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AN T " — stat : 3,200 m (10,500 ft) and the Ashley-Twin
ANNUAL PRECIPITATION tation at 2 10,
(10,500 ft), both near the headwaters of
Although the isohyetal map of Je . 1 v Vernal. Although annual precipitation in the Uintas average
separate areas alon e cre J per year during the period 1973-78 than duing the decade
scparate arcas along the crest > 9 v I

t 3 : medi ely prece g e data nevertheless suggest that Jeppson et al.
(40 in) of precipitation annually, \ iy g n pages st I mediatel receding, the d § Pr
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Elevation (m) Annual Prec

2,134 (7,000 ft)
,438 (8,000 ft)
,743 (9,000 ft)
,048 (10,000 ft)
, 353 (11,000 ftr)

(VI PR BN I

Precipitation thus increases 7.6 cm per 305 m risc in e
in/1000 ft). It should be noted that this model shows
around the regression line (r = .521). The regression is none-the
statistically significant at the .01 probability level.
The average relationship of water content in the April 1 snowpack

at various clevations is given in Table 2-1 and Figure 2-1. The data

demonstrate great variation from snow course-to-snow course in any given

altitudinal class (e.g., the snow course supporting the lightest average

snowpack on April 1 in the 2,458 - elevation class received onl

about 12% as much snow as the course with the heavi~st average snowpack

in that elevational zone). Nevertheless, when all snow courses within
zone are averaged, there is a general trend toward increasing snowpach
with elevation (Figure 2-1). Although Figure 2-1 shows a sizeable
decline in snowpack at the highest elevation category, the sample con
sists of only one snow course. When other snowcourses and years are
added to the analysis, the marked decline at the highest elevations i
largely eliminated. As might be expected, year-to-year variation in
average snowpack tends to be random among elevation classes. Year-to-
year variation apparently reflects broad synoptic patterns and is thus

quite uniform across the elevational gradient.

a




Table 2-1. Average characteristics of the snowpack at 37 snowcourses in the Uinta Mountains on April
1973-79. All data are from Whaley and Lytton 1979b,

Elevation Zone (m)

Characteristis

NOo. Snow courscs

Average Elevation/snow course
Ave. April 1 Water Content (cm

Ave. Maximum ‘\k)n] | water

content (cm)*

Ave. Minimun '\'ﬁ‘”l 1 water
content (cm)

Ave. April 1 snow density

(cm snow/cm water)

Ave. temporal coefficient of .
variation for water content (%)°

Ave. spatial coefficient of
variation for water content (%) 36.¢ 6l.

lhuth maximum and minimum April 1 water content values represent the loing term average for the snow course
having the most or the lcast snow on the average in cach elevation category.

“Coefficient of variation is the standard dev tion divided by the mean and expressed as a percent. C.V.
valucs were computed for cach snow course over years and those values were average by elevation zone.
These values thus quantify the average year-to-ycus variation in water content of the snowpack at
individual snow courses.

3 .
C.V. values are based on the long-term means and their standard deviations for all courses 1n an altitudi-

nal class. These values quantity the variation among sites within an altitude class. .

*< BEST DOCUMENT AVAILABLE
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SPATIAL AND TEMPORAL DISTRIBUTION
OF PRECIPITATION

It has seemed useful to us to determine how precipitation varies in

time and space in the stidy area. We consider first how precipitation

in space in the Uinta Mountains. It has long been accepted that
the major part of the winter storms that strike northern Utah come frc
a northwesterly direction as moist air masses from the north Pacific
Ocean are driven inlands by the prevailing westerly winds (Eubank 197
Since the long axis of the Uintas is oriented cast and west, we wondered
whether the northwestern portion of the range reccived more precipita
tion than the south slope which should experience a "rainshadow" effect
if the postulated weather pattemns noted above did indeed prevail. Ey
the same logic, one might expect the castern end of the range to recein
less precipitation than the western end.

In order to evaluate the foregoing hypotheses, we grouped SCS
precipitation storage gages by their location on the ran e., north
or south slope; east or west end of the range). e breakdown cf sta-
tions is shown in Table The north-south breakdown was made along
the watershed divide running cast and west with the Provo and Weber
drainages being tallied as part of the north slope. The cast-west breal
was de along a line running north and south at long
This line ran just to the west of the lenry's Fork Station and
the cast of the Lakefork Mountain Station (Figure 2-2

In order to generalize the results of our analyse separate linear
regression analyses relating elevation to precipitation were made for

all north slope, south slope, west end and cast end sta

tions. The

results are shown graphically in Figure 2-3. Sample ze for cach

Precipitation storage stations arranged by
Mountains., Number of stations in each port
shown as are the total number of years 3

each group of stations. Since s stati

once a year, sasn E 3 total annual
September) precipitation. Sam 2 shown
annual and summer precipitat 1 0
more years of data.

the
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ilable for

Serv

and

iced

summe 1

separately

ve

Sample Size By Area And

Locatio T No. Stati
( Annual Summe r

Nort
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Stations used by quarter
Northeast Southeast

Burnt Co.
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Sp
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Annual, October-June, and July-September precipitation
rssed on elevation for north versus south and west
1s east portions of the Uintas. Models based on

simple, linear regression analyses.

Figure 2-3,

PRECIPITATION (CM)

JULY-SEPT - JULY-SEPT

1981 2286 2591 2896 3200 1981 2286 2591 2896 3200

ELEVATION (M)
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regression analysis can be obtained from Table

and cool secason (October -

(2:€: 35

and the west end of the

end). At mid-elevations

slope will receive 16. 8°

Similarly, at that elevation,

18.2% more moisture than the

tation is predicted to be 24.

June)
the north slope does r
range
e

(274

more

The data for

precipitation le;\;mrt our

vl

ccelve more precipitation than the

receives more precipitation than

5 m), the models predict that the

annual ]’X'L‘(};‘l[.l{l«'f‘- south

the west end of the range should rec

cast end. At 2746 m, October June p

1% higher on the north than the south

hypotheses

slope, and 27.9% higher on the west than the cast

of the range to

The tendency for the northwest corner

larger amounts of precipitation than the rest of the Uintas is

observable in the April 1 snowpack. Using the average values A\pril

1 snowpacks on 24 snow courses on the west end of the Uintas (Whaley an

Lytton 1979b), we have computed the average relationships of

SNOW)i

elevation with a least squares regression model. The deviations of

individual snow courses from the regression line are summarized in both

Y

absolute and relative terms in Table 2-3. The relativized data are

graphically reported in Figure 2-4. The isolines in that figure group

snow courses that show similar departues from the regression line based

on average tendencies for all snow courses. Figure 2-4 monstrates

that he Weber R

LvVers

large portions of the watersheds of the Provo and t

receive over 150% as much snow as was predicted by the generalized

regression model. April 1 snowpack progressively declines in all

tions as one moves away from the Provo and Weber drainages

is especially rapid as the crest of the range is crossod on

waters of Rock Creek on the south slope

13 vnes
direc-
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Table 2-3 Location, elevation, average water content of the snowpack on April 1, 1973-79, for each of 24 snow courses

on the west end of the Uinta Moun. ins, Asterisked courses were also used to construct Table 6.

Snow Course Snow Course Elevation Average April Deviation from Deviation
) from Expected

NO. River Basin (m) Water Cont., (cm Expected (cm)

Burt Miller hanch* Upper Bear 2,408 14, -12
Black's Fork Junction Upper Green

Steel Creek Park Upper Green

Hewinta Guard Station Upper Green

Chalk Creek *3 f Weber

Chalk Creek #2 Weber

Black's Fork G. S. Upper Green

Sergeant Lake Weber

smith-Morchouse ¢ Wweber

Chalk Creek *# ) Weber

Hayd:n Fork®* Upper Bear




Redden Mine*

Trial Lake*

Bea'~r Creck Ranger Sta.*
Beaver Creek Divide*
Soapstone Ranger Station*
Rock Creek Ranch*

Brown Duck Ridge*
Lakefork Mt. *1*

'ackson Park*

Lakefork Mt.
Danicls-Strawberry

Currant Creek*

Snow Course
River Basin

Upper Bear
Weber
Provo
Provo
Provo
Provo

Duchesne

Duchesne

Duchesne

Duchesne

Duchesne

Duchesne

BEST DOCUMFNT AVAILABLE

Average April

Water Cont.




Isolines for percent deviations from expected values for
water content of the average April 1 snowpacks
courses on the west end of the Uinta Mountains. now

courses are represented by numbers with the numbers being

keved 3 course names in Table 2-3. age water
content of 24 snow courses on April 1 was rssed
rainst clevation to give a generalized model of expected

snowpack at any given elevation. The actual April 1,
197378 water content at cach snow course is stated as a
percentage of that predicted by the regression model

(Table 2-3

BEST DOCUMENT AVAILABLE




Summer precipitation (July - September) has a strong tendency to We have also analyzed the storage gage and snow coursc data to

reverse the pattern described in the two preceding paragraphs for annual determine if precipitation is better correlated with elevation at

and cool season precipitation (Figure 23) Summer moisture on the south locations and in some seasons than at other locations or seasons. The

and cast sides of the Uinta Mountains either exceeds or equals rainfall results (Table 2-4) demonstrate that annual precipitation is better

on the north and west sides. This pattern is apparently rela*ed to a correlated with elevation in either of its component .e., October

prevalence of summer storms approaching the range from the southeast. June and July=September pre itation). The data also show that preci-

s moist & ma »s from the Gu F Me rep d ound 4 3 3
As moist air masses from the Gulf of Mexico sweep inland, around the pitation is far better correlated with clevation on east and south

south¢ end of the Rocky Mountains of New Mexico, and onto the upper

slopes of the Uintas than on west and north slopes. Cocfficient of

olorado Plateau, they dron their moisture as they rise over the Uintas variation values for snow courses (Table 2-1) within clevational zones

which block their moveme: L (see average v prec t )
hich block their movement nc ard (see average monthly precipitation show that the April snowpack tends to be somewhat more predictable in

sraphs for sou zastern Utah st al 968 3
graph r southeastern Utahk in Jeppson ct a 1968). space as one moves from low to high clevation.

In relative terms, a larger portion of the average annual precipi-

ation comes as rain in the July through September period on the south SNOWPACK AND RUNOFF

s opposed to the north slope of the Uintas (23.6 versus 19.2% respec-

There is intense interest in cloudsceding to augment winter snow-

tively at mid-clevitions, 2,746 m). These results are derived from the packs in mountains of western United States, but before the value of

regression equations used to draw Figure 2-3. Using a similar proce- weather modification for augmentation of streamflow can be fairly evalu-

dure, we find that on the averag 5.8% of the annual precipitation ated, the degree to which annual precipitation and its secasonal com-

at 2,746 m falls in the July through September period on the east end of ponents are correlated with water yield must be known. In order to

range, but only 18.9% of the total falls in that period on the west evaluate those relationships in the Uinta Mountains, we have intensively

end of the Uintas. studied nine large watersheds on the west end of the range. Those

Cool scason precipitation is far more depenicble from year-to-year watersheds and their salient characteristics are listed in Tablec

;o o1vVe S « thar v-September preciy 8 ( » (s 3 ;
at any given station than is July-September precipitation. We have Areal extent and vegetative cover of each watershed was determined fror

analyzed year-to-year variation in cool and warm scason precipitation at 1 map developed by Kirk Ridd from Landsat imagery The map is included

ions on the West ¢ ho .4 . . 5
18 storage g stations on the West end of the Uintas for the six year in a report submitted to the U.S. bureau of Reclamation and the Utah

period 1973-78 Average coefficient of variation for cool season Division of Water Resources (Harper et al. 1979). Average clevation per

precipitation at the 18 stations was 24.8%, but the comparable figure watershed was obtained by superimposing clevational contour lines on all

3 v Caitather Bras fio: SR s i ‘vedr . :
for July-September precipitation for the same stations and years was watersheds and determining the proportion of total watershed area




between contour lines separated by 305 vertical meters. Finally, the
Correlation coefficients relating precipitation in vario SCIS
to elevation in four different portions of the Uinta Mountains.
r-values are positive. S ificance level of cach value is
(NS=not significant, * - »1, **=,01 level). Sce Table 2
sample size in the various analyses. Data arranged according to

size of the correlation coefficients for total annual across all

fraction of area in each contour interval was multiplied by the
clevational midpoint of the interv ar 105¢ products werc
intervals. Runoff data are from U.S. Geological Survey

78) records.

Season mbination, these ninc watersheds yield 119,484 hectare meters

Total Annual October-June of runoff water in the sverage year. This amounts

East End .799% .904°* ~D1L I htly over % of > total annual runoff nroduced

South Slope in th ye year (Har

West End

th Slope 3 . . 3 tive watershed, produce Ze T . a vie per unit

arca basis, while the least productive watershed, Red Creck, yielded

Average All Stations unexpectedly, Red Creck has
the lowest and thest average elevaticn of the nine water-
sheds considere 2-5). Nevertheless, the regression of runoff on
elevation for h I shows that elevat accounts for only
about 53% of the variations in runoff (r 28). The mal varia-

snowpack ross these areas (Figure 2-4) strongly tempers the

of elevation a 11 be demonstrated in greater detail at a
later point in ti report.

The watersheds employed in 3 5 are morc productive
runoff water than the J nal For watershed in Utah (Croft
and Bailey, 1964, give ¢ as verd 1iter
productive as the average subalpine watershed in Colorado
When the total arca above 2,134 m , 000

the entire Uinta Range vields only about

water per year.




Table 2-5 Area, average elevation, and average annual runoff for the water years (October 1 -
September 30) 1973-78 for nine major watersheds of the western Uinta Mountains.

Average
Elevation Average Annual Runoff Average Runoff/Unit
Watershed (m) (Hectare meters)

Yellowstone River . { 3, 24¢ 11,090
Lakefork Creek 3, 2¢ 8,897
Rock Creek

Duchesne River

Red Creeck

Provo River

Weber River

Bear River

Black's Fork Creek

s BEST COZULINT AVAILABLE




Annual runoff for the water years 1973-78 for the nine watersheds
listed in Table 2-5 (streamflow summed across all watersheds) is given
in Table 2-6. In that Table, we also listed average annual precipita-
tion across those watersheds as well as various seasonal components of
annual precipitation. The results of simple re, ~»-sion analyses re-
Ported in Table 2-7 show the effects of various components of annual
precipitation on runoff. All regressions are based on the logarithms
(base 10) of both independent and dependent variables. The results show
that cool scason precipitation accounts for more of the variation in

)

annual runoff (coefficients of determination or r- .969 to .931) than

»

total annual precipitation (r° .790). Warm season (July - September)

y

precipitation exerts almnst no impact on total annual runoff (r
.059).

