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I n trod uc t ion : This report covers the second year of a field study of the 

Ross Lake Basin, with the general objestive of determining what the effects 

of raising the lake level on the biota might be and how undesirable effects 

could be avoided or compensated for. The objectives of the study were 

worked out in coope,ation with the City of Seattle Department of Lighting 

and the Washington State Department of Game. The Department of Lighting, 

through the good offices of Mr. Hayne Bishop, has provided al 1 requested 

assistance, including boat transportation, aerial flights, and living 

quarters. Mr. Gene Dzledzic has fre1~ently consulted with us on behalf of 

the Department of Game, and 11r. Arthur G. Stendal has provided information 

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

Objectives: 

Genera 1 : 

<V. To assess the current situation with regard to ,,i ld 1 ife popu­

lations and develop predictions concerning the probable effects of 

raising the lake level on them. 

b) To develop recommendations for mitig3tion of anticipated losses, 

if .:my. 
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c) 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 wi Id life other than 

e) To develop plans for wildlife habitat m I t,i.ga t 1. on, 

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

ment, if the proposed project is constructed. 

Field Activities 

Chrono I ogy of 1972 

Winter · (January ·- ·Ma~cilf• 1972) 

deer. 

the impound-

J. 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) 

I. Continue 1971 's studies on spring deer movement in close cooper­

ation with the Canadian teams. 

2. tetermination of plant growth patterns and analysis of dlffer.ences 

(if any) between North and South, East and West, and various elevations. 

J. 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;.'t.972) 
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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. 

4. Initiation of experimental mitigation techniques [fertilizer 

plots]. 

5, 

6. 

Fall 

I. 

2. 

3. 

4. 

Continued investigation into seasonal deer movements. 

Determination of plant successional stages. 

(August 15 - October 1972) 

Determination of plant productivity of the major wintering areas. 

Continued micro-climatological studies. 

Continued seasonal population composition and estimates. 

Preparation of report of findings for 1972, including suggestions 

for mitigation. 

5~ Delineation of further pre-lmpoundmerit studies: 

Results 

Deer Numbers and Wi'lte.r Distribution: In a largely forested region deer 

numbers"rland 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 (llb®tH3 In w,io,ter) 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 certain winter range, the estimated number will 

tend to be something lower than the true number, for the following 

reasons: 

I. ' 
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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. 

R0new.Remember i ng then, that these are minimum va 1 ues, we obtained winter pop­

u I at ion 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 elsewhere 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 we 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 exP.and this direct observation to an estimate 

for the whole lake shore. In 1970-71 this was 305 deer; in 1971-72 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 lake shore could not be as 

intensive as the search for deer on the shores of the more open and more ,.. , .. ,,·.: !·": 

accessible major deer winter ranges. 

In addition to the deer around the lake shore, enumerated above, ther~ 

are some deer which winter on high (3-4000') southerly exposures which are 

snow-free in winter. We are just now in the process of locating these and 

attempting population estimates. 
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In our 1971 report we estimated a Ross Lake Oas in deer population of about 

400-600 deer. Our 1972 studies show a count of 250 deer, 1,,hich is substantial Jy 

belm·1 the true value for reasons given above. Th.;,se population estimates are con­

sistent with each other. 

The deer around Ross Lake .ire not one uniform population, but rather a series 

of overlapping populations t·1hich shm, a definite pattern of hybridization between 

mule deer and black tailed deer. This is readily seen in the patterns of hair 

color on anu around the tail, as shm,n in Figure A-;:i. By assigning a ranae of 

numbers to each of these characters, es in this illustration, one is able to 

assign a "hybrid" number to any deer he sees. Different populations around the 

lake show different degrees of hybridization. Apparently mule deer predominate in 

the northeastern part of the basin. As one moves south a long the ,cast s~ore of 

the lake, the blacktai l element becomes stronger, and someplace doemstream on 

the Skagit pure /:Jacktails 11111 be found. The deer on the west side of the la~e 

are strong in blacktail characters, shos,ing that there is little interchange 

around the northern perimeter of the lake or across the lake, Dlthough individual 

deer do make these movements. See ,~ppcndix A for further details. 

Our data on deer numbers permit us to compare total populations in one winter 

1,iith those in another. Since the same .nethods are used in both ,,,inters, the re­

sults are co~parable. 

The populat;on estimate for 1970-71 was 305 deer. If we assume ·a population 

incrense of about 20 per cent, we 11ould find some 3E0 in the fol lowin,:, year. But 

we nctually estimated only 250. It seerJs that the deer population is limited by 

some environmental factor, which operates even in ordinary years. The most 

logical supposition would be that winter range is limiting. As yet we do not 

have enough information on this point, a I though there is certainly evidence of 

heavy forage use in some areas, and also evidence th2t conifers are beginning to 

cro11d out forage plants. 
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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 ,.-,re: 

fire; others are located in the mature forest. On shrub ranges it is 

important to learn the dynamics of the situation -- the competitive 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 more 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 slows 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 slrn-,er 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 longer 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 light partial 

overstory of trees may we! I _ir.ipr.ove 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 s1Jccession, before disturbance, had progressed 

. , •. ,. ;;!· .. 
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to a point where a dense comrlete canopy of trees had occupied an area for a 

sufficient lcnsth of time to reduce the shrubs. This occurs primarily 

on good sites with long 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 ~robably related to some favorable corsbination 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 1vithout further disturbance before 

the conifers take over the major role. This does not necessarily mean 

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

The productivity of present shrub ranges, and the winter consumption of 

new grrnvth by deer a re being studied th rough measurements and photographs. 

Each species of shrub has different place on the deer preference list, 

7 

each individual is influenced by its site, the plants which s•Jrround it, the age 

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

/iature forest \}inter ranges seem deficient in forage; commonly the 

forest flocr is open and the shrubs Hhich protrude ubove the snO\, arc 

heavily used. Gut the real source of deer food in these forests is evidently 

not the understory vegetation, -- it is the canopy. Douglas fir foliage is 

eagerly tal",n by deer 1vhen a brnnch or a tree falls, and in addition the tree 

branches and trunks have lichens growing on them. On the •,.rinter of 1971-72 

11e investigated these lichens, to determine the species 1,hich 11ere present, 
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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 Island, B. C. The 

present study indicated species of only one genus of 1 ichen, Alectori~ 

{hair moss), was utll lzed heavily. This 1 ichen grows in branches and trunks 

ailidtrees. Deer eat the tree-trunks clezn on v1lnter ranges, actually to the 

extent of creating a "browse 1 inc". '.Jhore doer do not winter this "browse 

1 ine" effect Is not found. 

lichens utilized by the deer were found to be closely associated with 

the climatic conditions characteristic of the given forest conditions. Three 

conditions appear to be highly productive for the lichens utilized most 

!:,y the deer during the critical winter periods; mature age, relative cpen-ncss 

in the stand, and high humidity. Areas of mature forest adjacent to the 

lake shore are particularly product<l,ve. 

During the 1972-3 1•1111ter 1·1e arc further in·Jestlgating the production of 

both hairmoss lichen and Douglas-fir foliage as it falls frcm the forest canopy 

:snd becomes available as winter forage for ceer. It seens evident.!h,,.t th.c pattern, 

of this fall-out from the canopy must be influenced by winter storms and the 

\·'aM that wind acts within the c,inopy. Thus the elements of the problem Include 

the abundonce of potential deer foods, the annual increment in these foods, 

and th· t i cr,1;:s 't · ,.JI, i ch these foods become avo i 1 able to deer. A 11 

three of these arc probably influ<enced by the biotic and physical character­

istics of the forest. 
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Cl imatologv 

A prime question, throushout our study of the Ross lake !Jasin has be,en: 

doe,s the presence of the impound:nent rnfluencc the microcl ir.iate of the lake 

shore. Almost from the first it was evident that the f\os9 lake shore differed 

from the valley of the Skagit In Camida in being much more nearly snmv-free. 

But to determine the reasons for this required study. This took two forms-­

one consisted of a mass of ob~ervational evidence and the other consisted of 

a control Ted series of cl imatlc measurements along ts10 tr~nsects. 

lllr.te1 .. obscl·vatioi1~ shov, that on deer winter ranges snow is relatively 

shallow up to a certain le'lel -- perhaps 2500 feet -- and then be,comes 

abruptly deeper. /\Tso, many times when it Is snowing !n the uplands It Is 

raining at the lake shore. In the 9pring the plants around the Take start 

growing and produce leaves and fl owe rs about the sar:ic time a I 1 around the 

lake, whereas above the upper I imit of the deer t"llnter range the san,e species 

of f)lants bloom a month later. One \.~10uld h'/rt't~i.-:si2i'.::"fror.1 such ,;,Js~r·r:-:ticns 

that the kke Wq~med !ts v[cir.ity during the 1•1inter. 

In order to examine this h\•pothcsis qui'lntitatlvely,t.10 transects made 

up of microcl !m3tic recording devices ,-,ere set up in Ross lake llasln. O~e 

transect consisted cf one slope on each side of the lmpoundmcnt. The other 

co:,sistcd of tt,JO comparublc slopes, one en each side of a $mall stream. 

The results obtained thus far arc presented in Appendix D. It appears 

that the; £lop0s v1hich include the lake basin are warmer, and have a gre;iter 

diurnal temperature r&nge than do the slopes 1-1hich do not include a lake 

basin. This could be due to the prnsence of the lake itself or to the 

greater width of the Ross L;:ike basin, e,hic•, perri'its more daily sunlight, or 

to both. Analysis of the data is continuing. 
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In addition to these climatic measurements, l·Je have devised a method of 

measuring hours of daily sun] ight for any desired point. This depends upon 

slope, aspect, and surrounding higher '.)round which may intercept the sun's 

rays. Using this approac:1 e,e a re mapping winter-warm s i tcs (;,0tcnt i al 

winter ranges) and dete~mining their present vegetation and winter deer use. 

This information "'il 1 be useful in developing deer winter range mitigation 

plans. 

Wildlife other than Deer: 

In our 1971 report w::, stated that raising the lake level would probably 

reduce the 35 beavers of Big Beavn.r Valley to about 13, and might reduce deer 

winter carrying capacity by flooding the lower part of the i.inter ran9e. 

Evidence of beaver outside of Big Beaver was noted this past year in the Lightn­

ing Creek drainage below the 1725 foot elevation. To establish Nhether it is a 

permanent colony or not 1ai 11 require verification in 1973. 

As for other wildlife, 1te said (p. lJ) that, 

"For the other mammal and bi rd species .:iround 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 ropulations." 

Uc still believe that this is a fair assessment for most wildlife species 

in the Ross Lake Basin. However, there ,ire a few species which, 1 ike the 

beaver, are found in lowland plant communities. These communities of sedges, 

11i1lows, cottom,ood, birch or asrcn are small in area but mostly located 

below the 1725 foot 1 ine, and so would be flooded if the reservoir were 

raised. This 1,;ould eliminate much of the habitat, .:iround Ross Lake, for 

Trai 11 's Flycatcher, Chestnut-backed Chickadee, Orange-crowned ',!arbler, 

~lestern Kingbird, Yellow 1,/arbler, Olack-throated Gray Uarbler, Song Sparroe1, 

\larbl ing Vireo, and Downy \foodpecker. 

The areas of habitat in question, of course, are but a tiny fraction of 
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the total habitat for the!l'"e essentially lm·iland species in western \fashin~ton. 

During the current year we m~de many aeditional bird observations (see 

Appendix E). In addition, we noted bear, goats, and elk whenever possible. 

1972 was not a good year for bears. Far fewer ~,ere observed than in the 

previous year, and hunters took fe,eer. On the other hand, elk arc slowly 

becomin(J more evident in the Basin. If, as one 1eould expect, the introduced 

Rocky Mountain elk, continues to increase in Ross Lake Oesin as it has in 

much of the rest of the western slope of the Cascades, the elk probably wil 1 

one day be the demi nant big game an i ma! in the Ross Lc:ke Basin. 

Plans for Mitigation: 

One of our objectives, in the eurrent study, has been to develop plilns 

for 1-,ildlife habitat miti9ation -- thc:t is, the improvement of habitat to 

replace any that might be Jost by flooding. Our attention thus far has 

largely been focussed on the successional shrub winter ranges. There, 

from >ihat ,,,e nmv kno>i, the potential winter range area wi Jl advance upward at 

the sar.1c time thJt its lo11er edge is being flooded by the rising waters of the 

lake. The extent of uplllard advance is not yet known. On the shrub winter 

range, shrub productivity could be enhanced by the use of controlled fire, 

which induces sprouting, and by r.:>mova J of competing vegetation. In addition, 

fertilization might be a practical way to increase productivity. 
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Plans for post-lmpoundment studies are being pursued in 1973. Par-

ticular attention is being given to the Identification and delineation of the 

abrupt increase in snow depth i,hich mnrks the present upper level of the 

deer i-,inter range. This wi 11 provide a base point from ~,hich to measure 

any upwc.1rd d I sp 1 a cement during a rl se In the 1 ake level. 
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Clbjectives 

l. To estimate deer distribution and numbers seasona, ly by pellet­
group counts on known deer concentration areas. 

2. To estimate dc,er numbers around the tahole lak,shore !·y d:r,,':c 
obsetvation. 

3. To determine ti1e chronological pattern of plant gr01sth, comri-"1 r i r: 1 
a variety of species and winter ranges. 

4. To study productivity of known deer \·:inter ran9es. 

5. To study deer moveraents, usirig marked deer. 

, 
To -.,;;. . infer deer movements through observation of hyhrid (I, f;: r • 

One method for estimation of deer use and population size is the, pellet­
group count. Tliis technique 1•1as first described in the literature in 1~,'::: 
lly Uennett et.al., and since then has :,een widely used and ,r.uch ,·,:·fineJ. 
Pel let·group counting has been defined as "the process of esti:nating by 
fecal pellet-group counts the actual or relative numbers of bi1 gcme ~nim,,:.:, 
or their days·of use, in a given 3rea" (!Jeff, 1'.i(i':5J). In the follrn·,in-i 
paragraphs the technique and its drawbacks are descri i,ed and its mace r c 
implementation at [{oss Lake is outlined, 

The procedure followed in pellet-group counting is basically simnle. 
First, a number of snmple plots are staked out on the area to L,·o s,·,.;;ip]ed. 
The plots are then deared of al 1 ;,el let-groups. fl !.:nrn·m ,,ud,cr ,Jf clays 
later they are cleared again, but this time the num',er of pe; let ·grouv, 
found on eac;, p 1 ot is recorded. \.fi th this dat?, an estimate of ~-r:2 n1f:1be ,. 

of deer-days or the deer ronulation can be obtained if'"' estimate, o·.' t',2 

mean daily defecation rate (i.e., avera<Je number of pellet-aro•cpc <epcci'..•d 
l,y one deer ::,er day) is known. The computation is as i o 11-•.Js: 

/',.-1 ' 
Lake 

1. Pellet-groups/acre = 

2. ueer-days/acre 

3. :;eer/acre 

Total Ii deer = 

Tota 1 1? groups counteC: 
Total area contained ~y san·ale uic' 

Pellet-groups/acre 
Defecation rate 

:Jeer-days/acre 
# days in use ~,21~" i oJ 

(Deer/acre)x(#~s,·~s 

In our case, these calculations ~re made (1) for each trans:: .. t (Tab',s 
fl-2) ,.-12) for 'the inajor winter ranges (Table .11-4), and (3) •x the '.:.s 
basin as a whole (Table A-3). 

The major que~tions which must JG ansHered in 
r·c,llet-group sampling system are conc~rned •sit',: 
units, (2) size of the units, (3) r,umber of units, 
the units. 

th0 
r , I 
r;;nd 

pr·-;p1r(.,-~ ion of a 
•·'.ieli>e of t':t! s~-.::.-ile 
14) · d'st:·ibut'on i 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

112 

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 
a 11 be taken into account. It was dee i ded that be 1 t transects wou 1 d be the 
most efficient sample unit shape in this study. Each transect consists of 
three (occasionally two) long narrow plots, each plot being 109 feet long by 
four feet wide (equal to .01 acre). Approximately @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 accessibi 1 ity 
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 Apri 1-June, July 13-14, and October 5-12, 1972. 
In this manner, deer usage and population estimates were obtained for winter 
1971-1972, 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 a large part in making their 
pellet-group survey an· underestimate. Hence, because of missed groups, it 
can be conci~ded that pellet-group density estimates will almost always be 
less than true density (Neff, 1968) 

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 grnup 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 follos1ing 
procedure was adopted for the Ross Lake Study. A pellet-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 0.01-
acre plot. In order to compensate for this a correction factor was calculated 
This was obtained by measuring the distance from the edge of the plot to tha 
outside edge of the pellet-group (Figure A-4). These distances were summed 
for all of the pellet-groups ~,hich were partially, but not entirely, within 
the plot. By averaging these measurements, the width of the area not 
included in the four-foot ·~ide plot was calculated. This was then doubled 
to account for both sides of the tra~sect, and added to the original transect 
width to obtain a corrected width. For the 1972 data this corrected width 
was calculat!d to be 6.CG2 feet which resulted in a corrected area of 0.0152 
acre (~ 109' x 6.062'). 
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The daily defecation rate of deer is possibly another source of error in 
the r,cl let-group caunt techniqu~. t!ud1 evidence indicates that the mean defcc­
dtion rate varies \'1ith chanqes in the diet an~ between populations ~dth differ-· 
ent age strnctu,·Gs (Dasnann and Taber, l'.''.,5; Smith, l:)G4; Neff, lJCi). But a 
defecation rate of 12.7 or 13.0 groups per deer per day (13.0 was used in this 
study) has been commonly assumed zs the averaae in most pellet-group surveys 
(McCain, 1943;Dasm;:inn and Taber, ]'.J'.,5; Llr-own, l5Cl; Smith et. al., 1572). 

It appears that this rate is close to the true value especially when deer 
are feeding upon dormant vegeta~ion. This occurs during the ,-,inter at Ross Lake 
and is the neri od upon 1i1h i ch the maximum population estimates a re b2sed. Hence, 
we believe, that the winter population estimates are not greatly affected by 
error from this source. 

The loss of pellet-groups due to insect attack and to washing rains has 
been reported by some autl1ors as resulting in considerable error in the 
pellet-group count (Robinette et. al., 1~53; ilal Imo et. al. 191,2). But these 
sources of error are not considered to be important at Ross Lake. 

\Jhc,re the terrain is steep, considerable error in deer population esti­
mates can result because of the discrepancy between the actual acrca~e on the 
ground and the estimated acreage figured from a map of the study area. Tl,is 
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 lc\·J, 

During the course of the pellet surveys, It was found that several transects 
had deteriorated over the ,,inter in that the marking ribbon and/or the SLtrvey 
stakes had either disintegrated or had disappeared. Ribbon disintegration or 
disappearance apparently 1·1as caused b·t both cold temperatures and by deer eating 
the ribbon (severed members of the stu,:y group have repeatedly observed this 
phenomen,m). Stakes disappear o,hen broken off by deer, bear, or snow and the 
r2mainin~ stubs covered by failing litter and debris. Bec~use of this problem, 
several pellet transects could either not be found or, ~f found, proved to be 
inadequately marked for accurate re-use. Deteri oraterJ transects outside the 
known deer uinter ranges were replaced \.'lith nm-1 ttansects 1,.,jthin areas of hc:ivy 
deer 1sinter use. Those transects 1vhich held deteriorated, but were loc.:1ted on 
:(nrn,iil winter rnngcs 1r.iere re-n:n. ihe!>e could not usual Jy be completely rc,:d dovJn 
the entire length since parts of the transect parts were no longer marked. Hm,­
cvcr, in ev~ry cas~, at least one portion of the transect w2s readable and dJta 
\,:as obtained for the arecJ. To be readable, of course, a transect must have been 
clcilred vt a previous re,1ding ar.d to be clearly rnarl:ed at the time of r,rcesei,t 
re;ad i ng. 

Finally, readings for \•linter use determination were spread over u t\,JO­

month period (6Apri J-1, June 1'.)7Z) since m,my transects were not readable early 
in t:w~ period bc;;ause of sr:ow on the plots. As tf;e snrn,1 melted, the transects 
vvc.re read. Areas ~-.;ith deepest snm" showed least pellet accur.1ulation. 

From the foregoing, it hay be seen that there are several errors in use 
of the pellet-group count to determine deer numbers on a \·linter concentration 
area: 

l. Observer error, which tends to reduce the tot a I count. 

2. Possible error in the estimate of the number of pellet grours produced 
each day by the average deer---this estimate could be on either side of the true 
v;;lue. 
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There is still another sort of error. Pellet-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 wir,ter range. The pellet accumulation during 
the period b.stween these two clearings is the average use during the period, 
which is somewhat less than the maximu".!. intensityofuse 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. From present knowledge, then, it seems reasonable to suppose that 
our population estimates involving pellet-group counts are ·dafinitcly belo11 
the true value. 

The estimates are probably of grevtest 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 technique 
when it is used in this manner. 

In the major 11intcr areas (see Figure A-1) ,,,e estimate 206 deer to be 
the mean population with a confidence limit from 187 to 224 (see Table A-4) 

Secondly, it was dete,mined from the pellet transects that the deer in 
the Ross Lake basin uti I ize the area above 1725 feet elevation more than that 
below 1725 feet.·· 1n 1-,inter, tt,e level of utilization belo11 1725 feet is 
about 30 percent, while, over the entire year, the utilization is about 40 
percent of the use; of th'- vii nL r r·:119-.: ·:bov" 172~ f, . .:,t (sc,, Tab le 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 usviJI. Direct counts may 
be made from a boat at this time, although the dra11down of the lake for 
po1-1er generation may h2rnper navigation around the north end. 

When direct counts on winter ranges are compared to deer actually ccunteJ 
as the same 1-1inter range, c1e get the fol lowing: 

Deer On ,Ii nter Ranges Deer Observed i Percent 
(By re_l_!_~ t-G roup Count) On Sa;n~ /\reas i Observr;d ----------- -- ~---·· 

i 
Winter of 1970-71 2"~ 172 I 76 '- I : 
ti/inter of 1971-72 206 173 C6 

Thus, in one winter we actually observed 76 percent of the estimated 
deer population, and in the second winter we actually observed 86 percent 
of the estimated deer population, on the same areas of known deer conccntra­
t ion. 

This information can be combined with the results of direct deer counts 
around the whole lake shore, as follows: 
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Deer Dbse1·v2d All 
Around Lake 

----'--.C-....C 

AS 

Percentage of Total Tota1 Deer 
Deer Around Lake A,·ound La,ke;, __ __;..:,;._'---"'-" 

Winter of 1970-71 232 --------'-76:::_ ______ -"305 __ _ 

Winter of 1971-72 215_ 86 250 

* First column divided by second column times 100 . 
• ,/;f -.:, . 

It will be recalled thilt 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, 
beciluse of the vagaries of na·,igation and shore] ine cover, is probably not 
as complete as tho count of visible deer on known winter ranges, This, 
too, would tend to give an underestimate. 

Finally, not all deer winter close around the~~ake shore. 
rhose which do are of greatest interest in this study, because they are 
most likely to be affected by a change in lake level. But in the interest 
of determining the deer ,population 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 air in winter, and seen the 
occasional deer, the country is so extensive and broken th~t some more 
effective me,~ns of investigating this prob 1,:m has been needed. No1-1 we h;,ve 
two further aids;. 

The movements of radio-marked deer show some of them drawing near to 
a high southerly face just west of Lake Hozomeen. So one higl1 winter 
range is located. Further south around the lake we do not have radio­
marked deer to guide us. But we have been determining the amount of solar 
radiation, which helps pinpoint the areas which are "hottest" during the 
winter and hence potential winter r,inges. 

Phe!1o 1 ogy Invest! qc_t i ~ 

Considerable effort ·,,as directed tow,:rd the flora of Ross Lake as a 
pre1 iminary to m~asuring the carrying capacity of the various ranges 2nd 
habitats of the Ross Lake Basin, both before and after raising Ross D&m. 
Preparatory to productivity studies, differentiH] rates of growth, if any, 
had to be de term i ncd both above and be 1 ow 1725 feet el e:at ion and i ,, 
various areas around the Lake. Thus, in early P,pri i, 22 phenolo9y plots 
were established to gather quantitative data on comparative calendar 

growth. Seven plots were located above 1725 feet wh;le 
15 plots were below; al 1 plots above 1725 foet had et least one matching 
plot directly below it on the slor,e at lGOO feet (see Figure A-3 for lo:::.::­
tion of plots}. Four species of plants were selected as those occurring 
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in the most number of areas around the Lake: \line ,1aple U,cer ci rcinatum), 
Douglas-fir (Pseudotsu')a m~nziesii·, saplings only), llountaTnoregon Graij;, 
{Berberis nervosaf;· and-·PrTrice·~P-ine ( = Pipsissee1a, Chimaphila umbel,at2). 
As much as possible, all plots were set in similar en~ironments: under 
moderate (25 to 50 percent) canopies, in moderately well-drained (but not 
arid) areas, and on relatively flat terrain (althougl1 most plots had a 
slight slope tov,ard the lake). 

Within each plot (plot sizes ranged from about 20 to 50 feet diameter), 
six rerresentative plants of ec1ch of the four study species were selected, 
measured, and marked with fla<Jging. \•/here fewer individual plants 1,,ere 
found, fewer were sampled, 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 t.:niversity of 
Washington in Seattle, 

As a result of the phenological investigations, it was determined that 
there is no discernable groe,th 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 gr~•th 
p~tterris ·,ere not found unt, l e':iout 30GO feet elevation w~ere the start of 
the growing season appeared delayed by about one month, evidently due to 
colder temperntures and, consequ.,ntly, lingering snow patches, In .:i si,01:lar 
manner, no obvious difference trends were found between east and west sides. 

Phenologicaily, then, Ross Lake appears to be uniform in its seasonal 
growth patterns in the areas pro,dmate to the lake shore up to elevati,)n 
about 3000 feet. Most areas along the lake were free of snow in 
early April; those that were not (such as the creek valleys and aval2nche 
chutes) may be assurned to fol low grmsth patterns similar to the higher 
elevations and thus are not of immediate importance to the study of winter 
ranges. These results suggest thzt the growth pattern along the l2ke 
shore is a function of the overall climate of the valley which appears to be 
generally uniform at the lower elevations. He are further investigating 
the small differences we found within this general pattern. 

Prod1-1ct i vi ty Invest! gat ions 

Those major browse species selected for study include Serviceberry 
(Amelanchier alnifol ia), Red-stemmed Ceanothus ( ~ Buckbrush, Cean,,c'11,s 
snnguin~ Bitter Cherry {Prunus), Vine Maple (Acer circin;atu,1f;---2c.ci-
VBriOus \,[i} lows (S:il ix spp.)~inOrder of their Cot\}fder,::C: rel:;Live importance. 
Relative importance estimates are based on abundance and degree of Geer use 
of the plant species. 
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Satisfactory results from plant productivity a11alysis could not be " 
obtained if the deer lir01ssed the plants during the study. Therefor-e, 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 sidei, Pumpkin Mountain brushfield (southeast quadrant), 
Skymo brushfield, and Lightning Creek. Each exclosure contained representa­
tive plants, including specimens of all principal browse species, The 
effectiveness of these e,;: losures has al ready been obse,·ved: in sever a 1 
areas, comparable plants outside the exclosures have been browsed by resident 
summer deer while those inside have not been touched except along the cci'.,::es 
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 plants inside the exclosures from a set distance and of compar­
able plants of the same species outside the fencing at the same distance. 
!t is planned that in April 1973, another series of photopoints will be 
taken. A comparison of these photographs will give one measure of winter 
~onsumption of shrub forage by deer. 

Certain items may be noted (without quantitative confirmation) in 
reference to browse species availability and abundance. First, it ,1ould 
appear that Serviceberry (/lmelanchier 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 Creek - 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, brm,se species, but 
occurs only in Skymo brushfield (extremely abundant), Lightning Creek -
Desolation Mountain (moderately abundant), and Pumpkin Mountain (sparse and 
heavily browsed). It would seem from this pre] iminary assessment, Lightning 
Creek - Desolation Mountain winter range is most capable of supporting a 
large deer population followed (im order) by Skymo brushfield, Pumpkin 
tlountain, Roland Say, and Ruby Horse Pasture. \1hat is not known at this 
point, hm,ever, is the specific amounts of deer the areas wi 11 potentially 
support, the proportion of available winter forage actually consumed, or 
the degree to 1-;hicl1 the ranges will be affected if the lake level is r;iiscd. 
These are all under study. 

A small experiment to determine the effects of nitrogen fertilization 
on browse production was begun. In early April urea was applied to plots on 
four deer winter 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 
ecology, because the brushy areas created by fire are usually invaded by 
tree seedlings. As the trees mature, they compete ,,ith the shrubs, lowering 
'nrub productivity. Our initial studies of this dynamic process are 
presented in /l.ppendix C. 
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Another fieid of productivity investigation currently being undertaken 
is the produ~tion and consumption of forege by deer which winter within the 
mature forest. Early in winter 1S72, it was noticed that a"browse-1 ine" of 
1 ichens gro,dng on trees occurred in Roland Point and R•Jby Arm areas. An 
initial survey in March showed that several tons per acre of 1 ichens grow 
in the trees betsmen Roland Point and Ruby Arm and are potentially available 
to deer. These lichen studies are detailed in Appendix D. It 
been determined hoc,, much of this 1 ichen falls to the gro•_,nci each e1inter and 
thus becomes actually available for forage. It is not inconceivable that 
iichens constitute the major portion of the diet of those deer winterinq in 
the southeast sect ion of Ross Lake s i nee other food sot.nes are in short 
supply in the area and lichen is known to be heavily util izro in areas of 
high food stress (Cowan, 1945). On the mature forest winterranges which 
produce 1 ichen, Douglas-fir foliage may also prove to be animportant winter 
food. This wi 11 be investigated in the winter of 1973. 

