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Introduction: This report covers the second year of a field study of the

floss Lake Basin, with the general objective of determining what the effects
of raising the lake level on the bicta might be and how undesirable effects
could be avoided or compensated for. The objectives of the study were
worked out in cooperation with the City of Seattle Department of Lighting
and the Washington State Department of Game. The Departmznt of Lighting,
through the good offices of Mr. Wayne Bishop, has provided all requested
assistance, tncluding boat transportation, aerial flights, and living
quarters. Mr. Gene Dziedzic has frequently consulted with us on behalf of
the Department of Game, and Mr. Arthur G. Stendal has provided information

on deer hunting, and taken part in some of the fieid work.

Objectives:

General:

al To assess the current situation with regard to wild life popu-
latiorns and develon predictions concerning the probable effects of
raising the lake tevel on them.

b) To develop recommendations for mitigation of anticipated losses,

if anv,



¢) To design post-impoundment studies.

Specific - 1972

a) To verify and correct data on deer numbers and winter distribution.
b) To determine deer winter range productivity and use

c) To determine the effects of the impoundment on valley microclimate
d) To review and correct data on wildlife other than deer.

e} To develop plans for wildlife habitat mitigation,

f) To develop plans to study the effects of a rise in the impound-

ment, If the proposed project is constructed.

Field Activities

Chronology of 1972

Winter - (January - March11972)

1. Delineation of winter distribution and population of deer for
comparison with results of 1971,

2. Initiate short and long-term plant productivity and habitat
studies before snow melt,
Spring (April - June 1972)

}. Continue 1971's studies on spring deer movement in close cooper-
ation with the Canadian teams.

2. f{etermination of plant growth patterns and analysis of differénces
(if any) between North and South, East and West, and various elevations.
3. Continued seasonal population estimates with pellet transects.

4, Continued population composition -- age/sex ratios. Hybrid
indices.
5. Continued plant productivity investigations in order to determine
carrying cppacity in various habitats.

Summer (July - August 15,.1972)



1. Continued seasonal population composition and estimates.
2. Determination of the effects of raising the lake level on the
microclimatology of the basin,
3. Determination of plant composition and age-class of the major
wintering areas of deer in the basin.
L. Initiation of experimental mitigation techniques [fertilizer
plots]_
L. Continued investigation into seasonal deer movements.
6. Determination of plant successional stages.

Fall (August 15 - October 1972)
1. Determination of plant productivity of the major wintering areas.
2. Continued micro-climatological studies.

3. Continued seasonal population composition and estimates.

-

Preparation of report of findings for 1972, including suggestions
for mitigation,

5% Delineation of firther pre-impoundmerit studies. .

Results

Deer Numbers and Winter Distribution: In a largely forested region deer

numbersdand seasonal distribution cannot be observed directly. A
standard index to distribution and abundance is the pellet-group count.
This is based on the observation that one deer deposits a known number
of pellet groups tabolitil3 in sintef) each day.:
The details of the method, type of data, and analysis of results are
given in Appendix A.

in general, when this method is applied to determining the popu-
lation of deer using a certaln winter range, the estimated number will
tend to be something lower than the true number, for the following

reasons:

I . - i . . [



1. Observers searching sample plots for pellet groups may miss some.

2. The sample plots are cleared in the fail, before all the deer are on
the winter range, and read in the spring, after some have left, and so repre-
sent an average rather than a maximum winter number,

RememRemembering then, that these are minimum values, we obtained winter pop-
ulation estimates on known deer concentration areas (main deer winter ranges)
for two winters: 1970-71 -- 227 deer; 1971~2 -- 206 deer. Not all the deer
are found on the main wintering ranges., At least twenty percent of the total
shoreline population is found in small pockets eisewhere around the lake.

Our estimate of these made use of the population estimates above, and direct-
observations. We have found that in mid-winter many deer are fairly near

the lake shore and can be observed from a boat. Comparing the number seen
with the estimated population for each winter range, we found that wc observed
76 per cent in 1970-71 and 87 per cent in 1971~72. We also made a direct count
around the whole lakeshore. Assuming that the same percentage of the whole
population is observable, we can expand this direct observation to an estimate
for the whole lake shore. in 1970-71 this was 305 deer; in 1371-72 it was

250 deer.

Because pellet count indices of abundance give less-than-true estimates,
these values are somewhat less than the true ones, as we have seen., But
there is still another factor which tends to make this a minimal estimate--

that is that the search for deer around the take shore could not be as

intensive as the search for deer on the shores of the more open and more z.:.-e:p}

accessible major deer winter ranges.

In addition to the deer around the lake shore, enumerated above, there
are some deer which winter on high (3-4000') southerly exposures which are
show-free in winter. We are just now in the process of locating thess and

attempting population estimates.
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In our 1971 report we estimated a Ross Lake Basin deer population of about
400-600 deer. Our 1972 studies show a count of 250 deer, which is substantially
below the true value for reasons given above. These population estimates are con-
sistent with each other.

The decr around Ross Lake are not one uniform population, but rather a series
of overlapping populations which show a definite pattern of hybridization between
mule deer and black tailed deer. This is readily seen in the patterns of hair
color on and around the tail, as shown in Figure A-5. By assigning a ranqge of
numbers to each of thesc characters, as in this illustration, one Is able to
assion a hybrid' number to any deer he sees. Different populstions around the
lake show different degrees of nybridization. Apparently mule deer predominate in
the northeastern part of the basin. As one moves scuth along the cast shore of
the lake, the blacktail element becomes stronger, and someplace downstream on
the Skagit pure gacktails will be found. The deer on the west side of the lake
are strong in blacktail characters, showing that there is little interchange
around the northern perimeter of the lake or across the lake, although individual
deer do make these movements. See Appendix A for further details.

Our data on deer numbers permit us to compare total populations in one winter
with those in another. Since the same methods are used in both winters, the re-
sults are comparadle.

The population estimate for 1970-~71 was 305 deer. |If we assume a population
incrzase of about 20 per cent, we would find some 3(2 in the following year. But
we actually estimated only 250. It seems that the deer population is limited by ..
some environmental factor, which operates even in ordinary vears. The most
logical supposition would be that winter range is limiting. As vet we do not
have enough infermation on this point, although there is certainly evidence of
heavy forage use in some areas, and also evidence thot conifers are beginning to

crowd out forace plants.



Deer Winter Range Studies:

There are several deer winter range problems which we are studying.
Some winter ranges are located on shrubby areas which were swept earlier by firas:
fire; others are located in the mature forest. On shrub ranges it is
important to learn the dynamics of the situation -- the compatitive relations
between the individual plants at present, and the effects of the invading
conifers on the forage plants. Preliminary data {Appendix B) indicates that
conifers are probably competitive with forage plants at the present time and
will become mere so as time. goes.on.

While the results are preliminary, several significant points are evident.
The shrub species, as they presently exist, are of sprout origin. Their
height growth is very rapid at first but this sliows very quickly and the
individual sprout has a relatively short life compared to the main sprouting
head or root collar. The conifer tree species reproduction, on the other
hand, is exclusively of seedling origin and tends to have a much slower initial
rate of height growth. Thus, if shrub sprouts and conifer seedlings come
into competition early in life and both are relatively intolerant {of
shading), the shrubs have a decided advantage. On the other hand,the con-
ifers are ultimately much tonger lived and taller than the shrubs and if they
escape early elimination, will overtop the shrubs {and hardwood tree species
as well) and eliminate them. This early advantage to the shrub sprouts and
later advantage of the trees is intensified by site quality increase. In
fact,on very dry exposed sites there is some evidence that a Tight partial
overstory of trees may well improve the environment for understory shrubs.

The above-mentioned relationships of course will possibly not hold
if the shrubs have to invade and occupy an area after disturbance, through
seed. We have obtained no information on the dynamics under these conditions,

which of course would occur if succession, before disturbance, had progressed

. .- e e [
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to a point where a dense complete canopy of trees had occupied an areca for a
sufficient lencth of time to reduce the shrubs. This occurs primarily
on good sites with iong periods of no disturbance -- a combination of
circumstances infrequently found in the study area. The data also clearly
indicated that the conifer seedlings occurred in definite age classes. This
is nrobably related to some favorable combination of seed crop and con-

ditions for early survival and growth.

It does appear that the initial stages of succession dominated by shrub
species may last for several decades without further disturbance before
the conifers take over the major role. This does not necessarily mean

though that the shrubs are ideal for deer browse during this entire period.

The productivity of present shrub ranges, and the winter consumption of
new growth by deer are bzing studied through measurements and photographs.
Each species of shrub has different place on the deer preference list,
each individual is influenced by its site, the plants which surround it, the age

of its root croun, the age of its shoots, and possibly other factors.

Mature forest winter ranges seem deficient in forage; commonly the
forest flocr is open and the shrubs which protrude akove the snow arc
heavily used. [Dut the real source of deer food in these forests is evidently
not the understory vegetation, -- it is the canopy. Douglas fir foliage is
eageriy taken by deer when a branch or a tree falls, and in addition the tree
branches and trunks have lichens growing on them. 0On the winter of 1971-72

we investigated these lichens, to determine the species which were present,



fven )

their relative place on the deer preference list, their abundance, and
their distribution. The details are given in Appendix C.

The importance of arboreal lichens as forage has been demonstrated
on similar forest ranges for blacktail deer on Vancouver lsiand, B. C. The

present study indicated species of only one genus of lichen, Alectoria

{hair moss), was utilized heavily. This lichen grows in branches and trunks
efdtrees. Deer eat the tree-trunks clean on winter ranges, actually to the
extent of creating a "browse line'. ‘“here doer do not winter this "browse
line" effect is not fcund.

Lichens utilized by the deer werc found to be closely associated with
the climatic conditions characteristic of the given forest conditions. Three
conditions appcar to be highly productive for the lichens utillzed most
by the deer during theaitical winter pericds; mature age, relative cpen-ness
in the stand, and high humidity. Areas of mature forest adjacent to the

lake shore are particularly productéve.

During the 1372-3 winter we are further investigating the producticn of
both hairmoss lichen and Dcuglas-fir foliage as it falls frem the forest canopy
snd becomes avallable as winter forage for deer. |t seens evident that the pattern
of this fall-out from the canopy must be influenced by winter storms  and the
vay that wind acts within the canopy. Thus the elemaents of the problem Include
the abundance of potential deer foods, the annual increment in these foods,
and th‘_,tjmes t " which these foods become available to decr. Al
three of fhese arc probably influenced by the biotic and physical character-

istics of the forest.



Climatology

A prime gquestion, throughout our study of the Ross Lake Basin has been:
does the presence of the impoundmnent nifluence the microzlimate of the lake
shore. Almost from the first it was cvident that the Ross Lake shore differed
from the valley of the Skagit In Canada in being much more nearly snow-free.
But to determine the reasons for this required study, This took two forms--
one consisted of a mass of observational evidence and the other consisted of
a controlied series of climatic measurements along two tronsects.

Wirtér obseivations show that on deer winter ranges snow Is relatively
shallow up to a certain level =- perhaps 2500 feet == and than becomes
abruptly deeper. Also, many times when it is snowing in the uplands It is
raining at the lake shore. In the spring the piants around the lake start
growing and produce lecaves and flowers about the same time all around the
take, whereas above the upper 1imit of the deer winter range the same species
of plants bloom a month later. “ne would hyyothgsize:from sech nbsarvsticns
that the leke warmed Its vicinity during the winter.

In order to examine this hypothesis quantitatively,two transccis made
up of microclimatic recording devices were set up in Ross Lake Basin. One
transect censicted of one slope on each side of the impoundment. The other
consisted of two comparablie slaopes, one cn cach side of a small stream.

The results obtained thus far are presented in Appondix 0. 1t appears
that the <lopns which include the lake basin are warmer, and have a greater
diurnal temperature range than do the slopes which do not include a lake
hasin. This could be due to the prasence of the lake Itself or to the
greater width of the Ross lLake basin, which peri’its more daily sunlight, or

to both., Analysis of the data is continuing.
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In addition to these climatic measurements, we have devised a method of
measuring hours of daily sunlight for any desired point. This depends unon
slope, aspect, and surrounding higher qround which may intercept the sun's
rays. Using this approach we are mapping winter-warm sites (rotontial
winter ranges) and determining their present vegetation and winter deer use.
This information will be useful in developing deer winter range mitigation
plans.

Hildlife other than Deer:

In our 1971 report wz stated that raising the lake level would probably
reduce the 35 beavers of Biqg Beaver Valley tc about 13, and might reduce deer
winter carrying capacity by flooding the lower part of the winter range.
Evidence of beaver outside of Big Beaver was noted this past year in the Ligh§n~
ing Creek drainage below the 1725 foot elevation. To establish whether it is a
permanent colony or not will require verification in 1973.

As for other wildiife, we said {p.13} that,

"For the other mammal and bird species around the shores of Ross Lake,
it seems that a rise in the lake level will flood a small part of their total
range, thus disposessing a small part of their total populations."

Uz still believe that this is a fair assessment for most wildlife species
in the Ross Lake Basin. However, therc are a few species which, like the
beaver, are found in Jowland plant communities. These communities of sedges,
willows, cottonwood, birch or aspen are small in area but mostly located
below the 1725 foot line, aﬁd 50 would be flooded if the reservoir were
raised. This would eliminate much of the habitat, around Ross Lake, for
Traill's Flycatcher, Chestnut-backed Chickadee, Orange-crowned \Jarbler,
Western Kingbird, Yellow Yarbler, Black-throated Gray Warbler, Song Sparrow,
Warbling Vireo, and Downy Woodpecker.

The areas of habitat in question, of course, are but a tiny fraction cof



11

the total habitat for thesre essentially lowland species in western Washinaoton.

During the current year we made many additional bird obsarvations (see
Appendix E). In addition, we noted bear, goats, and elk whenever possible.
1572 was not a good year for bears. Far fewer were observed than in the
previous yecar, and hunters took fewer. On the other hand, elk are slcwly
becoming more evident in the Basin., If, as one would expect, the introduced
Rocky Mountain elk, continues to increase in Ross Lake Besin as it has in
much of the rest of the western slope of the Cascades, the elk probably will

one day be the dominant big game animal in the Ross Lake Basin.

Plans far Mitigation:

One of our objectives, in the eurrent study, has been to develop plans
for wildiife habitat mitigation -- that is, the improvement of habitat to
replace any that might be lost by flooding. Our attention thus far has
largely been focussed on the successional shrub winter ranges. There,
from what we now know, the potential winter range area will advance upward at
the same time that its lower edge is being flcoded by the rising waters of the
fake. The extent of upward advance is not yet known. On the shrub winter
range, shrub productivity could be enhanced by the use of controllcd fire,
which induces sprouting, and by removal of competing vegetation. In addition,

fertilization might be a practical way to increase productivity.
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Flans for post-impoundment studies are being pursued in 1973. Par-
ticular attention is belna given to the identification and delineation of the
abrupt increase in snow depth which marks the present upper level of the
deer winter range. This will provide a base peint from which to measure

any upward displacement during a rise in the lake level.
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Jbjectives

1. To estimate deer distribution and numbers seasonaily by pellet-
group counts on known deer concentration areas,

2, To estimate deer numbers around the whole lakashore by direa:
observation,

3. To determine tie chronological pattern of plant growth, comparing
a variety of specles and winter ranges,

k. To study productivity of known deer winter ranges.
5. To study deer movements, using marked deer.
5. To infer deer movements through observation of hyhrid d-er,

One method for estimation of deer use and population size is the pellet-
group count. This technique was first described in the literature in 190
by Hennett et.al,, and since then has been widely used and much 1oFined.
Pellet-group counting has been defined as ''the process of estimating by
fecal pellet-group counts the actual or relative numbers of ia game anims .,
or thelr days of use, in a given area' (lleff, 190.1:53), in the following
paragraphs the technique and its drawbacks are described and its mode o+
implementation at Ross Lake is outtined,

The procedure followed in pellet-groun counting is basically simnle,
First, a number of sampte plots are staked out on the area to 2 sampled,
The plots are then cleared of all nellet-groups. A known aumber of days
later they are cleared again, but this time the number of pellet group.
found on eacu plot is recorded. Yith this data, an estimate of “he minber
of deer-days or the deser nonulation can be obtained if an estimate o the
mean daily defecation rate (i.e., average number of pellet-groups .zpe-ifd
by one deer per day) is known, The computation is as iollrws:

Total § groups counted

. P - . e - e e
‘ etlet-groups/acre Total area contained by sanale pic”

Pellet-groups/acre
Defecation rate

2. GDeer-daysfacre =

Seer-days/acre

. ueer r = . :
3. iwer/acre # days in use reriod

4, Total # deer = (Deer/acre)x{#znizs 1. saunle ares’
In our case, these calculations zre made {i} for each transz.t (Tabl':s
A=1, A=2),-72) fer "the major winter ranges (Table A-4), and {3) far thz “os

Lake Lasin as a whole {Table A-3).

The major questions which must bz answered In the proparaiion of a3
pzllet-group sampling system are concerned with @ (') chape of the szunle
units, (2} size of the units, (3) number of units, and (4) dist-ibution 7
the unlts,



Many difficulties are involved in answering these questions since there are
no hard and fast rules to follow. The nature of the field ccnditions, the
accuracy desired in the population estimates, and the available manpower must
all be taken into account. It was decided that belt transects would be the
most efficient sampte unit shape in this study. Each transect consists of
three (occasionally two) long narrow plots, each plot being 109 feet long by
Tour feet wide {equal to .01 acre). Approximately RQ belt transects were
established along the shores of Ross Lake in virtually all habitat types

both above and below 1725 feet elevation (see Figure A-2). The transects
were distributed in a subjective manner since the magnitude and accessitility
of the area to be sampled precluded the possibilities of distributing the
transects in a random or systematic fashion. Pellet groups were counted and
removed from the transects in April-June, July 13-14, and October 5-12, 1972,
In this manner, deer usage and population estimates were obtained for winter
19711672, spring, and summer 1972,

There are several sources of error associated with the pellet-group
count technique. Probably the most baffling problem is observer error. Human
error involves personal factors such as fatigue, boredom, visual acuity, and
and experience, which are difficult to evaluate (Neff, 1968). Observer
error has been found to arise chiefly from missed groups. Often, especially
in areas of dense vegetation errors of this type result in estimates of deer
densities which are underestimates of the actual numbers. Van Etten and
Bennett (1965) found that missed groups played @ large part in making their
pellet-group survey an- underestimate. Hence, because of missed groups, it
can be concluded that pellet-group density estimates will almost always be
fess than true density (Neff, 19€8)

Other sources of human error involve difficulties in determining and
standardizing what constitutes a group and in methods of dealing with peri-
pheral groups (i.e. pellet-groups lying on the border of the plots). The
minimum number of pellets to be counted as a group must be decided upon and
standardized if fairly consistent results are to be obtained. Also, a method
of dealing with peripheral groups must be adhered to. The problem of deter-
mining how many different groups are present when several groups are found
close together is one which must be solved subjectively by the observer.

In order to eliminate as much observer error as possible, the following
procedure was adopted for the Ross Lake Study. A pallet-group was considered
to be within the plot if three or more pellets were within the four-foot wide
strip. Thus the area actually sampled was greater than the original 0.C1-
acre plot. In arder to compensate for this a correction factor was calculated
This was obtained by measuring the distance from the edge of the plot to the
outside edge of the pellet-group (Figure A-4), These distances were summed
for all of the pellet-groups which were partially, but not entirely, within
the plot. By averaging these measurements, the width of the area not
included in the fcur-foot wide plot was calculated. This was then doubled
to account for both sides of the transect, and added to the original transect
width to obtain a corrected width. For the 1972 data this corrected width
was calculatzd to be 6.062 feet which resulted in a corrected area of 0.0152
acre (= 109' x 6,062'}.



The daily defecation rate of deer is possibly another source of error in
the pellet-group count techniqua. ‘!uch evidence indicates that the mean defec-
ation rate varies with changes in the diet and between poculations with differ-~
ent age structures {Dasmann and Taber, 1255; Smith, 1964: Meff, 1945). But a
defecation rate of 12.7 or 13.0 groups per deer per day {13.0 was usad in this
study} has becn commonly assumed as the averane in most pelliet-grounp surveys
{(HcCain, 1948;Dasmann and Taber, 1955; Srown, 1541; Smith et. al., 1572).

ft appears that this rate is close to the true value especially when deer
are feeding upon dormant vegetation. This occurs during the winter at Ross Lake
and is the pericd upon which the maximum population estimates are based. Hence,
we believe, that the winter population estimates are not qreatly affected by
error from this source.

The loss of pellet-groups due to insect attack and to washing rains has
been reported by some authors as resulting in considerable error in the
pellet-group count (Robinette et. al., 1953; Wallmo et. al. 1962). But these
sources of error are not considered to be important at Ross Lake.

Where the terrsin is steep, considerable error in deer population esti-
mates can result because of the discrepancy between the actual acreace on the
ground and the estimated acreage fiqured from a map of the study area. This
error is not involved when densities are estimated since the total acreage of
the study area is not used. But the error can be important in total population
estimates and will tend to make the estimates too low.

During the course of the pellet surveys, it was found that several transects
had deteriorated over the winter in that the marking ribbon and/or the survey
stakes had either disintegrated or had disappeared. Ribkon disintegration or
disappearance apparently was caused by both cold temperatures and by deer eating
the ribbon (several members of the study group have repeatedly observed this
phenomencn} . Stakes disappear when broken off by deer, bear, or snow and the
remaining stubs covered by failing litter and debris. Because of this problem,
several pellet transects could either not ke found or, if found, proved io be
inadequately marked for accurate re-use. Deteriorated transects cutside the
known deer winter ranges were replacaed with new transects within arsas of heavy
deer winter use. Those transects which had deteriorated, but were located on
known winter ranges were re-run. These could not usually be completely rezd down
the entire iength since parts of the transect parts were no longer marlked. How-
ever, in evary cass, at least one portion of the transect was readable and data
was obtained for the area. To be readable, of course, a transect must have been
cleared at a previcus reading and to be clearly marked at the time of present
reading.

Finally, readings for winter use determination were spread over a two-
month period (GApril-4 June 13572) since many transects weére not readable carly
in that pericd because of snow on the plots. As the snow melted, the transects
were read. Areas with deepest snow showed Teast peilet accumulation.

From the foregoing, it may be scen that there are several errors in use
of the pellet-group count to determine deer numbers on a winter concentratior
area:

1. Observer error, which tends to reduce the teotal count.
2. Possible error in the zstimate cf the number of pallet grours produced

cach day by the average deer---this estimate could be on either side of the frua
value.
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There is still another sort of error. Pcllet-group plots are cleared
in the fall, before all the deer are on the winter range, and read in spring,
when some may have left the winter range. The pellet accumulation during
the perrod between these two clearings is the average use during the period,
which is scmewhat less than the maximum intensity of use during the period.

The tendency of two of these three errors is to give a deer population
estimate lower than the true value; the tendency of the remaining error is
unknown. Firom present knowledge, then, it seems reasonable to suppose that
our population estimates involving pellet-group counts are -definitcly below
the true value.

The estimates are probably of greztest significance when they are used
as indicators of relative abundance between winter ranges and different
elevations since the errors discussed above do not influence the technigue
when it is used In this manner.

In the major winter areas (see Figure A~1} we estimate 206 deer to be
the mean population with a confidence limit from 187 to 224 {see Table A-i)

Secondly, it was determined from the pellet transects that the deer in
the Ross Lake basin utilize the area above 1725 feet elevation more than that
below 1725 feet.’ In winter, the level of utilization below 1725 feet is
about 30 percent, while, over the entire year, the utilization is about 40
percent of the usc of the wintor ronge —bove 1725 foot {sce Table A-3).

Estimate of Deer Numbers Thru Direct Observation

During January and February, deer drop down close to the lake shore,
and thus become more visible from the lake than usual, Direct counts may
he made from a hoat at this time, although the drawdown of the lake for
power generation may hamper navigation around the narth end.

When direct counts on winter ranges are compared to deer actually ceunted
as the same winter range, we get the following:

. Deer Cn MWinter Ranges - Deer Observed ; Percent
{8y Pellzt~Group Count)  On Same Areas | Obsarved
— A ; ! -
Winter of 1970-71 227 ! 172 P76
. | \
Winter of 1971-72 _ 204 ~ * 173 v €6

Thus, in one winter we actually observed 76 percent of the estimatad
deer population, and in the second winter we actually observed 86 percent
cf the estimated deer populaticn, on the same areas of known deer concentra-
tion.

This information can be combined with the results of direct deer counts
around the whole lake shore, as follows:
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Dear Observad All  Percentage of Jotal  Total Deer

Around Lake Deer Around Lake Around Lake¥
Winter of 1970-71 232 76 305
Winter of 1971-72 215 86 250

*
First column divided by second column times 10C0.

e

t will be recalled that these estimates of the total deer around the
lake are probably underestimates because the estimate of deer on the winter
range (as shown by pellet-group counts}) is probably an underestimate.

In addition, the direct count of deer around the lake shore as a whole,
because of the vagaries of navigation and shoreline coVer, is probably not
as complete as the count of visible deer on known winter ranges, This,
too, would tend to give an underestimate.

Finally, not ail deer winter close around thesiake shore.
Those which do are of greatest interest in this study, because they are
most likely to he affected by a change in lake level., But in the interest
of determining the deer mopulation of the Ross Lake Basin as a whole, we
must consider the possibility that some deer winter further up the slopes,
on steep south-facing slopes which are largely snow-free in winter.
Certainly appreciable numbers of deer winter in such situations in Canada,
as is shown by the findings of our Canadian counterparts.

While we have searched the Basin from the ailr in winter, and seen the
occasional deer, the country is so extensive and broken that some more
effective means of investigating this problem has been needed. Now we have
two further zids. .

The movements of radio-marked deer show some of them drawing near to
a high southerly face just west of Lake Hozemeen. So cne high winter
range is located. Further south around the lake we do not have radic-
marked deer to guide us. But we have been determining the amount of sclar
radiation, which helps pinpoint the areas which are "thottest' during the
winter and hence potential winter ranges.

Phennlogy Investigations

Considerable effort was directad toward the flora of Ross Lake as a
preiiminary to measuring the carrying capacity of the various ranges and
habitats of the Ross Lake Basin, both before and after raising Ross Dam.
Preparatory to productivity studies, differential rates of growth, if any,
had to be determined both above and below 1725 feet elevation and in
various areas around the Lake. Thus, in early Aprit, 22 phenology plots
wera established to gather quantitative data on comparative calendar

o growth. Seven plots were located above 1725 feet whils
15 plots were below; all plots above 1725 feet had at least onz matching
plot directly below it on the slape at 1600 feet (see Figure A-3 for loce-
tion of plots). Four species of plants were selected as those occurring



in the most number of areas around the Lake: Vine Maple {Acer circinatum},
Douglas-fir (Psecudotsuga menziesii|, saplings only), Mountain Oregon Grapa
{Berberis nervosaj, and Prince’s Pine ( = Fipsissewa, Chimaphila umbellata)
As much as possible, all plots were set in similar environments: under
moderate {25 to 50 percent) canopies, in moderately well-drained {but nnot
arid) areas, and on relatively flat terrain {although most nlots had a
slight slope toward the lake).

-

Within each plot {plot sizes ranged from about 20 to 50 feet diameter),
six representative plants of each of the four study species were selected,
measured, and marked with flagging, Where fewer individual plants were
found, fewer were sampied. Only one species, Mountain Oregon Grape, was
found in all study areas., After the initial measurement, readings were
taken approximately every two weeks through the middle of July when spring
growth ended, All raw data is maintained on file at the University of
Washington in Seattle,

As a result of the phenological investigations, it was determined that
there is no discernable growth differences between the north and south ends
of the lake and between 1600 and 1725 feet elevation. This is to say that
spring growth started, progressed, and finished at approximately the same
time (within two weeks at either extreme), Significant differences in growth
patterns vere not found unt1} aYout 300G feet elcvation where the start of
the growing season appeared delaved by about one month, evidently due to
colder temperatures and, consequently, lingering snow patches. In a simllar
manner, no obvious difference trends were found between east and west sides.

Fhenologically, then, Ross Lake appears to be uniform in its seasonal
growth patterns in the areas proximate to the lake shore up to elevation
about 3000 feet., Most areas along the lake were free of snow in
early Agril; those that were not (such as the creek valleys and avalanche
chutes) may be assumed to follow growth patterns similar to the higher
elevations and thus are not of immediate importance to the study of winter
ranges. These results suggest that the growth pattern along the lake
shore is a function of the overall climate of the valley which appaars tc be
generally uniform at the lower elevations. We are further investigating
the small differences we found within this general pattern.