The most cost-effective precipitation parameter for predicting
runoff is April 1 snowpack, since that measure requires but one trip
Into the survey area while others require at least two and the v-e¢ of
storage gages. Since vandals often disturb stor: ge gages but are far
less likely to disrupt snow courses, snowpack data are also likely to be
more complete from year-to-vear than storage gage records. The re-

lationship betweenr *;

ril 1 snowpack and runoff from our nine watersheds

gure 2-5 * regression equation given in Figure 2-5

shows that ¢ : average 'nowpack on April 1 could

pected to vi a 13 ¢ in stroamflow. z increase in

pac
passing F . of warm season precipi
1

snowpack water content in a multiple regression anal)

ount of variation in annual runoff that can be
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Results of power regression (logarithm of precipitation
versus logarithm of runoff in billions
analyses of the affects of various comy
cipitation on combined annual runoff fr
the west end of the Uinta Mountains
sidered). Basic data for analy
orrelation coefficients are positive.

Independent Variables Correlation

October-June Precipitation

October-June Precipitation minus April
1 Snowpack Water Content

April Snowpack (Water Content)

Total Annual Precipitation

July-September Precipitation

- Statistically significant
- Not

» April snowpack across
and water-year

Figure The relations between averag
) watersheds listed in

N water
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Table 2-9, April 1 snowpack vglues (cm of water adjusted to average elevation of cach watershed) and annual runoff
(hectare meters/km”™) for nine watersheds in the Uinta Mountains.

1473 1974 1975 1970 1977 1978 1979

Drainage Snowpack Runoff Snowpack Runoff Snowpack Runoff Snowpack Runoff Snowpack Runoff Snowpack Runoff Snowpack Runoff*

Bear River 2 36. ¢ 1.9 i5. 5.5 .6 i | S. 35.6 36.0
Blacks Fork Cr. 26.7 36. ¢ 32. 42, 24,

Duchesne R,

Lake Fork Cr.

Provo R.

Red Creek

Rock Creek

Weber R.

Yellowstone R.

* Some 1979 data were unavailable at the time the analysis was made.
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INTRODICTION

expected for such

Commercial lodgepole pine (Pinus ¢ 1 Dougl.
Winn (1976) provides gcod ~hecklists and g abundance values

appears to cover about 247,000 hectares in the Uinta Mountains (Choate
chbrate animals associated with several dgepc i hajitats

1965 and Ridd 1979). Roughly 92% of that acreage occurs in the state of
Slope «¢ he Uinta Knight ct al. 5) have studied

Utah; the remainder lies across the state boundary in adjacent Wyoming.
late 2 n the understory rgets n lodge

Iaterpolation between Choate's (1965) and Ridd's (1979) maps sugg
types in the Medicine Bow Mountain

that the Uintas supnort another ,000 hectares of noncommercial

found that Carex ge

pale. The species occurs over a broad eclevational range (2,250-3,350

jecreased in
decreased 1n
m), but its most extensive stands occur between 2,440 and 2,900 m,

Henderson et al. (1977) conclude that lodgepole pine "is the nost
increased in cover

tree species and also the most important commercial timber species in

the Uintas - roughly 50 1t of the present volume
JBJECTIVE

Choi te (1965) reported that the species had an average site quality

51 (51 ft tall at 100 years) in the Uintas with a range fiom 40-90.
i 3 ) our objective to determine the effect of late ing snow
Choate (1965) reported an average volume of 19.77 m”/ha of growing stock
forage production, tree reproduction and tree growth in one

in Uints lodgepole pine stands in 1961. Proctor (197! shows an anrual
habitat on the North Slope of the Uinta Mountains.

above-ground forage production of 5 kg/ha for Uinta lodgepole

stands.
STUDY AREAS

Lodgepole stands in the Uintas are typically heavily infested wit

dwarf mistletoe. Foresters consider that trees parasitized by mistletoe
habitat type (Hen-

suffer a serious reduction in growth rates (Choate 1965). 1ace over
were selected for study on the

half of the area of lodgepole pine in the Uintas is past tation age
River, Summit County, Utah. One stand ocurred

Choate 1965), the mountain pinebark bectle is a major pest killing
I
southeast quarter of section 3, T. . l other stand

thousands of trees each year. Since this beetle rarely attacks
located about 6 km south of the f at 2,846 m in the northwest

f stem

having a diameter of less than 1.0 dm (Keen 1952), an abundance of

mn

quarter of section 5 ’ . Both ¢ is grow on nearly

past rotation age favors large beetle populations and frequent epidemics.




dense and

1intained ervation

occur close to each of the lodgepole

Blacks Fork nction s located

stanJ and at 2 clevation.

1 the period 1969-78

1l precipi

with 21 he total falling durin ber

The other storage gage is located on

elevation stand e precipitatic

ain about 2 f the total pre

(July-September).

Canyon

Both stands had

were light but tended

mecadows and drop i

Fijure 4-1. The lodgepole pine forest near the upper stand considered
Tuenty-one <02 ha; circular establis in this study. The fence at left-middle encloses the pasture
at East Fork of Blacks Fork Guard Station.

WeTC

two lodgepole stands Twelve

lower elevation stand

were ini ly placed
ade that plots the transect

ulatc
differences rst winter

BEST DOCUMENT AVAILABLE




»f study. Thus, at the end of that winter, in order to guar-
antee differences in snowpack, we selected four additional plots in th
vation stand in mid-May while patches of late lying snow were
During the 1977-7 79 winters, small dif
depth Gf the April 1 snowpack did develop among stands
ha plots are small cnough to minimize within-plot environ-
mental and vegetational heterogeneity, but large enough to give a fair
sample of the entire plant community at give locations. Within each
plot, 25 quadrats were regularly spaced for analysis of the herbaceous
understory. Each quadrat was circular in shape and had an
: Location of each quadrat was marked to facilitate
relocation by a red, 8 cm long, wooden dowel drive 7 cm into the soil
the center of the quadrat (see Harper, 1976, for a more detailed des-
cription of quadrat placement procedvres). Each of the 25 quadrats were
marked at their center with a zinc coated steel peg in the final year
(1979) of study to insure that each quadrat could be relocated exactly
with a metal detector over a period of many years. Tree reproductions
and woody plant cover below a height of two meters were estimated in
2 juadrats uniformly distributed over each plot in 1979.
Tree canopy cover (all foliage over 2m above the ground) was also esti
the 4.0 & quadrats. Figure 4-2. Coring lodgepole pine trees to determine age and

growth rates. Karl B. McKnight, Edward Novak and Clark Ogden
tree population (all tree individuals over 150 cm tall) on each from left-to-right.

mated in

ha plot was inventoried. Species, height, and diameter at breast
height (DBH) were recorded for ecach individual. Four trees were also
cored in each plot to gain information on tree age and growth rate in

the last 10 years (Fig. ). Cores were removed with a Swedish in-

crement corer. Cored trees were selected for vigor and freedom from

BEST DOCUMENT AVAILABLE




occurred on mates production per plot.

difficulty of determining what
The first 21 y ts were sampled
estimate of we four deeper

total living cover Woody cover was sampled

1) cover of ro July or carly August

living cover wi Surface soils in

being estimated as percentages of the Cover for both for various physical

and woody species ( I m~ quadrats

class method (Daubenmire 1968 the

Trace (0-1.

grouy
rerennial graminoides, perennial method. Soil reacti
I I

liverworts and lichens). Total n of species per quadrat and j

macroplot was recorded. ier values werce obtainec specic

by dividing the number ving y species by all qua
drats in the sample. fron

Plot locatio known precise

Production was estimated usin

colored poles were

1969). Four m~ quadrats

1 central quadrat late October

then

correspo Service

per week until

rent twig condition was re-

and the tissue was oven dried and weighed. Two cluster

1 of

quadrats each were sampled per plot per year giving a total




RESULTS
Snowpack
In the spring of 1977, we could measure no significant difference
in April 1 snowpack among the 21 study plots. In the two subsequent
springs, minor differences in snowpack were measurable among the plots
(Table 4-1). In an attempt to insure that significant differences in
snowpack ¢ t 1id exist among study plots, we sought out four

levation stand with obviously heavier snowpacks on

sites at t}
April 4, 1978, Those sites were permanently marked and their plant
cover was sampled in 1978 and again in 1979. Snowpack on these last
four sites average about 40% heavier than on the sites that accumulated
the lightest snowpack. Surprisingly, the 75% snow-free date on the four
sites selected for heavy snowpacks did not differ significantly from
that for sites having medium sized snowpacks. As will be shown.later,
that anonally scems related, in part at least, to less tree cover on the
sites with heavier snowpacks. It should also be noted in this context
that all four of the heavy snowpack plots occurred in the lower eleva-
tion stand, while seven of the thirteen medium pack sites occurred at
the higher elevation site where mean temperature should have been lower.
Absolute water content of the April 1, 1979, snowpacks in the
Figure 4-3. Interior of the lodgepole pine forest showing a lodgepole pine forest considered here averaged only about 20 and 27

"snow-pole' used to mark the center of a macroplot. Macroplots i ) )
were circular in outline and had an area of 0.02 hectare. respectively of the water content of the early snow-free date plots in

the subalpine meadow and spruce-fir forest studied on Elizabeth Ridge
(see Table 4-1 of this manuscript and the subalpine and spruce-fir
manuscripts, Chapters 5 and 6, that appear elsewhere in this report).

Since annual precipitation at our lodgepole pine sites averaged about

BEST DOCUMENT AVAILABLE




content
cording

r cach

No. Plots 1in

1978 Recults
Average Water Content
Average 75% Snow-free
Results
Average Water Content

Average 75% Snow-free

Plots included in the light snowpack category
medi snowpack group are 2, 5, 8, 10, 11, 12,

in the heavy snowpack group are special plots
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1 Value for ANOVA
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Table 4-2. Continued.

Average Species Composition
of the Reproduction Populations

by

Height Class Light \I_L-V«ii}i'p

bla Pien Pico A\bla Pien Pico

0 100, ¢

88.

(trees)

ITrees are considered to be all stems over 150 c¢m tall

DBH - diameter at breast height or 1.37 c¢m above groundlevel.

NS - results of ANOVA (analysis of variance) test for siynificance of
for the three snowpack categories was not significant.
Tree reproductions were considered to be any stems less than 1.5 m tall.
Abla - Abies lasiocarpa; Pien - l‘_xn-.l }"!}E'lr:;{!lrlxx and Pico - ;},_”_“,‘:v contorta.

- } Y Erns T

- Value for ANOVA significant at the 5% level.
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Table 4-4, Performance of major understory
pine type along gradient of increasing
in the pack on April 1. Species whose performance
significantly across the gradient are asterisked.
is the percent of the soil surface covered by foliag

Plant nomenclature follows Harring

species in

a given species.
(1962).

ARAMETER
Frequency over
of Snowpack Size of 5now

“Medium _ fleavy Light Medium |

Vascular Species
Abies >

\! 0\‘1
Allium brevisty lum
i TABLel

Antennaria .111»\11.1

llcwurann‘{ <
Epilobium lac actif lorum
Erigeron 1\_0!‘(
Erige

ruticosa
Potent: 1|| pulct
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chemical environment were studied in all of the plots. The results
demonstrate that a | e difference in soil depth exists among the size-
of-snowpack zones (Table 4-6), with the heaviest snowpacks occurring on
plots having the deey s. Slope and exposure of the plots in the
three groups do not vary significantly among groups. All macroplots
have very gentle slopes toward the north northeast or the cast.

Unfortunately, because the heavy snowpack plots were selected later
than all other plots, soil chemistry was determined for the plots in the
heavy snowpack zone two years after soil samples from the other macro-
plots were sampled. As a result, procedures for collecting the surface
soil samples werc not uniform: the large differences noted between
soils samples from the 0- cm layer of light or medium and heavy
snowpack zones are thus at least partially attributable to sample col-
lection procedures. More humus material was included in soil surface
samples taken from light-medium than heavy snowpack macroplots. Plots
in the heavy snowpack zone tend to hold less of most essential minerals
than soils in the light-medium snowpack categories (Table 4-6), but the
differences are usually not statistically significant.

Chemical analyvses for soil from other mountain ranges in Utah
(Table 4-7) dJdemonstrate that the soils from the lodgepole pine plots
considered here are not likely to be deficient in respect to essential
clements with the possible exception of potassium and phosphorus.
Furthermore, the fact that there is a tendency for the heavy snowpachk
plots t« yport more total living understory cover, a larger number of
species per quadrat, and more above-ground understory production than

um snowpack plots suggests that water was more limiting

Table 4-6. Physical and cher

plots in each sno

Size of Snowpack

Characteristic Light Mediun

Exposure (Degrees)
Slope Steepness (%
Soil Depth (dm)
Soil Texture
Sand (%)
Silt
Clay (%
Chemistry
5 cm depth
2. .0c¢
Excnangeable Calciu
0-2.5 ~m (ppm)
2.5-15.0 cm (ppm
Exchangeable Magnesiur
cm 1;1;?!“,)
2.5-15.0 ¢cm (ppm)
Exchangeable Potassium
0-2.5 cm (ppm)
2.5-15.0 cm (ppm)
“Available" Phosphorus
cm (ppm)
-15.0 cm (ppm)
Soil Organic Matter
0-2 cm (ppm)

** _ highly significant statistically,
NS - Not significant statistically
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than potassium and/or phosphorus,

Comparison of soil physical and chemical paraneters f supply in the heavy snowpach plots
the lodgepole study area considered here (2.5-15.0

depth) with the same parameters for soils of other h
mountains. Data for the Henrys and the LaSals are from
Pederson and Harper (13579).

story production increases ri

zone pite lower levels of essential minerals demonstrate

ameter (2.5-15.0 cm snow in the amounts noted here
Exchangeable
Calcium Magnesium otassit 'Available”

Mo L o ( ) P
Mountain Range 3 (pp (ppm) Phosphorus
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ABSTRACT

Response of the plant components of the Picea
cinium scoparium (Engelmann spruce-blueberry) habitat type
snow has been evaluated at Elizabeth Ridge on the North Sl ne
Uinta Mountains. hirty-six plots (0.02 ha) were distributed
CHAPTER S gradient of incr ingly late snow-free dates. The forest st
red at an elevation of 3,200 m; the April 1 snowpack on
held over 140 cm of water in 1979. The group of plots having
melt date became 75% snow-free about 21 days a‘ter the average plot in

the early snow-free date group. Average water content of the carliest

snow-free date plots was about 66 cm in 1979. The latest snowmel  plots

EFFECTS OF LATE LYING SNOWPACKS ON PLANT RESPONSES

IN THE ENGELMANN SPRUCE - BLUEBERRY HABITAT TYPE
OF JINTA MOUNTAINS

i v Neither tree growth rates nor reproductive success could be shown

averaged over 140 cm of water in the snowpack on April 1, 1979,

to be adversely affected by late lying snow. Understory herbs and
shrubs did show a decline in both diversity »nd biomass on the latest