Other studies i nvo 1 ved with productivity inc 1 ude app 1 i ed techniques 
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·~his 
curve differs somewhat from plant to plant. The reasons for this are beln~ 
investigated, with the aim of developing an accurate means cf estimating 
shrub forage production. 

Observational Study 

The winter deer surveys provided preliminary data regarding doe/fa,vn 
ratios. However, it is interesting to note that two surveys (January and 
February) on Ross Lake produced doe/fa1,m ratios 1 : 1.21 and 1 : 1.29 
(mean of 1 : 1.25). Two simi Jar concurrent surveys en nearby Diablo 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•period of time (January -
February) when the effects of winter poss i b 1 y had not yet been fe 1 t by the 
deer. Although commonly used as a rough index of herd productivity (with 
ratios of over 1.1 considered satisfactory), the doe/fawn count contains a 
hidden source of error which may influence the resu 1 ts. This is the pres enc<> 
in the pop~lation of a non-producing group, the yearling does (which have 
not yet produced fawns). If the fa1vn crop of the previous year ~,as good, 
then the number of yearling females the current year is high, reducing the 
doe/fawn ratio. This tends to mask the difference between ranges of high 
and medium productivity, although those. of 101v productivity are still 
distinguishable. He would judge that productivity in Ross Lake deer is nc,t 
1 C',1. 

It is known from the 1971 investigations that the deer herd of Ross 
Lake consists almost entirely of intergrade Mule - Blacktail Deer 
(Odocoi leus hemionus hemionus X 0. h. columbianus) (see Figure A-5). 011'., 
of the immediate objectives of the pro}ect was determination cf the degn::~ 
of interbreeding within the population and particularly S/hether the degree 
of hybridization could be used to identify sub-populations as a help in 
reconstructing seasonal movements. During 1972, continous direct obse,·:3-
tion provided considerable data for computation and quantitative analysis of 
the intergrode ?Opulatron. Tl1is data is summorized in T~~le fr-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 inte,grade compo­
sition data is compared with known seasonal deer movements. 

First, from Figure A-6, it would appear that 11ule Deer genetic influx 
is from the north and east while lllacktail influx is from the south and west; 
and that a gc:,netic 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 tah'! 
place between the mule deer populations lying eastward in the P3sayten and 
the blacktai l populations lying do1·instream in the Skagit Valley. The pattern 
of hybridization (figure A-6) suggests that the major influx of mule deer 
Llood entc:,rs from the northeastern region, and then passes southward along 
the eastern shore of the lake, around the foot of the lake, and up the 
1vestern shore. This argues that there is little mingling of deer in th,:; 
northwest. 

The hybridization of deer is quite interesting from the scientific point 
:of viev1, particularly since collections in the northeast have shown deformation 
of unborn fa1vns, for 1vhich a possible explanation is genetic incompatibility. 
f:01vever, vie do not see ho11 the situation would be materially affected by a 
change in the lake, level, particularly since deer have been seen swimming 
across the lake. 

Direct observation proved to be the only effc:,ctive method of locating 
deer in some inaccessible areas in both winter and suwmer. In these instances, 
it proved sufficient just to find signs to indicate the presence or absence 
of deer. Three major backpack trips 1vere made during 1972 with the intent;on 
of locating deer: Big Bea•,er Valley on l - 4 March, Hozameen Lake via 
Lightning Creek trail on I - 2 Jtity, and FFeezeout 3asin via Lightnin0 Creek 
trail on 28 - 29 July. 

The Big £leaver trip 11as made on snowshoes under the worst possible 
,-1eather conditions: snow depth ranged from six feet (within forest) to eight 
·~eet (in open areas) and the temperature hovered at 32 degrees thus producing 
~ 11et snow through ,1h i ch a s:1owshoe sank one to two feet making hiking 
c'.tremely difficult. It took us four days just to hike the six miles out of 
tile valley (after having been dropped by helicopter at Ten-mi le shelter). 
0:1ring this timej He sighted marten, mink, several resident avian species, 
l"~zire, coyote and cougar tracks, but not a single sig!l of deer until we r2.2;c.:ie(; 

cobout 200 yards from the mouth of Big Beaver Creek 11here the snow depth 
;;,~;·uptly decreased to about t1·10 feet. \•le concluded that de:cr do not utilize 
,'ig Beaver v,,J Jey in the 11inter. It should be noted that deer signs were not 
-~·Jserved in the valley until mid-/iay by then the snow had melted enough to 
p,crmit deer travel. 

The Hozameen Lake trip 11as made in an attempt to locate deer signs c:n~_. 
,- ~o,,sible, any tagged deer along the route. Pel lets and fresh tracks 11ere 

,/js'clrved along the trail as far back as two mi Jes into Lightning Creek valley 
after which no signs 1vere sighted until \ve reached the Hozameen Lake area. 
G~:.2rally, the valley is heavily forested and provides little ava:lable brc;,sc,, 
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D<eer tracks and pellets were first observed about 1/2 mi le southeast of the 
Hczameen Lake trail intersection. Around Hozameen Lake itself, deer sians 
were abundant and several fisherm,n said that they had seen deer in cs•o;p. 

The Freezeout Basin trip had a similar mission to that of the Hozameen 
Lake trip: determination of the rresence or absence of deerand, in this 
case, possible repetition of a 1971 sighting of large number of deer 1ummer­
ing in the Basin. Again, no deer signs ,,ere evident deep inUghtning Creek 
valley past the two-mile mark on the southern sectlon of trail. TrGcks were 
found, however, in abundance a,ong the Freezeout trail after leaving the 
Nightmare Camp intersection. \litiiin the Basin itself, many fresh tracks were 
found, but no deer sighted. Hmsever, it is prnbable that, in view of the 
evidence of deer signs from Hozameen to Hightmare to Freezeout, that son,c 
deer from the northern section of Ross Lake summer in Frec.z-eout Basin. The 
movements of .-ad i o-ma rked deer show that in summer some deer do indeed move 
from the head of the lake up into the high country of the Pasayten. 

Mi see 11 aneous 

Several smaller projects 1vith regard to deer were accomplished at 
Ross Lake in 1972, In May and June, ten deer ,,ere captured, tagged, and 
released in the Lightning Creek - Dry Creek Point areas. Nine of these 
were does and the tenth a smal 1 buck (six inch antlers in vehe t). The 
method of capture wns simply to stretch a noose on the ground and jerk 
it tight when one of these campground C:eer stepped into it. T2gg i ng was 
with color-coded ee;r streamers 2nd numbei-ed metal tags. 11ost of these 
deer stayed in the same general area until early August. 

As in 1971, an attempt W.JS made to gather deer harvest i nfo1·mat ion. 
The Cznadian researchers of Slaney, Ltd. ran a game check station during 
the early and regular deer hunting seasons while the Uni....-sity of Hashington 
study group ran hunter censuses on the lake on 14 - 20 Sc,p'~e;;,ber, 13-
15 October. In addition, Washington State Game Department ran a weeke1,d 
check station near Lyman on State Route 20. From these socaces, it was 
determined that a total of about four deer 1,ere killed in the Ross lc:ke 
area during both the regular hunting season and the early "high hunt". 
This is in comparison with tbe estimated 14 deer taken in 1971. An 
estimated 18 different hunters spent about 90 hunter-dzys in t~e f\oss 
Lake basin in 1972, Thus, it would appear that the f\oss Le!<e area is not 
heavily hunted and the annual harvest probably has practically no impact 
on the po~ul~tion. 

Discussion and Summary 

First, we have a minimal estimate of 250 - 300 deer around the lake 
shore in wir1ter. 

Second, w,. confirmed our 1971 identification of the deer winter range,; 
and qua1\tlfied various aspects regarding these areas. Scme 74 - 82% cf 
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the total cleer population uses these main deer winter ranges. P,rc·cs outside 
· tbe.s ..... "·\'Jintcr-t'r.::rngcS '.·J,.:ni...'.r,,1 ly .cc:.wul·~t--:;.. snob' in too ::;r,;.:nt :--: cL.:pth .er f~):"'i:.ll)e 
levels :rl·! too lou for d.:i. .... r us,.,. Sy an';J large, the major 
winter areas are brushfields or open forests (mostly second-growth) 
proximal to the lake where the sncw depth is the least. 

Third, the eventual outlook for the Ross Lake area insofar as deer 
are concerned, if left undisturbed by either man or nature, is not good. 
The remaining brushfields ,ehich support most of the wintering deer are 
growing out of their usefulness and, in a few years, will not be capable of 
supporting the current level of deer numbers (refc, to Appendix C for 
age/class structures of the brushfields). An excellent example of this 
occurrence is Skymo brusllfield in 1d1ich there are many browse plants 
which have already grmm too high to be reached by deer. 

Even if a rise in the lnke level causes a rise in the shallow-
snow zone around the lake, successional ranges will still tend to revert 
to forest. Their perpetuation as productive deer wintering areas will 
require some husbandry. At present some combination of cutting and 
burning, and perhaps fertilization, seems worthy of f~rther study. 
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TGble A-1. Estimates of deer per acre for U.W. pellet transect 1972 

1 
Transect 
Below 1725' 

PI , P2 

P7 

P8 

P9, P 1 0 

Pll,P12 

P13 

P14 

P16a in 

P17 

PIS 

P30 

P3 l 

Above 1725' 
P16a out 

PIS, Pl6 

P19 

P20 

P21 

Deer Per Acre 

Nov. 7! -
April 7Z 

.047 

.032 

. 011 

.001 

.037 

.000 

• 192 

.297 

.028 

.038 

. 160 

. 182 

.076 

.6963 

.2843 

April72-
July 72 

.000 

.018 

.038 

*2 

. 01 ') 

.000 

.000 

.021 

.233 
,,2 

*2 

*2 

.288 

.000 

1,2 

.037 

• I 11 

July 72 -
October 72 

.DOI 

.000 

.060 

.ODO 

.010 

.030 

.000 

.018 

.018 

.000 

. 000 

.018 

.013 

.028 

.010 

.000 

.000 

See Figure A-2 for location of pellet transects. 

2 For one reason or another, these transects were not re~d in July. 
(~sually due to delayed winter reading in June). 

3 See note 3 at bottom of Table A-4 
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Table A-2. Esti~ates of deer per acre for State Game pellet transects. 

Deer Per 1\cre 

Nov 71 - Apri 1 -·~ - July 72 -. . 1 I ,_ 

Transect Apr i 1 72 July 72 October 72 

Below 1725' 

s ! ' 52 . 032 .010 .027 

53 .000 .023 .056 

57, 58 .004 *2 .000 

59, S10 .016 .009 .000 

S 11 , S12 .239 . 123 .040 

513, S14 .048 .093 .020 

SR 1 .008 ,,2 .015 

5R4 .000 • 013 .000 

SR5, Srt6 .011 .000 • 01 o 
SH2 .052 ~1:2 .022 

Dry Creek .122 . 241 .028 

Little Be2v3r Cr. . 231 .056 .020 

Si Iver Cr. .008 ,CO .ODO '"L 

Sky::io . 188 .056 .019 

Above 1725' 

Sh3 .000 *2 .000 

Lis;htning OP .075 .066 .C18 

Cougar Is. OP .209 ;,2 , QI; l 

See Figure A-2 for location of pe 11 et tiansects. 

2 
For another, these one reason or trcnse'.':ts \"Jere not rend In -.!~j l y 
(usually due to delayed winter reading in June). 
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Table A-3. Estimated deer oer acre for all rel let transects 1972. 

Elevation Yearly deer/acre Seasonal deer/acre 

\>linter Spring Summer ---- ----
1600 - l 725' .044 .081 .047 .019 

Above 1725' . l 06 .249 .084 .Oi 9 



-------------------
Table A-4. Estimated ckr.r per :1cre on vJint0r ra:iges. Ross Lake, 1971 - 1972 

-------------------
r•· cco Name 

J~=k Point 

'..'.~t1e Beaver 

Boundary Point 

Llgt1tning Creer~ 

c~t Island 

D:·y Creek 

Skyi~hJ 

P·":,n~,k ! n Mt n. 

P.01<:1!:d Point 

,'n:1gar Is. and Point 

,:,,t,y Arm and Pasture 

l'...ii':1pkin Mt. to 
Tl1ursday Creek*** 

D't.:her** 

Acrease 

100 .. 0 

103.0 

17. 2 

642.0 
3.0 

ao.4 
91 .3 

167.5 

287,0 

114. 7 

114. 8 

167.5 

Deer/Acre 

0.076 

0. 106 

0. J112 

0. J/12 

o.481 

0. l 26 

0. 142 

o. 127 

0.070 

0. 152 

0.254 

-·------------ -·----
··:eta I Deer 

Calculated 
No. of deer 

( 1 971 ) 

7.6 
lo. 9 

2.4 
'.i I • 2 

4.0 

l O. 1 

13.0 

21. 3 

20.0 

17.4 

29.2 

227. 1•'-

.';/: Minimum estimates - se•, Vol. I (1971 Report, p. E-15). 
**Net within winter ranges; no pellet transects established. 

Deer Actua 11 y 
Observed 

Deer/Acre 
( I 972) 

·-·--------------- -
, n 
10 
, 
G 

18 

53 
3 
6 

5 

23 

9 
15 

16 

23 

37 

232.0 

0.040 

0.231 

0. 124 

0.297 
o. 122 

o. 18C 

0. 16 

0.040 

0.224 

0. 590;,*;, 

····-·---·· ----

_____ .. _____ .,..----· ·-·- -

Culculateci No. 
of des,r ( l 972) 

4.0 
23.8 

7'3. 6 

2.4 

9.8 

i7.3 

26,G 

11 .5 

25.7 
6 7. 01oh, 

--
Ac.·::,__; ._., 
G/',5 C(·;~; 

2, 

10 

54 

12 

30 

23 

l; 

19 

1 3 

. ' 
I lf 

23 

271. 1 2 15 
(233. 3) ·------~-----------

,,1<oc:11 Feb., 1972, a windstorm blew several :arge conifers directly on top of the pellet transects near Ruby Ho;-se 
Pasture; as a result, many deer concentrated for several duys (or tr1ecks) in th2 a:e2 thus producing ~n unr·~:c.Jl­
'sticc:lly hig~ bias in the pellet UJ'.:nts. lJsc 1971 counts foe realistic estic:.-~tes. 
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1·ab!e A·-5, Deer Sightings by Eicva~;cn a(1d ArcG, Jcinuary - Feb~ua1·y 197~* 

A:-e"1 

P.--.. ~ s Dc:1m to Green Point 

~reen Point to Cougar Is. 

c~uger Is. to Big Beaver Cr. 

li0 Beaver Cr. & Pumµkin Mt. 

;; __ of Pumpkin Mt. to Thursday Cr 

:,aursd0y Cr. to Skymo Cr. 

'.;,,y-u Cr. to Utt le Beaver Cr. 

Little Beaver N. to border and 
~or·~cr S. to Jack Point 

,;.~c:: ~t. and Boundary Day 

3c.!nciary Pt. to Cat Is. 

:~ ': ! s. to Ten-Mi 1 e Is. 

-,-en-Mi 1 e Is. to Ra i nbms Pt. 

Lake-
1724 

1 1 

23 

16 

18 

110 

35 

2 

8 

3 
21 

45 

4 
~.a; 11bow Pt. to N. of Ro I and Pt. 5 

:\'.Jl~nd Pt. to Ruby Pt. 32 

:·:•by t.,-m and Jeep Rd. to Ross Dam 4 

Totals 275 

1725-
1824 

2 

7 

3 

11 

6 

2 

5 

12 

3 

52 

1825-
1924 

2 

4 

5 

11 

1925-
2024 

2025-
2124 

2 

2 

2125-
2224 

0 

~in~ludes duplicate sightings, recounts, and by all means of transport~tlon 

2225- 2325- 2425-
2324 2424 2524 

11 4 

9 2 

13 0 6 

2525.. Abc·ve 
262L1 2r2 1:; ---~-----~----

--~ G 

2 

2 6 
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Table A-6. 95 Percent Confidence Limits for estimated deer populations on six 

general winter ran9es and on remainder of lake areas using results 

from pellet transects and from sight-index.* 

Area Pe 11 et Transects Sight-ldex . 
T Tl T Tl u u 

Lightning-Desolation 102.63 88.97 230.47 32.87 
Skymo 20.32 14.28 63.37 39,97 
Pumpkin 28.36 25.24 100.23 53.1 o 
Cougar 28.72 22.68 73.47 26.53 
Roland 12.45 10. 55 66.Bo 19.87 
Ruby 32.22 26. 18 ** ** 
Other Areas I 01. 58 98.62 187.03 ~6.30 

Totals 326. 28 286.52 721.37 218.64 

,~Tu indicates upoer confidence limit of the estimate: T
1 

indicates lower 
confidence limit. 

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

Explanation of Confidence limits 

It is highly desirable that a statement of accuracy accompany e,timates 
of deer population since exact measures of wildlife populations are practically 
impossible. A common means of doing this is the use of confidence limits 
dei ineating the outside intervals of a population in which there is a glven 
chance (in this case, 95%) the actual population falls inside. The general 
formula (froc1 Sncdecor and Co~:,ran, 1967) is: 

f -· ~ s
2 

- . a s 2
} o 

p \ A"t 2 n ! m ( X + t 2 n = 95¥, 

where: 

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

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

t = 

a = 
2 

s = 

tabled value at a given level of significance (from tables at 95% sig~ificance). 

level of significance (95%). 

estimated variance for each area sampled, obtained frcm formula: 
2 ( - 2 - -2 

s = ) X1 + ... +x 1) 
--''---n-::: 1 

... .. t 

n:;; sample size, i.e. nu~ber of pellet tra:isects or sight-counts in each range .. 

Thus,this formula would read: "The probability (P) that the actual 
nor,"l'lt Ion (m) 1 les between the calculated lower and upper 1 imits is 95 percent. 
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Pe 11 et 
Transect 

I 

/· . ; .':·,, 
I • If 

I", '•.) ' • • ., .. !. 
{. . ,, .... ' 
'.' ~ ~' ·.~. ', i 
'\J·/·'~ __,__ 

(,,.,.~-.. ._ 

,·'' I I/ \ 
/'', , t I 

\ 
.... ' , ;' 

•: ', •I I I• j 
1,· , r 
(,',, .. , 
•, I { 

\\:;;, '\ ' , . 
\·. : ' . ' 
'.; I f t 
,. ' I ; 

( '; ..• / j ' '\ 

I 
I , 

4' - origin-/ 6.06 -
al width of Jccr'rected width 
transect I of pe 11 et transect 

I I ___ jl__ l 

distance of pellet group 
beyond transect 

area covered by 
pellet-group 

.. ~r 

Figure A-4 Calculation of edge effect for pellet transect. The distance 
beyond the edge of the pellet transect was measured fer 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 chanceof 
a group being within the additional strip but not toucmrg the 
main pellet transect is low. 
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#1 #2 #3 #1i-

FIGUR.2. A-5 

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

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

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

#'J 
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T;.;,;b le A-7. rrequency D is ,: r i bl' t i on of Tai'i/!lump 

Area \ 

Ta: 1 /Rump 
J~dex Total A R C D E f' ---
t 3 

'! 19 7 
!, 3 1 14 7 3 
6 2 6 5 15 kO 20 

7 7 6 3 8 2 3 

8 13 12 3 2 2 

9 

rated 26 o-~, 1 2 58 ?O ~;., 23 

: '·~;· : ' 7.27 7. 1 G 6.67 5.24 5.38 6. l l 

~r~a Descriptions 

', S011th of flig Beaver Creek to Ross Dam 

~ Bib Denver Creek to Thursday Creek 

~ - N0rth of Tf1ursday Creek 

C -

3 

2 

7 

I r.dex 

H 

5 

19 
~ 0 
'C, 

l i; 

4 

61 

5.93 

C Ncrth of Light~ing Creek to Hozameen Rond's end 

Lightning Creek t.o Rair1bc.M Point 

f' '-' Ra inbo1, Point to Ruby Arm 

Ruby Arm South to Ross Dara 

by 

6 

24 

1 /j 

12 

57 

6' ::i3 

.- Neck of D Tab] o Lake North f ram Light 5 to Ross Darn 

~ Body of Di2bl11 lake South from Light 5 

area. 

' .., 

3 

7 

6.00 

,j Cunada South to Hczameen Road I s end Upduted thru 1 !i Sep 72 

Total 

2 

33 

60 

!03 

58 

51 

3 

310 

6. 12 
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ROSS LAKE 
SCALE: I in: 2 mi 

FIGURE A-lo Blacktail vs. Mule Deer inlergrode 
index means by area. Higher numbers 
-indicate Blocktoil j lower Mule Deer. 

Rou 

I 6.53 

5.44 

De1ofonon Mlft. 
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G· l 

I 'ITRODUCT I 0,/ 

The re-establ ishmcnt of a forest canopy fol ;,,wi,19 fire or or,·,.~r 

disturb~nce and tl1£ resultant reduction in shrub productivity Ts thought 

to influence the srzc and migrat:on of deer f=''Jp:Jlatfcns in the Ross Lake 

Basin. An understanding of plant succession and gr01vth dyn2mics is 

therefore required before plant-animal population relations~ips can 

be completely delineated. 

Scott, Long, and Barber (Biotic Survey of Ross Lake Basin, 1971) 

ordered the plznt communities surrounding Ross LaLe into seven broadly 

defined catego,·ies: rock outcrop type, hardwood type, Douglas-fir ty;)e, 

brush type, lodgepole pine tyre, hemlock type, and Douglas-fir clima~ 

type. The hard,-,ood, brush, and Douglas-fir ty;:,es are most pertinent here, 

since the winter deer range is not·t co1-:centr2tcc.l in ai-2.as c:h2racterize.J 

by t>,cse three community types. 

The purpose cf the present study w~s to invest1Jate and reconstruct 

the success ional patterns of pl ant comrnun it i es or ve0~tat ion types in are:~s 

reported to be ti1e centers of Ross Lake's winter deer population. Appll­

cat ion of current patterns and g ros1th dynam lcs determined by the study 

should al lo~ the le11~th of seral stages and tt1e types of communities tha~ 

can be expect0<l to f0Jlm1 fire disturbanr::e to be predicted for sites oth,~;-­

than ti~os~ stud1eJ !1-~rc. 
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i.: ·2 

Since it is the appGrent successor of brush seral communities, 

Dougias-fi( is a critir:al factor from the standpoint o-f l::rus:1 pro,:!uc~i·1ity. 

Evidence of the ir.\',9Sion of brush cormnunitrcs by Douglas-fir is widesr-ir<~~..:d. 

brush species are important m8asures of browse productivity in an are~, 

it is the density~ distribution, and growth dynt,:-nics of Dousie1s-fir 

saplings and seedlings which will determine the future pr~ductivity of 

brrn·.'se sp·~cies. 
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METHODS 

Sampling was random within the 2reas typed as brushJ h~r·d~aod, snd 

immature Dougl:3s-·?ir. Plot sites t·1cre loc2itcd on Pumpkin Mountain~ 

the Lrushfic1d:; s0:.:th of Skymo Creek, the LiJhtning Crr-ek-Oesolation 

Mo•Jntain are;:;, and the Silver Creek [;elta. \·lith the exception of 

Silver Creek Delta, t:1ese areas have all been identified cis the wL·,ter 

feeding areas to which the deer population migrates. The Roland Bay 

a•ea has also been ide;:itified as a major winter deer range, but the 

predominant bro~se is thought to be Douglas-fir foliage and 1 ichens 

grm,1ing within mature Douglas-fir st;:inds (Boe,1m, 1971). But due to 

the scarcity of shrubs re:ported as favored bros1se species and the 

relatively advanced successional stage of t!1e Douglas-fir community, 

the Rcland Bay area was not included in th's stud/. T~e Silver Creek 

Delta was chosen because there we~c ~!Junclant sap!inss and s~rub species 

,:,ere. Most plot sites were belm, Sol r,16ters (1,850 feet) above se;, 

level; all 1,1ere eit:1er within the zone of flooding or n;:, more than I,;::; 

foet above the proposed high vrnter iecvel. 

Each site was sampled within a 5X25 met6r plot based on a variation 

Gr thca .::,.::,:::; :s.1 used by ~i.Ji..!bc:imi rs. The buse coi'nc;· of e:n~:!1 plot was 

rClnCCi:-:ly cho~cn and the long .J;ds of th-:! plot es1::2iL~ )sh::.d paral le1 to ti~,f-
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individual trees vdthin each µlet war0 identified by sr.i2c..:es a:·· 1 

their diameter at breast heig,lt {d!.>I·:) meusu:-cc! to tiie neare:;t 2 :nches. 

lndividucJls dbh's 11ere then converted to basal n;·ca awl the basal a,·ea 

expn~ssed in rietric t!nits. Heights and age:; of selected trees were a]so 

determined. Individuals whose dbh Wcl5 greater then 2 inches and/or trees 

more th~n 12 feet high were tal 1 ied as trees. Specimens more than 12 feet 

high but less than 2 inches in diamzter at brezst height were categoriz,,.J 

as saplings. Seedlings were defined as trees under 12 feet high and less 

than 2 Inches ii, ~t/1, and were recorded onl~, in terms of ground cover 

esti!r.ates. 

A total of 25 microplots were established contiguo,,sly along the long 

sides of each plot, ~nd the coverage 2nd frequency of ~11 species of tr0e 

seedlings, shnJbs, 2nd h8rbs ,,,,ere de.tci-:·::ned for ecch r.,ic:op1ot. Coverage 

estimates \·Jere divided into six clas!'";es: (?) 0·-5%; (.~) 5-257~; (3) 25-.501; 

(4) 50·75%; (S) 75-95%; ~r.d (6) SS-lC~;:. 

D~er 2re thought to bro~~e most he~vily on t~s Fo:lcwinJ plant species; 

~-,J "1·-· '-·nn Pr, ntJS ~m!C'r-i'1r--·~-1 c:1°···1 
'_'' '· .. .,_·i'• • '- ·.:_'·-···- ·-·-'""-·.·-' ls..,·.c __ ~ ,:,., .• 

i11 c~~ssificAtic~. .):< ;;,; r' ~ - , 1, - • --·- -----· 

d • • d ' .. ' 1 r2 ,J:. r: 1 r.:g; c...:·-:., tcmmc : ne: iv, L: L;;::i ~ 

S,1 ·,x c-,·-, ~,,,r·•r- r•·-r,-,·,,-,.~;-i 
- u -· ;:,:)! • ' ' ' .·._··~-~ ~- ___ ,·' ... -:J __ .u.i •.. ' 
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The !,eights and ages of large cl;Jrr,ped or singh-stem sh:-c:bs we,-, 

sump led, und their density WiJS recorded as coverage, class est :,i,c,es bc:ci,d 

on the 25 microplcts within each plot. The nt 1mbe:r of c1umps and sin91e­

stc@med individuals inside a given plo~ l~ut ou~slde tf1e microplots were 

usually recorded as well. 

The trees and shrubs of each area \'Jere sampled arid agnd either 0:1 

randomiy located 5X25 meter plots or within already establ ist;ed samplirJ 

plots 1 2nd th~s infc:mation w~s then used to reconstruct tf1e dynamics cf 

i,i.1:1t growth in e::ch area. Cross-sectional areas of the stems we1·c 

c.:ollec.te.d ar;d t;,e !"';Umbe~ of rings cc,unted at me~er, half-meter, or c:i_:1;;r;:c1~ 

~ster Intervals de~endlng on the size of the shrub. When rosslble, the 

leader and i~tern~dc lengths from recent years elcng~tion were aiso 

measured. It w;is then possible to drz··:t grovJth curves approximating sheet 

elongation per ya3r \J!i:h the y-sxfs represer,t!ng the nuLlber of meter·s 

and the x-a;~!$ the numb~r of rings per ~·e~r· fo]lowing t~;e Sftagit f1re 

in 19~6. This fire, which swept the forests st1rro~ncilng Ross Lake, wa~ 

t~c l2st major disturbance in t:,e ~rea 1 so th~t 1927 is the point of 

origin on the x-axis and indicat~s the initiation of secondary plant 

succession. \./here there wc:is evidence of mo:--e recent origin, grO'iVth 

and_F:,.;~;29vn~n0cBr:')c:, for e.xa:np1c ·,,;ere r.Qt s;jrnrled, dc::;pite the f:::1c: tt"J.::.~ 

cal; :')rriic~:. 
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B-6 

SI i(Jht changes in the methodology used in the plant ecology research ,,,,re 

mc1de bet1-1cen the l'.171-72 seasons. These alterations were a matter of conven­

ience because of the increased c~1n13asis on the earlier successional stages in 

l'.)72. The methcd used in l'.)72 is fully out I incd above. 

T,~XON0!1Y 

Plants 1-rere identified by srecies in accordance v1ith the nomenclature used 

by Hitchcock et. al. (195'.,-1')61;), but some annuals could not be identified viith 

certainty because they 1•1ere collected from July through September. Identificat­

ion was attemr,ted for genus, r.oe,ever. No vouchers 1sere kept after identification, 

and no cttempt was made to differentiate grasses and bryophytes by taxa. 

lffi/ER DESOLATION AREA 

Located along the shore] ine east of Cat Island, the Lmeer Desolation /lrea 

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 nctivities. Mo fire scars 

were found upslope from the lake shore, which suggests a relatlvely confined 

burn. Charred logs anci stumps along the shoreline do indicate a 150-200 year 

old stand of Douglas-fir rrior to logging operations. This indicates a stand 

similar to the unburned climc:x Douglas-fir cor.munity upslope. Fire scars en an 

1;5-year-old po~derosa pine within the area of establis:1ed plots indicate a 

disturbance about 41 years ago. This was probably the Skagit fire, 45 years ~~o. 