Productivity Investigations

Those major browse species selected for study include Servicebearry
(Amelanchier alnifolia), Red-stemmed Ceanothus ( = Buckbrush, Cearnthus
sanguineus), Bitter Cherry (Prunus), Vine Maple {Acer circinatum), and
various Willows (Salix spp.), in order of their cansidersd reialive imporiance
Relative importance estimates are based on abundance and degree of deer use
of the plant species,
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Satisfactory results from plant productivity analysis could not be Tae

obtained if the deer browsed the plants during the study. Therefere, in
early June, 25 exclosures (five in each area) four feet high by six feet
square were erected in five winter ranges: Ruby Horse Pasture and vicinity,
Roland Bay (east side}, Pumpkin Mountain brushfield {southeast quadrant},
Skymo brushfield, and Lightning Creek. Fach exclosure contained representa-
tive ptants, including specimens of all principal! browse species. The
effectiveness of these exziosures has already been observed: in several
areas, comparable plants outside the exclosures have been browsed by resident

summer deer while those inside have not been touched except along the edges
of the fencing.

In late September 1972, each of these exclosures and a matching plot
outside were photographed. This is a technique whereby photographs are
taken of the piants inside the exclosures from a set distance and of compar-
able plants of the same species cutside the fencing at the same distance.

‘v is planned that in April 1973, another series of photopoints will be
taken. A comparison of these photographs will give one measure of winter
consumption of shrub forage by deer,

Certain items may be noted (without quantitative confirmation) In
reference to browse species availability and abundance. First, It would
appear that Serviceberry (Amelanchier alnifolia) is the most widespread
food plant in the Ross Lake basin available to deer and, from other studies,
is known to be a highly preferred deer food {White, 1960). it's estimated
abundance in various winter ranges is: Lightning Creelc - Desolation Mountain
(widely abundant), Skymo brushfield (abundant, but growing out of reach of
deer - about 4.5 feet), Pumpkin Mountain brushfield {common, but mostly too
tall), Roland Bay (sparse and heavily browsed), and Ruby Pasture vicinity
{very sparse). Red-stemmed Ceanothus {Ceanothus sanguineus) appears to be
the next most important (and consequently relied upon; browse species, but
occurs only in Skymo brushfieid (extremely abundant}, Lightning Creek -
Desolation Mountain (moderately abundant}, and Pumpkin Mountain (sparse and
nheavily browsed). It would seem from this preliminary assessment, Lightning
Creek - Desolation Mountain winter range is most capable of supporting a
large deer population followed (im order) by Skymo brushfield, Pumpkin
Hountain, Roland Bay, and Ruby Horse Pasture. What Is not known at this
point, however, is the specific amounts of deer the areas will potentially
support, the propartion of available winter forage actually consumed, or

the degree to which the ranges will be affected if the lake level is raiscd.
These are all under study.

A small experiment to determine the effects of nitrogen fertilization
on browse production was begun. {n early April urea was applied to plots on
four deer wintar ranges. Treated and comparable untreated areas have been
fenced to protect the new growth from deer browsing through the winter.

The dynamics of plant succession is important in deer winter range
ccology, because the brushy areas created by fire are usually invaded by ¢
tree seedlings. As the trees mature, they compete with the shrubs, lowering
thirub productivity. Our initial studies of this dynamic process are
presented in Appendix C.
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Another fieid of productivity investigation currentiy being undertaken
is the produntion and consumption of forage by deer which winter within the
mature forest. Early in winter 1972, it was noticed that a'browse-line' of
lichens growing on trees occurred in Roland Point and Ruby Arm areas. An
initial survey in March showed that several tons per acre of lichens grow
in the trees betwecen Soland Point and Ruby Arm and are potertially available
to deer. These lichen studies are detaiied in Appendix D. It -
been determined how much of this lichen falls to the ground each winter and
thus becomes actually available for forage. It is not inconceivable that
iichens constitute the major portion of the diet of those doer wintering in
the southeast section of Ross Lake since other food soures are in short
supply in the area and lichen is known to be heavily utilize in areas of
high food stress (Cowan, 1945). On the mature forest winterranges which
produce lichen, Douglas-fir foliage may also prove to be animportant winter
food. This will be investigated in the winter of 1973.

Other studies involved with productivity include applied technigues
whereby measurement of yearly growth in pounds per acre for each browse
species is determined, One technique, as described in the 1971 report,
utilizes a weight-per-twig-length curve. it has been found that<this
curve differs comewhat from plant to plant. The reasons for this are being
investigated, with the aim of developing an accurate means of estimating
shrub forage production.

Observational Study

The winter deer surveys provided preliminary data regarding doe/fawn
ratios. However, it is interesting to note that two surveys (Januvary and
February) on Ross Lake produced doe/fawn ratios 1 : 1.2 and 1 : 1.29
(mear of 1 : 1.25}. Two similar concurrent surveys on nearby Biablo Lake
where the deer are being artificially fed showed 1 : 1.15 and 1 : 1.35
{mean of 1 : 1.25). These surveys were taken in a-pericd of time (January -
February) when the effects of winter possibly had not yet been felt by the
deer. Although commonly used as a rough index of herd productivity {(with
ratios of over 1.1 considered satisfactory), the doef/fawn count contains a
hidden source of error which may influence the results. This is the presence
in the population nf a non-producing group, the yearling does {which have
not yet produced fawns). |If the fawn crop of the previous year was good,
then the numbar of yearling females the current year is high, reducing the
doe/fawn ratic. This tends to masik the difference between ranges cf high
and medium productivity, although thoce of low productivity are still
distinguishabie. We would judge that productivity in Ross Lake deer is not
Tow.

it is known frem the 1971 investigations that the deer herd of Ross
take consists almost entirely of intergrade Mule - Blacktail Deer
(Qdocoileus hemionus hemionus X 0 h. co]umblanus) {see Figure A-G). Cn=
of the immediate objectives of the project was determination cf the degroe
of interbreeding within the population and particularly whether the degraL
of hybridization could be used to identify sub-populations as a help in
reconstructing seasonal movements. During 1972, continous direct observa-
tion provided considerable data for compuiation and quantitative analysis of
the interqgrade population. This data is summarized in Table A-7.
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Certain trends may be noted, especially with regard to genetic flow
from the east (mule deer) and west (blacktail) when the intergrade compo-~
sition data is compared with known seasonal deer movements,

First, from Figure A-6, it would appear that NMule Deer genetic influx
is from the north and east while Blacktail influx is from the south and west;

and that a genetic gradient extends from one end of the impoundment to the
other on the east side,

Breeding takes place in November. At this time hybridzation could take
place between the mule deer populations lying eastward in the Pssayten &nd
the blacktait populations lying downstream in the Skagit Valley. The patteyn
of hybridization (figure A-§} suggests that the major influx of mule deer
bioad enters from the northeastern regicon, and then passes southward along
the eastern shore of the lake, around the foot of the lake, and up the

western shore. This argues that there is little mingling of deer in the
northwest.,

The hybridization of deer is quite interesting from the scientific point
of view, particularly since coliections in the northeast have shown deformation
of unborn fawns, for which a possible explanation is genetic incompatibility.
Fowever, we do not see how the situation would be materially affected by a

change in the lake level, particularly since deer have beesn seen swimming
across the lake,

Direct observation proved to be the only effective method of locating
deer in scme inaccessible areas in both winter and summer. In thess instances,
it proved sufficient just to find signs to indicate the presence or absence
of deer. Three major backpack trips were made during 1972 with the intention
of locating deer: Big Beaver Valley on | - 4 March, Hozameen Lake via

Lightning Creek trail on 1 - 2 Mily, and Ergzezeout Basin via Lightnina Creek
trail on 28 - 29 July.

The Big Beaver trip was made on snowshoes under the worst possible
weather conditions: snow depth ranged from six feet (within forest) to eight
Teet (in open areas) and the temperature hovered at 32 degrees thus producing
3 wet snow through winich a snowshoe sank one to two feet making hiking
cxitremely difficult. . It took us four days just to hike the six miles out of
tiie valley (after having been dropped by helicopter at Ten-mile shelter).
furing this time, we sighted marten, mink, several resident avian species,
hare, coyote and cougar tracks, but not a single sign of deer until we reached
shout 200 yards from the mouth of Big Beaver Creek where the snow depth
zoyuptly decrecased to about two feet. e concluded that dezr do rnot utilize
i'ig Beaver VYalley in the winter. It should be noted that deer signs were not

~oserved in the valley until mid-tiay by then the sncw had melted enough to
parmit deer travel.

The Hozameen Lake trip was made in an attempt to locate deer signs and,
sossible, any tagged deer along the route. Pellets and fresh tracks wersz
arved along the trail as far back as two miles into Lightning Creek vallay
er which no signs were sighted until! we reached the Hozameen Lake area.
2rally, the valley is heavily forested and provides little available brows=,
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Deer tracks and pellets were Tirst observed about 1/2 mile southeast of the
Hozameen Lake trail intersection. Around Hozamsen Lake itself, deer sians
were abundant and several fishermen said that they had seen deer in camp.

The Freezeout Basin trip had a similar mission to that of the Hozameen
Lake trip: determination of the presence or abtsence of deerand, in this
case, possible repetition of a 1971 sighting of large number of deer summer-
ing in the Basin. Again, no deer signs were evident deep inlightning Creek
valley past the two~mile mark on the scuthern secticn of trail. Tracks were
found, however, in abundance aiong the Freezeout trail after leaving the
Nightmare Camp intersection. Vithin the Basin 1tseif, many fres h tracks were
found, but no deer sighted. However, it is probable that, in view of the
evidence of deer signs from Hozameen to MNightmare to Freezeout, that some
deer fraom the northern scction of Ross Lake summer in Fresrenut Basin. The
movements of radic-marked deer show that in summer some deztr do indeed move
from the head of the lake up into the high country of the Pasayten.

iMiscellaneous

Several smaller projects with regard to deer were accomplished at
Ross Lake in 1972, In May and June, ten deer were captured, tagged, and
released in the Lightning Cresk - Dry Creek Pcint areas. Nine of these
were does and the tenth a small buck (six inch antlers in velwet). The
method of capture was simply to stretch a noose on the ground and jerk
it tight when one of these campground deer stepped into it. Tagging was
with color-coded ear streamers and numbered metal tags. Host of these
deer stayed in the same general area until eariy August.

As in 1971, an attempt was made to gather deer harvest information.
The Canadian researchers of Slancy, Ltd. ran a game check station during
the early and regular deer hunting seasons while the Univasity of Washington
study group ran hunter censuses on the lake on 14 - 20 Sgptember, 13-
15 Bctobar., In addition, Washington State Game Department ran a weekend
check station near Lyman on State Foute 20. From these souces, it was
determined that a total of about four deer were killed in the Ross lake
area during both the reqular hunting season and the early ''high hunt''.
This is in comparison with the estimated 14 deer taken in 1971, An
estimated 18 different hunters spent ahout $0 hunter-days in the Ross
Lake basin in 1972, Thus, it would appzar that the Ross Lake arca is nhot
heavily hunted and the annual harvest probabiy has practically no impact
on the ropulztion.

Discussion and Summary

First, we have a minimal estimate of 250 - 300 deer around the lake
shore in winter.

Second, wa confirmed our 1971 identification of the deer winter ranges
and quantified various aspects regarding these arezss. Some 74 - B82% of
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the total deer popuiation uses these main deer winter ranges. Arecs outside

StbBescorvintersranges genernlly  ccumulnts snow in too great o dopth or faraqe

lovels re too low for door use. - : By and large, the major
winter areas are brushifields or open forests (mostly second-growth)
proximal to the lake where the snow depth is the least.

Third, the eventual outlook for the Ross Lake area insofar as dezer
are concerned, if left undisturbed by either man or nature, is not good.
The remaining brushfields which support most of the wintering deer are
growing out of their usefulness and, in a few years, witl not be capable of
supporting the current level of deer numbers {refer to Appendix C for
agefclass structures of the brushfields). An excellent example of this
occurrence is Skymo brushfield in which there are many browse plants
which have already grown too high to be reached by deer.

Even if a rise in the lake level causes a rise in the shallow-
snow zone around the lake, successional ranges will still tend to revert
to forest. Their perpetuatien as productive deer wintering areas will
require some husbandry. At present some combination of cutting and
burning, and perhaps fertilization, seems worthy of further study.
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Table A-1. Cstimates of deer per acre for U.Y. pellet transect 1972
Deer Per Acre
‘ Mov. 71 - April 72 - July 72 -
Transect Aprii 72 July 72 Qctober 72
Below 1725°
Pl, P2 047 .Doo .001
P7 032 .018 000
P8 .01l .038 .060
P9, P10 .001 *2 .CO0
Pil, P12 .037 019 030
P13 *2 .00 L0350
P14 000 000 .000
Pléa in .192 .021 .018
P17 .297 .233 .018
P18 .028 x2 .000
P30 .038 *2 . GO0
P31 160 %2 .018
Above 1725
Pl6a out .182 .2G68 .018
P15, P16 045 .000 .028
Pig .076 *2 .010
P20 .656° 037 .0C0
P21 284 1 000

3

See Figure A-2 for location of pellet transects.

Cor one reason or another, these transects were not read in July.
fusually due to deiayed winter reading in June).

See note 3 at bottom of Table A-&



Table A-2. Estinates of deer per acre for State fiame pellet transects.

Deer Per Acre

Ty Hov 71 =~ Aprit 2 - July 72 =~
Transect April 7z July 72 Octohar 72
Below 17257

1, §2 .032 .010 .027

53 .000 .028 .056
57, S8 .004 ) .000
55, S10 016 .009 .000
Sit, Ssi2 .239 123 .00
$13, S14 .0L8 .093 020

SR} .008 *2 .C15

SR 000 013 .000

SR5, Sné LOH .000 .010

SH2 .052 %2 .022

Dry Creek 122 .24 .028

Little Beavar Cr. .231 056 .020

Silver Cr. .008 *2 .000

Skymo . 188 056 019
Abcve 1725°

Sh3 .C00 *2 L0040

Lightning GP .075 .066 .C18

Cougar Is. OP .209 %2 041

1 .. .
See Figure A~2 for location of pellet transects.

For one reason or anotier, these trensects were not read in July
(usually due to delaved winter reading in June).
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Table A-3. Estimated

Elevation

deer per acrz for all pellet transects 1972.

Yearly deer/acre

Seasonal deer/acre

1600 - 1725!

Above 1725

.0k4

106

Winter Spring Summer

.081 . 047 019

249 .084 019



Tabhle A=k, Esrimated denr per acre on winter ranges. Ross Lake, 1971 - 1972

foea Name Acrease Deer/Acre Calculated Deer Actually Deer/Acra Calculated Ko. Loor
No. of deer Dhserved {1972} of dear (157%) Actu: Ty
(1971) Chsarias
Jack Point 100.0 0.076 7.6 i8 0.040 4.0
Littia Beaver 103.0 0.106 1.9 & 0.231 23.8 3
kcundary Point 17.2 0.142 2.4 15 e -—-- [
Lightning Creek 642.0 0.142 a1.2 53 0.124 79.6 55
{at Island 6.0 0,481 4.oo 3 0.297 2.4 1
by Creek 80.4% 0.126 10.1 6 0.122 9.8 12
Glyino §1.8 0,142 13.0 5 0.1868 17.3 30
Pompkin Mtn. 167.5 0.127 21.3 23 0.16 26.8 23
Foland Point 287.0 0.070 20.0 9 0.040 11.5 12
“nugar Is. and Point Y14.7 0.152 17.4 15 0.224 25.7 19
Fuby Arm and Pasture 114.8 0.254 29,2 16 0.590%%% 67.0%%% 13
Puripkin Mt. to
Thursday Creektd* 167.5 - - —— 23 - - ——— il
Ciherxt  emeee e - 3 emmaa ———- 23
vctal Deer 227.1% 232.0 271.1 215
— . {233.3) .

“0371 Minimum estimates - sea Vol. t (1971 Report, p. E~15).

%*th within winter ranges; no pellet transects established.

#%=in Feb., 1972, a windstorm blew several large conifers directly on top of the pellet transects near Ruby Hoise
?aSthe; as a result, many deer concentrated for several days (or wecks) in ths area thus producing an unrcal-
istically high bias in the pellet cnunts. Use 1971 counts for realistic estinotes. '



‘sbie A-5. Deer Sightings by Elevacicn and Area, Jaauary =~ February 197:%

Arza Lake- 1725- 1825- 1925- 2025- 2125- 2225~ 2325~ 2425~
1724 1824 1924 2024 2124 2224 2324 2424 25z4

p.ss Dem to Green Point 11 -- -- == == - == - m=
Green Point to Cougar is. 23 2 == - -- - - == -
Lsugar !s. to Big Beaver Cr. 16 7 ~= -- e -- -= -- --
Lig Beaver Cr. & Pumpkin Mt, 18 ] 2 -- -~ -~ L -- iy
i'. of Pumpkin Mt. to Thursday Cr 40 3 -~ -~ -- -~ -- ~- --
‘hursday Cr. to Skymo Cr. 35 11 - - -- -- -~ -- -
Sivmio Lr. to Little Beaver Cr. 2 5 - -- - -- -- -- --
nittle Beaver N. to border and 8 YA -= -- ~- -- -~ -- --
Lorder 8. to Jack Point
Jaos Po. and Boundary Day 3 5 -~ ~-- -- ~-- -- ~- .-
3rundary Pt. to Cat s, 21 - 4 1 - -- - - -
czt 15, to Ten-Mile is, bz 12 -- -- 2 -- g -- 2
Ten-Mile Is. to Rainbow Pt, k -- -- -~ -~ -- -- - -~
Rainbow Pt. to M. of Roland Pt. 5 -= - - - - - - ~--
koland Pt. to Ruby Pt. 32 -- -- - -- -- -~ -~ -
Tuby Arm oand Jeep R4. to Ross Dam L 2 5 -- - - —e -- --
Totals 275 52 B 1 2 0 13 0 &

“tncludes duplicate sightings, recounts, and by all means of transportation



Table A-G. 95 Percent Confidence Limits for estimated deer populations on six
gereral winter ranges and on remainder of lake areas using results

from pellet transects and from sight-index.*

Areca Pellet Transects Sight-lrdex
Ty T T T
Lightning-Desolation 102.63 £8.97 230.47 32.87
Skymo 20.32 14,28 63.37 39.97
Pumpkin 28.36 25.24 10C.23 53.10
Cougar 28.72 22.68 73.47 26.53
Roland 12.45 10.55 £6.80 19.87
Ruby 32.22 26,18 e ik
Other Areas 101.58 93.62 187.03 k&.30
Totals 326.28 286.52 721.37 218.64

T, indicates upper confidence limit of the estimate: T indicates lower
confidence limit.

**Sight-Index in Ruby winter range was too low to apply to the formula, due
mostly to Tnaccesibility of area.

Explanation of Confidence Limits

bt is highly desirakle that a statement of accuracy accompany estimstes
of deer population since exact measures of wildlife populations are practically
impossible. A common means of doing this is the use of confidence limits
delineating the outside intervais of a population in which there is a given
chance (in this case, 95%) the actual population falls inside. The general -
formula {from Sncdecor and Cechran, 1967) is:

- n 2 — a 52
P{'r’."t—z— <€ me x+t-2—?]‘}=95é

S|

whera:

i}

m = population mean (the actual population, a theoretical unknown).

f

sample mean as determined by peilet transects and sight-index.

t = tabled value at a given level of significance (from tables at 95% significance).
a = level of significance (95%).
52 = estimated variance for each area sampled, obtained frocm formula:
2 . =2 -2
s° = *}; ()(] T +y ]}
v n -1

~

n = sample size, i.e. number of pellet transects or sight-counts in each range,

Thus,this formula would read: ''The probability {P)} that the actual
ponulation (m) lies between the calculated lower and upper limits is 95 percent.



Pellet AU
Transect “/;,
f Ve e,

i’ . f"; " \‘:-.:.'r’f
‘J' Rt =
ASTNS s 4% - origin~ 6.06 -
N al width of [cafected width
transect of pellet transect

distance of pellet group
beyond transect

area covered by
pellet-group

Figure A-4 Calculation of edge effect for pellet transect. The distance
beyond the edge of the pellet transect was measured for 102
pellet-groups and averaged. This average was doubled (the
transects have two sides) and added to the original width to
make the corrected pellet transect width., Since the diameter
of the average pellet-group is large with respect to thewidth
of the additional strip calculated in this way, the danceof
a group being within the additional strip but not toucling the
main pellet transect is low.



FIGURE A-5

TALL AND RUMP-PATCH CLASSES IN ROSS LAKE DEER (Odocoileus hemionus subspp.)

Tall and rump-patch patterns are recorded together, but separated by a
slash to give a hybrid index for each deer. For example, an individual

with a #2 tall, but with a #4 rump patch would be recorded as a 2/k
(tail/rump).

These indlices are ultimately added together to indicate the degree of
intergrade; low values show trend toward mule deer whille high values
indicate black-tailed deer. Information on each index should include,
if possible, date, sex, age, and, most importantly, location.



Tsble A-7. Frequency Discribution of Taii/lump Index by area.

1
Area’
Taiil/Rump

indax Total A 3 C D E 3 ¢ H ! J Tota
i3 I ! 2
4 19 7 5 i 33
5 3 ] 47 3 19 6 3 60
5 2 5 15 k0o 20 e 24 103
7 3 8 2 3 ] i 14 58
8 13 12 3 ! 2 2 ] 4 12 1 51
9 1 ! 1 3
Total 26 25 12 58 z9 22 7 61 57 7 310
Cegn 7.27 7.16 6.67 5.2k 5,38 6.11 5.93 6.53 6.00 6.12

Ar=a Descriptions

= Sonth of Bia Beaver Creeck to Ross Dam

¢ = Bif Beaver Creek to Thursday Creek

= North of Thursday Creek

D = Kevrth of Lightning Creelk to Hozamecen Road's end
= Lightning Creak to Rainbuw Point

F = Rainbow Point to Rubv Arm

= Ruby Arm Scuth to foss Dam

s Neck of Diabio Lake North from Light 5 to Ross Dam

 Body of Dizblo Lake South from Light 5

J = Canada South to Hozameen Road's end Updated thru 14 Sep 72
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INTRODUCTION

The re-establishment of a forest canopy follswing fire or onlar
disturbance and the resultant reduction in shrub productivity Is thought
to influence the size and migration of decr populaticns in the Ross Lake
Basin. An understanding of plant succession and growth dynamics is
therefore raguired before plant-animal population relationships can
be completely delineated.

Scott, Long, and Barber (Biotic Survey of Ross Lake Bacin, 1971)
ordered the plant communities surrcunding Ross Lake into seven broad!y
defined categories: rock outcrop type, hardwood type, Douglas-fir tvpe,
hrush type, locdgepole pine type, hemlock type, and Dounlas-fir climax
type. The hardwood, brush, and Doualas-fir types are most pertinant here,
since the winter deer range is now concentrated in arsas characterizcd
by these three community types.

The purpose of the present study was to investizate and reconstrun:
the successional patterns of plant communities or vagotation types in areass
reported to be the centers of Ross Lake's winter deer population. App!i~-
cation of current patterns and growth dynamics determined by the study
should allew the lennth of secal stages and the types of communities thas
can be expectad to follow fire disturbance to be pradicted for sites othar

than those studiad hare.



Since it is the apparent successor of brush seral communities,
Dougias-Fiv Is a critical factor from the standpoint of Lrusa productivity.
Evidence of the Tnvasion of brush communitics by Douglas~fir js widesprazd,
thiroughout the Ross Lake area. So whils densit and growth estimates of
brush species are important measures of browse productivity in an area,
it is the density, distribution, and growth dynamics of Douglas-fir
saplings and seedlings which will determine the future productivity of

browse spacies.



METHOGS

Sampling was random within the areas tvped as brush, hardwood, and
immature Douglas-7ir. Plot sites were located on Pumpkin MHountain,
the brushfieids south of Skymo Creck, the Ligntning Creek-Desolation
Mountain area, and the Silver Creek Lelta. With the excepricn of
Silver Creek Delta, these areas have all been identified as the winter
feeding areas to which the deer population migrates. The Roland Bay
area has also been identified as a major winter deer range, but tha
predominant braowse is thought to be Douglas-fir {oliage and lichens
growing within mature Douglas-fir stands {Boelm, 1971}. But due to
the scarcity of shrubs reported as favored browse species and the
refatively advanced successional stage of the Douglas-fir community,
the Rcland Bay area was not included in this study. The Silver Creek
Delta was chosen because there were zbunazsnt zaplings and shrub species
are, Most plot sites were below 50l meters (1,850 feet) above sea
level; all were either within the zone of flooding or no more than 125
feet above the proposed high water jevel.

Fach site was sampled within a 5X25 meter plct based on 2 variaticn
o¥ the fdeslea used by Davbenmire. The base cornei of cach piot was
}

randoinly cheosen and the Tong axis of the piet established paraliel to the

contour.

Alvitele, aspect, sione, and toqoveshy wer» determined ot eaci si

and 2 general descripticn ingiuding Ti-2 history, biowse evidancn, pretensze

Her praminent festurss was recorded Tor each ares,

=
3
[N
4
i
i
“t
el
3

Trie overstory, understory, and ground coveragn weve ostinmatel for eadi
nlot. The frezuency and cover of harbs anz shra™s ware also recerde
and cross-sastional stem saaples and borings were tokan 1o order o ao

t=n elongation.

) . , .
the woody srealios gnd U omasio

4]
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individual trees within each plct werz identificd by spzcies a-!

L

their diameter at breast heignt {dblb} measurcd to the nearest 2 inches.
Individuals dbh's were then converted to hasal area and the basal area

expiressed in metric units. Heights and ages of selocted trees were also
determined. Individuals whose <bh was yreater than 2 inches and/or trezes
mere than 12 feet high were tallied as trees. Specimens more than 12 feet
high but less than 2 inches in diamater at breast height were categorized
as saplings. Scadlings were defined as trees under 12 feet high and less
than 2 inches in <Lk, and were recorded onlv in terms of ground cover
estimates.

A total of 25 microplots were establishad contigususly zlong the tong
sides of each plot, and the coverage and frequency of all species of trece
scedlings, shrubs, and herbs were deternined for each microplot, Coverage
estimates were divided into six classes: (1) 0-5%; {2) 5-25%: {3) 25-507;
(4) 50-75%; (%) 75-95%; and (6) S5-1oC%.

Deer are thought to browse most heavily on ths following plant species:

Ame'anchier alnifolia, Ceanothus sanciineus, R

cvimnocarys Berbaris

rervosa. ficar circiratum, and Acer oishrum. Although the latier two spe.’

and Arelanchier ainifolia ofter appear as sinnl temmed individuals wiich

tometimes exceel 2 inches in diamster at breast haight, thay were ail ro-

forred 1o as chirubs in this study. Vhe vaoriatiors in size ard form ~€
saliw enp.. Prinus emargineta, and 0 wla panys Hfera pored similar probo.
in cragsitication. “ru-us crarginata ard Salix . cer obhsaryad proo

frocunnliy in clumns of stems 1ass than 2 inches dih, hut thev alse ~coui -

rzd az cingle-stemmed individuales with 2-6 inch dicniurs at breast haigrs,

cile pamey Tece, Cooylus cornnta var

eoiartam, and foelanchiar qin.,r in e

ar the purcose of ths pressnt study



The heights and ages of large clumped or singla=stem chrubs wevs
sampled, and their density was recordad as ccverage class estimnbes bacsd
on the 25 microplcts within each plot. The number of ¢lumps and sing
stemmed individuals inside a given plog but ourtside the microplots were
usuaily recorded as well.

The trees and shrubs of each area were sampled and aged either on
randomiy lecasted S5X25 meter plots or within already established samplirg
niots, and this infcrmation was then used to reconstruct the dynamics cf
piant growth in each area. (ross-sectional areas of the stems were
collected and the number of rings counted at meter, half-meter, or cuarier-
meter intervals depending on the size of the shrub. Whes possitle, the
leader and inteyrnode lengths from recent years zlcncation were aiso
measured. It was then possible to drar growth curves approximating shoct
elongation per vzai with the y-axis representing the number of meters
and the x-axis the number of rings per vear iollowing the Skagit fire
in 1928, This fire, which swept the forests surrounding Ross Lake, was
tihe a3t major disturbance in the area, so that 1927 is the point of
origin on the x-axis and indicaies the initiation of secandary plant
succession. Where there was evidence of more recent origin, growth
curves were ad;usted so that the point of crligin corresgondad to the

sphiropiiate vear.