Harper melt-date plots, but the trend was not statistically significant.
Karl B. McKnight Nevertheless, no species was totally eliminated from the late snow-frec
%. Kent Ostler date plots, but most of the herbaceous and shrub species preferred plots
ind having earlier melt-dates. Shrub biomass contributed relatively less
Deborah L. Hunter total understory production, while forbs (herbaceous dicotyiedonous

species) contributed relatively more as date was delay




INTRODUCT ION

Choate's (1965) forest map for the Uinta Mountain portion of Utah

- Abi

shows spruce-fir (Picea engelmannii lasiocarpa) to be the second

most widespread coniferous forest type in that are We infer from

Choate's map that there are roughly 103,200 ha of commercial quality
spruce-fir forest in the Uintas. Only lodgepole pinc forest covers more
acreage in the are: Ridd's (1979) vegetative map of the Uintas shows
25% more coniferous forest land in the Uintas than Choate's (1965) map.
Since Choatc considers commercial quality forest only, we assume that
the difference in amount of coniferous forest between his map and that
of Ridd is attributable to noncommercial forest. (Since Ridd'

taken from landsat imag , we believe that his figures for total
coniferous forest are reliable). Assuming that the noncommercial forest
is distributed among the four coniferous forest types recognized in the
Uintas by Choate (1965) in direct proportion to the area of commercial

forest of each, there should be about 19,7 ha of noncommercial spruce-

fir forest in the area of concern. The other three coniferous forest

types recognized in the Uintas by Choate are lodgepole pine (247,000

ha), ponderosa pine (37,100 ha) and Douglas fir (20,880 ha
Henderson et al. (1977) recognize four habitat types in the spruce
dominated forests of the Uintas. Our study area lies in their Pic

annii - Vaccinium scoparium habitat type. They consider this

eng>1ma
habitat type to occur primarily above 3,050 m elevation. The type
occurs on all slope aspects but the slopes Co »d are usually re-

latively gentle (less than 15%). Soils supporting this habitat type 1in

the Uintas are usually derived from quartzite and are shallow, cobbly

sandy loams. Site index values vary betwe 12 and 50 (height in feet
at 100 vears). Better quality sites in this habitat type are reported
to support progressively more lodgepole pine at lower elevations and
more subalpine fir at higher clevations (Henderson et al. 1977
Knight et al., (1975) studied the influence of ) ; Snow in
the Picea enge nij Vacciniu oparium Fabitat type. hey found
\:n_c_c_\g_xwli‘. scoparium to decline under the influence of late lv.ing snow,
while 1 € s increased arcas of late lying snow, but on
€ the increaser species (that for
Juniperinum) was statistically significant Increaser species were
p., Arnica latifolia, Calamagrostis purpurascens, Erigeron

Erythronium andi | rum gracile, Poa cusickii,

pi alpestre.
Landis and gran (1976) were unable to detect a chan in growth
rate of Englemann spruce due to enhancement of snowpack by cloud seeding
activities in the San Juan Mountains of Colorado. Blaue and Fechner
(1976) evaluated the effects of late lying snow on e 1 spruce
paenclogy in the San Juan Ecology Project where artificial augmentation
of snowpack was attempted. They found that late lving snow did not
ffect spruce phenology. Dix and Richards (1976) postulated that long-
continued snow augmentation would alter compositior of the spruce-fir
community in Colorado, but their arguments werc not tested with field

trials.




OBJECTIVE

We have attempted to determine the effect of late lying snow on
above-ground forage production, tree reproduction and tree growth in one

spruce -fir habitat tyne on the North Slope of the Uinta Mountains.

STUDY AREA

This study was conducted on Elizabeth Ridge (SW 1/4 of section 15,
11 E.) on the North Slope. Elevation at the site averages

about 3,203 m. The area lies within Summit County, Utah. Elizabeth
Ridge is a north-south trending prominence which forms the watershed
divide between the Bear River which flows into the Greut Basin and
Blacks Fork Creek, a tributary of the Green River which ultimately
empties into the Colorado River. The arca appears to have escaped
glaciation during the Pleistocene, because of its location away from
large arcas where ice might accumulate (Hanson 1975). The study area is
situated on the nearly flat top of the ridge. Drainage .ater moves
slowly from east to west across the study area. The soils are derived
from late Tertiary alluvium: parent material is uniform across the area.

A large subalpine meadow occupies deeper soils to the west of the
forested area studied (Fig. 5-1). The prevailingly westerly winds of
winter sweep snow from the meadow and deposit it in large drifts that
parallel the forest-meadow border. The sparsely stocked fores stand
selected for study was sclectively logged in the 1950s, but even prior

to logging, the stand appears to have been open and poorly stocked.

Figure 5-1. Aerial photograph of the Elizabeth Ridge study
area showing the spruce-fir forest considered in this
chapter and the location of the macroplots used in the
study. The subalpine meadow (Chapter 6) and the macro-
plots used to sample it are also shown. North is at the
top of the photo.

BEST DOCUMENT AVAILRBLE




Annual precipitation for the water year (Oct. 1- Sept. 30) 1976-
was about 56 cm, In 1977-78 precipitation was 73 cm at the study are:

and in 1978-79 annual water year precipitation again totalled

METHODS

Thirty .02 ha circular study plots were established in a stratified
block design across the study area. Plots were located in 1976 after
the snowpack had melted. One transect of 10 plots was placed just
within the forest and parallel to the forest-meadow ecotone. A second
and third transect of 10 plots each roughly paralleled the first with an
average distance of about 40 meters between transects. Our initial hope

was that depth of snowpack would grade off gradually and uniformly from

the forest-meadow edge. Drifts laid down in the 1977-78 winter were

unpredictably distributed with large and small drifts bearing little

consistent relationship to the three transects. In order to insure
large among plot differences in snowpack, six morc plots were selected
prior to disappearance of the deeper snowpacks in the spring of 1978.
These plots were arbitrarily placed at sites of unusually deep snow-
packs. See Harper et al. (1979) for exact location of plots in the
forest.

Sampling methods and variables sawpled were identical to those
outlined in the lodgepole pine manuscript (Chapter 4). Vegetation on

the initial thirty macroplots was sampled annually for four years, but

the last six macroplots were sampled in 1978 and 1979 only.

RESULTS

Snowpack
Snow-free data was retarded as snowpacks increased in , but the
trend was apparently heavily influenced by shade cast by trees. Snow-
free dates were early for open-forest stands, while even small snowpacks
persisted until late in the season were considerable shade was present
(Harper et al. 1978). That relationship is shown in Table
water content of snowpacks on macroplots in early and medium snow-free

date groups did not differ significantly in the winters of 1976-77 and

1977-78. Nevertheless, the % snow-free date for study plots in the
early versus medium snow-free categories always showed significant
differences.

Variations in snowpack were often very large in small distances
(Fig. 5-2). The rather random distribution of light and heavy snowpacks
in our sample increase the likelihood that the results are represen-
tative of the entire stand.

Snowpacks were unusually light in 1977 and near average in both
1978 and 1979. The snowpacks on the late snow-free sites averaged about
148% larger than the three year average for the group of carly melt
plots. Snow-free date (75% snow-free) averaged 21 days later on the
late as opposed to the early melt-date group of plots. The medium melt
date group averaged about 20% more snow than the early group: melt date
was retarded an average of 7.6 days by the additional snow. Using the
difference between early and late melt-date groups as the basis for
comparison, it is seen that a 10% increase in snowpack cai be expected

to retard melt data about 1.4 days. At lower elevations and on the




Figure 5-2. Snow depth varied radically over short distances in
the Spruce-fir forest. Here Kent Ostler stands at the edge

of a drift that was over 3.0 m deep.

BEST DOCUMENT AVAILABLE

ouped according to
date is given for

Tahle

April 1 water content of snowpacks on spruce-fir study plots
754% The average snow-free
¢ has been used to test for signji

similarity of the snow- fre
each group. Analysis of varian
for any given variable in study plots assigned to each snow rele

Harper et al. (1979) for plots assigned to each group.

icance among means
See

¢ date gro

Relative Snow-free

Significance of
Late F-Value for ANOVA®

No. Plots/Gre

1977 Results

Ave. Water Content o
April 1 (cm) 37.4 $2.4 = 0.10 NS

Ave. Snow-Free

Date

1978 Results
Ave er Content on

April 1 (cm) 0.6 91.2 - 0.1

Ave.

Results
Ave. Water Content or
ril 1 (ecm) 66.5 .0 1
Snow-free

19

Ave.
Date

Analysis of Variance
- not statistically significant
** . statistically different at the .0! probability level.
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Table 5-2. Characteristics of the tree layer in groups of plots that become free of snow

at
significantly different times in the spruce-fir forests of Elizabeth Ridge.

Relative Snow-Free Date

Early Medium Late significance of
F-Value for ANOVA
No. Plots/Group 14 16

O

No. Irccsl/tl, 10 ha 140.0 .31

Ave. Maximum Tree Height (m)
Ave. Tree DBH™ (cm)

Abies lasiocarpa

Picea engelmannii
Ave. Maximum Age (years)

lasiocarpa”

Picea engelmannii

L=
™
(7]
i
(—4
[ ]
]
—
=
™m
-
]
=
-
—
F
=
o0
F
™

Ave. width of Last 10 Xylem
Rings (mm)
Abies lasiocarpa
Picea engelmannii

Ave. Tree Canopy Cover (%)

Composition Trec Population (%)
Abies lasiocarpa 61.7
Picea engelmannii 38.0

Pinus contorta 0.3

Irees arc¢ considered to be all individual stems taller than 1.5
DBH = diame:er at breast height (1.37 m)
Plant nomenclature follows Harrington (1962)
NS = not statistically significant

* = statistically significant at .05 probability level.

1%




subalpine meadow adjacent to our spruce-fir plots, a 10% increase in
snowpack retards melt date about 0.8 day (see chapters 4 and 6 of this
report). The difference is probacly attributable to shading by trees
and much smaller snowpachs in the meadow and lodgepole forests re
tively. Snowpacks in the spruce-fir stand averaged about 35% lar

than those in the adjacent subalpine meadow in 1978 and over 450% larger
than in the lodgepole pine plots in at year (see Chapters 4 and 6 of

this report).

Impacts of Snow on Plants

Tree Layer. The results show that late lying snow has no signi-
ficant influence on number, size or growth rate of trees in this study
(Table S Analyses did detect a significant difference in average
width of ast 10 xylem rings of Abies lasiocarpa, but that dif
ference is probably attributable to a small sample rather than the
effects of late lying snow, since width is greater in the zone of latc

snow-free dates than in the intermediate zone (Table 5-2). Site quality
for spruce averaged about 12.7 m at 100 years in the plots considered
here.

Forest composition reveals a trend in which >s declines and
D“"‘, increases along a gradient of increasing lateness of snowmelt.
The trend 'n relative abundance of the two species can be shown to be
highly significant by use of a 2 x 2 contingency table and the Chi-
square statistic. Lodgepole pine is confined to the zones of earliest
snow-free dates (Table 5-2) in this study, but the sample size is too

11 to attribute statistical significance to that observation.

Tree roduction. The data do not show a tendency for cither

number or canopy coverage of trec reproductions to decline with delay in
the snow-free date (Table 5-3). In fact, both number and canopy cover
of reproductions is greater in the late snow rclease group than the
early re .case date plots, but the difference is not statis

significant. Abies reproductions appear to survive better
reproductions, but snow-free dats seems not to affect that

Better survival of Abi E ) reproduction is probably
related to the fact that most \'tn'- Y roductions are vegetatively
reproduced from basal branches of ed trees that tal. root wi
ever snow pushes them onto the In contrast, all Picca repro-

ductions appear to b: seedling The number of reproductions secems

adequate to maintain the forest at or above its current level of

stocki

-Shrub Layer

Heavier snowpacks in the spruce-fir stand cor:idered here are
significantly correlated with decreasing unde.story cove ere
also a consistent, but statistically nor 1ificart trend toward lower
understory production on the plots having the latest snow-free dates
(Table 5-4). position of the forage produced in the understory
a consistent (but not significant) trend tow: iter relati
dance of forbs and lesser amounts of shrubby plant as the snow-
free date is delayed. Grass-like plants tend to remain e ly abundant

across the g now-free date. Both annuals and nonvascular
plants increase nific the macroplots that beccome snow-free

last in thi




Table 5-3. Characteristics of the tree reproduction layer in groups of plots that differ in respect
to the 75% snow-free date. See Table 5-1 for number of plots in cach group and average
snow-free date for each group.

Relative Snow-Free Date

Significance of
Early Medium F-Value for ANOVA

No. Reproductions per 0,10 ha by
Height Class (All Species Combined)
< 3 cm
3-15c¢m
15 - 30 cm
30 -150 cm

Total

Cover of Reproduction (%)

Composition of Seedling Population (% Relative Snow-Free
Early Medium
Size Class Abla Pien Abla  Pien

0.0 100. 11. 88.9
12.5 87. 45.5 54.°
41.7 54. . 45. 51.
69.9 30. [ 32,4

Abies lasiocarpa

Picea engelmannii

Pinus contorta




Table 5-4. Characteristics of the herbaceous and shrubby understory layers of the spruce-fir
plots having different snow-free dates. Only herbs, shrubs and trees less than 1.5
m tall are considered here.

