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ABSTRACT o

The effect of the snow cover on the nutrient regime
co- of northern soils was investigated at four different sites,

.: representing a lichen woodland, a lichen~heath tundra, a
feathermoss forest and a sedge-moss fen, in the subarctic
environment near Schefferville,\ Quebec., Snow cover accumula-
tion was controlled by the topography and vegetation of the N

t s sites and snowpack chemistry, which showed high spatial and:

- vertical variability, was largely affected by the presence

of a forest canopy and the nature of the ground cover,

Particulate matter, particularly litter, was a major source

* of the nutrients which accumulated in the snowpack. This

accunulation was not, however, a major factor leadir{g to the

-

S increases in the exchangeable cation concentrations of the soil
lurface horizém, which occurred betwesn the fall and the
spring. These increases were due to over-winter decomposition

and nutrient release occurring beneath a deep, insulating

~

N

snowpack.
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Les effets qu'a une couche de neige sur le régime

nutritif des sols du nord furent &tudiés A quatre sites Aif-

a

férents; comprenant un boisé 2 lichen, une toundra & lichen,

~ £

une for&t A mousse et un marécage. Cette étude fut faite dans - i

la zone subarctique pr&s de Schefferville, Quebéc. L'accumula-

tion de neige dépendait de la topographie et la vé&gétation

des sites ainsi que de la'composition chimique de la couche

- S P e oM ot e

| de neige. Cette composition, d'une variabilité prononcée tant

- _ spatiale que verticale, se trouvait en grande partie affectde

i

par le couvert forestier et le type de surface. les particules,

13

surtout celles provenant de la litidre de feuilles mortes,

¥

&étaient la source principale des 6léménts nutritifs s'accumulant

dans la couche de neige, Ceux-ci, par contre, n'étaient pas

un facteur important quand A l'accroissement des concentrations

A de cations échangeables des horizons supérieurs du sol entre

1'automme et le printemps. Cet accroissement était Wpeutdt daa

2 la litidre de feuilles mortes résistant 1'hiver, & la libéra~
tion d'éléments nutritifs sous une nappe de .neige profounde et

'Y isolante.
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 CHAPTER 1
Introduction and Reviaw

1.1 Introduction

. Northern terrestrial ‘and freshwater Qco'-yst.ds have
relitively low levels of primary production in comparison to ¢,
southern ecosystems (ie. Bliss et al., 1981 and WMESCO, 1970).
The productivity of nottharn'ecosystas' depends on many vari- .
ables, any one of which can bé limiting. These include nutrient
availability, moisture, temperature, length of growing season,

“animal utilization and’ fire.

The few s’tudie-c of the nutrient .ltltlll of northern soils

that have been made indicate particularly low banc cation, phos- o

phorus and n.itrogen ava,ilnbility (Moore, 1980; “Tedrow, 977) o
Studies of plant productivity in subatctic environments have .

--shown that when the subarctic soill in the lichen woodlands.

around Schntfcrviuu, Quebec w.z'c fertinzod with nitrogen and

' ybospbom tcrtni:-ra. black sprnco and Labrador tea showed in-

creased ratss of qxovth thus lnggo:tinq that nutrient avail—:
ability is a 1.i.liti.ng factor in this rogion (m, 1982;

. .qudho—-, per comm.). BHaag (1974) also- found that productxon

4in both a. M and a birch~willow-heath community in the

,’ notthnstu:n arctic m lhiua by a’ low supply of available
. -‘nitmgcn and showed lam incmm in production tonopinq
\ nit:ogcn fertiliati.on . i

The soil qrst.- receives gmtxhntl through inputs jfrbn‘

" the 'ntthtrinq' of parent 'nterm. pr'.cipitction and the decom-
" position of litter and soil organic matter. The low temperatures
- “and frequent lack of moisture in the high arctic retard chemical

'mthorinq procun- and, conuqucntly, the release of base ca-'
. tions such u calcium,. ngncnim, potauium and sodium to the

soil is very slow. - The Precambrian granites and granitoid qngii-

' ses of the Canadian Shield in the eastern arctic and subarctic
., are h‘iqhiy resistant to weathering so that the nature of the

Sf: .

s




. Quebec region.’

parent material further 1nhi.bit; the mt.heri:ig process. In

addition, northern soils are very young as a result of only re-.

eqnt dhglaqiation (as recont as 6, 000 years B. P. in some arctic

" ‘and om xubu:ctic &rcu, such as the region a:ound Schcffervilla,
: me.c) wbich further eontribute- to the low. nutrient status of

these :oils. Internal ngtg}gnt rocycling iu impeded hy the slow
Studios

rate of litter ‘and soil organic nattet decoupooitioh.

. of some northern soils havo indicated that this slow rate of
" decay is a major li.niting factor since the majority of nutrients
" are'contained in the soil organic matter and do not. readily. be-

come avail&ble in a form useable by, plants (R.ncz, 1976). Since -

- the intaml release of nutrients through waathérinq .or organic

matter demosition is slow, it would be reasomabls to place

- some. importance on precipitation as a source of nutrients in
| nort;lurn écoaystm o :

‘J;np‘nts tran pracipitation are low. Hoora (1980) calcu-

lated inputs of less than 10 kg/ha/yr for the major macro-

nutrients contributed through rain and snow to the Schefferville,
However, inputs from rair} and snow were found to -
be very similar. Not only is the chemical composition of the
pra‘c:!.pi.tatidn important, but the nature of the precipitation
itself, especially in regions where up to one half of the year-

"1y pracipitation falls as snow and where a continuous, seasonal

show cover remains for as ‘lo‘ng as seven months in the subarctic
and up to 10 momths in the high arctic. The role of snow cover .

.in the nutrient regime of northern ecosystems is not understood

and is a topic which, owing to the extent of snow cover in these,
areas, desgrves investigation. The purpose of this study is to
investigate the role which snow cover has in influencing the
nutrient regime of oligotrophic soils in a subarctic environment.
1.2  Snow Chemistry

Studies concerning snow chemistry are largely inventory

in nature, quantifying the amounts of various compounds contained
in fresh snow or in the snowpack and are frequently reported in

ey Y
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eonjunction with projects. of nmch larger scope.  Winter limmo~

) logical dtudies are the most common type in this regard
',(_Amstrong and Schindler, 1971; Barica and Armstrong, 1971;

" Schindler et al., 1974). This has come about as a direct result

of the need to study winter acid precipitatmn and to identify

',the processes by which the melting of the pnowpack in a drainage
‘basin affects the pH of lakes and streams ’cfuring the spring melt.

(6jessing et al., 1976; - Haapla et al., 1975; ‘Henriksen and

‘Wright, 1977; Jeffries et al., 1979; Jeffries and Snyder, 1981).

The chemistry of the snowpack is influenced by:

i) atmospheric inputs through either the wet deposition of

. , .
chemical constituents during precipitation or dry deposition of
chemical constituents between P precipitationa events and

- dd) i.nputs from vegetation through either litter incorporated in
. - the snowcover or through the vegetation/littar layer at the base -

. ‘of the snowpack.

'1.2.1 Atmospherj.c Inputs

The initial chemical composition of a developing snow-

pick 'depex,\ds on the wet deposition of chemical components con-

tributed by falling snow. This chemistry is determined in part

" by the elemental composition of the air mass in which the snow

cfystals form and the composition of the air masses through

‘, which they fall. The process by which snow and ice crystals
‘accumulate contaminants is called “"precipitation scavenging”.

Four mechanisms involved in controlling the chemical make-up
of falling snow are summarized by Takahashi (1963): .

1) chemical elements are included in the ice
nuclei on which the snow crystals form;

2) chemical elements in aerosols (such as sea
spray) are captured during crystal growth;

3) chemical elements are included in the conden-
sation nuclei of water droplets which adhere
to the snow crystals, especially in the case
of rined crystals;
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4)" chemical elements in aerosols are captured
by snow crystals after leaving the cloud
base by either a) Brownian motion of the: .
aerosol particles to the snow crystal or - .
b) the gravitational accretion process.

the first three processes correspond to "rainout" or
within-cloud scavenging and the last to "washout" or below-
cloud scavenging. Fletcher (1970) suggests that the washout pro-
cess is more important when he indicates that although small
amounts of some materials may be incorporated into the lattice
of the ice crystalsg, the majority of the chemical components are
believed to be adsorbed to the surface of the crystals themselves.
The primary caPture mechanism, as studied by Knuston (1975), is
thought to be simple interception.

Elements contained on or in snow crystals originate
from a variety of sources including sea spray, land erosion, bio-
genic emissions, forest fires, vulcanism and agricultural and
industrial activities. Sea spray and erosion are major suppliers
rof inorganic ions in snow. Phosphate contents are also largely
due to natural processes. Sulphate, nitrate and particulate car-
bon are likewise supplied by natural sources, but industrial
activity is becoming increasingly important in many areas as a
primary source of these ions.

As the snow accumulates and between periods of precipi-
tation, when washout /rainout processes are active, particulate
organic and inorganic material and certain chemical compounds’
settle on the snow surface via dry deposition processes. This
material becomes incorporated into the snowpack so that the bulk
chenical compps\ition is not simply due to the contribution from
the individual crystals which comprise it. The process is cumu-
lative, each snowfall and dry deposition event adding to the net

snowpack chemical composition.

Precipitation sampling conducted in a variety of regions

" throughout Canada reflects the effects which the proximity to
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coastal areas or inland locations, isolated from the immediate
influences of agricultural and industrial activity, can have

on precipitation chemistry (Barica and Armstrong, 1971;
Schindler and Nighswander, 1970; Schindler et al., 1974).
Basic cation concentrations have been found to be higher in both
rain and snow in northern coastal areas where these cations
would be contributed from sea spray (Schindler et al., 1974).
Inland regions, such as northwestern Ontario, tend to show low
base cation concentrations in precipitation as they are removed
from the pronounced influences of sea spray. However, the lower
chemical concentrations in rain and snow in the Canadian Shield
area, where soils are thin and often absent, may also be due to

the lack of inputs from airborne dust that is contributed through’

natural erosion processes. Higher concentrations of organic
nutrients, such as nitrogen and phosphorus compounds, are found
in the precipitation of more southerly regqgions, such as south-
central Ontario (Schindler and Nighswander,‘l970). These com-
pounds are supplied from organic material .which has a faster rate
ofyaccumulation and decomposition in southern, compared to north-
ern, environments. These compounds become airborne through ’

" natural erosion processes, agricultural disturbance or fire.  1In

addition, nitrogen and sulphur compounds are released by indus-

“trial activity and the combustion of oil and gasoline which would

also account for higher cogcentrations'of these compounds in the
precipitation from southern areas located near major industrial
and/or residential centres.

Altﬁough tﬁe effects of long-range transport of indusQ‘
trial pollutants on the precipitation chemistry of northern '
Canada may not be as pronounced as in Norway and Sweden, point
sources have been found to be an influencing factor on a local
scale. In addition to contributions' from sea spray, Schindler
et al. (1974) suggested that higher concentrations‘of chemical"
constituents in snow and rain samples, collected from the Reso-
lute area, Cornwallis Island, may also have been in part due to .
the proximity of the samp;in§ area to the town site, although

this was not tested directly. Drake and Moore (1980) found that
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1.2.2 Vegetation Inputs
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so2 eﬁiséions from Schefferville, Quebec in winter lowéred the
pH of the snowpack in areas down-wind from the town site.

¢

of two small lakes in northwestein Ontarxo, conducted by Barlca

* and Armstrong {(1971), indicated that nutrzents do accumulate in-

the snow cover over the winter season. The snowpacks were sam- -
pled in an open area, away from the effects of overly:.ng vegeta-
‘tion, suggesting that the contributions were from atmospheric
gources. ' The investigatofs reported cumulative tendencies for -
all the constituents~me§sured (NH?T, NOZ_ and Rﬂg‘ -nitrogen,
total soluble n;trogen, 904 -phosphorus, total dissolved pho§4
phorus, carbonate and particulate C, N and P}, which was most .

pronounced for partlculate matter. They found that changes in

inorganic nltrogen compounds and nitrate were not as unif6rm as

for the other compounds and explalned thls as POSSlblY bexng .due '

-td the effects of denltrlflcatlon.“ RS

\

A second source of chemical constituents in snow is
vegetation. In many regxons, the snowpack is deep enouqh that
it not only covers and incorporates ground vegetation such as

- grasses, mosses, vascular plants etc., but also low-lying
. bushes and yoﬁng or stunted trees. In addition, litter becomes
‘directly 1ncorporated into the snow cover. 1In northern'areas.
. a snow cover may .be established.before litter fall is complete
' so that litter accumulates on the snow surface rather than on

the grouyd. Snow also accumulates on tree branches and stems
and carries pieces of bark and léaves with it as it cascades to
the snow‘suiface below. It may also become enriched with nutri-

" ents or particles as it falls through the tree canopy.

Several xnvestigators have found that snow sampled from

o the snawpack beneath coniferous, mixed or deciduous forest can-’

opies had hzqher concentrations of major nutrients than snow
collected from adjacent open areas (Fahey, 1979; Pierson and

. Over-winter sampling of the snowpack on the ice surface .
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Taylor, 1980; Verry and- Timmons, 1977). ‘They attributed thé R
higher concentrations to enrichment from the overlying forest
canopies. Concentrations were also found to be hlgher under
the denser stands and also higher under conlferous, compared to

forests during the winter could be a reason for' the lower con-

. and Taylor (1980) also found nutrient enrichment in fresh snow
samples collected from beneath forest canopies. Fahey (1979).

~(1 : " . ' indicated leaching and/br wasﬁing of éarticleé from branch and
VR ; needle surfaces rather than augmentation of nutrients in the
S snow after it had reached the ground.
In ‘the studies conducted by Fahey (1979) and Verry and
Timmons (1977), nutrient values were expressed as concentrations
< ‘an@ .did not account for ﬁhe'snpwpack.water eqpivalentg.‘ Shal-

PP S

v
PO

g A g

~ [

» -lower ‘dépths heneath trees can lead to lower snowpack water
equivalenté in forested areas compared to open, but sheltered,

regions where the snow may be deeper. In addition, snow depths °

'andwéterequivalenta will also be greater between trees in for-

zested areas than around the tree base. leen the possxbillty of -

equal inputs of nutrients to both a forested and an adjacent,
open area, nutrient concentrations could be dependant on' the
snowpack water equivalent. Since nutfient concentrations are a
function of the volume of water and the amount of nutrients, it.

" would ‘thys be expected that a higher snowpack water equivalent,
would lead to-lower concentrations than a snowpack with the same
nutrient content but lower water equivalent. This possibility
was not reported as having been accounted for in these two

’ studies so that the increases in nutrient concentration, beneath

" the tree canopy, should be regarded as indicative of absolute

increases only with some caution.

deciduous, canopies. The absence of a leaf canopy in deciduous',

cqnt;atlons’fognd in these snowpacks. Fahey (1979) ahd P;ergon- ,

suggested that since fresh snow showed nutrient enrichment, this
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. work of Brgmork et al. (1973) on laninated snow_profiles in Nor-

- -t -
S .l

'1.2;3' Changos_in Snpwpock Cheuirtry‘nurénq the Winter

'rhe snawpack chanistry is also w on chanqes oc-

curring vithin the snowpack, Until quite recently, ‘the effacts

- of :noupack chemistry dynamics were ignored when assessing the
représentﬁfive bulk. chemical composition 'of the snowpack. The .-

way indicated that the snoupack structuro is preservod through—
out the winter as long as temperatures remain well below 0°c.

It was assumed that late-winter sampling, using snow-core tech-
qiques, could provide information on the chemical composition
of the entire winter's precipitation., On this basis, a large- '
scale, regional snow-core survey program was performed in Notway
from 1973 to 1976 (Wright and Dovland, 1978). The assumption
”waa fognd to be incorrect., A comparison of snow-core concentra—

. ttons with’ corresponding cumulative values from-precipitation o,
" - collectors showed ‘that the snowpack had generally lower congens+

trations for many parameters (Wright and Dovland, ~1978) . This . .
suggests that the snowpack underwent nutrient depletion during
the winter, despite inputs from wet and dry deposition and/or
vegetation., Other investigators have since reported similar
findings, Skartveit and Gjessing (1979) found that the acid.

.components (HY, NH +, 303”) and metallic compounds contained in .

4
the snowpack were only 60 to 70 percent of the mean concentra=- °

“tion of the snow collected in adjacent precipitation collectors,
The same pattern was reported by Jeffries and Snyder (1981).

i
+

It is clear that periods of melting during the cinter.
and the spring can draétically affect the distribution of ions
, and their concentrations in the snowpaCk The disproportionate
loss of ionic species (relative to water loss) is called .
fractionation and it is this process which is believed to be
responsxble for the sharp drop in pH observed in some ‘surface
waters during spring melt (Haapla et al., 1975 Henriksen . and

wright, 1977; Gjessing et al., 1976). _ g o

~

'

Field and laboraéory melt,etudies conducted bleohannessen_

taa




. face and refreezing occurs due to diurnal temperature changes.

”period: -waeéer{ Jeffries and Snyder (1981) also found major
. winter, prior to melting and after minor, mid-winter melt episodqg.

' collectors. Of the parameters tested (HY, 804, No'} NHy a"and

-9 _ ‘ .

|

and Henriksen (1978) showed that concentrations of all ionic
spoci-s usted were three to five times higher in the first melt-
water traction than in the bulk snow samples. They found that
in all tqtts, the first 30 percent of the meltwater contained 41
to 80 percent of the total ‘amount of the components being ana-~
1glcdt In addition, they could find no systematic diffex?nces
betveen the behaviour of mono- and divalent ions, leading the
researchers to suggest that size and charge of the ions are not
important in the fractionation process. The effect was found to
be most pronounced in the tests conducted in the fiezﬂ. At one
field location, concentrations in the“first melt were 6.5 times
greater than in the snowpack.

o v

|
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5 The processes involved in fractionation are not yet ful-
ly understood but are probably related to such factors as diurnal
tauperature fluctuations in the snowpack during melting, direction

‘of heat transfer, pollutant load and pollutant gradients. One
- possible explanation may be a mechanism similar to that operating

with cryo-concentration in freezing lake water (the concentration
of chemical constituents in the water layer directly beneath the
ice or freezing front). The first melt begins near the snow sur-

With refreezing, relatively pure ice crystals form, ex¢luding

the chemicals contained in the original snow crystals. This re-
sults in a concentrated meltwater solution in the snowpack.,

' - Fractionation is most pronounced during the spring melt

'loéses of chemical constituents from.snowpacks near Sudbury and
Muskoka-Haliburton in central Ontario during cold periods in: the

Comparisons were made between the concentrations found in the
snowpack and corresponding bulk samples collected in precipitation &

C1™), only CI” showed practically no difference 1n concentratlong

" between the snowpack and the bulk deposition samples. With few

exceptions, the remaining parameters showed greater conéentratiqns
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in samples collected in the precipitation collectors than in the
snowpack. Their study shows that; ‘even with dry deposition,

there appears to have been a loss of chemical components-from

the snowpubk,even during periods of cold weather when no melting
had occurred. - .The ihvestigators suggest that theso observations
indicate a loss of ions to the hndetlyind‘soi1s during‘the winter.
If this is in fact occurring, then the snow/vegetation/soil inter-
face is not an inert boundary amd it is therefore not sufficient
to consider the snowpack alone, There is direct contact between
the snow cover and the ground surface so that the entire system
should be viewed as a continuum,where an active snow/vegetation/
soil interface exists and whete biological and/or physical
uaathering processes can occur.

1.3 The Snow Cover and ﬁoathering

. . >, Y
\ ' N ! hs R
. . B

. Although limnologists treat snow cover and lake .ice as-

,A continuum, this approach has not yet become popular with inves-

tigdtots who are concetned with terrestrial systems. This may

in part be due to ‘the belief that much of the meltwater runs over
the land surface during the spring, carryxng with it the, majority
of nutrients it may contain and deposits them directly into
streams and lakes, _The opinion has been that little, if any,

. interaction is occurrlng between the soil and vegetation surfaces

and the base of the snowpack or meltwater runoff.

. This is in fact‘qot trye.” Studies of nivation processes
have indicated that themical weathering was increased by a -factor

-of two to four at a snowpatch and that chemical and mechanical
'degradation were approxlmately -equal 1n a nivation hollow (Thorn,
'1976) .- The presence of a snow cover may create an environment

at’ its base which is coenducive to carbonation processes. An

early study by Wlllxams (1949) showed that air. samples -taken from_"

the basé of snow drifts weré 0. 077 to 0.098 percent co, by weight
compéred to the gyeragq of 0,035 percent for atmospheric C02.

'Smith (1972) suggested that biological activity at the base of

the snowpack could be én‘important factor in increasing the CO2

" .
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concentration in this environment. Such an environment'would
be poorly ventilated, allowing a buildup of co, fromtrespiring'
organisms to occur. Moore (in press, a) measured a €O, flux of
0.3 g/m /day in woodland soils beneath a mid-April snowpack in
a subarctic environment. This compared with mid-summer values

- <
. of 0.8-1.2 g/mzlday (Moore, unpublished data) for the same area,

suggesting that floral and faunal activity is occurring in the

" subnivean environment.

smith (1972) found that limestone solution in arctic

e T

environments was concentrated at snow/rock 1nterfaces and that
erihanced solution in the arctic may result from the colder water

- temperatures. His data showed that the hardness values (Ca and

Mg) of water draining from snow banks,overlying limestone, were
higher in comparlson to the average value for the study area and
that the me hardness values-for the meltwater were slightly
higher than the mean values for -the rivers draining the limestone -
< N %I ’ ’ -
Rueslatten and Jorgensen (1978) cite evidence of-ion
exchange processes occurring between bedrock and the snow melt-
water flowing over it and further interaction occurring between
the meltwater and vegetation patches overlying the ground surface,
Lewis and Grant (1980) found that the snowpack in some way influ-
enced the—mobilization of leachable materials in the soils of a
mountain watershed in Colorado. They did not 1dent1fy the mecha-

| nisms dinvolved but suggested that the effect of the snowpack on

soil,temperatures and soil frost is of importance.

T~

1.4 The Snow Cover and Organic Matter Decompositfbn -
Although microbiological activity has been widely investi-

gated for many cald regions (Holding et al., 1974), investigatorsa

have tended to ignore winter biological activity, since winter

-conditions, especially in. northern regions, have been regarded

as inhibitive to biological activity. However, studies which _ .

’
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have been conducted on over-winter decomposition have shown that

mechanical and chemical decomposition are occurring beneath the ®
snow cover -(Bleak, 1970;. McBrayer and Cromack, 1980; Moore,
in press a and b; Stark, 1973).

The snow -cover acts as an insulator, buffering the ground
beheath from thé extreme cold and variations in temperatures that !
occur at the surface. Although the air temperatures may be well i
below 0°C, the environment at the base of the snowpack, the sub- :
nivean envirofiment, can maintain a temperature close to 0°c and
occasionally rise above the freezing point so that the soil thaws
and water becomes available, In addition, not all water is fro- ’
zen at 0°C in a porous medium, so that significant amounts of |
water may be available from the unfrozen water in the soil pores.

In the presence of the available water, chemical and biological

|

processes can occur. This is important in terms of macro- and

Ly

micro-biological activity and over-winter decomposition.

+

Litter bag studies by Bleak (1970) showed that, between
pre-snowfall and post~spring melt, the mass loss of grass and

herb litter averaged 30 to 50 percent. Stark (1973) observed a

9 percent winter weight loss in Jeffery pine litter, which accoun-
ted for 85 percent of the annual weight loss. McBrayer and Cromack
(1980) cite evidence of biological activity beneath the snow.

Their study of oak litter decomposition indicated a 6,6 times ,

greatér rate of C02 production in the litter under the snow than
prior to snowfall. In addition, they found that various elements
behaved in different ways as the litter appeared to decompose
durlng\the winter; elements which were lost rapidly in propor-
tion to litter loss (P, K and B), those yhlch disappeared in
proportion to litter loss (ca, Mg and QMn) and those which concen-
trated as litter loss occurred (Al, N and Zn).

McBrayer and Cromack (1980) suggest two mechanisms for
( S " over-winter decomposition. It is thought that once the snow
cover is thick enough to buffer the ground from extreme cold,

a. geothermal heat is trapped at the soil surface, raising the tem-

. -
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perature so that decomposition processes can begin. In addition,
periodic melting of the pack during the winter provides free
water. In early winter and spring, freeze-thaw cycles can con-
tribute to the mechanical breakdown of the litter. The investi-
gators also found that, except for K and P, snow melt did notq‘
appear to flush nutrients from the litter horizon,

Moore (in press, a) investigated the over-wirter mass ‘
and nutrient losses from different tissue species in a subarctic, p
lichen woodland forest. He found that, over a two and one-half
year period, birch and Labrador tea tissues, spruce needles and
lichen (Cladina) litter samples lost 55 percent (birch) to 20 '
percent (lichen) of their original mass, Sixty to 90 percent
of the total mass losses occurred fi‘om Septgnber to June during °

t
i
i
7
1
i
i
3
3
$
i

the first year. Potassium was most readily lost from the tis-
sues; only 50 percent of the original content was retained af-
ter the winter. Phosphorus was lost most rapidly from birch and
Labrador tea tissues and almost all the loss occurred in tixe
first winter. Nitrogen increases, as large as 200 percent, were
measured in the spruce and lichen tissues at the end of the two
years. Moore (in press, a) attributed this to the immobiliza-
tion of N from atmospheric inputs and from the soil horizons and
fixation of atmospheric N, ‘. ‘

In a subsequent study, it was established that, in the
lichen woodland environment, 46 to 80 percent of the over-winter
lossges occurred in the period from early Septembe&' to early
November when the soils remain wet, |- precipitakian is high , eva-
poration is low and freeze-thaw cycles are most frequent (Moore,
in press, b), A thick, continuous snow cover developeé after
this time period. It was found that birch showed the greitest !
mass loss during this per%iod (80 percent of the total winter

mass loss) whereas the sgpruce and 1li tissues showed equal
mass losses between this early first period an e remainder of
the winter under the snow cover, As ‘the previous study, K .

was most readily removed from the litter (80 percent of the total)
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and 59 to 90 percent of this loss occurred between Segteﬁ)er
and November, Spruce and lichen litter .showed signif’j.cg’mt los-
ses after the snowpack had been established.-

-

1.5 The Need to Investigate the Role of Snow Cover in the
Nutrient Regime of Northern Soils \

The above review illustrates the v;ays in which the snow
cover may be considered as important to, or possibly influencing,
theé nutrient regime of arctic and subarctic ecosystems: its '
variable and changing ;:hemistry; its effect on the underlying
soil body and its possihle role in supplyxng nutrients to north-
ern ecosystems, Regardless of this potentxal impor tance, very
little information is available on the chemical regime of the
show cover or on the way in which the snow cover may affect the
nutrient status of arctic or sobarctic soils.

The potential importance of snow cover can be re&dily
appreciated when one considers that, in an area such as central
Labrador-Quebec, the so0il environment remains snow covered for

seven months of the year (from mid<October to late May). During -

, this time, the interface, defined by the litter—layer, o_verlying
) vegetation and the base of the snowpack, develops, which is very
different ‘from the interface of litter-layer/vegetation/air - ‘
normally -involved when conducting studies on thes nutrjent status
or_availabj.lity'of nutrients in-a soili systein, '

g

During the wi.nter, as the snow coyver develops, it is.
frequently bel:.eved that the input of nutrients to the .soil sys»—
tem ceases.and the nutrients become stored in the snowpack, Only
to ‘be released in the spring and carried overland with the melt-.
water runoff. Their eontnbution to t.he soil syatem is seen as

unimportant since the ground surface is, ‘at-this time, considered

to be frozen and incupable of 1nteractions with the meltwater.
Interact;.ons between the _snowpack | vegetauon "and soil during .
the winter are thought to be negligible becausée of the low tem-
peratu;’es, fro‘z‘eff soil conditions and. lack of. reidilj available.

i BRI
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water, The possibility of nutrient contributions from the over-
lying snowpack are thus considered to be unlikely. The entire
-snow/vegetation/sail system is therefore viewed as an inert syse
' tem in which exchange processes do not occur.

The intention of this investigation is to determine the
role of the snow cover in influencing the nutrient regime of
oligotrophic, subarctic soils. Two possibilities were considered;
the snow cover as a nutrient accumulator and potential nutrient
éource\ and, as a resuit'of the presence of the énow cover, tlie' ‘
iinpértanc‘e of. the snow/vegetation/soil interface as an enwiron~
ment in which nutrient release processes can occur. This heces~
sitated several interrelated investigations: . _
i) to deteimine the“generald']nutrien/t status of e

the soil body as a whole ;

ii) to measure the changes in the nutrient status
of the upper orgamc soil horizons between the _
fall and spring; L to ' - " -

iif) to measure the changes in' the nutrient cont.ent* -

‘ and distribution of /the nutrients in the snow-

‘packa

iv) to ‘measure loss in mass of different plant . 5

.. tissues under the 7nawpack petweenl the £all.
,and spring. Y .. S
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Figure.l S '
Mean monthly temperatures and .-
precipitation at Schefferville,

Quebec, averaged over a 26~year

’

period from 1955 to 1980
{after Barr and Wright, 1981}
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2.2 Climate
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'(‘he Envimnlental setting AR

2.1 ‘Scheffei:ville ié"the s\tud"Y ‘3095-0“_',' :

il

'rhe accunulation end long duration of ;/ﬂ;ick snow covez‘ >

and ﬁne oligotxophic hature’ of the 80ils.in" the suberctj.c enviran-

. ment around the town.of Schefferville (54°%43°'n, sc°4z-w) in

northern Quebec, provide an opportunity to . study the etfects of '
the snow cover on the nutrient regime of Aligotrophic soils..
Should increues in' theé amount. of nutrienta contained in the

. ioil occur between the f&ll, just prior to the development of a’ :

snow cover, and in the spring, unudiately follgving the melt,

‘they would be mbtieeable against the’ background ‘of ‘the initial-

ly law, fall nutrient oontents in t:he oligotrophic soils of this
:egion. 'rhe growing season here is short, so it is mportant
that an avai.lable supply of nutrients exists early in the grow-
ing seasen, ancuing the plent conhunities ‘to mke optimum use
of ‘the short ‘time available for growth.' It is t:herefore of
interest to know whether ‘or not a nutrient supply ie available

. at the onset ot the growing aeason.

R
o

RN

Schefferville lies within the subarctic climtic zone as

'described by Hare (1950) 'I'he mean annual temperature at Schef-

ferville is -4. 9°C with mean mnthly ranges from 12.5°C in July

. o =22, 2°c in January (Barr and Wright, 1981) (Figure 1). The

winters are long, cold and snowy. Periods of bitterly cold

wea ther occur frequently, when the maximum mean temperature does
not rise above -20°C and there are frequent minima of -40°c.

The summers are short, coel and wet and there are only two months

-when the mean temperatures rise above 12 Sc.

