leaved twinblade

Northern bog-orchis
White bog-orchis
Northern bog-orchis
Small bog-orchis
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Potamogetomaceae

Potamogeton epihydrous Raf.
Potamogeton filiformis Pers.

Potamogeton gramineus L.
Potamogeton perfoliatus L.
Potamogeton robbinsii Oakes

Sparganiaceae

Sparganium angustifolium Michx.

Dicotyledoneae

Adoxaceae

Adoxa moschatellina L.

Araliaceae

Echinopanax horridum (Sm.) Decne.
& Planch.

Betulaceae®

Alnus crispa (Ait.) Pursh
ATnus sinuata (Reg.) Rydb.
Alnus tenuifolia Nutt.
Betula glandulosa Michx.
Betula nana L.

Betula occidentalis Hook.
Betula papyrifera Marsh.

Boraginaceae

Mertensia paniculata (Ait.) G. Don
Myosotis alpestris F. W. Schmidt

Callitrichaceae

Callitriche hermaphroditica L.
Callitriche verna L.

Campanulaceae

Campanula lasiocarpa Cham.

Caprifoliaceae

Linnaea borealis L.
Viburnum edule {Michx.) Raf.

Caryophyllaceae

Minuartia obtusiloba (Rydb.) House
Moehringia lateriflora (L.) Fenzl
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Nuttall pondweed
Filiform pondweed
Pondweed

Clasping-leaf pondweed

Robbins pondweed

Narrow-leaved burreed

Moschatel

Devil's club

American green alder
Sitka alder
Thinleaf. alder

Resin birch

Dwarf arctic birch
Water birch

Paper birch

Tall bluebell
Forget-me-not

Water starwort
Vernal water-starwort

Mountain harebell

Twin-flower
High bush cranberry

Alpine sandwort
Grove sandwort
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Silene acaulis L.
Stellaria sp.
WilheTmsia physodes (Fisch.) McNeill

Compositae (Asteraceae)

Achillea borealis Bong.

Achillea sibirica Ledeb.

Antennaria alpina (L.) Gaertn.

Antennaria monocephala DC.

Antennaria rosea Greene

Arnica amplexicaulis Nutt. ssp. prima
Maguire

Arnica chamissonis Less. (?)

Arnica frigida C. A. Mey.

Arnica lessingii Greene

Artemisia alaskana Rydb.

Artemisia arctica Less.

Artemisia tilesii Ledeb.

Aster sibiricus L.

Erigeron humilis Graham

Erigeron Tonchophyllous Hook.

Hieracium triste Willd.

Petasites frigidus (L.) Franch.

Petasites sagittatus (Banks) Gray

Petasites sp.
Saussurea angustifolia (Willd.) DC.

Senecio atropurpureus (Ledeb.) Fedtsch.

Senecio Tugens Richards.

Senecio sheldonensis Pors.
Solidago multiradiata Ait.
Taraxacum alaskanum Rydb.

Cornaceae

Cornus canadensis L.

Crassulaceae

Sedum rosea (L.} Scop.
Cruciferae (Brassicaceae)

Arabis Jlyrata L.

Cardamine bellidifolia L.
Cardamine pratensis L.
Cardamine umbellata Greene
Draba nivalis Liljebl.

Draba stenoloba Ledeb.

Parrya nudicaulis (L.) Regel
Rorippa islandica (Oeder) Borb.
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Moss campion
Starwort
Merckia

Yarrow

Siberian yarrow
Alpine pussytoes
Pussytoes
Pussytoes

Arnica

Arnica

Arnica

Arnica

Alaska wormwood

Wormwood

Wormwood

Siberian aster

Fleabane daisy

Daisy

Woolly hawkweed

Arctic sweet coltsfoot

Arrowleaf sweet
coltsfoot

Sweet coltsfoot

Saussurea

Ragwort

Ragwort

Sheldon groundsel

Northern goldenrod

Dandelion

Bunchberry

Roseroot

Rockcress

Alpine bittercress
Cuckoo flower
Bittercress
Rockcress
Rockcress

Mustard

Marsh yellowcress
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Diapensiaceae

Diapensia lapponica L.

Elaeagnaceae

Shepherdia canadensis (L.) Nutt.

Empetraceae

Empetrum nigrum L.

Ericaceae

Andromeda polifolia L.
ArctostaphyTos alpina (L.) Sprenqg.
Arctostaphylos rubra (Rehd. & Wilson)

Fern.
Arctostaphylos uva-ursi (L.) Spreng.
Cassiope stelleriana (Pall.) DC.
Cassiope tetragona (L.) D. Don

Ledum decumbens (Ait.) Smal1®

Ledum groenlandicum Oeder

Ledum sp.