Relative Snow-Free Date

Significance of
Early Medium Late F-Value for AN

Floristics

Vascular Species
Ave. No. Species/0,02
Ave. No. Species/0.25

Nonvascular Species
Ave. No. Species/0.02
Ave. No. Species/0.25

Biomass
Living Cover (%) - 56.3
Above-Ground Production/yr
1978 (g/m?) 31.5 3
1979 (g/m?) 10. 1 2, ‘
Composition of Understory Production (1978 and 1979 dats poolcd)
Shrubs (%) 15.5 8.8 1.9
Perennial Graminoides (%) 23.6 28.2 24.3
Perennial Forbs (%) 60.9 62.0 73
Relative Contribution of two plant group to living cover
Annuals (%) L 0.5

Cryptogams (%) 2, i,

9

2>




Table 5-5. Performance of major understory species along a gradient of iateness of snow-free date in
the spruce-fir community at Elizabeth Ridge. Species whose frequency varigs significantly
Species diversity at the macroplot level wa unaffected by snow across the gradient are asterisked. Frequency i percentage of 5 quadrat in a
R 2 2 snow-release date category that support the species question. the percent of
free date, but the average number of species per 0 quadrat was soil surface covered by foliage of a given spec snclature . a s follow
Harrington (1962). Snow-free groups are as
progressively suppressed as snow-free date was delayed (Tablc
- < Relative Srow-Free 3 Relative Snow-Free Date

interp:et this result to mean that few if any species are clim Early Mediu P Earl dium Late

from local arcas t

y late lying snow, but population size docs d Species requency
for most species in this fore type when the growing seas is ni- Trees

. Abies lasioca

ficantly shortened. *Picea engelm

Performance of only five understory species varied significantly Shribi

Vaccinium scopariu

across the snow-free date gradient, and none of those spec —_— —
Forbs

Picea engelmannii seedlings, alpinum, Ligusticum , TY AT

Antennaria parvifolia

f homb 3 d [ g sa) performed best ir ¢
Saxifraga rhomboidea, and [ ia a) performed be 1 th ordifolia

sia scopulor
free category (Table 5-5). Five species (Draba crassifolia, vmn%: 1517‘:1“—‘1)7‘.“;
Draba crassifolia
>flexa reached 'J_—‘:L]"" __TIET
Erigeron peregrinus
Erigeron ursinus

ovina, Poa nervosa and P.

frequencies in the latest snow- free date group, but none of
th patterns were statistically significant. Mos species) of the
) *Ligusticum filicinum
prevalent understory species performed best in the carliest snow-free Polygonum bistortoides
E Potenti gl
te sgory, b z » mrOUL 3 specics hie 5 s -2 —
date category, but a sizeable group (13 species) achiev b Ranunculus inamoenus
" *Saxifraga rhomboidea
age freq / in the medium release-date group (Table 5-5). I Seneclio Integerrim
ibbaldia procumh-as
dered was able to maintain ¢ ast a few individual n Stellaria umbellata
paYTy:

';\’
11

the latest snow-release-date group.
The understc mu y of the ecarly
similar to that of
(1963) similarity index. The understory
zones was 64% similar. The medium and late-releas
milar. Thus, al iovgh average snow-frec
11most weeks later than in the medium-releasc

f the understory was quite similar in the group




Continued

Relative Snow-Free Date Relative Snow-Free Date
Early _Medium _Late Early Medium Late

— = A

Species N ) ____Frequency ) Cover

Graminoides
Agrostis humilis
Carex nigricans
Carex pseudoscirpoides
Carex rossii
Danthonia intermedia
'[ﬁ:_é_ch;lrrysini caespitosa
»l’-'c__r‘tucu ovina
Juncus drummondii
Lu :u—l_—". $p] i__c—_.'i:thA

Phleum alpinum
arctica
nervosa

reflexa
[risetum spicatum

Cryptogams
rimmia alpestris

Polytrichum sp,




mule deer (Odocoilcus hemionus) were also ¢

snow appearcd not to liscourage

Table 5-6. Percentage of quadrats in each snow-free-date zone

showing evidence of the presence of cach animal liste
)‘ata are an average of the 1978 and 1979 ples. None
»f the reported differences between zones are statis-
tically significant. The test criterion for signifi
was the .05 probability level (analysis of variance
test).

ant

Relative Snow-Free Date

Animal Early ~~ Medium

Frequency

Domestic Sheep

Mule Deer
Pocket Gopher
Red Tree Squirrel

Snowshoe Hare

Uinta Ground Squirrel



Physical and chemical characteristics

Characteristic

Exposure (Degrees)

Slope Steepness |
Surface Stone (%)
Soil Depth (dm)
Soil Texture
Sand (%)
Silt (%)
Clay (%)

Chemistry
pH

y

0 - S

5 -15.0

hangeable

l)-‘)

.5 -15.0

-hangeable

0 - 2.5

.5 -15.0

-hangeable
0 - 2.5

-15.0

\!L‘pt h
depth

Calcium
cm (ppm)

cm (ppm)

Magnesiam
cm (ppm)

¢cm (ppm)

Potassium
cm (ppm)

cm !;‘]‘ZT.]

Relative

of the plots 1in

Snow-Free

edium

Date

ich

snow-release-

Significance

F-Value for

date

of

ANOVA

zone.,




Table 5-7. Continued.

Characteristic

Phosphorus

Available

0 - 2.5 (ppm)

-~ =

-15.0 cm (ppm)

-

Soil Organic Matter

0 - 2.5cm

2.5 -15.0

F-Value
NS = Not
at .01

statistically significant,
level.

Early

-

Relative Snow-Free

Medium

significant at

Date

Significance ot

F-Value for ANOVA

igniticant




ason, but soil formation processed would be mnly slighlty affected
before changing troe cover forced ch s and/or location
of snow drifts.

It is interesting that the 1ting macroplots have more cal-

cium and potassium in t 2.5-15 cm depth layer of soil than do the
plots that accumulated less snow (Table 5-7). That fact reinforces the
nt mode above concerning the probable impermanence of deep drift
If deep drifts were always where they are now, once would have

expected the soils of those sites to have been heavily leached or, at

least, more leached than sites having lighter snowpacks.

DISCUSSION

The large differences in soil organic matter (Table 5-7) between
the snow-frec date groups is probably attributable to differences in
pling procedures. Soil samples for the early and medium releasc-date

groups were c Ilected in 1976: ples from the late-release zone were

collected in 1980, ar to have removed different unts

of the humus layer prior
In agreement with Landis and Mogren (I e have been unable t
a change in
snow. Likewise
now even though our
15 our carliest
(1975) that Vaccinium scopariu

snow-free date (Table

The trend toward less plant cover on later snow-release

statistically significant, however, in our study.

nervosa and P, reflexa to increase with late lying snow as did

Other species common to this study and that of Knig

ved differently in response to late lying snow

area than in Wyoming. Whereas Erigeron peregrinus, Heitucium

Polytric juniper and Sibbaldia pr imbens increased on
sites in the Medicine Bow Mountains, ti i 111 declined
late snow-free plots of the Uintas (T: ’ . The diver
for these two studies are probably attr
spectrum of snow-free dates considered.
transects for which snow-free date was later than
sites did not reach the 75% snow-free condition until July

It should be noted that understory plant responses
reversed in the spruce-fir and lodgepole study areas considere
report. Late lying snow in lodgepole pine forest
nervosa habitat type) tended to increase understory
ductivity and almost all herbs performed best in

1). contrast, understory production and

zone (sce Chapter
declined on late-n
parium habitat ty
the prevalent spe
lying snow. Neve wless inderstory production declinec
on the averag »tween our carliest and latest snow relea

days

0.86% in understory

Knig

gracile,

late

solute

SNOW
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ABSTRACT
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1gure 6-2. '"Snow-poles' were used to locate centers of macroplots.
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Table 6-2. Continued. Table 6-3. Average vegetational and snowpack

are averages of the four yecars of study. 3¢ > data drawr

pH (1977) and Harper et al. (1978b)

phosnhorus (py

potassium (ppm) ha 112 3 g +66

calcium (ppm) 2 1089 t,‘,n‘ 1118 t}nn Characteristic

magnesium (ppm) ¢ ; 201 5 3 +68 No. species/0.02 ha

No. species/O0.

Moisture stress of Antennaria parvifolia s Total living cover (%)

leaves on Aug. 10, 1978 (bars) Production (g/m")

y Composition of above-ground

pth to impenetrable material (usually stone) as mined with a thin metal Production
rod. Forbs (

Graminoides (

April 1 Water content

Ave. melt date (June)













Table 6 A nse ¢ 3 the snow relecase

gradient. Each value represents ving ro ¢ species averaged

the years
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and April lst water r s tl 3 variables that

snowpack water content

Snow-Release Date and Phenolc
visited twice weekly during the growing
Figure 6-5
e initiation of flowering of a variety of s study areca
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had initiated flowering. The tlowering periods for forb

ar in

initiation dates and duration of

reported for the three snow-rele:
floral initiatic ate was delayed 5 days when
snow-release date s Jdelaved 8 days. This is ay delay in floral
initiation f rac ay of delay in snow-rele:
June and July) scem to t orc likely
fates than spe s which flower later
stat nificant, however.
i st

xamined showed
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Figure 6-6. Flowering periods of several graminoid species in the study area during 1978.
Flowering periods in 1978 were approximately one week later in the 1977 season.
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Species
Caltha
Trifoli
Potentilla diversifolia

lewisia

lji‘, x‘mr 3 1}"7! !Lh'"-
rsinus
Gentiana calycos

Polygonum bistortoides

Ligusticum filicinum

Senecio i

Average duration of

Species

Lewisia p

Viola adunca
\'f-m-un integerri
Caltha ley

unculus

grinus*

1a scopulorum*

* The three latest blooming specic

of

the

ninc

considered.




Duration of flowering period
sonitored. Late snow-release date
the initiation of flowering in for

floweri species may be more affected
SUMMARY CLUSIONS

floweri than later flowering species

Our data der rate ¢ '¢ts of incrcasing snowpack on subal-
I cach of several forbs appears to be le
pine meadow comm : variables (slope, exposure, soil . .
J dates. This phenomenon probably means
texture, and pH ne fer rongly between snow-release zones in
: in the study area because
this study. Those vari do vary were expected to be directly
tions.
or indirectly influenced by thw vendent variable of additional snow. 0 < i
The ve at ] mmunity is d ribed and preval
The depe ibles which are negatively correlated with increasing
are noted. Individual species responses to increasing show
snow an 2 ng later snow-release dates are soil depth, organic <
species prefer the late-release zone while only 6 prefer t
tter, plant moisture s s total living plant cover, number of s =
release zone. Ten species show no preference for snow-relea
species per quadrat and plant production. Four variables, number of : . )
The 14 species which prefer the late release zone contributed
species per macroplot, e posed rock, forb production and total flowering
cover on the average than those which prefer the carly
period arc positively 1ssociated with increasing size of the snowpack. "
5.1% respectively).
Three very different climatic regimes characterized the study area

during the period of record. This variation allowed us to study the
dymanics of seasonal response of the subalpine meadow species to f-
ferent climatic patterns. Both plant cover and production varied
favorably in responsc to increased growing scason precipitation.

Percent forb cover and forb production appeared to be preferentially
favored by ecarly season sampling, while percent gri inoid cover and
graminoid production showed an opposite trend. sraminoid production was
down 38% with approximately 20 day del: n tt w-release date.
Plant phenology was delayed 3 snow-release date because of the
*catching up' phenomenon noted by Scott and Billings (1974) and Weaver

and Collins (1977).
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ABSTRACT

Snowpacks on the high, windswept herblands of the alpine zone of
the Uintas vary little from year-to-year, since only snow protected by
physical objects such as rocks, robust clumps of vegetation and ridge
crests remains on a site. Plant cover and plant species diversity are
positively and significantly correlated with deeper snowpacks on alpine
sites exposed to wind. Deep, persistent drifts accumulate on the lee-
ward side of ridges in the alpine zone: plant cover is dramatically
reduced on such sites, but the areas so affected are small. The herb-
lands are dominated by broad leaved herbs; graminoid specics generally
contribute less than 40% of the total above-ground production. Produc-
tion aveszged about 800 kg/ha/yr in this study. Production can be
expected to decline in the summer following an unusually cold winter
with minimal snow cover. Vegetation is highly heterogeneous in the
alpine herblands with the species complement of exposed sites being
almost totally different from that on sites that are usually covered by
even moderately heavy snowpacks. Soils supporting this community type
are shallow, moderately acidic and heavily leached. Sheep grazing is
the primary economic use on these lands: wuse is locally heavy enough to

result in soil instability.

INTRODUCTION

Alpine herblands alternate with barren rock outcrops over extensive

arcas above timberlinc in the Uinta Mountains. Lewis (1970) estimated

that the alpine zone in the Uintas included about 1,012 km™ (250,000

acres)® L.e apparently considered the alpine to include onrly areas above

5> m (11,000 ft). We calculated from Ridd's (1978) vegetational map
of the Uintas that the ( ibove timberline in the Uintas includes

5

about 1,862 km™ (roughly 460,000 acres). About one-third of that area
is essentially barren of vegetution, consisting of exposed bedrock,
talus rubble, and cliff-terraced slopes. The remaining land (
or 307,000 acres) carries pgetative cover of variable density: dry

meadows, wet meadows, cottongrass bogs, low willow thickets, and cushion

plant communities are commor. in the zone.

STUDY AREA

OQur studies were conducted on the north slope of Bald Mountain
(Township 2 north, Range 13 east, south half of section 30), Summit
County, Utah, at an elevation of m (11,066 ft). The last remnants
of timberline disappear just a few hundred meters to the south and west
of our study plots (Fig. 7-1). The study areca is a dry alpine meadow
(Lewis 1970) on nearly flat terrain with moderately well developed
suils. Elevation declines rapidly to the west of the study area and
more gently toward the east. Prevailing westerly wind scours snow from
the entire study area, but removal is morc complete on the west end of

the area. The site is slightly convex: sampling plots that slope to




the west (Nos. 11-21) are a > to retain more
snow except under unusual conditions; plots
(Nos. 1-10, see Fig. 7-1) accumulate progre
gradient from west-to-cast, Since clevational
gradual across the study area (less than 3 m), all plots
windswept and none retain all the snow that falls. Thus snowpack
not hcavy on any plot in any year.

Soils at the site are derived from res peological mat 1]
The geological stra 1 en disturbed by faulting and left standing
nearly vertical t t AT es on the transition zonc between Red
Pine Shale and Mutua rmation quar f upper Precambrian
(Stokes and Madsen 1961). Plots on the west f » study area are
ore influenced by the ale >ss by the quart:zite parent material,
The reve
coarse ti n north of the study
the edge of the quartzite
shale has been eroded away.

Although a precipitation storage gauge was not maintained at thi
study area, nearby storage guages maintained by the Soil Conservation

Service suggest that the area must receive in the neighborhood of 75-90

vear with about 20-25 f that total falling

during the period July-September (Whaley

METHODS
Figure 7-1. The location of 21 macroplots on the alpine herbland
at Bald Mountain. The diagonal strip running from the upper
right-hand corner toward the middle of the lefr margin is a
steep slope of coarse quart:zite rubble. y-one 0.02 ha circular plots (macroplots) were established

transects that ran st and west across the alpinc herbland

BEST DOCUMENT AVAILABLE




studied (Fig. 7-1). On the basis of three years of data, macroplots
were assigned to one of three snow depth categories (April 1 data) for
evaluation of the effects of size of snowpack on plant parameters. Each
macroplot was permanently marked at its center with a steel reinforcing
bar. Exact locations of all macroplots are given in Harper et al.
(1979).

Twenty-five subsamples (quadrats) were regularly spaced within cach

macroplot. Each quadrat was circular and had an area of 0.25 m". To
facilitate relocation of quadrats, each was marked by a red, 9 ¢m long,
wooden dowel and a zinc coated 16 penny nail driven into the soil at the
center of the quadrat (Harper 1976 and Harper et al. 1979). The dowels
facilitated immediate relocation of quadrats, while the nail was consi-
dered to be invaluable in relocation of quadrats in the distant future
with g metal detector. Four-meter-tall poles painted red or black in
alternate, 1.0 meter bands were secured at the center of each macroplot
to permit exact relocation of the plot in winter and to permit esti-
mation of snow depth from photographs taken from a low flying plane.

At each quadrat, the following data were recorded: 1) all species
present, 2) total living cover, 3) the foliage cover of ecach species
shading the quadrat, 4) plant litter cover, 5) cover of rocks of dia-
meters in excess of 5 mm, and 6) the proportion of the total living
cover contributed by each of the following plant lifefcim categories:
perennial grasses, pcrunnle forbs, shrubs, annuals and cryptogams.
Cover in all cases was estimated using a cover-class method simiiar to
that described by Daubenmire (1959). Total number of species per
quadrat and per macroplot was also recorded. A frequency valuc was

obtained for each species by dividing the number of quadrats of occurrence

for that species by the total number of quadrats placed and cxpressing
the result as a percent. Percent frequency and percent cover values (F
X C) were mult ed for each species to yield an index of commonness
Ultimately all species were listed according to decreasing ¢ of the
X C index. The prevalent species were selected by counting down from
the top of the commonness list until a number equal to the average
number of species per macroplot was reached. This method of selecting
prevalent species is patterned after that described by Curtis (1959).