~Averaged over a 25 year period, Schefferville receives

o 734 mm of prec:.p:.tation per year of which 377 mm (water equiva-

lent) falls as snow, representing 48 percent of the total annual-
I / / L // : ’
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ture reg:.me at Schefferv1lle which affects all soil processes.,

»18-
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precipitation. .The distribution of snow and rainfall throughout

. the year is _shown ‘in Figure -1. Precipitation is adequa
;tlirqugho{x,t:' the summer for normal vegetation and soil chemical

acﬁ:i‘vities, but the low temperatures and ‘short frost-free period

and growing season definitely reduce the effectivenhess of this

moisture availability. Evapotranspiration rates are low; one-
quarter of the summer rainfall leaves the soil by evapotranspira-
tion from a lichen mat and one—half to two-thirds from a moss-

.covered surface. Annual potential evapotranspj,r'ation rates are

estimated to be 250 mm at Schefferville (Canada Department of .
Energy, Mines and Resources, 1974). Hare and Hay (1971) calcu-
lated apparent evapotranspiration to be appfoximétely 100 mm.

The predominant. lic¢hen mat keeps the so:.l/close to field capacity
throughout the summer and reduces evapotransplratlon. ’

4
1y

Seasondl frost is an important expression ‘of the temperat—
t‘rost flrst penetrates the soil when the- mean daily temperature
falls below 0°C for several consecutive days.v This usually oc-
curs towards the end of September. The soil ‘'remains frozen until
early or mideJune, with frost developing to depths of 1 m or m?( .
Schefferville ‘is situated at the southern edge of the gdis-
continuous permafrost zone (Brown, 1970). The spatial distribu-

- tion of a deep, insulating snow cover is one of the major factors
‘in controlling the occurrence of permafrost in this area. 'Perma-

frost is found beneath the ridges where a continuous snow cover

.develops lai:er in the season  and remains shallow throughout the

winter. Thus, there is very little hindzance: to -heat loss from
the underlying 'soil and rock. Permafrost can develop to depths
of greater than 124 m on the exposed ri/ges (Nicholson and
Granberg, 1973). & much deeper snow cQver, of up to 1.5 m in some
areas, partlcularly at the base of slopep, inhibits the excessive
over-winter heat transfer away/ffo\ \'g}e*'ground so that permafrost
does not develop in-the low-lying areas and valley bottoms.

| o b a4
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2.3 . 'G_aelogy. and 30113

z fluv:.oglac:.al deposits
-slopes and lake’ shore areas,cgre free of glacial till.
. orgam.zed dra:.nage pattern- (whlch deveioped when r:.ver valleys :

."30_cm on rldge crests 'to 6 -m.at {:he foot of slopes.

‘s

P 'l'he SChefferville area lies w:.th:tn t.he Quebec-Lebrador i

Jl'zough, a 640 km geosynclme in the middle of- the Quebec-Labrador
“peninsula,where approximately 600 m of shale and sandstone were .

deposited when -an arm of’ the sea invaded the area dunng the

Proterozoic age. . Today, the reg:.on is domnated by a NW-SB

i trending ridge and valley topography, whlch resulted from -the re-

cent glac1a1 and subaenal er0510n of the weaker members of the’

4 sedimentary rock formations which where exposed through foldxng

and: fault:mg events during the’ Hudsom.an orogeny. )

* The’ retreat of the Wiscorisin'ice‘ sheet', apéroximately
6,000 years B.P., left the ared largely covered by glacjial and.
Only the sharper r:.dge crests, s teep
The dis-

_becaime choked with glacial debris ‘and shallow lakes -formed behind

these dams) is chaxracter:.zed by ‘the wldespread occurrence of bogs

and fens. The' glacial till 'J:.s,- 1n gene;‘al, véry gravelly, con-

" tains many‘stones and cobbles' and varies in thickness from 20 to

Some areas
of fluvxoglacxal sands and gravels do occur but they are llmxted
in their extent. : o C ‘ , ‘

The presence of the sedimentary rock formatlons and gla- °
cial till h‘éve been :meortant to the soil development in this
area. , Clay rich ‘material has been den.ved from the slate and
shale formations, calcium.-and magnesium from the dolomite.forma-
tions and siliceous and acidic material from quartzite, qreywaclge
and arkose containing formations. In addition, ‘tfxese soils hax.re
high iron contents, contributed from the Sokoman 1ron formatlorr
in the region. Were it not for the presence 'of the glacx.al till,
soil types in this area would surely have been restricted to the:
thin, regolithic soils, such as thdse found in the eurrounding
Canadian Shield, which have developed from the highly weathering
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' with’ abundant prec

resistant qraniiic bedrock,

Nicholson (1973) and Nicholson and Mopre (1977) have

_oxanined the major types of so:.ls and . their development in the
,‘ ’ Scheffervzlle area. The factors which appear to be most impor- ’

tant, to soil formetlons in Schefferville have been J.denniled hy

_ --Nicholson {1973) es= iron-rich glacial deposits derived from the

underlying Precanl rian sedimentary rocks; short, cool summers

‘ al‘\bllpitation',‘ variable drainage qharacterisﬁlcs;
the wide variety of cover types dominated t;y the lichen.ground
flora and the limited time since deglaciation. The distribution
of soil types has been found to be related to particular environ-
mental factors. Of 'these, topography and associated végetation ’

‘appear to have the greatest effect on soil forming processes in

;his area. Leaching, podzolizatlon and gleying as well as sur-
ficial accumulation of organic .matter and frost action are the
dominant pedoéenic processes active in the Schefferville area

.Y'(‘Mqore,-‘ls?a;; 'm'chq'lson and Moore, 1977).. : ... - |

- Kl *
- . s :

, The soils fall largely into the Podzolxc, Brunisohc,

~Regosol:.c, Gleysol:.c and Orgam.c orders and. are further subdivided .

into Orthic, Degraded or Gleyed Dystr:.c Brunlsols Orthlc and

; Gleyed Humo-Ferric Podzols, Orthic and thhlc Regosols .Orthic,

Fera ahd Fera-—Eluvxated Gleysols and.- Fenno- and Sphagno—Flbrmsols-
and Humic Mesisols (Nicholson, 1973). Regosols and shallow
Brunisols are found om ridges and on the uoper-sllopes under open

. lichen woodlands. Thicker Brunisols and Podzols have developed

on the well-drained glacxal ull in the lichen woodlands and on

_sxde slopes in feathermoss forests Gleysols and gleyed soxls

of other orders frequently occur on the foot slopes in the feather-
moss forests and z.n valley bottoms and adjacent to stream cha: els
and are 1mperfectly to poorly dramed _The organic soils form

the bog and fen reg:.ons in the area and occupy very poorly dra;ned ]

. depressions. The peaty material is derived from sedges, woody

shrubs and sphagnuin moss and deposits rarely exceed 4 m. Depths

,of up to 1.5 m are most common. So:.ls developed from the glacial
"+ 'till have a low soil fertll;\.ty 'Where soils have developed from

1




tha fluvial deposits found along—side streu channelz, the soil

c

A’l’though“studies of soil classification'and pedological’

Schefferville region, 1nVestigations concerning soil fertility
‘have only been conducted on the soils in the spruce ln.chen wood-

. lands (Moore, 1980) . The lichen woodland soils are generally

‘classified as Orthic or- Eluv:.ated Dystric Brunisols, are shallow

(rarely exceeding 60 cm in depth), have a thin LFH PQrizon over- -

lying a Bm horizon and ‘éccasionally a poorly exprepsed Ae hori-

zon above the Bm. .The soils are ac:.dic, have a low base satura-’ ‘

. tiori, low nitrogen and phosphorus availability and contain
relatively small amounts of organic matter in the mineral soil

horizons. 'The organic matter content of the upper horizons can;'
_ be between 20 and 90 percent. Concentrations in the lower horfi- '

zons also increa'se somewhat, probably as a result of transloca-—‘
» tion or direct. contributibn from sedlmentary parent mater:.al
(Nicholson and Moore, 1977): Although the CEC can be reasonably

N high the exchange sites are'occupied by H ions ,. thus accounting

for the low soil fertility.

The’ low nutrient status “of ‘these soils may be attributed
to low nutrient concentrations in precipitation and the slow

»

relaase of nutrients from organlc matter and parent materlal.
The concentrations of nutrients in raln and srnow, as measured by
Moore (1980), range from 0.09 ppm for Mg to 0.45 ppm for Ca and‘
are therefore not considered to play an important role as di'rect
nutrient contributors. Increases for all cations were measured
in canopy drip and stem flow.. Thése ranged from 0.45 and 0. 68
ppm for Mg to 1.47 and 3.58 ppm for Ca for canopy drip and stem-
flow ‘respectivelfg. When expressed on an annual areal basis, it

was determined that the combined 'canopy drip and stemflow return

s-ignificant amounts of nutrients.to the soil (Moore, 1980).

‘* However, only the small area surrounding each spruce tree bene-

fits from this return., THiis ranges from 20 to 40 percent for
‘open and closed lichen woodlands, respectively. Losses

\
-

fcrtility is- comparatively high. - o ‘ L.

-~ processes have revealed a number of different soil types in. the L
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, greatest losses. o :

. .u22.. ’ : ’ ' ) i ’

through leaching tend to be small, vi.t:h Ca and Hg lhcwing the

- . [ . s .

s

' The nnjority of ncro«-nut:ients in’ the woodland soils are

'contained in the soil organic matter and, because of slow rates
' of decomposition, do not become readily available in a form use-
able by plants (Rericz, 1976). Although fire is a widespread oc~ "
. ‘currence during the summer in the woodlands it appears. to have

little effect on the nutrient status of the soils (Dubreuil and

' Moore, 1982 and Moore, 1980), unlike the nutrient flushes which
‘_have been :onrted following fires in other ecosystems

-

>
L 4

- uoore (1981) cites the folloving factors as leadu;g to

t.he slow. rate 'of organic matter deconposition in the lichen wood-
' land soils around Schefferville: low soil temperatures and long
periods of freezing; . the low - nutrient contents of the plant 1lit- -
" ter and soil orgqm.c ‘matter, especially nitrogen; the lack of

a readily availabie energy source; acidity,K of the organic pofi-

\ 'toris, low popu],ations of mesofauna, ccpecially arthropods. He

found that. i.ncreas:mg soil temperatures, raising the pH, adding’

_'a.n available energy source (sucrose) and adding nitrogen fertili-<
zers, particnlarly nitrate and urea, stimulated incteaaed decom- *
'_poser activlty in laboratory conducted experi‘ments. -

O

I

2.4 . . Vegetation o LT L

3 . -

‘Schefferville is located near the souther li:mit of the

_’forest-tundra sub-zone of the boreal forest (Hare, 1950). fthe

ridge and valley landscape prov1des a number of topograplucal ’

‘units where different cover types develop, leadmg to a mosaic of

topographlc/vegetatlon units in this reglon, The vegetation
conunum.tles which form are dependnt on dralnage condltlons and
micro-cllmatlc and mlcro-topographlc influences of which eXposure
to0 wind and zones of snow removal and accumulation are 1mportant.
Certain cover types, such as sedge meadov#s, fens and feathermoss
fo;_esps, are often associated with dolom;Lt:Lc outcrops ‘or dolomitic
till, thus }suggegting that nutrient availability may also be an .

~
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influencing- factor in ‘detemining where certain vegetation com-
munities become established. - '

. " The major tree species in the Schefferville region are
black spruce’ (nggg paxriana) , white spruce (2 g;].nn;:;), temereck '

-mricina) and balsam fir (Abies balsamifera). The most
connon shrubs ere dwarf birch (Betulg glmdg].m), Labrador tea
(ledum WM) and elder (A;nm m) Woody perenm.els
such as the bluebeiries (m l_ﬂ_i.gm, V. cagspitogum and
X m idaea) and those comprising the heath associations (ie.
“Kalmia My glja) are \ndeepreed throughout thé region., The only
heYbs ‘of any importance are fireweed (Mm mgua_f.iﬁnl.t.m) .
golden rod (Solidago macrophylla) and oornell (Cornia canadensis) -
The main ground flora are fruticose- lichens (most importantly

Clading stellaris, Cl. mitis, and Sterocaulon spp.) and various

mosses (Pleureziwm schreberi, Ptilium crista- castrensis, Dicranum

"fuscesens, Polytrichnum juniperinum and ‘Hylocomium splendens) .
Sphagnum moss is i.nportant only in depressxons and sedqes and

‘grasses oocur en fens end fluvj.al depos:l.ts.

XN

The oover typee oomonly found in the area. and the eesocx-

ated topoqraphié feetures are: treeless, lj.chen-heath tundra on
expoeed ri.dge creets and upper slopecf open and closed 1ichen '
voodlendn on :heltered uplands and in the- drier lowlends. cJ,osed
feethermss forests, eedge meadows, fene and’ 'bogs in velley bot=
- toms and wetter lowlends and depressions. Regenerating post-
-fire communities are also vexy common in this erea. In the early

: steges, moss-shrub-heath comnnitiee often oocupy these areas.

Post—fire com\mita.es are hot specifically associated with par-

. ticuler topogrepm.c features but, 'depending on ‘the openness of

the area, regeneretion may not prooeed further than this treelese
comunity in exposed areas of hzgher elevation. '

‘ Lxchen woodlands develop on wéll-drained sites and are
characterlzed by - scattered spruce trees (both black and white
apruce) at dens:Lt:.es of /500 (open woodland) to 5,000 (closed
woodlend) stems per ha w:.th an understory of dwarf birch and

Y
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Labrador ‘tea. 'The, ground story is dominated by- lichens, the
mat being ,mterspersed with. low-lying blueberry and cranberry
_slgrubs. Mossés can be: fcrund around the base of the spruce trees.’ .

a -
. - .- . N
\ A !

. . 7 . ’ A
.The” feathermoss forests are found in poorly draiped val- " -

' leys. The black and white spruce i;row closely together forming

‘a closed canopy. " The undersbory 1s once ‘again dom:.nated by dwarf

' birch and Labrador tea and- willow and alder also occur in the
-wetter areas and alongsxde streams. The ground covex: is composed

of van.oua moases, the mat bez.ng mterspersed thh herbs.

o The r:.dges lack 1mportant tree species aithough a few
scattered stunted black spruce can ‘usually be found. . Some 11—-
.chen ar moss ground cover is present, but ‘the mat is. frequently. b
diso:onnnuous. Where large patches of-bare ground occur, frost -
scars are numerous. The woody . perenm.als, such as hlueberry

and cranberry, - are the dominant vegetation types. .Labrador. tee

i . » » v
N - V. ' ¥
N . LN - . .

-isaLso connuon.,g' e . e o

_ Bogs and fens are common in the Schefferville region and
have been classified by Allington (1961) according . to their physio-

‘ gnphic charaet.erist:.cs as string bogs, closed strings. sedge
" meadows,. apruce nmskeg and. ‘tamarack ' swamp forest. 'ramarack and .
spruce. are the dominant ‘tree species in these deprEséions. 'rhe S

ground veqetation is comonly sphagnum moss and sedges which are
also the main peat forming mterlals. . Willow, as well as, Labra-
dor tea and dwarf birch, grow- toward the drxer edges '0f ‘the .de- ]
pressions or colonize the raised ridges - J.n the string bogs. . The
wetlands can be separated -into two mqin groups, depend:.ng on their
natrient’ st.atus~ Begs -develop where .an argea - becomes increas:'ingly'
wet and sphagn\m moss . encroaches; lead:.ng to a raJ.Sed bog surface.
They tend to’ be nutrient poor; recelv:l.ng nutrients only from pre- .
cipitation. .Where the infilling of . l.akes and 'ponds has occurred, .

q .nntnent-rich fens, dominat.ed by sedges, develop ‘and hutnents
axe washed into t.he depressions by rnnofi £rom the surronnd:.ng

h:.ghcr regious.‘ R . St T ;, :
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The: maJor litter producers, which are also the majo
nutrient accumulators- and -recyclers in the system, are the f%( dy
pérenni;ls, the shrubs (dwarf birch, Labrodor tea, willew and

' alder) and the‘ tree species (black and whi te sprdce'and‘ tamarack) .
Nutrient contents are highest in birch and Labrador tea leaves

° and: lowest in black spruce needles and lichen litter (Moore, in

' press, a).

Litter is produced from annual leaf fall, occasional
woody material and roots. Roots are found predominantly in the
upper 10 cm of the soil profile although penetration to 30 cm
is common for the perennials and shrubs, Of the three litter
foms, annual leaf fall is probably the most important. The ¢on-
tribution from the shrubs and perennials is the greatest. Tam-
arack also produces an annual leaf fall and, although the other
coniferous tees are thought to shed their needles only periodi-
cally, it appears that annual litter loss from spruce trees in
"the Schefferv;lle reglon 1s most. pronounced in winter (Werren,

.~ 1979} . Most of the spruce ‘needles ¢ollected in litter samples

from a woodland and a feathermoss forest site were found to be
brawn needles, lost from the trees by normal needle shedding pro-

N

cessés. However, fresh needles were more common in litter samples

collected from a r:.dge area,where tree dens:.ty was small and w:.nd
qspeeds hlgh suggesting that abrasxon by w:.nd is an important lit~-
ter attrition process m _open or exposed areas. '

’

'I‘he licf;sns and mosses form an effective barrier which
i:rohibits tt;e litter from being directly incorporated into the
- soil orgam.c layers. The l:.chens, hav:l.ng no normal rooting sys-~
tem, are not 1ncorporated into the mineral soil and probably rer
ceive all their moisture and nutrient requirements from the at-

. mosphere.. The:lower mat decomposes slowly, forming a slimy layer

aboye' the ground surface which’ has a very high water holding’

’ Capacity. The mosses produce a thick layer of decomposing ox-

gan:.c matter which is an J.mportant source of nutrients for the -
underlying mineral soil. (j ‘
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2.5 Snow Cover Characteristics in the Schefferville Region

¢

A number of studies have been made on snow depth distri-
bution pat,terns in the Schefferville area (:g?nss a:anti: l;of.lft 1913?32,
Granberg, 1972, 1973, 1975, 1979, 1980; Nlcholson and Granberg,
1973; Nicholson, 1975; Thom and Granberg, 1970) The combina-
tionof ridge and valley topography, numerous open, flat surfaces,
sdch as frozen lakes and bogs, and the variations in density and
height of the vegetation cover, ranging from essentially treeless
ridges, boés and recent burns to open and closed lichen woodlands
and feathermoss forest, greatly influences the accumulation of
snow in this area. In general, it has been established that the
least amount of snow accumulates on the ridge.crests. In some
tases these areas remain snow free throughout the winter due to
extreme exposure to wind, The snow is swept off the ridges and
deposited in the valleys below where, at the base of slopes,
Snow depthé~of 1.5 m or more are commonly reported (Granberg,
1972, 1975; Nicholson and Grapberg, 1973).

Distinctive landscape units, where different patterns
of snow accumulation occur, are called roughness zones, refer- -
ring to topographic roughness and vegetation roughness, 1In the
former, topography influences wind speeé (the distributing agent
of snow cover) by causing wind speed to increase near convex
surfaces. Hence, ridges tend to be areas of wind acceleration
and snow removal, whereas valleys are areas of deceleration and

- o o oA T

snow deposition., On flat terrain, such features do not exist
which cause variations-in snow accumulation and snow distribution
tends to be more regular. Vegetation roughness acts vertically
by reaching into the airstream and dissipating wind energy near
the ground surface. This is most pronounced in areas where tall,
widely spaced €¥ees are found. In the lichen woodlands around
Schefferville, the trees increase wind speed locally and create
wind scoops around the trunks. Small trees decrease the wind
speed, creiting small drifts in the downwind direction., With

-

increasing forest density, such as in the closed woodlands and
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feathermoss forests, wind scoops and drifts become less pro-
nounced. It is estimated that little or no erosion (removal

" and transport of snow at the snow surface) can take place in
forests with a tree density of greater than 30 percept (Gran-
berg, 1975). Since much of the low-lying vegetation becomes
buried, its influence decreases through the winter. Snow accumu-
lation in open areas leads to a progressive reduction in surface
roughness caused by microtopography and brush vegetation which
leads to an increase in the amount of snow drifting. Since in-~
dividual particles are bei'Kg affected, this leads to changes in
snow density. This effect is seen on ridges and-lake surfaces
where snow depths are shallow and densities are high.

Major roughness zones in the Schefferville area, which
incorporate both topography and vegetation cover types, include
lakes, bogs (also fens, muskeg and sedge meadows), ridge crests,
ridge slopes, open lichen woodland, closed lichen woodland, ™~
feathermoss forests 'and boundary zones. Boundary zones have
their own distinctive character of snow accumulation. An example
of a boundary zone effect occurs when wind, carrying snow, blows
from a lake or other open area into a wooded area. As soon as
the foresfl: edge is reached, the wind speed decreases rapidly J
and snow deposition occurs. Boundary zones in Schefferville are
approximately 100 m wide along a forest edge and have deeper
snow depths than the wooded areas beyond (Granberg, 1975).

*  fThe Schefferville 10-point snow course, located just
northeast of the Schefferville airstrip and oriénted approximate~ ]
ly perpendicular to it, transects several different vegetation ;
cover types and the snow accumulation patterns along this tran-
sect reflect the dif\férences, very consistently, throughout the
winter and from year to year. The first two points on the snow
course are located just beyond the clearing for the runway in
open forest. Points 3 and 4 are located on a string bog, point
5 is located near the forest edge just beyond the bog and point -
6 is farther into the forest. - Points 7, 8 and 9 are located in
an open woodland and point 10 is-a short distance from the shore
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Snow depths on four dates along the Schefferville L
10-point snow course ' . “ : ) )
Dec 1181 1 FébTa-02 . -
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of a small” lake. The snow course has been used ‘since i9él to
provi.de information on snow depths and water equivalents in the
Scheffervillereg;on Gtanberg (1975) describes some of the pro- .
blems 'a‘s,sociated with the snow course as .seen in relatxon to its
use for estimating snaw vater equivalents of the snowpack in the
Schefferville area and how this relates to hydrological investi-

. gations. The snow course appears to over-estimate the snowpack

-water equivalent by 30 percent as.a result of snow depths along

. the ‘transect being affected by drifting snow (Granberg, 1975).

According to-Granberqg (1975), only points 7, '8 and 9 are rela-

tively undisturbed by the effects of either snow removal or wind- '

blown snow deposition and are therefore the cnly points along
the course which are representative of the actual snowfall ac-
cumulation.

Although perhaps misleading when estimating &verage snow-’.

_ - back water storage in the region, the data for the snow course
.ake useful for illustrating the snow accumulation patterns which

occur 'tﬁmughout the winter and also the consistent year to year
variations ‘seen along the transect. Figure 2 illustrates the
sriow depth patterns over five years - from winter 1977/78 to 1981/

. 82 on four sampling dates. The four sampling dates chosen are -

early winter (first week of December), mid-winter (late February),
lat% winter (mid to late April), which also represents the peak *

" 'snow year or the winter's snow accumulation, and mid-melt (late

2
»

May) .

-~

-

‘ In addition to the yearly variations in snow depths,
several strong, recurrent patterns occur\ghich remain prevalent

] thréughout the vin(:er'but are most pronounced in the mid and late
" winter. periods after the snow cover has becone egtablished. Of

‘the five years displayed in Figure 2, winter 1977/78 clearly
shows the least snow accuiulation over the entire ‘winter. 1In
addition, unlike the following years, very little accumulation

'occurred beui'een February and late April and a net loss in snow

depth vu néasured at sampling points 4, 5, 6 and 7. It is d‘j_.f-

-
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81/82

08.12

50.2.

23.02
103.9

" 26.04

143.4

. 21.05
. 69.3
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‘Table l: “ Selected mean snow. depths at the
: . Schefterville 10-point snow course
- . during: the wirters 1977/78 to
1981/82 .
Snow Year 77/78. 78/79 19/80 80/80
) Daté 08.12. 0§.12 12.12 08,12
/ . < .
{ Depth cm 43.4 5;/.2# 59.0 85.3
‘ ) 7.
.Date - 23.02 2%92 23.02 22.02
, Depth cm 102.6 118.6 113.7 108.0
, . Date 23.04 10.04 14.04 16.04
Depth cm  101.7 158.8 138.1 150.0
. ‘ :
‘Date 23.05 22.05 23.05 22.05
-Depth cm 22.4 32.0 26.7 92.0
. . ,
bt
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ficult, from the data presented; detetnine in which of the f:.ve '

 years the greatest overall snow depths occurred Mean valuea,

averaged for the.snow course and presented in Table 1, suggest
that, by mid and lat.e winter, 1978/79 had the greatest snow
accumulation of the fiye years. A difference of 57.1 cm between
the mean, peak snow-year values of 1978 and 1979 was measured.
Yearly differences in snow depths became most pronounced during
the melt when the difference between the means increased to- '
69.7 cm and the greatest single difference in snow depths occur-
red at point 4 between 1978 and 1982, a difference of 92 cm.

‘Although year to year differences in snow accumulation
exist, several patterns of accumulation are strikingly consistent "
from year to year. Sampling point 2 shows consistently shallower
snow depths during all five years, on all four sampling dates.

Snow depths increase at point 3 and reaeh a peak at point 4.
This sampling poiht, which is near the bog edge and close to the
forest, appears to be an area of snow accumulation, perhaps re-

" flecting snow accumulation in a boundary zone. Point 2 is an

area of snow removal. The differences in peak snow year accumu-
lation between these two locations rangedfrom 69.9 ¢m ih 1978 to
190.3 cm in 1982. 1In comparison to the pxsssding four points,.
two of which are in the open, the forest locations 5, 6, 7 8 and’
9 show reasonably consistent snow depths, particularly in early
winter. . Point 7 does appear to be a site of some snow accumula-’

tion which is quite noticeable in Decedaer of 1980 but which be-

comes apparent for most years by Pebruary and April.. Site 7 may -
also be affected by snow accumulation in. the bonndary zone between
the cloeed forest and woodland.

Although rates of melt affect the bebween year differences
in depthsmeasured in May, the basic patterns of snow adcmuletien
do not change. - Since snow depths are least at points 2 and 3,
it is not surprising that the snowpeck should disappear most

- rapidly at these two locations. However, closer examination of

depth changes between April and May indicates that greatest los-—

'. ses during this period occurred at stake 4. Further exemiqatioh'
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of datq not. presented.here (McGill Subarctie Research Station
Snow COurse ‘Records) 1ndicates that melt ptoceedéd most rapidly
in "the less sheltered and open areas where poxnts 1 "to 4 are
located and was most gradual in the shel tered forest and wood-

. lands’ (pointp 5 to 9).. Given.the reproducibility of. the patterns

over the five year period-presented the show course data certain-

Ay apmuw " to suggest-that- L -

4 L

1): the vegetation structure along the snow course affects the

pattern of snow accumulatxon~

_iii ‘a much gmeater variation in snow depth is seen in the open

areas. 2, . ] ' .
iii) " the . change from the open bog to closed forest results in a

~

boundary zone accumulatan of sn at point 4 and

:iv) ' the sheltered wooded areas peyond are much less affected by

~

’
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individual‘yearly accumulation patterns do chanﬁe over
the winter. Granberg -(1979) found that winter snow accumulation

'petiernp ahjust to the -changing surface roughness characteristics
. .within a given roughness zone and in the surrounding areas. 1In
one study at the Timmins 4 permafrost experimental site, 20 km

no;thyest from Schefferville, six different patterns of snow ac~
cumulation, corresponding to different topographic - /vegetation

. unitsj were recognized (Granberg, 1979). The first pattern was

associated with ridge crests and summits where snow depths reach-
ed a maximum early in the winter and remained constant or decreas-
ed through the rest of the season. The second pattern was found
adjacent to ridge crests in narrow valleys and shallow concavi-
fiee on otherwise exposed convex or flat surfaces where snow

'depths increaqu/gmly slowly once low-lying vegetation became
L5

covered, provi | a smooth surface vulnerable to wind action.
The third distribution pattern occurrednear valley bottoms and
on slopes: away from ridge crests., Here, 1nitia1 snow depth in-
‘crease was slow, followed by a rapid increase and then once again
by slower increases. The fourth type occurred in wider valleys

and hollows where, after a short, initial 1ncrease, the snow

v depth remained re}atlvely constant for some time and then sud-

er v
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deniy'iﬁcreaéed: The fifth pattern could not be specifically
associated with a given terrain but rather appeared to be depsmdent
on changes in snow conditions and roughness conditions in

-~

surrounding areas. The pattern was characterjized by a constant

or slowly increasing snow depth followed by a more rapidly in-
creasing depth which was proportional to snowfall, The last -
pattern was one of regularly increasing depth which was propor-
tional to snowfall throughout the accumulation period. This
iﬁpeafed to occur in areas lacking any major roughness character-
istics. . ‘ . ’

One particularly important aspect of snow accumulation,
is the snow water equivdlené or the amount of water held in stor-
age in the snowpack. In one study, snow accumulation and water
equivalents in six roughness zones in the Knob Lake basin were.
compared (Granberg, 1975). It was found that although snowpack
density decreased and snowpack éepth increased with increasing
vegetation roughness, the average water equivalents appeared to
be 1g‘.ﬁﬁuﬁﬁg of roughness zones, when boundary zones where not
included in the comparisons. Inclusion of boundary zones result-
ed in variability in water equivalent between zones. 'Snow depth
decreased and density and water eguivalent increased with decreasr
ing vegetation roughness and increasing topographic roughness.

Granberg (1975) found that the average water equivalent
in a closed woodland was more/iépresgntative of the average for

- the basin than the other roughhess zones sampled, Within the

woodland, water equivalent was found to increase rapidly with
distance away from trees., Snow depth around trees is generally
Jegg, due to buried branches which lead to cavities in the snow-

. pack around tree bases. In the open woodland, where some drift-

ing occurs, greater variability‘inﬁdepth, density and water
equivalent was measured. Although the average depth was slightly
less, water equivalent and density were found to be slightly
greater than in the closed woodland. This is due to drifting
and snow compaction.: In a recent burn, where small trees lead

to the formation of tail drifts which harden between storms and

-
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affect the accumulation pattern,. the greater driftingilehds to

an increase in average»density and water equivalent,  ,In recent .
burns, topography is the main éogtrol'of snow accumulaéiop since ¢
the absence of trees allows high wind velocities near the surface
to develop and the snow is redistributed. Redistribution pro-—
duces a general sioothing such that deep accumulagion occurs in
yalleys and little or no snow on the ridge crests, _ This leads

to a large variation in densities and water equivalenks in the
area. The average density in these areas was found' to be higher_
than in the other zones but water equivalent was less due to
large areas of shallow snow depths. Bogs were not_sampléd in

the above mentioned study but were described as having a flat
terrain and therefore little or no variation in snow accumula-
tion due to topography. If a bog is small, drift transport from
the‘boq into the surrounding forests can cause a depletion in
water equivalent. For larger bogs, this effect is insignificant.
One important factor in bogs is that the wet surface causes par-
tial melting of the snowpack at its basq,if accumulation occurs
béforethe bog surface freezes, The same effect occurs on lakes

\\\‘\\\when water penetrates the ice cover through cracks. The lakes

A

-ﬁiie\tﬁg‘lowesﬁ'roughness of all surfaces and thus allow the

greatest\imuunt of drift to occur. This in turn leads to the
highest avg;age\dénsities, Snow depth tends to be less than
half the snow depth in woodlands, Roughness boundaries, sampled
between open and closed woodiands,showed greater depths and
higher densities and watqf equivalents than the other sites
sampled.