Loiseleuria procumbens (L.) Desv.
0xycoccus microcarpus Turcz,
Rhododendron Tapponicum (L.) Wahlenb.
Vaccinjum caespitosum Michx.
Vaccinium uliginosum L.

Vaccinium vitis-idaea L.

Fumariaceae

Corydalis pauciflora (Steph.) Pers.

Gentianaceae

Gentiana glauca Pall.
Gentiana propinqua Richards.
Menyanthes trifolijata L.
Swertia perennis L.

Geraniaceae

Geranium erianthum DC.

Haloragaceae

Hippuris vulgaris L.
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Diapensia

Soapberry

Crowberry

Bog rosemary
Alpine bearberry

Red-fruit bearberry

Bearberry

Alaska moss heath

Four-angle mountain-
heather

Northern Labrador tea

Labrador tea

Labrador tea

Alpine azalea

Swamp cranberry

Lapland rosebay

Dwarf blueberry

Bog blueberry

Mountain cranberry

Few-fTlowered corydalis

Glaucous gentian
Gentian
Buckbean
Gentian

Northern geranium

Common marestail
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Leguminosae (Fabaceae)

Astragalus aboriginum_Richards.
Astragalus alpinus L.
Astragalus umbellatus Bunge
Hedysarum alpinum L.

Lupinus arcticus S. Wats.
Oxytropis borealis DC.
Oxytropis campestris (L.) DC.
Oxytropis huddelsonii Porsild
Oxytropis maydelliana Trautv.
Oxytropis nigrescens {(Pall.) Fisch.
Oxytropis viscida Nutt.

Lentibulariaceae

Pinguicula villosa L.
Utricularia vulgaris L.

Myricaceae
Myrica gale L.
Nymphaceae

Nuphar polysepalum Engelm.

Onagraceae

Circaea alpina L.
Epilobium angustifolium L.
Epilobium Tatifolium L.
Epiiobium palustre L.

Orobanchaceae

Boschniakia rossica (Cham. & Schlecht.)
Fedtsch.

Polemoniaceae

Polemonium acutiflorum Willd.

Polygonaceae

Oxyria digyna (L.) Hill
Polygonum bistorta L.
Polygonum viviparum L.
Rumex arcticus Trautv.
Rumex sp.
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Milk-vetch
MiTk-vetch
Milk-vetch

Alpine sweet-vetch
Arctic Tupine
Oxytrope

Field oxytrope
Huddeison oxytrope
Maydell oxytrope
Blackish oxytrope
Viscid oxytrope

Hairy butterwort
Common bladderwort

Sweet gale

Yellow pond 1lily

Enchanter's nightshade
Fireweed

Dwarf fireweed

Swamp willow=herb

Poque

Jacob's ladder

Mountain sorrel
Meadow bistort
Alpine bistort
Arctic dock
Dock
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Portulacaceae

Claytonia sarmentosa C. A. Mey.

Primulaceae

Dodecatheon frigidum Cham. & Schlecht.
Primula cuneifolia Ledeb.

Primula egaliksensis Wormsk.
Trientalis europaea L.

Pyrolaceae

Moneses uniflora (L.) Gray
Pyrola asarifolia Michx.
Pyrola grandiflora Radius
Pyrola minor L.

Pyrola secunda L.

Ranunculaceae

Aconitum delphinifolium DC.

Actaea rubra (Ait.) Willd.

Anemone narcissiflora L.

Anemone parviflora Michx.

Anemone richardsonii Hook

Caltha leptosepala DC.

Caltha palustris L.

Ranunculus confervoides (E. Fries)
E. Fries

Ranunculus macounii Britt. {may be
R. pacificus or something similar)

Ranunculus nivalis L.

Ranunculus occidentalis Nutt.

Ranunculus pygmaeus Wahlenb.

Ranunculus sp.

Thalictrum alpinum L.

Thalictrum sparsiflorum Turcz.

Rosaceae

Dryas drummondii Richards.
Dryas integrifolia M. Vahl.
Dryas octopetala L.

Geum rossii (R. Br.) Ser.
Luetkea pectinata (Pursh) Ktze.
Potentilla biflora Willd.
Potentilla fruticosa L.
Potentilla hyparctica Malte
PotentiTTa palustris {L.) Scop.
Potentilla villosa Pall.