]

Alt the 7<rze speazles but on e larger shryub species, reprezent

g
B

in the piot areas were sampled for zyge and grewth data. Beiheris rarvons
and_Ncoa gvmnncaina, for exanple were rot sampled, despite the Tact ths
therz was some evidence of deer browsirg. Shrub sovscies which were samelad

in, Acer circinatum, Arar alabrum, Ceannthuesz

includad Pmelanchiar ainifeo

‘or, Philadelnhous

sanss Tnews, Cearnctbing velaripsie

tewis: i, Prunvs emarginata, Corylus cernuta var. caiilornice., Staphacd’s
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S1ight changes in the methodology used in the plant ecology research ware
made between the 1971-72 seasons. These alterations were a matter of conven-
ience because of the increased emphasis on the earlier successional stages in
1972, The methcd used in 1972 is Tully outlined above.
TAXONOHY
Plants were identified by species in accordance with the nomenclature used
by Hitchcock et. al. (1955-1964), but some annuals could not be identified with
certainty because they were collected from July through September. ldentificat-
ion was attempted for genus, however. No vouchers were kept after identification,
and no attempt was made to differentiate grasses and bryophytes by taxa.
LOVER DESOLATEOM AREA
Lecated along the shoreline east of Cat Island, the Lower Desolation Area
faces southwest and has a moderately steep slope (15-20°) with shallow rocky
soil. The area, which Scott, Barber, and Long {1971} have classified as brush
type, was logged and burned during dam construction activities. Mo fire scars
weire found upslope from the lake shore, which suggests a relatively confined
burn. Charred logs and stumps along the shoreline do indicate a 150-200 year
old stand of Douglas-fir prior to logging operations. This indicates a stand
similar to the unburned climax Douglas-fir community upsiope. Fire scars cn an
Lh-year-old ponderosa pine within the area of establisited plots indicate a
disturbance about 41 vears @go. This was probably the Skagit fire, 45 years ago.
There is a 5-4 meter tall overstory composed mestly of clumpad Salix spo.,

Acer circinatum, Acer glabrum, and Prunus emarginata. These 20-25 year-old

shrubs have not grown more than .25 meters per year in recent years. 0f these

species Salix spp. occurs most commonly and has greatest coverage. There

are also numerous Douglas-fir sapiings 10 feet tall and at least
9 years old. Further upslope, in the transition zone between the brush

type and the Douglas~-fir community, there are Douglas-fir seedlings



and sapiings 4 or 5 years old. A few Bougias-Tir not more than 15 years
oid have overtaken scme of the overstery shrubs, but most are still found
in the understory. Total overstory coverage is 20-35 percent.

Ceanothus sanguineus is the dominant understory species in piot

areas, having cocverage percentages of 14, 27, 27, and 41 on four
different sites. Other species with large coverags vaiues ia the

Lower Lesolation Area are Berberis nervosa, Rosa Gymrocarpa, and, in

the greund cever, Spirea betulifolia. Each of these also occurs wirh

a high degree of frequency, especially Spirea batulifolia, which was
present in 100% of the microplots on thrze or four plot sites. Trisntalis

latifeiia and Fragaria virginiana do not have large coveraage values Lut

i’
!

occur more frequently than other ground cover species.

A clump of Ceapothus sanguineus was sampled and the number of rings
at the base of each stem varied frem 11 to 22.. One stem was found to Fave
grown auickly for 3 years and then siowsd down to less than .10 meiors o
year. Dacause the root of the shrub was roften in the center, no ace

cotiid be determined for the wihcle shrub, howevar.

Aithough Shepherdin capadensis doos not occur frequently in the arca
-

Pts growth figures resemble those of Salix and Prupus emorginata. A camnin

with 26 rings &t its base indicates that Shepherdia canadensis was oro

the first spacies to invade the site following its disturbarce in 12hs,

ts initiai growth was not es fast as might have bioen exuected from

a plonecring species. Both Shepherdia canadmnsis end Salix spp. took 15

years io grow & meters; Prunus emarnirata arew to the same height in 1

s

vears. Stem elongation for Shepherdia canadensis stems has been berwsen

431

.25 and .20 meters a year in recant vears, which is comparable to the

irader length of Prunus enargicets gnd 33’ ix sop.
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anchier alnifolia, a favored deer browse spacies, is also
ccmmon in this area {(with Trequenty parcentages of 16, 8, &, and 16
on four plets,) but i1ts coverage vatues are not high. Various indi-

viduals were determined to be 17, 18, and 22 years old, and, as with

Prunus emarginata, Salix spp., and Shecherdia ganadensis, it took

hetween 5 and 6 vears for this species to grow 2 meters. Recent stem

arawth has been less than .075 meters per year, however,
LOVIER DESOLATION PLOT AREA SURMAR

Thaere are at least two age groups of coniferous tress and saplings
in the Lower Desolation area. Douglas-fir saplings are 11 to 13 yeais
old and 30 to 35 years old. Lodgepole pine warz astimatud by whorl count
to be 10 and 19 vears old, and one oldar lodgepole was dotermined through
increment boring to be 31 years old.

Density values of Douglas—fir, puonderosa plie, and lodaepele pine
ware not taken. Despite this lack of gquantitsitive data, however, the
closing in of the plot by Douglas-Tir from the unilope aree and from the
zides ¢ the c¢anse thicket can be clearly distinguisned, Height grouin

data on Douslas-Fir and lodgepole pine were net coilacied, but the growin

of a Doiglas- fir 20 feet tall indicates that closure of tihe trees wil]
ozcui within 10-15 vears., Growin cuives availaoble Tor the shrub srerios

indicate a corresnonding feveling off pattern in rates of stem elongation.
LESHTNING AREA

Tha Lightning Creek area faces south-southwest and has a st=ep
slone {20~35°) and shaliow, rocky scil. It is located cast of the

Lightining Creek campgrourd and up:lope between 50 and 20 meters (160-
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00 feet) above lake ievel. Scott, Barber, and Long (1971) described
the larger area in which the plots under considaration were estahlished
as a climax Douglas-fir type with scattered rock types. The area is

a mosaic of dry exposed rocky sites, dense bruch undarstories beneath
scant overstories, and patchy clumps of Douglas-fir, lodgepole pinc,

and ponderosa pine. This mosaic pettern is reflected in pict data.

Plot El: An extremely dry site with a 32° slope, E} is a rock

outcrep with no overstory or understory and sparse ground cover (15

purcent).  The presence of such dry site species as Balsomorhiza sagittaca.

A~hillea miliefaolium, and Allium sopp. emphasizes the xeric conditions on
s N f
s g ot ol

this site. Achillea millefolium occurs frequently, and Fragaria viraginiana

and Allicm spr. are common, but none of these three excesds a coverage
value of 6 percent.

hs might be infarred, growth rates are quits stow, The stem of one
sample of Cognovhits velutinu

s was found to have taken 14 vears to grow

to a height of | meter. A small Ceancthus sanguirsus sampled had not

icached the 1 meter mark in its first 7 years of growth, ond a stem of

Prunus emarginata had required 6 years to grow its first meter in hzight.

R

A sample of Sa!ig_spp. took 5 years to grow to 2 meters in height, but on

ndditional 2 years passed before it oroew the next .5 metois.

Plet E,: Plot E2 was located in a 35 vear old stand of lod~zpcie
ke

pine. The overstory, which is 9-12 meters high,

-1

has & coverags o
approximately 75 percent. The understory is compriszd of frielanchier
alnifclia, Salix, Prunus emargincta, and Douglas-Tir betwzen & and 8

meters high., This understory i3 rether thin in comparicon to tha

o]



ovarstory, since it has only 5 percent coverage. Spirea betulifolis

{5%). Trientalis tatifolia (6%}, and Berberis_aaquifolivm (7%) contribute

the greatest amount of ground cover and ccour frequently. Much of the
ground is covered with leaf ilitter and dead hrznches.

The stand of lodgepole pine is 35.2 mthectare. Douglas-fir and
ponderosa pine (.53 and 1.07 m2/hectare respectively} are unimportant in
the stand. Dougias-fir saplings 24, 15, and 12 vears old ware g1 under
4 meters tall, and no seedlings of anv conifer were found inside the pion.

The individual Douglas~fir sampled had a 3 inch dbh arnd was 7 moicrs
tali. It had taken 21 years to grow | meter tall, and had required 7
mere years to reach a height of Z meters. Its recent growth has been
about 1 meter every 2 years, however. This is comparztle to the recent
growth rate of the lodgepole pine samplied, except that the lodgepole has
had a slight adventage over the past 2 vesrs (1.20 msters in 2 YeIrs Versis
B0 meters in 4 vears for the Douglas-7Fir).

Stem elongation per year on the sample from & 35 year old, 8 meter
tali Salix spp. clump was comparahbie vo the S31ix from E, for the first

7 meters. |t took " years for the §alix in £

5 to grow to the 2 meter

inark, and an additional 8 vears to grow to the & meter mark. Seventean
more years passed before the 7 meter mark was reached. In tha last 5
vears, the stem has grown approximately | meter, and stem elongation fur
the last 2 yeers has becn .20 and 1.7 mcters vespectively.

A sample of Prunus amarginata 74 veairs old are Tastar than the

Salix _spp. stem. Although it took 14 years to grow to a height of &

meters, it grew the next 3 meterc in only 7 years., The lesder lengih was

.32 meters.
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A 7 moter tall, 23 year old Amelanchier ainifolia, which occurred

in single stems in this plot, had taken only 9 years to grow its first

4 meters. Like the Salix stem, however, stem elongation per year decraassd

to tihe point where it required 12 years to grow from & to 7 meters in heiuht.
Plot E3: E3 Is interrupted by a rock lzdge which is exposed and

very dry. The entire site has a stcep slope, and the soil is rocky and

shallow. Therc are Philadelphus fewisii and jow~form Amelanchier alrifc:ia,

Apocynum androsacmitolfum, and Achjllea millefolium on the exposed ledye,

and Balsamcrhiza spp., Ceanothus sanguineus, Amelanchier alnifolia, Snirca

betulifolia, Fragaria virginiana, Rosa gymnocarpa, Prunus emarginata and

Berberis aquifolium are found in the dense thicket beicw the ledge.

The orly overstory is a single 6-0 meter ponderosa pine on the edge

. . 2 )
of the pict whose basal area was determined to be 2 n“/hectarc. No
soniterous sasdlings or saplings were nresent.
There is a dense understory on this plet, of which (2anothus sanguireus

makas un 16% of the cover, Amelanchier ainifciic i3%. Frunus ecmaraineta
’ ————n

3% and Tosa gymnocerpa 5%, Amelanchier alnifolia and Ceanotiwus SaNg i NaUT

cecur mest frequently (32 and 40% respoctivelv). The plot's liscaticn

within the transition zone from dense thicket to rock ouicrop probalbly
mzans that the mercentages given cbove indicate siightly iowurr valune

than is actually tie case.

There is a fairly dense ground cover {30%} be'ow the unuersiory.

Trientalis latifolia and Spirea betulifolia oceur frecuently, covaring

7 ard Z¥ respectively. Fragaria virginiana and Berberis acuifolium boin

have coverage values of 3% and aic also comion species.
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the indivicual pondercsa pine, which was determined to be 31 verrc
old, had grown approximately .40 meters per vear for the last 3 years,

Its overall growth is comparable to that of the ltodgepcle pine in E? Tor

the first 6 msters. It took 17 years to grow tiie first 2 meters, an ad-

-

ditienal 5 years to reach 2 height of 4 meters, and 5 rore years passad

before it was & meters tall.

of the same spacies in E,.
Plot Eh: E, was located about 300 feet 2bove lzke level in the vici-
nity of scattered 30 meter tall Douglas-fir and 25 meter tall ponderoza pin.
'n the more immediate area of the plot usre 12 meter tall Douclas~-fir, §-0
meter tall penderosa pine, and 6 meter tall lodgapole pine, all 30 years

nld. There are four age groups of Douglas-fir and poadarssa pine saplizgs

¥

3

zrd trees:

[

V1-i3, 17-1G, 22-25 and 37-35 vear old pondeicsa pine saplin.»
and 11-12, 1i-17, 25, and 30-35 year old Douglas-fir saplings. No seedli ¢,
oi saplings of Douglas-fir, ponderosa pine, or lodgenole pina under 10 vea: =
v:d were fourd, nor were any conifercus trees, saplinas or seedlings
rallied within the plot.

The scant overstory within the plot {5%) is composed of two clunrs of

salix 5-8 meters high, The understory is nuite dense, liowover, and ac-cunis

“or about 80% of the plot's coverage. Amclonchier cinifolia is especiallv

frequent and has an average coverage of 28%. {Ceanothus sanguineus {707},

fimsa gymnocarpa (19%), Holodiscus discoler {17%), and Satix (9%) provida

%

the amounts of coverage and, with the exzepiion of Talix, occur freaizcitiv.

afer alnifoiia, Rosn gpnocnrpa and Ceansthus sancuineus cocur i

more Lhan 60% of the nlots.
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The ground coverage is approximately 50 percent. FRosa gymnocarra
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compiise thie majority of the ground cover. Tricntalis latifolia, Spifea

betulifolia, Rosa gymnocarpa, and Fragaria virainians occur in over 33% of

the microplots.

A Souglas-fir and ponderosa pine on the edge of the plot were sampicd.
The Douglas-fir was 11 meters high and 31 years old. The ponderosa pina
wias U meters high and 28 years old. Both trass had required 18 years io
rezch the height of 4 meters. The Douglas-fir had taken an additiona) 3
years to become 6 meters tall, and the ponderosa pine had taken additional
5 years to reach this height. For the last 3 years the Doualas-fir has
grown .50 meters more per vear than has the ponderosa pine.

A 5 meter tall stem from a clump Of.§ﬁlﬁi_iﬁﬁ;.”as samnied and da-
termined te b2 17 vears old. 1t had teken 12 years to grow 1o & meizrs in
Leight, and % additional years to reach 5 meters. Recent stem elongation
has Leen at the rate of .10 meters per yecar.

A szem of Prunus emarginaia was aiso determined to be 17 years oid.

Fa
+

't had grown to a heignt of 2 meters in 9 years, a growth rate comparaiia
o that of the Sulix spp. sample Tor the corresponding height interval
ihe rete of stem elongation decrezsed sharply aiter the 3 metor mark,
owover, and it took ancther 8 years Tor the stem to gruw an additicnal

adeter,  Leader length was measured as .30 meters.

Hoiudiscus discolor was sanpled inside the plot. It had grovin 2 meic

the first 3 years, and was determined to be 7 years old.

A single stem from Ceanothus sanguineus was found to have grown vory

siowly. It was 16 years old and cniy | meter tail from the end cf the Yizaer
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to tne base. The root of this sample was extracted end a roughnt count of
the root cut ind:cated 26 rings.

Anelanci-ier ainifoiia stems displayed greater rates of stem elongaticn

than the semples of Ceanothus sanyuineus. One stem sampled 17 years oid

and had grown 1 meter in the first 3 years. it had than taken an addition=:
% years to grow a second meter in height. Stem growth then =iowed consi-

derably and the next 8 years produced only another half meter of stem gicwin.

LIGHTNING AREA PLOT SUMMARY

There appcered to be Tour definite and similar age ciasses of Douglas-

fir and ponderosa pine in the Lightning area: 11-13, 15-17, 25, and 30-3%
year old Douglas-fir; 1i-13, i7-19, 22-25, and 30-35 year cld ponderosa
pine, lodgeopole pine occurs in a 35 yvear old even aged stand. These age
<iasces are not limited tfo coniferous spacies: Prunus erargiiata ozcurs
i twe age classes, 18 and 25 years old, and Selix spr. was odserved in
threo ditferent groups: 12-13 22, and 35 year:s old.

A possible successional history may be constructed from this data.
voltowing a disturbance in a mature stand of Douglas-fir which might hzse
been approaching an edapaic ¢limax, pondevosa pine and Douglas-fir seed ines
secame established Yiom the Tire-damaged trees or from ths adjacent, un-

distui bad stand upslope from the Lighlining arca. Lodeepole pine szerdl i s

un

sare #stablished Tn clusters, possibly around 2 Tire~kitled parent, &l
displayed higher initial growth rates than the Douglas-fir or pondercsa
pine. Conditiuns were quite dry on the steep rocky slope - orf the area so
that, with the exception of the densely clumped lodgepole secedlings, ifi=re

+

vware 0!y scattered individuals of woody species. Salix spp. had on even
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c:eater rate of stem elongation than lodgepole and established a szatic. o
overstory of isolated cliumps which was not overtaken in height by lodgepcie
pina and Douglas-Tir for 25 years. Relatively few shrubs developed under
the dense canopy of lodgepole pine. The shrub species grew in a single-
stemmed, tree~like form which varied considersbly froim their open-grown
forms.

Ten years after the establishment of the first age group, which was
then approximately ! meter tall, a second group of ponderosa pine and
Douglas-fir scedlings became established., It Is not clear why this happened
but possibly this was the next time that a good seed year and reasonable

Lad

conditions for seedling growth and survival occurred simultaneously. Sirz:

Salix spn. and Prunus emarGinata also became establishsd at this time, it

—_— s i

weuld seem that the controlling factor must have been the quality of the
growing season. {Note: Possibly plant seedlings became established mor=
successfully during periods of low deer numbers).

The third age group of Douglas-fir and ponderosa pine Scsdlings bacine

establishad 16 or 17 years after the establishinant of tha first age grois,

E

2s did %alix spp., Prunus emarginata, Ceanothus sanguineus, and Amelanciiic:
alnifolia. This is indicated by the fact that the densest thickets of L

occlr not on dry exposed sites but close to isoltated 35 vear old Dougl 2 7 v

and pondercsa pine.

('3

The voungest shrubs in the arez are found on the dricst, stespes

R R SRR

coarak

1]

-

[»4]
b

which occur on the rock outcrops. This (s not ailwovs the case
forms, however, since a2 %5 vear old stem of Pachystima myrsinites was notes
on the rock site. The density and coverage values of shrul species cn rozi.

outcrops are cultz low,
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Although no coniferous trees, saplings or seedlings occurred on pists
characterized by dense thickets of swirubs, it is apparent that the coniiers
established in the less dense, adjacent areas will overtop the shrubs anc
reduce them greatly in importance. The hcight growth of these shrub species

aiways levels off. Amelanchier alnifolia, Frunus smarginata, Holodiscus

discolor, and Ceanothus sanguineus ail exhibited leveiled-cff growth cuvves.

The restoration of a forest canopy, then, depends upon the continued
growth of saplings as well as on seed production by the two coniferous aga
groups which have already reached the reproductive stage. |f they foliow
the observed growth patterns of the 35 year oid Douglas-fir and pondercsa
pine age classes, the 1i~13 year old age group will be & meters tall in

10 years.

SILVER CREEK DELTA

Siltver Crcek Delta is a flat, low~lying arca on the western shore of
Ross Lake. It faces east, has a gentle siope, and is divided by shallaw,
fast~flowing Silver Creek. The arca was logged and burred during dam
conistruction activities in 1550-51. Vestern redcedar snags over 150 yve: s
old are wideiy distributed, especiaily toward the back of the delca, 7
cut stumps and charred togs littar the ares. At the timz of the 1987 lio-
tha area was coverzd by a mixed stand of western red codui ~rd Douglas-.:. .

Ve

e

T

The western red cedar were 150 vears oid and 1525 meters tall, with
meters at breast height between 10 and 12 inches. The Douglas-fir were 150~
250 years old, 30 meters tall, and 18-24 inches in diameter at breast heiglr.
The Douglas-fir were spperently cut before the firs, and the westcern red

cedar wara killed by the fire which foilowed., A finger of Douglas-fiv ond
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western red cedar in the middie of this area runs from the western sien s
behind the delta to the lake shore. 7These wougias=fir are 200 years ola
and 30 meters tall. Tree samples showed fire scars froa tweint yew:s
«;¢,the time of the logging and buraing; %5 vesss ayo, the time of the
Skagit vire; and 120 and 180 years eyo.

The delta includes a number of expose’ : tex whinn

e RFowt Wit

rezks and charred ltogs. There is little or no overstory, although scatiered

Jougias-iir,Popuius irichocarpa, and 3-tyls papyrifera over © meiers ta.:

Yerm a scant overstory on some sites. Populus irichocarpa is coniine. oo

tie lakeshore, and Betula papyrifere is founc on dry sit--s toward the bur*

ot the deita.
The understory coveragz is also sparsz, with coversa: values varyiag

from 0 to 25 percent tor Douglas-fir, Frunus emarginata, Acer ¢l o

Acer glebrum, S2Yix sop., Caryius corneta, and Zeanuihus selutinus. Al? rvhe
ARG g S -urhie B

ha;uwsrod specics nccur 25 clumped stem voring, apd none o tie whl 4 Goour
Treguently,

vl fy

The ¢rounc cover is composed largely of Fachyniim» wmyrs,

wousreT in 35 to £ percenc of the microplots. Rosa gymnocarpa, Arcyo-
staphylos uva=-ursi, and Rubts parvifiorus mexke up the rest 7 the ¢rovad
covar, and the {ormer two ccour commanky.

Youna Dougias~fir trees and saatiags are a~unde ¢t rorthout oor

Croemc Delia. ey were tailied in a1 Lut one of the estebiishaed piots

-

ar” the basal :rea computed as beina 2.5, 4,10, .75 ann .82 n;/hnci&f

on toir of the plots. Young trees had diemeters ac levrge ac O inones ac

kresst heiant, and a 12 vear-ulc , 6-7 meter tail Nougias— iy on the Tak:
shore had a dbn of mora than b i <hes. Ancther Jouglas Jr toward <

niddlc »f the delza was 10 —en v Yd, / mecers 1all, and more b - 4 T~
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in diameter at breast heaight. The Douglas-fir saplings were 7 to 9 veirs

old and 2 to 4 meters high.

Western red cedar saplings 2also occur frequentiy in this area. The:r
3
basal areas were determined to be .27, .16, .12, and 0.9 m“/hectare for

the same four plots where Dougias-fTir saplings and trces were taliied.

The red cedar saplings were betwsen 14 and i6 years old and less than 3

meters nigh.

There are alsc western white pine and western hemlock saplings in the

area, and aumerous Populus trichocarpa saplings were found along the lake

shore. The presence of Alnus rubra seedlings toward the middle of the

cdzlta may be of some significance, since it is generally associated with

hardwood types on mesic sites (Scott, long and Barber, 1971).

Stem samples frem the two Douglas-fir mentioned above exhibited quita
similar rates cof stem elongation. The older Douglas~-fir was further bac<
on the delta znd closer to the stand oi matuire Douglas~Vir and western oo
ceder than was the younger one. It was datermined to be 18 years oid, end
had taken 8 vears to grow to a height of 2 meters. This contrasis with <@~
Douglas-fir sampled at the laxe shore, which took cniy 5 years to groew ton,

first 2 merers. But both trees required only 6 more years to reach 7 met: s

in height. The Douglas-Tir at the lake shore is new 12 years oid and ¢

~a T

meters high. 1ts leader lenoth was .99 meters; the 1272 leader was moseie

-1

from the 18 vzar old Douglas-fir, but it was .09 meters loung in 1971,
vestern rod cedar and western hemiock sapiings were cut ard their rings

counted at half meter intervals. The western red cedar sampled took 13

years to grow 2.5 meters tall. Stem elongation has been relatively uniionn

throughout the sapling's like. The western hemlocic took 12 years to griw

2.5 maters tall, but its growth rate has incrazsed in recent yezrs -- it
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c:ly required 2 years to grow from | to 2 meters in h=ight, and an addi-
tional 1 year to grow the last halif meter. Its 1672 leader was .62 meters
long, and the 1971 height growth had been .61 meters.

Five meter tall Betula papvii¥era and Salix spp. stems were sampled

for age and rate of stem elongation. Beth had requived 14 years to reach

5 meters in height. The Betula papyrifera sampled had arown .70 meters in

the last 2 years, which suggests that its growth curve has not vet levelled

of f.

A 10 meter tall, 16 year old Populus trichocarpa exhibited rapid

grawth. It reached a height of 5 meters in 7 years, as compared to 14 for

both Salix and Betula papyrifera, and 11 and 19 years for the two samples

of Dougias-fir. The Popylus trichocarna sample took 4 ycars to grow from

5 to &6 meters tall, and an additicnal 5 years to grow from 6 to 10 meters
tail., This indicates that its growth curve has not yet levelled off,

P‘runus enarginats and Acer circinatum specimens showed initial growih

rates comparable tc those of Douglas-fir, Salix spp., Populus trichocarpa,

and Betula papyrifera. The growth of botih leveiled off quickiy after the

szcond or third meter in height. The leader of Acer circinatum was .16
meters and the previous vear's had been .G8 meters long. The Prunus
crmarginata sampied was 8 years old and had not yet reached a height of 5
maters.,

Leansihus velutinus cccurred in large diameter clumps throughout the
srea. All 20 individual stems of the shrub sempied ware either § or 9 vesrs
cld., The undergroundg pertion of the shrub was extractred and found tn ha i!
or 1Z years oid. Stem growth had been cuite fast: it had talken one st-m

5 years to grow 2 meters in height, and onlv 1| additional year to reazi

2.5 maiers.,
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SILYER CREEX DELTA PLOT SUMMARY

The speady establishment of Douglas-fir seadlings and zu,..ingc folicw-

. . —_— . .
ing o dicte-barce in tha Silver Cirozk &

W

Pt ercs mAY .. Jue to the metui e

Douglas-fir canable of secd Luaring in the 2ond which vuns feon the Take
shore to the kack of the delta. GCiher Tactnrs moy heve be2s the aico v
eastern aspect and gentle siope (5-10%) Loth of which suygesi vavorauic
moisture conditivns. And finally, the presoice of red alds. Seedalings i

Tourns Gh

plot areas seers to indicate a more mesic site than that normally
brush types.
Bzsed on the current gruwxth rates of Pouglas-fir in the 2ilser o:oek

Dzita, the 7-9 year old saplings will be over 7 meters i :i

In 5-10 years, these saplings witl piokably have oo ilaian Zalix spp.,

[y

ferula nanyrifera, Prurts emarginats, and oo 2r shrubs. AL the came time,

it is tikaly that Peosulus trichorarr:

Py otoantin e 10 ¢aer And o reple

duce aleng the loke shore.



SKRYMO CREEK BRUSHFIELD

Plots were established between 33 and 52 metiers {1i0-175 feet) above
lakz ievel south from Skymo Creek on tie western shore of Ross Lake. They
were located on steep {15-34°), souchesst-Tucing slopes in an area which
Scott, Long and Barber {1971) have designated as a brush type. One plst
was located on a rocky tedge above a 30 meter (100 foot) c¢liff overliooking
the lake, All the pict sites had rocky shallow soil. Charred Dovglas-fir
snags arnd loys were found aicng the slopes above the plots. Forty year old
lodgepole pine and 35 year oid Dougias-fir in the orushfiaid area indicate
the infiuence of the 1926 Skagit fire.

feproduction of Douglas-fir on the Skymo brushfield has been poor in
comparison to that on the other study areas. The few 35-40 year old lodge~

pole pine and 20-25 year old Dougias-fir which are piresent are con

-1

ined to
the 3G weter high shelf. Elsewnare, Jougias-iir wiich can b2 found in thrao
cge groups: 2-4 vear old sapiings. 9-10 vear old saplings, and 15-16 year
cid trees. The three age classes of Dougias-Tir on the shalf{ are: 9~10 vaa!
~id sapiiags, i5-10 vear old trees, and 20-2% year old trees, Thare arc no
bouglas~-Tir seediings on the shelf, Lodgepole pine saplings occur infie-
cuently in the area; those that were observed Tell into cne of two age
qroups: 9 or 16 year old sauiingy.

The scant cverstary and denser uinderstory of the area is composad oy

Ceanathus sanguinsus, Amelanchier alnifolia, Salix rop., Acer glabiuw,

Acer circinatum, Prunus emarginata, Corylus cornuta, and Holodiscus dis-

color. Amelarichier alaifolia occurred in 12-Z0 percent of the microplcts

and had coverags values of 10, 4, 3, and & percent over tiie four ploic.

Salix spp. had slighuly greateir coverag: values on three of the four plots

a2+ 26, 3, 5, and .6 prernent.
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Spirea betulifolia, Berberis nervosa, and Trientalis latifelia were

present on alil the plots and comprised a large part of the ground cover.

Spirea betulifolia, which occurred in over 60% of all microplots on the

four plots, had coverage values of 22, 7, 7, and 9 percent. Berberis
aquifolium: occurred commonly but had smaller coverage values than Spirea
betulifolia at 2, 3, 4, and 20 percent. This last value was determined

on one of the southeasteriy-facing plots; Berberis aquifolium was repre-

sented in 86% of the microplots within this plot. Trientalis latifolia

appeared infrequently only in the plot located on the rock ledge. In the
other plots it was present in 28-76 percent of the microplots, whereas its
coverage values were 5, 8, 3, and .6 percent on the rock shelf.

The aspect and slope of the four plots were as follows: F}, ESE 24°;

F,, SE 15°; F3, SE 34°; and Fh’ S 25°. The frequency and coverage values

2’

for certain species varied between the east (i.e. F, and Fh) and south-

2

facing (FT and F3) plots. Understory and ground coverage were particularly

dense on F] and F3. On the more southerly facing plots, F, and Fk’ Apocynum

2

androsaemifolium was found in over 60% of the microplots, and had coverage

values of 8 and 10 percent respectively. On the more easterly-facing plots,

F] and F_,, Apocynum androsaemifolium was not found. Acer glabrum, Acer

3

circinatum, Corylus cornuta, and Symphoricarpus albus occurred in F] and

F3 but not in F2 and F“. Rosa gymnocarpa had coverage values of 10 and 11

percent on FI and F3 but only 3 percent on Fh; it did not occur at all on

FZ' Berberis nervosa occurred in Fl where it had a coverage value of 9

percent, but was not found on the other plots.

A Douglas-fir sapling and tree were sampled near plot F]. The 9 year
old, 2 meter tall sapling had grown .30 meters a year during the past 3

years. In the 3 years previocus to that, it had grown bhetween .15 and .20
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meters per year. Thug it grew !.4 meters in the past 6 years. The Douglas~
fir frée sambied was 14 yéars old and over 5 meters high, and had grown
2.20 meters in the last 3 yecars.