- The density and depth of the snowpack, as,well as the

presence of ice layers, surface crusts and dust layers within

the snowpack, are important factors which control the thermal pro-
perties of the snowpack ‘and thus the effectiveness- of the pack

in insulating the ground surface below. As has been shown, the
variety in snowpack deéths and densities is large in Scheffer-
ville. Drifting and redistribution of the snow cover result in
denser horizons in the snowpack. The different en§ironments;
where snow céver forms, allow for differential melting and ree
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freezing, leading to the formation of ice layers and surface

crusts which become incorporated into the snowpack,

- - v

: A generdi survey is not available on the variations in
snow morphology and snow temperature changes as they relate to
the various snow environmsnls in the Schefferville area, ‘However,
it is known that, as is the case in many other snow covered areas,
the ground at the base of the snowpack remains at or near 0°c as
it is insulated by the snowpack above and warmed by heat conduct-
ed from the soil below. Measurements made at the base of snow-
pits from December tb May over four years in a woodland near
Schefferville showed that the snow/soil interface temperatures
ranged from -3.0°C"to 0.1°C with a mean value of -1.2°C.  This
very narrow base temperature range was maintained although air
temperatures frequently are recorded below -30.0°C in the area.

. There is very little information on snow chemistry in
the SCﬂefﬁarville area. Some spring snowpack nutrient data i§
available from Moore (1980) which shows that the nutrient concen-
trations in snow samples, collected in a lichen woodland site,were
very low, ranging from 0.10 mg/l for Mg to 0.97 mg/1 for Na. s
English (per. comm.) is currently investigating the role of ‘snow
cover.in the chemical budget of a drainage basin in the Scheffer-
ville regioﬂ. Lewis (per. comm.) is investigating the occurrence
of acid precipitation in the Schefferville area and has conducted .
some winter sampling. Drake and Moore (1981) found that snow-
pack'chemdatry around Schefferville appears to be affected by
dust loading from the mines in the area. The effect was most
pronounced to the -southeast of the town where mining activity
was greatest at the time. They also found that snowpack pH was
lowered downwind of the town which they attributed to probable .
sulphate deposition-from the burning of heating fuel..

This review of snow cover in the Schefférville region
indicates that,although the spatial patterns of depth, density .

~ and water equivalent have been studied and their relationship

to topography and vegetation cover is well established, the same
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has not been determined for snowpack structure, temperat{xre |
regime and snowpack chemistry. These characteristics may alsp
vary aocording to topogrnphy and veget:ation and may be. critical
factors in determini.ng the importance of the snowpack to the nu-

,
trient regin?a of the underlymg soil hody. . ,
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) " CHAPTER 3
'Site Selection and Methodology .

3.1 . site Selection

" As indicated in.Chapteg 2, there are sevéralﬂimportant
tdpographic/iregetatio'n: units_ in the Scheffervi_l\lehrea‘.l These
have been 1aent1f1ed as 1ichen-heath tundxa, lichen-wobdlands,'
sprucg-feathermoss forests and peatlands. leferences in" the
nutrient status of the soil between these uriits can be ant1c1-.‘
pated and also dlfferences in the accumulation .and com9051t10n'
of the snow cover. Thus it was decided to select a'convenient
.area in which’ theseé representat;ve units appeared for the study
area. ' ' ' ’ o

. % IS :
3.1.1 Selection. of the Study Area " N

<

+

Seléction of an prea~fof the_study w§8‘quuwhnt..dh three

.factors. I , :

3

- 1) that the area possess representatxve members of the four

major topograph1c/vegetatignzunxts in a relatively small area;
ii) that it be removed’from possible sodrces of snowpack con-
famination by mine dust or.from the town;

111) ‘that it be readlly accessible becaiuse of the winter-time

-

" Based on<these criteria, the May Lake area, 4 km northwest of
‘SChefferv111e,was selected for the study.

T

‘ whe May Lake catchmént enconpasses a2 0.65 kn? area, the

long axis ‘of which"is oriented in a NW-SE direction follewxng the

"‘majar topographlc axis in the Schefferville region (Figure 3).

It is bordeted on the southwest by a major ridge compléx and

) m1ning regionﬁ immediately to the northeast is a low-lylng,
ipoorly-dra;ned area. Three.small intermittent streams, draining’
‘the catchnent, flow into '‘May Lake from the southwest and north-

uest. The .east and southeast border of the bagin is defined by
a minor ridge. The dif

Ve

rence in elevation between the crest of
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this ridge and the lake is 52 m,
Although a small area, the May Lake catchment contains
a Qariety of -vegetation communities which commonly occur in the

- Schefferville area and which reflect the topographic variation

in the region. The ridge is covered primarily by a lichen=heath

" tundra community which grades into moss-heath=-shrub towards the

western and southern edges, where the slope in eases and ground

"hollows occur. This tundra complex covers .28 km or 43,1
"percent of the total basin area, This cam/be subdivided into

29.2 percent lichen-heath and 13.9 percent moss-heath-shrub.
The lichen mat (Cladonja) is thin+and intermittent. Where a
moss ground cover occurs, it is continuous, but also thin,
Trees are:almost entirely absent except for a few scattered,
stunted black spruce (Picea mariana). The woodi perennials}

blueberries (¥accinium uljginosum, V. vitis-idaea) and Kalmia
polifolia are the most commonly occurring shrubs followed by

dwarf birch (Betula glandulosa) and Labrador tea (Ledum groen-
landicum). The bare ground surface is very stony and cobbles
are scattered wideiy about. 1In particularly exposed areas, the
surface is disruéﬁed by frost scars. Some evidence of fire was
found in this area and although the date of the fire is not known,
‘the sparsity of the charred wood‘suggests that it was some time
ago. It is possible, then, that this ridge complex was at one
time an open lichen woodland, but because of its very exposed
position onﬁfhls minor ridge, the woodland has ndt been able to
regenerate and the area became populated by the current lichen-
peath communi ty. ‘
—~ ™~

The sheltered uplands and well-drained lowlands in the
catchment are o;cupied by lichen woodland In total, the wood-
lands cover 16.9 percent (0.11 km? ) of the dra;qage basxn area,

'w1th open woodlands (up to 500 stems/ha) in the” mpre exposed,

upper, reaches (7.7 percent of the total &area) and closed wooh-
lands (greater than 500 stems/ha) in the low-lying regions (9.2
,pégcent). The woodlands in the May ‘Lake catchment are typlcaL
of what is found throughout the region. The contlhuous l;d?en
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mat (Cladopnia) is 5 to 10 cm thick and interspersed with various
ericaceous shrubs. Mosses are common around the base of the
trees. The most common tree species in the this area is black
spruce (Picea mariana), but white spruce (P. glauca) is scattered
throughout. The understory is dominated by dwarf birch (Betula
glandulosa) and Labrador tea (Ledum grgenlandjcum) . e

The lower slopes, valleys and areas along-side stream
channels, where the soil is moderately to poorly drained, are
occupied by feathermoss forest., The forests cover 35.4 percent
(0.23 km2) of the catchment area. Here, the ground is covered
by a thick (10 to 20 cm), continuous mat of various mosses
(Rleurozium schreberi, Polytrichum juniperinum) interspersed
with scme herbs. The dominant tree species is black spruce
(Picea marjana) which forms a closed canopy. White spruce (P.
glauca) is found throughout. The understory is once again domi-
nated by dwarf birch (Betula glandulosa) and Labrador tea (Ledum

groenlapndicum) .

A small sedge-moss fen (0.03 kmz) is located at the ex-
treme northwest end of the catchment. A similar community, but
even smaller, surrounds a small pond at the southeast end. The
latter is dominated by sedges (Carex spp.) and ringed by feather-
moss forest. Together, these two, small wetlands comprise 4.6
percent of the total basin area. The surface cover in the sedge-
moss fen is composed of both sphagnum moss an;é sedges (Carex spp-).
Tamarack (Larix larjcina) is scattered throughout as are a few
stunted black spruce. The edge of the fen and f]ﬁall hummocks are
occupied by dwarf birch (Betula glandulosa) and'Labrador tea
(Ledum groenlandicum). This fen occupies a very\pbcrl‘y—drained
depression where small patches of open water frequently occur. ]

This depression is bordered by lichen woodland.
«

R Y R o

3.1.2 Selection of the Study Sites

&

The vegétation c:)ver of the basin was mapped using black
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and white aerial photography (1:12,000) aided by field reconnais-
sance. Based on airphoto interﬂpretation and further field recon-
naissance, four study sites wereo selected which were considered
to be representative of the cover types found within the basin
and thé surrounding area and which incorporated minimized contami-
nation from nearby roads, site accessibility and size. The site
locations are shown in Figure 3. Site 1 was located in a closed
lichen woodland at the north end of the basin. Site 2 was located
to the east of ;:.he upper edge of the basin in the lichen-heath
cémunity and bordered on the moss-heath-shrub area. Site 3 was
located in a feathermoss forest at the south end of the basin
and bordered on a transition zone between feathermoss forest and
lichen woodland. Site 4 was located the sedge-moss fen at the
nor thwest en’d of the basin. Since the fen is 3 ha, it was de-
cided to use this as a gquide, to the minimum’bsize a vegetation
association should be in order to be considered for a study site.
Y

3.2 Project Structure

The nutrient status of the organic horizons in late fall, :
just prior to the development of a continuous 8now cCover, was
chosen as the base nutrient level of these horizons, since this .‘
marks the end of the growing season and uptake of nutrients by i
the plants. Only changes between the nutf;ent status of the orx-
ganic horizons were measured since this is the material from which
nutrients become available and which forms part of the snow/
vegetai:ion/soil interface.

Rather then measuring the bulk concentrations of the
snowpack chemical parameters, the distribution of the nutrients,
particulate matter and pH through the snowpack were measured in
10 cm sampling sections, This was done during three sampling ° )
periods so that changes in the distributions could be monitored L
and to determine whether or not the nutrients accumulated. as the F
snowpack developed or whether they became redistributed or de-
pleted from the snowpack. The pulk snowpack pH, nutrient and
particulate matter conceng:ratigng are represented by the means
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of the concentrations measured in the samples removed from the
snow profiles, )

The snow morpﬁology was measured during sample collec-
tion since changes in snow morphology indicate 'anx active, rat.hgr
than static, body and those chariges can influence the nutrient .
regime of the snowpack and the environment of the snow/vegetation/
soil interface. Snowpack temperature profiles were measured to
determine the insulating effect of the snow cover and the tem-
perature of the environment at the base of the s'nowpack.

Measurement of over-winter mass losses in plant tissues
was used as a direct indicator of whether or not decomposition
was occurring benea+h the snowpack, ~

3.3 Field Methods
3.3.1 Errors and Sources of Errors

There are a number of errors associated with measuring -
the physical parameters of the snowpack. Most prominent df these -
are density, water equivalent and temperatute measurements Snow-
pack horizon densities were measurgd using 8NnOowW, core volmne and

weight measurements. Snow Cores were 'removed ugsing either a’

e
250 cm3 or 500 cm3 metal snow core sampler. A total bulk snow

3

sample volume of 1000 cm was collected and the core samples were

weighed in the field using a top—loading balance, The measure-
‘ment error of the balance is 3.0 g and the estimated volume

error of the core samplers is as great as f10.0 cxn3. Therefore,

the estimated errqr of ‘the dennty measurement ranges from %1
to 22 percent for the 500" ‘cm? and the 250 cm3 sanplers , respec-—
tively ' ) )

‘rhé water equivalent for each horizon was calculated
from the horizon depth and horizon density. Based on a depth

measurement error of 0.5 cm, the estimated error of the water

equivalent ra,mges“froq I3 0 &4 percent. The water equivalents

LSSV
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for ice layers yefe calculated using a density of 0.9 g/cm3 .

The bulk snowpack.water equivalent is the sum of the snow hori-
zon-and ice layer water equivalents. The numerous ice layers

in the s_nowpaék and slushing at the snowpack base were consistent
problens while trying to remove complete snow core samples for
bulk snowpack density measurements. This method was-eventually
abandoned and the snowpack density values presented in section
4.2.2 have been estimated from the snowpack depth at that loca-
tion and. the total water equijvalent.

Shoy' profile temperatures were measured using pre-
calibrated, snowpack thermometers. The thermometer calibrations
were checked repeatedly throughout the sampling sessions and
were found to have remained consistent. The thermometers were
calibrated against standard laboratory mercury thermometers in
an anti-freeze solution. Measurements were calibrated at 10°C
intervals from - 20°C to +10°C. The reading accur};cy of the
snowpack thermometers is ¥0.2°C, although the actual accuracy
of the instrument itself is probably between ¥0.5°C and *1.0%%.

., 'Apart from the problems of instrument accuracy, the
most obvious source of error associated with this method is the

heat f;.éu Away- from the ‘exposed profile face. Therefore, the

measured profile temperatures (although approximately 15 cm

' inside the s’rgowpai:k, away from the prdfile face) can not be truly

indicative of the undisturbed profile, but rather only approxi-
mate it. The témperatures also can not be read immediately,
since the 'thermometer responds slowly and takes several minutes
to reach a constant measurement. Therefore, due to the errors
inherent in this ‘m'ethod, snow profile températures measured in
this manner ﬁay be uséd for illustrative purposes only and any
conclusions based on these values are strictly tentative.
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Sampling Procedure

3,.3.2
4 Thé follov{ing seMce of sampling was conducé:ed- at each-

site: ’

September 1980: | _ v - _

1) ‘r};ree 1xl m soil profiles were excavated and the ;oils

were classified according to morphological charactersitics.
Profile locations were selected to include within-site surface

vegetation and/or micro-topographic d:.vers:.ty N

2) Soil samples from each Horizon were collected into plas-

tic sampling bags for later analysis. \ . R
3) Five locations, three near to the previously excavated ‘

soil profiles and two additional ones, transectxng the sites in
a 'X' pattern, were gelected and marked with wooden stakes of
known height which would later be used for snow depth measure-

merits.
the location of the 'future snow sampling locations. These loca-
tions were numbered according to the site number., followed by )
the stake number. Sampling locations are shown in Figure j. ' !

4)

ground surface and secured at.each of the five stake locations.

A numbered stake marked the corner of each sheet and the orien-

tation of the sheet, relative to the stake,' was noted.- The pur-
pose of the plastic sheets was to form a barrier between the i
ground /vegetation surface and the o&erlyinq snowpack, thereby
removing the contact between the ground surface and the base

of the snowpack.

5)

- pling locations (to a maxium depth of 10 cn) . Were collected
for later laboratory analysis.

6)

tree and shrub species at each site. In the laboratory, the bulk
tissue samples were oven dried at. 65°C. for 24 hours' and weighed
out in approximately 5 g portions (exact weight was recorded)
into numbered, nylon gauze litter bags with a lmm mesh (0.5 me

The stakes, which were ni;mbered one to five, also marked

2x2 m plastic sheets (0.1 mm thick) were laid.over the

Ten Lm/hh soil samples, two from each of the five sam-

Fresh tissue samples were collected from the dominant
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for tamarack samples). Twenty bagged samples of each species -
were returned to the sites from which they were collected and
redistributed three m away from and around each of the plastic
sheets, with four samples of each species at each stake lécaf.ic_m.

Regegbex 1980: . -

1) Snow depth was measured at the five stake lOC&tJ.ODS at
each site,, on the same day. , )
2) Three 1lxl m snow profiles were excavated at the three

st:ake locauons near to where the soil prolees had previously
been dug. Care was. ‘taken not to excavate over the plastié’ sheets.
3) Snow profile depth was recorded and snow, profile tempe:- '
atures were measured at 10 cm intervals from the snowpack base,
using previously calibrated snowpack thermometers. . Snow strati-

. graphy was recorded and snow grain size and the snow densites. of
each major horizon were measured.

4) Snow samples for laboratory analysis were collected in

10 cm segment.s down the profile, from the opposite prof:.le face,

d:.rectly into plast:.c sampling bags, using a plastic 5COOp. The
SNOW aanples were passed through a clean, large-mesh (2 mm) plas-
‘tic sieve, held over the mouth of the bag, to remove any large
pieces of litter wh}ch could contaminate the sam'ple upon melting.
The litter was retained and returned to the lab to be weighed
and calculated with the particulate matter removed from the sam~
ple through filtering.

5) The snow samples were returned to the laboratory and
stored outside in snowbanks until they could be melted, analysed
fqr pi and filtered into- clean, plastic sample bottles.

February 1981:

1) Snow depth measurements, snow profile temperatures, stra-
tigraphy, grain size, densities and snow ‘sample collection pro-
ceeded the same as in December, 1980.

2) Five fresh snow samples were collected frim the gnow
surface the morning followihg a minor snowfall. Samples were col-
lected directly into plastic bags using a plastic scoop.

.
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April/May 1981:

"1;) Snow depth measurements were recorded on three dates dur-

ing this sampling period; one previous to the onset of melt and
hvo during the melt period. '

2) Snow profiles were excavated and sampled according to

the December and February sampling.prodedures. However, during
this sampling period, two profiles at the three snow profile =
stake locations were excavated: the control profiles, with a nor-
mal snow/soil inteigape, and the experimental profiles, excavated
above one half of the plastic sheets. Although snow samples were
collected from both) profiles, snow strytigraphy, temperatures,
grain size and density were recorded for the control .profiles
only.

3) Following the onset of melt, a second set of profiles
vere excavated, two profiles at each of the five stake locations:
one with a normal snow/soil interface anid one above the plastic
sheet. Only snow samples from the bottom 10 cm of these profiles
were collected. Snow stratigraphy, temperatures, density and

3

grain size were not measured.

dune 1981:

‘1) Following the melt, 20 LFH/Ah samples (to a depth.o6f 10
cm) were collected; two from beneath each of the five plastic
sheets and two adjacent to each of the. sheats. The ln‘:tgr bags
were retrieved at the same time,

3.4 . laboratory Hethods

A summary of the analytical methods is presented in Table
2 and includes the analyses performed, the methods and equipment
used, detection limits and equipment.precision and references.
The estimated pracision/repraducibility of ‘the results is %10
pﬁrmt. N [ . N -
~ The soil and organic utter sanples vere air dried :l-
mediately upon return to the laboratory. The mineral soil was

1
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Table 21 SusmAry of analytical mathods
, Analysis ¢ Method - Byuipment = Accursoy asd/or
. . mmuu\u-u
soil opN soilivater risher Accumst Acc. 0.01
) 1l i Meter
datarsination by Nodal 210
glass slectrode
Rxchangeabls extraction with Pisher Accumst Ace. 0.01
] u w.O0M (pB 7.0) i 1 .
terdination of  Model 210
m in pit of
- extract solution
Sxchangeabls extraction with Pexkin-R1lmer Detee. Ca 0.05 ppm
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passed through a standard 2 mm sieve prior to chenical afmlysia,
all further analyses were performed on the 2 mm soil fraction.
The LFH/Ah and organic soil material was ground to a finer par-
ticle size prior to chemical analysis.

The snow pH measurements were performed on unfiltered,
melted snow samples. A portion of the sample was removed from
each sample prior to melting and placed in a glass beaker, The
ph of the melting sample was monitored as the melt progressed
and recorded at o 2°C while the sample was slush, 2,0°9C, 4.0 %¢
and then periodically until a constant pH measurement was reached.
The stable pH value indicated that the melt water was in equilib-
rium with atmospheric CO, 3t room temperature.

The remaining snow sample ﬁelted in the resealed sample
bag and, immediately following melt, was filtered through a pre-
weighed, Whatman no, 42 filter and collected i\nto clean, 250 ml
plastic bottles, The filter papers were oven-dried at 65°C for
24 hours and reweighed, The weight difference represented the ’
particulate matter removed from the melted sample. This amount
was added to the weight of the litter previously collected from
the snow sample in the field and the combined weight was adjusted
to mg/1 of sample, The filtered samples were refrigerated until
the following analyses could be performed: Ca, Mg, K, Na and
TDP., Total dissolved phosphorus content was analyged at the 7
Schefferville station shortly after the sample had been melted,
Cation analyses were performed at McGill University in Montreal,

Because of the very low nutrient concentrations antici-
baud, periodic cpecks were made for possible sample contamina-
tion from the sampling bags and sample bottles. Several sampling
bags were filled with distilled, defonized water at the game
time that samsples were being melted and several hours later the

'water was transferred to sample bottles and analysed in the same

manner as the snov samples. Sample bottles wére also directly
filled with distilled, deionized water, refrigerated and shipped
with the snov samples to Montreal., Subsequent analysis indicated

s b P RN B
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. soil chemical data. Complete data setz; for snow chemistry are

" Appsndix 3). Inter-site comparisons identify ’si\ghifieqnt aif- -

«50-

CHAPTER 4
Results

4.1 .Data Presentation and Statistical Analyses ’

' Snow and’ soil profile data have been presented graphi-
caily.‘ Snow stratigraphy, temperature profiles, dépths, densi-
ties and water equivalents are presented in Figures 5a to 51;
the vertical distribution of the chemical parameters in the snow-

‘ pack in Figures 6a to 6p. Soil profile mtpholow and chenical

data are presented in Figures. Ba to 8d.

. / ‘ . ' ' ) ]
- For most purposes descriptive statistics (mean concen-
trations and standard deviations) are used for the snow and

found in Appendix 1 and for soil chemistry and morphology in

 _ Appendix 2, Statistical tests used include the Student's t-test,

analysis of variance (Gregory, 1978 and Hammond and' McCullagh,
1978) and correlation analysis “(SAS Institute, 1979) . The re~
‘sults of some of the p-u are prcaented in this chapter, exten-
aive result:- are found in Appendix -

1
o B e

Correlation analysis was .used to test for relationships
between the various chemical pu;l-eters ,-eagure& in the snowpacks
(Table 1, Appendix 1). Patterns and comparisons of “intra- and
inter-site vanqtions in snowpack chemistry are based on the un-
\uightad means and standard daviat.ions of ‘the’ chemical paraneters,
for which the sample size, . n,- 1- the nMer of 10 cm depth sanples
in each profile (Table . 'rhe Studont's t-test has been applied
to determine the significance of the differences between pairs
of means for each chemical panutor. . Differences are considered
to be significant ata(=o .05, o T o

H

Intra-sitn coanisona, bet:veen profiles smled dunng
the same smling pcriod, attempt to. identify significant dif-
ferences 'in snowpack chemistry within the same sitée (Table 2,

N
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ferences in showpack chemistry between the four sites during the
same sampling period (Table 3, Appendix 3). Intra-site compari-
sons between profiles sampled in early~, mid- and late-winter

- identify temporal énanges in s%nowpack chemistry within the same

site (Table ¢, Appendlx 3) The two-tailed test significance
levels have been used J.n the intra-51te compan.son of spatial

‘variations. ‘The one—tzu.led test significance levels have been

used m i:he intra-site temporal and inter-site/ spatial compari-
sons smce it i's of interest to know whether or not one sample

-mean- is signlfu:antly greater than the other. For the intra-

site comparisons, this indicates a significant increase (or
decrease) in mean concentrations over time. In the inter-site
compari;ons, ‘this- mdicates at wh:.ch slte the mean values are
significantly hlgher.

The influence of contact with the ground surface on the

. snowpack chemistry has been evaluated by comparing the snow

chemstry of thé control and experimental snowpacks and the

' chemstry of base snow samples removed from control and experi-
. mental prof,iles;, in mid-May. Compar:.sons, using the Student'
- t-test, ir’xélude the effect of the soil interface within each

site ‘and between-site conpaz:.sons of the exper:.mental and contrel

o samles .

L.

'As with the snow chemistry data, the Student's t-test

'*has been used to compare inter-site ,spatial and intra-site tem-
_ poral differences- in, so:.l organic horizon chemistry (Table 8,

Appendix .3 and Table 19). - It has also been used to assess dif-
ferences in over-winter tissue mass losses, both between dif-
'ferent species and between sites(Tables 21 and 22): mfferences
are cr:msxdered to” be 31gm.f1cant at the0< 0.05 level,

¢

4.2 . Snow Cover:-in the nay Lelge ‘thc'hinent

" The variation in snow cover acc@iuulatiox;g between the four

v




Table 3:
Date

10.12.80
21.02.81
26.04.81
19.05.81
24.05.81

10.12.80
21.02.81
26.04.81
16.05.81
22.05.81

10.12.80
21.02.81
26.04.81
19.05.81
24.05.81

10.12.80
. 21.02.81
26.04.81
19.05.81
24.05.81

T Y ¢ /J

vy
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Snow depths .recdxded in the May Lake catchment
Winter 80/81

Site Stake Locations Mean S.D.
B Snow Depths m m m
l 2 3 4 5

1 0.80 0.79 0.83
1,20 1.07 1.17
157 1.51 1.48
1.01 1.08 0.85
0.86 0.94 0.76

0.99 1.12 . 6.09
1.19 1.44 0.15
0.77 0.90 0.14

2 0.42 0.58 0.44 0.69 0.56 0.54 0.11
0.52 0.31- 0.23 0.72 0.34 - 0.42, 0.20

i 0.79 0.77 '0.74 1.18 0.81 0.86 0.18
0.38 0.40 0.38 1.07 0.72 - C.59 0.3l

0.35 0.32 0.25 0.68 0.33 0.39 0.17

3 0.65 1.11 0.46 0.90° 0.39 ' 0.70 0.3Q
.0.89 1.29 0.83 0.87 1.13  1.00 0.20
1.26 1.64 1.15 1.26 1.45 1.35 0.19

0.88 0.95 0.90 1.18 1.07 ~ 1.00 0.13

0.63 0.75 0.80 1.15 0.93 0.85 0.20

4 0.89 0.80 o0.88 0.91 0.87 0.87- 0.04
1.11 0.94 1.01 1.15 1.09 Jd.06 0.08
1.41 1.33 1.48 1,52 1.53 1.45 0.08
0.72 0.69 '0.78 0.92 0.91 . .0.80 0.11
0.64 0.61 0.64°'0.77 0.66 0.66 0.06

0.73 0.79 0.04.

0.73  0.79 0.12

-
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Table 4:

hid

Date

10.12.80
21.02.81
26.04.81
19.05.81

24.08.81

level of significance :

df=8

i

Table 5:

Date

10.12. 80
~21.02.81
26.04.81
19.05.81
24.05.81

i
. v

375

~53-

%

ey
s

A statistical comparison (t-test) of the mean snow

depths at the éour study sites

Alvszrlvs3 1l vs 4 2 vs 3 2 vs 4 3 vs 4 i
t t t t t t 5
4.78° 0.66 3.16° \%.12 .6.30¢ 1.26 %
7.14% 1.22 1.11 4.59° 6.821  0.62 !
5.541% 0.83 0.13 4,19° 6.70: - 1.08 i
2,04 1.17 1.2€ 2,73 1.43 2.63°
4.30° 0.58 2.17° 3.92°  3,35° 2.03 .
~ 95! percent |
99 percent Dbased on the one-tailed

{ 99.9 percent ™ .test

Study sites ranked according to snow depth

Greatest Least
Variation Variation

Decreasing Snow Depth

4 >21>3>2 site 3 gites 4, 1
L>4>3>2 3, 2 .
4=12>3>2 2 : 4
3>1>4>2 3 4
3>1>4>2 3 4 a
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'
study sites can be seen in thé varying snow depths meadasured at
these sites over the winter. The snow depths, measured on five
dates between early December, 1980 and the end of May, 1981, are
presented in Table 3 and are compared statistically using the
Student's t-test (Table 4). 1In Table 5, the study sites have
been ranked according to snow depth., The sites showing the
greatest and least depth variations have been identified for
each measurement period, &

, \

At no time during the winter wer\e the differences in
snow depth between the woodland (site 1) and the forest (site 3)
statistically significant (Table 4), Differences between the
lichen-heath tundra (site 2) and the forest were significant
from February until the last sampling date in May. Sigﬁificant
differences between the forest site and the fen (site 4) ddevel-
oped only after the onset of melt. Differences between sites
1l and 2 and sites 2 and 4 were significant up until melt began
and once more during the latter phase of the melt. Differences
between sites 1 and 4 were significant at the beginning of winter
and at the end of melt.

Snow depths were shallowest at site 2 throughout  the
winter (Tables 3 and 5). Site 3 showed the greatest range of
snow depths and, prior to snow melt, the deepest snow depths
were measured at stake 2 (ldcated near the base of a slope) at
thi.s site, In eafly winter , snow depths were deepest at site
4, followed by site 1. In February, the mean snow depth at site
1 wa;; greater than at site 4 and in late April, the mean depths
at these two sites were the same. Following the onset of melt,
snow depths were deepest at site 3. Site 4 had the most even
snow depth distribution throughout the winte;. Snow depths were
as consistent at site 1 during the first half of the winter, but
by late winter and early melt, the variations became more pro-

nounced, ¢

The snowpack disappeared earliest from site 2, on or

- X o
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about 28.05.81, followed by site 4 on 02/03.06.81, Theé wooded
sites remained snow covered much longer; site 1 was, for the
most part, snow free on 09/10.06, while some snow patéﬁes were
st1ll intact 1in the forest site, site 3, as late as 21.?6.

The vegetation cover and snow accumulailon patterns at
the four study sites can be related to the roughness zones and
snow accumulation patterns described by Granmberg (1979) and dis-
cussed 1n section 2.6. Site 1 can be classified as a closed
woodland roughness zone, where vegetation characteristics are
the major surface roughness control. Snow accumulates consis-
tently throughout the winter and variatdons in snow depth occur
mainly around the base of trees. Site 2 is a ridge crest rough-
ness zone, where snow removal and redistribution are more active
than accumulation and where hollows and mainor slopes, away from -
the ridge crest, act as areas of accumulation. Topography is
the main surface roughness factor here, although shrub vegetation,
where present, is alsc important in the early wainter, Sjite 3
1s a valley bottom roughness zoha, -wheré\shov depth accumulation
shows considerable variation. Here, topography‘andbegetapion
control surface roughness charact;ezlistiCS to a considerable ex-
tent. Site 4 1s an open depression and, although ringed by )
woodland and forest, doés not, itseif; have any major surface
roughness factors. Snow accumulation is even and shows very
little variation. ,

In Pigure 4, snow accumulaticon at the four study sites
in the May Lake catchment has been compared with the Scheéfferville
lo,point\snov course (described 14 section 2.6) to see how closely
the May Lake catchment reflects the snow accumulation which is
often considered as representative of the standard for this en-
vironment. Site 1, followed by site 4, shows the closest agree-
mnt%’op comparable dates, to the mean snow accumulation alpx}g
the snow course. Site 3, and particularly site 2, have consis-
tently lower mean snow depths for the same sampling dates. Ac-
cording to the graph (Figure 4), the peak, mean snow depths and

i
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water equivalents were measuréd on 01.05.81. Melt began sometime
5et:leen 01.05 and 08.08.81. The snow ciepths, measured in the

May Lake catcbmentaon 26.04, 81, may therefore be considered as
representative of the accumulation ofv the snow season since no
majér snowfalls occurred between 26 .04 .and, 08.05.81.