Rosa acicularis Lindl.
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Spring-beauty

Northern shooting star
Wedge-leaf primrose
Greenland primrose
Arctic starflower

Single delight

Liverleaf wintergreen
Large-fTower wintergreen
Lesser wintergreen
One-sided wintergreen

Monkshood

Baneberry

Anemone

Northern anemone
Anemone

Mountain marsh-marigold
Marsh marigold

Water crowfoot

Macoun buttercup
Snow buttercup
Western buttercup
Pygmy buttercup
Buttercup

Arctic meadowrue
Few-flower meadowrue

Drummond mountain-avens
Dryas

White mountain-avens
Ross avens

Luetkea
Two-flower cinquefoil
Shrubby cinquefoil
Arctic cinquefoil
Marsh cinquefoil
Villous cinquefoil
Prickly rose
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Rubus

arcticus L.

Rubus

chamaemorus L.

Rubus

idaeus L.

Rubus

pedatus Sm.

Sanguisorba stipulata Raf.

Sibbaldia procumbens L.

Sorbus scopulina Greene

Spiraea beauverdiana Schneid.

Rubiaceae

Galium boreale L.

Galium trifidum L.

Galium triflorum Michx.

Sah’caceaeC

Populus balsamifera L.

Populus tremuloides Michx.

Salix

alaxensis {Anderss.) Cov.

Salix

arbusculoides Anderss.

Salix

arctica Pall.

Salix

barclayi Anderss.

Salix

brachycarpa Nutt.

Salix

fuscescens Anderss.

Salix

glauca L.

Salix

lanata L. subsp. richardsonii

(Hook) A. Skwortz.

Salix

monticola Bebb

Salix

novae-angliae Anderss.

Salix

phlebophylla Anderss.

Salix planifolia Pursh ssp. planifolia

Salix planifolia Pursh ssp. pulchra

~ (Cham.) Argus

Salix

polaris Wahlenb.

Salix

reticulata L.

Salix

rotundifolia Trautv,

Salix

scouleriana Barratt

Salix

Sp.

Santalaceae

Geocaulon Tividum (Richards.) Fern.

Saxifragaceae

Boykinia richardsonii (Hook.) Gray

Chrysoplenium tetrandrum (Lund) T.

Fries

Leptarrhena pyrolifolia (D. Don) Ser.

Parnassia palustris L.

- 284 -~

Nagoon berry
Cloudberry

Raspberry

Five-leaf bramble
Sitka burnet
Sibbaldia

Western mountain ash
Beauverd spirea

Northern bedstraw
Small bedstraw
Sweet-scented bedstraw

Balsam poplar
Quaking aspen
Feltleaf willow
Littletree willow
Arctic willow
Barclay willow
Barren-ground willow
Alaska bog willow
Grayleaf willow

Richardson willow
Park willow

Tall blueberry willow
Skeletonleaf willow
Planeleaf willow

Diamondleaf willow
Polar willow
Netleaf willow
Least willow
Scouler willow
Willow

Sandalwood

Richardson boykinia

Northern water carpet

Leather-leaf saxifrage

Northern Grass-of-
Parnassus
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Parnassia kotzebuei Cham. & Schlecht.

Parnassia sp.

Ribes hudsonianum Richards.

Ribes Taxiflorum Pursh (may be R.

glandulosum)
Ribes triste Pall.

Saxifraga bronchialis L.

Saxifraga davurica Willd.

Saxifraga foliolosa R. Br.

Saxifraga hieracifolia Waldst. & Kit.

Saxifraga lyallii Engler

Saxifraga oppositifolia L.

Saxifraga punctata L.

Saxifraga serpyllifolia Pursh

Saxifraga tricuspidata Rottb.

Scrophulariaceae

Castilleja caudata (Pennell) Rebr.

Pedicularis capitata Adams

Pedicularis kanei Durand

Pedicularis labradorica Wirsing

Pedicularis parviflora J. E. Sm. var.

parviflora
Pedicularis sudetica Willd.

Pedicularis verticillata L.

Veronica wormskjoldii Roem. & Schult.

Umbelliferae {Apiaceae)

Angelica lucida L.

Heracleum lanatum Michx.

Valerianaceae

VYaleriana capitata Pall.

Violaceae

Viola epipsila Ledeb.
Viola langsdorffi Fisch.