There is a 5-G meter tal I overstory composed mostly of clumped Sal ix ~f)p., 

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

shrubs have not 9rm,n more than . 25 meters per year in recent years. Of thc.se 

species _Sal ;x spp. occurs most commonly and has greatest coveraqe. There 

are also numerous Douglas-fir saplings 10 feet tall and at least 

9 years old. Further upslope, in the transition zone between the brush 

type and the Dou9las-fir community, there ~re Douglas-fir seedlings 
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11-7 

~-;·-,d sapi ir.gs 4 or 5 yc2rs o?d. A frn,; Douglas-fir not more than 15 '/cC:::"s 

oid have overtaken some of the overstcry shrubs, but ~ost are still founJ 

in the unckrstory. Total overstory coverage is 20-35 percent. 

Cetmoth!s Sr3!J.~1!.Jin1:us is the dvminar-1t u'.~dctstory species in plot 

areas, hm/ i ng ccverCJge percentages of i 1~, 27, 27, .Jr1cl 41 on Four 

different sites. Other species with large coverage volues i, the 

th,~ grcund cc•;f~;, -~p1rea_bctu1 ifol ia_. Each of these also occurs iv:th 

a hig;, degree of frecp.1ency, especially Soirea b~t.t.d ifol_ja. \vhich was 

present in 10076 of the micropiots en three Oi~ four plot sites. T.:!i'}~1tc1!Js 

_l-1t!fs:J..L~ and frng.=Jria v~r_glni_an_a do not ha·1e large coverage va1ues r.,' .. :t 

occur more frequ~;1tly than other ground cover $j)8i::ies. 

A r..?ui:lp of .k<~.£:inothus ~a~j_r,_e_;i_.~:,_ H85 sampled ar:d the num:Jer of rin(]s 

at the b.:ise of e:lch St8i":1 varied ircrr: 11 to 2J .. One stem \-Jts four-:d to 1-:::-,,.:e 

year. Decause the root of the shrub was rottei1 ir1 ti,e cQnter, no age 

cou~d be cletermined for the who1e shrub, hobev~:i. 

Ai though .S!ig_g}-:erci j .'J .::an2dens i ~- docs not or.:cur fre:quent 1 y in the orc:.i f 

its growth figures resemble those of Salb< 2nd Prunus c:m~rqi_nata __ . /\ ;::;-,i~)~~ 

\~;fth 26 rir-:;:s ..:1t its base indicates that Shcplwrdi.a canz.:denr;Js ~"ra.3 o::e~ ~-.. 

t~e first s~2cies to invade the s 1te fc,l 101.-,i(:g its d!:.:turba··ce in 1:;.r1:.;, 

but !~s initial grm-Jth w~s not 2s f<:<st as might have b::en e;<:,ccted from 

year:. t.:::, grow 4 meters; Prunus e:n,3(riir:C)ta grc,,, to ~he same height i:-1 li.+ 

.25 and .30 meter·s a yea1· in recent ye~1·s, whfc!1 is comp~(able to ths 
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G-8 

AmeJ~nchier,.al_ni_folia_, a favored deer broiNse species~ is also 

c:cmmon in this area (with frequ<,nC/ pcercentages of 16, 8, 8, and 16 

on four plcts~) but its coverage v,31ues are not hioh. Various i:idi­

vid~::,1s were detern,lnerl to be 17, i8, c,nd 22 years old, and, as with 

P runus emc, r:_g_i_nata , Sal _ix SJ?J?. , and 5Lef!he rd i a c.anad ,·,·n, is , it took 

bet1-1een 5 and 6 years for this species to gro'N 2 meters. Recent stem 

~cowth has been less than .075 meters per year, however, 

There are ~1~ least two age grcu;-,s of coniferous trees and sapl !119:-; 

in the Lm,,er Desolation area. Douglas-fir saplings are l l to 13 ye,c;·s 

old and 30 to 35 years old. Lodgepole pine wer" estimat~d by whorl count 

to be l.S ,rnd 19 ye.1rs old, znd one old.:,· lodgepole 1oas ,!c,tc,rmincd through 

increment borinJ to be 31 years old. 

Density v-3lues of Douglas·-fir, p,:.:,;1Jerosa pli·.e~ <"1nd ]ct!J2;pc1e pi:1e 

'dere no'!: take~·1. Despite this l~d< of qu2.ntit.::tt·1e data, hn·~Jc.v<:r, the 

closing In of the plot by Douglas-fir from thn 1n~lo:•o area 2nd from t~c 

sides c{ tha ~~nse thicket c2n be clearly dlstlngulshed, Height gra:lh 

data on Do:..i:.Jas-f: r und lodgepole pine i,1ere nr;t cci 1ec::erl, !Jut the 0r,:,~,;-: :i 

of a DoL'.glas- f'ir 20 feet tali indicates that closure of ti:~ tree::. ~·Iii: 

Li '.~HTN I ~JG /1~F.i-\ 

;~;2 l[gi.~ning Creek area fzces S')Uth-southwes~ and ha3 a st~ep 

slo:-,e (20-35°) and shallow, rock1 soil. It is locc,ted cast cf the, 

Light1,ing CrccK c~rn;Jgrour.d air.i u·~:i=.:ipc, lletwcc;1 50 cr:d S'U meters (160-
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Ll-9 

3,J:1 feet) above lake level. Scott, Barber, and Long (1')71) descril,0d 

the larger are2. in ,,hich the plots under consideration were established 

as a climax Douglas-fir type with scattered rock types. The area is 

a mo~aic of dry exposed rocky sites, dense bru~:, undzrstories be.neath 

scant overstories, and patchy clumps of Do~gla;-fir, lodgepole pin~
1 

and ponderosa pine. This mosaic pattern is reflected in plot data. 

Plot E1: .~n extremely dry site 11ith a 32° slope, E
1 

is a rock 

outcrop with ~o overstory or understory and sparse ground cover (15 

pc,rccnt). TIH~ pi·0sence of such dry site species as Bals,~,norhiza sanitt.:::1·::.;L ·--. .+-,.,. _________ . __ _.._, 

!tlJ..i..!.lea m T 11 <efo ll..\!;~, and f;l 1 i um ~C. emphasizes the xe r i c conditions on 

this site. Athi 1 lea mil lefol ium occu:-s frequently, and _F;-aq3ri21 vir.:il~~ . ...:~----- .. 

c:nr:l f\l l !1:m spr,. are common, but none of these three exceeds a coverage --
value of 6 percent. 

P,.s might be infer-red, gro1,.vth rates are quit,.3 slm..,. The stem of cm~ 

toe height of l meter. A small c~anothus sanaui~2~s samnled J,ad 11ot -.---·-·,,_ ... ___ , __ :,·-· ' 

; cached the 1 meter mark in its first 7 yeais of qrc1,.,1th, Dnd a stem c·.: 

A s,ur,ple of Sa!L~_2£P.:.. took 5 yc,ars to ~rm-1 to 2 mete,·s in height, but cc:, 

Plot E
2

: Plot E
2 

\.·Jas located in a 35 yeuc o]G ~~tand of lod:~pc·;e 

pine. The overstory, wf1ich is 9-12 meters high, h~s a coverage o·f 

~rproxf;·,:utely 75 percent. The unders~~nry is comµris8d of .£1r,-:;lanchier 

alnifr.,1 ia~ Sal ix, Prunus ematgincta, and D0L:9las-fi1 bet·1·!:)en G and 8 

meter::; high. Ttiis understory i5 :·c:ti1er thin in co111puri~o;1 to tf-.2 
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ov0rstory, s:nce it has on1y 5 percent coverage. Spirea b"tul ifol I~ 

the greatest amount of ground cover and occur frequently. Much of the, 

9rou11d is co'1ered hdth lBaf litter 3nd deed brc::1ches. 

The stand of lodgepole pin" is 36.2 m~/1,e~tare. Douglas-fir and 

ponderosa pine (.53 and 1.07 m
2
/hectare respect lvely) are uniciport,rnt In 

the stand. Douglas-fir saplings 24, 15, and 12 ye0rs old 11erc: all u11C:<c,· 

4 meters tall. and no seedlings of anv conifer 11ere found inside the riot. 

The indl\·1~·-nl Douglas-fir sampled had a 3 inch dbh ar:d 11as 7 m"te:·s 

tal 1. It had t:ak2n 21 years to grov, 1 meter ta] 1, and h~d required 7 

mere yeacs to reach a height of 2 meters. Its recent grc11th has been 

obout l meter every 2 years, however. This is comrar21:..l2 to the recent 

gro,,,th rate of the lodgepole pine saciplvJ, except that the lodgepole h2s 

had a slight adv2ntage over the past 2 ~.'€£:rs (l .20 mf;ters i;, 2 ye2rs ver·s11s 

.8() r1112ters ii-,?. ye3rs for the Douglas-?ir). 

S~e~ elons~tion per year on the sa~rlc from a 35 yea( old, 8 meter 

•; meter3. It took /1 years for the S ~ l ix in to grow to th2 2 meter ·--- "2 

uark, c) 11 ::1 -:1n additional 8 years to g rm,, to the ,, meter m2rk. Seven tee~, 

more ye~r·s p~sssd before ti1c 7 metBr mark was reached. In tha last 5 

y~ars, tf1e stem has grown approxirn2tely 1 m~ter, and stem ela1~2tio;~ r~i­

the last 2 ye2rs ha3 been .20 2nd 1.J r~cters res9ectivcly. 

§? ... L1."'< -~EJ?· stem. Although it took Jli years to g~'0\!,1 to a heigbt of !.-. 

IT!etei'S, it grew the next 3 meters in only 7 years. fhe le.~clcr length :,12s 

.32 meters. 
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:::-11 

A 7 meter tal 1, 23 yec,r old A.melanchie;- ainif.~;] iu, which o.:currE':d 

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

11 meters. Like the Sal ix stem, however, stem elongation per year decreased 

lo tile point 1-1!1ere it required 12 ycears to qrn,1 fro<>", 4 to 7 meters in hei~ht. 

P 1 ot E
3

: E
3 

is interrupted by a rock ] edge which is exposed ~r,d 

very dry. The entire site :,as a stc0p slope, c:nci tne soil is rocky and 

shallow. There are P:1iladelphus lewisii and ]ow-form f,melanchier alrifc;',:i, 

/\p0cynurn andrnsac11!fc•l !um, and Achi 1 lea mi 1 lefol ium on the exposed led:;;:,:'=: ------·---- -----
?ind f3als2morh!22 s.nµ_., Ceanothus sar:_9uineus, Amelanchier :Jlnifol ia, Spired 

bctul ifol ia, Fr~g3ria virgini,;1na, Ro_sa gymnocarpa, £:c~nus_~margi~ata and 

Berberis aquifolium_are found in the dense thicket bc,lnl"I the ledge. 

The only ovGrstory is a single 6-8 meter ponderosa pine on the edge 

of the plot whose basal area was determined to be 2 m2/hectarc. No 

:.onii:cro11s sa~dl inJs or saplings \,iere pt·csent.. 

There is a dense ur:Jerstory 0n thi~ plct, o-f \\'hich C.:anothus sangu'_":eus 

cccur mcst fre~uently (32 and 40% respcctivclv). Tl1e plot's locativn 

~'Jans that the perr:enta9es given 2bove indicate siig'.1t!y ic\.'"'r v.:ilL.:··;~ 

th,:rn ts octuo 1 i';' U:2 case. 

""'.""here is :1 f2irly r.lense ground cov,~r (50'.1} be:··);,, the unacrs·;·_ory. 

7 ar.:J 27i respectively. Fragaria virgini:=:ina and Be:·beris i!o:Jifol ium bo~h 

l,ave raveraoc valt1es of 3% ~nd ate also co~mo11 spec!es. 
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~I ''l 2 

The indivicl:Jal ponder·c·sa pine, which was determined to be 31 ys-r~ 

old, had g,own a,,proximately .40 meters per year for the last 3 years. 

Its overall gro~1th is comparable to that of the lodgepok pine in E
2 

for 

the first 6 rr:~ters. It took 1/ yca1·s to gro;/1., ti1e fir~t 2 meters, an ad-

ditional 5 years to reach a heiy~1t o~ 4 meters, and 5 ~ore years passed 

before it was 6 meters tall. 

The stem sampies show that £ruw12_ emarginata and 2_~i~began initi.:l 

grci.,1th a;)OVe t!:e base at 1ower rates of stem elongation than did the saffiPL='" 

Plot E11 : E4 was located about 300 feet above lake level in the vici-

nity of scattered 30 meter tall Douglas-fir and 25 meter tall ponderoaa pin~. 

'n the more immediate are;i of the plot ;_;;-e 12 meter tall Dou~las-fir, 8-') 

meter ta!l pcnd~rosa pine, and 6 meter tall ]odg2pola pine, all 30 years 

0ld. There 2r·e four ar,e groups of Doi1:.Jl3s-fir .s:1d po:~cf::!rosa plne ::,J~l ir.g~ 

11-13, 17-19, 22-25 and 3,~-35 year old r,e>noernsa pine sapl Ir,, -

2nd 11-13, lo-17, 25, and 30-35 year old Douglas-fir s~;:-1 ir,gs. No sedl' ~ 

0( sapl 1:.gs of Douglas-fir, pondero$a pine, or lodgepole pin~ under lO yeDi :; 

~:d were fourj, nor were any coniferous trees, saplings nr seedling~ 

:~3l J icd wTt;1in the riot. 

The sc2Pt overst:ory 1,11ithin the plot (5%) is ccmp0sed or ·;:,:a clur.~rs of 

·c,r 0~101Jt t}J% of th2 plot 1 s covernge. Arn(;J,:,r.chier c..'.nifo!i(~ iz e'lpeci,:.l~·,1 

freqUCc,it and has an average coverage of 28%. Cea:1oc'1us __ sanguineus (,c·)n' 

-~'.::_Sa g_yirnocarpa (19%), Holodiscus discolor (17%), and Sa1_i)( (9%) prnv:,'~ 

::he am2iunts of coverag~ 2nd, v,ith the e>::':'.ep1:ion of_'."?.!._!_::_, occur frc:::'1'1:-::.:'";f.lV-
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The ground cover2ge is 2pprox imatel y SO percent. R.osa gymnocarca 

iatifolia (2.7%) Lonicera ciiiosa (2.2%), ~nd Pachystim3 myrsinites (2.n) ·-·------ -·----------·- --·------·------
ce,ir:p(ise t;ie rni:ljority of the ground cover. Tr[e:ntal is lvtifol ia, Spit"Pi1 

------ ----

the microp1ots. 

A Douglas-fir and ponderosa pine or, the edge of the plot were sampled. 

The Douglas-fir was 11 meters high and 31 years old. 1he ponderosa pi,1e 

v;cis 8 meters high and 28 yeiirs old. Both trec,s had required 18 years t,, 

18:ch the height of 4 meters. The Douglas-fir had taken an &dditionai 3 

years to become 6 meters ta) l, and the ponderosa pine had taken additional 

5 years to reach this height. For the last 3 years the Douglas-fir h~s 

f.ff,::n-vn .50 mete::rs more µer ye~r than i1as the ponderosa pir:c. 

h 5 meter ta~ i stem fr·om a clump of _Sal Jx sr,p. ~.,ras sam'.')Ied and de­

terQ)ned to b3 17 years old. it had r2kGn 12 ye31·s to £1-~W to 4 m2t2rs in 

!,eight, 2i~d l+ aJdition.::il years to re<Jch 5 meters. i{Ecent stein elongation 

has ~een at the rate of .10 meters per year. 

it had grown to a height of 3 m2ters 1n 9 years, a 9rm·Jth rate compc~:ra::.1o 

·,_o that of the Sul ix spp. sample for the correspo:1di!1g heigh!: interv:-::1. 

Tl:e rate of stem elongation decre.~sed s'.-:arp1y ,Titer t'.1e:} 111c:)·::0r rnark, 

.11etr.2r. Leader length was measured as .30 meters. 

Holodis_cus dis_'::_?lor \·Jus sa;npled ins.ide the plot. It had g10-..ri1 2 ri·;e:,-

th.e first 3 years, and 1·,as determined to be 7 years old. 

A single stem from C<::anothus sanquineus was fou:1d to hc:.ive grO\r·m v::r',-' 
------··---- - ·------· 

siowly. It \..;as l( ye~rs oid and only 1 meter tall fr.:>m the end cf the !,,:.v;e;-
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to th~ ba~e. The root of tf1is sample was extr~cted 2~1d a roug~it count :.F 

the root cul irid,cateC 2J rings. 

A~elanctiier a~;1ifo~ia stems disp1ayed greater rate~ of stem elo11gati0n 

than the s.sff:p1es of Cean~~hus sanJuin~~- One :::tem sampled 17 years old 

and had grown l meter in the first 3 yezrs. iT. hnd th~!n taker1 an u<.k.liti::m-:< 

t: years to grow a second meter in heiaht . .St2ra grm·1th th;::n ccfowed co~_:,i-

der;ibly and the next 8 years produced only another half meter of stem g;-0,,1:-.. 

LIGHTNING AREA PLOT SUMMARY 

There appeared to be four definite and similar age classes of Do11glas­

fir and p:,nderos2 pine in tile Lightning area: I 1-13, 16-17, 25, and 30-35 

year old Douglas-fir; 1: .. 13, 17-19, 22-2~, and 30-35 yeclr old ponderosa 

pine. Lodgeµo1c pine occurs in & 35 year old e~e11 aged s~and. These age 

·:LJsses are nvt 1 imited to coniferous s~-:.:cies: Pr:.:r:us er-·-1re;:.1atr ... _ O'.:c:u:--s 

~;1 two age clas~es, 18 and 25 years old, and S2lix spr. w3s o~served in 

th,·e2 different groups: 12-13 22, and 35 year5 olci. 

A pos::;ib:c succcssiona1 history may be construct€.d from this data. 

t·-0l10,/i11g a disturbance in a matur·e stand of Douglas-fir v1hich might h::;./e 

~-<~en appro2chi ng an edaphic cl irnax, ponderosa pi n8 and Uot.:gL:is-fi r s<::e(r '. ;:r-:· 

br.,:ame established ft·om the fire-c!am.::i9ed trees or from th·~ i.iCjacent, L.! 1·1-

·:2:te ~',st2G11shed ii1 ciusters, possibly a:--o;.ind 2 firt.:·-i .. iilcd purcr:t, OiiJ 

cl fspl~yecl higher i11itial growth rates than the Douglas-fir or pon:~erc.sa 

µine. Conditions were quite dry on the steep rocky slope· of the area so 

that, 1vith the exception of the dc:,sely clumped lodgepole seedlings, !':,er,, 
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~:·eater rate of stem elong2tion than lodgepc le at~d es"i:abl ished a s,:attc. 1;d 

overstory of isolated clumps ,,1hich was not overtaken in height by lodgepo:e 

pine and Douglas-fir for 25 years. Relatively fee shrubs developed unde;· 

lhe dense Cilnopy of lodgepole pine. The shrub species grew in a sin,;le­

stemmed, tree-like form which varicu consicicr«bly fr,ar,1 their open-grown 

forms. 

Ten years after the establishment of the first age group, which wa~ 

t~en approximately l meter tall, a second group of ponderosa pine and 

D0L1glas-fir seedl inqs became established. It is not clear why this ~arpcned 

but possibly this 1·1as the ncext time that a good seed ye,i,- and reasonable 

conditions for seed] ing gros1th and survival occurred simultaneously. Si~c~ 

Sal ix ~:2.· and _Prunus eman,faata also became ,c,st;:abl ishsd at this time, it 

would seem that the control] ing factor must have been the quality of th~ 

grovring season. (Note: Possibly plant seedlings became established mor,· 

successfully di!rir,g perlods of 1010 deer numbers). 

The third age group of Douglas-fir and ponclero~a pin~ l~~Jl lngs b~~:,r0 

est~bl ishc,d 16 or 17 years after the e:;tabl isL,,12,t e,f th-3 fi ,·i;t age ~r.:: 

·::s did Salix spp., Prunus emarqinat.1_. Ceannthus sanquineus, and f1meiaf1t:l1._i.~. 

:?J.ni.f_o_l_!_a_. This is indicated by the fact that the densest thickets of l,l. · 

occ,,~ not on rlry exposad sites but close to isolated 35 year old Doug: 

end pondercsa pine. 

The ~1oun~est shrt.:bs in the art.::-i ai-e found on t:1e rlricst, ~te;;:-·;est ~,1C.-';1'.::..·3 

which occur c~, ·;:he rock outcrops. This is not a'iwvvs t!"'c c.a~·,e -;Dr ul i ::: 1ni'.: 

fonr.::;, however, since a 35 year old steM of Pachyst}m?_mvrsin_ites '-li.1S riot.::;:·.· 

on the rock site. The density 2nd coverage vaiues of shru', species C'~ ru,·.: .. 

outcrops ore quit~ low. 
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Although no coniferous trees, saplings or seedlings occurred or pi~ts 

characterized by dense thickets of sh:~ubs, it is app::irent th2t th·:;; conifc:·s 

established in the less dense, adjacent areas will overtop the shrubs anG 

reduce them greatly in importance. The height growth of these shrub species 

always levels off. Amelancr,ier alniFolia, f";-u1us cr,;;orginata, Holodiscus ----- ------------
-9.__~_~co~~, and Ce;:inothus sar,guineus all exhib1"i:eJ leveiled-vff growth c~::·,.·es. 

The restoration of a forest c;.nopy, then, depends upon the continu"'d 

gros1th of sap] ings 2, we] I as on seed production by the two coniferous 092 

groups 1-1hich have al ready reached the reproduct Ive stage. If they f<,J ,ow 

the observed growth patterns of the 35 year old Douglas-fir and ponderosa 

Pine aga classes, the 11-13 year old age group will be G meters ta! 1 in 

10 years. 

SILVER CREEK DELlA 

Silver Creek Delta is a flat, low-lying ared on th<e western shore of 

Ross Lake. It faces east, has a gen~le slope, .-:md ls divide ... : by s:~.~110 

iast-flosling cilve, Creek. The ar<ea was log~ed and burr,,,,d ciuring da,-,1 

construction activities in 1950-51. Western redcedar snngs over 150 y,0ca:" 

old are \,,1idely distributed 1 especially towatd the baci< uf th€ de;Lat c::.·-1 

cut stumps and charred fogs I itt2r tile ureo. At "the tirr'.:: cf the 1?5~ i ;--· .. 

The western red cedar were 150 years o1d and 15-ZS meters tall, witl1 dl~-

meters at breast h'3ight bet~veen 10 znd 12 inches. The DougJas--fir ;,,ier·o !SG-

250 years old, 30 meters tal I, ~nd 18-24 inches in diar,1eter at breast hc;,,1.~. 

The Douglas-fir were aµp2rently cut before the fire, and the west2rn red 

ceda~ ~sr~ killed by the fire wl1Tc!1 fc11owed. ~ fi~~er of Dougl.3s-fi:· o~d 
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w2st~rn red cedar in the middle of this are~ runs fro~1 ~he wescern slor_; 

behind the delta to the lake shore. lhese ,:o'l91as-f1r are 200 years ala 

and 30 meters tall. Tree samples showed fire scars fro,,, two;,t·,' •'""" s 

(.:~c,the time of the Jogging and bur !ling; ~5 yec,·s af::~, the time of the 

Skagit fire; and 120 and 180 years eJo. 

The deltd includes a number of exp03ti 

rc:ks and charred logs. There is 1 ittle or no uver·story, c>lthough scatter,eci 

f~rm a scant overstory on some sites. Populus Lric:1ocarµ6 is cc,,i:inc-. 1.~ 

the lakeshore, .ind Betula Pc:PXr.ifer2 is four.a on dry siL,s towar'rl the b,,, ': 

o-:' the delta. 

The understory coverage is al so :;rarse, with cove:?~':, v.=:: 1 L-·es ,.,ary l ,19 

from Oto 25 percent for Douglas-fir, [runus emargin".t."., t,cer f; ·c',,acu,c 

ha:0~00~ spe.-l~; oc~ur 2s ~lumped stem r0rins ... '. ~ ' '. L 1, ,·- .:;, , 

rnv,g~~ a•ci the. former two occur cc,;Tir:i1..1ri·1y_ 

Crc:,., D€'.i3. 1:·2-y WPre tai1iC'...-J in ,;1 ;1 ~:ut OL1· of the e::;t.,:,,.;.:,i!:;t,~d piots 

computed as bein0 %. i5, 4.i(iJ aw1 1. ij/ 

on h) . ..r of the plots. Young trees L:,d dic;1neters a~ 1<:".rge ac: ;~ inr..~~.·;S al 

hreEst height, and a 12 year-ulc 6-7 meter tai I nou(]1,:s .. ,;· on the ~,,. 

riiddl:- ')f ~he c.iel··~a w2s 1:· ··c,: ·-. u, r::+ i:ers ~.:i l 1 , ai:d mar>?. t:!: 
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ia diameter at breast height. The Douglas-fir sapliGgs were 7 to 9 yc:rs 

old and 2 to L1 meters high. 

Western red cedar saplings also occur frequently in this area. Their 

2 
bas,:! areas were determined to be .37, .16, . 12, and 0.0 m /hectare for 

the same four plots where Doug1~s-fir sapl l1·1g3 and trees we~e ta1] ied. 

The red ccda1· saplings were between 14 and i6 years o!,i ar,J less than 3 

msters high. 

There are also v1estern white pine and western henlock saplings in t'," 

aJea, c::1d nu;:1erous Porulu5 -:.::--ichocarpa saplings were found along the 1uke 

shore. The presence of Alr,us rubra seed] ings toward tLe middle of the 

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

hardwood types on mes i c sites (Scott, Lonq and Barber, 197 l). 

Stem samples from the tv10 Douglas-fir mentioned above exhibited q~i':.:, 

similar rates of stem elongation. The older Douglas-fir was further bee:, 

on the delta and cluser to the stan<l o·i-: m<1tLre Dc.ugias-;~ir c.l,"d Vic3"~ern i"C'.: 

ced2r than was the younger one. It wos d·=termincJ to be 18 years oid, 2:1d 

harJ taken 8 years to grow to a height of 2 meters. -i-his co1·1trasts \-Jitf; ·~~..., 

Douglas-fir sampled a~ the lai<e shore, which took only 5 years t::> g;c::1 t:·. 

first 2 meters. But both trees required only 6 rnoce yc<1rs to rea<::h ;· m~t.: ·s 

in height. ·rhe Douglas-fir at the lake shore is r1ow 12 years olci and 0 

rr:eters high. Its leaJer length \>/as .'.}) meters; the 1972 le2der wa~ r..· ;~·.-

fro,.-, the 18 ,··~ar o1d Douglas-fir, but it was .89 meters ;._,n,1 in 19::1. 

Hes tern :ed cedar and western hem;ock S2lj:,] in~;s were cut ar.c! th~f:- ~i;!:.jS. 

counted fit half r.wter intervals. The 1,,1ester11 red cedar sampled to, __ ,k l) 

years to grm·1 2.5 meters tall. Stem elongation hils been ;·clatively uni:o .. T 

throughout the sapling's like. The is•estern hemlock too:, 12 years to gr:,·.1 

2.5 r,,,~ters tall, but its qro1r:~h rate has incr::.;:sed in recent ye::rs -- rt 
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o·,ly required 2 years to grow from 1 to 2 meters in height, and an addi-

tional 1 year to grO\v the last half meter. Its 1972 leader t,as .6?. meter,, 

long, and the 1971 height growth had been .61 meters. 

Five meter tal 1 Betula p~pyt"i?e~-~ and ~~~U3._~2.,~-· stems were sampled 

for age and rate of stem elongation. Both l,ao requi;·ed 14 years to reach 

5 mete,·s in height. The Betula papyrif':.f:~ sa:.ipled had <1rown .70 n:etc>rs in 

the last 2 years, which suggests that its growth curve has not yet lcvellrd 

off. 

A 10 met"r tal I, 16 year old Populus trichocarpa exhibited rapid 

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

both ~al ix and Betula papyrifera, and 11 and 19 years for the two sam~les 

of Douglas-fir. The Po_pylus trichocar;:,a sample took I; years to grow from 

5 to 6 meters tall, anti an additional 5 years to groe, from 6 to 10 met1,rs 

tall. This indicates that its growth curve has not yet levelled off. 

lJrunus en-:':!r!)inata ,1nd Acer ci rcin3tum specim~ns sh-:/.,,ed initi2I g1·01,1i:h 

r(Jte::; compurable to those of Douglas-fir, Sa_l ix spp., Pc.pulus tri_ch?c.~rp_a, 

and Betu~ papyr:.Lfera. The growth of both le:ei led off qoickiv after· tire 

,c;cond or third meter in height. The leader of Acer ci rcinatum 1·1as .16 

:·:1ete(s and the previous year 1 s had been .08 meters Jong. The _f:!"_~!:]_l_'.7'_ 

:~marg i na ta sainp I ed \·1as 8 yea rs o 1 d and had not yet ree1 .:he.d a he. i g ht of ; 

n:~ters. 