A 35 year old Douglas-fir and an adjoining 38 year old lodgepole pine,
both located on the rock ledge, were sampled and their growth rates compared.
The lodgepole pine had taken 13 years to grow to a height of U meters, while
the Douglas-fir had taken 17 years to grow to the same height. The Douglas-

fir had grown another 4 meters in the next 10 years, however, while it took

the lodgepole pine 15 years to reach the same height.
SKYMO CREEK BRUSHFIELD AREA PLOT SUMMARY

The Skymo Creek Brushfield areca is one of the largest brush communities
in the Ross Lake area, and is also the largest brush community within 100
meters {300:feet) elevation of present lake level. There are not many
Douglas-fir saplings in this area, and browse damage on saplings and seed~
lings is quite extensive. Many of the saplings and seedlings ovserved in
the area were missing leaders, for example. Salix, on the other hand, covers
a larger area than on the other sites, and forms an overstory 5 to 6 meters
high. This coverage is still sparse, but the low density of and damage to
Douglas-fir saplings in the area suggests that the Salix overstory may well
increase. According to the growth rates of the Douglas-fir and Salix spp.
sampled, the Douglas-fir saplings may exceed the height of the Salix shrubs
in 10 years. But it is unlikely that Douglas-fir will be able to close in
the overstory within the next 15.¥ears.

The situation on the rock ledge is somewhat different, since a high

density of 8-10 year old Douglas-fir saplings was observed there. Based on
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the growth rates of the 35 year old Douglas~fir toward the back of the
plot area, these saplings will be approximately 5 meters tall in 10 years,

and 8 meters tall in 15 years, at which time they will probably form a

closed canopy.
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PUMPKIN MOUNTAIN

The Pumpkin Mountain area is a mosaic of dry, open areas, patches
of lodgepole pine and Douglas-fir, and hardwood stands. The lower mountain
slopes adjoining the lake vary in aspect from south to east. Their slopes
are moderately steep to steep (20-30°), and soil conditions range from
rocky, shallow soil on the south and southeast-facing slopes to deeper soils
and/or humus tayers on the east-facing slopes.

Evidence of a major fire disturbance is widespread on Pumpkin Mountain.
The charred logs and stumps of decayed Douglas-fir cover the dry open
slopes above the lake level. Scattered old Douglas-fir 120 feet tall and
20-40 inches dbh are streaked with fire scars. Several borings of these
trees indicated fire scars about €§}years old. The oldest lodgepole pine

observed in the area was 42 years old. Variols stems of Salix spp. Acer

circinatum, Acer glabrum, and Prunus emarginata were found to be @@ years

old, and one stem of Acer ¢ircinatum was QB years old.

Lodgepole pine, Douglas-fir, and various shrubs form a continuous
overstory extending slightly upslope and around the lake shore to the east-
facing slope. At higher elevations there are pure even-aged stands of
todgepole pine. On intermediate slopes, dry exposed sites form a patchwork
with %2:20 year old lodgepole pine and various age classes of Douglas-fir
saplings and trees. To the east of Big Beaver Valley and away from the
south-facing slopes there is a dense hardwood stand dominated by Salix spp.

For the purpose of comparison, plots were divided into two categories:
those facing southeast and those facing east. One south-facing plot with
a gentle slope and relatively closed canopy was placed in the same category

as the east-facing plot sites.
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DRY SOUTHEAST FACING SLOPES

There was little if any overstory on these rocky sites, which were 27

to 76 meters above lake level. Where there was an overstory, it was com-

posed of Prunus emarginata, Acer glabrum, Salix spp., Acer circinatum,

Douglas-fir, and lodgepole pine. The hardwood species, which form an over-

story 4-7 meters high on open sites and an understory on more closed-in

sites, are from 30 to 42 years old; the Douglas-fir and lodgepole pine are
e et

7 to 1Z meters high. The coverage value of the understory is somewhat i+~

greater under the scant lodgepole or Douglas-fir overstory than on open

sites, and is composed of Ceanothus sanguineus, Corylus cornuta, Holodiscus

discolor, and Amelanchier alnifolia. On more open sites Holodiscus discolor,

Philadelphus lewisii, and Amelanchier alnifolia comprise the understory.

The density of shrubs on these dry, southeast-facing slopes was low.

Ho Amelanchier ainifolia, Holodiscus discolor, or Acer glabrum were found

on any of the microplots, and Ceanothus sangquineus, Salix spp. and Acer

circinatum were found on the microplots of only one 5X25 meter plot.

Ceanothus sanguineus had a coverage value of 6.7 percent on the plot where

it was present, and Philadelphus lewisii occurred in two of the four plots.

Ground cover consisted mostly of Berberis aquifolium, Achillea mille-

folium, Apocynum androsaemifolium, Fragaria virginiana, Allium spp.;Trien-

talis latifolia, and Spirea betulifolia. Achillea millefolium was found on

all four plots, and occurred with a high frequency in the microplots: 58,

50, 32, and 12 percent. Spirea betulifolia was also found on all the plots,

but occurred less frequently at 4, 13, 52 and 44 percent. Apocynum andro-

saemifolium, Fragaria virginiana, and Trientalis latifolia were present on

only half of the plot areas, but had frequency values between 20 and 83%.
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Berberis aquifolium (4, 7, and 3%), Apocynum androsaemifolium (7.5 and 10%)

Achilla millefolium (7, 9, 3, and 0.0%), and Spirea betulifolia (9, &, 0.0,

and 0.0%} contributed most to the ground cover, which totaled from 10 to

25 percent.
Douglas-fir saplings in the area were usually between 7 and 11 years
old. An occasional 13 or 6 year old sapling was found, but none exceeded

3 meters in height. Few lodgepole saplings and seedlings were found on

these open sites,

EAST FACING SLOPES

Qverstory coverage was greater than 60% on these five sites, despite
the fact that its composition differed greatly from plot to plot. Lodge-
pole pine dominated the overstory of two plots, Salix spp. and Betula
papyrifera formed the overstory of another, Douglas-fir dominated the
overstory of the fourth plot, and the overstory of the remaining plot was

composed of Douglas-fir and western hemlock. Salix spp., Acer circinatum,

Betula papyrifera, Prunus emarginata, and Acer glabrum formed an under-

story of 10-20% on four of the plot sites. 0On the fifth plot these hard~
woods mixed with western red cedar and western hemlock to form a 90%
understory.

Amelanchier alnifolia and Ceanothus sanguineus were infreguent in the

understory of these plots. Berberis nervosa, Trientalis latifolia, Rosa

gymnocarpa, Rubus spp., and Pachystima myrsinites made up the ground cover.

Berberis nervosa occurred in over 56% of the microplots, and was the domi-

nant ground cover with values of 13 to 39 percent.
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There were two even-aged lodgepole pine stands 88 meters (290 feet)
above lake level. Both stands were Eg vears old and lé meters high, and
had basal areas of 40 and 32 mE/hectare. An B meter tall stem of Acer
circinatum on one plot was 46 years old, and the understory of Salix spp.,

Acer circinatum, and Douglas-fir was around 30 vears old.

The two plots with lodgepole pine dominated anerstories differed in
stope and aspect. One plot, BS’ was located on a slope no steeper than 5
degrees and facing south. tt had no Douglas-fir seedlings or saplings, and
the apparent lodgepole pine saplings which were present were actually sup-
pressed 3~4 meter tall, 40 year old trees. The understory was composed of

Acer circinatum, and the ground cover was mostly Berberis nervosa, Linnea

borealis, and Pteridium aquilinum,

The second plot with lodgepole overstory, B,, faced east and had a

‘I’

moderately steep slope (20°) at the same elevation as BG' There was a

cover of moss and litter on the ground, and Berberis nervosa was the

dominant ground species. Other major ground species were Pachystima

myrsinites, Rosa gymnocarpa, and Spirea betulifolia. Douglas-fir !''sap~

Jings" found on 81 were 20-30 years old and under 4 meters high. Two tree
size Douglas-fir §:§ meters high were 30 years old. The understory was

composed of these saplings and trees and of 30-35 year old Salix spp. and

Acer circinatum 5-8 meters tall.

B7 is an east facing plot located 18 meters above lake level. Salix

spp., Betula papyrifera, and Prunus emarginata form an overstory 12 meters

high. Salix spp. probably had the greatest basal area in the vicinity,

and was the dominant overstory species. The Prunus emarginata and Salix

spp. sampled were 40-46 years old, and a Betula papyrifera sampled was 30

years old and 12 meters tall. Acer circinatum, Acer glabrum, Corylus
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cornuta, and Prunus emarginata formed a limited understory. There was

dense grcund cover dominated by Berberis nervosa, although a high density

of Acer :circinatum was also observed, Douglas-fir became established in

this ar:a about 25 years ago. The 20-25 year old Bouglas-fir were 6-12
meters tall, and several had broken through the hardwood overstory.
Saplimgs and 3-5 year old seedlings were numerous. Dead stems and shrubs

of Ceanothus sanguineus were found underneath the hardwood canopy. The

ages of these stems varied from 10-18 years.

Plot BB was established on a steep nertheast-facing slope north
along the lake shore from 87 and 9 meters above lake level. Here there
was a dense ''understory' of Douglas~fir and western hemlock 9-18 meters
tall under a fewrﬁg_meter tall Douglas-fir. The Douglas-fir comprising
this uynderstory were up to_ég vears old; the western hemlock were between
30 and 40 years old. There was also a second, dense understory of Salix

spp., Alnus rubra, A. macrophyllum, and Acer glabrum which is over 12

meters high. Western red cedar forms a third dense understory of 30-35
year old, 1-4 meter tall saplings. No Douglas-fir seedlings were found

in the area, but there were numerous western red cedar scedlings more
than 6 years old. Basal areas for the coniferous trees were: Douglas-fir,
18 mzlhectare; western red cedar, 2m2/hectare; and western hemlocl,

4 mz/hectare.

Plot B12 was located 70 meters above lake level and about 2.5 kilo-
meters north of plots BI and 88. It faced east and had a moderately
steep slope. The highest basal zrea found for Douglas-fir was on this
plot: basal area for the dense overstory of 35-40 year old Douglas-fir

over 12 meters tall was approximately 20 mz/hectare.
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The following three Douglas-fir trees were cut and sampled on south-
east facing slopes: (1) a 12 meter tal), 30 year old Douglas-fir from

plot Bh; {(2) a 7 meter tall, 19 vear old from the area of plot 8_; and

5

(3) a 5 meter tall, i3 year old from the vicinity of plot B The first

2
two of these had taken 14 years to grow 4 meters in height, and the Douglas-
fir from 82 had taken tQ years to reach the same height. All three had
required at lteast G years to reach the height of 1 meter.

After the | meter mark the youngest Douglas-fir grew 3 meters in &
years. internode lengths for the last 2 years indicate an approximate rate
of .75 meters a year.

The 19 year old Douglas-fir took 10 years to reach the 2 meter mark,
and 1ts last 4 meters had been added in 7 years. The growth rate during
the 2-6 meter interval was greater than that for the equivalent interval in
the growth of the 30 year old Douglas-fir. internode lengths for the last
2 years have been .50 meters per year.

The 30 year old Douglas-fir also took 10 years to reach the 2 meter
mark, then 9 years to grow the next 4 meters and 6 more years to grow to a
height of 10 meters. {ts leader matches the growth rate of the 6-1C meter
interval at about .60 meters per year for the last 2 years.

Two lodgepole pines were also cut and their stems analyzed. One was
a 38 year old which had reached a height of 10 meters in 28 years; the
other, a 36 year old which had grown 10 meters in 33 years. The older
lodgepole pine toock 10 years to grow its first 4 meters in height, and
then grew the next 4 meters over a period of 9 years. The 36 year old
reached the 4 meter mark in 21 years, and grew from 4 to 8 meters in heigh*
in an additional & years. This younger tree then grew another 2 meters

in 4 years, and has a current growth rate of .40 meters per year. But
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the older lodgepole required 7 years to grow from 8 to 10 meters tall,
and its growth has slowed to a rate of .25 meters per year.

Salix spp. exhibited growth rates similar to those of coniferous
trees for the first 4 meters of growth. The two specimens sampled took
11 and 12 years to reach the 4 meter mark. These rates have slowed in
the more recent part of stem growth, however. One stem, for example,
took 2 years to grow from 0 to 1 meter in height, 6 years to grow the
next meter, and 11 vears to grow the next 2 or 3 meters.

Two other components of the overstory and understory were cut and

sampled as well. These included two stems of Prunus emarginata, which

exhibited very siow rates of stem elongation. One stem was 39 vyears old,
the other 38 years old,hand they had taken 20 and 24 years respectively
to grow b meters in height. Neither stem had grown an additional meter
in the last 19 and 14 years, respectively.

Acer glabrum appeared in multiple-stemmed clumps in this area. Une

sample was %42 years old and had taken 26 years to grow L meters and another
15 years to reach the 8 meter mark.

Two stems from separate clumped shrubs of Ceanothus sanguineus were

17 and 15 years old and had taken 11 and 13 years to grow 2 meters tall.
The leader of one was .40 meters long and that of the other stem was .13

meters,

The growth rates of Amelanchier alnifolia also varied. Three dif=-

ferent stems had required 14, 18, and 27 years to reach a height of 3
meters. The leader length of two of the stems was .06 meters, and last
vear's leader for the third was .27 meters.

Two 42 year old lodgepole pine were cut on plots located 87 meters

above lake level. In 42 years both had grown 14 meters. The specimen
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on plot B6 had taken 13 yvears to reach the 4 meter mark; its rate had then
slowed in comparison to the growth rate of the lodgepole pine on plot Bz.
This lodgepole had required 20 years to reach the 4 meter mark, but then
grew another 10 meters in the next 20 years.

A 31 year old Douglas-fir and a 29 year old Douglas-fir were alsc cut

and sampled on these same plots. The 31 year old, from B, , had reached the

E
2 meter mark in 16 years as compared to 20 years for the llodgepole on the
same plot. It then took 17 years to reach 10 meters in height -- 3 less
than the lodgepole. The leader of the Douglas-fir was .65 meters long,
about .10 meters longer than that of the lodgepole pine. The Douglas-fir
on plot 86 had grown only 4 meters in 24 years., Jts leader length for both

of the last 2 years had been .30 meters.

A 23 year old Douglas~fir and an adjoining 34 year old Betula papyrif-

era were sampled on plot B7, which was located 18 meters above lake level.

The Betula papyrifera had taken 11 years to grow 2 meters tall, while the

Douglas-fir had taken 10 years to reach the same height. The Douglas-fir

then required 9 years to grow the next & meters, and the Betula papyrifera

took 16 vears to attain the same height. The Douglas-fir has been growing
at a rate of | meter per year for the last !l years, and is now 3 meters

taller than the single-stemmed Betula papyrifera.
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PUMPKIN MOUNTAIN AREA PLOT SUMMARY

The Pumpkin Mountain area is somewhat unique in that it is
comprised of dense clumps of trees about 10-15 meters tall and
intervening areas made up almost entirely of brush species. The
tree clumps apparently grew slowly for the first 10 years, but
when they had attained a height of 3-4 meters and an age of 10-15
years, overtopped and severely retarded further brush species
development. The present brush areas are not being rapidly invaded
by tree species, however, and should not close for at least another
one or possibly two decades. While the mosaic of tree clumps and
brush appears ideal for deer habitat, the overall poverty of the
site, which is probably due to its S-SE exposure and shallow soil,

makes for low browse production.



LOWER DESOLATION AREA

PLOT A]

SPECIES FYERAGE COVERAGE %

Spirea Betulifolia
Rosa gymnocarpa
Cerberis aquifolium
Fragaria virginiana
Trientalis latifolia
Ceanothus sanguineus
Prunus emarginata
Apocynum androsaemifol ium
Salix spp.

Pachystima myrsinites
Berberis nervosa
Amelanchier alnifolia
Lonicera ciliosa

Acrtostaphylos uva-ursi

BASAL AREA (square meters/hectare)

July 22, 1972

29
17
13

i
0.2

0.6

for coniferous t{reecs:

FREQUENCY %

100
64
52
72
60
72

24

=)



LOWER DESOLATIOM AREA

P A
LoT 5

July 29, 1972

SPECIES AVZRAGE COVERAGE %

Spirea betulifelia
Rosa gymnocarpa
Trientalis latifolia
Ceanothus sanguineus
Cerberis aguifolium
Epilobium angustifolium
Pachystima myrsinites
Acer circinatum
Berberis nervosa
Salix spp.
Symphoricarpus albus
Amelanchier alnifolia
Fragaria virginiana
Rubus parviflorus
Shepherdia canadensis
Chimophila umbellata

Arctostapylos uva-ursi

BASAL AREA (square meters/hectare)

P 3403

for coniferous trees:
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FREQUENCY %

100
68
40
72

24

60

12

12

undetermined



LOWER DESOLATION AREA
PLOT A
3

SPECIES

Berberis aquifollum
Amelanchier alnifolia
Acar glabrum
Arctostapylos uva-ursi
Posa gymnocarpa
Berberis nervosa
Trientalis latifolia
Rubus parviflorus-
Spirea betulifoliaz
Lonicera cilicsa
Ceanothus sanguineus
Salix spp.

Pachvstima myrsinites
Fragaria spp.

Chimophila umbellata

July 29, 1972

AVERAGE COVERAGE %

12.

12,

3.

—r
.

pa—

FREQUEMCY %

&

BASAL AREA (square meters/hectare) for coniferous trees: 0

B-36



LOWER DESOLATEICHN AREA
PLOT Ah

SPECIES

Fragaria spp.
Fragaria virginiana
Rubus spp.

Spirea betulifolia
Pachystina myrsinites
Rosa gymnocarpa
Amelanchier alnifolia
Acer circinatum
Trientalis latifolia
Berberis navvosa
Ceanothus sanguineus

Salix spp.

Apocynum androsaenifol ium

Berberis agquifolium
Sorbus sitchensis
Lonicera ciliosa

Rubus parviflorus

EpiTobium angustifolium

BASAL AREA (square meters/nectare) for coniferous trees:

August &, 1972

AVERAGE COVERAGE %

(¥a ]

10.

10.

26.

.
[l ]

FREQUENCY %

6L

76
56
48
16
20
60
64
68
24

20

12
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PUMPYKIN MOUMTAIN AREA
2]
PLOT %

SPECIES

Pachystima myrsinites
ferberls nervosa
Spirea betulifolia
Trientalis latifolla
Chime phila umbellat:
flosa gymnocarpa
Amelanchier alnifolia
Acer circinatum
Lonicera ciliosa
«ubus spp.

L innaea borealls

August 23, 1973

AVERAGE COVERAGE %

BASAL AREA {square mcters/nectare} Tov c¢oniferous trees:

Ledgepole pine

Dougias-fir

FREQUINCY 2
iy
80

€0

20

36

i2



PUMPKIN MOUNTAIN AREA

PLOT 82

SPECIES

Fragaria virginiana
Achiliea millefolium
Rosa gymnocarpa
Pachystima myrsinites
Allium spp.

Spirea betulifolia
Prunus emarginata
Philadelphus lewisii

Salix spp.

August 25, 1972

AVERAGE COVERAGE %

12.7
7.0
0.1
0.1

0.1

0.6
0.6

0.1

FREQUENCY %

83-3
58.3

L . - -~ — R ~

BASAL AREA (sguare meters/hectare) for coniferous trees:

Douglas--Tir

3-39
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PUMPKIN MOUNTATH AREA

PLOT B3 August 30, 1972

SPECIES AVERAGE COVERAGE 2 FREQUENCY %
Berberis aquifolium 3.75 12.5
Fragaria virginiana 0.52 20.8
Achillea millefolium 8.75 50
Spirea betulifolia 0.31 12.5
Allium spp. 0.21 8.3
Philadelphus lewisii 1.56 L

BASAL AREA (square meters/hcectare fo- coniferous “reps:

Dougtltas-Ffir 0.16



PUMPKIN MOUNTAIN AREA

PLOT B‘,4

SPECIHES

Achillea miltefolium
Spirea betulifolia
Berberis aquifol jum
Rosa gymnocarpa
Lonicera ciliosa
Trientalis latifoiia
Ceanothus sanguineus

Pachystima myrsinites

Apccynum androsaemifolium

Berberis narvosa
Fragaria virginiana

Mianthemum unifolium

August 30, 1972

AVERAGE COVERAGE %

N
[oa T < « B

10.8

0.1

BASAL AREA {square meters/hectare} for coniferous treoas:

FREQUENCY %

32
52
ho
16

52
2h

36
L8
64

B-41
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PUMPKIN MOUNTAIN AREA

PLOT B5 August 31, 1972

SPECIES AVERAGE COVERAGE %

Berberis aquifolium 3.5
Spirea betulifolia 4

Apocynum androsaemifo!iun 10

Fragaria virginiana 1.4
Trientalis latifelia 2.1
Rosa gymnocarpa 0.8
Achillea millefolium 0.3
Rubus spp. 1.3
Acer circinatum 0.5
Pachrystima myrsinites 0.7
Corylus cornuta var californica 6.7
Symphoricarpos albus 1.2

BASAL AREA (square meters/hectarc) for coniferous trens:
Douglas~fir

Lodgepoie pina

FREQUENCY %

28
bl
76
16
24

12

12
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PUMPKIN MOUNTAIN AREA

PLOT 86 August 30, 1972
SPECIES AVERAGE COVERAGE % FREQUENCY %
Acer circinatum 7.5 32
Apocynum androsaemifol ium 1.8 16
Berberis nervosa 16.9 6h
Rosa gymnocarpa 6.8 Ly
Spirea betulifolia 2.1 I
Linnaea borealis 12.4 72
Trientalis latifolia 2.8 52
Rubus spp, i.1 24
Pachystima myrsinites 0.2 8
Gaultheria spp. 0.7 8
Amelanchier alnifolia 0.1 iy

BASAL AREA (square meters/hectare} for coniferous trees:

Lodgenole pine 31,54



PUMPKIN MOUMTAIN AREA

P
LoT 57

Sei tember 1, 1972

SPECIES AVERAGE COVIRAGE %

Berberis nervosa

Acer glabrum

Acer circinatum

Trientalis latifolia

Corylus cornuta var. californice
Symphoricarpus albus

Pachystima myrsinites

Rubus spp.

Apocynum androsaemiTolium

Rubus parvifliorus

SASAL AREA {square meters/hectara) for

coniferous trces:

Douglas-Tir

FREQUENCY %

100

24
60

B~k



PUMPKIN MOUNTAIN AREA
PLOT BB

SPECIES

Berberis nervosa
Vaccinium spp.

Rosa gymnocarpa
Pachystima myrsinites
Acer glabrum

Linnaea borealis
Fragaria cirginiana

Trientslis latifolia

September 1, 1972

AVERAGE COVERAGE %

33.9

BASAL AREA (square meters/hectarcz) for coniferous frrees:

Douglas~fir

FREQUENCY %

96
12

16

= e

llestern Rad Cedar 1.80

Vestern Hemlock
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PUMPKIN MOUNTAIN AREA
PLOT B

12

SPECIES

Berberis nervosa
Trientalis latifolia
Rosa gymnocarpa

Rubus parviflorus
Amelanchier alnifolia
Shepherdia canadensis
Acer circinatum

Rubus pedatus
Chimaphila umbellata

Betula papyrifera

BASAL AREA (square meters/hectare} for coniferous trees:

July 30, 1972

AVERAGE COVERAGE %

Douglas~Fir

FREQUENCY %

56

20

16

12

I~

20.472
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S{1LVER CREEK DELTA
PLOT D]

SPECIES

Pachystima myrsinites
Salix spp.

Prunus emarginata
Berberis nervosa
Spirea betulifolia
Rosa gymnocarpa

Acer circinatum

Rubus parviflorus
Amelanchier atnifolia
Trillium spp.

Ribes spp.

BASAL AREA (square meters/hectare} for coniferous trees:

July 31, August 18, 137Z

AVERAGE COVERAGE %

4.4

\%a |

Oli

Pouglas-fir

Yestern Rad Cedar

FREQUENCY %

[h]
.

o

A

(o]
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SILVER CREEK DELTA
PLOT D2 July 31, 1972
SPECIES AVERAGE COVERAGE % FREQUEMCY %
Pachystima mvrsinites 7.7 36
Prunus emarginata 4.3 20
Rosa gymnocarpa 2.7 12
Arctostaphylos uva-ursi 9.3 12
Ceanothus velutinus 4.9 8
Rubus pedatus 0.6 4
Amelanchier alnifolia 0.6 4
BASAL AREA (square meters/hectare) for coniferous frzes: undaterminad



SILVER CREEK DELTA

P D
LoT 3

SPECIES AVERAGE COVERAGE %

Pachystima myrsinitas
Acer circinatum 73
Acer glabrum

Lonicera ciliosa
Trientalis latifolia
Arctostaphylos uva-ursi
Ceanothus sanguineus
Chimophila umbellata
Sorbus sitchensis

Vaccinium parvifolium

BASAL AREA (square meters/hectare) for

July 31, 1972

145.2

coniferous trees;
Douglas-fir

Western Red Cedar

FREQUENCY %

52
16
12

20

5.10

0.37
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SILVER CREEK DELTA

PLOT Dq August 6, 1972
SPECIES AVERAGE COVERAGE % FREQUENCY %
Berberis nervosa 3.9 Lo
Ceanothus sanguineus £.5 12
Vaccinium parvifolium 1.2 4]
Pachystima myrsinites 2042 60
Arctostaphylos uva-urzi b} 12
Acer circinatum 5.9 8
Spirea betulifoiia 1.5 4
Linnea borealis 0.6 4
Prunus emarginata 1.5 h

BASAL AREA (square meters/hectare) for coniferous trees:

—
1]
LRy |

Douglas-fir



SILVER CREEK DELTA
PLOT
LO D5

SPECIES

Berberis nervosa
Spirea betulifolia
Lonicera ciliosa
Salix spp.

Ceanothus sanguineus
Rosa gymnocarpa

Rubus parviflorus
Pachystima myrsinites
Amelanchier alnifolia
Arctostaphylos uva~ursi
Vaccinium parvifolium
Linnae borealis
Saultheria ecvatifctia

Alnus rubra

August £, 1972

AVERAGE COVERAGE %

0.2

DASAL AREA (snuare meters/hectars) for conifersus v zos:

bouglas=Fir
Western Rad fedar

Viastern Hemlock

FREQUENCY %

20

B-51



LIGHTNING CREEK AREA

PLOT EI

SPECIES

AVERAGE COVERAGE %

8-52

September 4, 1972

FREQUENCY %

Mmelanchier alnifolia 5.7 16
Al lkum spp., 1 20
Fragaria virginiana 3.5 24
Berberis aquifolium 0.7 8
Achillea miltefolium 4.5 Ly
Rosa nutkana 2.1 4
salsamorbiza spp. 0.7 g
Leanothus velutinous 2,5 4
Czanothus sanguineus 1.5 A
FASAL AREA (square meters/hectare) for CCHiTerous trees: 0
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LIGHTNING CREEK AREA

PLOT E2 September 5, 1972

SPECIES AVERAGE COVERAGE % FREQUENCY %
Pachystima myrsinites 0.2 8
Spirea betulifolia 6.2 76
Trientalis latifolia 5.7 68
Berberis aquifolia 6.9 4l
Ceanothus sanguineus 0.9 16

Rosa gymnocarpa 3.4 20
Amelanchier alnifolia 0.1 4

BASAL AREA {square meters/hectarce’ for ~nniferous trees:

Lodgepoie nine 36.17

Ponderosa pine 1.07
Douglas-fir D.E3
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LIGHTNING CREEK AREA

PLOT E3 September 5, 1972
SPECIES AVERAGE COVERAGE % FREQUENCY ¥
Ametanchier alnifolia i2.8 32
Ceanothus sanguineus 15,8 40
Rosa nutkana 2.1 8
Spirea betulifolia 2.3 32
Fragaria virginiana 2.9 20
Fragaria spp. 0.2 8
Berberis aquifolium 2.7 12
Prunus emarginata 6.1 16
Achillea millefolium 1.3 i2
Allfum: sPp. 0.6 4
Rosa gymnocarpa 5.2 16
Philadelphus lewisij 1.2 8
Balsamorhiza spp. 0.6 1
Holodiscus discolor 0.6 4
Apecyinum androsaemifol jum 0.6 4
Lonicera ciliosa 0.1 4
Trientalis latifolia 7.2 49

BASAL AREA (square meters/hectars for conifercus trees:

Ponderosa pina 1.584



LIGHTNING CREEK AREA

PLOT E,

SPECIES

Amelanchier alnifolia
Holodiscus discolor
Trientalis latifolia
Rosa gymnocarpa
Spirea betulifolia
Ceanothus sanguineus
Pachystima myrsinites
Rerberis aguifolia
Fragaria virginiana
Symphoricarpus albus
Prunus emarginata
Lonicera ciliosa

Salix spp.