Nonvascular Plant Species

Lichens

Cetraria cucullata (Bell.) Ach.
Cetraria islandica (L.) Ach.
Cetraria nivalis (L.) Ach.
Cetraria richardsonii Hook.
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Kotzebue Grass-of-
Parnassus

Grass of Parnassus

Northern black currant

Trailing black currant

Red currant

Spotted saxifrage

Saxifrage

Foliose saxifrage

Hawkweed-Teaf saxifrage

Red-stem saxifrage

Purple mountain
saxifrage

Brook saxifrage

Thyme-Tleaf saxifrage

Three-tooth saxifrage

Pale Indian paintbrush
Capitate lousewort
Kane Tousewort
Labrador lousewort

Lousewort
Lousewort

Whorled lousewort
Alpine speedwell

Wild celery
Cow parsnip

Capitate valerian

Marsh vioTet
Violet
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Cetraria spp. ;

Cladonia alpetris (L.) Rabenh.
Cladonia mitis Sandst.

Cladonia rangiferina (L.) Web.
Cladonia spp.

Dactylina arctica (Hook.) Nyl.
Haematomma sp.

Lobaria Tinita (Ach) Rabh.
Nephroma spp.

PeTtigera aphthosa (L.) Willd.
PeTtigera canina (L.) Willd.
Rhizocarpon geographicum {L.) DC.
Stereocaulon paschale {L.) Hoffm.
Thamnolia vermicularis (Sw.) Schaer.
Umbilicaria sp.

Mosses

Aulocomium sp.

Climacium sp.

Dicranum sp.

Hylocomium sp.

Hypnum spp. and other feather mosges
Paludella squarrosa (Hedw.) Brid.
Pleurozium sp.

Polytrichum spp.

Ptilium crista-castrensis (Hedw.) DeNot.
Rhacomitrium spp.

Sphagnum spp.

ccccacaccoc
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2 vascular plant species nomenclature according to Hulten (1968) except

where noted. Lichen nomenclature according to Thomson (1979).
nomenclature according to Conard (1979).

b Nomenclature according to Welsh (1974).
 Nomenclature according to Viereck and Little (1972).

d Nomenclature according to Crum (1976).
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APPENDIX B
= ,
i List of scientific and common names of plants by |ife form measured or
tabuiated in the middle Susitna River Basin and Alphabet Hills during summer,
P 1982.
i Tree:
m Betula papyrifera Paper birch
: Blcea glauca White spruce
Picea mariapa Black spruce
- Populus balsamifera Balsam poplar.
Populus tremuloides Quaking aspen
o= Tall Shrub:
Alnus grispa American green alder
. Alnus sinuata Sitka alder
Low Shrub:
- Betula glandulosa Resin birch
Betula nana Dwarf arctlc birch
Echinopanax horridum Devii's club
e Potentilia fruticosa Shrubby cinquefoll
‘ Ribes iriste Red currant
Rosa aclcularis Prickly rose
- Sallx fuscescens ‘Alaska bog wlllow
‘ Sallx glauca Glaucous willow
: Sallx lanata Richardson willow
Sallix pulchra Dlamond leaf willow
= Shepherdia canadensls Soapberry
Spiraea beauverdiana Beauverd spiraea
Yiburnum edule High bush cranberry
: Dwarf shrub:
- Arctostaphylos alpina Alpine bearberry
! Arctostaphylos rubra Red=fruit bearberry
Arctostaphylos uva-ursi Bearberry
Casslope stelieriana Alaska moss heath
i Cassiope fetragona Four-angle mountain
| heather
| Diapensia lapponica Diapensia
e Empetrum pigrum Crowberry
‘ Ledum decumbens Northern |abrador tea
Ledum groenlandicum Labrador tea
- Loiseleurla procumpens Alpine azalea
! Salix polaris Polar willow
| Salix reticulata Netieaf willow
Yaccinium uliginosum Bog blueberry
. Yaccinium vitis=idaea Mountaln cranberry
==
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Graminold:

Calamagrostis canadensis
Carex spp.

Erlophorum spp.
Hierochlce alpina

Lichen:

Cetraria spp.
Cladonia spp.
Nephroma spp.
Peltigera spp.
Stereocaulon

- 288 -

Monkshood

Wormwood

MI | k=vetch
Northern watercarpet
Bunchberry

Shield fern
Flreweed

Dwarf flreweed
Meadow horsetail
Woodland horsetall
Cottongrass:
Luetkea
Twin=-flower
Clubmoss

Tall bluebell
Arctic sweet coltsfoot
Jacob's |adder
Meadow bistort
Wintergreen

Nagoon berry

Cloud berry

Dock

Roseroot

Northern goldenrod
Arctic starfliower
Capitate valerian
Yiolet

Bluejolnt

Sedge
Cottongrass
Alpine holygrass
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