Cean0c11us velt!tinus occurred i11 J~~ge diam~ter clumrs th(ough0ut t'.~c 

3rea. All 20 individual stems of the shrub s~mp~~d were eit~A~ 8 or 9 ye~(s 

old. The underground portion of the shrub ~1as extracted and found t0 be, i 1 

or l Z years o IJ. Stem grow th had been ~u i te fast: it had taken orie st -m 

5 years to grow 2 meters in heig:1t, a11d only l nriditional year to rea,:h 

2.5 mn::srs. 
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SILVER CREEK DELTA PLOT SUMMARY 

plot ;:ircus se:ec~s to indicc.1te a more mesic site th.::i tLar r;C"·:·;:1a]Jy f~Y-':1 . .1 c,r, 

brush types. 

B£::;2ci on tli2 current fJTu:'lth rates of Douglcls-fir in the. ..:; · 1er .> ~--ek 

Dal ta, the 7-9 year old sap! ings will be over 7 meter5 '. '''"'·'" / • •• , I •" 
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SKYMO CREEK BRUSHFIELD 

Plots were established between 33 and 52 ;.ieters (110-175 feet) abov'= 

lake level south from Skymo Creek or, ti1e wester·n shore of Ross Lake. They 

were located on steep (l5-34°i, soud1eGst-:'c1~i,,g slopes in an area which 

Scott, Long bnd Barber (1971) have designated as a brush type. One plat 

s1as located on a rocky iedge above a 30 meter (100 foot) cliff overlooking 

th2 lake, All the plot sites had rocky shallow soil. Charred Douglas-fir 

snags and logs were found along the slopes above the plots. Forty year old 

!0Jgepole pine anJ 35 yeCJr old DougL·js-fir in the Drusliffeid area indicate 

the influence of the 1926 Skagit fire. 

Reproductio~ of DoLlglas-fir on the Skymo brushfi~ld has been poor in 

comparison to that on the other study areas. The few 35-40 year old lodge,-· 

pole pin2 anJ 20-25 year old Douglas-fir wt1icl1 are pi·esent are confined t·o 

the 30 meter high shelf. Elsewhere, ;)o~;lu:.·~r:r 1,.;;1ich can f:.,,.3 fou:1c: in thrt;.'; 

2ge groups: Z-4 year old s2plings, 9-10 yeat· old saplings, and 15-16 yea,· 

old trees. The three age classes of Doug1as-fir on rhc sh2lf arc: 9-JO )'22: 

~-1d sap1 i~gs, j5-16 year old trees 1 and 20-25 year old trees. Tl10re arc no 

D0uglas-fir seed.lings on the shelf. Lodgepole pine saplings occur lnf1·e·· 

c;uently in the tirea; those that were o!.>served fell into one of t·"'10 D'.Je 

group3: 9 or ~G yed1· old saµ1 i~g~. 

·r:1e s~c~nt ever-story and de11scr Lt1derstory of the area is composed c, 

Cean·.:,thus sar:guin~us~ Arnelanchier alnifoi iu, _Sal_ix ::-_op_., J\cer 2labnJt!:, 

Acer circinatum, Prunus emar~inata, Corylus cornuta,_ and Molod.isGus_ri}s­

~-9J.9.!:: Amelarichier alilifoi ia occurred in 12-20 fJercent of the microp1sts 

and had coverage values of 10, 4, 3, and 6 percent o~er ti,e four plots. 

Sal ix s;..'p. had sJ i9h·i:'!y g:--eatci· coveras-~ vulues en th,·cc of the fcur p!,)·~s 

1t JO, 3, 5: 2~d R6 rer~en~. 
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Spirea betulifolia, Berberis nervosa, and Trientalis latifolia were 

present on all 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 

aqulfol ium ·, 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 southeasterly-facing plots; Berberis aquifollum 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 S, 8, 3, and .6 percent on the rock shelf. 

The aspect and slope of the four plots were as follows: F
1

, ESE 24°; 

F2 , SE 15°; F
3

, SE 34°; and F11 , S 25°. The frequency and coverage values 

for certain species varied between the east (i.e. F
2 

and F
4

) and south­

facing (F 1 and F
3

) plots. Understory and ground coverage were particularly 

dense on F1 and F
3

. On the more southerly facing plots, F
2 

and F4 , Apocynum 

androsaemifol ium ,,as found in over 60% of the microplots, and had coverage 

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

F1 and F
3

, Apocynum androsaemifol ium was not found. Acer glabrum, Acer 

circinatum, Corylus cornuta, and Symphoricarpus albus occurred in F
1 

and 

F
3 

but not in F2 and F11 • Rosa gymnocarpa had coverage values of 10 and 11 

percent on F1 and F
3 

but only 3 percent on F4 ; it did not occur at all on 

Berberis nervosa occurred in F where it had a coverage value of 9 
------- 1 

percent, but was not found on the other plots. 

A Douglas-fir sapling and tree were sampled near plot F
1

• The 9 year 

old, 2 meter tall sapling had grown .30 meters a year during the past 3 

years. In the 3 years previous to that, it had grown between .15 and .20 
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meters per year. Thus it grew 1.4 meters in the past 6 years. The Douglas-:~ . . . 

fir tree sampled was 14 years old and over 5 meters high, and had grown 

2.20 meters in the last 3 years. 

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 4 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 BRUSHF I ELD AREA PLOT SUMMARY 

The Skymo Creek Brushfield area 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 sap! ings in this area, and browse damage on sap! ings and seed-

1 ings is quite extensive. Many of the sap! ings and seed! ings 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 sap] ings in the area suggests that the Sal ix overstory may wel 1 

increase. According to the growth rates of the Douglas-fir and Salix spp. 

sampled, the Douglas-fir sap! ings may exceed the height of the Salix shrubs 

in ID years. But it is unlikely that Douglas-fir will be able to close in 

the overstory within the next 15.years._ 

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 s~pl ings will be approximately 5 meters tall in 10 years, 

and 8 meters tall in 15 years, at t1hich 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 hard1sood 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 layers 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 112 years old, Various stems bf Sal ix spp.· Acer 

circlnatum, Acer glabrum, ,and Prunus emarglnata were found to be@ years 

old, and one stem of Acer circinatum was~ 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 

lodgepole pine. On intermediate slopes, dry exposed sites form a patchwork 

with 35-40 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 qlabrum, 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 ,., 
. -

7 to 12 meters high. The coverage value of the understory is somewhat .,. 

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 lewis ii, and Amelanchier alnifolia comprise the understory. 

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

No Amelanchier alnifolia, Holodiscus discolor, or Acer glabrum were found 

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

circinatum .iere 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 lewis ii occurred in two of the four plots. 

Ground cover consisted mostly of Berberis aguifolium, Achillea mille­

folium, Arocynum androsaemifolium, Fraqaria virginiana, Allium spp. ,Trien­

talis latlfolla, 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 Jess frequently at 4, 13, 52 and 44 percent. Apocynum andro­

saemifolium, Fragaria vlrginiana, and Triental is latifolia were present on 

only half of the plot areas, but had frequency values bet\1een 20 and 83%. 
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Berber is aquifol ium (4, 7, and 3%), Apocynum androsaemifol ium (7 ,5 and 10%) 

Achi l la mil lefol ium (7, 9, 3, and 0.0%), and ~irea betul ifol ia (9, 4, 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 

Overstory 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 

papyri fera formed the overstory of another, Doug.las-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. On the fifth plot these hard-

1,mods mixed with western red cedar and western hemlock to form a 90% 

unders tory. 

Amelanchier alnifolia and Ceanothus sanguineus were infrequent in the 

understory of these plots. Berber is nervosa, Trientalis latifolia, Rosa 

gymnocarpa, Rubus spp., and Pachystima _ _rnyrsinites 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 42 years old and 15 meters high, and 

2 
had basal areas of 40 and 32 m /hectare. An 8 meter tall stem of Acer 

circinatum on one plot was 46 years old, and the understory of Sal ix spp., 

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

The two plots with lodgepole pine dominated anerstorles differed in 

slope and aspect. One plot, B6 , was located on a slope no steeper than 5 

degrees and facing south. It 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
1

, faced east and had a 

moderately steep slope {20°) at the same elevation as s
6

• 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 _bctul ifol ia. Douglas-fir "sap-

1 ings" found on s1 were 20-30 years old and under 4 meters high. Two tree 

size Douglas-fir 5-6 meters high were 30 years old. The understory ,.,as 
-·- --

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

Acer circinatum 5-8 meters tall. 

s7 is an east facing plot located 18 meters above lake level. Salix 

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

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

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

~· sampled were 40-46 years old, and a Betula papyrlfera sampled was 30 

years old and 12 meters tall. Acer circinatum, Acer glabrum, Corylus 
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cornuta, and Prunus emarginata formed a 1 imited understory. There v1as 

dense gr<und cover dominated by Berber is nervosa, although a high density 

of Acer =ircinatum was also observed, Douglas-fir became established in 

this ar,a about 25 years ago. The 20-25 year old Douglas-fir were 6-12 

meters tall, and several had broken through the hardwood overstory. 

Sapl in,1s 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 B8 was established on a steep northeast-facing slope north 

along the lake shore from B
7 

and 9 meters above lake level. Here there 

was a dense "understory" of Douglas-fir and western hemlock 9-18 meters 

tal 1 under a few !10 meter tal 1 Douglas-fir. The Douglas-fir comprising 
~ 

this \!Ddecstary were up to 30 years old; the western hemlock were between .-..., 

30 and 40 years old. There was also a second, dense understory of Salix 

spp., Al nus· rubra, !:_. macrophyl !um, 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 siere numerous western red cedar seedlings more 

than 6 years old. Basal areas for the coniferous trees were: Douglas-fir, 

2 2 
18 m /hectare; 1~estern red cedar, 2m /hectare; and western hemlock, 

2 
4 m /hectare. 

Plot B12 was located 70 meters above lake level and about 2.5 kilo­

meters north of plots B
1 

and s8 . It faced east and had a moderately 

steep slope. The highest basal ;-,rea 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 m2/hectare. 
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The following three Douglas-fir trees were cut and sampled on south­

east facing slopes: (1) a 12 meter tall, 30 year old Douglas-fir from 

plot B4; (2) a 7 meter ta 11 , 19 year old from the area of plot 85; and 

(3) a 5 meter ta 11 , 13 year old from the vicinity of plot B2. The first 

\ 
'. 

two of these had taken 14 years to grow 4 meters in height, and the Douglas-

fir from B2 had taken 10 years to reach the same height. All three had 

required at least 6 years to reach the height of 1 meter. 

After the 1 meter mark the youngest Douglas-fir grew 3 meters in 4 

years. lnternode 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 Its 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. lnternode 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 ID meters. Its leader matches the growth rate of the 6-10 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 took 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 8 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 grme from 8 to 10 meters tal 1, 

and its growth has slowed to a rate of .25 meters per year. 

Sal ix 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 Oto l meter in height, 6 years to grow the 

next meter, and 11 years 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 slo11 rates of stem elongation. One stem was 39 years old, 

the other 3S yea rs old, hand they had taken 20 and 24 yea rs respectively 

to 9row !1 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. One 

sample was 42 years old and had taken 26 years to grow 4 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 

year's leader for the third 1-1as .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 years to reach the 4 meter mark; its rate had then 

slowed in comparison to the growth rate of the lodgepole pine on plot B
2

. 

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 also cut 

and sampled on these same plots. The 31 year old, from s
1

, had reached the 

2 meter mark in 16 years as compared to 20 years for the ]lodgepole 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 B6 had grown only 4 meters in 24 years. Its leader length for both 

of the last 2 years had been .30 meters. 

A 23 year old Douglas-fir and an adjoining 311 year old Betula papyrif­

~ were sampled on plot s
7

, which was located 18 meters above lake level. 

The Betula papyrifera had taken 11 years to grov, 2 meters tall, whl le the 

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

then required 9 years to grow the next 6 meters, and the Betula papyrifera 

took 16 years to attain the same height. The Douglas-fir has been growing 

at a rate of 1 meter per year for the last II 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, over topped 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, ~,hich is probably due to its S-SE exposure and shallow soi I, 

makes for low browse production. 

B-33 
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LOHER DESOLA Tl ON AREA 

July 1972 

SPECIES t.\lER/l.GE COVERAGE % 

Spirea Betulifolia 29 

Rosa gymnocarpa 17 

rerberis aqu ifol ium 13 

Fragaria virginiana 16 

Triental is latifolia 3 

Ceanothus sanguine.us 41 

Prunus emarg i nata 1. 5 

Apocynum androsaemifolium 2.4 

Sa 1 ix spp. 4.0 

Pachys ti ma myrsinites 6 

Berberis nervosa 3 

Amelanchier alnifolia l 1 

Lonicera ciliosa 0.2 

Acrtostaphylos uva-u rs i 0.6 

BASAL AREA (squ3rc rnc,tcrs/hectare) for coniferous trcc.s: 

B-34 

FREQU~fJCY "6 

100 

64 

52 

72 

60 

72 

4 

8 

11 

24 

8 

16 

8 

4 

0 
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LOHER DESOLATI OP AREA 

PLOT A
2 

SPECIES 

Spirea betulifolia 

Rosa gymnocarpa 

Triental is 1 at i fol i a 

Ceanothus sanguineus 

Gerber is aqu i fo 1 ium 

Epilobium angustifolium 

Pachystima myrsinites 

Acer c ire i natum 

Berber is nervosa 

Sal ix spp. 

Symphor i carpus albus 

Amelanchier alnifolia 

Fragaria virginiana 

Rubus parv i florus 

Sher,herd i a canadensis 

Chimophila umbe 11 ata 

Arctostapylos uva-ursi 

B-35 

July 29, 1972 

AVcRAGE COVERAGE % FREQUENCY % 

34.3 lOO 

9 68 

3 40 

26.6 72 

l. 2 8 

0.7 8 

1 .6 24 

0.1 4 

18.2 60 

9.3 12 

2.2 12 

l.6 8 

0.6 4 

0.6 11 

3. I 12 

o. I l1 

C.6 11 

BASAL AREA {square meters/hectare) for coniferous trees: undetermined 
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LOWER DESOLATION AREA 

PLOT A
3 

SPECIES 

Berber is aqu i fo 1 ium 

Amelanchier alnifol ia 

Acer glabrum 

Arctostapylos uva-ursi 

~osa gymnocarpa 

Berber is nervosa 

Trientalis latifolia 

Rubus parviflorus· 

Spirea be tu 1 i fo 1 ! 3 

Lonicera ci l iosa 

Ceanothus sangu i neus 

Sa 1 ix spr,. 

Pachvstima rr.yrsinites 

Frngari a spp. 

Chimophila umbe i 1 ata 

July 29, 1972 

AVERAGE COVERAGE % FREQUEMCY % 

1.6 13 

2. l 8 

0.7 8 

11. 6 12 

12 . 1 44 

12.7 32 

5.4 56 

8.G 36 

6. 1 32 

0.2 8 

1 3 . 6 44 

3. 1 8 

1. 4 16 

0.7 8 

o.G 1) 

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

B-36 
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LO\./ER DFSOLAT I ON AREA 

August 5, 197 2 

SPECIES AVERAGE COVERAGE% FREQUENCY% 

Fr agar i a spp. 1. /1 16 

Fragaria virgin i ana 7.8 64 

Rubus spp. 1. 5 4 

Spirea betul ifol ia 25.6 76 

P3chystim~ myrsinitcs 7.3 56 

Rosa gymnocarpa 7.5 48 

Amelanchier alnifol ia 5.6 16 

Acer c: re i nc::-,tum 10.4 20 

Tricntal is latifo1 i<J 7.3 Go 

Berber is ne:-vosa 10.8 64 

Cear.othus sanguineus 26.4 68 

Sa 1 ix spp. 6.3 211 

Apocynum and rosae:n i fo 1 i uni 3.4 20 

Berber is aqu i fo 1 i u,,i 2. 1 "l[,, ,_ ' 

Sorbus sitchensis 1.5 4 

Lonicera ci 1 io5a 0.7 G 

Rubus rarviflorus 2.2 12 

Epilobium angustifol lum 1 • 2 8 

BASAL AREA (square m2ters/hectare) for coniferous trees: undete,·m i ned 
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PUMPKIN MOUMTA!N AREA 

Pl OT 0 . - ,., J t,ugus t 23, 1973 

SPECIES AVERAGE COVERAGE% 

Pachystlma myrsinites 2. 1 

~~rberls nervosa 14.) 

S,:; i r,;a betul ifol ia C7 

Trlent11l ls lat i foll a 2.6 

Ch: ,nr: eh ii a c.mbel late: 0.6 

flosa gymnocarpa 3.8 

Amelanchler alnlfolia J. I 

A"-er c i rel natum 4. T 

Lonl~era ciliosa 0. I 

:.ubus spp. 0.6 

lfnnaea borealls 0.6 

'\ASAL AREA (square m~ters/ncctare) , or .:::mi ferous trees: 

Lc<igepole plr.e 

Doug I as-fl r 

FREQU::'JlCY % 

lt4 

80 

60 

20 

4 

36 

4 

12 

11 

~ 

4 

39.5r. 

0.;1J6 

J-38 
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PUMPKIN MOUNTAIN AREA 

PLOT B
2 

SPECIES 

Fragaria virgin iana 

Achillea millefolium 

Rosa gymnocarpa 

Pachystima myrsinites 

Al 1 ium spp. 

Spirea betulifolia 

Prunus emarginata 

Phi ladelphus lewisii 

Sal ix spp. 

August 25, 197 2 

AVERAGE COVERAGE% FREQUENCY% 

12.7 83.3 

7.0 58.3 

0. 1 4. 1 

0. 1 4. l 

0. 1 4. l 

0. 1 4. 1 

0.6 4. I 

0.6 4. 1 

o. l 4. l 

BASAL AREA (square meters/hectar") for con ifero•Js trees: 

Douglas fir 0.08 

8-39 
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PUMPKIN MOUNTAIM AREA 

PLOT B
3 

SPECIES 

Berberi s aquifol iL:m 

Fr agar i a virginiana 

Achi ! lea mi 1 lefol ium 

Spirea betul ifol ia 

A 11 i um spp. 

Philadelphus lewisi i 

August 30, 1972 

AVERAGE COVERAGE% 

3,75 

0. 5?. 

8,75 

0.31 

0.21 

1. 56 

BASAL AREA (square meters/h..::sta r•;: fc ·· con i fero1.:.s :- rees: 

Douglas·~fir 

B-40 

FREQUENCY% 

12.5 

20.8 

50 

12,5 

8.3 

4. 1 

0. 16 
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PUMPKIN MOUNTAIN AREA 

PLOT B4 

SPECIES 

Achi 1 lea mi 1 lefol ium 

Spirea betul ifolia 

Berber is aquifol ium 

Rosa gymnocarpa 

Lonicera ciliosa 

Tri enta l is latifoi ia 

Cea no thus sangu i neus 

Pachystima myrsinites 

Apocynum and rosaem i fol i u1;1 

Cerberis ne r··1osa 

Fragaria vi rgi niana 

Mianthemum unifo1ium 

August 30, 1972 

AVERAGE COVERAGE% 

2.8 

9 

6.7 

2.8 

0.6 

3.8 

6.7 

0.1 

7.5 

7.5 

10.8 

0.1 

BASAL AREA (square meters/hectare) for coniferous trc2s: 

B-41 

FREQUENCY% 

32 

52 

40 

16 

4 

52 

24 

4 

36 

~8 

64 

4 

unde~8rmtnf..:.·i 
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PUMPKIN MOUNT Al N AREP. 

PLOT BS 

SPECIES 

Berberis aquifolium 

Spirea betulifolia 

Apocynum androsaem i fo? L.1r.1 

Fragaria virginiana 

Triental is latifol ia 

Rosa gymnocarpa 

Ach i 1 lea mi 11 efo 1 i um 

Rubus spp. 

Acer circinatum 

Pach·.rstime1 myrsinites 

Corylus cornuta var cal ifornica 

Symphoricarpos albus 

August 31, 1972 

AVERAGE COVERAGE% 

3. r, 

4 

10 

1. 4 

2. l 

0.8 

0.3 

l. 3 

0.6 

0.7 

0.7 

l.2 

BASAL AREA (square meters/hectare;) for coniferous trc-cs: 

Doug l us-fir 

Lodgepole pin8 

FREQUENCY % 

28 

44 

76 

16 

24 

12 

12 

12 

4 

8 

8 

8 

3,,./1 

0. o:, 

B-42 
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PUMPKIN MOUNT Al N t,REA 

PLOT s6 

SPECIES 

Acer circinatum 

Apocynum and rosaem i fo 1 rum 

Berber is nervosa 

Rosa gymnocarpa 

Spirea betul ifol ia 

Linnaea boreal is 

Tri enta l is latifol ia 

Rubus spp. 

Pac:)yst ima myrsinites 

Gaultheria spp. 

Amelanchier alnifol ia 

August 30, 1972 

AVERAGE COVERAGE% 

7.5 

1.8 

16.9 

6.8 

2. l 

12.4 

2.8 

l. 1 

0.2 

0.7 

0. l 

BASAL AREA (square meters/l1ectare) for conifcr·o~s trees: 

Lodgepole pine 

B-43 

FREQUENCY% 

32 

16 

64 

44 

44 

72 

52 

24 

8 

!l 

'I 

3 1 • 51, 
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PUMPKIN MOUNTAIN A~EA 

PLOT B
7 

SPECIES 

Berberis nervosa 

Acer glabrum 

Acer circinatum 

Trientalis latifol ia 

Cory] us cornuta var. cal ifoti1ic2 

Symphor i carpus a 1 bus 

Pachystima myrs in i tes 

Rubus spp. 

Apocynum androsaemlfol ium 

Rubus parviflorus 

Ser tember 1 , 1972 

AVERAGE covr:RAGE % FREQUENCY % 

53,3 100 

0.2 8 

1.1 24 

4 60 

0.6 4 

0.6 4 

0.7 8 

1. 4 16 

0. 1 4 

0. 1 4 

BASAL AREA (square mete;-s/hectar~) for c,,niferous tl'ccs: 

Dougl us-f i 1· O. 1 G 

B-44 
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PUMPKIN MOUMTAIN AREA 

PLOT Bg 

SPECIES 

Gerberis nervosa 

Vaccinium spp. 

Rosa gymnocarpa 

Pachystima myrsinites 

Acer glabrum 

Linnaea borea 1 is 

Fragaria cirginiana 

Trientalis latifolia 

September 1, 1972 

AVERAGE COVERAGE% FREQUENCY% 

38.9 96 

1.3 12 

2.8 16 

0.2 8 

1.5 4 

0. 1 4 

0. I 4 

0. 1 4 

BASAL AREA (square meters/hectaro) for coniferous tr~es: 

Douglas-fir 18.42 

\lestern rz-::u Cedar 1.88 

Western Hemlock 3.62 

B-45 
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PUMPKIN MOUNTAIN AREA 

PLOT a12 

SPECIES 

Berberis nervosa 

Trienta\ is latifolia 

Rosa gymnoca rpa 

Rubus parviflorus 

Amelanchier aln1fo11a 

Shepherdia canadensis 

Acer circinatum 

Rubus pedatus 

Chimaphila umbel lata 

Betula papyrifera 

July 30, 1972 

AVERAGE COVERAGE% FREQUENCY% 

11. 5 56 

1. 5 20 

1. 8 16 

0.6 ,4 

3.4 lf 

0.6 4 

1.3 12 

o. 1 4 

0.6 4 

o. 1 4 

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

Douglas-fir 20.472 

B-46 
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B-47 

SILVER CREEK DELTA 

July 31, August 18, 137: 

SPEC I ES AVERAGE COVERAGE% FREQUENCY% 

Pachystima myrs in i tes 14.4 48 

Sal ix spp. r: 12 -
Prunus emarg i nata 6, !1 24 

Berber is nervosa 0.7 8 

Spirea betul ifol ia o. 1 4 

Rosa gymnocarpa 2.4 20 

Acer circinatum 0.7 8 

Rubus parviflorus l.5 4 

Amelanchier alnifol ia o.G 4 

Trillium spp. 0. l 4 

Ri bes spp. 0. 1 l, 

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

Douglas-fir 2.15 

Western Pn0 Cedar 0.16 
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SILVER CREEK DELTA 

PLOT o2 

SPECIES 

Pachystima myrs ini te:; 

Prunus emarginata 

Rosa gymnocarpa 

Arctostaphylos uva-ursi 

Ceanothus velutinus 

Rubus pedatus 

Amelanchier alnifolia 

Ju 1 y 31 , 1972 

AVERAGE COVERAGE % 

7.7 

4.3 

2.7 

9,3 

4.9 

0.6 

0.6 

BASAL AREA (square meters/hectare) for coniferous t~aes: 

FREQUEMCY % 

36 

20 

12 

12 

8 

4 

4 

und-::te·-rri i ncd 
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SILVER CREEK DELTA 

PLOT o
3 

SPECIES 

Pachystima myrsinites 

Acer circinatum 

Acer glabrum 

Lonicera ciliosa 

Triental is latifol ia 

Arctostaphylos uva-ursi 

Ceanothus sanguineus 

Chimophila um&alla~a 

Sorbus sitchensis 

Vaccinium parvifolium 

Ju 1 y 3 I , 1 972 

AVERAGE COVERAGE% 

1 4. 2 

7. 1 

3.2 

0. 1 

0.2 

l;. 0 

0.2 

0.1 

o.G 

FREQUENCY % 

52 

16 

12 

20 

4 

4 

4 

4 

4 

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

Douglas-fir 4.10 

Western Red Cedar 0.37 

B-49 
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SILVER CREEK DELTA 

PLOT D 4 

SPECIES 

Berberis nervosa 

Ceanothus sanguineus 

Vaccinium pa rv i fol i um 

Pachystima myrsinites 

Arctostaphylos uva-ursi 

Acer circinatum 

Spirea betul ifol ia 

Linnea boreal is 

Prunus emarginata 

August 6, 1972 

AVERAGE COVERAGE% 

3.9 

6.5 

1. 2 

20.:2 · 

4. 1 

5.9 

1. 5 

0.6 

1 • 5 

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

uouglas-fir 

B-50 

FREQUENCY% 

40 

12 

8 

60 

12 

8 

4 

4 

4 

1. 25 
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SILVER CREEK DELTA 

PLOT o
5 

SPECIES 

Berberis nervosa 

Spirea betulifolia 

Lonicera ciliosa 

Sal ix spp. 

Ceanothus sanguineus 

Rosa gymnocarpa 

Rubus parv if lorus 

P2chystima myrsinites 

Amelanchier alnifol ia 

Arctostaphylos wva-ursi 

Vaccinium parvifo,l ium 

Linnae borea l is 

::iuu l the: in ovatifc:i la 

Al nus rubra 

August f,, 1972 

AVERAGE COVERAGE% FREQUENCY % 

0.2 8 

2.5 20 

0. i 4 

5 8 

'. 2 8 

o.' 11 

0.6 4 

11.6 44 

1. 5 4 

13.6 32 

0.6 4 

l.3 12 

2. 1 8 

3.5 8 

8/\S!'"'L !'Jd?.h (sr;uarc ilF.~ters/hcctat~,""') for conifer0us ·..: ·,z:c.5: 

[icu~l-Js-fir i ,12 

Weste~n R2d Cc~ar o.i~ 

1:iestetn Hemlock O.OQ 

B-51 
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LIGHTNING CREEK AREA 

PLOT E
1 

SPECIES 

.~melanchler alnifol ia 

A 1 lJum·. S'l>P. 

Fragaria virginiana 

Berberls aquifolium 

Achillea millefolium 

Rosa nutkana 

:,aJsamorhiza spp. 

Ceanothus velutlnous 

C"anothu::; sangu I neus 

September 4, 1972 

AVERAGE COVERAGE% FREQUENCY % 

5,7 

1. 5 

0.7 

4.5 

a. 1 

0.7 

2.5 

1. 5 

16 

20 

24 

8 

40 

4 

n 

4 

ri\SAL AREA (square meters/hectare) for cc,.,iferous trees: O 

8·52 
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LIGHTNING CREEK AREA 

PLOT E
2 

SPECIES 

Pachystima myrsinites 

Spirea betulifolia 

Triental is latifol ia 

Berberis aquifolia 

Ceanothus sanguineus 

Rosa gymnocarpa 

Ame1anchier a!nifolia 

September 5, 1972 

AVERAGE COVERAGE% FREQUENCY% 

0.2 8 

6.2 76 

5.7 68 

6.9 114 

0.9 16 

3.4 20 

0. 1 4 

BASAL AREA (square meters/hectare) for =oniferous tree•: 

Lodgepole pine 

Ponderosa pine 

Douglas-fir 

36. 17 

1. 07 

B-53 
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LIGHTNING CREEK AREA 

PLOT E
3 

SPEC I ES 

Amelanchier alnifol ia 

Ceanothus sanguincus 

Rosa nutkana 

Spirea betul ifol ia 

Fragaria virginiana 

Fragaria spp. 

llerberis aqu ifo I ium 

Prunus emarg i nata 

Ach i I I ea mi 1 I efo I i um 

Al I ium sfip, 

Rosa gymnocarpa 

Phi ladelphus lewis ii 

lla 1 samorh i za spp. 

Holodiscus discolor 

Apocynum anrlrosaernifoJ furn 

Loni cera c i 1 i osa 

Ti-ientaJ is latifol ia 

September 5, 1972 

AVERAGE COVERAGE% FREQUENCY % 

12.8 32 

15.8 40 

2. 1 8 

2.3 32 

2.9 20 

0.2 8 

2.7 12 

6. l 16 

I. 3 12 

0.6 4 

5.2 16 

I .2 8 

0.6 1, 

0.6 4 

0.6 I+ 

o. I 4 

7.2 /1:) 

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

Ponderosa pine 

B-54 
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LIGHTNING CREEK AREA 

PLOT E11 

SPECIES 

Amelanchier alnifol ia 

Holodiscus discolor 

Trientalis latifolia 

Rosa gymnocarpa 

Sp i rea betu I i fo 1 i a 

Ceanothus sanguineus 

Pachystima myrsinites 

Berberis aquifolia 

Fragaria virginiana 

Symphoricarpus 21bus 

Prunus emarginata 

Loniccra ciliosa 

Salix spp. 