BASAL AREA (squar2 meters/hectare) for coniferous trees:

September 6, 1972

AVERAGE COVERAGE %

28.1

17

18.7

20.2

FREQUENCY %

64
36
48
64
36
60

12
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SKYMO CREEK BRUSHFIELD
PLOT F

SPECIES

Ceanothus sanguineus
Rosa gymnocarpa
Berberis aquifolium
Spirea betulifolia
Berberis narvosa
Amelanchier alnifolia
Trientalis latifolia
Prunus emarginata
Rubus pedatus

Corylus cornuta
Epilobium anqustifolium
Chimaphila umbellata
Acer circinatum
Pachystima ‘myrsinftds
Fragaria virginiana
Acer glabrum
Syaphoricarpos aibus

Salix spp.

September 7, 1972

AVERAGE COVERAGE %

21.7

19.4

22.5

(%]
wvi

BATAL AREA {square meters/hectare) fTor coniferous trees:

Douglas-fir

rodgepole »in

()
154

FREQUENCY %

68
48
86
92
56
20
il

12

Bl R

0.36

0,0k
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SKYMO CREEK BRUSHFIELD

PLOT F2 September 7, 1972

SPECIES AYERAGE COVERAGE % FREQUENCY %
Apocynum androsaemifolium 7.8 60
Spirea betulifolia 6.9 60
Amelanchier alnifolia 4.1 12
Berberis aquifolium 1.9 16
Trientalis latifolia 0.6 4
Holodiscus discolor 5 4
Ceanothus sanguineus 0.6 i

Salix spp. 8.3 12

BASAL AREA (square meters/hactare) for coniferous trees:

Douglas-fir 1.42



SKYMO CREEK BRUSHFIELD
PLOT F
3

SPECIES

Acer circinatum
Trientalis latifolia
Rosa gymnocarpa
Ceanothus sanguineus
Salix spp.

Berberis nervosa
Spirea betulifolia
Acer glabrum
Berberis aquifolium

Symphoricarpos albus

Corylus cornuta var. californica

Fragaria virginiana
Rubus spp.

Shepherdia canadensis
Pachystima myrsinites
Holodiscus discolor

Amelanchier alnifolia

BASAL AREA (scuare metcrs/hectare) for coniferous trees:

July 16, 1972

AVERAGE COVERAGE %

6.7
3.3
10.6
18.3
5.1
19.2

2.7
2.5
2.7
0.7
0.6
1.7
0.1}

0.1

2.8

FREQUENCY %

20
76
60
48
16
60
64
12
2

12



SKYMO CREEK BRUSHFIELL

PLOT Fﬁ

SPECHES

Ceanothus sanguineus
Apocynum androsaemifolium
Splrea betulifolia
Trientalis latifoliz
Berberis aquifol ium

Rosa gymnocarpa
Amelanchier alnifoiis
Satix spp.

Achillea millefoliunm

SASAL AREA (square meters/hectare) for coniferous trees:

July t7, 1972

AVERAGE COVERAGE %

8.3
3.9
9.4
2.6
3.8
2.9
5.6
0.6

1.2

Douglas-fir

Lodgepole gine

FREQUENCY %

28
64
68
28
20
20

1,02



1

ERCUTH BYNALICS

LOWER DESOLATION AREA (AREA A)

Prunus emarginata

Helght No. of rings
at base 25
i meter 22
2 m, 12
3 m. 17
Lo, 1
5 m. h
Leader U.25 meters

Previous ycar's growth! 0.18 meters

Salix spn.

Height o, of rings
at base 21
I meter i
2 m. 16
3 m. 12
b om, 5
Leader 25 meter
Frevious vear's growth .10 meters

last vear's leader length,

3-60
Acoer circinatum
Helght o, of rings
at base 22
1 m. 17
2 m. 14
lLeader L025meters.
Previous year's growth L25meters
Ceanothus sanguinzas
Heiaht Me. of rinas
at base 3
I m. 9
2 m. 3
3 . 7
Leader LUdimeters
Previous year's growth Vaintey s



DRILR LESCLATIXT AREA (AREA A)

fmztanchier alrifolia

Height

at base T
I meter 12
Z n. 9
Leader

Previous year's graowth

Shepherdia canadensis

Hoight ilo. of rings
at base 26
I meter 22
2 m. 20
3 om. 14
b m. 8
fcader 27 met
Pravious year's growii .38 met

Mo, of rings

02 meters

p7meters

B-61

Corylus cornuta var, californics

Height Mo. of rings
at base 13

1 nieter 11

Z m. P

2 m. m

L eader .20 meters

Previous vear's growth .20 meters
PUMPKI HOUNT&!N ERE&
AREA 8, PLOT B

Psiedotsugn menziesii (Douglas-fir)

Height o, of rinos
#t basc ot
1 meter 25
2 m. 21
ers 3 m. 17
eYS 4 m. 15
5 m. 13
6 om. H
7 m, i
Sm 7
9 m, &
10 m, L
11 m. 2
Leader Bbhaimeters



PUIRLEE HOUHTALG 84
AREA B, PLOT B

“Tn.s eontorvta (Lodgepole Pine)

Height

at base
1.5 meters
2 m.

3 m.
b om.

10 m.
1T m.
12 r.
12 m.
14 m.

feader

o, of rings

1)

34

22
20

17

f
h

4

AREA B PLOT 7

B=-62

Prunus emarginata {outside plot)

Height
at base

1 meter

Salix sop. (outside plot)

Height
at base

1 meter

[£]
3

Leader

Ho. of rings
22

Iy
=4

A1 meters



PUHPKIH MOUHTATN ARRA
AREA D, PLOT By

foar cirainanum
leight
at base

1 meter

Leader

AREA B, FLOT B,y
Douglas-fir
Height

at basc

1 meter

2 m.

4 m.

b m,

Leader

Previous ycar's growth

Ho.

33

MNa.

12

[

L

of rings

.07 meters

of rings

78 m,

.71 metars

Ceanothus sanguineus

Height Ho.
at base 1
.5 meters T4
1 m. 9
1.50 6
2 m. 6
3 m. 4
Leader

Acer glabrum

Height Ho.
at base |
1 meter 39
2 m. at
3 m. 23
I m, 15
5 m, 1z
6 m, 10
7 m. 5
7.5,

of rings

. }3meters

of rings



PUAPIE MOUWITALY AREA

FLOT Ry
Sa.ix spp.

Height
at basc
b meter
2 m.

3 m.

L ow.

Wi
3

& m.

Prunus emarainata
Helight

at base

1 meter

2 m.

3 m.

4 m.

ifolodiscus discoior

Helght
at base

.5 meters

Ho. of rings

1¢
16
12
12

1}

firg)

o,
39
32
28
24

19

14

i0

L2 ¥

of rings

. of rings

Salix spp
Helght -~
at base

I meter

2 .

Leader

Plot B3

H. discoler
Height

at base

.5 meters

1 m.

Mo.
14
17
11

10

of rings

M.

. of rings

.00 mecers



PUMPKIN MOUITAIN AREA Bt
AREA B, PLOT By
Amelanchier alnifolia Salix spp.
Helght “o. of rings Heiqht Hlo. of rings
at basc 22 at base H!
.5 m. 20 ¢ .5 meters 10
I m. 18 1.0 m. 9
1.5 m. th 1.5 m. 9
2 m. 12 2.0 m. 9
2.5 m. 8 2.5 m. 8
3 m. 4 3.0m. 5
Leader .05 meters 3.5 m. L
Previdus year's growth  .06%meters: &k o m. 3
Leader .29 meters

Amelanchief alnifolia

Height Mo. of rings
at base 10
.5 meters 15
1.0 m, 12
1.5 m, N
2.0 m. 10
2.5 m. 7
3.0 m. ]



PUIPE] MOUNITATL ARZA

AREN 8, PLOT By
Ladgepeie Pins
Height

at base

bl
3

~ Lo
3

19 m.
11 ;.

Leader

Previcus vyzar's growth

*®

ol Gl 6N AN = On R BN AE 0 @ SE A A S 8 e e o
[eie]
2

Mo.

A
G

Dougias-fir

Hoight Mo,
at base 50
1 m. 22
2 m. 20
3 m. 18
i m. 16
5 m, 13
¢ m. 17
7 m. 9
8 m, 3
9 m, 6
10 m. 5
1t m. 3
Leader

Previous ycar's growth

Height e}
at bhasc 15
5 meter 17
', 0
1.5 m. &
2 m. 2
Leader

oo
LU matars

.51 meters



PUMPICIN NGUHTATR ARIA

AREA §, PLOT By

at basc
1 meter
2 m,
3 .
b .

Lecader

Amoienchier alnifolia
Height
at basc

W5 omotors

Previous gear's arcwih

Ha,
27
s
17
14

=
i

of rings

N5 meters

of rings

Fad
L0 noters

.27 meters

Prunus emarginata
Height

at base

1 meter

2 m.

Al

m.

& om.

AREA ©, PLOT By

Dougias~-fir
Height

at basc

1 meter

2 m.

3 m.

L om,

5 m.

£ om,

Lcader

Previous yoar's nrowth

Ha.,
0

-
34

33

o,

{}"6 j,

of rings

of rircs

E5 metors

L ometars



PUMPRET MOUNTAEYN AREA
RREA B, PLOT By
Lodgepole Pine

Height

at base

1 meter

9 m.
10 m.
It m.
Leador

Previocus vear's growih

Ho.of rings

63

.23 meters

.25 meters

B=60
AREA B, PLOT Py
lLodgepolc Pine
Helght Ho. ef rings
at basc 42
! meter 35
2 m, 36
3 m. 22
4 m, 25
5 m. 25
6 m. 23
7 m. 20
8 m. 18
9 m. 16
iC m. 1
1 om, L
12 m. ]
13 m. 5
hom. -5
{.eader 2 matins
Previous yeai's growth A metors



PUMPRENY MOUMTATH AREA

AREA B, PLOT 8¢

Douglas-fir
Hleight
at base

| meter

Leader

Previous year's growth

Acer clvcinatum
Height
at base

1 meter

O om, .

Leader

.28 meters

L28 nmatars

Ho. of rings

.31 meters

Satix spp.
Height
at base

I meter

[l
3

<2
3

(4]
o
—
s
=
4
3
]

Helght

1 meter

Jd.eadsi

Hoo

30

D
L

26

——
[

13

10

to.

B-6(9

of rings

of ¥ings

EG moters



PUMPKII! OUNTALLD RREA

AREA B, PLCT B?
Douglas~fir
Height

at base

] meter

(%]
3

& m.

b im.

Leader

Previcus year's growth

Mo. of rings
23
17
i3
I

10

(o= BN ]

[waY

P2

.91 maters

.94 meters

Hetula papyrifera
Helght

at base

1 meter

2 om,

1t

m.

4 om,

(¥
3

6 m.

B-70

Ho. of rings



PUPKL BOUNTAIN AREA
AREA G, PLOT 37
Prunus cmargih ata
Height

at base

1 meter

2 m.

9 m,
12 in.
Leader

Pirrevious year's growth

Ho.
46
40
36
30
27
21
17
13

10

A5

cf rings

.33 meters

17 neters

AREA B, PLOT BB
Vlastarn Yemloclk
Heignt

1 meter

2 m.

Douglas~fir
iteight
at base

moter

2 m.
3 m.
b m.
5 m,
2T
7 m.
iLeader

Previcus year's corowth

Ho.
25
A
13
15

13

of fings

.62 maeters

.55 meters



PUMPIIN ROUNTATN AR

AREA B
PLOT 58
Wastern Rad Ccdar

Height

-bmeters

]
1.

2.5m.

SILVER CREEK DELTA
AREA D

LOT T,
H

Popuiuz trichosuipa

L)

Salix spi.

Height
at base
Imetar
2.
m.
I

i
Tidll o

Em.

No.

Prinds enarainata

Height

at ba

Ls

=

No.

previots year's groweh

Ceanctnus

7
=
W

t

. . I
VTR INUS

Mo

0 D

N

-5

e

cf rincs

—

-
;

13

|18

et | O

g

iy

rirgs



B-73
STLVER CREEK DELTA
AREA D
PLOT D]
Acer circinctun Yestern Red fedar
Height Mo, of rings Height Mo, of rings
at base 14 at base 16
T meter 10 .5 neters 12
2m. 8 im. 10
3m. 5 1.5m. 5
leader 6 2m. 4
previous year's growth .G3 2.5m. 3
teader L 3E
Wastern Hemlcck
BDouglas~fir
Helght Ha. of rings
Hiright Ho. of rings
at base 14
at basc 12
.Smcters 9
! meter S
1. )
Zm. 7
.G iy
3m. &
am, 3
b, L
2.5m 2
sm. 3
feader 62
Em. 2
previcus yvear's growth L0l
leader .an



SILYER CREEK DELTA
AREA D

PLOTS D, and D. AREA

3

Betula papyrifoera

Height
&t base
I meter
2 m.
3 m.

4 m.
5 m.
leader

rrevious year's girawth

Cougltas-fir

! moter

Zili.

3m.
izader

previous year's araowth

I STON

1T

.38

of r

—
=)

[V}
1%]

L¥]

[¥a)

foch

Ceanotivs saojulineus

Mo,

Ceanothus velutinous

Height Ho.

Fhiladelphus Tewisii

tinight Ho,

rt+

at kase

ba
W
=3
8+
!
[}
i
ot

o

~~d

v

b

LU

[

74

rings

rings
Fings
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LIGHTNING CREEK AREA LIGHTNING CREEK
AREA E AREA E
PLOT E] PLOT E2
Prunus emarginata Lodgepole Pine
Height No. of rings Height No. of rings
at base 18 at base 35
0.5meters 14 1 meter 28
I m. 12 2 m 25
1.5m 8 3m 21

b'm 17
Salix spp 5m 13
Height No. of rings 6 m i0
at base 13 7 m 7
0.5 meters 11 & m 5
I m 1 9 m b
1.5m 10 10m 2
2 m. 8 leader .58
2.5m 6 previous year's growth i6h



LIGHTIING CREEK AREA

AREA E

Plot E2

Amelanchier alnifolla

Height Ho. of Rings

at base 23

1 meter 20

2 m., 17

3 m, 15

4. 14

5 n. 10

G om. 6

Provicus year's growth 132 nobGFS
Leader

.00 meters

Haight

at base
1 meter
2N,

3

44

5

oM

7i

tdader

|

Salix spn.

B~76

flo. of Rings
35
34
31
26
23
15
11

. 1/meters



LIGHTNING CREEK AREA
AREA E

PLOT E2
Douglas-fir
Height

at base

1 meter

2m

3m

bm

5m

6m

leader

previous year's growth

Prunus emarginata
Height

at base

1 meter

2m

3m

4m

Sm

6m

7m

leader

No. of rings

No.

33
19
12

of rings

24
21
16
4

10

43
.37

.32

LIGHTNING CREEK AREA
AREA E

PLDT‘E3

Ponderosa Pine
Height

at base

1 meter

2m

3m

bm

Em

6m

Leader

Previous year's growth

Salix spp.
Height

at base

1 meter

2m

3m

by

Leader

previous vear's growth

No. of rings

31
18
14

11

No. of
22
18
i5

12

47
.37

rings

.19



LIGHTNING CREEK AREA
AREA E
PLOT E
3

Prunus emarginata
Height

at bhase root

at base stem

ey

1.5m

LIGHTNING CREEK AREA
AREA E

PLOT E&

Prunus emarginata
Height

at base

1 meter

2m

3m

leader

No. of rings

No.

29
25
17
15
13

10

of
18
15
13

rings

.30

Ceancthus sanguineus
Height

at base

.5 meters

1 m

leader

Salix spp.

Height

at base

1 meter

2 m

Im

b om

leader

previous vear's growth
Holodiscus discolor
Height

at base

.5 meters

I m

1.5 m

2m

0278

No. of rings

No.

No.

16
10
presgnt
.23 m(?)
of rings
17
16
14
9
5
.12
A0 m
of rings
7
5
5
4
L



SKYMQ CREEK BRUSAFIELD
AREA F

PLOT F]

Douglas-fir

Height

at base

1 meter

2m

3m

leader of 2 years
previous

leader

previous year's
le ader

to. of rings
13
3

.55
.65

.95

A 9 year, 5 foot tall Douglas-fir

teader

last year's
2 years a0
3 years ajo
4 years igo
5 years ago
Corylus :zornuta
Height

at base

1 meter

Zm

im

.30 meters

to.of rings

12

11

Salix spp.
Height
at base
! meter
2 Mol
3 m.
4 m,
5 m.
6 m.

Acer glabrum
Height

at hase

1 meter

2 m.

3 m.

Acer circinatum
Leader

Previous year's growth

879"

No. of rings
25
23
17
15
12

10

No. of rings
25
21
17
I

. 06m

LO7m.



SKYMO CREEK BRUSHFIELD
AREA F

PLOT F‘

Prunus emarginata

Height No.

at base
! meter
2 m.

3 m.

4 m.
leader

previous vear's growth

Ceanothus sanguineus

Height No.

at base
.5 meters
1 m.

1.5 m.

2 m.

of rings

21
18
14

wo

of
16
14

10

L%

.06 m

Alm

rings

B<30"



SKYMO CREEK BRUSHFIELD
AREA F

PLOT F,

Douglas-fir
Heilght
at base

.82 meters

.64 m
2.46 m
3.28 m
10 m
4,92 m

74 m

L0 T ¥ 4

.56 m
7.33 m
8.20 m
9.02 m
9.89 m
Prunus emarginata
Height

at base
.5 meters
Im

1.5 m

2.0 m

2.5 m

3.0m

No. of rings

No.

35
31
27
24
2]
18
16
13
1i

9

3

6

of
24
23
22

20

rings

Lodgepole Pine

Hefaght No.

at base

.82 meters

1.6 m
2.56 m
3.28 m
Lo m
4.92 m

7 om

™ wn

.56 m

~J

.33 m
8.20 m
.02 m
9.85 m
10.66 m

Amelanchier alnifolia

Height No.

at bhase
.5 meters
1.0m

1.5 m
2.0m

2.5 m

Tag

5-81

of
38
36
32
30
27
25
23
19
i5
13
10

'8

of
20
18
17
13
12

rings

rings
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C-1

INTRODUCT ION

The availability and importance of lichens as a forage utilized by
deer (0Odocoileus spp.) has not been extensively studied. Cowan (1945)

examined the forage of Columbian blacktailed deer (Odocoileus hemionus

columbianus) on Vancouver Island, finding that certain arboreal lichens
constituted a major percentage of the winter diet. The extent to which
deer may utilize lichens in other habitat types has not yvet been determined.
However, the availability of arboreal lichens to woodland caribou (Rangifer

tarandus osborni) in the interior range of British Columbia indicates

many parallels to Cowan's (1945) deer study. Caribou, in contrast to deer,
subsisted entirely during the winter months on arboreal 1ichens made
available through windfalls (Edwards, Soos, & Ritcey, 1960).

The composition and avallability of arboreal lichen communities has
likewise received little surveilance. Szczawinski (1953} studied the ar-
boreal composition on a Vancouver Island Douglas-fir stand. The distribution
and range of ground and arboreal lichens native to Washington has been de-
scribed by Howard (1950), and Cook {1956).

Since the availability of arboreal lichen loads to Cervids has only
been treated by Edwards, Soos & Ritcey (1960) on woodland caribou, the ob-
jective of this study is to relate the arboreal and ground lichen community
structure of several forest types at Ross take, Washington, and to determine
their relative abundance and utilization by deer as a forage during winter

months.
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DESCRIPTION OF AREA

Ross Lake (Lat. 48° 8C' N, Long. 121° 10°W) is located in the Morth
Cascades of Yashington, extending from the Canadian border (49th parallel)
twenty-two miles to Ross Dam . The Ross Lake basin is enclosed
on the west by the northern and southern Picket range, the highest peak
being Mount Challenger, 8,236 feet. The eastern edge of the lake is bor-
dered by the Cascade complex, the highest of which are Three Fools Peak, 7
7,960 feet, and Jack Mountain, 8,928 feet. Glacial systems are continuously
feeding the Ress basin,

Major rivers feeding into Ross Lake are the Skagit, Ruby, Big Beaver,
and Lightening Creeks (Figure C1). The smaller tributaries which drain the
immediate peaks adjacent to the lakeshore follow steeper courses before
entering the reservoir. The lake elevation at normal high water level is
1,602.5 feet (Ross Lake Report, 1972).

The climate of the Ross Lake basin is considered to have a maritime
influence with variations occuring locally. Precipitation is greatest during
the winter months with approximately L7 percent falling during the Movember
to January period (Ross Lake Report, 1972). Yearly precipitation varies
from 43.32 inches annually to 69.91 inches Snow accumulation at
the time of the study (March) varied from 2 to 4 feet on the west side of the
lake to C to 2 feet on the east and more southerly facing exposure of the
1ake. ’

The vegetation in the lake drainage has been described as the humid

transition (Merriam, 1898; Piper, 1905), and the Tsuga heterophylla zone

(Franklin & Dyrness, 1969). The eastern border of the lake contains small

pockets of the arid transition zone {Merriam, I1898).



C-3

Conifer forests dnminate the vegetation of the lake basin except in
small patches where deciduous regeneration has resulted from an extensive
fire which occurred in 1926. Here extensive stands of lodgepole pine

(Pinus contorta), peper birch (Betula papyrifera),and alder (Alnus rubra)

exist.

Climax and subclimax forests existlng in the Take besin consist of a
xerophytic rocky bluff habitat, and the mature coniferous forest ranging
from a hydroseric to xeroseric condition (Klein, 1965}. The rocky bluffs
occur throughout the takeshore, consisting primarily of a climax and stable

community of lodgepole pine (Pinus contorta), and scattered individuals of

Douglas-fir (Pseudotsuga menziesii), The major portion of the climax forest

on the western shore of the lake is humid, and represented by the Big and
Little Beaver drainages. Here vegetation consists primarily of western

hemlock (Tsuga heterophylla), western red cedar (Thuja plicata), wester:

white pine (Pinus monticola), and Douglas-fir. The mere expeosed and souther-

ly facing slopes which are found primarily on the east shore of the lake are

mesic, Douglas-fir being the dominant species. Grand fir (Abiec grandis)

and Pacific silver fir (Abies amabilis) also occur in scattered areas.

More xerophytic sites contained Ponderosa pine (Pinusnggnderggi) but was

extremely restricted to very local conditions.

)
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METHODS

Four major vegetational types representative of the lake were chosen
for the study: 1) Rocky outcrop type consisting of a stable lodgepole pine
community, Z) Immature and mature Douglas-fir subclimax forest, 3) Climax
hemlock forest facing a northeast exposure, and 4) a recently burned mixed
hardwood-conifer subclimax forest.

Of the four areas sampled for lichen content, area three did not have
a wintering deer population due to the deep annual snow accumulation along
the entire Big Beaver drainage Areas one, two, and four had
large winter pellet groupings, each area containing a substantial wintering
deer population (Ross Lake Study, 1971).

Within each vegetational type, an average of eight sample trees were
chosen for measuring the total arboreal lichen structure and composition.
The trees sampled were chosen over a spectrum of heights and ages, giving
a broader distribution of total tichen content for the ferest type than
sampling one age class. Each tree was sampled along its entire length for
Tichen content by climbing it. To measure branch lichen loads and distri-
bution, one branch was selected from every fourth node from the base of the
tree to the top of the crown. The distance between these nodes ‘was: re-
corded to obtain a height distribution of the Tichen communities. The
entire lichen load was removed from each branch by thand. The lengths of the
branches, and the number of branches for each four node unit were also
recorded so that an estimate of the entire branch load for the sample tree

could be calculated. To measure the lichen volume on the bole, a sample was
taken at DBH 3.5 feet and 6 feet in order to determine if deer were

browsing on the lower portion of the bole (Tableg).
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The tichen samples were separated in the lab according to species, and
air dried at 70° F, The samples were weighed to a thousandth of a gram
and total yields for each tree were calculated by summing the branch and
bole tichen load.

The tree density of each vegetation type was calculated by the point-
centered quarter method (Cottom & Curtis, 1956). Two transects perpendi-
cular to the lake were made for each vegetational type. Plots were es~
tablished for sampling by using a random numbers table, generating a plot
randomly every fifty feet. The nearest tree in each quarter quadrant was
measured from that point, a total of four distances being recorded. The
sums of these distances are then computed to obtain a density relationship
for the stand. Ages, amnd heights were additionally recorded to obtain a
height frequency distrihution for each stand.

Ground plots one foot square at 50 foot intervals were established
along a transect tine perpendicular to the lakeshore. Plant and lichen com-
position was recorded, the lichens being air dried at 70°F. The cercentages
of lichen composition by weight were determined
Arborezl lichens that had fallen from the crown were especially importart
in these plots, and an estimate of their percentage by weight was also
recorded (Table 4).

Finally, to determine the amount of lichen falling from the crown aver
a unit period of time, wire baskets with a capturing surface area of 1

meter square were erected along three different transects in area two.
There existed a bias in this sampling procedure since each basket had to
be erected in a group of trees in order to suspend it, indicating they

would give values only near tree crowns.



c-6

STUDY AREAS AND HABITAT DESCRIPTION

0f the four vegetational types sampied, area 4 was in a region not
frequented by a winter population of deer {Recss Lake Study, 1972; see Table
ld for reference}. Areas 1, 2, and 4 contained a moderate to dense popula-
tion of wintering deer (Ross Lake Study, 1972), and high concentrations of
pellets were evident in all three study areas. To determine if deer utilize
lichens in their winter diet, it was desirable to quantify the entire

relative abundance of arboreal lichens in the crown, and their availability

on the forest floor.
AREA 1

Area 1, Ruby Arm, had an even aged stand of mixed lodgepule pine

(Pinus contorta) comprising 80 percent of the overstory, and Douglas-fir

(Pseudotsuga menziesii) comprising 20 percent. Lodgepole pine is a coniron

pioneer species over much of the area bordering Ross Lake, favoring xero-
phytic sites. |t becomes a relatively stable climax species on rocky bluffs
and may form nearly pure stands of up to 1200 stems per acre (Ross Lake
Report, 1972). The stand density for Ruby Arm was found to be 647 stems pei
acre. Shrubs and herbs commonly associated with 'odgepoie were Berberis

nervosa, Gaultheria shallon, Pachystima myrsinites, and Arctostaphyllos

uva-ursi. The shrub layer was not extensive where the canopy was closed.
Rock outcroppings and open bluffs within the lodgepcle stand support

a large percentage of ground lichens, Mosses (Eglzyrichum spp.) form up to

60 percent of the vegetation, with lichen concentrations reaching 50 percent

(Table 5}, Common ground lichens found are

Stereocaulon tomentosum, Stereocaulon paschele, Cladoria rangiferina, C.

fimbriata, and C. mitis, all in association with the Polytrichum complex.
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The foliose lichen Umbilicaria hyperborea is common with Cladonia rangi-

ferina on talus and boulder siopes.

Under a closed canopy the understory contains scattered clumps of the

lichens Peltigera membranca, and shrubs such as Berberis and Gaultheria.

The arboreal lichens seemed more abundant where the stand is open
(i.e. on both rock outcroppings and along the lakeshore). At Ruby Arm
there appears to be four species of fruticose lichens of the genus Alectoria

and one species of the genus Usnea . Alectoria sarmentosa

appears on the lower half of the tree crown and bole, favoring an exposed

substratum (Szczawinski, 1953). The remaining three species of Alectoria

are A. jubata, A. oregona, and A. fremontii, all dark green to greyish in
color : Since the latter three species are extremely difficult
to separate in the field, they were Tumped into the category of A. Jjubzta.

The latter group was generally found in the upper half of the crown (Table ).

The major foliose lichens found were Parmelia and Cetraria, and Par~

melia physodes. Under the Parmelia and Cetraria grouping were Tumped the

following indistinguisable’ species: Parmelia perlata, Parmeliz enter-

morpha, Cetraria glauca, and Cetraria stensophylla. The Parmelia and Cetra-

ria complex was found to be in greatest concentration on the lower portion

of the crown and bolo. : Parmelia physodes was primarily confined

to the upper branches and bole of all the trees sampled. A foliosz lichen

restricted to the uppei crown is Cetraria juniperina, which is a distinct

vellow in coior.

AREA 1}

Area Z, Roland Point, had an even aged stand of both immature and mature
Douglas-fir vegetational types. Both stand types represcnt 40-50 percent

of the vegetational types in the Ross Lake basin {Ross Lake Report, 1972).



Both fyéés were sampled for tree density and lichen loads.

The immature stand is characterized by a dominance of Douglas-fir
which followed a major disturbance. The sitz was located at the lakes edge
on a ridge bordeiing the southern tip of the point. Associated trees in the

understory were vine maple {Acer circinatum), willow (Salix, spp.) and

westarn hemlock. Stand volumes may reach as high as 1000 stems per acre
for this vegetational type (Ross Lake Report, 1972) In the study area the
stand was found to be 197 stems ner acre (Table 3).

Common shrubs and herbs assc~iated with the immature Douglas-fir types

are Gaultheria ovafolia, Berberis nervosa, and Rosa gymnocarpa.

The mature stand of Douglas-fir contained in additicn to the immature
understory, grand fir, and in more hydric sites, western red ~=dar. Stapd
density was found to be 173 stems per acre.