Annual, above-ground production of plants was estimated using the

o
method of Hutchings and Schmautz (1969) Four 0.25 m" quadrats were

equally spaced around and about 1.0 m from a central quadrat of equal
size. Production of cach of the major lifeform groups was then esti-
mated in each peripheral quadrat as a percentage of production of the
corresponding group in the central quadrat. The central quadrat was
then clipped by plant lifeform group and the tissue was oven dried and
weighed. Two clusters of five quadrats cach were sampled per macroplot
per year giving a total of ten estimates of production per macroplot per
year. The lifeform groups recognized for production estimates were
perennial graminoides, perennial forbs, and annuals: shrubs were absent
on these study plots and production of mosses, liverworts and lichens
(cryptogams) was ignored. Annuals never contributed more than 0.5% of
the current year's growth.

Soils were sampled in the fa!l of 1976. Samples were taken from
the 2.5-15.0 cm layer of the profile. Composite samples were assembled
from 12-15 subs les per macroplot. Soil samples were oven dried at
60°C and sieved to remove gravel and rock particles over 2.0 mm in

diameter. Samples were analyzed for texture, pH, available phosphorus,




and exchangeable potassium, magnesium and calciu Texture was de

termined by the hydrometer 1 hwod; pH was taken with a grass clectrode
meter on a saturated paste; phosphorus was extracted wtih 0.2 N acetic
acid and mecasured photometrically after complexing with ammonium moly
bdate; and cations were displaced with 1.0 N ammonium acetate and
determined by atomic absorption procedures. Soil depth was measured at
the center of alternate vegetational sampling quadrats with a sharpened,
slender (diameter 1.0 cm) steel rod that was pushed into the soil until
inpenetrable material was encountered. Thirteen depth probes were taken
per macroplot.

At cach macroplot, slope ».d aspect were determined using an Abney

compa Al: plant species at the study site were collected,

identificd and pl - w file in the Brigham Young Univers Herbariu
Plant nomenclature usually follows Harrington (1962): cies n found
in Harrington were classified using t flora of Welsh and Moore (1973).

Snowpack data were collected by photographing plots from low
flying, fixed-wing aircraft or from laborious overland trips into the
areca. Overland trips were made on sk while snowpacks were continuous
and by an all-terrain vehicle vhen large arcas became snow-free.
remoteness of the study area and stormy weather often made it imnossible
to obtain readings at the appropriate time; accordingly our snow depth
data for the April 1 date and our 75% snow-free dates for individual
macroplots are incomplete. A criterion of 75% snow-free was required

tt

since drifts occasionally resulted in small patches of snow that lin-

red after the bulk of the macroplot was snow-frec.

RESULTS
Snowpack
Snowpack apparently varies little from year-to-year
are Although April 1 snowpacks in 1977 were
record in the Uinta Mountains (Whaley and Jones 197
packs were near n al, April 1 water content of snowpacks on our Bald

Mountain macropl vas similar in those two years (Table 7-1). The

windiness of the site apparently results in removal of snow in excess

a certain minimum amount held in place by physical objects
rocks, clumps of hardy plant cover and the curvature of the ridg
Snow-f~ee dates were not obtained for all macroplots , but
in 1978 the plots became snow-free in early June. 79, the plots
were all free of snow before June 1 (Table 7-1). w-free dates were
late throughout the Uintas in 1978 (see Chapters 4, 5, and ¢
The macroplots were ass med to three groups that became snow-frec
at roughly similar times in the two years of record. The ecarly snow-
release group consisted of four macroplots (15, 16, 17 and 18 - see Fig.
7-1). The mid-release-date grou became snow-free about four days after
the first group and included eight macroplots (10-14 and 19-21). The

late-release group became fiee of snow ubout eight days after the mid-

release group on the average and included macroplots 1-9 (Table 7-2).

Soils and Site Characteristic
Many characteristics of the soil and site varied significantly
among snow-release-date groups. Since the study area extended across
the top of a ridge, both slope and uxposure varied significantly ong

release-date groups (Table 7-1).




e ot able 7-1. Continued.
Abiotic characteristics of the Bald Mountain study area. Table LEARue

All soil measurements were taken in 1976. Soil samples
are all from the 2.5-15.0 cm depth interval. Snowpack
‘ater content was measured on about April 1 annually.
Each zone average is followed by its standard deviation.

Exchangeable (
Calcium (py
Magnesium (ppm)
Potassium (ppm
Extractable
Phosphorus (ppm)

Test of Significance
Snow Release Zone of Differences Among
Characteristic Early Mid Late Zones (F - Values

No. Macroplots
Sampled

Exposure transf,rmed
Wensel (19656).

77 W : 1ficant a° the .05 level.
19 Water Content icant 1 evel

of Snowpack (cm) o "
- Significant at the .01 level.
Water Content
of Snowpack (cm)

1979 Water Content
of Snowpack (cm

1977 Snow-Free
Date N b Ca. June 1

1978 Snow-Free
Date June 6.5+40.0 June 12.0+1.8 Junc 19.1+0.4 163.70**

1979 Snow-Free
Date May 18.5+41.0 May 20.0+1.5 May 28.7+3.6

Exposure
(° from

Exposure ltodcd] )

Slope (%)

5¢il Parameters
Depth (cm) , 2 1.9+0. 2.02
Texture (%) B - -
Sand § 3 § 7 13.6+3. 29.79*¢
Silt 8 34.6+4, 9,23%
Clay 18 \ J ¢ 21.8%2. 2.42
Organic -
Matter (%) . 8+ 8.9+1, 10.4+1.6 5.39°
pH 6.1+0.1 v . 5.4+0.1 10.16**
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Table 7 Predicted acts of various relative increases in water
conter £ average April 1 snowpack on the Bald Mountain
across the gradient of progressively later snow release-dates (Table 7 g“.“"h > The rogression ‘equations are based on 1977 and
1979 sn icks and 1977 and 1978 plant data. In this area,
heavier snowpacks are predicted to trigger greater plant
growth. srage April 1 water content of snowpack was
13.81

(Table 7 In contrast, plant production does not vary significantly

2), but regression anal s shows an increasing, albeit m nsignificant,

t=end for the regression line for above-ground production on snow-free
Absolute Increase in Plant
Increase in lay in Snow-!ree Cover- Production3

___Date (Days)* ( olm

date (Table 7-3). The disparity in results for cover and production is
perhaps attributable to the increase of four grasses which procuce
considerable low cover but little weight in the late-release zone.
Carex pseudoscivpoidea, Danthonia intermedia, Deschampsia caespitosa
Festuca ovina all reached maximum frequency in the late-release zone

(Table 7-4), but all are represented by small stature ccotypes at

study site.

Regression equation: 2 653 X, where s of water
April 1 snowpack. Ccrrelation coefficient is + 0.958; regression
significant at 0.0i level.

The number of vascular plant species per quadrat is significantly

greater in the late-release zone than in cither of the ecarlier snow-free
Regression equation: Y = 55,33 ¢ 0.575 X, w s ¢m of water
April 1 snowpack. Correlation coecfficient A . regression
significant at 0.0l level.

zones (Table 7 . Thus late lying snow study site encourag

both more plant cover and more plant species diversity. The great

Regression equation: Y = 19.37 + 0.078 X, where X is cm of water
April 1 snowpack. Correlation coefficient is + 0,162; the regres:
is not statistically significant. The Y-variable is read in yg/u

ytogamic species diversity derives largely from rock lichens.

Plant production at the site averaged about 85 g/m” for the years

and 1979 (about 84% of the above-ground production for the sub-
1lpine meadow at lizabeth Ridge). Forbs contributed about 81% of the
above-ground production at Bald Mountain in contrast to 42% at the
Elizabeth Ridge Meadow (Chapter 6).

gression cquations predict that a 10% increase in average annual

snowpack should result in a delay of 0.7 day in snow-free date. That
amount of increase in snow would also produce an 0.8% increase in cover
and an increase of > § m" in above-ground plant production (Table
3) The regression cquations for decline in snow-free date and increase

in plant cover are highly significant statistically, but that for pro-

duction i ot significant (sec footnotes to Table




Prevalent species on the study areas. Species prevalent in the
light, medium, and heavy snowpack macroplots are so designated by
the letters L, M or H after the Latin name. Species whose fre-
quency differed significantly among snowpack :ones gre asterisked
in the list. Frequency is the percentage of 0.25 2“ subsamples
that contain each particular species in a snowpack zone. Cover
was ocularly estimated for each species in each of the 25 sub-
sazmples per macroplot.

FREQUENCY (V) COVER (%)

Size of Snowpack

Light Medium Heavy Light

Specie:

Forbs
*Achillea aillefolium L, M, H
Androsace seoten alis L,M,H

Antennaria parvifolia L,M,H

Arenaria congesta L, H
**Arenaria rubella M, H

Artemisia campestris H
**Artemisia scopulorum M, H
**Draba aurea L, M
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*Draba sp. L, M
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Ivesia gordonii
Lew'sia pygmea M
'.’.v_ch.T_s. drumsond
Ttersia viridis L, M
xﬂm'_'._T_ parry. L
ensteson uintahensis
Polygonum bistortoides L, M, H
**Potentilla diversifolia M, H
*Potentilla gra-ilis L
*Potentilla plattensis L, M, H
Saxifraga rhomboidea M, H
**Sedusn stenopetalum L, M, H
Stellaria longipes L, M, H
Thlaspi alpestre L, M, H

**Trifolium dasyphvllum L, M
Trifolium parryi L, M, H
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Graminoides

**Agropyron trachycaulua L, M
Ca~ex aicroptera M, H
e

*Carex gever: L

Table 7-4, Continued.

*Carex pseudoscirpoi
**Deschampsia caes

Festuca ovina L,

Luzula spicata M,
**Poa alpina L, M, H

Poa sp. L, M

Trisetum spicatum L, M, H

* - Species average frequency differs significantly among
.01 <P < ,0S.

** . Species average frequency differs significan
P < .01.

snow-free

da




Nincteen of the vascular plant species achieve maximum frequency in Table
the early snow-relecase zone, five other species perform best in the
moderate-release date plots, while an additional 17 species show pre-
ference for the late-celease-date zone (Table 7-4). Twenty-eight of the
11 species considered show statistically significant preferences for one
snow-release zone or another, with slightly more of the species showing Plant

Group
a preference for the early snow-release zone.
Forbs
The two commonest species on the basis of cover on the Bald Moun-

tain study area are legumes, Trifolium das 'Lh‘vllum and [ parryi.

Those two congeners prefer different ends of the snow-release gradient
with the latter species preferring spots with late lying snow. Other
abundant species are Artemisia scopulorum, Draba oligosperma, Ivesia

~_nrdnn_x_z, l_f a pygmea, l'_u_l ygonum I>)x(ur_tuxdg_-n l‘i(_cnn 11a di versi-

folia, Potentilla plattensis, Sedum stenopetalum, Deschampsia caespi

tosa, Festuca cvina, and x‘\u Ll_} ina (Table 7-4).

The data show that ter prevalent species from the subalpine meadow
on Elizabeth Ridge (Chapter 6) are also pr. alents on the Bald Mountain
herblands considered here. The prevalent species common to both studie
are Achillea millifolium, Antennaria parvifolia, Artemisia scopulorum,

lewisia pygmea C onum bistortoides, Potentilla diversifol

folium parryi, Carex pseudoscirpoidea, Danthoni
Interestingly, all but the first named
reach maximum development on Bald Mountain on the late snow-release
sites (Table 7-4). Snow cover apparently makes the environment more
moderate for thesc lower elevation species.
Table 7-5 demonstrates that apparent alove-ground plant production

is reduced by late sampling. The 1976 sample for production, taken in

Graminoides

Above-ground plant production data for the Bald Mountain
alpine herblands in 1976, 1977, and 1978. All data are
oven dry weights reported in grams per square meter. Data
are arranged according to snow-free date zone. Weights for
perennial forbs and perennial graminoides are reported
separately in an attempt to evaluate influence of harvest
date and wet summers on those two plant groups. The plots
were harvested in mid-September in 1976 and in mil-July

in 1977 and 1978.

Snow-Free Date
Zone

Average

Early . 50. 8 58.0

Average
Early

Mid

Average
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Vegetational similarity among the three snow-releasy zones
described in the preceding tables. Similarity was evaluated
using the Ruzicka (1958) index of similarity and fr:quency
data for the speci in each macroplot. In these analyses,
the vegetation of each macroplot was individually compared
for similarity with every other macroplot. In the matrix
below, the values represent averages based upon the

similarity of each macroplot in one snow-releasc group w
every macroplot in another snow-release group. The all
possible combination average permits one to compute not
only between group similarities, but within group similari-

ties too. larity of one group with itself represents
internal enei or similarity.

Snow-Relcase

Moderate

Early
f 10w~
R:lease Moderate
Zone
Late




similarity; such an analysis shows that vegetation is highly variable here about 0.5 km from our study plots. As a consequence, the study

within each of the three snow-release zones at Bald Mountain. Within area receives heavy sheep grazing at both the beginning and the closing
zone similarity there was 53, 39, and 57% respectively for the early, of the grazing scason. Continued heavy usec ias induced some soil in-
moderate and late snow-release zones in those alpine herblands (Table 7 stability near our study area. Our permanen. plots will provide useful
6). Even though within zone similarity was low in those analyses, monitorinyg points for evaluation of the longterm impact of sheep grazing

internal similarity was always significantly greater than between zone on community composition and soil stability in future years.

similarity.

The dry meadows considered in this report are some of the more
successionally advanced plant communities in the alpinc zone of the
Uintas (Murdock 1950, Hayward 1952, Lewis 1970). Hayward (1952) de-
scribed the native animal associates of this type of community. He
found such areas to be used for nesting by the pipit and for foraging by
the marmot and pika. Dipteran insects were found to dominate the inver--
tebrate community by Hayward (1952). Thilenius (1975) noted that sheep
are the principal domestic livestock using alpine communities such as
that studied on Bald Mountain. Sheep are better adapted to cold, windy
alpine environments than other domesticates.