September 6, 1972 

AVERAGE COVERAGE% 

28. 1 

17 

2.7 

18.7 

3.3 

20.2 

2.7 

1. 3 

3.9 

2.2 

2.5 

2.2 

9.3 

FREQUENCY% 

64 

36 

48 

64 

36 

60 

12 

12 

40 

12 

4 

12 

12 

BASAL ~REA (aqua:~ meters/hectare) for coniferous trees: D 

B-55 
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SKYMO CREEK BRUSHFIELD 

PLOT FI 

SPECIES 

Ceanothus sanguineus 

Rosa gymnocarpa 

Berberis aquifolium 

Spirea betul ifol ia 

Berberis nervosa 

Amelanchier alnifol ia 

Triental is lat ifol ia 

Prunus emarginata 

Rubus pedatus 

Corylus cornuta 

Epi labium angustifol ium 

Chimaphila umbellata 

Acer circinatum 

FrDgaria virginiai1a 

/\cer glabru:n 

Sy.1p~1oricarpos albus 

Sal iY spp. 

September 7, 1972 

AVERAGE COVERAGE% 

21. 7 

9.8 

19. 4 

22.5 

9.2 

'). 5 

5 

2.2 

2. 1 

4. 9 

0. l 

0. i 

0.2 

0.2 

0. l 

3.0 

3. 1 

19.8 

FREQUENCY % 

68 

48 

86 

92 

56 

20 

44 

12 

8 

8 

4 

4 

4 

4 

' -I 

G 

32 

Bt.S.\L AREA (square meters/hectare) for coniferous trees: 

Douglas-fir 0.36 

. d l . LO 90;;.::o e ;-Ji nc 

B-56 
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SKYMO CREEK BRUSHFIELD 

PLOT F ,, ,. 

SPECIES 

Apocynum and rosaem if o l i L:a 

Spirea betul ifol ia 

Amelanchier alnifolia 

Berber is aquifol ium 

Triental is latifol ia 

Holodiscus discolor 

Ceanothus sanguineus 

Sa 1 ix spp. 

September 7, 1972 

AVERAGE COVERAGE% FREQUENCY% 

7.8 60 

G.9 60 

4. 1 12 

1.9 16 

0.6 4 

5 4 

0.6 4 

8. 3 12 

BAS,\L 1\HEA (squa~e 11'eters/hc;ct-1re) for coniferous trees: 

Douglas-fir I . I, 7. 

B-57 
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SKYMO CREEK BRUSHFIELD 

PLOT F 
3 

SPECIES 

Acer circinatum 

Tri ental is 1 at i fol i a 

Rosa gymnocarpa 

Ceanothus sangu i neus 

Sal ix spp. 

Berberis nervosa 

Spirea betu l i fo 1 i a 

11.cer glabrum 

Berber is aquifolium 

Symphoricarpos a1bus 

Corylus cornuta var. cal ifornica 

Fragaria virginiana 

Rubus spp. 

Shepherd i a canaden5is 

Pachyst imo rnyrsinit2s 

Holodiscus d:scolor 

!'\me l anch i er al nifol ia 

July 16, 1972 

AVERAGE COVERAGE% 

6.7 

3. 3 

10.6 

18.3 

5. l 

'!9:2 

6.6 

2.7 

2.5 

2.7 

0.7 

0.6 

1. 7 

0. I 

0. 1 

3 .l1 

2.8 

GfSA:. AREA (sq11a~e mctcrs/hect~re) for coniferous trees: 

B-58 

FREQUENCY% 

20 

76 

60 

48 

16 

60 

64 

12 

:>4 

12 

8 

4 

I; 

4 

4 

4 

i6 

0 
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SKYMO CREEK 6kUSHf i t:LL 

PLOT Fli 

SPECIES 

Ceanothus sangu ineus 

Apocynum androsaemifol ium 

Spirea betullfolla 

Trlentalls latlfolia 

8erberis aquifollum 

Rosa gymnocarpa 

Amelanchfer alnifol 18 

Sal ix spp. 

Achillea millefoliun, 

July 17, 1972 

AVEI\AGE COVERAGE% 

8.3 

!l. 9 

9.4 

2.6 

J.8 

2.9 

s.6 
0.6 

1.2 

JASAL AREA (square meters/hecure) for coniferous trees, 

Douglas-fir 

FREQUENCY t 

28 

64 

68 

28 

20 

20 

12 

Ii 

4 

0.37 

lodye~ole pine 1.0?. 

B-59 
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LO\JER DESOLA Tl Oil AREA (.".REA A) 

Pr~nus eraa r~1 i na t.J 

Height 

~t base 

meter 

2 m. 

3 m. 

Ii m. 

5 m. 

Leader 

Previous year's 

Sa 1 l x SP[>, 

Height 

at ba5c 

meter 

2 m. 

3 m. 

4 m. 

Leader 

g ros1th 1 

Previous ~,ea,·'s groHth 

1 lost year's leader length. 

ffo. of rings 

25 

22 

u 
17 

11 

11 

0.25 meters 

0~ 18 meters 

tJo. of rings 

21 

l :) 

1 (, 

12 

5 

.25 me. ter 

• 1 D meter~ 

[J-60 

Acer c ire i r.:::Jtum 

Height 1Jo. of rings 

a~ base 22 

m. 17 

2 m. 

Leader .025rnetcrs· 

Previous year 1 s growth .025meters 

Ccanothus s-1n911ine,as 

m. 9 

2 m. 8 

3 m. 7 

L<0adcr 

Previous yet:r I s g ro·:1t h 
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Amclanchier alnifolia 

at base 

r11cter 

2 m. 

Leader 

Previous year's grmeth 

Shepherdia canadensis 

Ii.eight 

at base 

meter 

2 m. 

0 m. -·' 

4 m. 

L<-,ader 

r.Jn. of rings 

12 

9 

B-61 

Caryl us cornuta var. ca 11 f cm ic • 

Height 

at base 

2 m . 

r,Jo, 

13 

l l 

9 

of rin::is 

. 02 niets:s 3 m. 3m 

-b75mcters Leader .20 meters 

!Jo. of rings 

26 

20 

14 

8 

0'1 
• .I~ I r11Cters 

.JO meters 

Previous year's growth .20 meters 

PUnPKltl /10'Jiffi-\! tJ !\REA 

{IRE.I\ !l, PLO+ [ll 
Po~ed6tsug~-m~nzicsii (Douglas-fir) 

Height :lo. of r i ri,_:::; 

',\ 'i 

-·' ut base 

meter 2.5 

2 m. 21 

') 
.) m • li 

!1 m. 15 

5 m. 13 

(, m. I l 

7 m. ~{ 

7 
~ m. c; 

9 m. (,, 

10 m. 1, 

1 I m. 2 

Leader , 64 .• meters 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,\R:.:i1 [;, P~OT 81 

~-:·'.11 ... J c:);1to1·ta (Lo<l§f~pole Pine) 

Height llo. of rings 

at base 112 

1.5 meters 34 

2 rn. ')(' 
t..•.) 

3 r:1. 25 

4 m. 22 

5 m. 20 

6 m. 17 

7 m. 14 

8 m • 12 

9 m. 10 

10 m. 8 

11 m. 6 

12 m. 11 

13 m. ,.i 

14 m. 2 

i!.cader .53 mete.rs 

8-62 

;~f~E/\ 13 PLCT 1 

Prunus cmarginata {outside plot) 

Height ;Jo. of r: ;:gs 

b3SC ~· ~t .., 

meter 20 

2 m. 17 

3 m. 16 

4 m. Hi 

5 m. 11 

6 m. ') 

I m. G 

!) m. 4 

) tl. 2 

Leader ? 

Sal ix spp. (outs. idc plot) 

Height no. 0( r~ngs 

at base J2 

meter ,.,n .,_,,, 

~( m. l '1 

3 m. lC 

4 m. i5 

5 m. ~ ·'· i··r 

6 Pl• n 

7 m. .9 

8 m. I; 

Leader .111 meters 
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;\REi~ U, r.: LOi' B 1 

/._cc.r c j rG i na :~um 

lleight 

at base 

meter 

2 m. 

3 m. 

·'I m. 

5 m. 

Leader 

AREA D, FLOT Oz 

Douglas-fir 

lleight 

at base 

meter 

2 m. 

3 m. 

4 m. 

Leader 

Previous year's grm,th 

r ?, . - ' 

t!o. of rin')s 

33 

30 

2/.;. 

16 

10 

h 

.07 meters 

no. of rin<1s 

n 

7 

6 

11 

' , 
• 7r. m. 

• 7 l meters 

Ct:anothus s<1nguineus 

lieight 

at base 

.5 meters 

l m. 

1 • 5ii 

2 m. 

3 m. 

Leader 

/'\cer gl.:,bn,m 

Height 

;:it base 

1 meter 

2 m. 

3 m. 

4 m. 

5 m. 

6 m • 

7 m. 

7.~m. 

l!o. of rings 

14 

'.) 

6 

0 

. l 3meters 

Mo. of rings 

l~ 1 

39 

21 

15 

12 

10 

5 



I PUdPi(I iJ MOUrJT A Ill AREA 1-6!: 

I 
F'Lo,· 8z 

Sa; ix spp. Sa 1 ix spp 

Height tlo. of rings tlclght ··,· t!o. of r1ngs 

I at base IS at base 1~ 

I meter JG meter 17 

2 m. 12 2 lil. l l 

I 3 m. 12 Leadi;;r 10 r11. 

I 
4 fi1. 11 

5 m. ') Plot 83 

I 6 m. 6 ll. disco le.-

Height 1Jo. ot ri11gs 

I Prunus cmarg lnata at base 17 

I 
Height t!o. of rings ,5 meters 11 

at base 39 1 rn. '.?~ 

' I meter 33 1.5 m. 
,, 
~~ 

2 m. 28 2 m. 3 

I 3 m. 24 leader • O'.J m(:;.Lers 

' It m. 19 

I 
I Ila 1 oci i scus dlscolo, 

Height '.to. of rings 

I at base I Ii 

.5 meters 10 

I 1.0 m. 8 

I 1. 5 m. 6 

I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

•• 
I 
I 
I 
I 
I 
I 

PUMPl<I ;,l MOU:!TAl,I ,/\REA 

AREi1 fl, PLOT 03 

i\~c1ai1chier .Jlnifol ia 

llelght 'lo. of rings 

at base 

.5 m. 

I m. 

1. 5 m. 

2 m. 

2.5 m. 

3 m. 

Leader 

Previous yenr' s grm·.•th 

Amelanchief alnifol ia 

Height 

at base 

.5 meters 

I. 0 m • 

1 .5 m. 

2iw0· ra. 

2.5 m. 

3.0 m. 

22 

20 

18 

8 

. 05 mete rs 

no. 

1G 

15 

12 

11 

10 

7 

of rings 

Salixspp. 

Height 

at base 

.5 meters 

I. 0 m. 

l. 5 m. 

2.0 m. 

2.5 m. 

3.0m. 

3.5 m. 

4.0 m. 

Leader 

!!o. of rin9s 

1!1 

10 

9 

9 

') 

8 

5 

l; 

3 

• 29 meters 
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ARE,~ !l, PLOT 811 

Lodgepoie Pinc 

Height 

at base 

meter 

2 m. 

3 m. 

4 m. 

5· .m._. 

6 m. 

7 m,.:_ 

[l m. 

9 m. 

10 m. 

11 ,,, • 

Leader 

Previous y~ar 1 s growth 

Mo. of rings 

? • 
~b 

28 

211 

13 

15 

1 :~ 

11 

9 

7 

) 

3 

Douglas-fir 

Height 

at base 

m. 

2 m. 

a m. J 

4 m. 

5 m. 

G m. 

7 m. 

3 "'. 
9 m. 

10 m. 

1 l m. 

Lc~:ider 

0 Previous y•2ar 1s yrrndth 

• 39 r:1cter:; 

.3'.J meters 

Ceanothus san9uit1cus 

~lei ght 

at base 

. 5 nieter 

1 r,1. 

1. 5 m • 

2 m. 

Le.:ader 

i!o. 

30 

"? L,. 

20 

13 

JG 

13 

11 

9 

3 

6 

5 

" ) 

:,o. 

1 5 

' ' '. 

~ ,, 

4 

of rin9s 

" ~ 1:,t; l'iL~t-~rs 

. 51 meters 

.40- i;;cters 
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P~>1PK1 M rlCl~!lfTA IP ARCA 

Af,EA u, PLOT B4 

$;:;: l X ':·PP• 

licight 

at base 

mete,-

2 m. 

3 i:L 

4 r;i. 

Lewder 

AL1c. ;\:rnch i er a 1 n i fv 1 i a 

height. 

cl t ba5c 

.5 rr:1..:tcrs 

I ra • 

I ~ ·- m. 

·-

2.5 rn. 

3 m. 

Leader 

Previous :;,:car I s rr1:v,.rth 

llo, of 

27 

1:-} 

17 

J I; 

-, , 

. ();; 

s)o. of 

:l9 

33 

?(! ._, 

27 

23 

J/1 

7 

.OG 

.27 

n-G/ 

Prunus cmarginata 

Height \Jo. of rings 

at base JD 

rings meter 33 

2 m. 24 

, m. 19 , 

1, m. 14 

f,REA " PLOT B,· D ~ _) 

1:1ctcrs 
Douglas-fir 

Height Mo. of r-in~s 

at base 19 

rings 
meter 13 

2 
,, m. ' 

3 n m. 1_; 

4 r: m. ., 

5 m. It 

G m. -. 
" 

Leader . 5S f1l'2 t C fv S 

P rev i 1.11..: s; year· s r: \~ov,th • i; :; rnr>.1"0!rs 

c,ete:rs 

1;1cters 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

?Ur--\Pf{i iJ r-1nuiJr.tu n AREA 

AREA B, PLOT Si:, 

Lodgepole Pinc 

lleight 

at base 

met<er 

2 m. 

3 m. 

4 m. 

5 m. 

6 m. 

7 m. 

(3 m. 

9 m. 

JO m. 

l l m. 

Leader 

Previous ycar 1 s g ro1·1lh 

1!9 ~ of rings 

@8 

37 

<" ~- ,!_ 

30 

28 

2:0 

21! 

21 

1~ 

l ,. 
:> 

12 

Q ., 

.23 meters 

.25 meters 

r,-68 

/\REA n PLOT Pl' ', ' " 

Lodgcr,olc P!ne 

Height iJo. of ' ! i1~J s 

at base '~2 

meter 3!3 

2 m. 3G 

3 m. 32 

4 m. 29 

5 ?I~ m. --
6 m. 23 

7 m. 20 

fl m. 13 

9 rl. 15 

iO m. 13 

l 1 m. ; I 

12 rn. 3 

l3 :: r-m. ..- ~-, 

:4 m. . ,; 

Leader r": l~~·.::t~: .. s 

Previous yc.:ff; s gr,.J,1th .Ii 1 meters 
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I n-G9 

:··i;fWK I il MOUMTA!tl AREA Sil 1 ix spp. 

I AREA 8, PLOT !36 11e i ght :10. of rings 

I Douglas-fir at base 30 

:!eight no. of rings metc,r 29 

I at base :'.9 2 m. 27 

meter 21 3 m. 26 

I 
2 15 4 m. 22 m. 

I 3 m. 11 5 m. 19 
, 

m. '" 4 m. :, u ' " 

I Leader . 28 meters 7 m . 13 

~ m. 10 

I Pre vi OlJS yeur' s !Ji'OWth .2.8 r1t::i·Lc!r '.;,') 0 

J m. ·g 

I Acer cf re 1 natum ?O m. 4 

lleight lio. of rlngs 

I at base 46 

I meter l}() $a 1 ix sri1. 

? m. 31 
of 

,. 
Hc!gf1t t,'.o ~- {JngS 

I 3 m. 26 
1 C r.icter 

4 m. .n 
.!~C!ad~\· I • 6(1 meters 

5 m. 21 

I G m. 1 lt 

'.) 
., 

mB I 

I n 
m .. ~ ,, 

Leader 

I 
• 31 r:,etcrs 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PUi\Pi(lil ~:ou;JTA I ;1 AREA 

ARU\ 3' PLGT 0-, 
i 

Oougl as-fir 

Height 

at base 

meter 

2 m. 

3 m. 

4 m. 

5 m. 

6 m. 

7 m. 

3 m. 

9 m. 

i J in. 

Le~der 

Previous yea1~ 1 s growth 

Mo. of 

23 

17 

13 

Ji 

10 

9 

8 

6 

l, 

3 

2 

,91 

.94 

B-~70 

flctula papyri fora 

He!ght ilo. of rings 

at base 34 

rings 1 meter 2/i 

~ c,. 23 

3 m. 10 ., 

11 m. 17 

5 m. 17 

6 JJ. 13 

7 Pl. · I 0 

n m. '7 

Leader .36 meters 

meters 

meters 
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I iJ .• 71 

I 
?U:1P'.{I H 1:ou,:TAIII Nl.EJ\ /..\REf~ 8 l> PL'.)T 83 

tJ\EA G' PLST J, 1:/ostern ',en lock 
I 

I Prur.us. cmarg h atu !!eight 110. of 1 lngs 

Height :-40. cf rings meter 25 

I ilt base 46 2 rn. 21 

I meter 40 3 m. 18 

2 36 11 15 m. m. 

I 3 m. 30 r. m. 13 _, 

!1 m. 27 (, m. 11 

I 5 m. 21 7 m4 (l 

I 
6 m. 17 " m. 6 ,, 

7 13 9 rn. I; m. 

I fl (1. 10 10 rn. 2 

0 rn. l L.e.:1dc r .50 :;-:e ::-3.1 .. S _, 

I JC m. 5 

I 
Leader .33 rn~ters Doug~rJs··fi r 

Previous year's grm·rth .17 r,1ctcrs Height ,.f' rill~JS r~o. ,. 

I at bc:isc 29 

meter 21 

I 2 m. 17 

I 3 m. 13 

'• 10 f1l , 

I 5 rn. (l 

r 
,) 

,, .'j 

I 7 rn. 3 

I 
Lcad8r . 62 meters 

Previous year 1 s growth .55 meters 

I 
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PUMPi<IN J10UNTAl!J AREA 

/\REI\ B 

t"f.2stern Hed Ccda( 

Height 

. 5meters 

lm. 

l • 5m. 

2m. 

2.5m. 

SI LVEl1 CREEK or:_TP1 

AREt\ ~ 

Popu l u ::· -~ r; ..:_.hoc:..j :·;,a 

2.r.1 • 

3m. 

41,1. 

~~Q. of r i n'.:_.:s 

2() 

15 

12 

8 

6 

3 

No. of ". ,, 1 ngs 

J7 
' 

15 

13 

12 

P- -;r,, " ; .. 

s~ l ix spp. 

Height No. of r·: nss 

at base " I I 

Jmet~r 13 

2m. 1 () 

3m. n 
·' 

1:m. 7 

Sm • 0 
.) 

Height No. of rin~;s 

at base 

!rneter 

2m. 8 

• 3 i 

previous y~2r 1s firo~~·-ch 0, 
,) ! 

CGa net h;..t s ve i ~11:. i r:u s 

f-!2 ight ~io. o'f rir,Js 

at b.JSC 9 

Im. 

1 . 5rn. :, 

2m. 4 

2. 5rn. 3 

.50 
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SILVER CRE£K DELTA 

/,REA D 

Acer c ire i n<.'.:tu,11 

Hei9ht 

at base 

l meter 

2m. 

3m. 

1 e~de r 

previous year· 1 s 9 rowth 

I.J:ostern !femlcck 

1leight 

.Jt base 

. 5mcters 

lm. 

l • ~;ill. 

~~;n. 

2.5m 

l ec1de r 

previous year! s g rowtl": 

r:o. of rings 

14 

10 

8 

5 

16 

.G3 

"". of ri~gs 

111 

9 

5 

11 

" ~ 

2 

.62 

• G 1 

3 - ., ' , , 

\!.es tern Rc:J Cec~; ,-

Height Mo. cf 1· j 11(!5 

at base 16 

-5 meters 12 

Jc,. 10 

I .5m. 6 

2m. 4 

2.5n. 3 

ieader ," . ,, 

Doug 1 as·-f fr 

li,ight Mo. "f 1· i n9s 

at ba,c . " l .' .. 

meter 9 

2:":"t. 7 

3m. G 

~m. C 

5m. 3 

6m . 

leader . ')() 
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SlcVrn CREEi( DEcT,, 

AREA D 

PLOTS o
3 

and DS AREA 

Height 

C!t base 

meter 

2 m. 

3 m. 

4 m. 

5 m. 

leader 

Douglas-fir 

Hei9ht 

1 m2ier 

Lin. 

3rn. 

.)I,!. 

'?m. 

Dr~. 

i ;::ader 

previous year's gr0wtl1 

:·lo. of rin9s 

19 

15 

13 

11 

8 

5 

. 3 /1 

. 23 

/10. of riti:]S 

18 

17 ' ., 

10 

Cl 

0 u 

; 

5 

<-:-

3 

missicg 

.78 

LlGHTNlNG CREEK AREA 

i\RE,". E 

~le ight 

at base 

. 25 meter~; 

.5 m. 

.75 m. 

Ccanothus ve 111t inous 

Height 

. 25 meters 

1m 

r~hi ladel phus ?c,J[s ii 

!:cdght 

at base 

.25 n:~ters 

• ::m 

.75m 

lm 

D-74 

tlo. of rin1s 

7 

5 

I,, 

' :, 

Ho. of r i ri.:; s 

20 

16 

' " . ,, 

G 

5 
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I B-75 

I LIGHHJING CREEK AREA LIGHTNING CREEK 

AREA E AREA E 

I PLOT El PLOT E
2 

I Prunus emarginata Lodgepole Pine 

I Height No. of rings Height No. of rings 
at base 18 at base 35 I 0.Smeters 14 1 meter 28 

I 1 m. 12 2 m 25 
1. Sm 8 3 m 21 

I 4 m 17 
Sal ix spp 5 m l3 I Height No. of rings 6 m 10 

I at base 13 7 m 7 
0.5 meters 11 8 m 5 

I 1 m 1 1 9 m 4 
1. 5 m 10 lOm 2 I 2 m. 8 leader .58 

I 2.5 m 6 previous year's growth .: 611 

I 
I 
I 
I 
I 
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LI GllTtJI NG CREEi< AREA 

AREA E 
Plot E2 

Ame 1 anch l er a 1 n l fo 1 la 

Height lfo. 

at base 

1 meter 

2 m. 

3 m.: -
"1.m •• ' .. 

5. 8· 

6 m. . 
."r .·~> 'f·;'.'it:; -•.; 4

, '(I 

Previous year's growth 

Leader 

of Rings 

23 

20 

17 

15 

14 

10 

6 

~no meters 

Height 

at base 

1 meter 

211. 

3M 

4M 

511 

GM 

711 

l!dader 
I•. 'I 

Sal ix spp. 

B-76 

fJo. of Rings 

35 

34 

31 

26 

23 

15 

11 

6 

• 17meters 
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I B-77 

I 
LI GHHJ ING CREEK AREA LIGHTNING CREEK AREA 

AREA E AREA E 

I PLOT Ez PLOT .E3 

I Douglas-fir Ponderosa Pine 

Height No. of rings Height No. of rings I at base 33 at base 31 

I 1 meter 19 1 meter 18 

2m 12 2m 14 

I 3m 9 3m 11 

I 
4m 6 4m 9 

5m 4 Sm 6 

I 6m 2 6m 4 

leader .43 Leader .47 

I previous year's growth .37 Previous year's grow th .37 

I Prunus emarginata Sal ix. spp. 

I Height No. of rings Height No. of rings 

at base 24 at base 22 

I 1 meter 21 1 meter 18 

2m 16 2m 15 

I 3m 14 3m 12 

I 4m 10 4rii 6 

Sm 8 Leader . 14 

I Gm 5 previous year's growth . 19 

7m 3 

I leader .32 

I 
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I B_.,,,78 

) : 

I LIGHTNING CREEK AREA 

AREA E 

I PLOT E
3 

I Prunus emarglnata Ceanothus sanguineus 

I Height No. of rings Height No. of rings 

at base root 29 at base 16 

I at base stem 25 ,5 meters 10 

I 
17 l m present 

1.5m 15 1 eader • 23 m(?) 

I 2m 13 

10 Sal ix spp. 

I Height No. of rings 

I 
LIGHTNING CREEK AREA at base 17 

AREA E meter 16 

I PLOT Eli 2 m 14 

3 m 9 

I Prunus emarginata I; m 5 

I 
Height No. of rings leader . 12 

at base 18 previous year's growth .10 m 

I l meter 15 Ho lod i scus discolor 

2m 13 Height No. of rings 

I 3m 9 at base 7 

I 
leader ,30 ,5 meters 5 

l m 5 

I I. 5 m 4 

2 m 4 

I 
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I 3::79··· 

I SKYMO CREEK BRU~ iF I ELD 

I 
AREA F 

PLOT Fl 

I 
Douglas-fir Sal ix spp. 

I Height f!o. of rings Height No. of rings 

I 
at base 13 at base 25 

1 meter 8 meter 23 

I 2m 5 2 m. : .. ' .: 17 

3m 4 3 m. 15 

I leader of 2 fears 4 m. 12 
previous .55 

I 
5 m. 10 

leader .65 
6 m. 7 

previous year'-s 

I 1, ader ,95 

Acer glabrum 

I A 9 year, 5 foot ta 11 Dquglas-fir Helght No. of rings 

I 
leader . 30 meters at base 25 

last year's .33 m meter 21 

I 2 years a,;o .30 m 2 m. 17 

3 years eJO . 15 m 3 m. I I 

I 4 years ,.go .21 m .~cer clrclnatum 

I 
5 years 390 .19 m Leader .06m 

Cory I us :ornuta Previous year's growth .O]m. 

I Height lo;of rings 

at base 12 

I meter 11 

2 m 8 

I 3 m 6 
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I 8~80".; 

I SKYMO CREEK BRUSHFIELD 

I 
AREA F 

PLOT Fl 

I 
Pru nus emarginata 

I Height No. of rings 

I at base 21 

18 meter 

I 2 m. 14 

3 m. (\ 

I 
., 

4 m. 4 

I 1 eader • oG m 

previous year's grow th • 11 m 

I 
Ceanothus sanguineus 

I Height No. of rings 

I at base '(, 
,5 meters 14 

I 1 m. 10 

1 . 5 m. 5 

I 2 m. 3 

I 
I 
I 
I 
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I ,: "'J,. 

0-81 

I SKYMO CRE[K BRUSHFIELD 

AREA F 

I PLOT F2 

I 
Douglas-fir Lodgepole Pine 

I Height No. of rings Height No. of rings 

at base 35 at base 38 

I • 82 meters 31 .82 meters 36 

I 
l.64 m 27 1.64 m 32 

2.4G m 24 2.46 m 30 

I 3,28 m 21 3.28 m 27 

4. 10 m 18 4. l O m 25 

I 4.92 m 1G 4.92 m 23 

I 5,74 m 13 5. 711 m 19 

6.56 m 11 f.56 m 15 

I 7,33 m 9 7,33 m 13 

8.20 m 8 8.20 m 10 

I 9.02 m 6 9,02 m '8 

I 9.89 m 5 9.84 m 7 

Pru nus emarginata 10.66 m 3 

I Height No. of rings Amelanchier alnifol ia 

at base 24 Height No. of rings 

I .5 meters 23 at base 20 

I 1 m 22 .5 meters 18 

1. 5 m 20 1.0 m 17 

I 2.0 m 15 1.5 m 13 

2.5 m 5 2.0 m 12 

I 3.0 m 2 2.5 m 6 
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C-1 

INTRODUCTION 

The avail ,,bi l i ty and importance of lichens as a forage ut i 1 i zed by 

deer (Odocoileus spp.) has not been extensively studied. Cowan (1945) 

examined the forage of Columbian blacktai led deer (Odocoi leus 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 yet 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 lichens made 

available through windfalls (Edwards, Soos, & Ritcey, 1960). 

The composition and availability of arboreal 1 ichen 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 1 ichens native to Washington has bceen 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 Lake, Washington, and to determine 

their relative abundance and utilization by deer as a forage during winter 

months. 
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C-2 

DESCRIPTION OF AREA 

Ross Lake (Lat. 48" BC' N, Long. 121° lO'W) is located in the f~rth 

Cascades of \fashington, 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 Cl). 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 14inter months with approximately 47 percent falling during the November 

to January period (Ross Lake Report, 1972). Yearly precipitation varies 

from 43.32 inches annually to 69.91 inches Snmv accumulation at 

the time of the study (March) varied from 2 to 4 feet on the 1-1est side of the 

lake to Oto 2 feet on the east and more southerly facing exposure of the 

lake. 

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, 1898). 
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C-3 

Conifer forests dominate the vegetation of the lake basin except ln 

small patches where deciduous regeneration has resulted from an extensive 

fire which occurred in 1926. Here extensive stands of lodgepole pine 

(Pi nus contorta), puper birch (BetuJa papyriferal ,and alder (Al nus .!:.':'_bra) 

exist. 