The snowpack appears to have melted more quickly in the

May Lake basin than at the snow course, although this is not an
accurate comparison since the. last saxnpllnq date, 24.05.81,
is compared with snow depths two days earlier at the snow course
,_'(22 05.81). On the last sampling date 08.06.81, the mean snow
depth at the snow course was 17.0 cm. The complete data set
(not presented here) for the snow course indicates that by Ol.
06., the snow had d;sappeared from the string bog, one day earl-
ier than in the fen, site 4 (McGill Subarctic Research Station
Snow Course Records). At all three stake locataions (7, 8 and 9),
in the woodland, 13 cm of snow were recaorded on 08.06; the wood-

" land site was‘practically snow free on 09.06. Points 5 and 6,
which may be conpared to the feathermss forest. site 3, reg:.s-

. tered snow depths of 31.4 and 33.6 cm, respecu.vely. Although
snow depth measurements are not avajlable, the snowpack was
still continuous in the forest on this date. ] S

Lo

4.2.2 Snow Stratigraphy and 'req)eratﬁre

Stx:atigraphic and temperature profiles, densities and
water equivalents for the snowpacks at the four study sites,
excavated dut:mg the three ma)or sampling. qeasons, are preoenud
in Figures Sa to S1l. Snovpack densities and water eqxnvalents
increased at all sites between December and Ap!'ll/”ﬂy.‘ There
is a certain amount of vxthln-sxt.e variation in densities and
wa::er equivalents and the vuiatzon increases as the winter pro-
gresses. In December, snodpack denszhes for the profiles at
site 1 (Fig. S5a)ranged from 0. 22 to O 25 g/ca3 and water cqu.iva-
lents from 19.2 to 19.8 cm. In late April, this had increased
to 0.34 to 0. 44 g‘/QB for dengity and 52.5 to 54.8 ca for \uter



Figures Sa to 51
Snowpack structure and

temperature profiles

1.54

E

1.0+

0, 0~

-3 -20-10 © 10

[ ] 1:‘.;- aire l’
b demsity o/om

cwW.E om
1.5, ?19 Sh
{ Site 1 ’
“
Profile 2
13.12.80 .
Alr temp. -2).6
1.04 .77 .
0.23 g/om
wE, 19.3c»

[

a;:

FPig. Sa
Site 1
Pto{ll. 1
15.12.80
Alr temp. -23.7°C
th 0.7% » 3
[ 0.25 g/om
uE 19.8 ¢
) b
F »
e >
-
- B
. E oal .
! -
- -
ﬁ bl

"»
L 4
3

[

= =

-30'-30 -20 0 10
wtm"c

Profils 5
21.02.81
Alr temp. 3.2°C
Dopth 1.26 » 3
e 6.20 g/cm

2. 34.7T
[
* L
»
] »

L

be
-4 By
~» e
-

» as

» e
E_ N 2]

” o
» w

R

L d
o

2 20
F 2
o

8 e

S 8

A8 As

”» o
”» 0.

s

YY)
0o

o as

Profile 9

30.04.81

Adr temp. 6.0%C

Depth 1.55 m 3

Q 0.34 g/cm

M.E, S2.,5 cm
b e
E_IN
-~ w
M W
E N * ]
-~ s
2
-» W
% as
~» .
a8 W

& 28 o
~ w
b

e
= .

men rmeasrm— —
)
M -

-3 -20 -10 0 10

Profile 7
no dath

P AT ———

1

Depth &

1.0 4

0.5 <4

0.0



A
|

1L ¥ B p O
¢ttt ¢ tEpe ¢

X
t

1.0 <

Pig. Sc
Site 1

Profile 3
15.12.080 o
AT temp. ~32°C
Oepth 0.7% & 3
s 0.22 g/cm
£ 1%9.2 om

-30-20-10 0 210

b c

N
N e’

»n ar
a os

4 &8
“a. on

vw—r— - — - ’ T—
o’ Profile 11
02.05.81

frofile ¢
22.02.81 o
Alr tamp. 1.8°C
Depth 1.26 »

¢ 0.28 g/cm’
. K.

IS. 7 em

.-a.ﬁ-fl ° 1‘0

Teageratwee “c

»n
» -» e
b3 -
- as

e B W

Afr . 11.8%
n-pah:.'u -
[ § 9.44¢ g/cm

u.E S48 com
'y
v
»
-»
L]
[ od ]
}
3
. »
"~

-30 -20 X0 @ 10

o

A4
g ece

s 52 8
138 {3

3
4

. a8
- s

P

AR Toabisrcllies et

¢ mdte




BDa

Dapth a

1,04

1.0 4

0,5+

.9~

Fig. 54
Site 2

Profile 1
12.12. 00
Alr temp. -)9. 7%
Depth 0.2 »

w.E 9.9cm
.

IY §or

T3] L
1 71 WL

b
~30 .30 -1 0" 10

— DO LRGN Bounde Py

notile &
24.02.81 °
Alr tasp. ).6 C
Depth 0.4 o 3
¢ 0.4} g/om
"s 1%.%ca

-30-20 -10, 0 10
Tempersture °C‘

e Yt ied surfsce crwest

o ige leyer
R siseh loyer

8 graim sise ’
b demsity ¢/om
c H.B. oo
rig. Se -
Site 2 ’
it
“; %‘ '“Oﬂ
3
w.B. ﬁ.!-
N a b€
N s o e
- ' s ae W
b 2 B
- o
et 48 w8
L _J
-

|

EX

¢ .40 g/an
."o 3.2 e

O

Profile 7
04.05.81

N YN 4

’

Depth



B 00+

boap 0 3

N
Pig. 5¢
Site 2
Profile 3
12.12.88
Alxr temp. -ﬂ.~7°c
. .58 = 3 !
¢ 9.28 .g/om :
w.x. 15.4 om Profile ¢
) .. 24.02.01 a
. b Adr tamp. 3.%5°C
7% pepthe.ddm
e 9.38 g/ca
. - wv.s 12.3 o=
s a
L
X R -
alhodiiod -
[ ]
¢ P e '
L I . ¥
38 -30-18 @ -10 -39-W-1& € 10
Temperatwwe %
e ypriten houndary .

Smm— Aae liyex
G s1ush layer

T .air camp. 0.9°%

..
)

-~

a8 28
4 &
-
28 88

Profile 11
04.05.8)

Dipth 0.68 &

TR 9.4 g/en’

w.s 3N.5om

W2 .19 ¢ 10

—~

v "
7
.
° s

b e
B

o »
- 00, ’
PNV | b
- -
0 a8 .
“
H
« 7.
”» . i
H
-, i
*
-» e :
L.y —Arr———
» s ‘
"
;
N 5
*
N
’3\
!
M
a
.

S ddes

i
.
‘a
RN ot st e



-MI

0.54

2.0

L1047

Pig. Sg9°
Site 3 . J
Prefile 1
12.80 ,
ALr tamp. ~33.0%
Depth §. ) 3
4 9.22 g/cm
w.E 6.3 om
‘ , be
»
4
”» A
——y F X
' - e
~»n e
' -
-~
-S-3-2 ¢ 0
a geaia ‘eise an
% demsity 9/ee?
W8 e
Fig. 5h
Site 3 :
13.22 .2
r Toup. ~32.4% -
[ 4 :’g':/u’
"3 22.1 os
- s b g
b B 8
« 2%
P
F B N ]
AR 0
(o ¥ XU

Alr
?" :-g » 3
».7m

A
I |
| R
N
=l='=r.._
- -~

)

Profile ¥
”.05.0
Alr tasp. -2.5%
Dapts 1.91 » 3
L 5.08 g/om
w.E 40.6 cm
! a b e
e 4 N
. ga
* a8 ar
" -“
] F 3
- W
! - o
b
&S es
p
{ » 48 vl
. 1N
-
-3 20 -10 0 10
Profile 9
11.08.81 .
Alz camp. 3.5%
1. e )
2 €.32 g/om
w.E 41.9 om :
. N " be
“ » W
5 » ~
a o8
~ * 23
. e
e W
”nN
o
’ N W
)
g MM &
. M s




. .
ey
. te
p. ~2.35%
0.50 g/om
4.4 o= .
-4
s » e 1.31
o Mo
L
. 8f :
. « e
ogrvd
T A
- 1 .
t - :m:u:.y
3.12.
s -4 s tamp. -30.5%
] Depeh 0.72 m o
PO ”~ as ' .24 ’/ﬂ
P . . WE. 1.4 cm
‘ v
4 » a0 ws } a be
{ :
. z ‘ 9.9 J 2 » a
-
)-19 6 19
8 s
N e  as e
‘:" ¢ am e
a?. 3;5’1‘-' 0.0 — am e
3 . -
0.31 g/ca’ -30-30 .10 & 10
4.9 c»
P Y o )
l F) -» ' * N
y ] F
4 o o
—— ! =/8
. an !
. re
F_ 3
(AU 3 )
Y .
*’* ! ‘ '
y e 4o Lo
{ .
LI 4 - v,
H
)=l & 18 . -
<z

Y 4
Profile ¢
24.02.01
Alx tamp. ¢.2%
Degpth 1.18 & 3
¢ 0.29 g/cm
ne, Mlcs
L )
wal
F 1]
} e
4
r F )
'
ot
W -
= ]
]

o

(I
t &2t

9.05.8}

Ar temp. 0.35%

Depth 1.49 m
0.3} g/cm

¥.B 4.6 cm

v
n

] izt 2 o
¢

peget ¢

n o et et b



0.0+

Fig. 5j
Site 4

frofile X

16.12. 08 o
AMr tesp. -22.3°C
Depth 4.7) a 3
4 9.2) g/cm
.8 '17.%cm

i‘;uulq 2
16.12. 98

‘abr w;,-n.“"c
Septh ®. L

¢ o.3% g/om’
uE 20.2 o

b e

-

-
» e
» -
D s
»N as

»

’

rrotile &
12.02.01

Alr cemp. 3.8%C
¢ 9.0 ¢/o=
w.E M.l

b e

”»
~» as

slescmt -

bk pn v

».

' Yy

TR
'.

tr &

*
t.

» s

-~ s
R4

t;;:'ﬁ

Oeapth »



=g 0 WD

.
'111:1’
s
eamp. 3.0°C
th 1.4 & 3
9.4 g/cm
. 46.3 cm»
LI -
) » 8
» e
. M e
- S il
»N .
-]
-
2
-» s
s 28 ob
o4
9
» us
i
o .
A ~» e
» as

19 ~10 @ 19

1.0+

Pig. 51
Site 4 Profile
22.82.81
i Alr cemp. 1.8%
Depth 1.4 = -§
4 6.3 g/cm
u.8. 3M.4cm
Profile 3 '
16,1280 - *
Alr tsmp. -22.4°9C -
Depth 0.86.= o , s,
¢ 0.25 g/om
w.eE 21.7cm
a be ) »e
» > J
E ] ¥ ] 1
2 . F 1]
. » a
s B w *
-» s
P { Y Y ]
28 o8 tay
{ 2 o,
- os
"o N &8
| o ]
Ies 8D &8 ‘ .

.30 -20 =10 0 10

horisen Neundary
wrisd suxfase szwsts

-3 <20 .18 O
Teaperature °C

10

ice layess
slweh layer

]
¢

L B B |

st

¢

rrofile 11

.09.05.02

Alr tamp, -1.3%¢
Depth 1:14'm
] 0.43 g/cm?
%.E. 50.6 ok

Al

P AR ©

-

£ otteteg o

'



-62-
equivalent (Fig. 5c). At site 2, density values ranged from
0.28 to 0.32—g/cm3 and water equivalents from 9.9 to 15.4 cm

in December (Fig. 54d), whiéh increased to 0.47~to 0.56 g/cm3

for density and 31.9 to 53.3 cm for water equivalent in early
May (Fig. 5f). December density and water equivalent values for
the site 3 profiles ranged from 0,22 to 0,27 g/cm3 and from

16.3 to 22.1 cm, respectively (Fig. 5g). 1In early May, density

ranged from 0.32 to 0.40 g/cm3 and water equivalents from 40.6

" to 48.6'cm\(Fig. 5i). At site 4, density values ranged from

0.23 to 0.26 g/cm3 and water equivalent fréom 17.5 to 20.2 cm

in December (Fig. 5j). In May, density ranged from 0.34 to 0.43

g/cm3 and water equivalent from 45.4 to 50.6 cm (Fig. 51).
Snowpack densities were comparable between sites 1, 3

and 4.during the winter. At site 2, snowpack density was notice-

.ably,higher during all three sampling sessions. The mean den-

sities (calculated from the three profiles at each site) ranged
from 0.24 to 0.25 g/cm’ at sites 1, 3 and 4, compared to 0. 30
g/cm3 at-site 2 in December., The differences increased in
February from 0. 29 to 0.31 g/cm3 at sites 1, 3 and 4 compéred
to 0. 40 g/cm3 at 51te 2. The difference in Mag'was the largest;

'0 35 to 0.39 g/cm compared to 0.52 g/cm at site 2.

b Water'equlvalents were lowest -at site 2 and although the

4

‘mean water equlvalents between sites 1, 3 and 4 were comparable-
" in December, dlfferences increased in February and, by the sprlngf

large differences had developed between these three sit and
the spring water equivalents between sites 2 ené,a were ompar-
able. In December, the mean watei equibalent‘values ranged
from 18.6 to 19.8 cm at sites 1,3 and 4. compared to 13. 6 cm at

T site 2. ThlS’lncreased to 30.5 to 34.1 cm between sxtes 1, 3

and 4 and 21.9 cm at site 2 in February. ' In May, the mean water
equivalent was higher at site 1, 53.7 cm followed by site 4,
47.4 cm.”site 3, 43.7 cm and site 2, 42.1 cm. . - .

-
‘

Ice layers were present in all the snowpacks &nd, ranged
1n thickness from 0.5 cm (whlch were actually buried suyrface

3
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“ meélt crusts) to layers as thick as 8.0 om (Fig. 5f, site 2, pro-
file 11). The majority were between 1,0 and 3.0 cm thick.
During the Pecember sampling period, an ice layer was present at
the base of the snow profiles at site 1 (Figs. 5a, b and c).
This did not occur at the other three sites. This may indicate
‘that the ground surface was not frozen when the snow first began
to accumulate and a slush layer formed, whieh was eventually
buried. Low air temperatures and shallow snow depths caused the
slush layer to freeze. Slush layers were also found at or near
the surface o0f several profiles in February and once more at
the snowpack base in late April/early May. The presence of ice
and slush layers indicates a changing temperature regime in the
snowpack.

The snowpack témperature regime is conttolled by the sur-
face air temperature and heating from the ground beneath, What
is immediately apparent from all the graphs 1s that,while the
temperature¢ of the upper snowpack appeared to be strongly af-
fected by the air temperaturés, the temperatures of the lower
now profile, and particularly the base of the snowpack, remained
remarkably consistent. Secondly, the rate of temperature in-
.@reaéa»throuéh the snowpacks was very pronounced from the surface

to approximately the centre of the snow profile and changed
dramatically to a very graqﬁal increase towards the snowpack
base. This was particularly pronounced in the December snowpacks.
AtPsite 1, this gradient change occurs at 40 cm and appears to

' be,{glated ég horizon and density changes at 38 cm (Fig. 5a).

At site 2, two gradient changes occur in the snowpacks: the
first is a very gradual temperature increase between the surface
and 10 cm deeper, at which point the temperature increases rap-
idly to 20 cm at profiles 2 and 3 (Figs. 5e and f) and to 10 cm
at profile 1 (Fig. 5d}. This 'second gradient change corresponds
to major ice layers in the snowpack at these depths. At site 3,
this temperature gradient is more gradual, but a gradient change
can be identified at 30 cm in profile 1 (Fig. 5g), 50 cm in pro-
"file 2 (Fig. 5h) and between 30 and 40 cm in profile 3 (Fig. 5i).
A minor ice layer at 30 cm in profiles 1 and 3 also appears to

J
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have some effect on this gradient change At site 4, the grad-
1ent change 1s at approximately 40 cm and also seems to be re-
lated to the first occurrence of i1ce layers (from the surface)

in the snoépack at this level, as well as to density changes.

The extreme air temperatures, which obvious]ly affect the snowpack
temperature regime at or near the surface, have no effeét on

the temperature condition at the snowpack base

The warmer air temperatures 1n February led to a-slight
warming in the upper profile sections which did not affect the
lower half of the profile. In each of the February profiles, a
level can be identified, at or near the profile centre, where
the profile temperatures were lowest. Temperatures 1ncreaseg
from this point toward the profile surface and toward the prc-
file base, but at each site, the base temperatures showed very
little change from December, remaining at or near 0°Cc. The
spring profiles showed an almost 1sothermal temperature regime,
at OOC, in the middle snowpack sections, with very slight tem-
perature increases of 0.1 to 0.5°C towards the surface and snow-

pack base.

As previously stated, the temperatures at the base of
the snowpack were very similar throughout the winter and showed
only small increases from December to May. If the values of the
three profiles are averaged, the increases in the mean base tem-
peratures are as follows: -7.0 to 0.9°C, site 1; -2.4 to 0.3°,
site 2; -0.6 to O.7°C, site 3 and -0.8 to 0.5°C at site 4.
Cogsidering the magnitude of the air temperature changes exper-
ienced throughout the winter, the environment at the snowpack

base appears very constant. .

Only small temperature differences were apparent between
sites 1, 3 and 4; base temperatures were lower at site 2 by
1.6 to 1.8°C in December. A temperature range of 0.5°C occurs ]
in May between the four sites. The lower temperatures at site
2 in December are most probably related to the shallower snow

l

depths and the higher snowpack densities at this site, lgading

' . ~ .
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to i1ncreased heat loss. A second factor may be the absence of

a vegetation mat. Site 2 1s the only site whaich does not have
a continuous ground cover, At si1te 1, the ground 1s protected
by a continuocus lichen mat and at sites 3 and 4 by moss. In

summer, these ground covers 1nsulate the ground beneath from the
warmer air temperatures and the soil temperatures remain relative-
ly low. In winter, these vegetaticn covers retard the effective
transfer of heat away from the ground through the snowpack and

act themselves as a heat reservoir, thus maintaining a constant

temperature at the snowpack base near 0°c.

The presence of 1ce layers 1in the snowpack possibly
have some role in preventing heat loss from the bottom snowpack
section and thear presence could be an important factor in main-
taining a constant temperature rggime at the snow/vegetation/soil
interface. At the same time, their presence would i1nhibit the
ventilation of the snowpack, leading to a buildup of gasesj such
as COZ' should respiration be occurring. This possibility was,

however, not measured in this study.
4.3 Snowpack Chemistry

4.3.1 The Distribution of the Chemical Parameters in the
Snowpack

The vertical distribution of the chemical parameters
measured in the snowpack in Decembex, February and April/May
is shown in Figures 6a to 6p. It can be seen that snowpack
chemistry varies with depth and that strong peaks in concentra-
tions are apparent. In some instances, the various patrameters,
particularly the cations, show simultaneous increases of compar-
able magnitudés. ’

‘Because of the variation in sampling location and samp-
ling times, pH, cation, phosphorus ‘and pérﬁiculate matter con-
centrations show a considerable range of values., pH values
range from 4.0 to 5.5; the majorfty of pH(1l) valpes fall within

»
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Pigures 6a to 6p: Vertical distribution of the chemical

constituents in the snowpacks
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~ the lower range of 4.0 to 4,5 and. ‘pH (2) values between 4.5 and ‘ (
. 5.5. Cation and phosphorus concentrations are extremely' loy S
- .* . &nd often near the detection limit of the methods used. Of the
..four cations, Na. is present in the highest concentrations, gen- . = .
R erally ranging from 0.1 to 0.3 mg/l, although occasional peaks E
in ,the_ order of 1.0 mg/l occuf. Magnesium concentrations are
- , A copsiotently low, normally around 0.0l mg/l and rarely exceed.
' “ " o 0,05 mg/l. Potassium concentrations were’ found to be highly
P ‘vani&ble. Large sections of the profiles frequently did not™
" contain measureable amounts of K, but concentrations were also
often measured at 0.2 mg/l and some peaks of 1.0 to 2.0 mg/l
: ' were measured. Ca also shows considerable variai':ion,‘ ranging
R ’ from 0.0l to 1.0 mg/l, Total dissolved phosphorus was most com-
“ monly present in concentrations between 1 and 10 ug/l, but peaks
of up to 100 ug/l in some profiles were measured. Particulatée
matter content was extremely variable, ranging from 1 to 1000
mg/l, however, the majority of values can be seen_ to fall be- .
. tween 1 and 100 mg/1. ' ' ;

The two pH values, presented in Figures 6a to 6p, are ,
the pH of the melting snow, as slush, at 0.2°C, pH(l) and ‘the
pH of the snow meltwater in equilibrium with atmospheric co,
concentrations at room temperature, pH{2). The pH(2) value N
will be referred to in later discussions as the pH of the sam- -
pled snow, since it was measured under conditions comparable to
other studies and is, therefore, a value representative of
methods in standard use. However, pH(l) is more representative
of the conditions found in nature, particularly in \spring, when
slush is present in, or at the base of, the snowpack and the
temperature of the meltwater at the base of the snowpack is near

! * °°C|

PH(1) values are lower tﬁan pH(2) (by, in general, 0.5
) pH units) and the two distribution patterns parallel one another
(_’-’ throughout the profiles. p!i is lower in the middle section of
the profiles and increases toward the base of the snowpacks.
This increase is seen to be most pronounced at site 4, where

-

~
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‘it was measured in every profile sampled (Figs, 6m, n ar;d o).

Surface pH(2) values range from 4.5 to 5.4 and base values £roff—

5.0 to 6.5. An increase can also be seen in the spring profiles, ’

7 and 11, at site 3 (Figs. 6i and k, respectively) and a6 the

base of proflles 1 ‘(Fig. 6i) and 2 (Fig. 63) sampled in Decenber.:

For - the remainder of the profiles at s:.te 3, pH changes were
min.uual At sites 1 and 2 the majorlty of the proflles show a _
slight decrease in the pH at the base of the snowpack Excep-
tions- to this are seen in prof:lles 1-and 4, 31te 2 (Fig. 6e)

"‘and profiles 1 (Fig ‘6a) and 3 (Fig. 6c), site 1, sampled in

December and a slight 1ncrease in" the February profile, 5 (Fig.
Sb). also at site 1. : < '

-

Common distribution patterns frequently occur and the

. cations and peaks in concentrations serve ‘to ‘accentuate ‘these
‘similarities. Since Mg concentr:aticns show the least tendancy
" to vary through the profile and concentrations remain very low,

- the distribution patterns do not appear "to be: s;milar to- those

of the other catxons. The profiles which do ‘show very gimilar

. distribution patterns for all four cations. are’ found at site 3,

profiles .1, 4 and 7 (Fig 6i) and profiles 3 and 6 (Fig, 6k).
The cations in profiles 3 (Fig. 6c) and‘d (Fig. 6a), site 1 also
have very similar distribution patterns. Calcium and K parallel

-‘one ahother closely in all of the site 3 profiles and this can
_also be seen at site 4 in profiles 1 and 4 (Fig. 6m) and 5 (Fig.
"6n). Sodium distributions are also often similar to those of.
Ca and K and at site 1, it is Ca and Na, rather than Ca and K,

that show the most similar patterns. This can best be seen. in.

-. the spring profiles, 7, 9 and 11.

Marked increases in cbricentrations occur periodically in

the p:_:oﬁleé and often correspond to peaks in particulate matter

.concentrations., This is most pronounced in the profiles at site

3, where all four.cations and TDP frequently parallel increases
in particulate matter. Profiles 1 and 4, site 3 (Fig. 6i) show'

this well. 1In profile 4, pH decreases in response to increases

|l
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in particulate matter. In the same profile, the slightly higher
particulate matter concentration at the surface is paralleled by
’ :
higher cation and TDP concentrations and by a lower pH, In sam-

ple interval 40-50 cm, a decrease in particulate matter is paral-

leled by increases in TDP and cation concentrations and an in-’
crease in pH. Other examples at site 3 include profile 7 (Fig'.--
6i), where the cations and TDP concentrations increase in sample
interval 60-70 cm, just below the increase in particulate matter
at sample interval 70-80 cm and at profiles 3 and 11 (Fig. 6k),
where the four cations and particulate matter increase at levels
20-30 cm and 60-70 cm. Cation and particulate matter distribu-
tion patterns are very similar in pzofile 5 (Fig 6j) and in
profile 9 (Fig. 6i), K, Na and particulate matter at 60-70 cm is‘
followed by an increase in all four cations at 50-60 cm,

At site 1, the only examples of cc::rresponding increases
in particulate matter and the cations include profile 1, 20-30
cm, followed by decreases at 10-20 cm, and profile 9, where the
distribution of Ca and Na follow that of particulate matter rea-
sonably well and where pH shows an inverse distribution pattern
(Fig. 6a). At profile 7 (Fig 6b), Na has an erratic distribu-
tion pattern which does not reflect any obvious changes in par-
ticulate matter. The sudden increase in K also appears to be un-
related to particulate matter. A peak in Na concentration at
profile 6 (Fig.. 6c) 90~100 cm, corresponds to a peak in particu-
late matter, but there are no corresponding increases evident in
the other cations. )

At site 2, profile 4 (Fig. 6e), particulate matter, K
Ca and TDP distributions are similar, At profile 7 (Fig. 6e),

o increases in K and Na at 10-20 cm appear unrelated to the other

curves. Curiously, particulate matter decreases at this level, .
the opbosite trend to what is normally found. At profile 5 .
(Fig. 6f), the increase in particulate matter at ‘50-60 cm is
‘followed by an increase in cations and TDP:at 40-50 cm. This
lag is also seen in profile 9 ..(E‘ig.. 6£f), where particulate mat- .
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ter, increaseés. at: 90-~100 cm ahd Na and TDP-at 80<90 cm. The( v
other elements do not respond., In the same profile, at 30-40
cm, ‘Na shows aqpther strong increase and Ca and Mg also increage

<

slightly, but this is not seen in particulate matter. Similare
ly, increases in-K, Na and Ca in profile 11, 20-30 cm (Fig. 6g)

© -occur- independently. ., At site 4, several strong concentration

. increases occur (ie. proflle 4, 60-70 cm anad 7, 90-100 cm (Figq.
-6} ; proflle 5, 20~30 cm and 9, 60-~70 cm and 1020 cm (Fig. 6n)

and profile 11, 90-100 cm (Fig. 60)) although there are no obvi-

- ous, corresponding increases in particulate matter.

i o ]
cation and TDP concentrations increase at the base of
many of the profiles, The magnitude of these increases varies

“congiderably but is most pronounced in the spring profiles a;:

site 3. In the majority of cases, particulate matter concentra-
tions also increase. Exceptions to this pattern do oc;cur. _In
many of the proflles sampled in December and February at sites
1, 2 and 3, Na concentrations decreased ag this level. At site
4, this ‘is seen only once, in the December profile, 3 (Fig. Fq).

‘Magneslum shows the least .tendency to change, Potassium, fol-

lowed by Ca, shows the most dramatic increases at this level.
Increases’ in K concentrations are in the order of 1-2 mg/l at
site 3. in the spring. Ca concentrations range, from 0.5 to 1.5
1;9/_1. In profile 7, site 4 (Fig. 6m), K increases to 2 mg/l

. and Ca and Mg to 1.5 mg/l.( Sodium also shows an increase, but

increases in the other spring profiles are modest, Increases.at
sites 1 and 2 do not exceed 0.6 mg/l for K.

. . . v - e . »

Changes in pH at the snowpack base are not consistent,

Increases were measured at all sites (Site 1, profiles 1 (Fig.
6a), 5 (Fig. 6b) and 3 and 6 (Fig. 6c); site 2, profiles 1 and
4 (Fig. 6e) ,and 9 (Fig. 6f); site 3, profiles 1, 4 and 7 (Fig.
6i) and 11 (Fig.'Gk)/ and site 4, profiles 1,:4 and 7 (Fig., 6m),
2,5 and'9 (Fig. 6n), and 6 and 11 (Fig. 60) ) but occur predomin-
antly at site 4. 1In these examples, the cation goncéntrations
also show relatively large increases at the snowpack base, in‘\

T <
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' _comparison to tlio‘reniaining ‘cases, where de'creas(es in pﬂ’at ; N
-this_levei oceur. - . ’

o 'rhe distrlbution patterns for the various garameters R )

measured, as illustrated in Figures 6a to Gp, éan be summarized
as follows: snow pH lies predominantly i the range of 4.5 to

. 5 5, the lowest pH values normally occurring in the middle lay—

er~s of the snowpack. Cation and TDP concentrations are low.

' Sodium is present m ‘the hlghest, Mg in the lowest, ‘concentrations
" &_’t all s:.tes throughout the wz_nter, but all the parameters show

7

" variable concentrat:.ons t.hroughout the snowpack. Peaks in cation
and TDP concentratlons in the. snow profxles at sites 1 and 2 are
small in comparlson to those at sites 3 -and 4. These increases
frequently correspond to increasesg in particulate matter in the
snow profiles at the same sampling levels. This effect is most ,
pronounced in the px'ofiles at site 3, where particulate matter
concentrations are also the largest. The greatest variations

in the concentration distnbutions of thé cations, TDP and par-
ticulate matter also occur at site 3., Sodium distributions

have the most erratic pattérri, which is apparent at all sitgs -
qnd’ in all the snowpacks sampled. The particulate matter concen-
trations at sites 1 and 4 are reasonably consistent throughout
the snowpack, but at site. 4, cation concentrations change con-
sideraiily, re;ardleas of this consistency. Phosphorus concen-

.trations are comparatively gtable throughout the snowpacks at

sites 1 and 2, whereas concentrations vary in the snowpacks at

. sites 3 and 4, the greatest variations occurring at site 3.

Calcium, Mg, K, TDP and particulate matter increase cousxderably
at the base of the. snowpack, the effect being most pronounced at
gites 3 _and 4 and least at sites land 2, Although increases in
Na c’xncentrations' do occur,: thgy are not as pronounced as for the
other parameters and, in many of the profiles, Na conceritrations
decrease. N o ' :
The relationships bctwoen the’ parautois, ‘as’ suggested
by the many similar disttibution "pattemns, wers tested using
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. at-site 2. 'I'here are significant correlations between Ca,. Mg

s
N

3 -

correlatidn anal'ysis. The results- are presented in Table 1,
Appendix ‘3. Althouqh there are numercus- examples of significant
correlations, parameters are only considered to be correlated
where tbere is a high probability -of correlation between the

same parameters ‘at'all three profiles sampled . These examples L,
- dre. summarized (with corresponding Figures) in Table 6. - The ]

level of significance is at least 95 percent.
What is immediately apparent from the results presented
in Table 6 is that there are no common patterns of correlation
at site 1 during the entire winter and that correlations, com-
"mon to all three’ profiles, only become apparent in the sprlng

_and K -in_the three profiles ‘at site 3 and.between these cations -
and perticulate matter at sites 3 and 4. In February, only Mg"
end K and K and particulate matter were found to be correlated.
'l‘here was only a slight increase in the number of correlations

in the spring sncwpack, and with the exception of Mg and Na

"at site 3 and H{1l) and H(2) (pR 1 nnd 2) at site 4, there are\

. . no other common patterns tﬁor the control profiles.

'I’he similaritiea shown by many of the distribution pat-
tems (outlined above) at site 3, in the early winter, are sup-.-

ported by these significant eorrelations, suggésting that the ot ‘

concentrations of the chemical constituents in the snowpack are
related and that the Cations appear to be strongly related to _{
particulate matter. In addition, as seen in Table 1, Appendix .
3 there are also significant correlations between Ca, Mg and

l( and between K and particulate matter in one- February profile. .
4, at site 3, as is suggested by the distribution patterns in - '

Pigure Gi. In.terestingly, the distribution patterns in the pro- - .