Wagner (1973) reported soil reaction values for high alp.ne herb-
lands near Mt. lovenia and elsewhere to the south of our study arca in
the Uintas: many of his meadow soils register pH values between 4.0 and

.0. Our own data (Table 7-1) also show highly leached soils, but they
are less acidic than those reported by Wagner (1973).
The Highline Trail, a main access route for sheep grazing the

alpine areas of the Uintas, crosses the Bald Mountain herbland considered







CHAPTER 8

SILVER CONTENT OF SOILS AND PLANTS
ON THE NORTH SLOPE OF THE
UINTA MOUNTAINS, 1978

K. T. Harper

ABSTRACT

Silver content of 41 soil samples from four ecosystems on the Norti

Slope of the Uinta Mountains is reported. Silver content averaged about

9.9 ppm in the s les: no significant difference existed in soil silver
concentrations among lodgepole pine forest, subalpine meadow, spruce-fir
forest, and alpine herbland ecosystems. No difference was found in
silver content of soils overlain by snowpacks that varied greatly in
water content and time of disappearance.

Silver content of 49 plant samples from the same area averaged
Ppm on a dry weight of tissue basis. There was a tendency for dicoty-
ledonous herbs to accumulate more silver than monocotyledonous herbs,
but the difference was not statistically significant. There is a weak
but statistically significant trend for silver content of dicot herbs to
be positively correlated with silver content of associated soils.
Silver content of monocot and dicot herbs from the same soil was not

significantly correlated.




Silver iodide is currently the preferred ice nucleating agent in

weather modification operations (Klein and Mulvey 1978). Approxi nately

3.1 x lllh g of silver are released annually into the atmosphere as silver
iodide in connection with weather modification programs. Although this

is a formidable amount of silver, it accounts for only about 0.15% o

the total silver relcased into the environment annually (Klein and

M:ivey 1978). wring the winter of 1979-80, over 1.55 x 107 g of silver

were released during cloud sceding operation in the state of Utah
(Summers 1980).

Authorities agree that silver iodide is so insoluble
leases little ionized silver into the environment, and thus
likely to pose an environmental problem (Cooper and Jolley 1
Nevertheless, the silver ion is among the most toxic of heavy metal
ions, particularly to microorganisms and fish. Since the possibility
exists that silver iodide may be ionized at accelerated rates in unusual
microenvironments, Cooper and Jolley (1970) considered it prudent for
the nation to regularly monitor all sources of new silver entering the
environment, but decision makers have considered the issue to be of
insufficient irportance to merit such complete monitoring. Neverthe-
less, background levels of silver are often established for areas where
weather modifications programs are being conducted or anticipated.

This report presents the results of 90 analyses »f surface soils
and vegetation for silver on the North Slope of the Uinta Mountains,

Utah.

METHODS

In order to improve the likelihood that silver additions to the
environment from cloud eding might be detected and separated from
background concentrations, soil and plant sampies were taken from the
zones that regularly accumulate the heaviest snow drifts in cach of the
four major study areas considered in this report (Fig. 1-1). Zones
where snow drifts did not accumulate were also sampled in each arca.
These study areas are situated in 1) lodgepo’= pine forest (site 1
average elevation 2,760 SE 1/4 of Section 3, T. 2 N.

site 2 average clevation 2,846 m, NN 1/4 Section
2) subalpine meadow (elevation 3,203 m, SW 1/4 of section

3) spru.e-fir forest (elevation 3,203 m, S / f section

11 E.), and 4) alpine herbland (elevation 3,373 S 1/2 of

13 E.). All areas are in Summit County, Utah.

yjected weather modification plans for the North Slope of
the Uinta Moun ns emphasize winter orographic clovd seeding for snow
augmentation, I have assumed that silver, the artificial ice nucleating
agent likely to be used, will accumulate faster in drifted than un-
drifted sites. In each of the four study areas, a composite sample of
the surface centimeter of mineral soil (the litter layer was removed
prior to sampling) was taken at 5 permanently marked vegetation moni-
toring plots known to accumulate heavy drifts and at 5 other vegetation
monitoring sites that are known to have consistently light snowpacks.
Each composite sample was taken from at lecast 12 different spots within
a given vegetation plot (plots were 0.02 ha in area). Samples were

taken with a stainless steel soil sampling tube inserted parallel to the




soil surface so as to remove a sample 1.0 cm deep. Soil samples were
taken in late July 1978 and mid-July 1979,

Samples were stored in plastic bags and transported to the labora-
tory within 72 h of collection. In the laboratory, samples were spread
on paper towels to air dry. Dricd samples were passed through a 2
brass sieve to scparate gravel and large fragments of plant tissue.
Material passing through the sieve was rebagged in plastic and delivered
to the chemist for analysis.

Plant samples were taken during the last week of July 1978. Indi-
vidual species were collected for analysis from the cubalpine meadow and
spruce-fir forest study areas on Elizabeth Ridge. Only current

twig growth (including both stem and foliage) was collected for trees

and shrubs (only one shrub, }.lcclnum scoparium, was sampled). All

above ground, current year's growth was taken for herbaceous species

samples. Samples of both woody and herbaccous species were composited

from a minimum of 10 different individuals scattered over a 0.5 ha area.

Composite samples consisting of all above-ground tissue of herbaceous

monocotyledonous or dicotyledonous species within 2 objectively placed

5 m" quadrats were taken from all of the vegetation plots that were

sampled for soil content of silver. Since herbaceous growth in the two
quadrats clipped in a single plot was often too meager to produced a
mple of adequate siz for analysis, samples were sometimes pooled with
other samples of the same plant group, vegetation type and snowpack zone
(i.e., light or drifted snowpack).
Plant samples were collected and stored in paper bags. When air
dry, samples were ground in a Wiley Mill using a stoinless steel

siceve

with 0.1 mm openings. Ground samples werc stored in plastic containers.

Both soil and plant mples were anal!yzed by chemists at Billings

Energy Corp. The sare analytical procedures were used for both soil and

plant samples.

Samples were digested in a mixture of HNO_, HC10, and
3 3

H‘SUX acids. Silver was determined in the digestate using atomic ab-

sorption procedures. A reagent blank was included with each batch of 20
samples. A duplicate sample was run for every 10th sample. All plant

samples werc run by the same analyst in an interval of onc week.

Twenty-five soil samples were run in carly 1979 by onc technician; 16

additional samples were run in late 1979 by another technician.

RESULTS

Soils show a range of from .04 to 36.2 ppm of silver and an average

of 9.89 ppm silver for 41 samples (Table 8-1). Plant tissue silver

content varied from .01 to 1.43 ppm with an average of .18 ppm for 49

samples (Table 8-2). Based upon the data reported in Table

8-3, silver

content of soils can be shown to not differ significantly among study

r between drifted and undrifted sites within any onc study area.

The various plant lifeform categories recognized in our sampling

program (i.e., trees, shrubs, graminoides and forbs) display average
silver contents that differ widely from one group to another, but due to

high within group variance, only shrub tissue silver content can be

shown to differ significantly from other groups (Table 8-4). Since only

one species (Vaccinium scoparium) is included in the shrub category, the
conclusion that chrubs as a group take up less silver than other plant
groups

is unjustified. A more realistic comparison would seem to be a

comparison of the silver content of all woody plants versus silver




Table

WV oo et e
.

8-1.

Silver content of the surface mineral soils (top 1.0 cm)
of sclected study plots within the four ecosystems consi-

dered in this report. Asterisked samples were run by the

same laboratory but a different technician than unaster-
isked samples.

Ecosystem and Relative Weight of Silver Content

Plot No. _ April | Snowpack _ _epm)

lx)dkcpolc Pine #] Light
"oe3 '

4

Subalpine Meadow
" "

Light

“ e owow
Vo

Overall Average

Table 8-2. i r content of selected plant species and groups of
species in the Uinta Mountains. Collection sites for
plant tissue are given for all samples. Current year
twigs only are included in samples for woody plants.
Where multiple plots are listed for a sample, tissue from
any one site was inadequate to make a sample large enough
for analysis. Ler*.:s in parentheses often composite
samples indicrie whether sample came from an area of
light (L) or heavily drifted (H) snowpack.

Species or Group

Abies lasiocarpa
Picea engelmannii

Pinus contorta

W).\OCOT\I‘DO\OUS HERBS
Danthonia intermedia
Deschampsia caespitosa

Luzula spicata

Poa nervosa

DILO'N LEDONOUS HERBS
Antennaria parvifolia

11) Artemisia scopulorum

1 Lewisia pygmea

12 Polygonum bistortoides

13 Saxifraga rhomboidea
14 Senecio ntcscrrmus

COMPOSITE SAMPLES OF SHRUBS
15 Shrubs (L)
16 Shrubs (L)
17 Shrubs (L)

Collection Site

Elizabeth :llds," Forest

Meadow

Spruce-fir Plot

COMPOSITE SAMPLES OF MONOCOTYLEDONOUS HERBS

18 Monocot Herbs (L)
19 " " (H)
20 (L)
* &)
(H)
(L)
(L)
(L)
(H)
(H)
(H)
Hcrbs (L)
(L)
(H)
(H)
(H)

10V &N

O ®

(RIS N

PAR SIS

Spruce- n— Plol, M, 5T,
i 51, 'S2
Lodycpolc Pxnc Plots 1,
" s1

Elizabeth Ridge Meadow

Bald Mt. Tundra




Table S8-2. Cont ~d.

Table 8-3. Silver content of the surface centimeter of soils at the four general study areas utilized
COMPOSITE SAMPLES O: oICOTYLEDONOUS HERBS i; this study. Results are reported separately for spots that accumulate large drifts
Dicot Herbs (L) E beth Ridge Forest ST, § f snow and nearby, undrifted sites.
' . ) " "
(H) Lodgepole

(H) S > . E Study Vegetative Snow Sample Mean Ag Content
k (L) Elizabeth Meadow 3 . Area ver 5 Size and d
39 (L) " T —“ - T T
(L) .o East Fork Blacks Fork Lodgepole Pine Undrifted
4 (H) -( Drifted
42

43 . Elizabeth Ridge Spruce-fir Undrifted
14 . Drifted
15

Elizabeth Ridge Meadow Undrifted
47 . Drifted
48 ! )
19 ’ . Bald Mt. Alpine Tundra Undrifted

brifted

Overall Average




Table 8-4. Silver content of tissue of plants from various lifeform content of each herbaceous plant group. That comparison has been made

groups. Plants from all study areas are pooled in this
analysis. results show that silver content of woody plants is not significantly
smaller than that in either graminoid or forb herbs, although the re-
Plant Average Ag Content (ppm) - A
5 dard Error sults approach significance for the woody plant forb comparison.

b

Lifeform i i Fol lowed

Trees In Table 8-5, the average silver content of all plant samples

Shrubs (irrespective of lifeform) from each major study area is reported. The

Graminoides highest average silver content of plant tissue thus pooled (.31 ppm) was

found in plants of the lodgepole pine forest on the East Fork of Blacks
Forbs I

Fork. The lowest average silver content of plar

for plants from the spruce-fir forest on Eli
ever, large within group variances rendered all differences non
ficant in a statistical sense.

The possibility exists that plants in zones of heavy snowpack take
up silver in different amounts than do plants in areas having light
snowpacks. We have combined forb and graminoid samples across all study
areas to test the foregoing possibility. The results (Table 8- show

no significant differences in silver content of plants from zones of

light and heavy snowpacks.

DISCUSSION

The silver content of soils varies widely. Singleton and White
(1975a and b) report values ranging from .032 to .061 ppm silver in
soils of the Medicine Bow Mountains, Wyoming. Teller, ( ron and Klein
(1976) give natural silver concentrations in soils of the San Juan

Mountains ranging from .06 to 3.38 ppm. Chaffee (1972) found from

than .5 to 70 ppm silver in soils of the Empire mining district of




Table 8-5. Silver content of plant tissue from our four general
study areas, All samples froa cach area are averaged 12
this summary.

Study Sample Average
Areca Size _and Star

East Fork Blacks Fork 5
Elizabeth Ridge Forest
Elizabeth Ridge Meadow

Bald Mt.




217
- o 5 Creek County, Colorado. Chaffee cor
able 8-6. Silver content of plant samples grouped according to lifeform
and snow It date at the site of collection. Samples silver were elevated above normal backgr

from all study areas were pooled for this analysis.
Based on the foreguing values, the av ¢ silver content

L 9.0 ppm found in soi of our study arcas on the
Lifeform
Forbs Graminoides Uinta Mountains are unusually high but still within normal ranges

Snow Melt Date
the region. The levels are far below those shown to be required

Early

depress metabolism of biological systems when insoluble forr

rerage Ag C o . .
Average ‘Ag (Content such as silver iodide are applied to soils (Klein and Sokol

(ppm) .18
Weaver and Super 19
Standard Error .060
. . Silver concentrations ir lant
Sample Size V
. Cannon (1960) rized the
rificance of
rence ¥ > he as} F over 1000 plant species

and White

plant tiss ind Klein
and Sokol plant
found from ppm silver
County, Colorado, and from

aspen leaves. Shacklette

(1965) reports vascular plant
based on a sun r of alyses « 1,500 species.
lver concentrations i ssue in this study averaged
Silver concentration in
vascular plants of the h Sl I 1ita Mountains thus well
within the lim

Both Singleton ind Sokol (1976) show

that plant tissue conte silver incre: as silver is artifically




added to the sc h upports the
strong and reliable when silver is added to soils in a soluble form such
as AgNO In the Uintas, our data show a w but statistically signi-
ficant (.05 probability leve corrclation between content of silver in

soils and herbaceous dicots or forbs (r = .506, N 16) but not for

graminoid (monocot) plants. When silver content of monocot and

dicot
tissue form the sa sampling plots is correlated in our study, therc
a positive but statistically nonsignificant corrclatior
only a weak corrclation between the silver content of

ociated plants. We also find that one cannot predict

dicotyledonous plants from a knowledge of silver content
ledonous plants in

show skewed dist
cloud sceding
in plants

contents. Accordin

Blacks Fork,
study, but the deep rooting habit
plant may isolate th silver additions sulting
ceding.
shallow, root sys mono yledonou
suscept le to silver acc ating or t oil surface.
monocot herbs on snow cu

for future monitorin progra
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ABSTRACT INTRODUCTIC

2 The exactness of our knowledge of the natural world is dependent
Four major plant communities (lodgepole pine and Engelmann spruce

upon the accuracy of the sampling procedures cmployed to gain infor-

forests, subalpine meadow and alpine herbland) have been sampled for

on. In order to accurately describe a natural community, the sample
three or more years. Problems associated with sclection of sample unit AtLC . Sele e : d

3 ) . n J awn from the full rang f variation within the community and
size, number of samples required for adequacy, observer cffects, and the must be drawn from th > . » b

m e of sufficie ize t ti e the true parameters of the com-
statistical advantages imparted by permanent versus annually relocated must be of sufficient 30 e 1 = ¢

munity within narrow limits. Numerous investigators have suggested
sample sites are considered. Our results show that the sample size : s

- 2 C »s for 3] 3 the ze of sample required to adequately
required to detect community changes of a given magnitude with a speci- techniques for determining the size of sample required to adequate

. c o e *SC » a population (Ca 934 $ »c and Stewart 1941, Rice 1967,
fied level of confidence is affected by community structure, absoclute describe a population ain 1 . s £e BT £

- Snedecor and Cochran 1967, Mueggler 1976, and Cook and Bonham 1977).
abundance of the species (or magnitude of the characteristic) being agss e y CERIC . < ‘

. Other workers have considered the most efficient method for arawing
sampled, morphological characteristics of the species of concern, and

samples fr the universe of concern (Pechanec and Stewart 1940, Bour-

whether or not the sampling units are relocated annually. Heavily

. jeau 1953 and Eddleman et al. 1964). Still others have devoted at-
vegetated areas are more casily sampled to a given level of adequacy sosb ) and kdale othe e h

; tention to the question of proper sampling unit si
than sparsely vegetated areas within the same community. Herbaceous 1 il J

- £ . tional studies (Day 192 C1 3 Bormann 1953, Eddlemar
layers of forests require larger samples than herblands of equal abso- ‘ ‘ !