Climax and subclimax forests existing in the lake basin 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 lakeshore, 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 Oig and 

Little Beaver drainages. Here vegetation consists primarily of 0estern 

hemlock (Tsuga heterophyl la), western red cedar (!:huja pl icata), wester·, 

cihite pine (Pi nus monticol<'), and Douglas-fir. The more exposed and s,Juther­

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

mesic, Douglas-fir being the dominant species. Grand fir (fbie~ aranj's) -----··----
and Pacific silver fir (Abies amabilis) also occur in scattered areas. 

More xerophytic sites contained lf)onderosa pine (Pinus p_cnder<?_sa) but wcis 

extremely restricted to very local conditions. 
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C-4 

METHODS 

Four major vegetational types representative of the lake were chosen 

for the study: l) Rocky outcrop type consisting of a stab 1 e lodgepo 1 e pine 

community, 2) Immature and mature Douglas-fir subcl imax 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 1vere chosen over a spectrum of heights and ages, giving 

a broader distribution of total lichen content for the forest type than 

sampling one age class. Each tree 1vas sampled along its entire length for 

lichen content by climbing it. To measure branch lichen loads and distri­

bution, one branch was selected from every fourth node from the base of tile 

tree to the top of the crO\vn. The distance between t•·,ese nodes ·was, re­

corded to obtain a height distribution of the lichen communities. The 

entire Ii chen load was removed from each branch by hand. 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 Semple trer 

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 11ere 

br011sing on the lower portion of the bole (Tablez). 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

C-5 

The I ichen samples .,ere 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 lichen load. 

The tree density of each vegetation type was cal<::ulated by the point­

centered quarter method (Cottom & Curtis, 1956), T1,10 transects perpend i -

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, a.id heights were additionally recorded to obtain a 

height frequency distribution for each stand. 

Ground plots one foot square at 50 foot intervals 1·1ere es tab I ished 

~long a transect 1 ine perpendicular to the lakeshore. Plant an~ I ichen com­

position was recorded, the 1 ichens being air dried at 70°F. The p,orcentages 

of lichen composition by weight were determined 

Arboreal lichens that had fallen from the crown were especially important 

in these plots, and an estimate of their percentage by weight was also 

recorded (Tab 1 e ·4) , 

Finally, to determine the amount of 1 lchen fall Ing from t,,e crown o•;,,r 

a unit period of time, wfre baskets with a capturing surface are~ of 1 

meter square were erected along three different transects in areo~ two. 

There existed a bias in this sampling procedure since each b;iskct hc1J to 

be erected In a group of trees in order to suspend it, indicating they 

would give values only near tree crowns. 
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STUDY AREAS AND HABITAT DESCRIPTIOtl 

Of the four vegetational types sampled, area 4 was in a region not 

frequented by a winter population of deer (Ross Lake Study, 1972; see Table 

Id for reference). Areas I , 2, and l, contained a mode rate to dense popu I a­

ti on 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 I 

Area I, Ruby Arm, had an even aged stand of mixed lodgepole pine 

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

(Pseudotsuga menziesi i) comprising 20 percent. Lodgepole pine is a com,.:;n 

pioneer species over much of the area bordering Ross Lake, favoring xern­

phytic sites. It becomes a relatively stable climax species on rocky bluffs 

and may form nearly pure stands of up to I 200 stems per acre (Ross Lake 

Report, I 972). The stand density for Ruby Arm was found to be 61!] stems pu 

acre. Shrubs and herbs commonly associated ~lith lodgepole were Berber is 

nervosa, Gaultheria_ shallon, Pachy3 tima myrsinites, and Arctostaphyllos 

~-ursi. The shrub layer was not extensive where the canopy ,,,,as closed. 

Rock outcroppings and open bluffs within the lodgepole stand support 

a large percentage of ground lichens. Mosses (Polytrichum 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, Cladonia !~nqiferin~, C. 

fimbriata, and C. mitis, all in association with the Pol/trichum complex. 
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i"he fol iose 1 ichen Umbil icaria hyperborea is common with Cladonia ran<;L_i_­

ferina on talus and boulder slopes. 

Under a closed canopy the understory contains scattered clumps of the 

1 ichens Peltiger<:1 :~1:'._r2r.2t:-2, and shrubs such as Berber is and Gaultheria. 

The arboreal 1 ichens seemed ,norc, abundant 1vhere 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 Usnec Alectoria sarmentosa 

appears on the Trn,er half of the tree crown and bole, favorin(J an exposed 

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

are A. jubata, A. oregona, and~. fremontii, all dark green to greyish in 

color Since the latter three species are extremely difficulc 

to separate in the field, they were lumped into the category of I!:_. jubct£.· 

The latter group v.Jas generally found in the upper half of the crown (T;;;b],:, 1). 

The major fol iose 1 ichens found 1•1ere Parmel ia and f~!_rar~, and !:'._ar­

mel ia physodes. Under the Parmelia and Cetraria grouping c,r,re lumped the 

fol lowing indistingui sable· species: Parmel ia perhta, Parmel 'G enter­

morpha, Cetrar~ gl~uca, and Cetraria stensophylla. The Parmelia and Cet.~­

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

of the crown and bole. Parmel ia physodes ,,as prirr.ari ly confined 

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

restricted to the upper cro>m is Cetraria juniperina, which is a distinct 

ye 11 ow in color. 

AREA 11 

Area 2, Roland Point, had an even aged stand of both immature and mature 

Douglas-fir vegetational types. 80th stand types represent 40-50 percent 

of the vegetational types in the Ross Lake basin (Ross Lake Report, 1972). 
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Both iy~~s 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 sit.e was located at the lakes edge 

on a ridge bordci'ing the southern tip of the point. Associated trees in the 

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

westzrn 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 ne" acre (Table 3). 

Common shrubs and herbs assc~;'lted with the immature Douglas-fir types 

are Gaultheria ~afolia, Berberis ner,'osa, and Rosa gymnocarpa. 

The mature stand of Douglas-fir contained in additio~ to the immature 

understory, grand fir, and in more hydric sites, western red ~~dar. Sta~d 

density wa3 found to be 173 stems per acre. 

On the more mesic site, large Douglas-fir dominates a general I/ more 

open stand with open croems. This stand supported a grcatec di,ersity of 

shrubs than the immatLlre or hydric climax vegetational •ypcs, ;;qd a higf. 

live crown ratios. Shrubs associated ,1ith thee mesic ·x ,;C"'f'h,tic sites 

are Rosa gymnocarpa, Amelanchier alnifol ia, flolodiscus discolor, and Ar; >:r 

staphylos ~-ursi. 

The understory woe, extremely poor in both areas c.' yround lichens 

where there s1as a substantial overstory. Peltigera membranec-c,cc,.cred o,,;-, 

sparingly On the more open bluffs, a grec,ter diversity of 

lichens were found. Species occurring were Stereocaulon tomentosum, ~ 

paschele, Cladonia rangiferina, ~ carosa, ~ mitis, and Peltigera rnembro11ed. 

Al 1 s1ere in an association with the rnGSS Polytrichi,m, and were in si.mi la, 

proportions as those 1'0und 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 Island by Szczawinski (1953). Fol iose concentrations were 

larger on the hydric sites of the old growth stands. 

ARE/\. I I I 

Area 3, Big Beaver Creek, is representative of a climax forest facing 

a north slope, typical of the western exposure of ross Lake. Western 

hemlock dominates the overstory, and on more hydric conditions is assoc­

iated with red ccdar,,P.:cc'ificcsilver fir, and grand fir. The stand sampled 

contained old growth Douglas-fir in the 400-500 year old age class and 

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

was found to be 233 stems per acre (Table 5 ) . The crown canopy is closE.d 

beyond 50 meters from the lakeshore. 

The understory consisted primarily of huckleberry (Vaccin•um mcmbr~!2_­

~), pippssissiwa (Ciiimophila umbellata), Gaultheria ovafolium, and 

Berberis nervosa. 

Theo fe,a ground lichens occurring in the understory were Peltigera 

membranea, and Cl2donia mitis. The larger percentage of the vegetation 

consisted of the mosses Polytrichum and ~ylocobium. 

Snme accumulation ,aas up to three feet in the stand, and contained a 

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 pu!mona,·i~, a 

leafy fol iose I ichen confined to the lower portion of tree croems 

Alectoria sarmentosa and Alectoria jubata were both very dense in the 

lower portion of the crbwnc; as well as the tops of snags. The Parmel ia 

and Cetraria complex was not as abundant as that of Areas 2 and 3. To 

exemplify the lichen diversity of this area, one young 1,estern 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 lichens, indicating that 

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

AREA IV 

Area 4, Pumpkin mountain, is located on the western shore of the 

lake, north of Big Deaver Creek. It is characterized by young reg,">nerati0n 

of hardwoods and conifers in the overstory, 30-40 yeats old. Theo locality 

1vas burned by fire in 192G, and fire subcl irnax species such 2s birch 

(Betula papyrifera) and Douglas-fir predominate. Birch and alder (Al~ci~ 

rubra) are both dominant in the more hydric sites. 

The understory ccnsists primarily of Berberis nervosa, Polystichum 

rnuniturn, and western hemlock. 

Both ground and arboreal lichens were totally absent in this localit;·. 

There ,,as some evidence of fun§a 1 invasion on Doug 1 as-fir which had 

recently died (Polyporus spp.) 
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RESULTS 

The potential abundance and availability of the ground I ichen base as 

a resource for deer ,,as measured and comp a red in each vegetation type. The 

total weight in kiiograms per hectare for each sample area was derived-

The highest lichen concentration of the four vegetational types were 

on xerophytic rocky bluffs in areas l and 2. Lichen loads varied from 

800-2300 Id log rams per hectare for Cladonia rangifcrina, 300-2700 kilo­

grams per hectare for Stereocaulon 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 ground lichens as determined 

by weight decreased for Areas l and 2. In dense stands of either loclge­

po le or Douglas-fir, Pelt i gera memb ran_~ ~,don i a car i osa, c:nrl r:_, L1_i__!:_1_,; 

appeared, and Stereocaulon spp. and Cladonia ran9iferin9 became absent. 

Peltigera occurred in concentrations as high as 65 kilograms per hectare. 

Berberis nervosa and Gaultheria octopelada were also present in these 

plots. There was no evidence of deer browsing on the ground I ichen flora 

in any of the vegetational types. 

The arboreal lichen concentrations on the ground in each vc9etation3J 

type were compared to determine if deer in iact forage on them, and, if 

they do, what species are preferred. The arboreal J ichen load on the 

ground s-1as 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 lake edge 

(Area 3), and 3 kilograms per hectare in the interior portion of the hemlcck 
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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 avai !able amounts of Alectoria 

sarmentosa at Roland Point did not exceed .403 kilograms per hectare, and 

for 8-.· jubata, 10 kilograms per hectare. Alectoria of either species was 

not found in any of the sample plots at Ruby Arm. 

Concentrations of Parmella and Cetraria for Roland ~oint-b (Sample 

area~a-refers 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 ) , and somewhat reduced 

on Ruby Arm and Roland P.oint-a. 

The 1 ichen traps at Roland Point yielded a 101, percentage of arboreal 

lichen loads in comparison to the yields found in the ground 

plots over the year. The average yield for the stand 1oas .083 kilograms 

per hectare of Alcctori..!!_~ntosa, and .0031 kilograms per hectare of 

Alectorla jubata over a four week Interval. This constituted a very sreall 

fraction of the total yield In comparison to the amount of bru~ches 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 1 lchen yield for each tree species was estim;:ited 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 vegetat hna I 

typ,: was calculated by the point center coordinate method (Cottam & Curtis 

19~6). A frequency distribution for heights was compiled, 

fo-·ming an analysis of the proportion of individual trees in height 

classes, P(h). 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 1 ine ,,as fitted for three 

species of lichens in each stand using the sum of squares analysis (Sne-

decor, 1970}. From the fitted 1 ines, a weight 

distribution of 1 ichens L(h) was calculated for each stand type. The mean 

ncho, =;,h" fo, , <coo, 1, ~,'"'"''';,, <,e• was then determined by 

integrating P(h) and L(h), P(h)L(h)dh. The 1 i chen loads 
ho 

in kilograms per hectare for each vegetational type was found by multi-

plying the number of stems per unit area times the mean 1 ichen weight. 

The data are summari;,ed in Table 3. 

Roland ~oint (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 Parmel ia and Cetraria were substantia1 ly 

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

in Area 3, Big Beaver Creek. The weight distribution of l.obrari_u_ pul­

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

Parmel ia and Cetraria in wetter sites on old gros1th 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!::.· ~_mentosa, wherc~s 

Ruby Arm and Roland Point (exposed bluff) contained only 18 ki logr.:ms p2r 
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hectare in the crown, a very low proportion (Table 3). This was in 

agreement with the general observation that the A. sarmentosa yields 

,,ere greatest in more open crowns, a possible function of light intensity. 

The weight distribution of fl. 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 if deer feed upon lichens, and the potential 

availability of these lichen loads on trees to deer, a measure of vertical 

distribution of 1 ichen communities is necessitated. Lichen loads for both 

the bole and crown were calculated for each 10 foot section of the sample 

trees in al 1 the vegetation types. 

The abundance of 1 ichen on the bark of trees v,as sampled at the 3.5 

foot and the 7 foot level from the ground. Differences in the 1 ichen 

densities at these points occurred for Areas 1 and 2 !,ut not for 3. At 

the 3.5 foot level in Areas I and 2 (Table 2), there were Im, concen­

trations of Alectoriq_ sarmentosa, fl. iubata, and Usne;i barbatJ'!.. Parm.'21._l~ 

and Cetra_ria, hm,ever, remained relatively constant for weights measured 

at 3.5 and 7 feet with the exception of tree number three measured at 

Roland Point. This indicated a possible preference by deer for Ale~t~,i~ 

and Usnea since at the seven foot section, fl. sarmentosa, A· juba~, and 

.!l_. barbata were in greater concentrations. An incie;; of die 

ratio of the seven foot section divided by the 3-5 foot section (Table 2) 

indicated that Alectoria yielded an index as high as 230 in Area 2 (P,,eas 

I and 2 were both relatively high) and Area 3 yielded a very low index 

of -7~3. 
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Several relationships may be formulated frcm the previously mentioned 

data on 1 ichen distribution and <Jbundance. In the unpublished thesis on 

corticulous lichens on Vancouver Island, Szczawinski (1953) concluded 

that in a Douglas-fir forest, Alectoria spp. and Usn~a spp. 1vere generally 

most abundant in open, drier sites, where!::._. 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, 

Soos and Ritcey (J9Go) found that Alectoria sarmentosa was dominant in 

the los1er third of the crowns, favoring the open brnnches in dense forest. 

!::._. jubata occurred primari Jy in the upper crown, higher than most ether 

lichen species. 

In the Ross Lake basin, the areas sampled indicate that A. s2rm,:n::os:i 

also occurs in exposed areas as suggested by their he~vier density ob-

served adj a cent to the 1 ake. A. sarmen~osa occurred in great-

est concentrations on the most exposed portion of the bole, the side facing 

the most 1 ight during the major portion of the suns arc. In contrast, 

the denser stands of trees (Roland Point-b, Ruby Arm) contained 12_. ~~­

~ only on the larger dominant trees and snags on the upper crown leve",:;, 

In Big Beaver Creek the lichen loads on trees adjacent to the lake shore 

were comparable to that of the mesic site of Douglas-fir on Roland PoTnc. 

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 Ed'Na1·Js, 

Soos, and Ritcey (1960) conclusion that Alectoria favors sheltered 

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

upper third of the crown, ,,-·1.-,,,,·,:,5 :;2.··'5'' 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 lichen species. The 

exception to this occurred in Area 3, Big Beaver Valley where it was found 

primarily on the lower 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. 

i~ 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 in that the latter grew faster, as one young cedar Sfm;pled containdd 

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 load occurred. Areas 2 and 3 supported comparable loads 

with lesser stocking densities (Big Beaver-576 stems per hectare; RoLc:: 

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 to influence 

Alectoria sarmentosa, ~- jubata, and Cetraria juniperina. In contrast, 

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

of the bole in the deeper forest stands where 1 ittle available I ight 

filtered through to the ground. 
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The effects of humidity and temperature on lichens were exemplified 

in differences found in the Ro!and Point and nig Beaver areas. Trees 

aged (hemlock and Douglas-fir) on the lakeshore for both 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 Alec~oria loads of Areas I 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 thal lus is accelerated under optimal 

conditions of sufficient humidity, temperature, and I ight conditions to 

5Urvive (Pegau, 1968). Pegau (1968) found that the growth rate of both 

fruticose and fol iose I ichens in southeastern Alaska was far greater tc2n 

similar species found in the interior of Alaska. The interior experiences 

greater temperature extremes and less available moisture than the humid 

coast, indicating slo~:er 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 conJitions occurred 

was high. The mesicsite;, of Area 2 and 3,where exposed,:·aontained lar,,.:· Je 

lichen loads on very young understory. Many trees which were under 40 

years old contained huge colonies of fl. sarmentosa, and fl· jubata. In the 

deeper stand farther away from the lake where the,·e we,e 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 tlie overstory into a new substratum. This again was 

evident at Ross Lake l"Jhere lar'.'e 1 ichen loads were found in the younger 

understory where conditions for growth were optimal and availabi 1 ity 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 availabi 1 ity of spores, fragmentation, exposure, humidity, 

temperature and density. 

THE AVAi LAB l LI TY TO AND USE BY DEER OF ALECTOR I A AND US MFA 

The potential use of ground and arboreal 1 ichens by deer as winter 

forage has received little attention. Hm,ever, deer during winter have 

been observed ut i 1 i zing 1 ichens in their di et where alla i 1 ab i I i ty of othc,r 

forbs is extremely low. A quantitative study on the use of ground 1 :cl,ens 

by deer is described by Cowan's research (1945) on Vancouver Island, Britis 

Columbia. Cladonia spp. was identified in the stomach content analysis on 

b 1 ackta i 1 ed deer to occur as a sma 11 percentage by vo 1 ume (. 6%) of ot:,cr 

forbs. The poor utilization of Cladonia by deer in this area may be 

attributed to either poor availability and abundance of ground 1 ichens 

on the forest floor, or their unpalatability. 

The consumption of ground 1 ichens by deer in the Ross Lake area could 

not be determined without stomach analysis. Hos1ever, 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 1 ichens in this locality. 
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The observation of deer eating arboreal lichens has been described 

by Cowan (1945). He found that blacktai led deer wintering on a Douglas­

fir stand in southeastern Vancouver Island consumed a large percentage of 

fruticose arboreal 1 ichens in their diet. In his analysis of stomach 

contents of deer, Usnea barbata (also found in the Ross Lake are) c.ompr'is.-.­

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, nnd Ritcey (1960) found that woodland caribou actively 

sought Alectoria ~~tosa and~: jubata. Older growth stands of Douglas­

fir and spruce yielded a large enough amount of windfall with heavy 1 ich<s,1 

loads to support a wintering population of caribou through the winter 

stress periods. Availability ran as high as 343 kilo9rams per acre 

(Edwards, Soos, and Ritcey, 1960). 

There is substantial evidence that deer in the Ross Lake area also 

utilize the lichen resource during the winter stress periods, when favor­

able browse is not avai !able. Deer normally seek out preferred forage ccch 

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

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

deep snow conditions occur, blacktailed and mule deer seem to utilize 

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

evidence leading 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 Arec1s I 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. 

Other 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 snow. However, Eds,ards, Soos, 2nd 

Ritcey (1960) found the opposite to be the case in Wei ls Grey of British 

Columbia. Alpine trees entirely under snow contained the lar~est Alect?~}2. 

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 heciJY 

Alecto.-ia loads at the base, but only where they were protected by brans,,._:s 

in which deer could not reach to brov,se. The influence of deer seemed 

very significant when wintering areas were compared to non-wintering are2s. 

In Area 3, where a 1 arge snow depth occurs but 1,1here deer are absent dcr: ng 

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 2, , 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 loads 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 bocking trees down, and the relatively young age of the stand 

(Older 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 fol iose I ichens. Trees in /l.reas l and 2 which were recen­

tly felled also had comparatively the same lichen loads as those trees 

standing that ,,,ere sampled, but contained only a trace of the fruticose 

lichens such as Alectorla sarmentosa and~- 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 

I ichen avai labi I ity to deer during the winter months, although the I ichen 

traps captured only a small fraction of the total yield predicted. Arbc::,al 

I lchen densities of Alectoria on the ground were again high in the Big 

Beaver Creek drainage, Area 3 (Table I, Fiqure 18), <,ut extremely le.: 'n 

Areas l and 2 11here 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 ,,ere almost equo· 

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

Alectoria. ----
The abundance of epidendric lichens near the lakeshore may provi~e 

a major potential food source for wintering deer. Ho1eever, deer do n0t 

seem to actively seek a 11interlng range with lichens, but rather select 

for areas with little snow accumulation and high quality forage. Area Ii 
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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 

quality 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. Nutritional 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 

pe<iod (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, metabolize, 

and in the case of pregnant females to support a fetus. 

The nutritional quality of lichens in the diet of caribou is discussed 

iJy Courtwright, (1959), Kelsal I (!969), Palmer (1944), and Klein (1965). 

i.ichens are low in protein (5%), but high in carbohydrates (35%). Thei; 

benefit to deer seem to para! !el that of caribou in that they contain suf­

ficient amounts of carbohydrates to allow a somewhat retarded maintenance 

cf basic physiological functions. Their low protein value, however, indi­

:ates that deer would not utilize them during periods when more nutritious 

forage is available. In order to concretely determine the extent to ,4hich 

deer may eat lichens a more formal analysis involving a greater sampling 

of vegetation types and sample trees, and stomach analysis would be needed. 
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SUMMARY 

Deer at Ross Lake appear to eat only specific epidendric 1 ichens for 

winter forage: the genera Alectoria and Usnea. The evidence for the use of 

Usnea by blacktailed deer Is cited by Cowan (19115) on Vancouver lsla:,d, 

however, at Ross Lake the 1 ichen appeared in too low a concentrntion to be 

mea~ured. 

The use of Alectoria by deer is indicated in the differential quantities 

found on the ground in areas wintered by deer as compared to the area sam­

pled which Is not wintered by deer. In the former areas, a very small pro­

p,,rtion of Alectoria was found on the ground. In contrast there ,,ere very 

lc,ge proportions in the vegetation type where there were no wintering deer. 

::her genera of folicse arboreal 1 ichens such as P~rmclia and Cetraria were 

relatively equal in abundance on the ground in all the vegetation types with 

,;: without wintering deer populations with the exception of Area 4. This 

indicated that only Alectoria was sparse where deer were ,vinterir.g. 

The abundance of lichens in the crown fo, both f;.uticose and foliose 

genera approached equality for the areas with and without wintering deer, 

i~dicatlng the differences on the ground were not the result of any possiLle 

differences in source from the crmvt1. It seems conclusive that since Alec­

.!_~rla was scarce on the ground only where deer were wintering, that deer 

,1tilize it in their elinter diet. 

Secondly, a browse 1 ine occurred in the habitats sampied 1,here deer 

1,1ere wintering. \•/here deer could not reach above four feet to browse on 

lichens on the tree boles, the only significant difference in abundance of 

,,;;y of the 1 ichcn genera was found in P.Jectoria. Below 4.5 feet, Alectori<e, 

was extremely sparse, where deer wintered. A browse 1 ine was not evident 

where deer were not wintering. Again other species of foliose lichens such 
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as the Parmel ia 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 fol iose group. From this evidence 

it seems conclusive that deer in fact eat Alectoria during the winter months. 

No evidence of deer utilizing ground lichens in their diet could be 

found in the areas sampled by direct observation or by evidence of graz­

ing damage. 

The lichen 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 community was greater in 

abundance in the exposed humid sections of Area 3. In the genus !-_!_ectoria, 

A. j_ubata was usu a 11 y found in the higher exposed portions of the crown. 

However, trees in the lakeshore of Area 3, located in a more humid micro­

cl imate, contained heavy ~ecto_r_ia loads in the lower portion of the croi-m 

as we 11 • 

The most favorable habitat for Alectoria sarmentosa was in the expose~ 

conditions of the immediate lakeshore. In contrast, Parm'?l i« a~d Cetraria -----
were abundant in both exposed and humid vegetat ional tv"r~ hdicat ing a 

large tolerance of varying moisture regimes. Lobraria 1,~s ,n1fined primarily 

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

The abund,.nce of epidendric 1 ichens near the lakeshore may provide a 

major potential food source for wintering deer. Deer, howev"r, do not seem 

to winter in areas primarily for the purpose of eating lichens. This is 

indicated by the large wintering deer ~opulation in Area 4, a recently 

burned stand 40 years old, depauperate in lichen colonies. 
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Finally, in order to determine and substantiate the utilization of 

epidendric lichens by deer, more research should be oriented tO\vards 

stomach analysis. 
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TABLE I 

I SUMMARY 

ARBOREAL-GROUND LICHEN HEIGHTS 

I ARBOREAL LI CHEM DENSITIES ON THE GROUND -- KG/HECTARE 

I 
Deer 

I Arboreal Concentration 
Kg/Hectare Kg/Hectare Wt/ground per acre: 

Locality Species on ground on forest stand Wt Index. Max Min. 

I Ruby Arm .361 ,254 

I 
Parmel la 9,993 998.31 99,90 
cetraria 

A 1 ectori a 0.0 218.51 218.00 

I sarmentosa 

A 1 ector i a o.o 63.39 63.39 

I 
jubata 

Roland Point - 1 . 122 .070 
Parmelia 2.150 602.63 280. 29 

I cetrar1a 

A lee tor ia 0.0 17.95 17,95 

I 
sarmentosa 

Alectoria o.o 29,24 29.24 

I 
Juba ta 

Roland Point - 2 . 122 .070 
Parmel ia 38.002 557. 21 14.66 

I 
cetraria 

Alectoria 0.430 165. 50 384.88 
sarmentosa 

I Alectoria 1 o. 208 67. 76 6.64 
jubata 

I Big Beaver Creek .000 .ooo 

Parmel ia 37.110 192.08 5. 18 

I cetrar,a 

A 1 ector i a 143,393 314.98 2. 19 

I 
sarmentosa 

Alectoria 33,715 211 . 97 6.39 
JuEiata 

I Pumpkin Mountain ------ .205 . 127 ------
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Parmel ia 
Bark physodes 
Samp I e (gms) 

Ruby Arm 

DBH 0.341 
6-7' 0.280 
Index o. 821 

Roland Point --

DBH 0.725 
6-7' 1.913 
Index 2.62 

Roland Point -- 2 

DBH 0.092 
6-7' o. 136 
Index !. 47 

Big Beaver Creek 

DBH 0.005 
6-7' 0.008 
Index o. 145 

TABLE 2 

MEAN LI CHEN \1E I GHTS FOR BOLE 

BARK SAMPLE *3. 5, 6 FOOT SECTIOM 

Parmel ia Alectoria Alectoria Index Deer Concen-
cetraria sarmentosa jubata Alectoria tration/acre 
(gms) (gms) (gms) s. 6-7'/3.5' Max. Min. 