On the more mesic site, large Douglas-fir dominates a agenerally more
open stand with open crowns. This stand supported a greater diversity of
shrubs than the immature or hydric climax vegetational types, ond a high

live crown ratios. Shrubs associated with the mesic 2 xc-»phytic sites

are Rosa gymnocarpa, Amelanchier alnifolia, Holodiscus discolor, and Arcic

staphylos uva-ursi.
The understory wa. extremely poor in both areas -7 yround lichens

where there was a substantial overstory. Peltigera membranez cccurred ouiy

sparingly ", On the more open bluffs, a grecter diversity of

Tichens were found. Species occurring were Stereocaulon tomentosum, S.

paschele, Cladonia rangiferina, C. carosa, C. mitis, and Peltigera membrenea.

All were in an association with the moss Polytrichum, and were in similar

proportions as those tound at Ruby Arm.
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The epidendric lichen composition consisted of the same species as
those found in the Ruby Arm locality. There were, however, greater con-

centrations of Alectoria sarmentosa on the peripheral stand bordering the

lake in both the immature and mature stand. Alectoria jubata was found in

the upper portions of the crown as in Area 1. Usnea barbata was identified

in the stand in extremely low concentrations in comparison to that indicated
on Vancouver |sland by Szczawinski (1953). Foliose concentrations were

targer on the hydric sites of the old growth stands.

AREA 111

Area 3, Big Beaver Creek, is representative of a ¢limax forest facing
a north slope, typical of the western exposure of foss Lake. Western
hemlock dominates the overstory, and on more hydric conditions is assoc-
fated with red ccdar,Pecific:silver fir, and grand fir. The stand sampled
contained old growth Douglas-fir in the 400-500 year old age ciass and

western white pine (Pinus monticola) as co-dominant. The stand density

was found to be 233 stems per acre (Table 5 ). The crown cancpy is closed
beyond 50 meters from the takeshore.

The understory consisted primarily of huckleberry (Yaccinium membran-

eum), pippssissiwa (Chimophila umbellata), Gaultheria ovafolium, and

Baerberis nervosa.

The few ground lichens occurring in the understory were Peitige{i

membranea, and Cladonia mitis. The larger percentage of the vegetation

consisted of the mosses Polytrichum and Hylocobium,

Snow accumultation was up to three feet in the stand, and contained g
large amount of branch debris with large lichen loads. A comparison of

these loads will be undertaken in the discussion section.
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The arboreal lichens in the stand were extremely rich and varied.

One new species not found in other localities was Lobraria pulmonaria, a

leafy foliose lichen confined to the lower portion of tree crowns

Alectoria sarmentosa and Alectoria jubata were both very dense in the

lower portion of the crbwny, as well as the tops of snags. The Parmelia
and Cetraria complex was not as abundant as that of Areas 2 and 3. To
exemplify the lichen diversity of this area, one younyg western red cedar

contained moderate loads of Alectoria and Lobraria (in comparison to the

Douglas-fir and hemlock trees sampled in the same locality). The cedar
sampled and those observed at Roland Point had no Tichens, indicating that

this area seemed to favor lichen growth on almost any substrate.
AREA 1V

Area 4, Pumpkin mountain, is located on the western shore of the
lake, north of Big Deaver Creek. It is characterized by young regereration
of hardwoods and conifers in the overstory, 30-40 vears old. The locality
was burned by fire in 1926, and fire subclimax species such as birch

(Betula papyrifera) and Douglas-fir predominate. Rirch and alder (Alnus

rubra) are both dominant in the more hydric sites.

The understory consists primarily of Berberis nervosa, Polystichum

munitum, and western hemlock.

Both ground and arboreal lichens were totally absent In this localicy.
There was some evidence of fungal invasion on Douglas-fir which had

recently died {Polyporus spp.)
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RESULTS

The potential abundance and availability of the ground lichen base as
a resource for deer was measured and compared in each vegetation type. The

total weight 1in kiiocgrams per hectare for each sample area was derived.

The highest lichen concentration of the four vegetational types were
on xerophytic rocky bluffs in areas | and 2. Lichen loads varied from

6800-2300 kilograms per hectare for Cladonia rangiferina, 300-270C kilo-

grams per hectare for Stereccaulon spp., and 900 kilograms per hectare for

Umbilicaria hyperborea. Moss {Polytrichum spp.) constituted up to 50

percent of the ground vegetation by weight.
As tree density increased, the amount of around Tichens as determined
by weight decreased for Areas | and 2. |In dense stands of eithar lodge~

pole or Douglas-fir, Peltigera membranea, Cladonia cariosa, and C. mifis

appeared, and Stereocaulon spp. and Lladonia rangiferina became absent.
Peltigera occurred in concentrations as high as 65 kilograms per hactare.

Berberis nervosa and Gzultheria octopelada were alsc Present in these

plots. There was no evidence of deer browsing on the ground lichen flora
in any of the vegetational types.

The arboreal lichen concentrations on the ground in each vegetational
type were compared to determine if deer in flact forage on them, and, if
they do, what species are preferred. The arboreal tichen icad on the
ground was found to be heaviest in area 3,

Alectoria sarmentosa occurred by weight as high as 143 kilograms per

hectare in the deeper interior of the hemlock stand. Alectoria jubata

was-found to range between 10-35 kilograms per hectare on the [ake edge

{Area 3), and 3 kilograms per hectare in the interior portion of the hemlczi
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stand. Alectoria jubata was found to range between 10-35 kilograms per

hectare on the lakes edge {Area 3), and 3 kilograms per hectare in the
interior portion of the hemlock stand. The available amounts of Alectoria
sarmentosa at Roland Point did not exceed .h403 kilograms per hectare, and
for A. jubata, 10 kilograms per hectare. Alectoria of either species was
not found in any of the sample plots at Ruby Arm,

Concentrations of Parmelia and Cetraria for Roland Point-b (Sample

area~arefers to the mature Douglas-fir type in a xerophytic site, sample
b area refers to the mature stand in the hydric site), and Big Beaver
Creek were approximately equal (Table 1, ), and somewhat reduced
on Ruby Arm and Roland Point-a.

The lichen traps at Roland Point yielded a low percentage of arboreal
iichen loads ‘. in comparison to the yields found in the gyround
plots over the year. The average yield for the stand was .083 kilograms

per hectare of Alectoria sarmentosa, and .0031 kilograms per hectare of

Alectoria jubata over a four week interval. This constituted & very small

fraction of the total yield in comparison to the amount of hranches with
heavy lichen loads which had fallen over the winter. It seems that high
winds would produce massive lichen fallouts from broken branches. This,
however, could not be quantified since the traps were not checked during

an interval that had a major storm.

The total lichen yield for each tree species was estimated from the
selected trees sampled in each forest type« . The spectrum
of trees sampled were chosen at different heights, representing a different

age and height distribution.
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The density {stems per hectare) of the trees for each vegetational
typ: was calculated by the point center coordinate method (Cottam & Curtis
196). A frequency distribution - for heights was compiled,
fo.ming an analysis of the proportion of individual trees in height
classes, P(i), ‘ The weights of the lichen species loads for
each individual tree was plotted against the height distribution of the
stand in each vegetational type. A regression line was fitted for three
species of lichens in each stand using the sum of squares analysis {Sne-
decor, 1970}, oot T From the fitted lines, a weight
distribution of lichens L(h) was calculated for each stand type. The mean
Tichen weights for a tree: in E vegetation type was then determined by
integrating P(h) and L(h), " P(h)L(h)dh. ‘ . The lichen loads
in kilograms per hectare foroeach vegetational type was found by mulii-
plying the number of stems per unit area times the mean lichen weight.

The data arec summarized in Table 3.

Roland Point (Area 2} contained the largest lichen loads per
individual tree for the foliose lichen group Parmelia and Cetraria.
However, Ruby Arm yielded the largest load for the group in terms of
kilograms per hectare. Generally Parmelia and Cetraria were substantiaity

equal in abundance on trees in Areas 1 and 2, but reduced in abundance

in Area 3, Big Beaver Creek. The weight distribution of Lobraria pui-

monaria, a large lettuce-like foliose lichen which seems to displace

Parmelia and Cetraria in wetter sites on old growth stands (Big Beaver

Creek) approaches 300 kilograms per hectare.

Alectoria sarmentosa was found to be most abundant in Area 3. Big

Beaver Creek yielded 314 kilograms per hectare of A. sarmentosa, whercas

Ruby Arm and Roland Point (exposed bluff) contained oniy 18 kilograms per
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hectare in the crown, a very low proportion (Table 3). This was in
agreement with the general observation that the 5: sarmentosa yields

were greatest in more open crowns, a possible function of light intensity.
The weight distribution of A. jubata was in the same proportion as A
sarmentosa, being most abundant in Area 3, and least abundant in Area 2
(Roland Point b) in the denser part of the stand. The total epiphytic
load in the crown in terms of kilograms per hectare were highest at Ruby
Arm, yielding 2,279 kilograms on a per hectare basis.

In order to determine 1f deer feed upon licihens, and the potential
availability of these lichen loads on trees to deer, a measure of vertical
distribution of lichen communities is necessitated. Lichen loads for both
the bole and crown were calculated for each 10 foot section of the sample
trees in all the vegetation types.

The abundance of lichen on the bark of trees was sampled at the 3.5
foot and the 7 foot level from the ground. Differences in the lichen
densities at these points occurred for Areas 1 and 2 but not Tor 3. At
the 3.5 foot level in Areas | and 2 (Table 2}, there were low concen-

trations of Alectoria sarmentosa, A. jubata, and Usnea barbata. Parmelia

and Cetraria, however, remained relatively constant for weights measured
at 3.5 and 7 feet with the exception of tree number threze measured at
Roland Point. This indicated a possible preference by deer for Alecteris
and Usnea since at the seven foot section, A. sarmentosa, A. jubata, and
U. barbata were in greater concentrations. ‘: -+ 7. An index of the
ratio of the seven foot section divided by the 3.5 foot section (Tabie 2)
indicated that Alectoria yielded an index as high as 230 in Area 2 (Areas
1 and 2 were both relatively high) and Area 3 yielded a very low index

of .743.



DISCUSSION

ECOLOGY GF LICHENS

Several relationships may be formulated from the previously mentioned
data on lichan distribution and shundance. in the unpublished thesis on
corticulous lichens cn Vancouver Island, Szczawinski (1953) concluded
that in a Douglas-fir forest, Alectoria spp. and Usnea spp. were generally
most abundant in open, drier sites, where A. fremontii was especially
confined to the xeric habitat. In the more dense forest types, Alectoria
was generally confined to the tops of the dominant overstory, Edwards,

Scos and Ritcey (1960) found that Alectoria sarmentosa was dominant in

the lower third of the crowns, favoring the open branches in dense forest,
A. Jjubata occurred primarily in the upper crown, higher than most cther
lichen species.

In the Recss Lake basin, the areas sampled indicate that A. sarmoniosa
also ocecurs in exposed areas as suggested by their heavier density ob-
served adjacent to the lake, A. sarmentosa occurred in great-
est concentrations on the most exposed portion of the bole, the side facing
the most light during the major portion of the suns arc¢. In contrast,
the denser stands of trees (Roland Point-b, Ruby Arm) contained A. sarmen-
tosa only on the larger dominant trees and snags on the upper crown leveis,
In Big Beaver Creek the lichen loads on trees adjacent to the lake shore
were comparable to that of the mesic site of Dougias-fir on Rofand Pcint.

The frequency of Alectoria in exposed places in the Ross Lake area is in

general agreement with Szczawinski (1953) hypothesis that Alectoria sar-

mentosa occurs in more exposed localities, but is in conflict with Edwards,

Scos, and Ritcey (1960} conclusion that Alectoria favors sheltered

localities.
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The darker Alectoria group (A. jubata) was found to frequent the

upper third of the crown, (Fi uras

A
4

32=3" again in all three areas seeming
to favor exposure to light. Another factor may be that it is only able

to survive where it has less competition from other tichen species. The
exception to this occurred in Area 3, Big Beaver Valley where it was found
primarily on the tower third of the crown with A. sarmentosa.

The Parmelia and Cetraria group was fairly constant in abundance

under varying conditions of light intensity in each vegetation type.
Comparable lichen loads occurred on both exposed and sheltered sites.

Lren There was a substantial deviation in density in Area 3 which

had a high concentration of Lobraria pulmonaria. There seemed to be

evidence of competition between the Parmelia and Cetraria group and Lo~
braria tn that the latter grew faster, as one young cedar sampled contained

heavy loads of Lobraria, but little of Parmelia and Cetraria.

The parameters which seem to affect the abundance of lichens are
stand density, exposure, moisture, temperature, age of the stand, and the
availability of a spore source. The lichen loads in the first three
vegetational types exemplified this variability. In dense stands of
lodgepole pine (1600 stems per hectare) which have open crowns, a large
epidendric lichen Toad occurred. Areas 2 and 3 supported comparable loads
with lesser stocking densities (Big Beaver-576 stems per hectare; Roiunz
Point-197 stems per hectare). Where the stand has a closed crown, only

the Alectoria and Usnea group seems to be reduced .

The amount of exposure to a sufficient light source seemed o influence

Alectoria sarmentosa, A. jubata, and Cettaria juniperina. In contrast,

Parmelia and Cetraria were abundant in all sites, even the lower portions

of the bole in the deeper forest stands where little available light

filtered through to the ground.
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The effects of humidity and temperature on lichenswere exemplified
in differences found in the Roland Point and Big Beaver areas. Trees
aged (hemlock and Douglas-fir) on the lakeshore for hoth areas were com-
parably equal, yet contained greater lichen loads of both foliose and
fruticose species. Alectoria (kilograms per hectare) in the crown was
found to 1.5 times the highest Alectoria loads of Areas ] and 2. The

abundance of foliose lichens such as Clasonia, Lobraria, Parmelia and

Cetraria occurred in the crown.

The growth rete of lichens directly influences its abundance in a
habitat. Growth of the algal-fungal thallus is accelerated under optimal
conditions of sufficient humidity, temperature, and iight conditions to
survive {Pegau, 1968). Pegau (1968) found that the growth rate of both
fruticose and foliose lichens in southeastern Alaska was far greater then
similar species found in the interior of Alaska. The interior experiencas
greater temperature extremes and less available moisture than the humid
coast, indicating slower growth rates would be expected. Growth rates
for Alectoria in the coastal islands reached up to 13 cm per year
(Pegau, 1968) .

The Ross Lake area lichen growth rates also seemed to be rapid. The

abundance of Alectoria in the understory where favorable conditions occurred

was high. The mesicSites of Area 2 and 3,where exposed,icontained lary: i€ |

lichen loads on very voung understory. Many trees which were under 40
years old contained huge colonies of A. sarmentosa, and A. jubata. In the
deeper stand farther away from the lake where there were few lichens

in the overstory, the understory was void of any Alectoria. This indicates
that where colonies are able to start, the growth rates are comparatively
high. The ability to colonize seems to be dependent upon the availability

of parental fragments of the thallus which can start new colonies when
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they fall from the overstory into a new substratum. This again was
evident at Ross Lake where larce lichen loads were found in the younger
understory where conditions for growth were optimal and availability from
the overstory was high.

In contrast, Area 4, Pumpkin Mountain, was also of the 40 year age
class but did not contain any lichens in the stand. This was partly the
result of poor availability of spores, and a lack of availability due to
rapid growth from fragmentation. Again the abundance of lichens seems to
be a function of availability of spores, fragmentation, exposure, humidity,

temperature and density.

THE AVAILABILYTY TO AND USE BY DEER OF ALECTORIA AND USMEA

The potential use of ground and arboreal lichens by deer as winter
forage has received little attention. However, deer during winter have
been observed utilizing lichens in their diet where abailability of other
forbs is extremely low. A quantitative study on the use of ground lichens
by deer is described by Cowan's research {(1945) on Vancouver Island, Britis
Columbia. Cladonia spp. was identified in the stomach content analysis on
blacktailed deer to occur as a small percentage by volume {(.6%) of otior
forbs. The poor utilization of Cladonia by deer in this area may be
attributed to either poor avallability and abundance of ground lichens
on the forest floor, or their unpalatability.

The consumption of ground lichens by deer in the Ross Lake arca could
not be determined without stomach analysis. However, potential ground
lichen loads were high along rocky outcroppings where heavy concentrations
of wintering deer occurred, There were no observations made of deer

eating any lichens in this locality.
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The observation of deer eating arboreal lichens has been described
by Cowan (1945}. He found that blacktailed deer wintering on a Douglas-
fir stand in southeastern Vancouver island consumed a large percentage of
fruticose arboreal lichens in their diet. In his analysis of stomach

contents of deer, Usnea barbata (also found in the Ross Lake are) compris-

ed about 36 percent of the forage eaten through the months of January to
March. In the fall Usnea was found to be only 4 percent of the forage
consumed by deer. Douglas<fir comprised the other major percentages of
the diet (46%) (Cowan, 1945). He concluded that blacktailed deer actively

sought Usnea: ''The second largest single food source is the arboreal

lichens. The high consumption of these lichens (by deer) is apparently
characteristic wherever they are available" (Cowan, 1945: page 128).
Edwards, Soos, and Ritcey (1960} found that woodland caribou actively

sought Alectoria sarmentosa and A. jubata. Older growth stands of Doualas-

fir and spruce vielded a large enough amount of windfail with heavy lichen
loads to support a wintering population of caribou through the winter
stress periods. Availability ran as high as 343 kilograms per acre
(Edwards, Soos, and Ritcey, 1960).

There is substantial evidence that deer in the Ross lLake area also
utilize the lichen resource during the winter stress periods, when favor-
able browse is not available. Deer normally seek out preferred forage -uch

as Vaccinium, Amelanchier, Pseudotsuga, Acer, and Alnus, {Klein, 1965;

Cowan, 1945). When this forage is not available during the winter when

deep snow conditions occur, blacktatled and mule deer seem to utiiize

Alectoria and Usnea where it occurs. This is plausible since there was

evidence teading to the fact that where deer occur, there is a paucity of

Alectoria on both the ground and lower boles of the trees where deer could

reach to browse.
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The availability of lichens on standing trees occurs primarily on
lower branches and the bole where deer can reach when browsing. A browse
line in which Alectoria did not occur below 3.5 feet above the ground was
found in Areas 1 and 2, both inhabited by wintering deer populations. The
index of the 7 foot samples divided by the 3.5 foot section (Table 2,

as previously mentioned, indicated that Alectoria above 3.5 feet
occurred 384 times the amount below 3.5 feet. On larger trees the browse
line was higher on the uphill side of the tree. Deer feeding upon the
bark could then be the primary reason for this occurrence,
Cther conditions such as snow influencing the Alectoria level is dis-

cussed by Taylor (1922). He found a scarcity of Usnea barbata on the entire

lower level of the tree boles (below 5 feet), concluding that the primary
cause was abrasion from the accumulated spow. However, Edwards, Soos, and
Ritcey (1960} found the opposite to be the case in Wells Grey of British
Columbia. Alpine trees entirely under snow contained the largest Alectoria
loads of his study areas. Alectoria occurred to the base of the trees.

At Ross Lake this also was the case since there were many trees with haavy
Alectoria loads at the base, but only where they were protected by brancios
in which deer could not reach to browse. The influence of deer seemed

very significant when wintering areas were compared to non-wintering areas.
in Area 3, where a large snow depth occurs but where deer are absent during
the winter, a large volume of Alectoria occurs at the base of each tree.
The index of the 7 foot section divided by the 3.5 foot section was again
very low (Table 3, , indicating that deer were the primary cause
of the browse line of Alectoria. This also indicates that deer do not eat
lichens when other preferred browse species are available since deer
inhabit the area (Area 3) in the fall and late summer (Ross Lake Report,

1972) .
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The availability of standing lichen toads from fallen trees repre-
sents only a variable and frequently small fraction of the lichen loads
available to deer. This is due to the rare occurrence of wind storms
capable of knocking trees down, and the relatively young age of the stand
(0lder trees are blown down with less resistance). Trees examined in the
Big Beaver Creek area which were felled by winds were full of both
fruticose and foliose lichens. Trees in Areas | and 2 which were recen-
tly felled alsc had comparatively the same lichen loads as those trees
standing that were sampled, but contained only a trace of the fruticose

lichens such as Alectoria sarmentosa and A. jubata. Parmelia and Cetraria

however, were abundant. Again this seems to indicate that deer are con-
suming the fruticose lichens wherever they are wintering.

Fallen branches and lichen debris provide a third portion of the
lichen availability to deer during the winter months, although the lichen
traps captured only a small fraction of the total yield predicted. Arbc.zal
lichen densities of Alectoria on the ground were again high in the Big
Beaver Creek drainage, Area 3 (Table 1, Figure 18}, hut extremely loc. "n
Areas | and 2 where deer were wintering. The difference may be attrih.-~d
primarily to deer since the total epidendric loads in each vegetational
type were relatively equal (Area 2 and 3 were almost equal). This is also

substantiated by the fact that Parmelia and Cetraria were almost squz’

in abundance on the ground for Areas 2 and 3, indicating deer prefer

Alectoria.

The abundance of epidendric lichens near the lakeshore may provide
a major potential food source for wintering deer. Howaver, deer do not
seem to actively seek a wintering range with lichens, but rather select

for areas with little snow accumulation and high quality forage. Area b
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a recently burned young stand had no lichen colonies, however supported a
substantial population of wintering deer (Ross Lake Report, 1971).

The nutritional importance of lichens in the diet of deer has not been
studied. Since the overall nutritional requirements of deer, as well as the
cuality and quantity of the range forage show considerable variation through-
out the year, the use of lichens during poor range conditions is important
in the annual cycle of deer nutrition. WNutritional requirements during the
winter are usually in excess of available forage in quantity and quality.
This Is apparent in the gradual loss of body weight by deer during this time
period {Klein, 1965). The reduction of food availability is associated with
growth retardation in young deer, and in weight loss in adults (Cowan, 1945;
Klein, 1965}, This implies that the physiological requirements of deer
during the winter is high in order to maintain a body temperature, mctabolize,
and in the case of vregnant females to support a fetus.

The nutritional quality of lichens in the diet of caribou is discussed
by Courtwright, (1959), Kelsall (1969), Palmer (1944), and Klein (1965).
i.ichens are low in protein {5%), but high in carbohydrates (35%)}. Theis
henefit to deer seem to paraliel that of caribou in that they contain suf-
ficient amounts of carbohydrates to allow a somewhat retarded maintenance
cf hasic physiclogical functions. Their low protein value, however, indi-
cates that deer would not utilize them during periods when more nutritious
forage is available. In order to concretely determine the extent to which
deer may eat lichens a more formal analysis involving a greater sampling

aof vegetation types and sampie trees, and stomach analysis would be needed.
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SUMMARY

Deer at Ross Lake appear to eat only specific epidendric lichens for
winter forage: the genera Alectoria and Usnea. The evidence for the use of
Usnea by blacktailed deer is cited by Cowan {1945) on Vancouver Jsland,
however, at Ross Lake the lichen appeared in too low a concentration to be
measured.

The use of Alectoria by deer is indicated in the differential quantities
found on the ground in areas winterad by deer as compared to the area sam-
pted which is not wintered by deer. In the former areas, a very small pro-
partion of Alectoria was found on the ground. In contrast there were very
lzrge proportions in the vegetation type where there were no wintering deer.

Ziker genera of folicse arboreal lichens such as Parmelia and Cetraria wers

retatively equal in abundance on the ground in all the vagetation typas with
s without wintering dzer populations with the exception of Area &, This
indicated that only Alectoria was sparse where deer were wintering.

The abundance of lichens in the crown foir bhoth fauticose and folicse
cgenera approaciied equality for the areas with and without wintering deer,
indicating the differences on the ground were not the result of any possille
differences in source from the crown. [t seems conclusive that since Alec-
toria was scarce on the ground only where deer were wintering, that deer
ueilize it in their winter diet.

Secondly, a browse line occurred in the habitats sampied where deer
were wintering. Where deer could not reach above four feet to browse on
lichens on the tree boles, the only significant difference in abundance of
oy of the lichen 9€Ne€ra was found in Alectoria. Below 4,5 feet, Alectoria
was extremely sparse, where deer wintered. A browse line was not evident

whare deer were not wintering. Again other species of foliose lichens such
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as the Parmelia and Cetraria group were relatively abundant on deer winter
ranges, on both the lower section of the bole below 3.5 feet, as well as
the 7 foot level above. This indicated that deer seem to have a special

preference for Alectoria but none of the foliose group. From this evidence

it seems conclusive that deer in fact eat ﬁlg;toria during the winter months.

No evidence of deer utitizing ground lichens in their diet could be
found in the areas sampled - by direct observation or by evidence of graz-
ing damage.

The tichen community structure varied according to the age of the
vegetation stand, moisture availability, temperature, exposure, and compe-
tition. Each species of lichen generally had varying degrees of tolerance
for these parameters. The total epidendric lichen communi ty was greater in
abundance in the exposed humid sections of Area 3. In the genus Alectoria,
A. jubata was usually found in the higher exposed portions of the crown.
However, trees in the lakeshore of Area 3, located in a more humid micro~
climate, gontained heavy Alectoria loads in the lower portion of the crown
as well,

The most favorable habitat for Alectoria sarmentosa was in the exposen

conditions of the immediate lakeshore. In contrast, Parmelia and Cetraria

were abundant in both exposed and humid vegetational tvire. jndicating a

large tolerance of varying moisture regimes. Lobraria was cinfined primarily

to the lower boles of Area 3, a humid and sheltered exposure.

The abundince of epidendric lichens near the lakeshore may provide a
major potential food source for wintering deer. Deer, howevar, do rot seem
to winter in areas primarily for the purpose of eating lichens. This is
indicated by the large wintering deer nopulation in Area 4, a recently

burned stand 40 years old, depauperate in lichen colonies.



Finally, in order to determine and substantiate the utilization of
epidendric lichens by deer, more research should be oriented towards

stomach analysis.
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TABLE 1
SUMMARY
ARBOREAL-GROUMD LICHEN WEIGHTS

ARBOREAL LICHEM DENSITIES ON THE GROUND -- KG/HECTARE

Deer
Arboreal Concentration
Kg/Hectare Kg/Hectare Wt/ground per acre:
Locality Species on ground on forest stand Wt Index. Max Min.

Ruby Arm .36 .254

Parmelia 9.993 998. 31 99.90
cetraria :

Alectoria 0.0 218.51 218.00
sarmentosa

Alectoria 0.0 63.39 63.39
jubata

Roland Point - 1 .122 .070
Parmelia 2.150 602.63 280.29
cetraria

Atectoria 0.0 t7.95 17.95
sarmentosa

Alectoria 0.0 29.24 29.24

iubata

Roland Point - 2 122 .070
Parmelia 38.002 £57.21 14.66
cetraria

Alectoria 0.430 165.50 384.88
sarmentosa

Alectoria 10.208 67.76 6.6L
jubata

Big Beaver Creek .000 000

Parmelia 37.110 192.08 5.18
cetrarta

Alectoria 143.393 314,98 2.19

sarmentosa

Alectoria 33.715 211.97 6.39
JuEata

Pumpkin Mountain ___ . 205 127

- - - - .