- files at site 4 do not suggest the strong relationships between

correlatfon coef ficients .

mny ot‘ the paremeters which become apparent fron the high
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At sites 1 and 2, relatively few of the relationships
suggested by the graphs are supported by high correlation co-

" efficients. However, as -is apparent from some of the distr¥bu-

' tions at site 1, and as can be seen in Table 1, Appendix 3, -

there is a correlation between Na and the other cations in sever-—
al of the profiles. The examples include profile 4 (Fig. 6a),
Ca and Na (r=0.76) and Mg and Na (r=0.85); profile 5 (Fig. 6€b),
K and. Na (r=0.97) and profile 3 (Fig. §c) Ca and Na (r=0.88) and
K-and Na (r=0. 85). At site 2, the similar-distributions at pro-
file 5. (Fig. 6f£) do .indicate moder'ate”co'rrelations between Ca

.. and Na (£z0.79), Mg and Ca (r=0.69) and Mg and Na (r=0.71). The

catio'ns.apd partj.:culate inat_ter are correlated for the spring pro-

files 9 and 11. - .

S Although the distribution patterns for pH(l) and (2)
| suggest that there is a strong relationship between these two
‘values, relatively few of these examples are supported by high
- . . cprrelation ccoefﬁicients. *At site 4, the two measurements were
A ' found to be correlated in all .thrée experimental profiles. Also
. . ~of importance are the correlations at two of the December profiles,
© """ 1and 2, at site 1 (r=0.90 and 0. 83) and the February profiles,
; ‘ 5 and 6, at site 2 (rs0.91 and 0.99) and 4 and 6, site 3 (r=0.89
- . and 0.76).

' “4.3,2 Chingeés in Distribution During the Winter
e it can be expected that the vertical distribution of the
o T chemical constituents in the snowpack will change as the winter
’ ‘progresses for'the following rgasbns': new precipitation inii\f
&g different chemistries, depending on synoptic conditions; A&d-
o d:l.tions of litter to the snowpack and litter decompasition and
* leaching. snow/soil interactions which will particularly affect
the lower snowpack sections and snow metamorphosisg, as evidenced ,
. . by ~chaxig:i,;\gv snow densities, crystal sizes and ice lenses (section
(f 4.2.2). The decrease in the number of common correlation pat-
i térns (Table 6) at sites 3 and 4 after December may be as a result
of the changing nutrient and/or particulate matter distributions

i

- -




!

- fn the snowpack.

pH, cation, TDP and particulate matter di_st;ributions do
change as the winter progresses. The changes are, however, often
inconsistent, not only between sites, but also within the same
site and common patterns are not always’ easily discernible.
There do not appear to be any large, overall changes in the snow-
pack pH at site 1 during’ the winter, with the exception of sam-
pling location 1 (Fig. 6a), where pH increases from February to
May (from a range of 4.“15-5.0 to 5.0-5.5) in the upper and middle-
: ~ profile sections. No major shifts in pH are obvibus between Feb-
o ruary and May, with the exception of decreases in the base sam-
ple values from 5.1 to 4.6. At site 2, pH decreases between De-
) cember and February at stake locations 1 and 5 (Flgs. 6e and g),
whereas there is little apparent change at stakei’locat:.on 4 (Fig.
6£f). 1In May', pH shows obvious ihcreases throughout the profiles
at all three sampling locations; the range of values increases . -
from an overall 4.3 to 4.8 in Febru&ry ‘to 4.4 to 5.2 in May. A

»
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- At site 3, the very erratic December pH distribution at
—sampling location 1 (Fig. 6i), with very large varfations, be~

comes more uniform-in February and, with the exception of a ¢

v large increase in the base sample (4.3 to 5.0), very little :
“éhange occurs between February and May. At the other two sam- .

- 'pling locations pH values are generally less than 5.0 through- ’
out the profile during the winter, although the increase, measured
..:ln the lower profile section at profile 7, also occurred in pro- !

files 6 and 11 (Fig. 6g), increasing from 4.6 to 5.7,

o

Snow pl! increases from December to February at sampl:lmg'
locations 1 (Fig. 6m) and 3 (Fig. 6n), site 4, This is followed ..
by slight, overall dei:reases in May. At location 4 (Fig. 60),
pH values become more uniform in February, compared to Deéember,
although a large increase in the base sample from 4,5 to 6.5
( w7 occurs. The overall pH dlstrlbutxon does not, however, exceed

= 5.0, being lower than the other . two February prolees. Little

LN
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change is apparent between the February and May profiles at
this stake location.

There is a general increase in Ca concentrations in the
pfofi'les at site 1 over the winter, although depletions at cer-
tain levels between February and May do occur. This is particu-
larly noticeable in the surface layer concentrations. At site
2, Ca corncentrations are consideggply higher in the profiles at
stake location 4 (Fig. 6f), than at the other sampling locations,
throughout the winter. These concentrations decrease between
December and February, whereas those at stake locations 1 and 5
increase. By May, Ca has been depleted from the upper profile
sections at all three samp1§9\ locations.

At site 3, comparativel¥ high Ca concentrations are seen
in the surface snow layers in Figures 6i and 6k in February..
The only large increases in Ca contentrations between February
and May occur at stake location 1 (Fig. 6i) and this increase is,
once again, very pronounced in the surface sample (0.46 to 1,84
mg/l). There is an increase of the same magnitude (0.27 to 1.82
mg)l) in the base sample. Calcium concentrations are very low
in the upi:er and middle section of the.December snowpack at all
profiles sampled at site 4, with only slight increases in the
lower depths. The concentrations change very little throughout
the winter, although higher Ca concentrations are seen in the
February profiles (Figs 6ém and 60).

Magnesium concentrations are very low at all sites and
do not change appreciably during the winter. At site 1, Mg is
absent from the upper section of the snowpack (80:-40 cm) and
present in only very small concentrations (0.02 mg/l) in the
lower profile sections. A slight increase occurs by February
in the lower profiles (particularly noticeable in the base sam-
ple at profile 6 (Fig. 6¢c)), but concentrations otherwise re-
main low (0.05 mg/l). By May,(j Mg appears to have been depleted
from the snowpack at this site. Magnesium concentrations are
practically na’gligibie throughout the winter in the snowpacks
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at site 2, showing no appreciable increases from December to
May. In comparison to the other cations in the profiles at
site 3, Mg concentrations are low, but noticeably higher than
the concentrations at the other three sites. Magnesium is ab-
sent from the upper sections of all three December profiles but
shows definite increases in the loyu‘['Ler half of the profiles.
These concentrations are higher than those measured in either
February er May. In the February and May profiles at stake lo-
cation 1 (Fig. 6i), concentrations decrease toward the middle of
the profile and increase in the lower section. This pattern is
not evident at locations 4 and 5, where concentrations at all
depths remain very low. Magnesium concentrations do not exceed
0.01 mg/1 at most sampling levels in the snowpack at site 4
1-.1'1m:n.xghmw'f’.> the winter, with the exceptiens of the samples from
the base of the profiles,

‘Although present in measureable amounts in the December
snowpack at site 1, K is noticeably depleted from the February -
profiles, being totally absent from the upper and middle profile
sections. Only negligible addition of K occurs between Feb-
ruary and May (from 0.00 t0 0,02 mg/1) and t!us is 1imited to

only a few sampling intervals, alt.hough at- level 90-100 cm, - ptg:---~

file 7 (Fig. 6b), a very large increase to 0.55¢mg/l occurs.
Potassium also becomes depleted from the profiles at sampling
locations 4 and 5 (Pigs. 6f and g), ‘nite 2, although conceix;ra;—
tions increase in the profiles at stake location 1 (Fig. 6e).
There are also large increases in K'eonéent;rations’at the base
of the profiles sampléd in May. At site 3, K does not appear -
to become depleted from the snowpack. However, concentrations
are higher in the upper and lower profile sections than in the
middle section in Pebruary and decrease at, one sampling loca- -
tion in May. Changes are not apparent at stake locations 1 and’
4. Potassium concentrations are very low in the upper and n:ld-

dle profile sections at site 4 and this pattern does not notice-‘.'

ably change from December to May.

Because of the great variability in na \ennm_n'trn‘tidm"
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throughout the profiles, it is difficult to identify patterns

of change. At sites 1, 2 and 4, Na concentrations remain high-
er than ‘t‘he oj:l;xer cations through ‘the wint‘e#. Concentrations
remain very variable and no apparent overall shifts toward high-
er or lower concentrations occur at sites 1 and 2. At site 4,

an increase occurs from becember to May., At site 3, K concentra--
tions fregquently exceed those of Na at many sampling levels dur-
ing De er and February, but, in May, increases in Na concen-
trationd at all three profile locations occur so that Na\oncen-
trationé eventually exceed those of K.

Phosphorus concentrations show a cemdency to. decrease
from December to May at sites 1, 2 and 4 and become more uniform
in the profile as the winter progresses. At site 3, TDP distri-

* butions show a strong pattern of depletion in the centre profile

sections which becomes more pronounced between December and Feb-
ruary and which is accentuated by the very 1arge concentrations ‘
in the snowpack base samples.

‘ Changes in pax:ticui’at:e matter distributions in the pro-
files are most likely due to the large degree of within-site
variability of this parameter. ' Particulate mat;ter may also be
redistributed in the snowpack throuqh. transport with percolating .
meltwater. At site 1, ‘particulate matter ooncentrations are

_ reasonably consistent tbrou’ghout the winter, showing some in- .

creased variability in the May profiles.  Concentrations appear -
to beco-é more variable between December and February in the’

) tite 2 tnowpacks : Particulate uttar distribution is very vari-

able at aite 3, particularly iQ_ t.ha February profilel, which
also show qeneral incroues in ooneentration oonpared to the

' Deceﬂ:er valuns. 'rhis vu‘ilbility decreases to-ewhnt by May

and overall. ooncont:ntions also appear. to decrease. A Concenm-‘

v

‘ tion pattoma resain the same throughout the winter at site 4,

low conoentratiom in the uppey and middle’ profile sections lnd
incmuing in th: lmt pmtile nctiou-
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2 ed.08.01 bV, |

4.8020.28(T) 4.88£0.29(7) 0.00920.011(7) 0.00720.011(7) +0.011%0.022(7)  0.110£9.037(7) 4.1122,12(7)  74.9%22.0(7)
06.05.80  4/10  4.1420.32(21) ¢.7880.26(11) 0.04520.009(10) 0.010%0.011(11) 0.02020.043(12) 0.139£0.105(11) 3.7421,12(11) 48.6436.5(11)
a.08.0 8712 4.2120.230(7) 5.0220.44(7) 0.00920.016{7) 0.003%0.005(7) 0.00420.005(7) 0.127%0.021(7) 4.1321.50(7) 20.9412,3(7)
* : i
Site Dete  Stake o/ Q1) (n) PpR(2) () :Ca i (n) Y (n) rop (n) m (n)
3e 1 {n) ngy (n) S 4 . iy} ma
3 11.12.80 /1 4.5750.44(7)  8.4520.63(7) 0.09020.070(6) 0.0439.057(7) 0.206£0.353(7) 0.069£0.025(7) 23.1246,3(7) 72.2895.4(7)
13.12,80 8/2 4,6420.20(8) 4.9020.33(8) 0.08620.078(8) 0.02320.031(8) 0.176£0.308(8) 0.13120.091(8) S0.4337.4(7) 42,9%69.5(®)
13.12.80 /3 4.5610.23(6) ¢,84t0.27(6) 0.055%0.057(6) 0.023%0.025(6) 0.110£0.134(§) 0.09820.055(6) 21.0217.1(§) 56.3261.1(6)
3 2).02.m1 1/4 4.4920.24(9) 4.68%0.21(9) 0.14420.143(9) 0.09280.070(%) 0.310%0.345(8) 0.10920.082(9) 17.2%15.5(9) 1762146 (9)°
23.02.81 5/8 €.3620.23(11) 4.60%0.15(11) 0.07726.067(11) 0,03420.029(11) 0.31520.381(11) 0.12520.058(11) 13.6216.1(X1) 194% 18¢ (11)
2¢.02.82 s/4 €.5030.16(10) 4.56%0.16(11) 0.060%0.056(12) 0.03520.046({12) 0.118£0.127{12) 0.090%0.042(12) 13.7%12.8(12) 99.2%35.7(12) ¢
3 09.08.81 1/1 4.60%0.41(9)  4.8220.38%9) 0.50320.755(3) 0.12220.240(9) 0.46220.869(9) 0.20620.034(3) 12,0415.0(9) 732,3£22.9(8) j
11.05.81 L¥2 ] 4.4820.15(23) ¢.7780.18(13) 0.120%0.220(13) 0.012%20.032(13) 0.136%0.272(13) 0.12020.220(23) 14.7£22.9(13} 95.5t19¢ (13)
11.0%.81 /11 4.4020.29(1%) 4.83%0.36(6) 0.05720.108{15) 0.014%0.022(1%) 0.189%0.401{15) 0.16720.065(15) 31,5450.9(13) 156 234 (13) ]
3 09.05.81 ¥ ] 4.60£0.20(7) €.78£0.12(7) 0.437£0.650(9) 0.089%0.152(9) 0.424%0.703(9) "0.26520.228(9) 5.6821.90(8) 72.0%28.7(D)
11.05.81 S/710  4.56%0.25(13) 4.93%0,18(13) 0.04520.044(13) 0.00920.006(13) 0.125%0.097(13) 0.164%0.049(13) 23.7128.9(13) 33.2222.1Q13)
11.15.81 4712 4.3420.20(.5) 4.75%0.20(15) 0.078%0.086(15) 0.01220.009(15) 0.129%0.137(15) 0,17420.057(1%) 13.3%10.2(15) 120%60.7(24)
4+ 18:12.80 171 46520, 44(7) 4.8620.39(7) 0.18720.200(7) 0.11920.223(7) 0.27320.535(6) 0.07320.018(7) 12.2214.4(7) 41.4248.2(7)
16,12.80 372 4.4020.36(0) 4.7620.41(8) 0.08420.343(8) 0.11820.122(8) 0.11830.292(9) 0.194%0.261(8) 12,738.13(7) 24.4222,3(8)
15.12. 00 473 4.5320.37(8) 5.10%0.45(8) 0.03320.048(8) 0.10020.211(6) 0.026%0.021(5) 0.11720.047(7) 11.426.76(7) 34.3%28.9(7)
4 22.02.81 174 4.2820,22(11) 5.0720.15(10) 0.078£0.038{11) 0.0100.008(11) 0.047£0.073({11) 0.20320.063(11) 14.2216.0(10) 34.0%39.5(10)
23.02.01 /s 4.3020,16(20) 5.1420.13(10) 0.07420.087(10) 0.01220.024(20) 0.06420.124(20) 0.15%20.052(10) 26.9%45.7(9) 84.62186 (10)
23.02.8 /¢ 4.4520,25(12) 4.07%0,46(12) 0.10820,147(12) 0.07840.225(12) 0.275%0.821(12) 0.078%0.029(12) 6.5126.36(12) 18,9223.7(1})
4 03.05.81 77 4.8620,38(11) 4,9220.45(11) 0.61621.280(10) '0.14320.429(12) 0.302£0.677(12) 0.18220.097(12} 6.36113.3(11) $6.5246.1(11)
' 09.08.00 72 ] 4.3720.34(14) 4,8020.26 (14) 0,02020.018(12) 0.00320.005(12) "0.03120.024(12) 0.242%0.078(12) ¢,58£5.46(13) 28.4%26.9(12)
03.05.81 4/11  4.6920.43(11) 5.06%0.35(11) 0.123%0.328(12) 0.08490.207(12) 0.03920.066(12) 0.17820.091(12) 7.93£14.8(12) €0.1242.3(12)
4 03.05.8) i/s 4.82%0.34(12) 4.9320.20(12) 0.25820.557(10) 0.00620.005(11} 0.01420.014(11) 0.17520.076(11) z.tﬁtx.qp(113 36.3433.6(11)
09.05.81 /730 4.4640.26(1Y) 4.9620.22(1)) 0.01120,017(14) 0.00330.003(14) 0.061%0.137(24)- 0.17520.047(23) 4.66£2.87(24) 26.0%1%4 (34)
03.05.81 4712 €.20%0.16(9) 4.64%0,18(9) 0.02520.020(10) 0.00520.007(11) 0.01920.010(11) 0.18320.040(11) €.1921.73(10) 87.1%32.6(11)
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',far each prof;le are presented in Table 7. _The within-site dif-
_ferences between mean concentratlons were assessed using the t-
‘ statist:.c. The' results are presented in Table 2, Appendix 3.

-tin_g i:ha‘t, in general, within-site differences in snow chemistry
.are minor. - There are, however, sonme between-profile differences -
which are significant at at least the 95 percent level.

concentrations in December, mean pH(2) values in February and

'm.flcant At 'site 2, parameters which show .some s:.gnif:.cant o

Na and TDP in February and pH in May.. 'Differences in partlculate
,all three exper:unental profiles for particulate matter and TDP,

. ‘pH(Z) in December, Differences between mean December Na concen-

’ ﬁ.les, mean pH(l) and. (2) and TDP are all significantly d:.ffer-

\
o e enen St = . lt 1 g oy ot mpararsis a4 v amany R R e T e
v

«87= A

4.3.3° ‘.Intra—Site Variabilii-.y in Snowpack Chemistry
* . # . ’ N .

" The mean pH, cation .and particulate matter concentrations

«

For the majorlty of compar:.sons, the resultant t—statlstlcs are
very low and sigpificant differences are not apparent, indica-

. Significant differences at site 1 include mean K and Na * (

mean pH(l) and (2) and Na concentrations in Apnl Differences
in mean pH(1) and (2) in the expenmental profiles are also sig-

1

differences include pH, K and particulate matter in December, K,

matter concentrations and mean pH(1l) are significant at the ex~"
perimental profiles. Other than significant differences between

the mean values for the chemical parameters at site 3 are compar-
able during the three sampling periods., The only except;ton is

trations- were found to be significant as well as differences be-
tween mean PH(1) values and betiween mean partxculate ‘matter con-
cchtrat:.ons in February and May. . Between the experunental prd-

1

Ont. . * R . ’

" The nutrient_ content of the snowpack has been calculatéd
in kg/ha from the mean profile concentrations end the s!nowpack\
water equivalents. These values are given in Table 8. Since '
nutrient contents account for the varying water equivalents of .
the snowpacks at the sampling locations, -they should remove -
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some of the variability, shown by the mean concentratians, if

'differences in water equivalents are causing these vanatzons.

It is, however, clear from Table 8 that within-site var:.ablllty

‘still remains, ‘even when nutrient contents are expressed in
- abgsolute amounts. For example, at site 1, K contents ranged
. from. 0.06 .to 0.15 kg/ha, as measured at tigé_thrée December

profiles, 0.06 to 0.15 kg/ha in Pebruary and 0.05 ta 0,12 kg/ha

" in April, Na contents ranged from 0,26 to 0.84 kg/ha in February
© . and particulate matter from 113 to 581 kg/ha in April. At site

2, large differences were seen in Mg, which ranged from 0.03 to

10,13 kg/ha in Apr:.l K ranging from 0,062 to 0.12 kg/ha in Decem- (
_ ber and 0.01 to 0 10 ‘kg/ha in February and particulate matter
.from 15 to 119 kg/ha in December, 115 to 488 kg/ha in February

and 328 to 791 kg/ha in May. Phosphorus contents ranged from,

' 0,04 to 0.11 kg/ha in December at site 3, but the largest varia-
_-. tions.at site 3 occurred in the spring: ¢€a, 0,50 to 2.0 kg/ha;"
C.Mg, 0. 05 ta 0.50 kg/ha, ‘K, 0 6 to 1.9 kg/ha; 1TDP 0.05 to -0,16

kg/ha and partlculate matter, 294 to 758 kg/ha, . Pairticulariy'

. large variationg occurred, also in the spring, at site 4: Ca,
‘0.09 to 2.80: kg/ha; Mg, 0, 0l to 0.07 kg/ha; K, 0,14 to 1,37
kg/ha and TDP, 0.04 to 0.21 kg/ha, '

4-.'3,.4. Inter-Site Variability in Snbwpa;:l:.ﬁbhemistry

Inter-site comparisons are concerned with t:he followinq

-considerations:’ ‘ x ‘ SN ] R

»j:) whether or not a pattern of oonsistentlyu»higher conee'nti:a—
tions in all three profiles at ohe site can be identified:.
ii) whether or not the mean values are consistently higher (or

‘lower) at any one site throughout the winter and.

1i1) whether.the differences between the sités are éignificant;
The t-atatist:.cs- for these comparfsona are found in
Table 3 “Appendix 3, v

- -
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zisons of snowpack chenistry lhovih‘q a)the general batween-site rslationship and b)the individual

able 9: Inter~-sits compa
bestween«sits comparisons for sach paranster
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a) general ‘ b}betwscn-site a)general b)betwean-site Jgeneral b)between-site
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‘Table 9 (compiled from Table 3, Appendix 1) describes

the reletionships between the. four sites for each parameter dur-

"ing the three dlfferent sanmpling perlods. The generalized COMwe_

'pH is higher at site 4 than at sites 2 and 3

parisons on the left organize the sites in order of decreasing _
mean pH, cation and partlculate matter concentrations. On the
right this comparison is broken down to show how this general—.'
ized relatlonshlp is determlned Slx between~31te comparisons :

.are’ pb581b1e-' site'l vs 2, 3 and 4; . ‘site 2 vs 3 and 4 and’ 31te"

3 vs 4. By referring .to these compar1sons in Table 3, Appendix
1, it was determined (on the basis ' of a majority out of the nine
between-proflle comparisons), at which elte a given parameter
had the higheet mean‘value.\ ‘The optimal situation occurs, where
all n;ne comparxsons 1nd1cate higher mean values at the proflles
at one sxte. This, however seldom oocurs because of the intraw:

oo N

. site spatial varlatlons 1n snowpack chemistry,. outlined in the
‘ preep&ing ' sectlons. :

r
.
N . ' - Ve .

o

, For ‘the samples 1n qUestlon; it -can. bnly be 1nterpreted

with any certainty,’ that a glven parameter is' present in signifi-‘~

cantly hlgher‘concentretions in 'the profiles at one site when
all nine;ébmparf“bns show significantly higher concentrations at

one site, Of the comparisons in Table 9, this situation occurs o

once, It;ggs ‘been indicated whether seven, eight or nine of. the

1comparisons are signlf;cantly greater at .one sxte.

)

. With reference to Table 9,  the hejority;of comperispns}
indicate that mean pH(l) values at’siies 2, 3 and 4 are greater -

" than at site 1 and greater at site 3 ‘than “at site 2, The paé%ern
is not as clear between sjtes 2 and 4 and sites 3 and 4, In Feb—
-ruary, the majority of comparlsons Lndxcate 1cwer mean pH(l) 1n

the: snowpeck at s;te "4 than at sites ‘2 and 3, whereas in spring,

~ “ " ~
co. 3 [N v . 3 . -~ .

4

3

5
¢

Between December and May, there is. a general increase in’

the number of occurrences vhere mean pH(l) is signlficantly high-

o N >

' s . . \ .
. , . . BN ’ . , . -

a

@
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‘:§ ’ er in the snowpack at one site compared to ahother site (Table 3,

Appendix 3). With the exception of szte 2 vs 3, this trend is BN
seen in all the other between-site comparxsons. Hovever, - the h
number of significantly higher values at one site are too few to
consider dlfferences in mean pH(1l) as bezng, 1n genergl, sign;fi-
cant. : ’

T

ts
-

Mean pH(2) show the opposite paﬁtern:to éH(li .The ma-
+ jority of comparlsons are consistently higher at site 1 than at
‘sites 2, 3 and 4, hlgher in December at site -3 than at sites 2
'”and 4 and at site 2 than at site' 4, This pattern continues

through the winter, In February, the mean pH(2) of the snowpack

- is highest at site 4. This is maintained into spring, *

T . The occurrences of a significantly.higher mean pH(2) 5£
any one 51te increase between December and February. During the
February Samplxng perlod the mean pn(z) of the snowpack at sxtes .

"L "-Ziv»l .and ‘4 is slgnlflcantly higher than at sites .2 ‘and 3 dnd signifi~ -

n~3ff ‘—\'_f cantly hlgher in five. of .thé eight comparisons at 51te 4 than at

| .- site 1. thtle difference between sites 2 and 3 is apparent. o o+ 4

,.“The sxgnxficant dlfferences are not maintained in May, '

z

i \'Calcium;‘hg, k; mpé endrperticulate matter show a common
. pattern in December; . mean concentrations for. these parameters
are higher for the,majority,of comparisons at gites '3 and 4 than
‘at sxtes 1 and 2. For many compaiisons, mean‘valués at site 3
. are greater than“at site 1 or '2'in all nine between-profile
P . comparisons. This also.occurs for comparisons between sites 4~
. anad 2 and sites 4 and 1, although not as fregquently, where all
nine comparlsons lndlcate the largest mean values at site 4.
’Sod;umshowsthe opposite pattern; higher mean Na concentrations
occur et sxtes 1 and 2 than at sites 3 and 4. When pH(2) is
N 1nterpreted in terms of H xon concentrations, then the same pat-’
i .tern also partlally appliés;: hlgher H ion concentrations in the
,(;__ ’ snowpack at 51tes 3 and 4 than. at sxte 1 and higher H ion concen-
- 'trations at site 4 than at site 2.
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Comparisons between sites 1 and.2 and between sites 3
and 4 are not as consistent.q Higher nedn‘Ca, K and TDP concen4
trations are more prevalent at site 1 compared to site 2 and at .
site 3 than at site 4. Particulate matter concentrations are
also higher at site 3 than at site 4. Higher K and'Na concen-
trations occur at site 2 compared to site 1 and at site 4 com=
pared to site 3, The comparisons in Table 9 show that:the above
described patterns are largely maintained throughout the winter
with a few reversals between sites 1 and 2 and sites 3 anq/4r4~7
In February, the dominance of one'siteiover'the next is/néticéé}
ably less for certain comparisons, particularly for Ca/and Mg.
In Abiil/uay, the comparisons of mean Na concentratioﬁg agree
with those of the other elements. —o T
) Within this overall pattern, there are/fZ;:examples of
significantly greater concentrations at ahy’é&ven site, Where
significant differences do occur, they are generally signifi-

‘cantly higher at site 3 (Table 9). The most. notable examples

are the following: in December, Ca is present in signifiéantly

- higher mean concentrations in the snow profiles sampled at site

3 thah at site 2. Mean K concentrations are likewise signifi-

\cantly hlgher 1n the snow from profiles at site 3 than -at either
‘gites 1 or 2 in February. Mean Na concentrations are signifi-
,'cantly highef in the snowpacks at sites 3 and 4 compared to site

,2. The number of differences, where mean TDP concentrations are
slgniflcantly higher at site 3 compared to site 1, increase from
December to Fébtuary and are maintained in spring. Mean pH(2)
is significantly higher in February at site 1 and 4‘c6mpared

. to sites 2 and 3, indicating higher (although not necessarily

sxgniflcantly higher) H ion concentratlons at sites 2 and 3 com-
‘o

' pared to sites 1 and 4.

ar

To see if the general patterns described above and seen
in Table 9 would also apply when combined mean values are com-

pared the mean values for pH, Ca, Mg, K, Na, TDP and partlculate

matter were derived by combining the three mean values from the

profiles sampled durlng each sampling period. The results are

- . 2 o s n v errermm— ——e s - . e e B T AP S
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Tahle 10:
Dave
13.12.00
22.02.81
30.04.0
12.13.00
248.02.01
*.os.01
11/1: 12.80
23.02.81
09/31.05.00
16.12.80 .

‘wann.Nn -
03/09.05.00

t

b N

3

4

of the tht- pxotllou sampled at sach sits. -

Sice .5..
o

1’.‘

. 3L
8.7

13.6 .

2.8

_.a.l
T

30.3
9.7

s.0

‘33.6

1.4

-

ol

l(l) l(!\‘ Ca
- »g/3
0.037(5.072) 0.5611(0.021) 0.029(0.055) ©.007(0.013)
0.044(0.150) 0.015(0.051) - 0.075(0.25%} 0.022{0.077)
0.048(0.258) 0,013(0.078) 0.064(0.386)  0.006(0.021)
0.030(p.041) ©0.014(0.020) 0.033(0.047) 0.009(0.012)
0.036(0.079) ©0.025(0.052) 0.050{0.110) 0.016(0.030)
0.039(0.016) 0.015(0.064) 0.031(0.123) 0.018(0.063)
0.026(0.048) 0.009(0,020) 0.077(G.136) _0.030(0.034)
0.0351{0.110) 0.025{0.076) 0.096({0.286). " 0.047{0.139)
©.032(0.140) 0.816(0.063) 0.227(0.340). 0.049(0.204)
6,428(0.088) 0.012(0.023) 0.108(0.203) ~ 0.095(D.186)
0.043(0.243) ©.009(9.033) 0.087(0.292) -0~033{0.113)
0.023{0.107} 0,012{0.087) OnISJ(l.IT}) 0»01010.!29)

% g

X
(xg/ha)

1

se

cu-hiant snc-paet ssan nut:ttae concentrations (in mg/1) and n-punta (in kolha). cnlcnlatnd for each ’a!tloeor troa tho

N
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-y + | 1
H
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' " *
R B '
Lo
* i * -
t Tt
. z i
-~ “ ~ *
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3
N ERN
L & . a:-
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. ‘bl.a
2" r 3

0.049(0.095)
0.037¢(0.127)
0.042¢p.084)

0.038(0.053)

0.03110.074); .

0.036(0.144)

0.163(0.304)

0.245(0.722)
0.263¢1.122)

0.139(0.257)
0.2294{0. 434)
0.124(0.570)

0.244'(0.281)
0.17040.590)
0.163(0.801)

0.137(0.151)
0.0%3{0.213)
©.132(0.848),

0.099{0.191)
0.108(0.327
0.184 (o.?s!)