.361 . 254 

2.818 0.097 0.031 
3. 056 1.849 0.011 
1 . 08/1 19.061 0.355 

. 122 .070 

0.225 0.005 0.038 
I. 875 1. 145 0.268 
8.33 229.00 7,053 

. 122 .070 

0.608 0.354 0.018 
0.756 3,980 O. 165 
1. 243 1 I. 240 9. 166 

.ooo .000 

o. 140 0.993 0.270 
0,293 0.738 0.000 
2.093 0.743 0.000 



I 
I TABLE 3 

I SUMMARY 

LI CH EM LOADS FOR FOREST TYPES 1-4 

I (gms) 
Mean le ichcn Stems/ Stems/ Lichen . Lichen 

I Loca 1 i ty Weight (Form 1 b) Acre Hectare kg/acre kg/Hectare 

I 
Ruby Arm 647.83 1600. 78 

Parme 1 i il 
cetraria 623.64 404.01 998.31 

I Alectoria 
sarmentosa 136.50 88.43 218. 51 

I Alec tor ia 
jubata 39.60 25.65 63.39 

I Roland Point--1 197, 27 482.44 

Parmelia 

I cetrari a 1 249. 12 246. 14 602.63 

Alector i a 

I sarmentosa 37.21 7.34 17.95 

A 1 ector i a 

I 
jubata 48.52 9. 57 29.24 

Roland Point--2 173 .17 427.91 

I Parmel ia 
cetraria 1302.16 225.50 557. 21 

I Alectoria 
sarmentosa 386.76 66.98 165.50 

I 
A 1 ector i a 
jubata 158.34 27 .42 67.76 

Big Beaver Creek 233. 1 O 576.00 

I Parmelia 
cetraria 333.48 77 .73 192.08 

I Alectoria 
sarmentosa 546 .84 127. 47 314.98 

I Alectoria 
j ubata 368.00 85.78 211 . 97 

I 



I 
I TABLE 4 

I ARBOREAL LICHEN DENSITIES 

GROUND PLOTS (KMS/HECTARES) 

I 
Plot Parmel ia Parmel ia Neophromops is Alectoria Alectoria 

I 
No. cetraria physodes Cal ifornicus sarmentosa jubata 

I 
Ruby Arm--Ground Plot #1 

l 45. 13 10. 75 
4 54,80 

I 5 24,72 

Roland Point Ground Plot # l 

I 4 4.30 3.22 
5 15.04 

I 
6 6.45 
7 3.22 

10 10. 75 

I Roland Point Ground Plot #2 

1 220.29 4.30 8.60 5,37 

I 2 31. 16 19.34 7. 52 
3 13.97 
4 20.42 

I 
6 2. 15 
7 144.oo 2. 15 70.92 
8 7,52 4.30 

I 
l 1 4.30 2. 15 

Big Beaver Creek -- Ground Plot #1 

I 1 17. 19 1055.26 127.88 
2 46.21 58.03 609.30 120.35 
3 1 02. 09 1. 08 

I 
4 12.89 32.23 3.22 
5 13,97 95.64 13,97 
6 6.45 
7 184. 83 12. 90 42.98 

I 8 36.54 26.87 9.67 3.22 

I 
I 
I 
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I TABLE 5 

GROUMD PLOTS 

I % COMPOS I Tl ON, i10SSES, LI CH ENS, SHRU[1S, AND LITTER 

I Location Plot No. Lichens Mosses Shrubs Litter 

I Ruby Arm 25.0 5.0 70.0 
2 52.0 46.o 2.0 
3 67.0 12.0 21.0 

I 
4 10.0 28.0 62. OJ 
s 7.0 37.0 56.0 
6 46.o 15.0 39.0 
7 23.0 18.0 59.0 

I 8 19.0 32.0 49.0 
9 48.o 22.0 9,0 21.0 

10 62.0 19.0 8.0 11. 0 

I Roland Point 47.0 42.0 11. 0 
2 3.0 31.0 18.0 48.0 
3 20.0 35.0 45.0 

I 4 
5 

2.0 24.o 72.0 
10.0 90.0 

6 7.0 4.o 69.0 20.0 

I 7 40.0 60.0 
8 2.0 48.0 50.0 
9 16.0 32.0 52 .0 

I 
10 10.0 12.0 65.0 13.0 

Roland Point 1 30.0 17.0 15.0 2 17.0 33.0 
Ji,. 0 65.0 4.0 

I 
3 6.0 19.0 75,0 4 5,0 12.0 81.0 2.0 
5 1.5 22.0 66.5 6 7.0 

I 
11.0 75.0 7.0 7 2.0 9,0 75.0 14.0 8 3.0 3.0 78 .0 12.0 

9 o.o 0.0 87,0 13.0 

I 10 0.0 4.0 87.0 9.0 l ) 3.0 1.0 89.0 7.0 
·-----~----

I 
Big Beaver Creek 

2.0 35.0 62.0 1.0 2 1 :o 17 .o 79.0 3,0 

I 3 3,b 26.0 81. 0 4 6.0 18.0 76.0 
5 0.0 29.0 60. 0 11. 0 

I 6 5.0 14.o 81.0 
7 1.0 9.0 77.0 13,0 8 0.0 17.0 80.0 3.0 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX D: CLIMATOLOGICAL STUDIES 

Dr. Leo Fritschen, Richard Hopkins, 

David Tucker, and Ann Boring 

College of Forest Resources 

University of Washington 

Seattle, Washington 

January, 1973 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Introduction 

Objectives • 

Table of Contents 

Direct Beam Potential lnsolation 

Methods 

Results 

Flooded and Nonflooded Valley Transect 

Methods 

Results 

Summary and Conclusions 

Literature Cited .•...• 

D-1 

D-4 

D-4 

D-5 

D-5 

D-8 

D-17 

D-18 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

D-1 

INTRODUCTION 

In any geographical region, the climate of a valley is dependent upon 

its orientation, the amount of radiation and precipitation it receives, the 

depth of soil in various portions of the valley, and whether it is flooded 

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. In the late afternoon and early 

evening, the upper portions of the slopes 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 idealized valley in this particular latitude in 
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the sum~ertime, the up-slope winds start shortly after sunrise; the up­

valley winds start at approximately 9 a.m.; the up-slope winds continue to 

early 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 4 p.m., just up-valley 

winds occur. At about 4 p,m, down-slope winds begin, and at about 6 p.m. the 

up-valley winds cease. About 9 p.m. the down-valley winds start. Thus, 

there is a complex wind circulation pattern existing In each valley. 

The effects of these circulations upon the climate of the valley may 

be drastically different for flooded and nonflooded valleys. For example, 

the up-slope wind would originate over the water surface in a flood~d 

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 valley. 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, descending 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 

vegetation cover and changes in animal habitat locations may be answered 

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 slope 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 heat the air, and to evaporate water, evaporation being the largest heat 

sink. If 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 100 feet higher may be partially answered by comparing the 

amount of radiation received by the two sites in question. Direct 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 theoretically. 
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OBJECTIVES 

The objectives of the climatological studies were to: (I) contrast 

the climates of the flooded and nonflooded valleys, (2) determine the mag­

nitude and location of the thermal belt in flooded and nonflooded valleys, 

and (3) compute direct beam potential insolation for selected locations 

around Ross Lake. 

DIRECT BEAM POTENTIAL INSOLATION 

Methods 
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The amount of direct beam potential insolation striking various surfaces 

around Ross Lake was computed by combining two programs. The first pro­

gram, described by Buffo, Fritschan, and Murphy (1971), computed the 

direct beam potential insolation incident upon slopes of different aspects 

by hourly increments for eleven selected days of the year. The second 

program written by Ann Westhagen computed the local horizon for each 

grid point around the lake. For a particular day, the direct beam poten­

tial for a specific slope and aspect was accumulated for the period when 

the sun's elevation at a given azimuth exceeded 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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calcul2ted. In this study, the large grid was ten miles wide, east to 

west, end twenty miles long, north to south, and consisted of a grid point 

at half-mile intervals. There were several small grids each containing 

1/8-mile grid point intervals. 

Results 

A sample of the isolines of potential insolation on March 8 is shown 
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In Figure l 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 draughty 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 TRANSECT 

Methods 

Since data comparing the environments of flooded and nonflooded 

valleys are generally nonexistent, a valley adjacent to the Ross Lake 
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Reservoir 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 valleys. 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 elevations 

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 
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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 drainage in addition to the higher elevations on East and 

West Desolation. A description of each site location is given in Table I. 
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I WEST DESOLATION 

Hori zonta 1 * Hori zonta 1 ;'-:. 

I Aspect Slope Slope, Left Slope, Right Elevation 
Percent Percent Percent Feet 

I w 80 0 0 1620 
w 0 -5 0 2000 

WSW 65 -5 +5 3180 

I NW 70 -10 +5 4320 
WSW 80 -25 -30 5160 
WSW 60 -10 +5 6000 

I 
Summit 0 0 0 6085 

I EAST DESOLATION 

SE 60 -5 0 2900 

I 
SE so 0 0 3900 
SE 80 -10 -5 4000 
NE 30 +20 - 10 4900 
E 10 -30 -20 4960 

I E 85 -25 -10 6000 

I SKAGIT 

Flat Flat Flat Flat 2040 

I WSW 70 +5 -5 2760 
WNW 70 +70 -5 2800 
w so -20 -5 4000 

I 
w 50 -20 -20 5160 
w 30 -10 -5 6000 

I LITTLE BEAVER 

I 
NNE 80 0 0 1620 
ENE 75 0 -5 2020 
NE 75 -20 -10 3000 
NE 85 -10 +5 3980 

I N 20 +20 0 5000 
Ridge 70 +10 +30 6100 

I * Direction facing downslope 

I 
Table 1. Aspect, slope, horizontal slope left and right, and 
elevation of sites on West Desolation, East Desolation, Skagit, 
and Little Beaver transects. 

I 
I 
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West Desolation transect is on the east 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 Su111T1it were in operation but 

were discontinued due to heavy snowfall. 
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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, each station is visited only 

once a month on weekends. 

Resu 1 ts 

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 installations have been attacked by bears. In particular, 

the West Desolation 3180 feet and the East Desolation 2800 and 4900 feet 

stations have been damaged repeatedly. The 2800 foot station on East 

Desolation was finally destroyed on Uovember 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 twice 

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 preceding and following periods. 

The temperature and humidity values taken from ~he hygrothermograph 

charts were punched on computer cards and a program was written to convert 
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the tempernture-relative humidity data into vapor pressure, an indication 

of the quantity of water vapor existing in the air. These parameters, 

temperature, relative humidity, and vapor pressure, were plotted with the 

CALCOMP plotter to illustrate (1) variations of the parameters 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) G~d date of end (E) of 7 day (7) and 30 day 
(30) clocks at each location on four slopes at Ross Lake and Lightning 
Creek, 1971 and 1972. 

WEST DESOLATION (West Slope) 

Date 1620 2000 3180 4320 5160 6000 6085 

1971 
I Aug s 7 s 7 s 7 s 7 s 7 

22 Sep E 7 s 7 
24 Sep s 7 

I Oct E 7 E 7 E 7 E 7 E 7 E 7 
I Oct s 30 s 30 s 30 s 30 s 30 S 30 

21 Oct E 30 
31 Oct E 30 E 30 
30 r,ov E 30 

2 Dec E 30 E 30 
5 Oec E 30 

1972 
7 Jan E 30 

30 Jan s 30 s 30 s 30 
22 Apr s 30 
5 May E 30 E 30 E 30 
6 May E 30 
6 May s 30 s 30 S 30 
5 Jun E 30 E 30 

14 Jun s 7 
21 Jun E 30 
22 Jun s 7 s 7 

1 Ju I S 7 
2 Jul s 7 

14 Jul S 7 
2 Aug E 7 
3 Aug E 7 
5 Aug E 7 E 7 E 7 E 7 

24 Aug s 7 s 7 s 7 s 7 s 7 
23 Sep s 7 
14 Oct E 7 E 7 E 7 E 7 E 7 E 7 
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I EAST DESOLATION (East Slope) 

Date 2900 3900 4000 4900 4960 6000 

I 1971 
10 Sep s 7 s 7 s 7 

I 
20 Sep E 7 
24 Sep S 7 

1 Oct E 7 E 7 E 7 
1 Oct S 30 S 30 S 30 

I 17 Oct E 30 
27 Oct E 30 
30 Oct S 30 

I 2 Nov E 30 
27 Nov E 30 E 30 

I 
1972 
4 Mar S 30 
9 May E 30 

20 Jun s 7 

I 12 Ju 1 s 7 s 7 
2 Aug E 7 
4 Aug E 7 

I 5 Aug E 7 
23 Aug s 7 S 7 
7 Sep s 7 

I 
30 Sep E 7 
9 Oct E 7 E 7 

I SKAGIT (West Slope) 
Date 2049 2760 2800 4000 5120 6000 

I 1971 
12 Sep s 7 S 7 
22 Sep 

I 24 Sep 
1 Oct E 7 E 7 
1 Oct S 30 S 30 

I 
27 Nov E 30 

1972 
29 Jan S 30 

I 8 Mar S 30 
9 May E 30 E 30 

20 Jun s 7 

I 27 Jun s 7 
9 Jul E 7 

10 Jul s 7 

I 
27 Jul s 7 s 7 
29 Jul E 7 
6 Aug E 7 E 7 E 7 

22 Aug s 7 s 7 s 7 s 7 

I 23 Aug s 7 
12 Sep 
12 Oct E 7 E 7 E 7 

I 
18 Oct E 7 E 7 
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Table 2. (Continued) 

LITTLE BE.AVER (East Slope) 

Date 1620 2020 3000 3980 5000 6100 - ---
1371 
25 Sep s 7 s 7 s 7 

l Oct E 7 E 7 E 7 
I Oct s 30 s 30 s 30 

12 Nov E 30 
13 Nov 
26 Dec E 30 
29 Dec E 30 

1972 
30 . ..Ian 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 E 7 
5 Aug E 7 E 7 

25 Aug s 7 s 7 s 7 s 7 s 7 s 7 
8 Oct E 7 E 7 

17 Oct E 7 
18 Oct E 7 E 7 E 7 

On West Desolation on 3 August 1971, the rn3ximum te~perature at the 

2000-foot elevation occurred at 1800 (Figure 6) and was 27°C while the 

mlnimu•n occurrec! at 0800 and was l2°C. An apparent thermal belt appears 

at 4COO feet with :i maximum tcmoerature of 21°C occurring at 1400 while 

the minimum temperature at this elevation occurred at 0700 and 1,as 7°C. 

These data i 11 ustrate the influence of the lake on the time and magnitude 

of maximum temperature at lower elevations. 

The above facts ware not as noticeable on 31 August (Figure S) 

after the passage of several frcntal systems. The thermal belt at 4000 

feet !s net as pronour:-ced. The maximum temp.:?ratures at 1011,r:;r and upper 

elevations occurred at 1400 while the mi:iimum temperatures cccurrad at ,,,1 J 

elevations ~t 0700. 

D-11 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Similar plots were prepared for other times of the year and for rela­

tive humidity and vapor pressure. These diagrams (Figures 6 to 55 suggest 

that a zone of uniform temperatures and vapor pressures exist at the 

4000 foot level on all transects. There is a slight suggestion that this 

zone may move down the slopes 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 relative humidity on similar 

aspects and elevations were made using 1 inear 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. 
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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 are very high indicating a good relationship and 

the standard error from regression is also small. The 2000-foot analyses 

suggest that Skagit is more humid than West Desolation 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. 
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I 
Table 3. Correlation parameters for relative humidity on West Desolation 

I 
(X) versus Skagit (Y). 

Std -Height Date n X y A m Error r 

I Maximum Relative Humidity (%) 
2000 Nov 71 30 91. 77 86.55 8]. 38 0.005 0.005 0. 1862 

I 2000 Mar 72 31 89.61 84.94 80.91 4.493 2.830 0.2827 

Minimum Relative Humidity (%) 

I 2000 Nov 71 30 88.27 86.oo 87.04 -0.001 0.005 -0. 0045 
2000 Mar 72 31 79.71 69.00 18.04 0.639 o. 116 0. 71'•9 

I 2-Hour Relative Humidity (%) 
2000, 3000 

4000 Sep 71 473 76. 18 79.41 21. 92 0.755 0.005 0.51157 

I 2000 Sep 71 180 72. 38 82.86 25.97 0.786 0.010 0.5085 
3000 Sep 71 150 77. 15 81. 21 -15.90 l. 259 0. 007 0.8318 
4000 Sep 71 143 79,93 73. 17 -6.88 1.002 0.006 0.8351 

I 2000,3000 Jul 72 500 60.25 68.89 4.09 l .076 0.005 0.7027 4000,5000 

I 2000 Jul 72 172 61.37 73,66 -21 • 88 l. 557 0.009 0.8096 
3000 Jul 72 85 59.95 62.79 211.39 o.640 0. 128 0.4808 
4000 Ju 1 72 164 61 .95 73,27 15.32 0,935 0.008 0.6739 

I 
5000 Jul 72 100 52.08 54. l O 0.649 l .026 0.005 0.9097 

2-Hour Relative Humidity (%) 

I 2000,3000 Sep 72 188 74. 13 69.09 14. 65 0.707 0.006 0.624 
2000 Sep 72 112 79,69 79.51 48.91 0.384 0.004 0.610 
3000 Sep 72 76 65,95 48.79 52.48 -0.005 0.00] -0.504 

I 2000,3000 Oct 72 174 72.21 78.30 3.78 l. 032 0.008 0.7613 4000 

I 
2000 Oct 72 67 75.42 89.37 44.42 0.596 0.008 0.6931 
3000 Oct 72 67 67.56 73. 21 -4.57 1 . 151 0.008 0.8678 
4000 Oct 75 40 74.60 68.28 -10.59 1. 057 0.010 o.8687 

I n = Samp le s i ze 
x = Mean of X 
V = Mean of Y 

I A= Line intercept 
m = Line slope 
Std. Error= Standard error from regression 

I 
r = Correlation coefficient 

I 
I 
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Table 4. Correlation parameters for relative humidity on 
versus East Desolation (Y). 

-Height Date n X y A m 

2-Hour Relative Humidity (%) 
2000 Sep 71 66 74.85 81.39 63.21 0.243 

2000,3000 Ju 1 72 289 59,42 68.76 5,393 1.066 
2000 Jul 72 174 62.48 73,81 3.465 1. 126 
3000 Jul 72 115 54.80 61. 13 13.652 o.866 

2000 ,3000 Sep 72 485 75,38 81.53 52.06 0.391 4000 

2000 Sep 72 192 70.28 83. 18 54,35 0.410 
3000 Sep 72 192 78.83 78,98 25. 18 0.674 
4000 Sep 72 10 1 76.60 83.23 51. 05 0.420 

2000,3000 Oct 72 178 68.31 80.83 54.09 0.391 
2000 Oct 72 91 66.73 89.87 78.81 o. 165 
3000 Oct 72 87 69,95 71. 38 16.08 0.790 
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Litt 1 e Beaver (X) 

Std 
Error r 

0.301 0. 1004 

0.007 0, 6907 
0.009 0.6692 
0.009 0.6!l69 

0.004 o.4154 

0.006 o.4137 
0.007 0.5902 
0.005 0.6109 

0.007 0.3781 
0.005 0.3414 
0.007 0.7564 
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I 
(X) Table 5. Correlation paramaters for temperature on West Desolation 

I 11_ersus Ska~it (Y) • 

Std 
Height - --

P. Error Date n X y m r 

I 2-Hour Temperature (o F) 

I 
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 4.939 0.802 0.003 o.8544 
3000 Sep 71 76 34.41 39,96 10.943 0.843 0.007 0.8077 

I 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 

I 3000 Mar 72 8 33,00 38.00 16.688 0.646 0.252 0.7227 

Minimum Temperature (°F) 

I 2000,3000 Mar 72 39 34. 1 O 32. 18 11. 367 0.610 o. I 05 0.6895 
2000 Mar 72 31 22. 13 21. 97 10.875 0.501 0.007 0.8091 
3000 Mar 72 8 23.62 28.38 11. 522 0.713 0. 124 0.9197 

I 2-Hour Temperature (°F) 

I 
2000,3000 
4000,5000 Jul 72 500 59.23 57,75 -3.648 1.037 0.003 0.8188 

6000 

I 
2000 Jul 72 172 59.27 58.09 -9. 183 1.135 0.007 0.7580 
3000 Jul 72 91 58.74 55.68 1. 245 0.927 0.008 o. 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 

I 6000 Jul 72 103 59,91 57.54 16. 21 0.690 0.007 0.7020 

2000,3000 Sep 72 386 37.63 36.40 3.604 0.870 0.002 o.8685 

I 
4000,6000 

2000 Sep 72 108 41. 05 38.24 -2. 149 0.984 0.007 0.7954 
3000 Sep 72 91 33,34 31. 37 -0. 002 0.942 0.003 0.9654 

I 4000 Sep 72 163 37.98 38.67 2. 122 0.962 0.002 0.9754 
6000 Sep 72 23 34.65 31 .65 12.336 0.557 0. 181 0.5506 

I 
2000,3000 Oct 72 213 43.89 42.44 -3.516 1.047 0.002 0.9121 4000 

2000 Oct 72 67 44.92 41 .64 -19.30 1,357 0.009 0.8903 

I 
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 

I 
I 
I 
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Table 6. Correlation parameters for temperature or. Little Beaver (X) 
versus East Desolation (Y). 

Height 

2000,3000 
2000 
3000 

2000 ,3000 
2000 
3000 

2000,3000 
4000 

2000 
3000 
4000 

2000,3000 
4000 

2000 
3000 
4000 

Date 

Sep 71 
Sep 71 
Sep 71 

Jul 72 
Jul 72 
Jul 72 

Sep 72 

Sep 72 
Sep 72 
Sep 72 

n X y A 

2-Hour Temperature (°F) 

131 36,95 37,37 16.08 
66 40.22 38.18 7.09 
65 33.63 36,55 2.87 

199 60.77 60.77 
120 61.63 59,58 
79 59. 46 62 . 58 

394 36.07 40.09 

192 39.03 
IOI 37.93 
101 28.54 

!(). 39 
37.51 
42. 11 

-26.691 
-40.715 
-17.815 

15.49 

-3.00 
-11 . 58 

9.08 

Oct 72 254 42.66 47. 17 

41 .64 
46.30 
33.07 

14.80 

-17.03 Oct 72 
Oct 72 
Oct 72 

78 43.28 
87 45.37 
89 39.58 

-7. 19 
8.31 

m 

0.576 
0.773 
I.001 

1.455 
1. 627 
1.352 

0.682 

1. 112 
1. 294 
1. 157 

0.759 

1. 356 
1 . 177 
1. 130 

Std 
Error 

0.004 
0.005 
0.008 

0.007 
0.008 
0.008 

0.004 

0.004 
0.005 
0.004 

0.008 

0.008 
0.009 
0.007 

r 

0.7591 
o.8868 
0.8491 

0.8395 
0.8776 
0.8838 

0.6393 

o.8787 
0.9182 
0.9362 

0.5097 

0.8980 
0.8268 
0.8725 
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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 

1.0 except at 2000 feet, indicating that the range in relative humidity was 

similar for both slopes. The slope of the regression line at 2000 feet 

suggests that the range in relative humidity was about l.7 times greater 

than the range in relative humidity on Skagit. 

Comparison of the east facing slopes (Table 4) illustrates that the 

relative humidity on East Desolation was about 9% greater than the relative 

humidity on Little Beaver. The range in relative humidity appears to be 

about twice as great on Little Beaver than on East Desolation. 
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The temperature comparisons of West Desolation and Skagit (Table 5) 

suggest consistently warmer temperatures (about 5"F) on West Desolation, 

This fact could account for ths lower relative humidity on West Desolation. 

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 ,1;:is noted on West Deso lat ion. 

Comparison of the east facing slopes is given in Table 6. The average 

temperatures on East Desolation appeur to be about 9°F ,1armer than on Little 

Beaver. Data from July 1972 suggest warmer temperatures at 2000 feet on 

Little Beaver 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 dJta presented here are very pre] iminary. 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 Beaver; (3) the temperatures were consistently warmer on 

West Desolation than on Skagit; (4) the diurnal temperature range appeared 

to be greater on West Desolation 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 

range appeared to be greater on Little Beaver than East Desolation. Thus, 

it appears that the tGmperaturcs on the west slope of the lake basin are 

warmer and have a greater diurnal range than those found in the Lightning 

Creek drainage. Similar results were noted at tha 2000 and 3000-foot 

levels on the east facing slopes. This fact could be due to the 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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Fi!)ure I. !sol ines of potential tnsolatlon (cal day-I) on March 8 
computed for the yrid section on the west side of Ross lake. The 
topography of the st·ction rs shov,n in Figure 2. 
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Figure 2. 
Ross Lake. 

Topography of the grid section located on the west side of 
Refer to Figure I for potential fnsolatlon. 
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Figure lit. Isotherms (°C) from 22 J,Jly - 5 August 1972 on West Desolation. 
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Figure 33. Vapor pressure (mb) from 15·30 September 1971 on East 
Desolation. 
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Figure 34. Relative humidity (%) from 15-30 September 1971 on East 
Deso lat ion. 
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Figure 35. Isotherms (°C) from 22 July - 5 August 1972 on East Desolation. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

....... 
U') 

'-::, 
0 
.c -w 
2 
I-

16 

16 

14 

12 

8 

6 

4 

10 

3000 4000 

ELEVATION(feet) 

4 

8 6 

5000 

Figure 36. Vapor pressure (mb) from 22 July - S August 1972 OIi East 
Desolation. 
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Figure 37. Relative huo:i·:'•ty ('l:) from 22 July - c; August 1972 on East 
Deso 1 a::. i c,n. 
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Figure 38. Isotherms (°C) from 15-30 Septes1ber 1972 on East Desolation. 
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Figure 40. Relative h~midity (i) from 15-30 September 1972 on East 
Desolation. 
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Figure 41. lsolherrr.s ('C) fros-, 1-8 October 1972 on East Desolation. 
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Figure 44. Isotherms (°C) from IS-30 September 1971 on Skagit. 
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Figure 47. fsothel"ms (°C) from 22 July - S August 1972 011 Skagit. 
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Figure 48. Vaoor pressure (rnbl from 22 July - 5 August 1972 on Skagit. 
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Figure 49. Relative humidity (~} f " ram 22 J I ·• u Y - S August 1972 on Sk I ag t. 
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Figure 50. Isotherms (°C) from 15-30 September 1972 on Skagit. 
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Figure 51. Vapor pressure (mb) from 15-30 September 1972 on Skagit. 
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Figure 52. Relative humidity (~) from 15-30 September 1972 on Skagit. 
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Figure 53. Isotherms (°C) f~om 1-8 October 1~72 on Skagit. 
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Figure 55. Relative humidity (%) from 1•8 October 1972 on Skagit. 
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I NTP.ODllCT I O:l 

Over the past t1;0 year study rcriod a sight in" record has been Gccumu­

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 level will 

flood only a minor portion of their total range, but in the cose of a few 

lowland species a rise in the, lake wi 11 largely eliminate them as breeding 

birds from the shon,s of Ross Lake. 

l1ETH00S 

11ost identifications were made with binoculars and other optical aids. 

On occasion, specimens were collected for laboratory identification, 

usuc,lly when field Identification ,;as ~uestionable. In sever;:,] instances, 

photographs c1ere taken in an effort to substantiate sightings (e.g., 

Common llerganser, Eared Grebe). 

Secondarily, an attempt was made to Intensively cover certain selected 

area• of Ross Luke rather th,in superficielly examine thB entire area. Since 

more br rd species are fo:..md in cor.1plex habitatG them in s imp1c ones, areas 

such as Lightning Crc:eek, Dry Creek Point, Skyr.10 Brushfkld, Ruby Horse 

Pasture, and Desolation and Pumpkin Mount~ins were covered more intcnsivs1y 

than areas such as Rolund Bay, Ruby Point, and Boundary Bay. 

Uaterfot-Jl rind other aqu,1t!cally oriented bird species wer-e observed 

as 1ve came upon them. Since the study team traveled frequently by boat, 

Ross Lake received da11y coverage for observation of water birds. 
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Standard references for field identification were Robbins et al. 

(l'.)66), Peterson (1969), and Pough (1951). Laboratory identification of 

collected species was with Blair et al. (1957), Detailed life history 

information came from Gabrielson and Jewett (1940), A.C. Bent series, enci 

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, further intensive investigations either confirmed or 

denied a species' presence. In this manner, species such es My,·tle \-Jarble~, 

Blue-winged Teal, Western Kingbird, and Pomarine Jaegar became positive 

identifications. Unconfirmed species are listed at the end. 

RESULTS AND DISCUSSION 

. .:\ t the end of the two-year study, in November 1972, 132 avian specie~ 

were positively identified as occurring on the American side of Ross Lak2. 

Certain trends may be noted. 

First, Ross Lake is not particularly attractive for waterfm,1 and 

diving birds. With the exception of the Common Loon and ,cestern Grebe, 

the lake is too deep for most divers while, because of the drawdown and 

:he 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 thi: tendrnc., 

are Big So.aver Valley and isolated points around the lake. Ne5ting 'd3c(., 

fowl were observed by Miller and Miller (1971) in Big Beaver VaJ;ey a,," 

~y ti1e study group in Boundary Bay and Dry Crec,k Point. 

Sticond, as discussed by Odum (1971), ~pecies diversity is µro~orti~~al 

to hab~t.:lt diversity. Taken as a wi1ol8, Ross Lake ts ::...:':ic0t·iy ~:1 r-1,);uty:.'lc 
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sub-climax Douglas-fir associ3tion which is generally 'upland'' (Humid 

Translticn Zone). Hrn,ever, within the basin, th8re are savernl pockets of 

residual riparian (mesic hardwood) types normally associated with "lowland" 

habitats. The plant communities of these pockets are 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 hobitat types converge 

(such as Dry Creek Point/Bay which is possibly the most diverse area in 

the basin, closely followed by Blg Beaver Valley). Species characteristic 

of these moist areas include Ruffed Grouse, Band-tailed Pigeon, Hairy 

Woodpecker, Trai 11 's Flycatcher, Stel lar's Jay, Chestnut··backed Chickadee, 

Orange-crowned Warbler, We$tern Kingbird, Yel lo·tJ Warbler, Black-throated 

Gray Warbler, Song Sparrow, and Warbling Vireo. The areas in which this 

biotic community is found include !lig Beaver V3lley (3,620 acres), 

Hozameen (American side, 300 acres), Dry Creek Point/Bay (60 acres), 

lightning Creek Campground (10 acres), Little Seaver (5 acres), end Silver 

Creek (JO acres) for a total of~~.0G5 acres. All of this acreage lies 

belC'I, 1725 feet elevaticn and, for this reason, we believe that if Ross 

Lake is raised, the basin will largely lose this lowland biotic element. 

Therefore, tr,e fol lm,ing species 1·.i! 11 probably no longer be found breeding 

arcund the lake: Tra: 11 's Flycatcher, Chestnut-backed Chickadee, Or.~nge­

crow~ed Warbler, Western Kingbird, Yellow \4arbler, Black-throated Grey 

~:arl.iler, Song Sparrow, Warbling Vireo, and Dm,ny \hodpecker. 

Other areas of relatively high diversity in both plant and bird species 

includs, Hozameen a~ea, Jeck Point, west Desolation Mountain, Llghtn,ng 

Creek to south Desolation Mountain, lightning Creek Campground, Skym;:, 
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!.Jrushfield, Pu:"pkin Mountain (southwest brushfield), and Ruby fiorse Pasture. 

,,reels of lower diversity include Silver Creek, Boundary Bay, May Creek··­

Rainbow Point, Roland Point/Bay, and behind Cougar Island. 

Third, Ross Lake apparently is not part of major migration routes. 

\Jhi le spring migration is occurring in other areas of the Pacific Northwest 

in March and April, Ross Lake is still enjoying winter. In Cedar River 

watershed of the City of Se~ttle, at the end of April 1972, most deciduous 

plants were ~1el l into the leaf st::ige (as long as 1 1/2 inches) while, at 

Ross Lake, spring buds were only just popping and many patches of ~now wt 

lc,ke level ware sti 11 evident. Most spring migratory birds sighted 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 

"nd Octo:>er 19:'2 when, in Swttle, the birds were only just beginning to 

flock. 