TABLE 2
MEAN LICHEN WEIGHTS FOR BOLE

BARK SAMPLE *3.5, & FOOT SECTIOM

Parmelia Parmelia Alectoria Alectoria Index

Deer Concen-

Barik physodes cetraria sarmentosa jubata Alectoria tration/acre
Sample (gms) (gms) {gms) (gms) S. 6-7'/3.5' Max. Min.
Ruby Arm .361 .254
DBH 0.341 2.818 0.097 0.031
6-7! 0.280 3.056 1.849 0.011
Index 0.821 1.084 19.061 0,355
Roiand Point -- 1 122 .070
DBH 0.725 0.225 0.005 0.038
6-7' 1.013 1.875 1.145 D.268
Index 2.62 8.33 229.00 7.053
Roland Point -~ 2 .122 070
DBH 0.092 0.608 0.354 0.018
6-7' 0.136 0.756 3.930 0.165
Index 1.47 1.243 11.240 9,166
Big Beaver Creek 000 . 000
DBH 0.005 0.140 0.993 0.270
6-7"' 0.008 0.293 0.738 0.000
Index 0.145 2.093 0.743 0.000



TABLE 3

SUMMARY

LICHEN LOADS FOR FOREST TYPES 1-4

(gms)

Mean kichen Stems/ Stems/ Lichen .Lichen
Locality Weight {Form 1b) Acre Hectare kg/acre kg/Hectare
Ruby Arm 647.83 1600.78
Parmelia
cetraria 623.64 Lok .0l 998.31
Alectoria
sarmentosa 136.50 88.43 218.51
Alectoria
jubata 39.60 25.65 63.39
Roland Point-=-1 197.27 482,44
Parmelia
cetraria 1249.12 246 .14 602.63
Alectoria
sarmentosa 37.21 7.34 17.95
Alectoria
jubata 48,52 9.57 29.24
Roland Point--2 173.17 427.91
Parmelia
cetraria 1302.16 225.50 557.21
Alectoria
sarmentcsa 386.76 66.98 165.50
Alectoria
jubata 158.34 27 .42 67.76
Big Beaver Creek 233.10 576.00
Parmelia
cetraria 333.48 77.73 192.08
Alectoria
sarmentosa 546.84 127.47 314.98
Alectoria
jubata 368.00 85.78 211.97



TABLE 4
ARBOREAL LICHEN DENSITIES

GROUND PLOTS (KMS/HECTARES)

Plot Parmelia Parmel ia Neophromopsis Alectoria Alectoria
No. cetraria physodes Californicus sarmentosa jubata
Ruby Arm-~Ground Plot #1
1 45.13 10.75
4 54.80
5 24,72
Roland Point =~ Ground Plot #1
b L.30 3.22
5 15.04
b6 6.45
7 3.22
10 16.75
Roland Point -- Ground Plot #2
1 220.29 4.30 8.60 5.37
2 31.16 15,34 7.52
3 13.97
4 20.42
6 2.15
7 144,00 2.15 70.92
8 7.52 4.30
11 4.30 2.15
Big Beaver Creek -- Ground Plot #1
1 17.19 1055. 26 127.88
2 hé.23 58.03 609.30 120.35
3 102.09 1.08
4 12.89 32.23 3.22
5 13,97 95.64 13.97
6 6.45
7 184.83 12.90 42,98
8 36.54 26.87 9.67 3.22




TABLE 5
GROUNMD PLOTS
% COMPOSITION, #10SSES, LICHENS, SHRURS, AND LITTER

Location Plot No. Lichens Mosses Shrubs Litter
Ruby Arm 1 25.0 5.0 70.0
2 5z2.0 46,0 2.0
3 67.0 12.0 21.0
4 10.0 28.0 62.0)
5 7.0 37.0 56.0
6 k6.0 15.0 39.0
7 23.0 18.0 59.0
8 19.0 32.0 49,0
9 48.0 22.0 9.0 21.0
10 62.0 19.0 8.0 11.0
Roland Point ; 47.0 42.0 o 11.0
3 3.0 31.0 18.0 48.0
L 20.0 35.0 45,0
: 2.0 2k.0 72.0
p 10.0 90.0
7.0 4.0 69.0 20.0
g 40.0 60.0
9 2.0 48.0 50.0
16.0 32.0 52.0
10 10.0 12.0 65.0 13.0
Roland Point 1 30.0 17.0 13.0 15.0
;’1 17.0 14.0 65.0 h.o
i 6.0 19.0 75.0
5.0 12.0 81.0 2.0
g 1.5 22.0 66.5
7 7.0 1.0 75.0 7.0
8 2.0 2.0 75.0 5.0
5 gg 3.0 78.0 12.0
10 00 0.0 87.0 13.0
1 ' 5.0 87.0 9.0
Tt 3.0 1.0 89.0 7.0
Big Beaver Creek
; f:g 35.0 62.0 1.
. 7.0 79.0 3.0
13+ 3.0 26.0 81,0
6.0 18.0 76.0
g 0.0 29.0 60.0 11.0
] ?-g lg.g 81.0
. . 77.0 13.0
8 0.0 17.0 Bg.o g.o
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INTRODUCTHON

In any geographical region, the climate of a valley is dependent upon
its orientation, the amount of radiation and preciplitation it receives, the
depth of soil in various portions of the valley, and whether it is filooded
or not flooded. These main factors interact to form certain temperature,
humidity, wind speed, and evaporation regimes within valleys, The two most
important factors are the amount of radiation received by the valley and
the rainfall distribution.

In addition to the above factors, the climate within the valley is
also determined by the air circulation. The air circulation is composed
of two types of winds: (1) the up- and down-slope winds; and (2) the up-
and down-valley winds. These winds are similar in origin but differ in
direction of flow and time of occurrence. Generally speaking, the up-slope
and up-valley winds are caused by differential solar heating between the
tops of the slopes and the head of the valley with respect to the base of
the valley. The heated air over the slopes and the head of the valley
rises and is replaced by descending air in the middle of the valley which
rises up the slope from the valley. 1in the late afterncon and early
evening, the upper portions of the sliopes and head of the valley cool off
more rapidly than the base of the valley. The mechanism of cooling is
long-wave radiation exchange with the cold sky. The air in contact with
the cold surfaces becomes cool, consequently more dense, and slides down
the slopes of the valley. This air is then replaced by air which rises
from the center of the valley. The onset of these winds is dependent upon
the aspect of the valley, the steepness of slopes, and vegetation cover,

Generally speaking, for an idealizad valley in this particular latitude in



the summertime, the up-slope winds start shortly after sunrise; the up-
valley winds start at approximately 9 a.m.; the up-slope winds continue to
zarly afternoon. So from about 9 a.m. until 1 p.m., both up-slope and
up-valley winds are occurring. From about 1 p.m. to & p.m., just up-valley
winds occur. At about & p.m. down-slope winds bagin, and at about 6 p.m. the
up-valley winds cease. About 9 p.m. the down-valley winds start. Thus,
therz is a complex wind circulation pattern existing in each valley.

The effects of these circulations upon the climate of thz valley may
be drastically different for flooded and nonflooded valleys. For example,
the up-slope wind would originate over the water surface in a floodad
valley and would carry with it the characteristics of the water surface.
in the autumn or winter portion of the year, the air in contact with the
water surface would be warmer and more moist than the air existing in a
nonflooded vatley. This relatively warm, moist air would flow up the
side slopes and up the valley, possibly changing vegetation and snowpack
distributions. At night the cold, descanding air from the side slopes
would glide out over the flooded portion of the valley and be forced to
rise in the middle of the valley. The rising air would carry with it
the characteristics of the water and if lifted sufficiently, would form
a cloud in the middle of the valley. This cloud then would move as the
valley winds forced it and could cause different environments in sections
of the valley.

A different contrast could occur in late spring. A nonflooded valley
would heat up more quickly than a flooded valley due to the reservoir heat
capacity. Thus, the up-slope winds from a nonflooded valley would be warmer
and drier than from a flooded valley. This could possibly enhance snow

melt and the evaporation demand of the side slopes.
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Data contrasting the environments of flooded and nonflooded valleys
are generally nonexistent. Therefore, certain questions pertaining to
vagetation cover and changes in animal habitat locations may be answarad
more readily with the use of climatic data from flooded and nonflooded
valleys.

In addition, the climate of specific areas of the valley is largely
dependent upon the siope and aspect of those areas and the interaction of
these slopes with solar radiation. The intensity of radiation per unit
area enjoyed by a particular surface is a function of the angle with which
the sun's rays strike the surface and of the number of hours of daylight.
The amount of energy absorbed by the surface is used to heat the surface,
to hzat the air, and to evaporate water, evaporation being the largest heat
sink. {f water is not available for evaporation, then the energy will go
into heating the air and heating the surface. For example, if two sites
have similar slopes and aspects but have different soil depths, the site
with the shallower soil will be warmer and drier than the site with the
deeper soil due to the fact that the shallow soil does not have as large a
water-holding reservoir for evaporation as the deeper soil.

The question as to whether one environment is different from another
environment J00 feet higher may be partially answered by comparing the
amount of radiation received by the two sites in question. Dirzct beam
potential radiation incident upon various slopes and aspects can be cal-
culated with the aid of a computer program, and thus, different sites

may be compared thzoretically.
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OBJECTIVES

The objectives of the climatological studies were to: (1) contrast
the climates of the flooded and nonfloodad valleys, (2) determine the mag-
nitude and location of tha thermal belt in flooded and nonfiooded valleys,
and (3) compute direct beam potential insolation for selacted locations

around Ross Lake.

DIRECT BLCAM POTENTIAL INSOLATION

Methods

The amount of diract beam potential insolation striking various surfaces
around Ross Lakz was computed by combining two programs. The first pro-
gram, described by Buffo, Fritschan, and Murphy (1971), computed the
direct beam potantial insolation incident upon slopes of different aspects
by hourly increments for elaven selected days of the year. The second
program written by Ann Westhagen computed the local horizon for each
grid point around the ltake. For a particular day, the dirsct beam poten-
tial for a specific slope and aspect was accumulated for the peariod when
the sun's elevation at a given azimuth exceaded the local horizon. The
results consisted of a daily total which was a function of the slope and
aspect, the day of year, and the local horizon of that grid point. The
daily totals for many grid points were then plotted and isopotential lines
drawn.

The local horizon program was written to accomodate two grid sizes:
the large grid size provided data for the local horizon calculations; the

small grid contained the points for which the local horizon was being
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calculatad. In this study, the large grid was ten miles wide, east to
west, and twenty miles iong, north to south, and consisted of a grid point
at half-mile intervals. There werz saveral small grids each containing

1/8-mile grid point intervals.

A sample of the isolines of potential insolation on March 8 is shown
in Figure 1 for the grid section with topography shown in Figure 2. If
other factors such as soil depth and texture, precipitation, and wind circu-
lation are similar, then the areas of greatest potential insolation (total
for the year) labeled H would be the warmest and driest, and conversely, the
areas receiving minimum potential insolation labeled L would be the coolest
and most humid. The vegetation associated with the warm dry sites should
be pines, grasses, and droughty type shrubs, and the vegetation associated
with the cool humid climate should be denser with more undergrowth as
characteristic of westerly Cascade slopes.

Maps of potential insolation are being prepared for selected areas.
The areas were selected because of animal populations and vegetation infor-
mation. The animal populations and vegetation information will be corre-
lated with the potential insolation data. With these correlations unsurveyed

areas of similar habitat can be selected from potential insolation maps.

FLOODED AND NONFLOODED VALLEY TRAMNSECT

Methods

Since data comparing the environments of floodad and nonflooded

valleys are generally nonexistent, a valley adjacent to the Ross Lake
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Resarvoir was sought for comparison with the Ross Lake Valley. The basic
criteria for selection was that the valley chosen have similar aspects and
side slope to those of the Ross Lake Valley. Generally speaking, Ross Lake
is oriented north and south; the second valley for comparison was the
Lightening Creek drainage. East and west transects were established in
both vaileys. The approximate locations of stations on the transects are
shown in Figures 3, 4, and 5.

The original plan was to establish an instrument shelter housing a
hygrothermograph at 2000, 3000, 4000, 5000, and 6000 foot eclevations
on all four transects. Due to the ruggedness of the area and the inability
to flag the transects or to construct paths along them, these locations
were not realized prior to September 1971, Since the stations at higher
elevations would be almost impossible to service during the winter months
with heavy snowfall, it was decided to maintain stations at lower elevations
during the winter on the east and west sides of the lake and in the
Lightning Creek drainagz in addition to the higher elevations on East and

West Desolation. A description of each site location is given in Table 1.



WEST DESOLATION

Horizontal, Horizontal ,
Aspect Siope Slope, Left Slope, Right Elevation

Percent Percent Percent Feet

W 80 0 0 1620

W 0 -5 0 2000
WSW 65 -5 +5 3180
Nw 70 ~-10 +5 4320
WSW 80 -25 =30 5160
WSW 60 -10 +5 6000
Summi t 0 0 0 6085

EAST DESOLATION

SE 60 -5 0 2900
SE 50 0 0 3900
SE 80 =10 -5 %000
NE 30 +20 -10 4500
£ 10 ~30 -20 4960

E 85 -25 -10 6000

SKAGIT
Flat Flat Flat Fiat 2040
WsSwW 70 +5 -5 2760
WNW 70 +7¢ -5 2800
W 50 =20 -5 4000
W [{4) -20 -20 5160
W 30 -10 -5 600D
LITTLE BEAVER

NNE 80 0 0 1620
ENE 75 0 -5 2020
NE 75 -20 -10 3000
NE 85 -i0 +5 3950
N 20 +20 0 5000
Ridge 70 +10 +30 6100

*
Direction facing downslope

Table 1. Aspect, slope, horizontal slope laft and right, and
elevation of sites on West Desolation, East Desolation, Skagit,
and Little Beaver transects.
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West Desolation transect is on the cast side of Ross Lake while Little
Beaver transect is on the west side. East Desolation and Skagit are on the
west and east sides of Lightning Creek, respectively. The stations at
6000 feet on East and West Desolation and the Summit were in operation but
were discontinued due to heavy snowfall.

For safety reasons after snowfall on the higher elevations, two people
were used to service the stations. Each of the four transects requires
more than an 8-hour day to service. Thus, sach station is visited only

once a month on weekends.

Results

The length of record to date from each of the stations in the transects
is given in Table 2. During the summer months, the stations were established
and were operated with weekly charts. In October the 31-day clock movement
was installed at each station.

Numerous instalilatjons have been attacked by bears. In particular,
the West Desolation 3180 feet and the East Desolation 2800 and 4900 feet
stations have been damaged repeatadly. The 2800 foot station on East
Desolation was finally destroyed on Hovember 4, 1971.

When weekly charts were utilized, data were read at 2-hour intervals
from the charts. When monthly charts were utilized, data were read twicsa
a day from the charts. Because the plotting program was not written to
operate on missing data, missing data were formulated by averaging the
values from the praceding and following periods.

The temperature and humidity values taken from *hea hygrothermograph

charts were punched on computer cards and a program was written to convert
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the temperature-relative humidity data into vapor pressure, an indication
of the quantity of water vapor existing in the air. Thesa parameters,
temperature, relative humidity, and vapor pressure, werz plotted with the
CALCOMP plotter to illustrate (1) variations of the parametars during the
course of the month and (2) variations of the parameters with elevation,
Samples of plot type 2 are shown in Figures 6 and 7.

Table 2. Date of start (S) and date of end (E) of 7 day (7} and 30 day
(30) clocks at each location on four slopes at Ross Laka and Lightning
Creek, 1971 and 1972.

WEST DESOLATION (West Slope)

Date 1620 2000 3180 4320 5160 6000 6085
1971

1 Aug s 7 s 7 s7 $7 s 7

22 Sep E7 S 7
24 Sep s 7

1 Oct E 7 E 7 E 7 E 7 E7 E7

1 Oct $ 30 5 30 S 30 5 30 S 30 5 30
21 QOct E 30
31 Oct £ 20 E 30
30 Kov E 30

2 Dec E 30 E 30

5 Dec E 30

1972

7 Jan £ 30
30 Jan 5 30 S 30 S 30
22 Apr 5 30

5 Hay E 30 E 30 £ 30

6 May E 30

6 May § 30 S 30 S 30
5 Jun E 30 E 30
T4 Jun 57
21 Jun E 30
22 Jun 57 57

1 Jul 57

2 Jul s7

14 Jul 57

2 Aug E7

3 Aug E7

5 Aug E 7 £E7 E 7 E 7
24 Aug S 7 S 7 S 7 s 7 S 7
23 Sep s7

145 oct E7 £ 7 E7 £ 7 E 7 E7



Table 2.

Date

{Continued)

2900

EAST DESOLATION (East Slope)

3900

4000

4900 4960 6000

1971

20
24

17
27
30

27

Sep
Sep
Sep
Oct
Oct
Oct
Oct
Oct
Nov
Nov

1972

20
12

23
30

Mar
May
Jun
Jul
Aug
Aug
Aug
Aug
Sep
Sep
Oct

Date

v mw
At
<

2049

57

oy m
=~ ~

m

2760

s 7

o m
e

t 30

57

m
)] d

E 30

S 7
E7
S 7

E7

SKAGIT {West Stope)

2800

4000 5120 6000

1971

12
22
24
1
1
27

Sep
Sep
Sep
Oct
Oct
Nov

1972

29

20
27

10
27
29

22
23
12
12
18

Jan
Mar
May
Jun
Jun
Jul
Jul
Jul
Jul
Aug
Aug
Aug
Sep
Oct
Oct

s 7

7

vy m
ot N |

E7

s7

(%3]
w

E7

v m
T IS | b |
orm

~N~ o~

s7

E7 E 7
€7

D~10



Table 2. (Continued) D-11

LITTLE BEAVER (East Slopz)

Date 1620 2029 33800 3580 5000 6100
1571
25 Sep 57 s 7 57

1 Oct E7 E7 E 7

I Oct S 30 5 30 S 30
12 Nov E 20

13 MNov
26 Dec £ 30
29 Dec E 30
1872
30 Jan s 30
18 Mar S 30

6 May E 30 E 30
10 May E 30
28 Jun S 7 S 7 S 7

4 Aug E7

5 Aug E 7 E 7
25 Aug s 7 57 S 7 57 S 7 57
8 Oct 7 E 7
17 Oct E7
18 Oct £ 7 E 7 £ 7

On West Desolation on 3 August 1971, the maximum temperature at the
2000~foot elevation occurred at 1800 (Figure &) and was 27°C while the
minimum occurred at C800 and was 12°C. An apparent thermal belt appears
at 4000 feet with a maximum temperature of 21°C occurring at 1400 while
the minimum temperature at this elevation occurred at 0700 and was 7°C.
These data illustrate the influence of the lake on the time and magnitude
of maximum temperature at lower elevaticns.

The above facts wzre not as noticeable on 31 August (Figure 7}
after the passage of several frontal systems. The thermal belt at 4000
feet s not as pronouncad. The maximum tempzratures at lowar and upper
alevations occurred at M400 while the minimum temperatures cccurrad at &1}

eievations at 0703.
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Similar plots were prepared for other times of the year and for rela-
tive humidity and vapor pressure. These diagrams (Figures & to 55 suggest
that a zone of uniform temperatures and vapor pressuras exist at the
4000 foot level on all transects. There is a slight suggestion that this
zone may move down the siopes in the winter months and up in the summer
months. However, there are inadequate high elevation winter data to
verify this point. The diurnal patterns of isolines appear to be similar
for all transects sampled if one ignores the absolute magnitude of the
parameters.

Direct comparisons of temperature and retative humidity on similar
aspects and elevations were made using linear regression and correlation.
Data collected during the spring, summer, fall, and winter were chosen
for analyses. Data for two- to three-week periods were analyzed, The
results of 5000 data points are summarized in Tables 3, 4, 5, and 6.

Relative humidity data collected in 1971 is not considered reliable
because the instrument pens appeared to stick at higher relative humidities.
The July 1972 relative humidity data (Table 3) appear to be valid and
suggest that the relative humidity on the west facing Skagit slope is
more humid than the West Desolation slope by 6% on the average. The
correlation coefficients ara very high indicating a good relationship and
the standard error from regression is also small. Tha 2000-foot analyses

suggest that Skagit is more humid than West Dasolation by 12% and the range
of relative humidity is greater on West Desolation, The 3000-foot analyses
also indicate greater humidity on the Skagit slope; however, the range is
greater at 3000 feet on Skagit and the correlation coefficient is not as
good. The 4000- and 5000-foot analyses indicate similar ranges on both

slopes and greater relative humidity on Skagit.



Table 3. Correlation parameters for relative humidity on West Desolation
{X) versus Skagit (Y).

_ Std
Height Date n X y A m Error r
Maximum Relative Humidity (%)
2000 Nov 71 30 91.77 86.55 81.38 0.005 0.005 0.1862
2000 Mar 72 31 89.61 84,94 80.91 4.493 2.830 0.2827

Minimum Relative Humidity (%)

2000 Nov 71 30 88.27 86.00 87.04 -0.001 0.005 ~-0.0045
2000 Mar 72 31 79.71 69.00 18.04 0.639 0.116 0.7149
2-Hour Relative Humidity (%)}

200253300 Sep 71 473 76.18 79.41 21.92 0.755 0.005  0.5457
2000 Sep 71 180 72.38 82.86 25.97 0.7836 0.010  0.5085
3000 Sep 71 150 77.15 81.21 -15.90 1.259 0.007  0.8318
4000 Sep 71 143 79.83 73.17 -6.88 1.002 0.006 0.8351

2000, 3000

4000 , 5000 Jul 72 500 60.25 63.89 4.09 1.076 0.005 0.7027
2000 Jul 72 172 61.37 73.66 -21.88 1.557 0.009 0.8096
3000 Jul 72 85 59.95 62.79 2k.39 0.640 0.128  0.4808
4000 Jul 72 164 61.95 73.27 15,32 0,935 0.008  0.6739
5000 Jul 72 100 52.08 54,10 0.649 1,026 0.005  0.9097

2-Hour Relative Humidity (%)
2000,3000 Sep 72 188 74.13 69.09 14,65 0.707 0.006 0.624

2000 Sep 72 112 79.62 79.51 48 .91 0.384  0.004 0.610
3000 Sep 72 76 65.95 4£3.79 52.48 -0.005 0.001 -0.504

20003900 ot 72 174 72.21 7830 3.78 1.032 0,008  0.7613
2000 Oct 72 67 75.42 B89.37 4h4. 42 0.596 0.008 0.6931
3000 Oct 72 67 67.56 73.21 -4,57 1.151 0.008 0.8678
Looo Oct 75 ho 74.60 £8.28 -10.59 1.057 0.010 0.8687

n = Sample size

X = Mean of X

¥ = Mean of Y

A = Line intercept

m = Line slope

Std. Error = Standard arror from regression

r = Correlation coefficient



Table 4,
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Correlation parameters for relative humidity on Little Beaver (X)
versus East Desolation (Y).

_ _ Std
Height Date n X ¥ m Error r
2-Hour Relative Humidity (%)

2000 Sep 71 66 74.85 81.39 63.21 0.243  0.301 0.1004
2000, 3000 Jul 72 289 59,42 68.76 5.393 1.066 0.007 0.6907
2000 Jul 72 174 62.48 73.81 3.465 1.126 0.009 0.6692
3000 Jul 72 115 54,80 61.13 13.652 0.866 0.009 0.6869
2000,3000  sep 72 485 75.38 81.53 52.06 0.391 0.004  0.hi5h
2000 Sep 72 192 70.28 83.18 54,35 0.410 0.006 0.4137
3000 Sep 72 192 78.83 78.98 25,18 0.674 ©.007 0.5902
4000 Sep 72 101 76.60 83.23 51.056 0.420 0.00% 0.6109
2000, 3000 Oct 72 178 68.31 80.83 54,09 0.391 0.007 0.3781
2000 Oct 72 91 66.73 89.87 78.81 0.165 0.005 0.3414
3000 Oct 72 87 69.95 71.38 16.08 0.790 0.007 0.7564



Table 5. Correlation parameters for temperature on West Desolation (X)
versus Skagit (Y).
N B Std
Height Date n X A m Error r
2-Hour Temperature (°F)

2000,3000  Sep 71 268 40.67 39.68 14,416 0.621 0.003  0.7413
2000 Sep 71 192 43,15 39,57 L.939 0.802 0.003 0.8544
3000 Sep 7V 76 34.41 39.96 10.943 0.843 0,007  0.8077

Maximum Temperature (°F)

2000,3000  Mar 72 39 22.44 23.28  7.805 0.690 0.113  0.7082
2000 Mar 72 31 34.39 30.68  8.256 0.652 0.007  0.8738
3000 Mar 72 8 33.00 38.00 16.638 O0.646 0.252  0.7227

Minimum Temperature (°F)

2000,3000  Mar 72 39 34,10 32.18 11.367 0.610 0.]05  0.6895
2000 Mar 72 31 22.13 21.97 10.875 0.501 0.007  0.809]
3000 Mar 72 8 23.62 28.38 11.522 0.713 0.124  0.9197

2-Hour Temperature (°F)

2000, 3000

koe0,5000  Jul 72 500 59.23 57.75 -3.648 1.037 0.003  0.8188
6000
2000 Jul 72 172 59.27 58.09 -9.183 1.135 0.007  0.7580
3000 Jul 72 91 58,74 5568 1.245 0.927 0.008 0.7698
4000 Jul 72 166 59.94 58.27 -1.492 0.997 0.004 0.8732
5000 Jul 72 81 58,68 59.37 -9.404 1.172 0.004  0.9658
6000 Jul 72 103 59.91 57.54 16.21 0.690 0.007  0.7020

ﬁggg:gggg Sep 72 386 37.68 36.40  3.604 0.870 0.002  0.8685
2000 Sep 72 108 41.05 38.24 -2.149 0.984 0.007  0.795hk
3000 Sep 72 91 33.34 31.37 -0.002 0.942 0.063  0.9654
4000 Sep 72 163 37.98 38.67  2.122 0.92 0,002  0.9754
6000 Sep 72 23 34.65 31.65 12.336 0.557 0.181  0.5536

20003000 oct 72 213 43.89 42.44  -3.506 1.047 0.002  0.9121
2000 Oct 72 67 44,92 41,64 -19.30 1.357 0,009 0.8903
3000 Oct 72 67 40.67 38.18 -2.25 0.994 0.004 0.9512
4000 Oct 72 79 45.72 46.77  4.91 0.916 0.003  0.9538
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Table 6. Correlation parametars for temperature or Little Beaver (X)
versus East Desolation (Y).

_ _ $td
Height Date n X ¥ A m Error r

2-Hour Temperature (°f)

2000,3000 Sep 71 131 36.95 37.37 16.08 0.576 0.004 0.7591
2000 Sep 71 66 40.22 38.18  7.09 0.773 0.005  0.5868
3000 Sep 71 65 33.63 36.55 2.87 1.001 0.0083 0.8491

2000,3000  Jul 72 199 60.77 60.77 -26.691 1.455 0.007 0.8395
2000 Jul 72 120 61.63 59.58 -40,715 1.627 0.008 0.8776
3000 Jul 72 79 59.46 62,58 -17.815 1.352 0,008 0.8838

2000,3900  sep 72 394 36.07 40.09 15.49 0.682 0.004  0.6393
2000 Sep 72 192 39.03 .39 -3.00 1.112 0,004 0.8787
3000 Sep 72 101 37.93 37.51 -11.58 1.294 0,005 0.9182
4000 Sep 72 101 28.54 42,11 9.08 1.157 0.004 0.9362

200263800 Oct 72 254 42.66 47.17 14.80 0.759 0.008  0.5097
2000 Oct 72 78 43.28 41,64 -17.03 1.356 0.008 0.8980
3000 Oct 72 87 45,37 46,30 -7.19 1.177 0.009 0.8268
4000 Oct 72 89 39.58 33.07 8.31 1.130 0.007 0.8725

Similar trends were noted during October of 1972. During this period,
the average relative humidity on Skagit was 6% greater than the relative
humidity on East Desolation. The slopes of the regression lines were near
I.0 except at 2000 feet, indicating that the range in relative humidity was
similar for both slopzs. The slope of tha regression line at 2000 feet
suggests that the range in relative humidity was about 1.7 times greater
than the range in rzlative humidity on Skagft.

Comparison of the sast facing slopes (Table 4) illustrates that the
relative humidity on East Desolation was about 9% greater than the relative
humidity on Littie Beaver. The range in relative humidity appears to be

about twice as great on Little Beaver than on East Desolation.



The temperature comparisons of West Desolation and Skagit (Table 5)
suggest consistently warmer tomperatures (about 5°F) on West Desolation,
This fact could account for the lower relative humidity on West Desclation.
All of the correlation coefficients are high. In general, the regression
coefficients are less than 1.0 with the exceptions of 2000 and 5000 feet,
July 1972, and 2000 feet on October 1972. This indicates a greater diurnal
temperature range on West Desolation, although the values approximate
1.0 during July and September 1972. During March 1972, a much larger
range was noted on West Desolation.

Comparison of the east facing slopes is given in Table 6. The average
temperatures on East Desolation appear to be about 9°F warmer than on Littls
Beaver. Data from July 1972 suggest warmer temperatures at 2000 feet on
Littie Bzaver and at 3000 feet on East Desolation. Similar results were
noted during July 1971 and October 1972.

The data suggest greater diurnal temperature range on East Desolation
than on Little Beaver. This is in contrast to the west facing slopes.

The opposite would be true if the 4000-foot level was ignored.

Summary and Conclusions

The data presented here are very preliminary. However, these data
suggest that: (1) the humidity is about 8% greater on Skagit than on
West Desolation; (2) the relative humidity on East Desolation is 9% greater
than on Little Bzaver; (3) the temparatures were consistently warmer on
West Desalation than on Skagit; {(4) the diurnal temperature range appeared
to be greater on West Desclation than on Skagit; (5) the average temperature

on East Desolation was 9°F warmer than on Little Beaver: the opposite
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would be true if the 4000-foot data were omitted; and {6) the temperature
rangzs appeared to be greater on Little Beaver than East Desolation. Thus,
it appears that the tomperatures on the west slope of the lake basin are
warmer and have a greater diurnal range than thosz found in the Lightning
Creek drainage. Similar results were notad at tha 2000 and 3000-foot
levels on the east facing slopes. This fact could be due to tha presence
of the water body {Ross Lake) or to the greater width of the Ross Lake

basin which would permit more hours of sunlight.
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INTRODUCTIOH

Over the past two year study pericd a sightina record has been accumu-
lated on the birds occurring in the Ross Lake Basin. A species list is
included within this Appendix. In most cases a rise in the lake leval will
flood only a minor portion of their total range, but in the case of a few

lowland species a rise in the lake will largely eliminate them as breeding

hirds from the shores of Ross Lake.

HETHODS

Host identifications were made with binoculars and other optical aids.
On occasion, specimens were collected for laboratory identification,
usually when field identification was questionable. In several instances,
photographs were taken in an effort to substantiate sightings (e.q.,

Comron Herganser, Eared Girebe).