0.128(0,2%7)
0.146(0.489)

10.201(0.951)

9,31(0.010)
5.86(0.019)
3,53(0.018)

7.24{0.010)
€.95010.01%)
4.41(0.018)

, 31|s‘°v°‘3)

14.8(0.048)
, 20.1(c.091)

12, 1 (0.024)
13.810.982)
£.29(0.084)

.So.l (s9.5)°

3:8 (119,6)

1.3 60.9)
119, 3(272.0)
131.0(487.4)

56,8 (102.9)

153.1(656.3)
107.9(483.9)

_33.47.(61.8)

5.9 {350,
‘3.3 {230, 7)
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presented in Table 10 and»the relationships between the four

sites in Table lla. The agreement between the general relation-
ships in Tables 9-and 1 ‘'is good, Where discrepancies do occur,

: they are usually reversals between the second and third highest
values or between sites 1 and 2 as the lowest value. Most impor- . .
tantly, the basic paftern of the highest concentrations occurring

ittt ot itk bl

in the snowpack at sites 3 and~4 and the lowest at sites 1 and
2 is maintained. Included in this table are the mean H ion con-
centrations which, show particularly close concentrations between

) the . four sites. Hydrogen ion concentratlons were all close to

§ 0.01 mg/1 in December (0.008 to 0. 014 mg/l), showed a slightly

o - larger range in PFebruary (0.009 to 0.025 mg/l), being the same
at sites- 2 and 3, where concentrations were also the highest,

and decreasing in concentration by May to 0.012 to 0.016 mg/l.
»

. .
A 3

€

- The combined means of the nutrlent contents, in kg/ha,
have also.been calculated and are also presented ‘with the mean
Cw concentrations, in Table 10 As ig the case, with mean concen—'
tratith, the mean nutrient contents are greatest in the snoy/
packs at sites 3 and 4 and least at sites 1 and 2, The ex- \
', ception is Na, where concentrations and absolute amounts were &
. 5ighest at site 1 in Deceimber and February, The’betheen-site
. relationships are presented in Table 11b. 1In spite of accoun-
’ . ting for the varying water equivalents, there is little differ- \T
> R ence in the between 81te relationshlps of the- nutrxent concentra- '
L tions .and absolute amounts.

by R
~

2

. o a .
.. R In December, the ﬁ ion content was the same at the "four
‘e - sites (0 02 kg/ha). Differences increased by February (0.03
o ~to 0.08 kg/ha) and were once again very similar in spring (0.06
to 0.07 kg/ha). Between-site differences were most pronounced
L - for the cations. Calcium ranged from 0.05 to 0.20 kg/ha in De-
 ° . . cember,0.ll to 0.29 kg/ha in February and 0.12 to 1.17 kg/ha in
‘ ; ) . Mag. Magnesiumncontents ranged from 0.01 to 0.19 kg/ha in De-
(}: cember t00.03 to 0.14 in February to 0,02 to p 33 hg/ha in May.
Lo ﬁith the exception of Mg in February (where contents wereﬂhigher

)
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at site 3), the largest amounts of Ca and Mg were contained in
the snowpack at site 4. Mean amounts were lowest for Ca at site»
2 and Mg at site 1. Mean K contents were consistently higher
at site 3 and least at site 2. In December, amounts ranged from
0.05 to 0.30 kg/ha, in February from 0.07 to 0.72 kg/ha and in
May f{yom 0.08 to 1.12 kg/ha. Mean Na contents were higher dur-
ing December and February at site 1. Amounts ranged from 0.19
to 0.28 kg/ha in December and from 0.21 to 0.59 kg/ha in Febru-
ary. In May, the highest mean value occurred at site 4 and the
range was from 0.55 to 0.95 kg/ha. The phosphorus content of
the snowpack was very similar at sites 1 and 2 and was the same
during February and May (0.02kg/ha), The mean TDP contents at
sites 3 and 4 were 0.05 kg/ha in February and 0.09 kg/ha in May.
Particulate matter content was practically the same at sites 1,
2 and 4 in December, 59.5 kg/ha at site 1, 60.9 kg/ha at site 2
and 61.5 kg/ha at site 4. The mean content of the snowpack at
site 3 was 103 kg/ha. In February, the amounts ranged from 120
to 456 kg/ha, being greatest at site 3, Mean values in May T
ranged from 231 to 487 kg/ha and were very close at sites 2 and
3, 487 and 484 kg/ha, respectively.

If nutrient inputs were equal at all four sites, the
higher water equivalents at site 1 and the lower wat:ex,x equiva;—
lents at site 2 should lead to higher nutrient amounts, at site

-1 and higher nutrient concentrations at site 2., This, wever,

is not the case. Both concentrations and amounts are consistent-
ly lower at sites 1l and 2. This suggests that inputs from atmos-
pherlc, litter and/or underlying vegetation sources are less at
sites 1 and 2 than at s:.tes 3 and 4, where both mean concentra-

tions and mean amounts are consistently greater.
4.3.5 Intra-Site Temporal Differencés in Snowpack Chemistry
The temporal differences in mean pH, cation and particu-

late matter concentrations in the snowpack within each site have
been evaluated using the t-statistic. The results are given in
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Table 4, Appendix 3. To identify trends in ch‘a;'zgaish, the -values .
have been organized graphically in Figure 7. The graph shows.
the nngnitude of the t-statistics for the December vs February
and february vs April/May comparisons and the gverall differences
between the December and April/May means. The t-statistics plot-
ted on the positive side of the y-axis indicate an increase in
mean values (February meana greater then December means, April
means greater than rebruary or December . means). Those ﬁlotted
on the negative y-axis indicate a decrease in mean values. -
What is imediately apparent frbm Figure 7 is that' the.
changes in mean valies are hi:ghiyrinconsiétent, not bnly for the
various parameters measuréd, but also for the same parameters ’
from the snow profiles at the same site. A number of statisti-
cally significant differences between the Deqember,'f February

‘and April/May means do occur (the number of significa‘nlt differ-
' ences being greatest it site 1, folldwgd by sites 2, 3 and 4),

[N
-

but tliey rarely identify a trend in which the mean values for
any given parameter have decreased or increased at all three

) sampllng locations over the same per:.od " In faét, in many cases,

the. changes are contr_adietory. Examples include changes in pH(1)
and {(2), K and Na at.all four sites and Ca Mg, -TDP and particu-

‘1at.e matter at sites 2, 3 and 4. 0Of _these’samples, several con-
- tradictary changes are s:.gnificant. site 1, pH(l) and (2) (Peb/

Apr), .Na (Dec/Apr); site 2, pH(2) (Dec/Apr); site 3, pE(2)
(Dec/Feb and ‘Dec/Apr), Ca (Dec/Feb) and 'site .4, Na (Dec/ng‘).‘

. In spite of th'e'/varia\tiona observed, a few consistent -
patterns can be identified, but tl;ey are usually restricted 'to
the behaviour of one chemical constituent within one site only
and for only one or two samplirig-date comparisons, This does
not allow many ‘general statements to be made concemitig‘ the be-
haviour of a given parameter during the winter or to compare
this. behaviour be tween sites.

Those patterns which can be identified indicate that at
site :, Ca and Mg both increased in concentration betweer Decem-

e
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ber and l;ebruaty and dbg:;eaned‘bepwea:‘: Pebruary and April.. In
‘two out of the three comparisons, 'l':oth Ca and Mg concentrations i
were significantly greater in the ?ebruary, ‘compared. to- the De- )
- cember -snowpack, The folloving decrease in Ca concentration '
was not significant, but in bwo comparisons, Mg concentrations
were signific.antly less in the April. snowpacks than they had
been in Pebruary. Calcium eoncant:rations were significantly
higher {(for all comparisons) in the snowpack in April, compared
to ‘December, suggesting an overall increase in Ca in the snow-
pack .over. the winter. Phosphorus concentrations. decreased . 1
Ehtoqghout the winter at site 1 and,. by April, the TDP concentra-
tion of. the snowpack was sigp'iﬂcantly less than it had been in
the -December snow cover. Particulate: isatte; showed a general -
increase, but the differencé\uas not a significant one, '

At site 2, pH(2) and Na concentrations increased be tween

Pebruary and April, the differences being significant at two sam-
pling locations for pH and one for Na., As at site 1, phosphorus
‘concentrations also decreased throughq\it the winter at site 2.
In only one 'ex'uple, however, were the differences significant,
Particulate matter concentrations w'erel siqﬁificantly higher in
the February snowpack than in' December, but the pattern was in-
consistent for the remainder of the winter at this site,

pH(1l) and . (2) dqcfeilo,d at site 3 'bebleen‘ December and
Pebruary. The difference vas significant for pH(2), which also
indicated overall lower mean snowpack pH in April compared to
- 'December. Sodium concentrations were significantly higher in the

cantly higher Na concentrations at the end of the winter, Phos~-
phb;us,decreasgd slightly from December ;6 February, but the

di fference was not significant, Particulate matter increased \
" from December to February and in April, particulate matter con-

centra_tj_.on ‘was higher in the snowpack tlian it had been in Decem-

T =2



~At site 4, pH(l) was ‘lower in. the Pebrnary, than in the
‘Decenber _snowpack (one signiﬂcmt difference? ‘Mean Mg concen-
trations decreased slightly ‘over the s_ame period and were lower
. at the end of t’hehv\tinter than they had been in December,. but j
the differences.were not significant. Sodium concentrations '
were aignj.ﬁcfmtly_ greater in the profiles sampléd in the April
nnowpack than in December and particulate matter also increased
, between December and Apri.l but the difﬁerencea were not signifi-
, cant.

The above changes\indicate that mean TDP concentrations
decreased over the winter at sites 1, 2 and 3, that mean Na con- . 3
centrations increased at sites 2, 3 and 4 and, that mean particu-
late matter concentrations increased at all the sites, Given
the inconsistencies in the other changes, it is not possible ‘f:o
arrive at general conclusions for the other parameters,

. The inconsistencies in the observed patterns probably
arise because of the within-site variability in vegetation cover
.and micro-relief. This leads to varying snow accumulation pat-
terns and densities and thus varying water equivalents within
- - the sites (section 4.2). The vegetation cariopy may also be alter- i
ing the chemistry of the snow passing through it and the canopy
and underlying vegetation afe sources of litter in the snowpack..
Thus, the distribution of vegetation in the sampling sites coulgd, -
to a large extent, affect the snowpack chemistry within the site.
This would make the identification of changes in snowpack chemis-
tr:y during the wmter dlfﬁ.cult. .

.
»
-

The same difficulty in.identifying thanges in nutrient
concentrations arises with 1dent1fying changes in nutrlent con=-
tents. It is, however, possible to identlfy more consxatent
changes, based on absolnte amounts, than it is using nutrient

ﬂ concentrations. According to the values in Table 8, Ca increased
( Co ' throughout the wintgr at sites 1 and 3 (this was also Jseer'x in .Ca
- concentrations at site 1). At site 2, increases in Ca were com=- °
mon to all three sampling locations between December and February .

AP
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and Ca content was higher at the end of the winter at all three
locations than it was in December, At sites 1 and 2,{ Mg contents’
_increased from December to February and decreased between Febru-
ary and April, but were still higher in the spring snowpack than
' they had been in December. The increase between December’ and . '
February was also evident at site 3, Potassium contents at site
3 were also higher in the February and April snowpacks than-in
December. -Sodium showed consistent increases throughout the
winter at sites 3 and 4 and contents were higher in the spring
snowpack at sites 1 and 2 than they had been in December. Phos—
phorus contents were lower in ﬂthe sprifpg snowpack at site 1 but
higher at sites 2 and 4 than in Decembe’g;'. Particulate matter
was higher in the spring snowpacks at all four sites, but in-
creases were only continuous through the winter at site 1.
Hydrogen ion content was, likewise, greater in all four spring
snowpacks, but again, increases were consistent only at site 1l
through the winter. ' .
, Many of the changes in .concentrations were m‘;guqm‘ .
being less than 0.0l mg/l, yet, as seen in Table 8, they cor-
respond to measureable changes in absolute amounts. For example,
mean Ca concentration in the Decenber snowpack at site 2 was
0.033 mg/l. The mean concentration in Aprill was 0.031 mg/1,
These values correspond to mean Ca contents of 0.05 kg/ha in
‘December and 0.12 kg/ha in April. Similar examples can be seen
for K and Na, also at sit‘e‘ 2, Mg and K at'site 3 and K at site
4.

_From the concentration values it would, appear that, in
such instances, concentrations are béing maintained through an
input of nutrients which is proportional to éhe increasing water
equivalents. Decreases in concentrations between December, Feb~-
ruary and April are very minor, where-they do occur, compared to
the increases. Increases ih concentrations and increased wat‘ef
equivalents result in large-increases in absolute amounts, This:
is most pronounced at sites 3 and 4. -

y
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Table 12: The

Site pH(1)
1 4.47%0.26
2 4.83%0.09
3 d.26%0.22
4 4.2220.08
neS ' :
]
r )
,’\ -
N

chembattyy Of the surface snow samples collected on 21.02,81 -
- " : T - ) s.. . - . X
PH(2) //%j Ca. © . Mg HER 8 ‘Na
“ R L 72 R .
5.0420.13 0.042£0,035 0.00820.00% 0.070£0.070- 0.090%0.006
5.16¥0.18 0.032%0.011 0.00620.006 '0.034%0.011 0.103%0.017
5.0410.18 0.032%0.018 0.008%0.00% 0.07020.074 0.136%0.097
'4.78%0.20 0.048%0.030- 0.006£0.006 0,046%0.032 0.134%0.066
: ) ‘\"‘\n;w“w\ \
il
S——— — <

- TDP -

ug/1

3.18%1.3%
2.60%0.74

.3,43%2.87

4.45%3, 66

‘ .
. B . v
\
.} 1
- f. “ .
. . -
y
K ' d N
. s .
“ N ]
.

pm
mg/1
43.8%22.2

ss.bz1a.§
66.0%21.0

. 50.0£12.1

- =g0T~
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' Pebruary and Apr:.l at site 1 and H; which decreases sllghtly be-

The’ combined means in Table 10 may be used to identify
general changes over the winter at each site. Comparieon of
the’ changes in concentrations and the’ changes' in amounts re- .

'veala many d:.screpencies (ie. site 1: H, Ca, Mg, K, Na; si.te" P
. 2: H, Ca, K, Na, TDP; site 3: TDP and particulate. matter: &nd .

eite-d 'H, Ca, Mg, X, -mp),

. . 4 [ - ,

. 'rhe rend, almost vithout exception, is- fér the. amount
of nutxients contained in. the Snowpack to increase over i:he win-"
.ter.; This suggests a storage of nutrients as t‘he winter progres— -
ses.. The only exceptions are Mg and K, which decrease between B

ey

tween Fe,bruary and April at site 3. Phosphorus contents at site
1 do not change over the’ winter. Increases in mean concentra-.

tions do not, however, necessarily correspond to these j.ncréases'

El:n ‘absolute amohnts in the snowpack, ' althoucjh there is-an ‘agree—

. ment at site 3 for the four cations and H (whlch decreases both

. ",/
in amount and concentratxon be tween February and A'ﬁril) “ . g"

*

i -~
1l - N - -

a " .
P . . . \ - N \

4. 3.6 E’resh :Snow Chemistry

_Samples were collected from the snow surface at each of .
the four study sites on 21.02. 81, follow:.ng a minor snow fall,
. The mean concentrations are presentea in Table 12. The complete
deta set is' presented in Table 1, Appendix 1. Mean pH(1l) values

* ranged from 4.2 at Slte 4 to 4.8 at site 2 and mean pH(2) values
_from 4.8 at site 4 to 5.2 at site 2. Cation anq TDP concentra-

tions were very low, Calcium ranged from 0.03 to 0.05 mg/l, Mg
concentrations were 0,01 mg/l - Potassium ranged “from 0;03 to
0. 07 mg/l Na from 0 09 to 0.14 mg/1 and TDP from 2,60 to 4.45 .
ug/1. Particulate matter concentrations ranged from 43.8 mg/l
at site 1 to 66 0 mg/l at site 3, These values are comparable
to t:he overall mean snowpack concentratlons in Table 7..

Analyses of variance (Table 5, Appendix '3)' indi:cate . that,
with the exception of pH, significant di;ffenences in the chemistry

-
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of the surface ‘qn'ow samples between the fdur‘itﬁdy ‘sites. .are not ' .
. ‘apparent. The t-statistics (Table 6, Appendix 3) indicate that
man pH ( 1) values were' significantly ‘lTower  at sites 1, -3, and 4 -
compared to site 2 and .at site 4 - compared to- si.be 1.. Mear pH(2)
o _ was significantly lower at site 4 than at, the other ‘three sites.
S ,V . _ The only othex signiflcant dj.fferende was hetwegn 'rDP conceh-
L o | tx:ations at sites '2 and 3.. '

»

B

Y 3.7.' A chparinn of the Snowpack Chemistries Measured at ,' . . 3.
v, the Contxol and Bxperimantal Profiled . - A

; \‘ ‘.' Ce ertical distributions of the chemical parameters in _— 3
! -7 . . the control and experimexrtal spring anow profiles a:e ccmparablc,,

- havinq the same range of values,- with the exception ‘of the lower. 1
. . 'Brofile .sections and the’ snpwpack base umples (rigures 6a: to
g ' .. 6p). At sites 1, 2 'and 3,. the aame general pattern of compari- '
o ' sons het:wegn the base sample valueq qcc&'c, -pH is lower and K, - ' 4

oo TDP and partiéulabe matter concentrations are higher ‘in :the base

S - "‘* :amplea i.n direct contact with the ground and/or vegetgtion Bur-. .

o face. Differenees between Ca, Mg and Na are fot as marked.” = .’

4 [

e T

. I KU , At site 1, the pﬂ(2) of the base samples from the control
profiles (Figs. 6a, b and C) range from 4.5 to 4.7, compared to
P the experimental profiles (Flg 6d), where. values ranga from 4.8 -
s v to 4.9. Magnesxum concentrations do not chanpge (0.01 mg/l) and
.ca (0.06 compared to 0.12 mg/l) and Na (0.0l compared to 0.25 - , .

mg/1l) show only minor differences, At two sampling locations,

A

'K-concentrqtions are éonsiderably higher in the control profile
T samplés (stake location 4, 0.12°'vs 0.01 mg/1 and location 2,
0.55 vs 0.02 mg/1y. At location 1, the values are comparable
-(0.09 and 0.04 mg/l). Phosphorus concehtrations are similar,

. ranging from 4.4 to-4.5 and 4.8 tg 9.2 ug/l for the experimental

‘*" i ' and econtrol profiles, respectively. At stake location 4, par-_

) ticulate matter concentrations are higher in the control profile

‘ base sampl.es (416 vs 22 mg/l), but are less at stake locat1on )

( / ' (48 vs 128 mg/1). - ‘

a

3




1 . -

At site 2, pH values are lower near the base of two of
the control snow profiles (Figs, -6f and’ g) than at the corres-
pond,inq experimental profiles (Fig 6e). Values range from 4.5
‘and- 4.6.to 4.7 and 4.8. Particulate matter congentrations are
larger in thé ‘base sanplea from all three Tontrol profiles, with'
" an extreme difference between profiles 11 and 12 (1550 vs 28"

\

( llg/l) In additian to the very llrge diﬁference in particulate

utter, Ca, Hg, K and TDP eoncentrations are also higher at the’
‘base of profile 11. With the exception of Ca concentrations in

- profiles 7 and 8, the. differenees between the other profiles are -
.jnot large. ‘

N -

'rhe main differences at site 3 are in the phosphonu con- \

centrations which range from 12.8 to 16.1 ug/l in the base sam-
ples of the-experimental profiles (FPig. 61) compared to 52.7 to
198 ug/l in. the control profiles (Figs. 6i, j and k). At two
sampling locations, 4 almd 5, K also shows considerable . differ-
ences in the range of values; 0.10 to 0.15 mg/l in the experi-
mental profiles samplés cowared to 1.03 to 1.62 my/1 in the con-
trol profile samples. The XK concentrations in the base sanples
at location 1 are higher than at the other two profile locations
but the control and experimental profile base snow sa-ples are

comparable (2,26 and 2.77 mg/1). .

‘The differences in cation conoehtrations are mch more
pronounced at site 4 than at sites 1, 2 or 3 with the execption
of Na which shows little difference. Djfferences in particnlate
matter concentrations are not large and pH is-higher in the .con-

.trol profile base samples. pH(2) ranges from 5.4 to 6.2 in the
'control profile samples (Figs. 6m, n and o) compared to 4.9 to

5.1 in the experimental profile samples (Fig. 6p). Calcium con-

centrations range from 1.16 to 1.55 vs 0.0Z to 2.06 mg/1, Mg from

0.72 to 1.50 vs 0.01 mg/l and K from 0.02 to 2.06 vs 0.01 and
0.02 mg/1 for the control and e:lcperi“ment,aI profile samples, re-

‘spéctively. Differences in phosphorus concentrations are compar-

able to those at site 3; 21.6 to 50.9 ug/1 compared to 4.71
to 9.41 ug/l;. - ‘
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Although the majority of values for mean ca.tion, phos- , i
phorus and particulate matter concentrations are sl:.ghtly hlgher
.+ in the samples re:qwed from the control snow profiles (Table 7) ’
+ the differences are rarely slgnificant. The only. significant
differences are betveen pH and Na congentxa,tions at sites 1, 2. - .
: ‘and 4 (Table 7, Appendix 3). None of the ‘differences at site
3 were found to be significant. The significance of many of the
differences is probably reduced by the large standard deviations
of the means, parisicularly for the conti'ol pr&file' mean .va_lues.f
& ‘ ) 'l'he degree of variation in conc;ntrat:.ons through the -
snowpack 13 seen in the (often large) standard deviations Of
the mean ‘concentrations. Certainly the variations throughout
‘t.he entire profile contribute to these 1arge standazd deviations,
{ but, in many cases, the higher concentratmns :r.n the samples re-
) moved from the base of the snowpack greatly affect their magni- -
. tude. ~ The two sets of statistics presented in Table 8, Appendix
' 3, are the means and -taixdar& devxatit)ns of.the eight parameters
uuured, calculated using the entire data set and recalculated :
_omibting the base sample values. ) AR

~, -
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, In many cases, the mean concentrations do- aot change ]
appreciably. as' the acconpany:mg t—statistics illuatrat.e, and X
| . none of the differences are statistically. significant (although =
- S in many exauples this 'is due to the. iarge htané;rd deviations]..
- There are, however, two' prevalent patbem 1n these: compaz‘iaons,
. mean .values calculated’ excluding the baze qanple value are sli,ght—, \
ly lower than means caléulated using the complete nata set ‘and | _
the standard’ dev:lation- decrease- when the base sanple valuas u‘e | S
- ~ omitted.. This :uggests that the concentrations in tie base A
: samples are large enongh to noticeably affect- the mean cbneentra—- e
! tion of a qiven paraueter in the, snodpack; “in thi.s case to in~ C e e
) Crease ‘the- overall concentration. e, e

-

(_} ne A more eonp:ehonsive conpax'i.uon bet.wncn the uaana for N
both the spting ooutrul and enperimul profilu ix pxbsehtud

~ -,
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. &u-pulm ot the Btk chemical coboc&uq;’it the control. and sxperissntal spring ‘im-ckh
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in Table 13. The means of the control profiles, including and
excluding the base samples, are compared with one another and
with the means of the complete data set for the experimental

profiles.

-

Of the four sites, only site 4 shows pronounced changes
for the majority of parameters in the control profiles when the
‘base samples are not included. Both pH(1l] and (2) decreased as
~did Ca, K and TDP concentfations. Large decreases in the means
and standard deviations of Mg, K and TDP also occurred when the
values for site 3 were recalculated. Potassium is the only para-
meter for which the means and standard deviations decreased at
all four sites. The values for Na did not change. Where\changes
in pH occurred, the values decreased at sites 3 and 4 and in-
creased at sites 1 and 2. With the exception of K and particu-
late matter, the base sample values do not appear to influence
the mean concentration of the nutrients in the snowpack at site
1, although the mean particulate matter content decreased when
the base sample values were excluded. Some larger differences
occurred at sites 2 and 3, but the decreases were most consistent
at site 4 for the majority of the parameters, \

The means and standard deviationg for the experimental
profiles are lower than both sets of values calculated for the
control profiles. The plastic sheet removed the interface of
the snowpack and ground cover and impeded the migration of nu-
trients into the base of the snowpack. With the exception of
K concentrations at-site 1 and Mg at sites 2, 3 and 4, even
recalculating the statistics for the control profiles by omitting
the base samples did not lead to wvalues which .;rere low enough
to be comparable wg\ the mean values of the experimental pro-

files

The méan chemical concentrations in the control and ex-
perimental snowpack base samples (collected after the onset of
melt in mid-May) are presented in Table 14, THe complete data
séts are presented in Table 2, A‘ppendix 2. The comparisons show
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Table 14: Chemistry.of the snow samples collected from the base of the control and
~experimental profiles in mid-May

Site ~ pH(1) pPH(2) Ca Mg X Na TDP

mg/1 " ug/1
control 4.52%0.17 4.30%£0.09 0.056%0,073 0.011%0.007 0.150%0.070 0.161t0.061 17.9%4.36 ,
. :

experimental 4.63%0.17 4.39£0.11 0.024%20.025 0.009%0.007. 0.13550.178. 0.164*0.065 6.52%2.76

L

control 4.42%0.13 4.4910.14 0.224%0.308 0.069%0.082 0.24510.366 0.138%£0.039 (11.315.36
2 .
experimental 4.37%0.15 4,4730,18 0.063%0.088 0.01539.021 0.08420,066 0.119%0,047 ¢6.28%3,82

s .
control - 5.3310.27 4.92%p.28 0.537i0.358 0.120%0.09) 1.460%1.080 0.168%0.052 63.5%46.5
3 .
experimental 4.83t0.23 4.62%06.27 0.108%0.115 0.044%0.057 0.45620.425 0.170£0.063 16.9%9,22

AN

control °  6.08%0.45 5.99t0.54 2.00%t1.67- 1.47 *1.15 0.489%0.261 0.242%0.101 14.0%7.15
: W

experimental 5.74%0.61 5.50%0.71 1.15%1.23 0.785%0.819 0.168%0.105 0.172£0.174 -8.17%3.68
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that mean pH, Ca, Mg, K, Na and TDP concentrations are higher
in the control snow samples, The exceptioris are pH(l) and (2)
at site 1 and Na concentrations at sites 1 and 3, Differences
are minor at site 1 and most pronounced at site 3.

The differences between the control and.experimental
sample- mean concentrations were tested using the t-statistic
(Table 15). pH, Ca, Mg, K and TDP concentrations were found to
be significantly higher in the control samples at site 3. The
mean TDP concenérations are significantly higher in the control
samples at all four sites, Other significant differences include
pH(2), site 1, Mg, site 2 and pH(2), K and Na, site 4.

Between-site comparisons are given in Tables 9 and 10,
Appendix 3, Analyses of variance (Table.9) show that, with the
exception of Na, the mean values for both the control and experi-
mental samples are significantly different between the four sites,
The t-statistics (Table 10) identify the significant between-

site differences., The sullesg: number of significant differences ,

are between sites 1 and 2, Differences involving either sites 3
or 4 are largely significant, especially between the sample means
of the control samples. The most consistent significant differ-'
ences are between sites 3 and 4, where mean pH, Ca, Mg, ‘K and

Na concentrations are significantly higher and mean TDP concen-
trations significantly lower at site 4 for both the control and
experimental samples. Differences between sites 1 and 4 and

sites 2 and 4 are also, largely, significant, with the exception

of phosphorus and Na concentrations in the experinenta]: ‘samples
of both between-site comparisons. Differences in mean K concen-
trations between sites 1 and 4 for the exper‘iu'ental samples and ~
sites 2 and ¢ for the control samples are also not siqnxficam:
With the exception of. Na (wvhere the differences are not signifi-
cant), the mean values at site 3, for both the exparinental and
control samples, are aignificantly higher tfian at site 1 The
experimental and control mean TDP concentrations are slgnlflcant-
ly higher at site 3 than at sites 1, 2 or 4, vhereas d:.fferances
between sites 1 and ¢ and sites 2. and 4 .are not s-i.gnif:lcm\t ot
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‘snowpack chenistry. This effect is mos t pronounced at sites

. 4.4.1 A Description of the Soils at'the Four Study Sites

. @ach site in September, 1980, is preaented in Table 1, Appendix
S X The soil horizomtion and chenistry :lt pre:ented in Piguu
© 8. The follohing aoil descri.ptions are bued on these observa-
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and only the control mean TDP concentration at sxte 1 is. signifi-
cantly higher than at site 2, ) )

In Table 16, the sites have been ranked in order of de-

_creasing mean pH, cation and TDP concentrations for both data

sets, All parameters.(with the exception of TDP from the- cbntroi
samples at sites 1 and 4] show greatestmean values at sites 3

or 4 and lowest at sites 1 or 2. Where the highest values occur
at site 4, these concentrations are significantly greater than
at the other sites. This also applies, with the exception of

Na, when highest concentrations occur at site 3, 1In very . few ‘ ;
instances, are mean concentrations significantly greater at site .
1 than at site 2 or vice versa. E:gcept:;f)ns are the .experimental .
and control pH(1) and pH(2) values, mean Na and TDP concentrations
for the control samples and mean Na coueentration for the experi-.

!

mental samples. ~ -
The“ preeading conparisons have illustrated that within ;
this small area, deﬁ.ned as the May Lake catchment, “there is a -
great.deal of ‘spatial variability in snovpack chemistry. This
is not only apparent bebleen the four sites, but also within E
each s;te and appears to be related to the vegetation stmct\;re '
e area. The difficulty in identifying temporal changes in
the snowpack chemistry is probably due to the y;lth'in—site varia-
tions. ' The ground cover appears to have some influence on the «»

3.and 4. The data also indicates that the showpacks at sites3
and 4 accunulated nore nutrients than at either sitcs l or 2.

4.4 Soii Iiropextiei “and ,Orqan;é Horizqn Cliemistry

3

t

The soil morphology, measured at the three profiles at

A
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tions.’

i) The spruce lichen woodland and lichen-heath tundra:

These soils are classified as Bluviated Dystrié—sruni-
sols (Canada Soil Survey Committee, 1974) which are probably the
equivalent to the Mini Humo-Ferric Podzols described by Nicholson
(1973) for some of the soils in this region. The surface organ-
ic soil horizons (LFH/Ah) are thin (<5 cm) and pass down into
a very thin (1-3 cm) Ae horizon, beneath which are reddish-brown
Bm and Bf horizons. The soils are‘shallow; " the C horizons or
bedrock being reached at <58 cm.

The soils are acidic throughout; pH values ranged from

3.7 to 4.7 in the surface organic horizons to 4.9 to 5.3 in the -

mineral subsoil, Cation exchange capacity is relatively high
in the organic horizons (20-25 meq/100 g soil). Base saturation
values are low (3 to 17 percent) although there is an increase

-in the subsoil horizons where there is more Mg. At the time of

sampling (05.-2b.09.80), the gravimetric water content was high
(300~400 percent) in the surface horizons and about 25 percent

in the subscil horizons, similar to values reported by Mcore

(1980) . X o

ii) Feathermoss forest

The featharqg\? forest site is unﬂerlain, at two of thke
pits (1 and 3), by a Gleyed Melanic Brunisol (Canada Soil survey
Committee, 1974). These soils have a thicker accumulation of
surface organic material than the soils at the woodland or lichen-
heath tundra. The LFH horizons are 10 cm thick and overlie a
10-15 cm thick Ah. This passes éirectly into a gleyed Bm hori-
zon 8 to 18 cm thick. At pit 1, this horizon passed into a
second Bm horizon that did not show signs of gleying. Nicholson
(1973) also describes gleyed B horizons directly beneath satur- .

~ated Ah horizons in the forest settings., The C horizon was en- ,
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"iii) Sedge-moss fen

~ , -118-

countered at depths of 38 to 54 om,

The soils are neutral; pH values range from 6.5 to 7.5
and inc;’ase with depth., Cation exchange capaciéy ranges fr&m .
80 to 100 meqg/100 g *soil. These soils have higher cation contents,
particularly Ca and Mg, than the Dystric Brunisols and base satur-
ation ranges from 80 to 90 perceq&\

R

£

The soil at pit 2, site 3 is classified with the soils
at sites 1 and 2 as an BEluviated Dystric Brunisol. ‘This pit was
excavated on a lower slope where the feathermoss forestgrades
into lichen woodland. The soil has a thin (5 cm) LF horizon over
a vgiy thin (1-3 cm) Ae horizon. The underlyingrsm horizon is’
not gleyed, as in profiles 1 and 3, nor is there a strongly red-
coloured B horizon, as at sites 1 and 2.