. 1964 and West and Baasher 1968). a of the preceding references,
lute cover. Common species are more easily sampled than uncommon

= the authors emphasize that if one wishes to describe a communi with a
species; broadleaved herbs are easier to sample to a given level of ™ N

known degree of confidence, good sampling design is
adequacy than grasses or grasslike species even when both have equal & B 5 ) g

.. . > . gement programs
cover and frequency, Ways of increasing the efficiency of long-term i L 2

monitoring programs in plant communities are suggested. plant community structure; composition @nd/ox jproduction; Hanagers
frequently desire to know how some community characteristic vari
time at riven T space along gradients of known environmen
change. It i S ften necessary to predict carrying capacity
a plant community for some animal or group of
Since a complete inventory of the vegetation of any sizeable area would

be prohibitively expensive in terms of 1 t > and money, the popula-

tion parameters of interest must be estimated from s . If samples




arc drawn in corn iance with proven statistical methods,
acceptable accuracy can be made for large areas.

The Water and Power Resources Service of the U.S. Department of
Interior and the Utah Division of Water Resources are currently inves-
tigating the possibility of cloud seeding winter storms to augment
winter snowpack and subsequent streamflow in the Uinta Mountains of
Utah. The sampling program reported here was initiated to estimate long
term effects of deeper snowpacks on plant communities of the Uintas. In
this report, we describe various aspects of our investigative thods and
give our recommendations for sampling designs for detection of long-

range trends.

STUDY AREA

The primary study area for this analysis is located on the northemn
slope of the Uinta Mountains in Summit County, Utah. The arca that will
receive primary phasis lies at about 3,200 m elevation on Elizabeth
Ridge, a north-south trending prominence which forms the de between
the Great Basin and the Colorado River Basin drainage systems. The arca
appears to have escaped glaciation during the Pleistocene, because
its isolation from large areas wherc ice might accumulate (Han
Two major plant communities arc represented within the study area.
first is a subalpine meadow dominated by perennial ss and for
The second is an n spruce-fir forest with trees forming the dJominant
plant cover. Results for these two communities will be compared with

results from lodgepole pine and alpine herbland communities in

to test the gencrality of conclusions.

The sample size (number of .02 ha macroplots) for spruce-fir and
lodgepole pine forests was 36 and 25 respectively. Twenty-nine .02 ha
macroplots were monitored in the subalpine meadow and 21 macroplots were
sampled in alpine herbland.

The study area on Elizabeth Ridge is situated on the nearly flat

the ridge. Drainage water moves slowly from east and west across

il depth increases down the drainage gradient; thus soils

illow along the castern side of the ridge and gradually increase

in depth across the . m wide study area. Spruce (Piceca engelmannii)

have established on the shallower soils

to the c¢ast but appear unable to rade the subilpine meadow where soils

de ind more uniformly moist r hout the year. The soils are
derived from late Tertiary alluvium parent material is uniform across
the study area, but organic matter content of the soil increases down
the drainage gradient.

Although total elevational ange across
than two meters, the open fore to the cast causes the pr
winds of winter to beg t | t their burden of snow more

than 100 m in front of the forest edge. s a consequence, a large
nowdrift parallels the er. The drift extends over
100 m into the meadow and the forest. At point of maximum depth
(which usually lies immediatcly behind th e » drift may

over twice as de as along its leading edge. N e forest, the
drift varies greatly in depth over short distances t [ variation

in wind patterns caused by treecs. Water storage in the drift var:

from 18 to 68 cm of precipitation equivalent from place-to-place in the

forest in April, 1977 1978, water storage in the drift variced fror




41 to 117 cm on our forest study plots.
Annual precipitation at the study area during the 1976-77 water
year (Oct. 1 - pt. 30) was about 56 cm. Precipitation between Oct. |

1977 and Sept. 30, 1978 totalled about 73 cm,

METHODS

Twenty-nine .02 ha circular study plots (macroplots) were esta-

blished in a stratified block design across the meadow study area in
June, 1976 (Fig. 1). The design allocated about equal numbers of
macroplots to arcas covered by shallow, moderately deep, and deep snow-
drifts. Each macroplot was permanently marked with a steel reinforcing
bar at its center. Thirty-six macroplots of identical si and shape
were established in the spruce-fir forest community: macroplots were
again placed across the gradient of snowdrift depth in a stratified
block design. The .02 ha macroplots are small enough to minimize
within-plot environmental and vegetational heterogeneity but large
enough to give a fair sample of the entire plant community at given
locations.

within each macroplot, 25 subsamples (quadrats) were regularly

spaced. Each quadrat was circular in shape and had an area of 0.25 m
To facilitate relocation of quadrats, cach was marked by a red, 8 cm
long, wooden dowel driven 7 cm into the soil at the center of the qua-
drat (seec Harper, 1976, for a morc detailed description of quadrat
placement procedures). In the final ar of study, a 16 penny, zinc

25 m”

coated nail was driven into the soil at the center of each 0.
quadrat to permit relocation of quadrats in the future with the aid of
metal detector. The quadrats and macroplots serve as the basic experi-

mental units (BEUs) in all subsequent analyses.

e cmployed here was selected on the basis of data
reported id1 in et al, (1964) for alpine vegetation in Colorado.
Eddleman l. (1964) as well as Pechanec and Stewart (1940), Bormann
(1953) and Rice (1967) recommend using quadrats as large as possible in
order to reduce edge effects, increcase data for uncommon species, and

lost in locating sample sites. We have found that the
juadrat yields frequency values of 80-90% for our more con
hat quadrat is also small enough to permit the worker to look
down on t plot while estimating cover, thus eliminating paral-
lax problems. We relied on foliage cover and frequency of occurrence (
of quadrats in whic 1 species occurs) to describe response of indivi-
dual species. We did not count individuals in the quadrats, since
ablishing the extend of an individual plant that reproduces vegeta-
»ssible without excavating underground parts. Where plant
required for plants that go not reproduce vegetatively, a
ler quadrat than we have u would probab be ¢ le, since
plant numbers would be large for many species 5 m~ quadrats.
al, (1964) reported that rectangular quadrats were
Fficient than other s s for estimating vegetation
selected circular quadrats primarily for cas F marking
visits (i.e., exact location of circular quadrats
can be C with a single peg while four-sided wdrats require at
For analysis of long-range trends

juadrats is essential: this point will

quadrat, the following data were recorded

foliage cover of cach species that shaded the quadrat,




living cover of all species combined, 3) cover of plant litter, 4) cover In ordcr to cv he ability of different workers to provide

closely similar t J ) getational composition, all quadrats on

of rock of 5 mm diamcter, and 5) composition of the total living cover

with the relative contribution of the major lifeform groups being two macroplots i ind two in forest vegetation were sample

mated as percentages of the total. Cover for all categories indcpendently

mated using cover-class method (Daubenmire 1968) with the per Since eac

delimited as follows: trace) sampled the ¢ qt rats, data were analy: 2 paired

.1-50.0%, 5) 5 g 75.1-95.0
95.0%. Lifeform groups recognized in the relative cover c RESULTS
trees, shrubs, perennial graminoides, perennial forbs, an
cryptogams (mosses, liverworts, and lichens). Total number of s 3 3 3 - .
We vz evaluated adequacy of our sample for
per quadrat and per macroplot was recorded. Frequency v: s for ¢ 3 7 1 1
I 1 F crog c C equenc 1lue meadow and the spruce-fir forest in the following way ) determina-
species were obtained by dividing quadrats of occurrence for cach species = 3
i tion of the sample s J er of macroplo mity and number of
by total quadrats in the All samples were taken in July an
' ! ; ) LiE quadrats/macroplot) required to adequately site or to detect
early August of each sar ‘ear. 1 . o »
a change in total living cover v k known level ¢ confidence, 2
Our hypothesis that the permanently marked sut ples | r - -
F ¥ pe entl RIS . . evaluation of the degree to which different observers give similar

plot adequately described the vegetation of the macroplot sie y
T q y desc ed e vegetation he roplo t results for community composition on the s
nlacing an additional 25 quadrats at new, objc vely cho ns 3 2
¥ g 1 juadra 1t new, jective 1 ati scason, and 3) analysis of the influ
in two randomly selected macroplots in both m i re 33 : - ' } 1
L s ¥ . A annual relocation of quadrats by random means the sample ze
The new quadrats were located cxactly midway betwe to detect rm trends for selected community characteristics

total living cover).

ginal quadrats. New quadrats were sampled in the same r : b >+ 8

original BEUs. Average values for the various Adequ f sample size was considered in
istics in the original BEUs were the zom vith comparable follows: 1) how many quadrats are required to ds

derived from the new suite of quadrats. Significance of diffe cover of individual macroplots at a

tt f macroplots are required to describe the

between values from the original and new BEUs for the

tional characteristics was cvaluated with an unpaired vegetational type r snow-relea

and Cochran 1967 level of accuracy, 3) how many macroplots are iired when one

to detect differences of 3 magnitude between two means (e
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Sample size required to detect an absolute char f 8% in total living
between two snow-release zones in the four vegetation types considered
study. Sample size varies with degree of confidence required for both type
Il errors. In this table, two confidence levels are considered for the
quacy of sample equation: 1) a 95% probability of avoiding both type I
errors, and 2) 90% probability of avoiding type I errors and 80 probabili
of avoiding type II errors. The tests assume annual relocation of BEUs.

Macroplots Required To Macroplots Required To

Detect 8% Change With Detect 8% Change With

Confidence of 90 and 80% Probability

mity, Snow Zone C g Type 1 & 11 of Avoiding Types 1 &
Comparisons Errors. Il Errors.

Subalpine Meadow
Early-Melt Date
t

Vs, "1vV\iL'T<l(L'—“'-L'1: tase

sioderate-Melt Date
vs., Late-Melt |

Late-Melt Date

;. Late-Melt
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Table 9-2. ‘ontinued,

Macroplots Required To Macroplots Required To

Detect 8% Change With Detect 8% Change With
95% Confidence of 90 and 80% Probability

\

Community, Snow Avoiding Type 1 & 11 of Avoiding Types I & No. of Macroplots Sampled
Comparisons Errors. Il Errors. (Smallest of Either Zone

Spruce-Fir Forest
Early-Melt Date
vs. Moderate-Melt Date
Moderate-Melt Date
vs, Late-Melt Date
Late-Melt Date
vs., Early-Melt Date




This result was expected, for as Snedecor and Cochran (1967 orted
1 ’) ’

sample s equ > to give high probabilitie< that small difference
between g be derected are so expensive that high probabilities
90%) of avoiding type I and type Il errors are rarely require

Even when probability values of 90 and 80% for avoiding Types | and 3 i parable vegetation
I1 errors respectively were set, samy sizes in both forest communities living plant « r for an array of
were inadequa for tests between snow-release zones (Table 9-2). Given spruce=ri x n Elizabeth

the variance encountered and the small s e s in the late-release r 1 nh rsclation statis
zone, the actual obability of avoiding type I and type II error

while trying t *tect ¢ ference of 8% absolute cover between re-

lease zones } ole pine forest understory is n 1 better

than 60% § the on of annually relocated sampling plots.

Fortunately, the BEUs are permanently fixec
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ABSTRACT

to evaluate the i 1 n T« atersh nd wildlife habitat
monitor

major watersheds. Snow cover during the melt
correlated with portion of the annual stres McGinni
and Wyckof 30). Leaf
amflow rds to
area was over n g . ir withe relate h sno VET (¢ *rsheds. He conclu
rs had above avera: relation wee nos ion and runoff
during the pea!) f the annual snow S¢ hat correlation is
snowpac unique fc »ach watershed. Wyc) ( trates that the area o
During th SNoY *s with tion. ) mule T winter ¢ » covere y snow is significantly and positively
correlated with ws r content of snowpack on higher clevation snow
irses.  Ward et 975) conclude that increas snow accumulations
on e¢lk winter ran 3 m could have detrimental effects on the

lationship between percent animals, especial " the winter rang s topographically uniform. In

low released is ique f ch in T errain, <outh and west-facing slopes usually had enough snow

vely precise pre v n be developed in all periods of even hard winters to expose forage for elk, but

> e sore 'n model relating : .
our area, t ‘ pres3ion, mou relating ireas of gentle slopes, few sites received enough radiation to melt

SNOW COove o streamfloy based on 4 of percent snow cover nowpack

sufficiently to insure that the elk could reach adequate

to meet their needs. Strickland and Diem (1975) drew similar
onclusions for mule deer. Sweeney and Steinhoff (1976) conclude

percent increase in snowpack on elk winter range in Colorado may

reduce the arount of usable range by ar average of about 5 percent




OBJECTIVES AND STUDY AREA

In this study, we have sought to determine 1) how much area could

be expected to be affected by late lying snow in the Uinta Mountains, 2)

how elevation affected the amount of late lying snow, and 3) how retreat

in snow cover was related to the amount of water released from selected

watersheds.

Our studies are centered on the west end of the Uinta Mountains.

Snow cover and streamflow are evaluated for nine watersheds in two or

more years,

METHODS

The boundaries of nine major watersheds were delimited on a false

color Landsat image dated 18 August 1975 (Figure 10-1). Scale of the

photograph was 1:250,000. Subsequen.ly, black-and-white satellite

mages of comparable scale were assembled for all dates in

that were sufficiently cloud-free to per pping of snow cover on all

(or most) of the nine watersheds of concern (Table 10-1). Total arca of

each watershed was determined by planimeter. Snow cover on cach water-

shed and date was also determined by planimetry.

Water yield from ch watershed and time interval of concern

taken from U.S. Geological Surve) water resource reports for

Utah. Those reports give total water yield by month for individual

watersheds. When snow cover surveys fell midway through a month, water

yield to that date from any specific watershed was approximated using an

assumption of uniform daily flow throughout the entire month.

Figure

10-1.