Secondarily, an attempt was made to intensively cover certain selected
area® of Ross Lake rather than superficially examine the entire area. Since
more bird species are found in complex habitats than in simple ones, areas
such as Lightning Creek, Dry Cresk Point, Skymo Brushfield, Ruby Horse
Pasture, and Lesolation and Pumpkin Mountains were covered more intensively
than areas such as Roland Bay, Ruby Point, and Boundary Bay.

daterfowl and other aguatically criented bird species were cbserved
as we came upon them. Since the study team traveled frequently by boat,

Ross Lake received daily coverage for observation of water birds.
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Standard references for field identification were Robbins et al.
(i566), Peterson (1969), and Pough (1951), Laboratory idantification of
coltected species was with Blair et al. (1957). Detailed life history
information came from Gabrigslson and Jewatt (1940), A.C. Bent szries, and
Larrison and Sonnenberg (1968).

Species were not listed unless identifications were positive. Ques-
tionable identifications were mentioned in field notes for future reference,
but, in most cases, furthar intensive investigations either confirmed or
denied a species' presence. In this manner, species such as Myrtle Warblar,
Blue-winged Teal, Western Kingbird, and Pomarine Jaegar became positive

identifications., Unconfirmed species are listed at the end.

RESULTS AND DISCUSSION

At the end of the two-year study, in November 1972, 132 avian speciec
were positively identified as occurring on the American side of Ross Lakc.
Certain trends may ba noted.

First, Ross Lake is not particularly attractive for waterfow! and
diving birds. With the exception of the Common Loon and Yestern Grabe,
the lake is too deep for most divers while, because of the drawdown and
the resultant lack of aquatic vegetation in the shallow areas, there is
little food for dabblers. Most water bird sightings were of individuals
which probably use the lake for resting only. Exceptions to this tendency
are Big Seaver Valley and isolated points around the lake, Nesting watey
fowl were observed by Miller and Miller (1971) in Big Bzaver Valiey ai.
by the study group in Boundary Bay and Dry Creek Point.

Second, as discussed by Odum (1971), species diversity is pronoriinnal

to habitat diversity. Taken as a wiiole, Ross Lake is Lezicaliy o monstysic
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sub-climax Douglas-fir association which is generally ‘upland’ (Humid
Transiticn Zone). However, within the basin, there are saveral pockats of
residual riparian {mesic hardwood) types normally asscciated with 'lowland”
habitats. The piant communities of theses pockets ara characterized by
Birch, Black Cottonwood, Alder, Vine Maple, Cherry, Willows, and in the
marsh areas, Sedges. In terms of avian species diversity, these pockets
are extremely productive, especially where other habitat typecs converga
(such as Dry Creek Point/Bay which is possibly the most diverse arsza in
the basin, closely followed by Big Baaver Valiey). Species characteristic
of these moist areas inciude Ruffed Grouse, Band-tailed Pigeon, Hairy
Wocdpecker, Traill's Fiycatcher, Stellar's Jay, Chestnut-backed Chickadesz,
Orange-crowned Warbier, Western Kingbird, Yellows Warbler, Black-throated
Gray Warbler, Song Sparrow, and Warbling Vireo, The areas in which this
biotic community is found include Big Bsaver Valiey (3,600 acres),
Hozameen (American side, 300 acres), Dry Creek Point/Bay (60 acras),
Lightning Cresk Campground (10 acres), Little Beaver (5 acres), and Silver
Creek {10 acres) for a total ofl#,OGS acras., All of this acreage lies
below 1725 feet elevaticn and, f;r this reason, we believe that if Ross
Leke is raised, the basin will largely lose this lowland biotic element.
Therefore, the following species will probably no longer be found breading
arcund the lake: Traill's Flycatcher, Chestnut-backed Chickadsz, Orange-
crowned Warbler, Western Kingbird, Yellow Warbler, Black-threcated Gray
warbler, Song Sparrcw, Warbling Vireo, and Downy Woodpzckar.

Other areas of relatively high diversity in both plant and bird species
include Hozameaen atrea, Jack Point, west Dasolation Mcuntain, Lightning

Creek to south Desolation Mountain, Lightning Creek Campground, Skymo



Lrushfield, Puspkin Mountain (southwest brushfield), and Ruby horse Pasture.
Areas of lower diversity include Silver Cresk, Boundary Bay, May Creck--
Rainbow Point, Roland Point/Bay, and behind Cougar island.

Third, Ross Lake apparently is not part of major migration routes.
While spring migration is occurring in othear areas of the Pacific MNorthwest
in March and April, Ross Lake is still enjoying winter. In Cedar River
watershed of the City of Sezttle, at the end of April 1972, most deciduous
plants were well into the leaf stage {as long as | 1/2 inches) while, at
Ross Lake, spring buds were only just popping and many patches of snow ot
take level were still evident. Most spring migratory birds sightad were
either summer residents or late migrants. In a similar manner, fall
migration at Ross Lake is minimal. Snow fell on the lake in September
and Octoher 1972 when, in Seattle, the birds were only just beginning to
flock.

Of the resident birds, Ruffed Grouse, which is a lewland species, wili
he strongly affected through flooding of the stroambotton habitst. Cbser-
vations bave shown that the Ruffed Grouse tend to oczur aloung the lakeshcore
at all times of the vear, but thay are found above as well zs below the
1725-Toot level. Several flush-censuses in June, July, =nd August along
the Lightning Creek--Dry Creek Point trail produced a meximum of two bircs
per trip with most trips producing only one or none. Assuming a flush
distance of 50 T=zet on either side of the two-mile trail, this would
calcuiate to a maximum estimated density of one grouse per 12.1 acres
for summer 1972, This is in contrast with one per two acres in prime ¢rouc
habitat in upper New York State (Bump, et al., 1947). In gencral, thz

Fuffed Grouse of Ross Lake probably occupies habitat ne furtner Lazl than



1/2 mile from the lake (the maximum distance our group found grouse on
the east shore). For waterfowl, it will be difficult to compensate for
the loss of Big Beaver Valley whare the highest number of nesting aquatic
birds occur., Two possibilities for mitigation might be considered: (1)
withholding (in lieu of cutting) many large trees at or just below the
new high water mark in Big Beaver Valley to be utilized as nesting snags
after the rising water drowns them; and (2) construction of small retainer
ponds just above high water (1725 feet) at the juncturc of the iauy small
streams draining into Big Beaver. These ponds, when vegetated, could be

utilized by the ground-nesting waterfowl.

BIRDS BY SPECIES

The foltowing is an annotated species list.

Explanation of codes usad in list:

I. Occucrence--use of Ross Lake as determined by observation:

MS  Spring Migrant

MF Fall Migrant

M5F Spring and faltl Migrant

R  Winter Resident

RSn Summer Resident, presumed or proven to nest at Russ

RSu Summer Resident, nesting status unknown or in doubt

NM  Non-migratory (permanent) resident, as opposed to
species in which different populations ogccur as summer
and winter residents

RWS Resident in winter and summer

W Wandarer, casual out of its normal range or habitat

u Statuys unknown
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Il. Relative Sighting index
1. Very common. May be sighted almost daily during its
season,
2. Common. Regular observations, but not as common as #1,
3. Occasional. Regular, but infrequent sightings (usually
less than 15 sight records during the two-year study).
4.  Uncommon. Irregular and infrequent observations, but
not a rare nor unexpected bird. .
5. Rare and unexpected. Only one to three sight records.
Not meant to imply a rare and endangered bird, just that
it does not normally occur at Ross Lake.
Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relative
Common Name Sclentiflic Name Qccurrance Sight=Indax

Comman Loon Gavia immer MSF ,PWSn 2
Observed on all sections of the lake; juveniles observed in fali;
possibly two nesting pairs.

ilorned Grebe Podiceps auritus MF? 5
Small flock (seven birds) observed on south end of lake in marly
October 1972,

Eared Grebe Podiceps caspicus W 5
Single individual observed for several days in late June near
Lightning Creek.

Western Grebe Aechmophorus occidentalis W, MSF 2

Single birds and small flocks sighted in Fall, Spring, and,
tess frejuentiy, singly in the Summer.

Green Heron Butorides virescens U

Single individual identified in Big Beaver Vallay in Qctober

1971.



)
Annotated Bird List--Ross Lake, Whatcom County, Washington
Probabla Relative
Common Name Scientific Name Occurrence Sight-lIndo:

Whistling Swan Olor columbianus U 5

Two adults and two juveniles observed from a short distance
near Cougar !sland in late Qctcber 1972.

Canada Goose Branta canadensis MSF 4

Although a few sightings, Ross Lake is not a major resting
area for geese,.

Mallard Anas platyrhynchos RSn 3

At least two nesting pairs, probably more.
Pintail Anas acuta MSF 4

Occasional migrants sightad, mostly on the scuthern half of
the lake,

“lua-wingad Teal Anas discors u b

Infrequent sightings of individuals and pairs in protocted
bays in central part of lake.

Shoveler Spatula clypzata U 4

Five bivds sighted in flight near Big Beaver in July 1971,

Redhead Aythya americera W 5
(One pair observad nzar Dry Creek Point in HMay, 1972.

Grezter Scaup Aythya marila MS 4
Several late spring sightings on various parts of the Lake.

Lasser Scaup Aythya af’inis MS 5
A couple sightings on the southern part of ihe lake.

Common Goldeneye Bucephala clangula U i

Winter and early spring sightings; possibly, they were b-louwn
in oh storms.,
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relat’ws
Common Name Scientific Name Occurrence Sight-irge:
Barrow's Goldeneye Bucephala islandica MSF ,RWSn 3
Nesting on Willow Lake SE of Hozameen; several small flocks
(10-15 birds) observed in winter on northern end of lake.
Buffiehead Bucephala albeola RW,HSF 2
Probably the most common waterfowl in winter.
01dsquaw Clangula hyemalis M5 L

Several small flocks (5-6 birds) sighted in southern end of lake.

Harlequin Duck Histrionicus histrionicus RSu

A few sighted up Ruby Arm in summer; possible nester.

White-vingad Scoter Melanitta deglandi MSF,W

Mediuni-sized filocks (10-30 birds) nbsirved from May o
Apparently not a resident.

Faoded Mercansar Lopho'yies cuculletus RS

Cirzervad by Millers (1971) in Big B:aver Valley.

Comron Mergansar Fargus mergansar u

Several birds sighted on nurtharn and souihern parts of

Septombar,

iake in

1371; none observad in 1972; duad duckling found at mouth of Ll

Beaver in summer i972. (Evidence of obreedir.y)

Red-breasted Merganser Mergus serrator u

Single bird observed near Lightning Crect in early Octobar,

1972. Only kncwn sighting.

soshawk ﬁggiglggg_ggg&ijis RSn

Saveral individuals sighted in late spring and ear!y oo

Flaedglings signted in summer 1971,

i

bR
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Annptated Bird List--Ross Lake, Whatcom County, Washington
Probable Relative
Common Name Scientific Name Occurrence Sight-index

Sharp-shinned Hawk Accipiter striatus RSu 4

A few observations made at higher elavations (above L4000 feet
in vicinity of Desolation Mountain.

Cooper's Hawk Accipiter cooperii RSu 4

Sightings at higher elevations on Pumpkin and Desolation
Mountains.

Red-tailed Hawk Buteo jamaicensis RSn z
Many sightings along lake, mostly on east shore in central
part; nest cn Dry Creek Pount

Sweinson's Howk Buteo swainsecni RSy 4
A faw hioh elavaticn sightings in vicinity of Dasslation
Mouintoin,

Colden Eaglz Aquila chrysaetos HSF,RSu 3
Cizerved near lake level in spring and 7ail; at higher elxvotion:
N sumnar,

Jald E20ic Haliaseetus leuznzaphalus MSF Y 2
Ohsarved yeer around; probably wanders north from nenrby Sheo’s
Eiver, & major wintering area.

tarsh Hawk Circus cyaneus U 5
Singln sighting in Big Beavor Valley in summer 1372,

Osprey Pandion haliastus RSu 2
Sighted szveral timas near lake: on two ocrasions, was chazvvad
making a kill from jaka.

Peregrine Falcon Talco peregrinus R5u T

Toree positive sightings of this rare end endougerad bird in
vicinity ol Dasolation Mountain.
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relative
Common Name Scientific Name Jcecurrznce Sight-1ndex

Pigeon Hawk Falco columbarius RSn 4

Several sightings near lake and in higher elavations; fledg!ings
observed in 1971.

Sparrow Hawk Falco srarverius RSn 2

Probably the most common Falconiform in thz area; sighted in all

areas.

Biue Grouse Dendragapus obscurus N4 Z
Ubiquitous at all elevations. Probably most common Galliform.
Spruce Grouse Cenachites conadensis hM S
Two sightings conly on Dezslation and Little Jack Mountains at

high elevations.

Ruffed Grouse Bonasa umbelius MM 5
Frequent sightings in brush areas and d:rse uncerstory ¢f frnrasis
nezr lake lavel, Mero at higher elevations. fProbably a susts' lnz

peopulatin

dnite-tailed Yiarmiqan  lLacopus leucurus N 5

In alpine and sub-alpine areas year around.

Killdeer Charadrius vociferug RSn :

Sichted in several areas noxt to laks. Have the unforturnate
kzoit of nesting in the drawdown during spring me!lt.

Comman Snipe Capeli~ gallinago H| 5

Single Individual bird sighted near mouth of big Beaver in sariy
May: ¢nly stanting reccrd known.

Spottad Sundpipar Actitis mzcularia RSn

Cowmon around the creek rmouths ¢on east side oFf lols

e
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relative
Common Name Scientific Name Occurrence Sight-Inde:

Pomarine Jaeger Stercorarius pomarinus W 5

Probably the most unusual bird sighted at Ross Lake; single
individual observed repeatedly 17-19 September 1972 near
Cougar island.

Glaucous-winged Gull Larus glaucescens W b

Few sightings, but apparently a single resident bird near Hozainzan
campground in summzr 1972,

California Gull Larus californicus ) 3
Fregquent sightings on south central part of lake in surmer:
provably not nesting.

Ring-billed Guli Larus delawarensis W 3
Qocasicnal adults and immaturss sighted on cootnern hoey o Gz
in summer, Probably no nesting.

Mew Gull Larus canus W 4
A few sichitings in various sections arpvrd the lake Ir rupese,
Benaparte's Gull Larus philadelphia W 3
Several simall flocks (5-7 birds) sighted in spring end wuo.y

on southern half of the lake.
Band-tailed Pigeon Columba fasciata R34 2

Several targe flocks (30-50 birds) observed around lake in sprisg
and summer, particularly around Lighining Creclk.

Mourning Dova Zenaidura macroura RSu

Many cighted in small groups in late coring »and early rewirer,
mostiv o tha east side cf the laks.

i

Great Herned Owl Bubo virginianus el

{ommonly heard in winter; adult and {ive flodalings observe:d ¢
Plg Raaver Vallay in summer 077,



Ef2
Annotated Bird List-~Ross Lakz, Whatcom County, Washington
Probable Reiative
Common Name Scientific Name Occurrence Sight-Index

Pygmy Owl Glaucidium gnoma U 5

Single sight identification in April 1972 near Roland Peoint. Only
known record.

Spotted Owl Strix occidentalis u 5

Single sight observation near May Creek in July 1972. No other
record known.

Common Nighthawk Chordeilles minor RSn 2

Observed In most areas around the lake from lake level to elevation
about 3000 fect.

Black Swift Cypscloides niger RSu 2

Many mixed fiocks (with Vaux's Swift) of various sizes {up to 30
birds) over the north half of the lake.

Vaux's Swift Chaetura vauxi RSu 2

Somewhat more common than the Black Swift; observed mostly over

water on the northern half of the lake, but also sighted frequently
in small flocks on the southern half,

Rufous Hummingbird Selasphorus rufus RSn 1

Ubiquitous up to elevation about 4000 feet.

Calliope Hummingbird Stellula calliope RSn 3

Several sightings at higher elavations (usually above 2000 feet),
especially on Desolation Mountain.

Balted Kingfisher Megacerylie alcyon RWSn b

A few sightings in Lightning Creek and Big Beaver Valley.

Red~shafted Flicker Colaptes cafer NM 2

Many sightings in all areas around the lake, but they seem to
be concentrated on the east side around Lightning Creek-Dry
Creeck Point area. Less common in winter.
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relative
Common Name Scientific Name Occurrence Sight-Index

Pileated Woodpecker Dryocopus pileatus NM 3

Elusive, but found in all areas of the basin.

Lewis' Woodpecker Asyndesmus lewis u 5

One sighting near mouth of Big Beaver Valley in 1971.

Yellow-bellied Sapsucker Sphyrapicus varius RSn 4

A few observations of both common and red-breasted subspecies in
dense coniferous forest away from lake.

Hairy Woodpecker Dendrocopos villosus NM 3
Observed in most areas of dense coniferous forest in the
basin.

Downy Woodpecker Dendrocopos pubescens NM 5

Two observations in two years, both near shoreline in dense
forestation; probably an occasional wanderer.

Northern Three-toed Picoides tridactylus U 5
Woodpecker

Single specimen collected at Roland Bay In February 1972. Only
observation.

Western Kingbird Tyrannus verticalis U b

A few observations in late June near Dry Crzek Point; possibly
a wanderer or a late migrant.

Traill's Flycatcher Empidonax trailtlii RSu 3

Many observations of the confusing Empidonax complex made; only
a couple were positively identified, both as E. traillii; it is

entirely probable that other Empidonax occur at Ross Lake,
especially E. hammondii.
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relativs
Common Name Scientific liams Occurrence Sight-1inde:

Western Wood Powee Contopus sordidulus A5n

Observed most often in Lightning Creek--Dry Creek Point arsa
from late spring through late summer; occur most oftan in
diverse deciduous habitats.

Olive-sided Flycatcher Huttallornis borealis u

Single adult identified in summer 1971 near McHiltlan Park.

Horned Lark Eremophila alpestris U

Two small flocks (10-15 birds) observed in drawdown of Rolan
Bay in February 1972.

Violet-green Swallow Tachycineta thalassina MS7?

Many birds observed over the lake, usually in company with Ti:a
Swallows, from early April through June. Probably not nesting
in the area.

Tree Swallow iridoprocne bicolor MS?

Again, usually associated with Violat-green Swallows. Posz’’ @y
nesting up Big Beaver Valley,

Bank Swallow Riparia riparia MS

Several sightings in May and June at mouth of Big Beaver.

Rough-winged Swallow Stelgidopteryx ruficollis MS

Observed in various areas around the lake, usually near craci
mouths, in May and June.

Barn Swallow Hirundo rustica R&n

Cbserved over ali parts of the lake. HNests found in various
buildings at Hozameen and Ross floating camp,

Cliff Swallow Petrochelidon pyrrhonota  MS

Small flocks and individuals sighted at mouth of Big RBeaver in
Tate spring.

Tad
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Frobable Relative
Common Name Scientific Name Gcourrencs Sight-Index

Gray Jay Perisoreus canadensis M 3

Infrequent sichtings in dense forest areas around the lake.

Stellar's Jay Cyanocitta stelleri NM 2

Elusive, but is found in all wooded areas around the lake.
Black-billed Magpie Pica pica W 5

Three sightings at Ross Lake, two of them in winter. An
“aast side' species.

Common Raven Corvus corax NH 2

Many identified by sight and voice in the southern half of the
lake; nest~building observed nzar Rotand Point.

Common Crow Corvus brachyrhynchos MS,RSn 2

Very common in the northern half of the lake; among the Firzt
migratory birds to return to Ross (early Aprii).

Clark's Nutcracker Nucifraga columbiana NM 4

Occasional ohservations in various wooded areus, mostly on the

east side of the 'ake. Also sighted in sub-alpine areas of
Desolation Mountain.

Black-capped Chickadee [arus atricapillus M ]

Ubiquitous. Almost always observed in medium-sized flocks
(10-20 birds); particularly common on west Desolation Mountain.

Mountain Chickadee Parus gambeli u 4

Several identified in sub-alpine areas in 1971: nona chservad
in 1972; possibly a wanderer.

Boreal Chickadee Parus hudsonicus u 5

Single individual observed building a nest on Jack Point in
early June 1972. Only record. Nest success not known.
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relativa
Common Hame Scientific Name Occurrance Sight-indax

Chestnut-backed Chickadee Parus rufescens RW,RS7

Common in early and late spring; Is not normally a migratory
species, but may disperse from the lake basin in summer.

Red-breasted Nuthatch Sitta canadensis el

Infrequently sightad in a few areas in the southern half of the
lake; usually in small flocks {(5-10 birds).

Brown Creeper Certhia familiaris RWSn

Shy and cryptic, occurs in the cooler and damper areas of Ross
Lake, particularly up Ruby Arm,

Vippar Cinclus mexicanus NM

Observed in almost all streams feeding into Ross Lake.

Winter Wren Troglodytes troglodytes  RWSn

Heard and sighted in most dense, wet coniferous forests,
particularly Ruby Arm and Littie Beaver.

Robin Turdus migratorius MS,RSn

Probabiy the most common bird at Ross Lake in the summer; one
of the early {April) migrant birds to arrive.

Varied Thrush Ixoreus naevius RWSn

Heard and sighted in most dense forests in the basin.

Hermit Thrush Hylocichia guttata U

Three sightings in 1972, all in ''lowland™ arcas; pos:zible
nester in Big Dzaver Valley.

Swainson's Thrush Hylocichla ustulata RSn

Occurs in most woodad areas in southern two-thirds cof lake
{(froia Jack Point south).

3]

LFy
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relative
Common HName Scientific Name Occurrence Sight-indax

Mountain Bluebird Sialia currucoides HS ,MF7? 3

Several medium to large flocks (up to 40 birds) sighted in th=
central portions of the lake, usually feeding in the drawdown,

Townsend's Solitaire Myadestes townsendi RSu 3

Observed from late May through mid-July, but no sightings after
then. Most sightings in southern half of lake.

Golden-crowned Kinglet Regulus satrapa RW 1

Very common in medium-sized flocks in dense conifers in winter;
often in company of Ruby-crowned Kinglets.

Ruby-crowned Kinglet Regulus calendula RW 2

Small flocks {up to 10 birds) in similar araas to Goldan-crownad
Kinglets; ubiquitous except in the northern area of lake near
Canadian bordsar,

Water Pipit Anthus spinoletta MS 3

Small migratory fiocks sighted in drawdowns of middlz and
northern sections of lake.

Bohemian Waxwing Bombycilla garrulus RSu,W 4

Probabtly not a permanent resident, but a huge flock (sever.}
hundred)} was present on the lake in June and July 1972, Kiowe
to be irregular in distribution (Gabrielson and Jews:it, (947,

Cedar Waxwing Bombycilla cedrorum RSu, U 4

Status similar to Bohemican Waxwing; when Bohemians noved out in
July, several hundred Cedar Waxwings moved onto the lake, 3z ly
in the central areas.

Starling Sturnus vulgaris u 5

Only two sightings of these normally common birds of tha iruiunds--
two pairs near Dry Creek Point and one individual at Mozarmsen, both
in spring.
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Annctated Bird List--Ross Lake, Whatcom County, Washington
Probable Relative
Common Name Scientific Name Occurrence Sight-Index

Solitary Vireo Vireo solitarius RSn b

Only a few positive identifications, including a collection; scmetimes
confused with Empidonax; probably more common than is evident by
sight-index; observed in open woodlands.

Red-eyed Virao Vireo olivaceus : u 5

A single observation in Big Baaver Vallay in spring 1971.

Warbling Vireo Vireo gilvus RSu 3

Occasionally sighted on Pumpkin Mountain, Skymo Burn, and near
Hozameen, usually in late spring and early summer.

Nashville Warbler Vermivora ruficapilla MS 4

A few migratory individuals identifiaed in Skymo brushfield in
early May of 1971 and 1972,

Yellow Warbler Dendroica petechia MS5,RS7 2

Many sightings in spring and early summer, but none after nid-
June. Possibly not a nester on American Ross Lake ercept, pechaeps,
in Big Beaver VYalley.

Myrtle Warbler Dendroica coronata MS b

Several individuals identified in Skymo Brushfield and Ligliining
Creek arecas; often with Audubon's Warblers.

Audubon's Warbler Dendroica auduboni M5F ,RS7

=)

Sighted frequentiy in spring and sarly summer; possibly nuits
outside the basin.

Black-throated Gray Warbler Dendroica nigrescens MS 5

A few occurrences in Ruby Arm and Big Beaver Valley; possit:ly
these were just wandering migrants,
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relative
Common Name Scientific Hame Occurrence Sight-index

Townsend's Warbier Dendroica townsendi RSu 3

Observed well into the summer {July) in various parts of the
lake, mostly northern.

MacGillivray's Warbler Oporornis tolmiei RSh 3

Stghted occasionzlly in dense thickets on the eastera side c¢f
the lake.

Wilson's Warbler Wilsonia pusilia MS &4

A few migrants identified in deciduous areas of Lightning Creek
and Pumpkin Mountain.

Western Meadowlark Sturnella neglecta MS 5

Three sightings, all migratory individuals, in "pseudo’ meacdows
of Ruby Horse Pasture and Dry Creek Point.

Yel tow-headed Blackbird Xanthocephalus W 5
xanthocephalus

Single female sighted in spring 1971; single male observed fc
several days in May 1972 with 5 pairs of Brown-hsaded Couwblic:
In drawdown of Lightning Creek Camp.

Red-winged Blackbird Agelaius phoeniceus RSn 3

Observed only in Big Beaver Valley where they nest {Miller cad
Millter, 1971).

Brewer's Blackbird Euphagus cyanocephalus Ms 4

A few sightings of straying migrants; usually in pairs; cuserved
in open habitats.

Brown~-headed Cowbird Molothrus ater RSn 1

Very common in all areas around the laks, espaciclly near the
lakeshore; usuaily in small flocks of two to three nairs.
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relative
Common Name Scientific Mame Occurrence Sight-Index

Western Tanager Piranga ludoviciana RSu 3

Identified intrequently in Ruby Horse Pasture and Lightning Craek:
nesting status unknown, but they probably nest in the Ruby iorse
Pasturs area.

Black-headed Grosbeak Pheucticus melanocephalus RSn ]

Not often sighted because they are secretive; most observations on
eastern and central part of lake,

Evening Grosbaak Hzsperiphona vespertina RSN 3

Frequent sightings in Ruby Horse Pasture, but this is the oriy
apparent area cf occurrence.

Cassin's Finch Carpodacus cassinil U

L%}

Single identification at Lightning Creek Camp on 31 May 1272;
probably a wandering migrant.

Pine Grosbeak Pinicola enuclzator RW 3

Observed occasionally near lake In mid-winter; possibly &
summer nester at high elevations,

Pine Siskin Spinus pinus NM 2

Generally observaed in small flocks (10-15 birds) in heavii
wooded ar=as around the lake; especially common near Ruby
Horse Pasture.

American Goldfinch Spinus tristis u 5

Single individual identified at Canadian bordar rorth of
Hozameen; possibly nesting in the lowland Canadian Skagit Vaji:y,

Rufous-sided Towhee Pipilo erythrophthalmus RSn 1

Very common in its habitat of open and closed brush: found in
most brushflields airound the lake.
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Annotated Bird List--Ross Lare, Whatcom County, Washington
Probable Relative
Common Name Scientific Name Occurrence Sight-Index

Oregon Junco Junco orzganus MM |

Common along the lake in winter; at somewhat higher {(abova 1360
feet) elevations during the summer.

Chipping Sparrow Spizella passerins RSn Z

Common in open brush and forest areas of all parts of the lake.

White-crowned Sparrcw Zonotrichia leuccphrys 145

LAy

Sighted in open areas around scuthern half of lake in sDring ;
possibly nesting at higher elevations in sub-alpine meadows.

dolden-crowned Sparrow  Zonotrichis atricapilla MS 5

1971 sightings on Pumpkin Mountain and Skymo brushfizld; nona

in 1972,
Song Sparrow tielospiza melodia MSF 3
Heard and identified in various open aresas around lakz- noscilTa

nester at higher zlevation and/or up Bino Beaver Valiey.

UNCONFIRMED SiGHTINGS

The following species arz only possible identifications withoui canfirm~tior
from any othar sourcs, thus is not included in the above list.

Double-crested Cormorant Phalacrocorax suritus

A single Cormorant of some species was sichted flying over tha lak-
in spring, 1971; identification as a Double-crasted Cormorant was
only a guess since it is the most common Cormorant.

Sandhi!l Crane Grus canadensis

A fisherman reported seeing one in the marshes at the norih end of

the lake late in spring 1972; immediate investigaticn reves cd
nothing.,
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Annotated Bird List--Ross Lake, Whatcom County, Washington
Probable Relative
Common Name Scientific Name Occurrence Sight-index

Screech Owl Otus asio

Possible voice identification in late summer 1972; no sighting
confirmation.

Short-eared Owl Asio flammeus

One adult sighted in Devil's Park in summer 1971. This was .ot
a positive identification,

Yel lowthroat Geothlypis trichas

Single adult male sighted on Pumpkin Mountain in spring 1971.
Not a positive identification.
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