The organic'hofizons are acidic (3.8 to 3.9) and pH in-
creases in the B horizons (5.1 to 5.8). cCation exchange capacity
compares to that of the soils at sites 1 and 2; 20, to 25 meq/100
g soil in the organic and 5 to 15 meq/100 g soil in the inorganic
horizons, but base saturation is higher, ranging from 14 to 42
percent. The gravimetric water content of the three soils at
site 3 was 250 to 350 percent in the organic horizons and 10 to

30 percent in the subsoil horizons,
N~ ~

\

. i N
The organic soil or peat in the sedge-moss fen is clas-
sified as a Fibrisol becauge of the low degree of decomposition
in tyé upper half of the core samples. A mesic bottom tier
places it‘'in the category of a Mesic Fibrisol (Canada Soil Survey
Committee, 1974). The -upper Of of all three cores contained
large amounts of recognizable, poorly decomposed organic materi-
al. The rubbed fibre content ranged from approximately 85 per-
cent in the upper to 50 percent in the lower Of tiers. The Om
layer in the bottom tier had a rubbed fibre content of approxi- .
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~ and -percent water content. -The general between-site relation«
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mately 25 percent. Some woody material was still recognizable
in this layer, although it had &thick, nucky texture and vas -
almost black in colour. The peat deposit is not deep < 140 cm)
and is underlain by marl. A hydric layer was present in two
of the cores which extended from approximately 80 cm. - '

The pH ranges from 6.2 to 6.8 in the uppermost fibric -
layer to 5.8 to 6.2 in the middle and bottom tiers. Cation ex-
change’capacity is highest in the upper fibric layer and decreases
slightly with depth, the overall range being from 56 to 76 '_meq/
100 g soil. Base saturation ranges from 64 to 87 percent in the
surface tier and from 43 to 66 percent in the middle and lower -
tiers._  Hydrogen ion content is comparable to that in the organic
horizons of the soils at sites 1 and 2 (9 to 34 meq/loo g so:.l)
The Ca and Mg contents’ are much higher; 19 to 47 and 8 to 28
meq/100 g soil, respectively. Magnesium concentrations are
highest in the least decomposed surface layer. As at the other .

‘'study sites, K and Na.are present in only minimal concentrations. |
. This peaty material has a very high water holding capacitry and

had a watler content, at_the time of sanpling,_of 500 to 1000 -~
percent. .

4.4.2 The Chemistry of the Fall and-Spring Organic Hori.zon
. . Samples ,

A complete sumury of the ordanic horizon chemical analy-
ses is given in Tables 2 and 3, Appendix 2. The means ahd stan-
dard deviations are presented in Table 17. The three data groups -
include i) the fall ii) spring control and. iii) spring experiman--

tal ( beneath plastic) unplea of the organic horizons to a depth ’

of 10 cm. .-

-

Between-site comparisons of the three data 'gi'oups -are -

' presented in Tablell, Appendix 3. 1In ’;‘ablé 18, the study sites ~

are arranged ' in order of decreasing values for mean PH, cation
and available phosphorus coxicentrations_,‘ CEC, ‘base saturation .

T 0 S EUEa— . e - — B ey
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| Table 18. atudy ii-tut rankad according to highest mean value for each chemical
‘ o parameter maured in the surface soil sampien

a>1. 2. 3; 351, 2

Qen'eral o differgnces si.qniﬁcant wgeneral’ . differences significant
rql'ationapip at nt: least o<-ro 05 ) relationship . at at leagst OX=0.05
o pHor - S . H .
. a 4333231 433,.2,°1; 3, 251 T ad3>1>2>4 D2, 4; 12, 4 -
. b 4>3>2>1 all . S b1l>2>3>4- 1, 2, 3>4; 1> —
G 423ID2>1 alll . ¢ 3>2>1>l_ 1 2 3>4 ,
’ :,.,» C'a ".‘“ i l ~'. ) ' ! ng " -
a 4>33251  4>3,.2, 1; 3>2, 1. a 4>3>I>2 .43,'2, 1y 3>z, 1
Cb 423>2>1 452, 1; 2,'1; 2.1, b 4>32152° 453, 2, 1; 32, 1
e 4>3>2>1° 433, 2, 1;‘3>2, 1 - ) 4>32>1>2 43, 2,:1; 352, 1
.- K - - . W, o o
S a3>e»1d2. B2 ) AD3D152 1, 2; 31, 23 1>2
b 3>4>1>2 . >4, 1, 2; 4, L2 - L b 2>3>4 >§ none - -
e 3>4>1>2 . 4,1, 2; 431, 2 c 3>2>4>1 31,4 : ‘
T . o, cec
.a.3>4 132 .3%4, 1, 2 S . . a4>3D>1>2 all '
B 3>4TZX1 34,2, 1; 2, 1 - b 4>3Z1>2 43,1, 23 321, 2
L 43173027431, 3, 2y 152 c 4>3>1>2 431, 2; 1,2
a > >2>1' 4>3, 2, 1;.3>2,.1 451 23>2 431, 2, 3; 1, D2’
4535251 " all- o b4d>1>3>2 81, 2, 3,1 3>2
c4>3>251 433, 2, 1; 3>2, 1 - c 4>3>1>2

‘ =a; Fall aamplen
. b: Spring control samplas .
- e lSpring xperimental qamples

-TZ1-
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ships are described on the”left. on the'rigﬁt, the'significant

, dxfferences '(based on’ - the one-tailed test) are identifiéd. Sig- ~
o nificance is accepted at the 95 percent level. The between-site

relationshxps remain. constant in the fall -and sprlng sampllng

periods and between the’ control and exper1menta1 sprlng data -

sets for the following parametersw pH, Ca, Mg, K, CEC and base ~
saturation. For these parameters, mean values are hxghest for

‘the samples from sites. 3 or ‘4 and 10west for samples from sxtes

1 or 2. The pattern is less well deflned Yfor-H,. Na and avallable
phosphorus (in the control samples) )

-

- > -

The majority of differences are statistically aignificant.
at at least the 95 percent level. Many comparlsons show Sigﬁlfl-.
cant di fferences betwean all of the sites. Differentes which

are, frequently not s;gnlficant occur between site 1 and 2 and
sites 2 and ‘3. Where hxghest mean vialues occur at site 4, they
are signlficantly hldher than at the: other three study sites.

Thas applxes to pH, Ca,- Mg, Na, CEC, base saturation and water
content in both the fall and spring samples (control and experi-
mental) . -Where. highest mean values occur at site 3, they are

not always sxgnifzqantly hxgherk.although this ‘does apply for

K concentrations in spring, Na concentratlons in the experiméntal
spring sampIes ‘and available P 1n the fall and.control sprlng

samples.
. Differences remarn, in general, significant from the fall
to the: spr1ng and .the same significant differences apply to both

" the control and experimental samples. Where changes in signifi-

cance do occur. they 1nvolve comparisons betweeén sites .1 and 2

v

or sites 2 and 3. ‘ . . S

- ~
\

" The t—otatistzcs fo: the withrn—slte .comparisons between
1) thg control and experrmental samples and 2) the spring and
fall samples are. given in Table 19, & pattern can not be defined,

A fwhlch identlfles elther hxgher or lowex mean pH cation or P con-
centratlona, CEC, base saturation or percent water content 1n

- 4
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Table 19: A statistical comparison of the surface soil horizon chemistry between
i) the control and experimental samples and iia) the fall and spring
control samples and iib) the f£all and fpring experimental samples,®

within the same site. _ §
Site pH B ca Mg K Na~ P CEC  %BS #Water
* | i ‘Content -
i) t t t t t t t t t t
1 [2.94: .29 _1.63 _0.46 0.8l ~0.26 t2.64" T0.46 T1.23 L1371 .
2 _0.14 _oNg3 “2.03 1.26 _0.09 " 0.37 _0.64 _0.34 _0.1p _1.14 |
3 ;0.26 L. ;0-73 T1.42 To.00 Ti.55" T5.16t T0.68" Z0.97 C2.24°
4 0. 71 0.18 0.75 0034 1.01 0.68 1.74 0007 0197 0.81{‘ t
ii) ; '
2 +0.77 ‘*1o.8t *2.77: *1.02 *9.31: *s.00! "1.63 *9.88: T0.50 ‘o.26 .
b "2.41° *8.57: "1.26 to.71 ‘ts.e4: *4.07: T0.97 *s.s0f "1.32 T1.17 o
a  "3.66: ‘6.68: *s.48; to0.89 te.45: t¢.22: "1.21 t11.8: "0.30 | *2.06°
2 -3 + . * -+ + - + - - + [ - + .
b .25: *4.32: ¥3.28: T1.53 Y6.07: T5.78% T1.34 Y4.79% T0.27 T2.47
2 *1.25 T2.46° *3.83: *0.77 ‘t7.09: *2.11° Yo.s84 ‘ts.12: *1.36 *1.11
b %0.73 *3.76: *2.76: T1.27 *7.18: *3.16: T0.45 *8.66: *o0.50 *3.33:
N , )
2 0.25 To0.30 *2.78: ¥5.12: *s.20f *T2.63: "1.23 *ts.a9: *1.22 T1.11
“b , Y0.43 T0.49 *2.87: *4.86: T4.06% T2.44* *1.17 *2.32° *0.77 T2.07
t mean v\:lues at site 2, 3 and 4 > or < at gsite 1; at sites 3 and 4 > or<at \ :
site 2; at site 4> or <<at site 3.
o ‘ ¥o.001 .
'Level of significance : 0.0l one-tailed test "

.
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soil horizons between fall and spring

Figure 9 Changes in the nutrient status of the surface
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either the control or experimental samples. With the exception

of pH and available P at site 1 and available P and water content
at site 3, there are no significant differences between the spring
and experimental samples.

The changes in concentrations between the fall and spring
samples are presented graphically in Pigure 9. What is immediate-
ly apparent is that the majority of changes are increases in con-
centrations. Changes, which are significant at at least the 95
percent level, include pH, H, Ca (sites 1, 2 and 3), Mg (site 2)
K, Na, CEC and percent water content (sites 2, 3 and 4).

Changes in pH are small in magni tude, although the slight
decreases at site 2 (4.4 to 4.2) are enough to ‘-be significant,
as is the decrease in the experimental samples at site 1 (3.8 to
3.6). If it were not for the large standard deviations of the
mean pH values at site 3, these differences (4.7 compared to 5.1)
would also, probably, be significant, since they show the largest
degree of change. Changes at site 4 were minor and not signifi-

cant. ¢

Hydrogen ion concentrations increased significantly at
sites 1, 2 and 3. Increases were from 16 to 38 meq/100 g svil \’
at site 1, 13 to 37 meq/100 g soil at site 2 and 18 to 31 meq/
100 g soil at site 3 (despite the increase in pH at this gite).
Changes in H ion concentrations at site 4 were minor and not

signi ficant. «

Calcium, K and Na concentrations increased significantly
at all four sites. The increase in mean Mg concentration was
significant only at site 4. In absolute  terns, the mogt important
increases occurred in mean Ca and Mg (site 4) concentrations.
Calcium increased by 2, 3.5, 26 and 12 meq/l00 g soil at si‘tes
1, 2, 3 and 4, respectively. Magnesium increased by 12 meq/100
g soil at site 4. Bowewer, the greatest percentage increases
occurred in K concentrations at all four sites. At site 1, the

&
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increase of 0.80 meq/100 g soil (from 0.07 to 0.87 .meq/100 g‘
soil) was an increase of 1100 percent. At site 2, the increase
was 1600 percent and 350 percent at sites 3 and 4. Increases
in Na concentrations, although also small in absolute values,
are significant and at site 2 are large in terms of percentage
increase (375 percent from 0,06 to 0.28 meq/1l00 g soil).

Given the significant increases in the basic cations and
H, it is only logical that the CEC of the organic horizons should
also iricrease. The increase was significant at all four sites.
The magnitude of the increase is comparable between sites 1, 2
and 3, but is much less at site 4. Although the base cation
concentrations increased in all cases, the base saturation'shows
only very small changes and even decreages slightly at sites 1
and 2. The changes are not significant, The same& changes are
due to the large increases in H ion concentration at sites 1,
2 and 3, which minimize the effect of the increases in basic

cation congentrations at these sites.

Percent water content increases are sgignificant at sites
2 and 3 (control samples) and the decrease at site 4 is also sig-
nificant. Perhips the most important change is at site 2. Dur-
ing the fall, the water content of the surface soil horizons was
less than 100 percent by weight. In the spring, this material
was saturated. Interestingly, the changes in the values of the
majority of parameters .is ‘also most pronounced at site 2. H,
K and Na all show decidedly greater increases here than at the
other sites. Changes in Ca congentrations are also large and
CEC show changes of the greatest magnitude at site 2. pH values
at site 2 decrease in both the control and experiuuent;al samples,
both of which have significantly lower pH values than those
measured in the fall. .

4.5 Over-Winter Mass Losses in Plant Tissues
,orant

Mean percerit mass losses shown hy the tissue samples over




ke,

Ny

Table 20: Perceht mass lost from plant tissue-
samples during the winter at the four

study sipeg
g Site l
Tissue Birch Labrador tea
t mass loss 33.9%3.73 14.4%2.01
x, &
éite 2
Tissue

% mass loss
x, &

PO

Tissue

% igss loss
x, &

)

Tissue

% n'l_lsé 'loés
x, &

Birch Labrador tea

20.622.75 . 9.04%1. 46
‘Site 3
Birch ~ Labrador tea
40.3%¢.86 -16.2%1.77
Site 4

Birch . Tamarack

'31.0%4.85 30.7%6.70 '

Spruce

18.6=1.73

Bluebexrﬁ

20.1=1,78

‘Spruce,

20.323.92

& i i ™ o
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Table 21: Between-site cbinparisons of percent mass losses
shown by the different plant tissues

»h LY
Birch )
Between-Site 1lvs2 lvs3 lvs4 2vs3 2vs4 3vs4
Comparisons t t t t t t
~12.72; ‘Y4.67i ~2.05: *1s5.68: *7.97: ‘*s.87:
Labrador tea Black spruce .

Be tween-site lvs2 lvs3 2vs3 : ivs4
Comparisons t t t t

+, .

“9.32: *2.937 *13.458 . . 1,77

Table 22: Comi:arisox‘xs of ‘percent mass losses between the
different plant tissues within the same site

. Site 1
Tissue . Birch vs L. tea Birch vs Spruce L. tea vs Spruce
Comparisons t t t
-~ 20,46 . 16.56% 6.90!
) N Site 2
Tissue Birch vs L: tea Birch vs B.berry L.tea vs B.berry
Comparisons t t t
' *16.09% 0.67 20,714
. ) , Site 3
Tissue Birch vs L. tea Birch vs Spruce L. tea vs Spruce
Comparisons t t t )
20.77¢ 14.32¢% 4,241
Site 4 i
Tissue Birch vs Tamarack
Comparisons t
0.1l6

t values at sites 2, 3 and 4>or<at site 1; values at sites
3 and'4>0r<at site 2; values.at site 4>0or< at sit 3.

{ 0.001

0.01
0.05

» e

Levels of §i9n1 ficance
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the winter are presented in Table 20 The éomplete data set is
given in Table 4, Appendix 2. Rbsults of the t-test, comparing
the pércent mass losses between species, are given Table 21.

,Statistically significant differences (at 'at least the 95 per-

oent level) in ‘mass losses are appnrent between the three tissue
types at site 1. Birch tissue showed the greatest loss (one-=

third of its original mass), which is sigmf:.cam:ly greater than
either that shown by Labrador tea or by spruce tissues. Spruce
tissue ebcperienced slightly highgr percent mass loss than Labra-

‘dor tea, which, in terms of absolute values,' does not appear to

be greatly different (18.6 vs 14.4 percent for spruce and Labra-

. dor tea, respeé‘tively-) but is significant.

Kt site 2, birch and blueberry tissues showed almost

identical mass losses, 20.6 and 20.1 percent, respectively. Both:

of these losses are sigruficam:ly higher than that shown by Labra-

dor tea. At site 3, differences in mass losses between all three .

tissue types are significant. Birch tissue showed the greatest
mass loss followed by spruce and Labrador tea. At site 4, birch
and tamarack showed almost identical mass losses (31.0 and 30.7
percent, reapectivély) .
J

The differences-in mass losses for the same tissue type
between each site have been compared statistically (Table 22)
and, for each tissue type, the study sites have l::een ranked
from greatest to least amount Of mass loss (Table 23). For those
study sites which have common tissue types, site 3 shows the
greatest mass loss for the three tissue types, birch, Labrador
ted and spruce. For birch and Labrador tea, site 1 showed
greater losses than site two. Birch also showed greater mass
losses at site 1 compared to site 4 and at site 4 compared to.
site 2. All of these comparisons show statis'tical,ly significant .

-differences. Within each site, birch tissue showed greater los--

ses than sprnde and Labrador tea showed the }mi mass loss.

« anaveing,

NN I N A B e Py

- W o i i




PR

e e e o NN
N
-

T AR T o ni 32 ook By et #% &« = tavwsw Vet e o o B

‘=130=

Table 23: Study sites ranked in order of
decreasing perceént mass loss

{

- |

_Birch | " L. tea B. spruce . .

3515452 . 3I>1>2 3>1

The visual appearance of the retrieved tissue samples
also suggested that decomposiuon had occurred. Although the
spruce and tamarack needles and the Labrador tea tissues were

| "intact, the birch and Labrador tea sjmples had ‘undergone physi-_

cal changes which, other than some bleaching of the sprice need-
les, did not appear to have affected the other tissue types.

; 'l‘hey had changed colour to a large degree, had compacted and

clumped together in the litter bags and some of the leaves were

' covered with mould.

In order to avoid the effects on decomosition which

’could have occurred in the event of large time ‘differences be-

an sample retrieval, the tissue samples were retrieved on .
the .same day, June 8, but before the showpack had completely. dis-

‘appeared from sitc 3, whereas at sites 2 and 4, the snow cover

had mlted more than one week previously. At site 1, the snow

- cover had almost colpletely mel ted.

- 1

- The use of the lmm mesh size is cosmon 'in many litter
decomposition studies and is considered to be small enough to
prevent any major losses of litter, although tamarack needles
fall through easily. Therefore, the 0.5 sm mesh size was used
for this tissue type. The different mesh size could *MY
render comparisons between the data unreliable. It is possible
that some litter did actually fall through the mesh and that,
therefore, the weight losses are not real, However, the very

_small standard deviations of the means of the 20 samples (Table
. 20) suggest that these weight losses are real and that each

sample lost approximately the same percent of mass. Had the

]
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C; = itver fallen through the litter bags, the standard deviations

) would most likely have been much higher, k

Mesh bags: can exclude macro-faunal decomposers, but

Lucarotti (1976) has shown that the macro-~faunal population of
the lichen voodland soils around Schefferville is low, sO that
the use of the mesh bags in this environment should not exclude
any important decomposers. However, the same data are not neces-
sarily applicable to ‘the forest, £fen or tundra sites, where hacro-:
faunal population counts were not made. 'l‘hus, ﬂlis assuwtion
may not apply t:o the entire study area.




S O

Table 24: A comparison of May Lake snow chemistry with snow ::heuiétries

from other regions

lichen-heath tundra

featharmoss forest
u‘g.-'-ns fen

lichen woodland
lichen-heath tendra
feathermone forest
sedge moas fen
Schetfervills, ».0.
lichen woodland
Resolute, WNT

Char Lakes Catchasat
Southers Sorway
Storefiall -

T ¢ e

Todvel, 8. Mosvay
Upper Catchasst .

Date

15.12.88
32.02.91
39.04.81

12.22.90.
2¢.02.81
0d.e5.01
11.12.%0
23.62.8

69.05.0
~
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n.e2.5)
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4.61
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CHAPTER 5
Discussion of Results

5.1 A Comparison of the May Lake Catchment Snow Chemistry
with the Snow Chemistry from Other Study Areas .

) During all sampling seasons, nutrient concentrations in
the May Lake catchment snowpacks were extremely low. The com-
bined mean pH, cation, TDP and particulate matter concentrations
for the December, February and spring snowpacks and the mean
values for the February surface samples are gsummarized in Table
Z4 and compared with snowpack and fresh snow chemistry measured
earlier at Schefferville and with other locations in northern and
southern Canada, northern United States and northern Europe.' The
di fferences and similarities in these values are related to re-
gional variations in climatic patterns, continental or coastal
locations, long-range transport of pollutants, vegetation (both
overlying and underlying) and soils. The range o differences,
which is seen in ring the_snowpack concentrations from dif-
ferent vegetation zones within the same study area, is often as
large as the differences between snowpack or fresh snow chemistry
from-different regions of the world.

Comparison of the May Lake data with values reported by
Moore (1980) shows that the mean cation concentrations in the
May Lake catchment snowpacks were lower than.those values mea-
sured in a woodland snowpack near Schefferville in 1976. . Dif-
ferances between these two data sets oduld be due to local influ-
ences or bocann of differing synoptic conditions. If the bulk

Bay/Labrador coast region, the cation content would be higher. .

of Schefferville's winter prccipitation has cou from the Hudson

If the storms come from the south, the pH would Iikely be lower. ‘

Although the eonccni:ntions in the fresh snow samples
are clearly lower than ‘values measured from other regions, the:-

_snowpacks show a range of values which agree with higher and lov—

er ocqQncentrations elsevhere. The higbut aogxocntrntiono aceur
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in the spring snowpack in the feathermoss forest and the fen and ~

are comparable to values from other studies conducted in the
spring. Phosphorus concentrations in both the snowpack and fresh
snow samples agree well with findings from other areas.

The pH values from the May Lake study areas are notice-
ably lower than the 5.7 measured in 1976 in the lichen woodland

(Moore, 1980) or compared to mean pH values of spring snowpacks B

reported by Drake and Moore (1980) ranging from 5.2 to 5.6. The
fay Lake values, which range from 4.8 to 5.1'-in the spring snow-
packs, are comparable to-findings of Pierson and Taylor (1980)
for gnowpacks in south - central Ontario or to the values measured
in the Storefjell snowpacks in southern Norway (Johannessen and
Henriksen, 1978). The snowpacks are much less acidic than those .
sampled in Todval, Norway, which had pH values of 4.4 to 4.9, °
increasing as the melt progressed. -

Although the Tpdval, Norway snowpacks are more acidic
than those at Schefferville, there is close agreement between

the cation and phosphorus concentrations measured in the woodland

and tundra snowpacks. This similarity is particularly interest-
ing since, of those areas presented, the vegetation structure of
Todval resesbles that of the study area most closely. The area -
is dominated by a heath vegetation cover with scattered pine and
birch in the upper catchment and spruce forest in the lower -
catchment (Skartveit and Gjessing, 1979). Snow chemistry in
'rodval is, however, influenqed by the long-range transport of
p\ollutants from more southerly areas in Burope, as are the

study areas from Johannessen and Henriksen (1978). This is,
apparently, riot a factor in the Schefferville area during the
winter, although local st)2 emmissions from the townsite, in ad-
dition 6o mining operations and burning at the town dump, probab-

1y affects the snow chemistry in ‘the immadiate, surrounding area,
particularly the snow pH (Drake and Moore, 1980). :

| S
The May Lake catchment snowpack data can also be compared
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to the other 'studies’,- indepanadnt - .of ‘absolute éoncentrations, ‘

in terms of spatial -and temporal changes in snow chemstry, such
as -the @iffering concentrations be'tween forested and non-forested

‘areas and the changes in snowpack concentrations during the win-

ter. The data from Fahey (1979), Verry and Timmins (1979) -and
Pierson and Taylor (1980}, available for dszerent vegetation
covers, show differences in concentrations between oper -and for-
ested regions, the open areas having generally lower concentra- '
tions. This was true for both the fresh snow and the snowpack
samples. "Fahey (1979) suggested that because Ca, Mg and K con-

'centrations in £resh snow collected from beneath the tree canopy
“were all higher than from opén areas, the- enrxchn\ent was due to

canopy leaching or washing of particulate matter from leaf sur-
faces rather than being due to aug'mentation' of nutrients in the
snow after it reaches the ground. This enrichment was also-higher

" in the, denser forest stands. Fresh spow, collected in precipita-

tion col],eéto:'s by Pierson and Taylor (1980), also showed higher
concenitrations in a densely forested area which they attributed

,té the eff‘ec'ts of. the overlying vegetation. - Samplea from. a

cleari,ng, circled by birch,’ showed lower concentrations than at
the . forested area and also lower than in in the open area. It

was suggested that tlus small clearing was protected from the

e‘ffgcts of’ aeolian contribdtions'whi,éh influenced the“ content
of the.fresh snow samples in the open.

In general the snowpack concentrations in the May Lake
catchnant show the same. pattern wvhen comparing data for the same
sampling dat-ee. The feathermoss. forest, which is the most dense-
tions. The lichen woodland and the ‘open’' lichen-heath tundra
both had lower concent.rations. The fen roughly correaponds to
the clearing ‘dascribed by P:.ernon ‘and Taylor (1980) in that is
too is ringed by trees. Howév;r, this site showed the second
highest showpack coneentratlons of the four sites.' This could‘
be due to eontributions fron underlying vegetation, an effect
wh,ich will be discussed in section 5.3. '
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. The- concentration of the surface snow samples collected

in Pebruary showed no differences in cation or TDP concentrations

between the four study sites. However, the snowpack concentra-
tions did show differences (which were often significant). Al-

-though data are not available for fresh snow samples throughout
* the ftin‘t‘er, to substantiate the following assumption, it would

appear that nutrients are being supplied to the May Lake catch-
ment snowpacks following snowfall, unlike the explanation sug-
gested by Fahey (1979). This will be be discussed in detail in -

section 5.3.
Wright and Dovland (1978), Johannessen and Henriksen

'(1978) and Skartveit and Gjessing (1979) suggeeted that ionic
species are~lolst_ from the snowpack during the winter. This is
based on studies .showing- higher E;umulative ion concentrations in
s now co‘l‘lected in precipitation céllectors compared to snowpacks
which were sampled on correspox}ding dates. By sampling at dif-
ferent levels in the snowpack, Jeffries and Snyder (1981) also

found that, over the winter, migration and loss of nutrients oc-

curred prior to spring melt. Johannessen and Henriksen (1978)
reported sizeable nutrient losses from the snowpack at the onset
of the melt. This is to be expected since the elements would
become cancentrated in the meltwater and removed from the snow-

pack.

~ The chemistry of the May.Lake catchment snowpacks also
appeared to be undergoing changes through the winter. The dis-
tribution ‘patterns of the chemical constituents changed in con-
cordance with the findings of Jeffries and Snyder (1981) in that
migration t:hi'ough the snowpack _a'ppear'ed to be occurring. Potas-
sium, Mg and, to a lesser extent, P concentrations showed a ten-
dency to decrease in the upper and middle snowpagk sections in .
the woodland, lichen-heath tnnéra and fén sites, In the February

and spring snowpacks, K was no. longer present in measureable con-

centrations in these snowpack levels. This did not oecur in _the

. snwpack in the feathermoss forest, where input from the- vege ta-

non cover would have the greatest influence..

-
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'may itself be‘pa;tlyﬁrelated toice layers since particulate mat-

_is evidence ‘that numerous minor melt episodes occurred. Jeffries

s,
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5.2 The Relationship of Snowpack Structure to Snowpack ' :
Nutrient Distribution Patterns

Ice and slush layers in the snowpack result from period-

?

ic, short-lived melt episodes which often occur at the snow wguf¥=
face. The snowpacks sampled at all study sites in the May La

.catchment contained a number of ice ldyers of varying thicknegses

(see section 4.2.2). The meltwater, which percolates thr

the snowpack, transports dissolved elements witﬁﬁit. These become
deposited at lower depths in the pack or, during melt, are most
probably washed out of the pack (Johannessen and Henriksen, 1978).

I1f the melt water collects and freezes at a certain depth, it

may be expected that the dissolved ions will also collect and

‘concentrate, having been '"frozen out' in front of the freezing

plane (a process similar to the one which leads to a concentra-
ted layer of cations iust below é;T%ke-ice cover). This possible
mechanism of redistribution and concentration of nutrients in

the snowpack was not measured directly, but the sampling interval
of 10 cm was small enough that, as seen in Figures 5a to 51,
coincidences of ice layers and increases in nutrient concentra-

tions are apparent.. .

The distribution of nutrients in the snowpack can be re-
lated to parficulate matter content. This is discussed further
in section 5.3. However, the distribution of particulate matter

ter can also be carried through the snowpack in the meltwater and,
where seepage is blocked by an already existing ice layer, col-
lect at this point. To what extent nutrients could have been -
lost from the snowpack through 'washing out' is not known, but
depletion patterns shown by K, Mg and P would suggest that.a 1
sizeable proportion may have been lost in this manner from the
showpagks. A warm period in February resulted in some melting
of the snowpack, which would make this a plausible mechanism,
and the very presénce of ice and slush layers in the snowpack

and Snyder (1981) reported sizeable nutrient losses from the

&
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snowpacks in their study areas following the February melt per-

iod which also affected the central Ontario reqion.

l i
i

Some illustrative examples can be drawn from the data
which suggest that ice layers have affected, to some extent, the
nutrient distributions in the snowpacks. Two examples at site
1, profiles 1 and 3, show slight increases in 1ion concengﬂratlons
at the snowpack base, where an 1ce layery is present. Depletions
above this level suggest that, at some time prior to sampling,
cations may have been transported with meltwater from layers
above but could not leave the snowpack because of the basal ice
layers and collected above the 1ce. At site 4, profiles 4 (100-
110 em) and 7 (90-100 cm), Figure 5j, profile 5 (20-30 cm), Fig-
ure 5k and profiles 3 (40-50 cm) and 11 (90-100 cm), Figure 51,
marked increasesin cation concentrations can be seen in the samp-
ling intervals 1mmediately above the ice layers, below which
depletions are apparent. This effect is most pronounced in pro-
files 4, 8 and 11 and for Mg and K,

The snow profiles at site 3 have fewer major ice layers
than were found at the other sites and the nutrient distribution
patterns are more erratic at this site than at sites 1, 2 or 4.
Depletions are also not as marked. Factors such as pagticulate
matter content may be responsible for this, but the th“in, less
frequent ice iayers at this site suggest that washing out or re-
distribution of nutrients in the snowpack was not as pronounced
as it was at site 4. The effects of radiation melting could be
reduced at this site because of the closed forest canopy. This
prevents much of the direct sunlight from reaching the snowpack
surface and therefore from having as great an effect on surface
mel ting as occurs at an open site. However, gome nutrient in-
creases appear to be related to ice layers at this site, most
notably at profile 2 (40-50 cm) (Fig. Sh) where concentrations
above this level are noticeably lower and also in profile 7
(40-50 cm) (Fig. 5g). In these examples, particulate matter
does not show an increase at these levels and therefore does not

appear to have had an effect on the higher concentrations. There
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do not appear to be any pronounced coincidences of ice layers
and increased nutrient concgntrations in the site 2 snowpacks,
with the exception of profile 11 (20-40 cm) (Fig. 5f) where con-
centrations are higher between two ice layers, one at 18 cm and

amajor one between 30 and 38 cm.