Map showing
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Table 10-1, Water

the

Watershed

Lake Fork River
Provo River

Red Creck

Rock Creek
Weber River

Yellowstone River

REST DOCUMENT AVAILABLE




The nine watersheds used in sted in Table 10

The watersheds range in ,72 9,510 ha; average clevation

varies 295 1 above In aggregate, the
nine watersheds account for 360 ha or at of the total land

area above 2 S ( 00 f the Uinta Mountains. On the average,

the nine watersheds yielded 29.1 cm of runoff per unit surfacc arca for

the period 1973-7¢

The availability of cloud-free satellite photographs of the nine

watershed study areas posed a major problem for the study. Usable photo-

graphs were few during the melt seasons of 1973-75 (Table 10-2
coverage was excellent for 7 Since the three
study area in 1974 were well spaced across the entire
have used those photos for comparison with snow melt-stream runof
analyses based upon the 1976 photos. The 1973 and 1975 photo coverage
of the study arca was not complete enough to justify analyses.
The data in Tables 10-1 and 10-3 demonstrate that water-year 1976
f near normal temperatures but was considerably below normal
to precipitation and streamflow. Thus although satellite
oto coverage of the study area was excellent 7 possible
that s and stveamflow characteristics for
repre : usual conditions. In order to check
ve plotted cool, wet y data along t for 1976
ch will be discussed later. shown, although
two years differ markedly in respect to temperaturr and precipita

the relationship of relative snow co I of the annual




Table 3 -omj f temperature and precipitation data from the Northern Mowntains

Region of Utah (U.S. Department of Comm § witl ual

values expressed as a percentage of normal expectations ¢

the years 1973-76,

Temperature

Normal Expectations

Precipitation
Oct. 1 - Mer. 31

Oct. 1 - July 31







SNOW COVER AND RUNOFF

\ predictable relationship exists between snow cover and percentage
annual strcamflow relcased during the melt season (Fig. 10-3
(1971) has noted, the tend line relating snow cover to accumu-
Y = ~72.6+ 1.28x lated runoff is unique for cach watershed. The percentage of annual
r-810""* ; . : :

flow reieased by the time bare ground first appears on the watershed

varies from 17 (Bear River) to 36% (Duchesne River). When the 1
of snow disappear, the accumulated portion of the annual flow
appears always to be in excess of 80% in the watersheds considered here.
AVERAGE m July 76, four of the nine watersheds hi st all of their
% SNOW snow cover (Fig. The watersheds (Duchesne, Provo, Red, and
COVER ON Weber) lie on the west end of the range and are without treeless alpine
JULY 18t 12 aree or have such hubitat y a ir headwaters and downwind of t
rest of the watershed. Consequently these watersheds do not accumulate
deep drifts from high elevation herblands on their windward sides. It
should be noted that the Duchesne and Provo River drainages consistently

accumulate the heaviest snowpacks in the Uinta Mountains (Fig. 2-3 and

2-4, Chapter 2). Thus, their early loss of snow cover is not due to

2;43 light snowpacks.

Three other watersheds (Bear, Blacks Fork, and Rock) had between
ELEVATION (M)

about 5 and 10 percent snow cover on July 7 (Fig. 10-3). These water-
sheds all have some alpine herblands on their headwaters that shed snow
into the watersheds. Snow stored in the large drifts formed in such
situations persist for long periods.

Two watersheds (Lake Fork and Yellowstone) retained over 15 percent

snow cover (29.6 and 7% respectively) on July 7th, 1976 (Fig. 10-3

BEST DOCUMENT AVRILABLE




BLACKS FORK R.
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MARCH 12,1978
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.
The relationship of snow cover to the percentage of
annual streamflow released from nine watersheds. All

data are for 1976. Initial 1cadings for snow cover were
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YELLOWSTONE R.
ROCK CR. ) "

taken from Landsat imagery dated Mar., 12: final readings

were taken from photos taken on July 7th.
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Both watersheds have large arcas of barren land and herbland at their
headwaters (see Table 2 Chapter with much of the herbland area

ing windward of the watersheds. These watersheds appear to "capture"
snow that falls in other, downwind watersheds and is later blown into
the Lake Fork and Yellowstone drainages by prevailing winds. Both
watershed also have a great deal of area at very high elevations (Table
10-1). On the averzge, these watersheds yield about ¢ of runoff
water per unit area per year (Table 2-I, Chapter 2). Only the Provo and

ver drainages yield more water than that
'r watersheds g t wholly attributable
precipitation r¢ J snow "'capture' by
In Fig. 10-4, the results for snowcover and stre in the
{

' + Figure 10- The relationship between snow cov and portion
water year have been pooled for all nine watersheds. The figure dem 18 onship betwec W, COVer a t

annual water yicld relcased on J st end
strates that the logarithm of snow cover is rather closely related t« Ll ” el cleasc Ll
. . Mountains. he results arc based on the combined

percent of the annual streamflow produced at any given time duri ount & : »

and streamflow of the nine watersheds noted in Tat

the me The regrussion cquation shows that for the period

March 12 throug! 7 , about 93% of the variation in stres . 1. The regression line is

lated with the real data poin

accounted for by changes in snow cover. Less complete

re complete due t loud cove but seem
L d D dal to ioud ov N ut see
v snowpack and cooul year) parallel the ¢ data are incomplete 1€ C cover

(Fig. 10-4). 1976 results closcly.
The trend ne of percent annual streamflow produced

percent snow cover was sigmoidal in both 1973

the snow me period, a linear regression line 5 g Thu

one can di how much runoff water remains t I 5 from Uinta

watersheds from an analysis of snow cover taken from satcllite photos.

The rclationship will, of course, break down if one includes data fo

periods pri time bare ground begins to appear on the waterst
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bility that the effect was real was computed to be
observed iacrease was larger (15 at high clevations than : w (8. 8%

Snowpack and Streamflow. Research by Jeppson et al. (1968) and
Hill et al. ’75) demonstrate that larger snowpacks on watershed
consistntiv resialt in greater runoff from those watei sheds.

Big (q F}jﬂ}ﬂ"ﬂ”hg;- Ward et al. (1975) have concluded that
"increased snow accumulations on elk range below 2, m (9,000 ft)
would lave some detrimental effects, particularly if *y came early in
the season or during the calving season."” Ward et al. (1975) worked
in the Medicine Bow Mountains of oming. Sweeney and Steinhoff (1976
concluded that winter range useable by clk woulc *creasce about 5%

en an increase of 15 n the average snowpack of the San Juan Moun-
f Colorado. Wyckoff (1980) similarly conciuded that snow cover
winter ranges is positively correlated with larger snowpacks
on higher elevation snowcourses in central Utah. Strickland and Diem
(1975) evaluated the impact of snow on mule deer in the Medicine Bow
Mountains of Wyoming: they considered that increased snowpack below
2,743 m reduced available winter range.

Since it seems likely that see : of winter clouds will produce
additional precipitation below 2 (9,000 ft) on treated mountains,
careful monitoring of snowpacks on big game winter ranges must be coor-
dinated with cloud seeding operations. *n though expected increases

\ precipitation due to seeding can be expected to be less below 743 m
th above (Utah Division of Water Resources 1981), there is still a
need nimize the effects of additional snow on winter ranges.
Suitable start-stop criteria for seeding are commonly (perhaps uni -

versally) used to avoid ridesirable effects of seeding. In the cas: of

winter ranges, criteria could be chosen that would prohibit seceding
before natural storms had pusked big game from higher eclevation ranges
and onto the wi r ran Once on the winter range, other criteria
could pe used to terminate seeding should snowpack on the areca exceed
scasonal norrn v a given ount. Carefully chosen criteria would
nearly e ate the possibility that cloud sceding would adversely
affect wildlife.

Silver as a Potential Toxicant. Although some environmentalists

have considered silver iodide, the preferred ice nucleating agent in
most cloud seeding operations, to be potentially dangerous, research has
not supported that fear. As early as 1970, Cooper and Jolly reviewed
the literature on silver iodide and concluded that silver was not likel
to concentrate to harmful levels through either terrestrial or aquatic
food chains. More recently, Klein (1978) summarized the result$ of
numerous experiments designed to evaluate the impacts of silver iodide
on soil microbiological processes, higher plants, aquatic invertebrates,
fish, sewage treatment processes, rumen and caecum microorganisms in
vertebrate animals, and human physiology. Iiis conclusion was that
silver icdide (and all other ice nucleating agents commonly considered
for routine use) represented negligible environmental hazards. Klein
(1978) considered that adverse environmental effects from ice nucleating
nts would not involve unacceptable risks.

Effects of additional Snow on Nutrient Leaching. Knight and Kyte

(1975) felt that an increased loss of es:ential elements for life could

be expected from watersheds where snowpa:ks had been enhance' by cloud

seeding. In contrast, Lewis and Grant (1980) renorted that biologically

active elements such as nitrogen, phosphoris rnd potassium were lost




significantly faster from a high elevation (> 2,900 m) watershed in the

Colorado Rockies in a year of light snovpack than in a year of heavy

snowpack. They considered that soil frost was greater when snow cover

was incomplete and frost stimulated the loss of essential elements by

¢ resulted

interfering with biological processes that would otherwise ha

in the uptake of great:r amounts of thosec elements and rediced losses

from the terrestrial :mvironment. More research is needed in this

ca,

but such work was beyond the budgetary capabilities of this study.

THE UINTA ECOLOGY PROJECT

In this project, we have directed our attention to the following

3 an inventory of the resources of the Uinta Mountains,

an analysis of precipitation in the Uintas and its cffect on

streamflow,

ow on composition and

evaluating the effects of late lying

productivity of four major plant communities (lodgepole pine

subalpine meadow, spruce-fir forest, and alpine herbl ind) of

the Uintas,

g establishing baseline concentrations of silver in plants and

soils of the four plant communities noted above,

5. an evaluation of the monitoring design used in the vegeta-

and

tional analyses,

6. a counsideration of the value of remote sens tools (such as

Landsat) for snow retreat studies.

SUMMA

The resources of the Uinta Mountains were documented in detail in a

1978 repc arper et al. The general conclusions of that report are
summarized i hapter 1 of this report. The Uintas produce un average
of about 1.8 k 1.6 x 107 acre ft) of runoff water per year. Water is

the most valuable renewable resource on the range (Fig. 11-1). In
addition, the range provides 119,709 animal unit months of grazing for

domestic animals and almost three million visitor days f recreation per

€ .
year. Roughly 1.41 x 10" m" (5 x 10 ft of timber products are also

harvested on t

range each year. There are currently numcrous wells
producing oil around the edges of the range, but producing wells in the
interior are largely confined to the northeast quarter of the range.

Mining is a minor item represented by a coal withdrawal on Currant Creck

on i‘he South Slope. The Uintas support herds of moose elk, mule deer,
and antelope: about 10% of the visitor days for recreation are devoted
to hunting big game.

Max

um precipitation in the Uintas averages about 102 cm (40.0 in

per year. Approximately three-quarters of the total falls between

October 1 and July 1 (Chapter 2). Streamflow is strongly correlated

with snowpack water content on April 1. Our snowpack-runoff regression

model predicts a 13% increase in runoff given a 10% increase in snow-

pack. Analyses show that vegetative cover exerts a ignificant impact

on streamflow. Natural successional processes that convert deciduous
forests (aspen or cak) to evergreen, coniferous trves can be expected to

reduce surfacc runoff. Should all deciduous forests be converted to

coniferous forest, surface runoff can be expected to decline by between

283




Figure 11-1. The Bear River near the Bear River Guard Station
on Utah Highway 150. Streamflow provides water for agri-
culture and industry, habitat for fis and an important
aesthetic resource. Runoff water is the most valuable
renewable resource produced by the Uinta Mountains.
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4 and 5% (Chapter 2j.

Snow melt models that require only water content of the April |
snowpack (no on-site climatic data required) are reported. The models
predict snow-free dates within a few days on a broad spectrum of ex-
posures at any given clevation (Chapter 3

Our results suggest that a 10% increase in average sno»

expected to retard the snow- free date from 0.7-1.5 days (Chapters 4-
7). That much additional snow cnuld not »» demonstrated to have any
significant effect on treec growth or tree reproduction in either lodge
pole pine or spruce-fir forest (Chapters 4 and 5). Production in the
herb layer differed among plant communities in the two communities

with the lightest sncwvpacks (lodgepole pine and alpine herblands), a 10
I3 I ! F I

increase in average snowpack can be expected to increase above-ground
herbaceous growth { ‘able 11-1). Where snowpacks were heavy (i.e., in

spruce-fir forest and subalpine adow

), a 10% increase in average

snowpack produced a small (1.7-2

case in herb production (Table
11-1). Manipulation of the data in Table 11-1 demonstrates that weighted

average production in the herb layer was 401 kg across the entire

area spanned (558,113 ha) by this study. Given a 10% increase in aver-
age snowpack, weighted above-ground, herbaceous production is predicted
to be 417 kg/ha: thus a 10% increase in snowpack would increase herb
production about 4% over the composite area even though reduced pro-

duction can be expected locally where average snowpacks are alrecady

Kesults show Uinta soils to have somewhat more silver than the
average soil of the Mountain West. Silver content of plants from our
study areas was comparable to values reported for plants from other

locations in the West (Chapter 8).




mpling designs for vege i 1 ud were pene i lo-
Table 11-1. Arcal extent, average above-ground production in the Our sampling designs for vegetational studi re generally ade

herb layer, and predicted change in production

ate f he he A COOUS co- £ aun i t bt
given a 10% increase in average snowpack in each quate for the herbeceous and spruce-fir commu , but
community.

too few

plots were taken in the lodgepole pine commur y for reliable tests of
Predicted Change (%) L .
Area Average Production in Production with Absolute hypotheses relative to the effects of late-lying

(ha) ) ___10% More Snow Change (kg/ha)

snow. Nevertheles

sample sizes in lodgepole are large enough to describe the community's
Lodgepole Pine 294, 000

current composition with good confidence. Both forest communities were
Spruce-Fir 122,940

inherently more variable than the herbaceous communities, but the lodge-

Subalpin+ Meadow 16,832 X .
pole pine forests had particularly large variances for many important

Alpine Herblands
parameters. Reasons fur the variability in forests were discussed
(Chapter 9).

Landsat imagery proved to be an cxcellent and economical tool for
following snow retreat and predicting additional streamflow that could
be expected from a given watershed at any point in the annual snow

scason. In the average year, 6-7% of the area above 2,134 m (7

in the Uintas is now covered on July 1 (Chapter 10

RECOMMENDATIONS

It is recommended that the four plant communities considered in
this report be reinventoried periodically even prior te initiation of
cloud seeding in the area in order to establish natural "noise" levels
in community composition and production. Suitable sites for evaluations
such as those initiated here are not common, thus there is reason to
preserve these study sites from major disturbances such as logging,
fire, and off road vehicles.

The Elizabeth Ridge study area is privately owned. Off-road

vehicles regularly drive across the subalpine meadow used in this study,




while the soils are still » Deep rut
accumulate in the ruts and remove the fine

boulder strewn ruts

visitors "blaze" new trails across

fficers have no power to control suc
the absence of owner control over recreation
Ridge meadow is rapidly being cut up by road
altered by the roads that even areas
gically altered through changed patterns

It is recommended th:
land » E zabeth Ridge subalpine meadow and
plots > u. Unless vehicular traffic acro

controlle this valuable and unique study area will
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