Of the resident birds, Ruffed Grouse, which is a lowland specie~, wll: 

~.:,e stron~1l y affected through floo~i rig 0f the ::trc.1r.1bott.~:n habi t~t. Cbser­

vat ions have shown that the Ruffed Grouse tend to occur 3long the lakc:shcn:; 

at al 1 times of the year, but they are found above a;, wel 1 cs be,ud the 

1725-foot level. Several flush-censuses 1n June, July, ~nd A0gust 1lon~ 

the Lightning Creek--Dry Creek Point trail produced a maximum of ~·,;0 bir0~ 

Fer trip with most trips producing only one or none. Assuming a flush 

dist.inca of 50 feet on either side of the two-mile trail, this would 

culculate to a maximum estimated density of one grouse per 12. 1 acres 

for summer 1972, This is in contrast with one per two acre3 ;n prirne c,. ~"' 

hJbitat in upper Ne•.-1 York St:.ta (Bump, et al., 1947). In genE,ral, t<"CC 

f .. uffod Grouse of Ross Lake probably occupies habI·~at no furfr1er !,u,:1'. tha,, 
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I/?. mi le from the lake (the maximum distance our group found grouse on 

Ihe east shore). For waterfowl, it will be difficult to compensate for 

the loss of Big Beaver Valley where the highest number of nesting aquatic 

birds occur. Two possibilities for mitigation might be considered: (I) 

withholding (in lieu of cutting) many large trees at or just below the 

C ' 

new high water mark in Big Beaver Valley to be utilized as nesting snags 

after the rising water drowns them; and (2) construction of smal 1 retainer 

ponds just above high water (1725 feet) at the juncture of the ;;,21,y smal I 

streams draining into Big Beaver. These ponds, when vegetated, could be 

utilized by the ground-nesting waterfowl. 

BIRDS BY SPECIES 

The following is an annotated species list. 

Explanution of codes used in 1 ist: 

I • o~cu, rence--use of Ross Lake as determined by observatio~: 

MS Spring Migrant 
MF Fall Migrant 
MSF Spring and Fall Migrant 
RV Winter Resident 
RSn Summer Resident, presumed or proven to nest at R·JSS 

RSu Summer Resident, nesting status unknos,n or in dou~t 
NM Non-migratory (permanent) resident, as opposed to 

species in which different populations occur as su01mn 
and winter residents 

R\JS H0osident in winter and summer 
W Wandarer, casua 1 out of its norma 1 range or hub i tat 
U Statu~ unknown 
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II. Relative Sighting Index 

l • Very common. May be sighted almost daily during its 
season. 

2, Common. Regular observations, but not as common as #1. 

3. Occasional. 
less than 15 

Regular, but infrequent sightings (11sually 
sight records during the two-year study). 

4. Uncommon. Irregular and infrequent observations, but 
not a rare nor unexpected bird. 

s. Rare and unexpected. 
Not meant to imply a 
it does not normally 

Only one to three sight records. 
rare and endangered bird, just that 
occur at Ross Lake. 

Annotated Bird List--Ross Lake, Whatcom County, Washington 

E G 

Common Name Scientific Name 
Probable 

Occurrence 
Relutive 

S ight-1 wkn, 

-------~.-~--

Comm:m Loon Gavia immer MSF,RWSn 

Observed on al I sections of the lake; juveniles observed in f,:d i; 
possibly two nesting pairs. 

Horned Grebe Podiceps auritus MF? ----
Sma 11 flock (seven bi rd s) observed on south end of lake i r1 ,early 
October 1972, 

Eared Grebe Podiceps caspicus 

Single individual observed for several days in late June near 
Lightning Creek. 

lies tern Grebe Aechmo£t,oru~ occ i den ta 1 is W,MSF 

Single birds and small flocks sighted in Fall, Spring, and, 
less fre;uently, singly in the Summer. 

Green Heron Butorides virescens u 

Slr,gle individual identified In Big Beaver Valley In Oc~c~~,· 
1971. 

2 

5 

5 

2 
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Annotated Bird List--Ross Lake, Whatcom County, Washington 

Common Name Scientific Name 

Whist! ing Swan Oler columbianus 

Probable 
Occurrence 

u 

Two adults and two juveniles observed from a short distance 
near Cougar Island in late October 1972. 

Canada Goose Branta canadensis MSF 

Although a few sightings, Ross Lake is not a major resting 
area for geese. 

Mallard Anas .e_!atyrhynchos RSn 

At least two nesting pairs, probably more. 

Pintai 1 Anas acuta NSF 

Occasic,nal migrants sighted, mostly on the scuth<crn half of 
the lake. 

·q ue-1,Ji nged Tea 1 An,is di scors u 

Infrequent sishtings of individuals and pairs in prot.:,cted 
bays in central part of 11lk-'. 

Shoveler Spatula clyp"ata u 

Fiva bl1·d5 sighted in flight near Big Beaver in July 1971. 

P.edhead Aythya americena 1,/ 

One pair observed near Dry Creek Point in M3y, 1972. 

Greater Scaup Aythya_ mari la MS 

Several late s;:,ring sightings on various parts of the Lake. 

Lesser Scaup Aythy~ af;inis MS 

A couple sightings on the southern part of the lake. 

rommon Goldeneye Bucaphala clangula u 

14inter and early spring sightings; possibly, t:-tey were t-iuwn 
in on storms. 

C 7 

R£1ativ<' 
Sight-ln~c,: 

5 

4 

3 

4 

4 
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Annotated Bird List--Ross Lake, Whatcom County, Washington 

Probable Relat'v• 
Common Name Scientific /lame Occurrence 

Barrow's Goldeneye Bucephala islandica MSF,RWSn 

Nesting on Willow Lake SE of Hozameen; several small flocks 
(10-15 birds) observed in winter on northern end of lake. 

Buff 1 ehead Bucephala albeola RW ,f1SF 

Probably the most common waterfowl in winter. 

Oldsquaw Clangula hyemalis MS 

Several small flocks (5-6 birds) sighted in souti,ern end of lR~n. 

Harlequin Duck Histrionicus histrionicus RSu 

A faw ~ighted up Ruby Arm in summer; possible nester. 

White-v;inc;~d Scote.r Melanitta deglandi MSF,W 

Medium-sized flocks (10-30 birC:s) o~s.;cved from M.:iy tn Si.ptcr:ib2:·. 
P,ppa rno1t 1 y not a resident. 

~:ooded Mer~~nscr RSn 

c;:.cerv~d by Millers (1971) in Big Ll.:3ver Valley. 

Com~on Mergun~er r'.i:!rc•..:s mergans,3r ·--· -· ====· u 

SevF~ra1 birds sighte<l on n::.rthcrn anJ soui!·1ern part5 Q";~ ickt:: in 
1971; 110,ie observed in 1972; cic;ao rl·i~kl ing found at mo~t~ of t::0 
Beavar in summer 1972. (Evidence of oreed:, .. ,) 

Red-breasted Merganser Mergus serrator u 

Single bird observed near Lightning CreE~ in early Octob~r, 
1972. Only kncwn sighting. 

Ar,~iter gentil!s RSn 

Several indivic.it~:)15 sighted in late spri.-19 and ct1t~·1 '.-'..'.~.·.--;;:~t. 

Fledglings sighted in summer 1971. 

3 

2 

4 

I; 

2 

5 
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Annotated Bi rd List--Ross Lake, \/hat corn County, Washington 

------------------------------·---- --

Common Name Scientific Name 
Probable 

Occurrence 
Rel2.tl\,0 

Sight-Incle:; 

Sharp-shinned Hawk Accipiter striatus RSu 

A few observations made at higher elavations (above 4000 feet 
in vicinity of Desolation Mountain. 

Cooper's Hawk !lccieiter cooeer i j RSu 

Sightings at higher elevations on Pumpkin and Deso let ion 
Mountains. 

Red-tailed H~wk Buteo Jamaicensis RSn 

Many sightings along lake, mostly on east shore in centrnl 
part; ,:c;st on Dry Creek Point. 

~·w2 i nson I s ll~wk Bt.!teo sVJa i 11sc:1 i RSu 

A fe•.,; high e1evatlcn ,:.lghtin9s in vicinity of Desolatic1 
r·~out, t-:; in. 

Colden Eagle 0qu i la c:hrysaeto:~ M ~,F', RSu 

o:~:=.crved near lake le•.rel in sprin:J and 1G:1; at higiicr ei-.:,\,, __ ,~:o-··,·:, 
; ;1 si.ur..n.z:r. 

Haliaeetus _1eu,:~~ephc1tJ~ MS~~) 

Oh;ar·-,~d ye2r c:round; prubably w~nc\;:,_,...s:.\ r,orth frc'.n nc·_:;-by 
r::ver, ~ major \tdnteririg area. 

''· .:i rs h llawk u 

Singh sightio1g in Big BMvor Valley in sc;mmer l972. 

Osprey Pandior; haliaetCJ3 RSu 

(, '·. ,,.. . ~ . .. -,~. '., -. 

Sigh'!:cd s~veraJ times near lake; on t'.-"Jo occasions, was cb~\·tV~<.'.. 

mak hg a k i 11 frC':1 , ak2. 

~'ie:reg r i ne Fa I con .'.:~lco .e_ercgri~us 

Tl~ree positive ~ightings of this rare 2:.-..d 
vicinity of Desolation Mountain. 

RSu 

4 

4 

2 

3 

3 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

clO 

Annotated Bird List--Ross Lake, Whatcom County, Washington 

Common Name Scientific Name 
Probable 

Occurrance 
Relative 

Sight-lnde>· 

Pigeon Hawk Falco columbarius RSn 

Several sightings near lake and in higher elevations; fledglings 
observed in 1971. 

Sparrow Hzwk Falco JParverius RSn 

Probably the mo~t common Falconi form In t:,e area; sighted in 1'! 1 
areas. 

Blue Grouse Dendragap~s obscur~s NM 

Ubiquitous at all elevations. Probably most common Galliform. 

Spruce Grouse C~nachites c~~~drnsis t,M 

Two sightings only on Desolation and Little Jack Mountai.·,s at 
high e!ev~tions. 

r.,J ~fed Grouse BoncJsa L!rnbe 11 u5 MM 

4 

2 

2 

:., 

Frequent slghtings in brush areas a11d ~~~se un~ersto:·y c~ !-~.·8s~·~ 
necr lak{~ l~veL M;r-:n .at higl:or elcva·tivns. f1rob2bly o ~;:.:s!::'·.-rl~\~ .. 
popu I at; ,,,13. 

~hi~e-l3iled ~tarn1l~an l.agopus leucurus NM 

In alp:ne and sub-alpine areas ye~r around. 

fr_j i L.lcer Charadrius vocifcrus RSn 

Sic:ihtcd in ,;everal areas n~!Xt to la!-::s. Have the unfortuntite 
Lcc,it of nesting ,n the dra~,down during sprir.g melt. 

Comm:in Snipe Cape 11,: ga 11 i n~g<"!. u 

Single lndividu.~1 bird sight<;d near mouth of iJig Baaw,r in G2ri·:.­
May; c:i ~ '/ s i Ji·1 ti r:q reccrd known. 

Actitis m~:cu1(:ria RSn 

C::.i1:r;1on around the creek r:1ouths en east side cf li.::'.:o. 

,. 

I. 

5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Annotated Bird List--Ross Lake, Whatcom County, Washington 

Common Name Scientific Name 
Probable 

Occurrence 

E i 1 

Re lat i 11e 
Sight-lnde:, ____________________________________ ,_, __ _ 

Pomari ne Jaeger Stercorarius pomarinus 

Probably the most unusual bird sighted at Ross Lake: single 
individual observed repeatedly 17-19 September 1972 near 
Cougar Is land. 

Glaucous-winged Gull Larus glaucescens w 

Few sightings, but apparently a single resident bird near 
camµgrouncl ln s:.or.csr 1972. 

California Gull Larus californicus \,J 

Frequent sightings on south central part of lake in 
prabab1y not 11afi~;~g. 

Ring-billed Gull 

o~c.=.sicnal adu?ts and irrmz.ture.s sigh· .. "ed c.r; 

in summer. Probably no nesting. 

l!ewGull Larus c,mus 

A few sig~ting'.3 in various sectil)ns arot•:.d 

B0neparte's G~11 larus philadelo~ia 

SevGral small flocks (5-7 birds) sighted in 
on southern half of the lake. 

3and-tai led Pigeon Columba fasciate 

w 

w 

s u r:cme r· ; 

Several iarge flocks (30-50 birds) o':served around lak2 in 
[:rd :.'f7'1Gr, p3rtir:ul3rly around Li~htnin~l Crsr+ .. 

Mourning r ~""1\/3 ZenaiJPra mccrourJ 

Mei~.-, ~ighted in srnal 1 groups in late 
mo~tl·;: 0:1 th~ east side cf the Jake. 

Bubo virginianus 

Commn 1 y heard in winter; adult an:! 
~!n ~~~~e 1• Vc1l~y in S!!rnmer 1~71. 

F\Sci 

5 

4 

' 1, ... ~ 
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Annotated Bird List--Ross Laka, Whatcom County, Washington 

Common Name Scientific Name 
Probable 

Occurrence 
Relative 

Sight-Index 

Pygmy Owl Glaucidium gnoma u 

Single sight identification in April 1972 near Roland Point. 
known record. 

5 

Only 

Spotted Owl Strix occidental is u 

Single sight observation near May Creek in July 1972. 
record known. 

Conrnon Nighthawk Chordelles minor RSn 

5 

No other 

2 

Observed in most areas around the lake from lake level to elevation 
about 3000 feet. 

Black Swift Cypseloides niger RSu 

Many mixed flocks (with Vaux's Swift) of various sizes (up to 30 
birds) over the north half of the lake. 

Vaux's Swift Chaetura vaux i RSu 

2 

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 

Ubiquitous up to elevation about 4000 feet. 

Calliope Hummingbird Stellula calliope RSn 

Several sightings at higher elevations (usually above 2000 feet), 
especially on Desolation Mountain. 

Belted Kingfisher Megaceryle alcyon RWSn 

A few sightings in Lightning Creek and Big Beaver Valley. 

Red-shafted Flicker Co 1 aptes ca fer NM 

Many sightings in all areas around the lake, but they seem to 
be concentrated on the east side around Lightning Creek-Dry 
Creek Point area. Less common in winter. 

3 

4 

2 
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Annotated Bird List--Ross Lake, Whatcom County, Washington 

C0111110n Name Scientific Name 
Probable 

Occurrence 
Relative 

Sight-Index 

Plleated Woodpecker Dryocopus pileatus NM 

Elusive, but found in all areas of the basin. 

Lewis' Woodpecker Asyndesmus lewis u 

One sighting near mouth of Big Beaver Valley in 1971. 

Yellow-bellied Sapsucker Sphyrapicus varius RSn 

A few observations of both common and red-breasted subspecies in 
dense coniferous forest away from lake. 

Hairy Woodpecker Dendrocopos villosus NM 

Observed in most areas of dense coniferous forest in the 
basin. 

Downy Woodpecker Dendrocopos pubescens NM 

Two observations in two years, both near shoreline in dense 
forestation; probably an occasional wanderer. 

Northern Three-toed 
Woodpecker 

Picoides tridactylus u 

Single specimen collected at Roland Bay in February 1972. 
observation. 

Western Kingbird Tyrannus vertical ls u 

Only 

A few observations in late June near Dry Creek Point; possibly 
a wanderer or a late migrant. 

Traill's Flycatcher Empldonax traillil RSu 

Many observations of the confusing Empidonax complex made; only 
a couple were positively identified, both as E. tralllii; it is 
entirely probable that other Empidonax occur at Ross Lake, 
especially f. hammondii. 

3 

5 

4 

3 

5 

5 

4 

3 
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Annotated Bird List--Ross Lake, \-lhatcom County, Washin3tor, 

Probable Relativ2 
Common Name Scientific t.iama Occurrence Sight-lnde~ 

Western Wood Pe11ee Contopus sordidulus RSn 

Observed most often in Lightning Creek--Dry Creek Point area 
from late spring through late summer; occur most often in 
diverse deciduous habitats. 

Olive-sided Flycatcher Nuttal lornis boreal is u 

Single adult identified in summer 1971 near McMi I Ian Park. 

Horned Lark u 

Two small flocks (10-15 birds) observed in dra~1down of Rolan·! 
Bay in February 1972. 

Violet-green Swallow Tachycineta thalassina MS? 

Many birds observed over the lake, usually in company ,aith T;-ca 
Swallows, from early April through June. Probably not nestinJ 
In the area. 

Tree Swallow lridoprocne bicolor MS? 

Again, usually associated with Violet-green Swallows. P,,s:'' ., 
nesting ur Big Beaver Valley. 

Bank Swa 11 ow Riparia riparla MS 

Several sightings in May and June at mouth of Big Beaver. 

Rough-winged Swallow Stelgidopteryx _rufico_l_!~ MS 

Observed In various areas around the lake, usually nc,ar c•·,:,c:-, 
mouths, in May and June. 

Barn Swallow Hirundo rustlca RSn 

Observed over ali parts of the lake. Nests found in varioos 
buildings at Hozameen and Ross floating camp. 

Cliff Swallow MS 

Small flocks and individuals sighted at mouth of Big fleavc:,· in 
late spring. 

2 

5 

2 

2 

3 

4 
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Annotated Bi rd Lis t--Ross Lake, Whatcom County, Washington 

Probable Relative 
Common Name Scientific Name Occurrence Sight-Index 

Gray Jay Perisoreus canadensis NM 

Infrequent sightings in dense forest areas around the lake. 

Stellar's Jay Cyanocitta stelleri NM 

Elusive, but is found in all wooded areas around the lake, 

Black-billed Magpie w 

Three sightings at Ross Lake, two of them in 1einter. An 
ileast side 11 species. 

Common Raven Corvus corax NM 

Many identified by sight and voice in the southern half of 
lake; nest-building observed near Roland Point. 

Common Crow Corvus brachy~hynchos MS,RSn 

~. ·-~ " i... •. c:: 

Very common in the northern half of the lake; among the fire! 
migratory birds to return to Ross (early April). 

Clark's Nutcracker Nuc i fraga co I umb i ana 

Occasional obcervat!cns in v2rious wooded arE,c;s, mostly on th& 
east side of the 'ake, Also sighted in sub-alpine areas of 
Desolation Mountain. 

Black-capped Chickadee f'~rus atricapi l lus NM 

Ubiquitous. Almost always observed in medium-sized flocks 
(10-20 birds); particularly common on west Desol,ition Mountnin. 

Mountain Chickadee Parus gambel i u 

Several identified in sub-alpine areas in 1971; none; clise,-.,,.,d 
in 1972; possibly a wanderer. 

Boreal Chickadee Parus hudsonicus u 

Single individual observed building a nest on Jack Point in 
early June 1972, Only record. Nest success not known. 

3 

2 

5 

2 

2 

4 

5 
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Annotated Bi rd Li st··-Ross Lake, Whatcom County, Washington 

Probable Relative 
Common tlame Scientific Name Occurrence Sight-lnde~ 

Chestnut-backed Chickadee Parus rufescens RW,RS? 

Common in early and late spring; ls not normally a migratory 
species, but may disperse from the lake basin in summer. 

Red-breasted Nuthatch Sitta canadensis liM 

Infrequently sic:;htad in a few areas in the southern half of the 
lake; usually in smell flocks {5-10 birds). 

Brown Creeper Certhia famillaris RWSn 

Shy and cryptic, occurs ln the cooler and damper areas of Ross 
Lake, particularly up Ruby Arm. 

Cinclus mexicanus NM 

Observed in almost all streams feeding into Ross Lake. 

Winter Wren Troglodytes troglodytes RWSn 

Robin 

Heard and sighted in most dense, wet coniferous forests, 
particularly Ruby i1rm and Little Beaver. 

Turdus mi~ratori~s 
-'---'-- . .. --···--- MS,RSn 

Probably tho mo::,t com;non bird at Ross Lake in the summer; one 
of the early (April) migrant birds to arrive. 

Varied Thrush lxoreus naevlus R\1Sn 

Heard and sighted in most dense forests in the basin. 

Hermit Thrush Hylocichla guttata u 

Three sightings in 1972, al 1 in "lowland'· are:as; pcsci:,Je 
nester in Big Deaver Valley. 

Swainson's Thrush ~ylocichla ustulata RSn 

Occurs in most wooded areas in southern two-thirds c• l2kc 
(frrn• Jack Point south). 

2 

4 

3 

2: 

5 

2 
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Annotated Bird List--Ross Lake, Whatcom County, Washington 

Common Name Scientific Name 
Probable 

Occurrence 
P,elative 

Sight-Index 

Mountain Bluebird Sialia currucoides MS,MF? 

Several medium to large flocks (up to 40 birds) sighted in th3 
central portions of the lake, usually feeding in the drawdm·m. 

Townsend's Solitaire Myadestes townsendi RSu 

Observed from late May through mid-July, but no sightings a{tcr 
then. Most sightings in so~thern half cf lake. 

Golden-crowned Kinglet Regu 1 us satrapa RW 

Very common in medium-sized flocks in dense conifers in winter; 
often in company of Ruby-crowned Kinglets. 

Ruby-crowned Kinglet Regulus calendula RV 

Smal 1 flocks (up to 10 birds) in similar areas to GolGen-cr~•vmcd 
Kinglets; ubiquitous except in the northern area of lake near 
Canadian border. 

Water Pipit Anthus spinoletta MS 

Sma 11 migratory flocks sighted in drawdowns of middle anci 
northern sections of lake. 

Bohemian Waxwing Bomb):'.Ci 1 la garrulus RSu, ~/ 

Probably not a permanent resident, but a huge flock (sever,,! 
hundred) was present on the lake in June ond July 1972. I<,,:,,.,,·, 
to be irregular in distribution (Gabrielson and Je,.:.,i':, 'i:;!:··'. 

Cedar Waxwing Bomb):'.ci 1 la_ ce~-~ RSu, \/ 

Status simi la,· to Sohemican Waxwing; when Bohe"1ians n.ovc•d out h 
July, several hundred Cedar Waxwings moved onto the l,aks, rec:'· 'y 
in the central areas. 

Star I Ing Sturnus vulgaris u 

3 

3 

2 

3 

/1 

4 

,. 
;., 

Only two sightings of these normally common birds c,f :''" ,r-,,,~•1ds-­
two pairs near Dry Creek Point nnd one individual at floz,1r>:cn, b-_,•h 
in spring. 
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/1.nnctated Bird List--Ross Lake, Whatcom County, Washington 

Common Name Sci en t i f i c tlame 
Probab 1 e 

Occurrence 
Relative, 

Sight-Incle; 

Solitary Vireo Vireo sol i tarius RSn 4 

Only a fee, positive identifications, including a collection; srmetimes 
confused with Empidonax; probably more common than is evident by 
sight-index; observed in open woodlands. 

Red-eyed Vireo Vi rec ol ivaceus u 

A single observation in Big Beaver Valley in spring 1971. 

Warbling Vireo Vi reo g i 1 vus RSu 

Occas i ona 11 y sighted on Pumpkin Mountain, Skymo Burn, and near 
Hozameen, usually in late spring and early summer. 

Nashville Warbler Vermivora ruficapilla MS 

A few migratory individuals identifiad in Skymo brushfield in 
early May of 1971 and 1972. 

Yellow Warbler Dendroica petechia !1S,RS? 

5 

3 

2 

Many sightings in spring and early summer, but none after nld­
Ju;ie. Possibly not a nester on American f\oss·Lake e,,ccpt, ~,:, l,c,ps. 
in Big Beaver Valley. 

Myrtle Warbler Dendroica coronata MS 

Several individuals identified in Skymo Brushfield and Li•J: :.n1.0 q 
Creek areas; often 11ith Audubon's Warblers. 

Audubon's Warbler Dendroica auduboni MSF,RS? 

Sighted frequently in spring and eerly summer; possibly nucts 
outside the basin. 

Black-throated Gray \4arbler _Dendroica nlgrescens MS 

A few occurrences in Ruby Arm and Big Beavar V,Jl ley; possil-1':f 
these wera just wandering migrants. 

4 

2 

5 
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Annotated Bird List--Ross Lake, l,hatcom County, Washington 

Common Name Scientific !Jame 
Probable 

Occurrence 
Relative 

Sight-Index 

Townsend's Warbler Dendroica townsendi RSu 

Observed wel 1 into the summer (July) in various parts of the 
lake, mostly northern. 

MacGi 11 ivray's ~/arbler Oporornis tolmiei RSn 

Sighted occasio11elly in dense thickets on the eastern sidz d 
the lake. 

Wilson's Warbler Wi lsonia pusi 1 la MS 

A few migrants identified in deciduous areas of Lightning Creek 
and Pumpkin Mountain. 

Western Meadowlark Sturnella neglecta MS 

Three sightings, all migratory individuals, in ''pseudo" meac:ows 
of Ruby Horse Pasture and Dry Creek Point. 

Yel 1011-headed Blackbird Xanthocephalus 
xanthocephalus 

w 

Single female sighted in spring 1971; single male observe~ fc: 
several days in May 1972 with 5 pairs of B,C's·m-headed Crn;bitC::, 
in drawdo•.sn of L!ghtning Cre;ek Ca,::p. 

Red-winged Blackbird Agelaius phoeniceus RSn 

Observed only in Big Beaver Valley where they nest (Mil kr 
Miller, 1971). 

Brewer's Blackbird Euphagus cyanocephalus MS 

2ild 

A few sightings of straying migrants; usually in r,airs; cLservc,d 
in open habitats. 

Brown-headed Cowbird Molothrus ater RSn 

Very ccmmon in all areas around the lake, espaci2lly near ti,e 
lakeshore; usually in smal 1 flocks of two to three plrs. 

3 

3 

4 

5 

5 

3 

4 
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Annotated Bird List--Ross Lake, Whatcom County, Washington 

Common Name Scientific Name 
Probab 1 e 

Occurrence 
Relative 

Sight-Index 

Western Tanager Piranga ludoviciana RSu 3 

Identified infrequently in Ruby Horse Pasture and Lightnir.g C~eek; 
nesting status unknown, but they probably nest in the Ruby ibrse 
Pasture area. 

Black-headed Grosbeak Pheuctlcus melanocephalus RSn 4 

Not often sighted because they are secretive; most observGtions en 
eastern and central p3rt of lake. 

Evening Grosbeak H2speriphona vespertina RSn 

Frequent sightings in Ruby Horse Pasture., but this is the 0'~ 1 / 
apparent area of occurrence. 

Cassin 1 s Finch Carpodacus cassinii u 

Pine 

Pine 

----
Single identification at Lightning Creek Camp on 31 May 1972; 
probably a wandering migrant. 

Grosbeak Pinlcola enucleator RW 

Observed occas iona 1 ly near lake in mid-winter; possibly c 
summer nester at high elevations. 

Siskin Spinus einus NM 

Generally observed in smal 1 flocks (10-15 birds) in heavi I 
wooded areas around the lake; especially common near Ruby 
Horse Pasture. 

American Goldfinch Spinus tristis u 

Single individual identified at Canadian border north of 
Hozameen; possibly nesting in the lowland Canedi,m Sl:~git VaJ,,y, 

Rufous-sided Towhee Pipilo erythrophthalm•~ RSn 

Very common in its habitat of open and closed brush· found i P 

most brushflelds around the lake. 

3 

5 

3 

2 
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1\nnotated Bird List--Ross Lake, \Jhatcom County, Washington 

Common Name Scientific Name 
Probable 

Occurrence 
Relative 

S ight-1 ndex 

Oregon Junco Junco oreganus NM 

Common along the lake in winter; at somewhat higher (above 1900 
feet) elevations during the summer. 

Chipping Sparrow Spizella passerina RSn 

Common in open brush and forest areas of al 1 parts of the la:,2. 

White-crowned Spi'lrro,, Zo~otrichia leuccphrys MS 

Sighted in open areas around southern half of lake in spring; 
possibly nesting at higher elevations in sub-alpine meadows. 

Go l den-crQ1,med Sparrow Zonotrichia atricapllls MS 

1971 sightings on Pumpkin Mountain and Skymo brushfield; non~ 
in 1972. 

Song Sparrow helospiza melodia 

Heard and identified in various open areas ar0und lake· ros~::; ,:'.! 

nester at higher elevation and/or up Bio Beaver Valle,.,. 

UNCONFIRMED SIGHTINGS 

2 

3 

5 

3 

The following species are only possible identifications without: c,_;;.flccrtio: 
from any other source, thus is not included in the above list. 

Double-crested Cormor3nt Phalacrocorax auritus 

A single Cormorant of some species was sic;ht0d flying ov'":· the, lak· 
in spring, 1971; identification as a Double-crested Cormo,·2nt v•as 
only a guess since it is the most common Cormorant. 

Sandhi 11 Crane Grus canadens is 

A fisherman reported seeing one in the mar~hes at the nonh enJ of 
the lake late in spring 1972; immediate investigatio~ rc'!ec,.eJ 
nothing. 
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Annotated Bi rd Li st--Ross Lake, Whatcom County, \.,ash i ngton 

Common Name Scientific Name 
Probable 

Occurrence 
Relative 

Sight-Index 

Screech Owl Otus asio 

Possible voice identification in late summer 1972; no sighting 
confirmation. 

Short-eared Owl As i o fl ammeus 

One adult sighted in Devil's Park in summer 1971. This was ;c_,t 
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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