5.3 The Effect of Particulate Matter on Snowpack Nutrient
Concentrations

The very low chemical concentrations in the fresh snow
samples at all sites collected in February, compared to the
chemical concentrations in the samples of older snow removed
from other depths in the snowpack, particularly from those inter-
vals where a corresponding, higher concentration of particulate
matter occurs, suggests that the nutrients are not carried with
the falling snow but enter the snowpack through the localized
contributions of litter fall and dry deposition.

At Schefferville, a snow cover begins to develop before
litter fall is complete and litter, particularly birch, Labrador
tea and tamarack, becomes incorporated into the lower snow pro-
file. This was most apparent at the woodland and feathermoss
forest sites. Snow, which collects- in the tree canopies, eventu-
adly falls to the snow surface, carrying with it pieces of bark,
needles and the epiphytic lichens from the spruce trees. This
was very noticeable in the forest site, where the profile hori-
zonation was often poorly discernible due to the large amounts
of snow which had cascaded from the overlying canppy, interrupt-
ing the normal horfzonation in the snow profile and also adding
chunks of ice which were carried down with the cascade. In this:

way, litter materxial is furthey added to the snowpack.

Dust, which is removed from unprotected surfaces, is
transported and deposited on the snow surfaces in areas of snow
deposition. This becomes less important later in the winter
once a continuous snow cover, ‘even on the 'ridge areas, is estab-

lished. The pink layer in some of the lower profile sections

4
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at sites 1, 3 and 4 was most likely 3 layer of iron-ore dust,
although chémical analysis for iron content is not available to
support this assumption., The same layer was not found in the
snowpack at site 2, an area of snow removal and redistribution,
particularly in early winter. 1In these ways, particulate matter,
composed of dust and litter, becomes incorporated into the snow-
pack.

Concentration peaks , which occurred in the snowpack,
frequently corresponded to increases 1in particulate matter. The
examples of this were outlined in section 4,3.1. Not all higher
cation andé phosphorus concentrations corgesponded to larger
amounts of particulate matter, However, occurrences are numer-
ous enough to suggest that particulate matter could be a contrib-
utor to the nutrient content of the snowpack, This applies, 1in
varying degrees of importance, to all four sampling sites.
Certainly, the nature of the litter and thé amount vary from
site to site and at various depths, .
~ .

' As was shown in section 4.3.1, Table 6, there is a strong
correlation between particulate matter and Ca, Mg and K in the
December profiles at the forest and fen sites, This was not
evident in either the woodland or tundra site profiles. Thege
correlations at site 3 were found to correspond to the examples
of profiles where the cation And particulate matter diétribution
patterns paralleled each other.  This suggests ‘that particulate
matter is contributing to the nutrient content of the snowpack
at this site. In addition, one f‘ebruary profile (profile 4, Fig,
6i) also showed a high correlation between K and partiiculate
matter and the distribution patterns of these two parameters
were very similar, The same was alsc true of particulate matter
and all four cations and TDP in the May profile, 9 (Fig. 6j).

The reasons for .the high éofrelation coefficients .between
the /cations' and particulate matter in December at site 4 is not
as apparent from the graphs as it is at site 3, Particulate mat-
ter appears to be more evenly distributed through the profiles -
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at site 4 ahd 'is present in lower conceéntrations with the excep- .

.tion of the botfom 10 cm. The large increases ip the cation

concentrations in the base samples do, however, parallel large
increases in particulate matter. These values cguld be influ- *
encing the correlation coefficiénts between these parame ters.

The high correlations did not contim;e through the u;in-
ter. One reason for this could be the redistribution of the
nutrients and/or particul'abe matter through meltwater transport.
It would, in any event, appear that migration has occurred, as
previously shown in section 4¢.3.2, This would have removed the
nutrients from their early winter positions in the snowpack,
corresponding to high particulate matter concentrations, thus
leading to the lower correlation coefficients between these para-
meters in February- and May. _ )

Certain parameters, partic‘ularlf K, 5howed marked increa-
ses in the base samples of the snowpack. In many of these sam-
ples, the particulate matter content also increased. At this
level, the particulate matter is largely litter, which becopmes
incorporated into the snowpack base from the forest floor or from
the low shrubs which are partially or fully covered before litter
fall is complete. At site 2, where 86m of the profiles were ex-
cavated over bare ground, it was found that some soil and stones
where incorporated into the first few centimeters of the snow-
pack, probably due to freezing or frost bubbles.

The nature of the ground cover, the organic matter hori-
zons and the litter at the four sites are all different. But,
whereas there are some similarities between the woodland, tundra
and forest sites, the fen is very different in all respects.

The results in Figure 8, section 4.4.1, showed that, ih the -
autumn, the organic soil at site 4 was basic, pafrticularly in
comparison to sites 1, 2 and 3, and that the base cation concen-
trations in the upper organic mat, composed primarily of sphagnum
moss and sedges, vas higher than at the other three sites, where-

e
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as H ion concentration was lowest (Table 17, section 4.4.2).
Calcium and Mg were present in much higher concentrations in the
fen soil than in the woodland, tundra or forest soils and K and
Na concentrations were greater in the woodland and tundra soils.
Available P contents were fouhd to be similar at all four sites.
The organic horizons of the Birunisols at sites 1, 2 and 3 were
acidic (4.7 to 3.8), being most acidic at site 1. There appears
to be an effective buffe:.;ing system in the feathermoss forest
Brunisols which counters the large H ion concentration in the
s0il, leading to higher soil pH than in the woodland or tundra
s0ils, Alt:hough‘the concentrations of all parameters, with the
exception of available P, increased in the spring samples, the
same fundamental relationship 0f between-gite nutrient status
was maintained.

In terms of comparative concentrations, it should not be
surprising-that, given the higher concentrations in the surface
material at site 4, the concentrations of the same elements were
found to be highest in the base samples from the snowpack at
this site. Similarly, concentrations are higher in the organic '
horizons at site 3 than at sites 1 or 2 and increases in the
concentrations of the cations and phosphorus in the snowpack base
‘samples were also greater during December, February and April.
Potassium appears to be the most mobile of the four cations,
being easily leached from the underlying vegetation cover. Al-
though K is present in the smallest coneent,ratior_xs' in the soil
surface horizons at all four ‘sites, it shows the most appreciable

increases in the base samples of all the snowpacks. At the wood- °

land site, it is the only element which showed an increase., At

site 2, the tundra, K did increase in the spring, although no in-

creases occurred in December or February, Calcium and Mg, which
are présent in much higher concentrations, showed only minimal

increases in the base snow samples from the profiles in the for-
est and did not increase at this level at all at sites 1 or 2.

The only appreciable increases in Ca, Mg and Na occurred at the
fen, although K concentration increases were still much greater.

R R 0 R 4
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The migration of eléments from the- soil or ground cover
into the base of the snowpack can affect the overall snowpack
chemistry. The degree of this effect depends on the type of
ground cover. The data presented in section 4.3.7 indicated
that contact with the ground surface definitely increases the
concentration of nutrients in the snow at the base of the snow-
pack and that 'this effect is most pronounced following the onset
of the melt. )

Recalculating the mean snowpack concentrations, omitting
the base sample values (Table 8, Appendix 3 and Table 13, section
4.3.7), illustrated the extent to which direct contact with the
ground surface can affect the mean snowpack concentrations. Al-
though the differences between the two sets of means 'were not
significant, they did show that the base sample values do
increase the mean concentrations and the standard errors. The
influence of the ground cover on the snowpack chemistry was
found to be most pronounced at the fen site and least at the
woodland site. The effect was particularly i:ronounced in the
spring. In addition, the differences between the control and%
experimental profile mean concentrations were also largest for
the fen and least for the woodland site. This suggests that the
mobilization of nutrients from the orga‘nic horizons or vegeta-
tion mat, and their tiigrai;ion across the snow/vegetation/soil
interface, was least pronounced at the woodland site and most
important at the fen. ‘

It vu found é\at, after the melt began, nutrient concen-
trations were significantly higher in the corntrol samples removed-
from the base of the snowpacks in the fen and feathermoss forest
(Tables 14 and 15, section 4.3,7). The differences in the nutri-
ent concentrations between the control and experimental samples
from the woodland and lichen-heath were not significant, sugges-
ting that mobilization of nutrients from the soil surface ('sit:eﬁ
2) or the lichen mat (site 1) is minimal, even in the presence
of water at the base of the spring snowpacks. The ’lui'gerf in-

4
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creases in the nutrient concentrations of the snow samples from
the forest and fen reflect the higher nutrient status of the or-
ganic material at these two sites, It would thus appear that
the interaction between the snowpack and the underlying vegeta-
tion is most effective in those study sites where moss forms

the underlying vegetation cover.

The low nutrient concentrations in the base snow samples
from the lichen-heath tundra suggest that the lack of a continu-
ous ground cover and the low nutrient content of the sail organ-

ic horizons at this site are factors in the limited mobilization

of nutrients from the soil surface or the vegetation mat. How~
ever, the effect is more pronounced at this site than at the
woodland. Here the ¥ichen mat provides an effective barrier to
the exchange of nutrients across this interface. The snowpack
is separated from the organic surfaces beneath the mat and the
lichen mat itself does not appear to be interacting with the

snowpack. : -

The greater interaction between the snowpack and the
ground cover at sites 3 and 4 could be due to several factors.
Data presented in section 4.2.2, Figureg S5a to 51, showed that
the tempetatutes ‘at the base of the snowpack were comparable
between sites 1, 3 and 4 (at or near 0°C), whereas those at sit;e

2 were consistently lower (-2.0°C). Just prior to snowmelt, the-

basal snowpack temperatures were 9.3°C (site 2), vo.5°c (site 4),
0.7°C (site 3) and 0.9°C (site 1). Shallow sriow depths and the
lack of an insulating vegetation cover were cited as reasons for
the lower temperatures at site 2. In additionm 4o its insulating
properties, the moss mat has a high water holding capkcity and
can absorb mary times its weight in meltwater from the showpack.
In the woodlands, water collects at the base of -the lichen mat
in the decomposing layer. At site 2, the lack of a cont.inuouﬁ
vegetation cover and the fact that in the spring the qxound just
below the surface il frozen, ruulu in the immediate runoff of
the meltwater. Water is not held at the base of ‘the snowpack by

a highly absorbant mat, vhereas at sim 3 nnd 4, it is avaihbl.c
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i (- for such processes as mobilization of nutrients through leaching
from the wvegetation cover. At site 1, water is available at

the base of the lichen mat, but the organic material and the mat

itself have a much lower nutrient statfus than the moss cover and

organic horizons at sites 3 and 4. In comparison to the moss

surfaces, the lichen mat can release very few nutrients, although

the temperature at the snowpack base at site 1 was slightly

higher than at sites 3 or 4 and although water was avai’l'able.

1t appears that this ability is being.controlled, to a large ex-

tent, by the limited nutrient status of the system.

5.4 Over-Winter Mass Losses from Plant Tissues

The percent of mass lost by tissue samples during the '
winter was presented in section 4,5. These losses suggest that
the tissues nnderwent physical and/or chemical decomposition
-during the winter. The percent mass loss differed between the
species. Birch and blueberry tissues experienced practically
the same amount of mass loss at the tundra site (20.6%2.8 per-
cent and 20.1t1.8 percént, respectively). Similarly, bitch and
tamarack tissues showed almost idéntical mass losses at the fen
(31.0¢4.9 percent and 30.7£6.7 percent, respectively). At the

\ ' 'tnndra site, birch and Jblueberry mass losses were twice that of =
Lt - <. Labrador tea (9.0t1.5 percent) and at the woodland site, the mass
lost from birch tissues (33.9%£3.7 percent) was 8lightly more
than twice that_ from Labrador tea (14.5:£2.0 percent) and slightly
less than twice that ‘from sprice (18.6%1.7 percent). At the
forest site, .birch (40. 314 9 percent) lost approximately two and
one~half times as much mass as Labrador tea {16.2%1.8 percent)
and twice aia much &s spruce tissues (20.3%3.9 percent). All of
- these .ditferehaes are statistically iignific,ant, including that *
between the spruce and I.Qbr;ador tea tissues at site 4. Moore
(in press, a) reported mass losses of 29 p'ercent for birch and
. 20 percent ‘for spruce tissues over one winter in a lichen wood-
‘ land, valuos which are comnnbl- t:o thén of the voodland site
in this study. C . x
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Birch and bluebérry leaves are much more delicate than
either Labrador tea or spruce needles and are therefore more
susceptlble to mechanical disintigration. In addition, they
present a larger surfade area across which nutrient leaching or
exchange processes can occur., This accounts for the greater mass
losses shown by the birch and blueberry tissues. Tamarack
needles are likewise moi‘e delicate than the spruce and would al-
sO be more susceptible to mechanical decomposition but they do
not offer as large a surface area as birch and blueberry for
chemical interactions.

Mass losses varied significantly between the four sites,
A comparison of birch tissue mass losses between the sites shows
that losses were greatest in the forest (40.3 percent), followed
by the woodland (33.9 percent), the fen (31.0 percent) and least

.at the tundra (20.6 percent). Comparisons between Labrador tea

mass losses (not measured at site 4) showed thé same. between-
site relationship, as did the spruce tissue samples at sites 3
and 1. These differences were all significant at at least the
95 pel‘rce'nt level.
Results from lqitter decomposition studies in a lichen
woodland near Schefferville indicate that the greatest amount of
mass loss. from: tissues occurs in the fall prior to the formation
of a continuous snow cover ‘(Moore, in press, b). Over-winter
mass losses from birch, hlack spruce-and lichen tissues ranged
from 13 to 29 percent (birch >spruce >lichen); 80, 51 and 46
peroent of the total losses occnrred between early September
and early November for ' 'birch, spruce and lichen tissues, respec-
tively. Moore (in press, b) suggests that litter susceptibility
o increued occurrences of fteeu-thaw cycles during the fall
aay ‘be a factor in the greater amount of decohposition occurring
at this time. The remaining mass losses (20 percent for birch,
49 percent for spruce and 54 percent for lichen) occurred evenly
throughout the winter under a deep snow cover.

The majority of nutrient losses from the tissues also

.
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occurred between‘September and November. This was most pronoun-
ced for the birch samples (90 percent of the total K loss).
Potassium was most easily removed from the tissues (80 percent
loss over the winter from the birch). Spruce and lichén tissues’
also spowed significant K losses following the. establishment of
a snowpack. Calcium and Mg were also removed from the tissues
but spruce tendéd to retain much Ca and lichen Mg. Major P loss-
es occurred from the birch and spruce tissues but not from the
lichen. Bartsch (per. comm.) measured over-winter K losses from
sphagnum tissues of 60 to 80 percent and from birch leaves of
65 to 85 percent in three bog sites near Schefferville. Calcium
and Mg were retained by the sphagnum tissues. ‘

Although there is no direct evidence of nutrient losses
from the tissues in the present study; the mass losses are com-
parable to those measured by Moore (in press, a and b) and the
results of the studies from the Schefferville region indicate
that over-winter mass losses from plant tissues are, in part,
due to nutrient removal. The pronounced leaching of K is par-
ticularly interésting, since it is this ion which has shown the
largest increases in the base snow samples and in concentrations
in the snow: profile, corresponding to high particulate matter

contents.

1f, as suggested by Moore (in press, a), freeze-thaw
activity is an important aspect of decomposition during the fall,
then the fact that the soil and tissues would probably freeze
earlier at the exposed lichen-heath tundra should reduce the ,
effectiveness of the freeze-~thaw cycles on this material. This
would lead to the lower mass losses of the tissues at this site.
Losses from birch tiuues were less at the fen that at the wood-
land or forest sites. The mwoss surface, being saturated with
water, would probably freeze before a snow cover developed, thus
having a similar effect on the possible freese-thaw/mass loss
relationship as at site 2, should thi.u bo a factor in fall tissue

dcco-position. -
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Although most of the mass and nutrient losses from birch
tissues occurred during the fall, 50 percent of the mass loss
shown by spruce needles took place gradually beneath the snow )
cover (Moore, in press, b). If early fréezing of the tissues
at the tundra site does cause mass losses to be less than those
measgured in the tissues from the foreét; and woodland sites, then
the development of a deep, insulating snow cover may also be
important in providing an environment for over-winter decomposi-
tion. Snowpack basal temperatures and a water supply may be
additional factors leading to the differences in mass losses
between the four sites.

Al though snowpack basal temperatures at site 1 were
slightly higher than at the other sites, including site 3, the
nature of the lichen mat is such that meltwater percolates

through the mat and collects beneath it. The litter is deposited.

on the mat surface and does not have a direct, continuous supplj(

. of available water. If leaching is occurring in over-winter de-

composition, i€t may be less at this site than at site 3 because
of the lack of water at the snowpack base. Basal snowpack tem-
peratures at site 3 were very close to those at site }, but the
water holding capacity of the moss ground cover is greater than
that of the lichen mat. In fact, melt water was found at the
base of the snowpacks in the forest and the moss cover was
saturated at this time. In contrast, the lichen mat was dry
and neither meltwater nor a slush layer was present. The com-
bination of available water and temperatures at or above freezing
was possibly enough to encouragse greater decomposition of the
tissues beneath the snowpack at the forest site. The mass loss
from birch tissues was less at site 4 than at sites 3 or 1

(al though theé percent mass loss at site 1 was—only 2.8 percent
greater than at site 4, the difference was significant). Water
was certainly available at site 4 for decomposition processes,
but temperatures at the snowpack base were lower than thoes at
site 3, particularly in spring, and this could have limited the
amount of mass lost by the tissues at this sgite.

o
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Mags losses shown by birch and Labrador tea tissues at
the tundra site were one-half of what was measured at the forest
site. ~Barlier freezing of the tissues in the fall could be one -
reason for this difference, but the shallow snow depths and the
resul tant, lower ;emperatui:es at the snowpack base could alse
have inhibited the continuation of decomposjtion over the winter.

o

The main difficulty with this study is that it is not
possible to separate that portion of the mass losses which occur-
red during the fall from that which occurred beneath - the snowpack.
However, if the snow cover is influencing the amount of decomposi-
tion which occurs and if spring conditions, when there is a Yarg§
supply of melt water at the snowpack base, are also important,
then an environment, favourable to litter decomposition, is main-
tained longer at site 3 than at the other sites. Snow cover dis-
appeared earliest from site 2, followed by sites 4, 1 and finally
site 3. The tissue mass losses were least at site 2, follov‘rédj
by sites 4 and 1 and greatestfat gsite 3, It appears that decom-
position, as evidencéd_by mass loss, is greatest at the sites
where -the snow. cover remained the longest. If this is true, . then
an ehvironment, favourable to over-winter decomposition, is main-
tained longest in the feathermoss' fore‘si.

- ’ ~

5.5 & The Influence of t.he Snow Cover on the Nutrient Reg:.me
of the Soils at the Four Study Sites

The data presented in sectién 4,4.2 showed that the base
cation and H ion concentrations and the CEC of the surface. hori- g
zons increased significantly at all four sites from the fall to
the spring, immediately following the disappedrance of the snow-
pack. However, the between-site relationship of the soil nutri-
ent statud” did not change; base saturation remained highest inp
the fen (86 to 91 percent, fall to spring), followed by the ©
feathermoss forest (44. .9 to 61.0 percent), the llcben—heath
tundra, (17.7 to 17 1 percent) and the lichen woodland (13.9 to '
12.5 percent)
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Although large in magnitude (particularly K), the ab-
solute increases in base cation concentrations weré not large
enough to significantly increase the nutrient status of the
soils at the woodland and tundra sites. The 17 percent increase
in the base saturation at the forest site can be attributed to
the large, significant increase in Ca concentration from 14.7
to 41.1 meq/100 g soil. This increase in base saturation was,

however, not significant.

The increases in the base cation cdoncerntrations were
counteracted by the large increases in H ion concentrations (with
the exception of site 4, where the H ion content did not change).
Only the soil at the forestsite was able to buffer the increase
(13 meq H /100 g soil) and soil pH increased from 4.7 to 5.1.
However, due to the large standard error of the sample replicates,
the increase was not significant. The decrease in pH at site 2
from 4.4 to 4.2 (an increase of 24,2 meq H /100 g soil) was sig-
nificant. Other tnvestigators have found that a H ion flush
occurs at the onset of melt from many snowpacks in different
Study areas (Jeffries et al., 1979; Johannessen and Henriksen,

.1978; Skartveit and Gjessing, 1979). It is pessible that the

increase 'in the H ion content of the surface horizons is in part
due to contgibutiqns from the overlying snowpack. Should this
be the case, then the ﬁobiiization.of the-exchéngeable ‘cations
in the soils. at sites 3 and 4 was partibularly important in buf-

fering the effect of a potentially large H ion flush to the soil.

The presence of a continuous vegetation cover and/or or-
ganic horizons (which, at site 2, is very ﬁhinland often inter-
mittent) appéars to be iﬁportant in bufferiné thg:effect of the
increased(y ion content of the soilsLthrough the release of avail-
able cations, particularly Ca and Mg, to the sysﬁém, Not only
is the presence of an orgaﬁic horizon important, but also its
nutrient status and thus the capabity to provide available ca-
tions. At éitgs)l and -2, the nutrient status of the organic

‘horizons is low and, as evidenced by the base saturation values

and low pH, the ability to effectively buffer an increase in H
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ions through the release of cations i% also, consequently, low.

Although K concentrations remained very low in the soils
(0.03 to 0.30 meq/100 g soil in the fall and 0.50 to 1,70 meq/
100 g soil in the spring at sites 1 and 3, respectively), K
showed the greatest magnitude of increase of the four cations,
as was illustrated in Figure 9, section 4.4.2. This cation has
shown the most marked behaviour throughout the study. Potassium
appeared to be particularly susceptible to removal from particu-
late matter in the snowpack and to depletion ‘through 'washing-
out' processes from the snowpack. Potassium showed the greatest
increases in the base snow samples throughout tﬁg winter, an in-
crease which was most pronounced in the samples removed during
the melt. The data indicated that these increases were due to
the leaching of K as well as the other cations from the under-
lying surfaces. Leachate measurements from lichen woodland
soils have shown that K and Ca are most\§usceptible to losses
(Moore, 1980). Moore (in press, a) has also found that this
cation is most readily removed from decomposing litter during

the winter.

-

A combination of the following factors could be respon-
sible for the increased nutrient content of the soil surface
horizons:

i) nutrients contained in the snowpack are released during

the ﬁteit; v

ii) nutrients are leached from the particulaﬁe matter contained
in the snowpack once melt begins; ,

iii) litter decomposi;ion occurring beneath the snowoover and
iv) the decompositioﬁsof the soil organic matter beneath the

SNOow cover.

The areal values for the nutriemt content of the surface
horizons have been estimated from the nutrient concentrations and
from values from Moore (1974) for the organic carban content=
(in kg/ha) for the surface soil horizons in a lichen woodland,
feathermoss forest, lichen-heath tundra and a peatland and a

J
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Table 25: An estimate of the amount of nutrients contained
in the surface soi1l horizons and éxpressed on
an areal basis i1n kg/ha

Site ‘Organic Matter H Ca Mg K Na P
1n the surface ¥
horizons kg/ha
Fall
1 3.7 6.0 12.4 4.0 1.0 0.9 1.4
2 7.8 9.8 29.5 7.8 0.9 1.1 2.7
3 7.0 12. 4 206 38.6 8.2 2.7 5.1
4 5.2 52.0 3900 1342 50.7 21.5 23.2
Spring
1 3.7 14,2 25.0 4.8 12.6 2.0 0.6
2 7.8 28.7 84.6 9.1 15.2 5.0 1.5
3 7.0 21.5 580 50.4 46.4 4.4 6.0
4 5.2 47.3 5168 2109 225 31.1 14.9
Difference
1 8.2 12.6 0.8 11.6 1.1 -0.8
2 18.9 55.1 1.8 14.2 3.9 -1.2
3 9.1 374 11.8 38.2 1.7 0.9
4 -4.7 1268 767 174 9.6 -8.3

*
values based on the organic carbon contents in woodland, forest,
tundra and bog soils from Moore (1974) and a conversion factor
of 2 for organic matter (Howard, 1966)
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Table 26:

I

An estimate of the contribution of the snowpack
nutrient content of the surface soil harizons

to the increase in the

H Ca Mg K Na H Ca Mg K Na
kg/ha kg/ha
Site 1 change in the nutrient Site 2
8.2 12.6 0.80 11.6 1.10 content of the surface 18.9 55.1 1.8 14.2 3.9
hori zons . -
amounts contained in
0.7 0.39 0.02 0.04 0.16 the spring snowpack 0.06 0.12 0.06 0.14 0.55
*estimates of amounts -
- 1.0 0.2 1.0 - contributed from snow- - 1.6 0.4 1.5 -
pack litter during melt ' \
1.39 0.22 1.04 total nutrients / - 1.72 0.46 1.64 -
snowpack contribution
11 25 9 as a percent of the 3 26 11
increase in the s0il &
. L = ¥
Site 3 Site 4
change in the nutrient
9.1 374 11.8 38.2 1.7 content of the surface -4.7 1268 767 174 96
horizons
amounts contained in
0.07 0.94 0.05 1.12 0.8 the 'spring snowpack 0.06 1.17 0.33 0.57 0.95
estimates of amounts
- 1.5 0.4 1.5 - contributed from snow=- - 0.7 0.8 0.7 -
pack litter during melt
- 2.44 0.45 2.62 - total nutrients - 1.17 1.13 1.27 -
snowpack contribution
1 4 7 ag a percent of the 0.01 0.2 1

* based on values for Ca,
press, a)

increase in the soil

Mg and K as a percent weight of plant tissues (Moore, in

and particulate matter contents of the spring snowpack
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conversion factor of 2.0 (Howard, 1966) to estimate organic mat-
ter content. The contents for fall and spring are presented 1n
Table 25. 1In Table -26, the 1ncreases in the nutrient content
of the surface horizons are compared with the amount of nutrients
contained 1n the spring snowpack, including an estimate of the
potential contributions from the particulate matter contained “
1n the snowpack (based on the assumption that nfost of the par-

ticulate matter 1s litter).

It 1s apparent from these estimates that the nutrients
accumulated in the snowpack over the winter can not account for
the magnitude of increases 1in the exchangeable nutrient content
of the underlying soil. 1In the woodland, the amounts contained
in the snowpack accounted for 9, 1l and 25 percent increases in
K, Ca and Mg, respectively. At the tundra site, the percentages
were 11, 3 and 36 percent for the same cations. These percent-
ages were even.smaller at the forest site; 7, 1 and 4 percent
for K, Ca and Mg, respectively. At the fen, the amounts contain-
ed in the snowpack were $0 small, compared to the increases in
the surface layers of the peat, that their estimated contribu-
tions were less than one percent. These increases must therefore
be due, to the decomposition of the litter layer and organic matter
beneath the snow cover over the winter. The mass losses shown
by the various plant tissues at all four sites indicate that
decomposition was occurring. This is further substantiated by
the findings of Moore (in press, a and b) and Bartsch (per.comm.),
showing that nutrient release from plant tissues, particularly K,
occurs between the fall and spring. The large increases in the
nutrient concentration of the snowpack base samples further con-
firms these findings and it does appear that nutrients are being
leached from the underlying ground cover, litter and/or organic

horizons.

Although the snowpack accumulates nutrients from atmos-
pheric throughfall and litter inputs over the winter, the accumu-

o

lation reﬁresents only a minor contribution to the increased nu-
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tr‘i-e;xé\ contents measured in the soils at the four study sites.
The snowpack contributions are of greater importance at the ¢
woodland and tundra sites where the additions from the thin,
organic layers and vegetation mat are small, but they have no
impact on the nutrient status of the soils at the forest and
fen where the nutrients are released through the decomposition
of the thick, litter and organic layers at these two sites,
Thus, it would appear that the importance of the snow cover to
the nutrient regime of these subarctic soils is that it provides
an environment at the snow/vegetation/soil interface, which 1is
conducive to over-winter decomposition in an otherwise harsh *
environment. The nutrients accumulate at the base of the snow-

pack and do not appear to be removed from the soil during the
melt period.

)

P

- i R Y

»
ol e § o

e




~156~-

CHAPTER 6
Summary and Conclusions

l} Snow cover accumulation

The observed differences in snéw cover accumulation and
snowpack structure were found to be directly related to the vari-
ations fh the roughness zone parameters of topography and vege-
tation in the May Lake catchment. The snowpack was shallowest
at the exposed tundra site and deepest in the woodland and fen.‘
During December and February, the snowpack water equivalents and
densities were similar at the woodland, forest and fen, Water
equivalents were consistently lower and densities higher at the
tundra site. By peak snow year, the differences between sites
l, 3 and 4 had increased considerably so that snow water eguiva-~
lent was greatest for the woodland snowpack followed by the fen,
forest and least for the tundra,

L

2) The subnivean environment

The differences in snowpack accumulation and structure
resul ted in between-site variation in the subnivean environments,
as evidenced by the temperature regime of the snowpacks and, par-

ticularly, the very consistent basal temperatures. The snowpack

D -

basal temperatures at site 2 were consistently lower than the 1
values measured at the other three sites. These temperatures

appeared to be controlled not only by snowpack density and depth,
but also by the presence and thickness of ice layers in the snow- 3
pack, features which also varied between ‘the four sites. é

¢ 3
Ve i

3) Spatial variations in snowpack chemis%ry
Snowpack chemistry was found to vary considerably, both
within and between the four sites, The spatial variability has “
been shaown to be closely related to the vegetation structure of
the site. The most denseI§ forested site, the feathermoss for-
est, contained large amounts of particulate matter (largely lit-

-
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ter) throughout the snowpack. Concentration increases at certain
levels in the snowpack were often associated witﬁ high particu-
late matter concentrations at the same levels, an effect which
was very pronounced at the forest site and also in the woodland,
but which was not strongly expressed in the tundra -or fen, The
nature of the underlying vegetation mat appeared to have a sig-
nificant gffect on the mean snowpack concentration. The snow/
vegetation/soil interface was active over the winter. The mobili~-
zation and migration of chemical constituents from the underlying
vegetation to the snrowpack base was important in influencing the
mean snowpack nutrient concentrations. This was found to be par-
ticularly true in the forest and fen, where the underlying vege-
tation cover is a moss mat and where the nutrient status of the
soils, and the surface horizons in particular, are considerably
higher than at either the tundra or woodland sites. . ‘

A
4) Temporal variations in snowpack chemistry

Temporal &hanges also reflected the varying vegetation
structure of the sites. Potassium, Mg and, to a lesser extent,
P became depleted from the upper and middle profile sections in
mid- and late winter at the woodland, tundra and fen sites. This
did not occur at the forest site, where throughfall effects from
the forest canopy or inputs from litter would be the most pro- ,

nounced through the winter.

; Temporal changes in mean snowpack concentrations were
difficult to identify because of the within-site wvariations
caused by variable water equivalents and very localized inputs
from the litter and underlying ground cover. However; the mean
nutrient contents, in kg/ha, showed that the snow cover accumu-
lated nutrients throughout the winter but, once again, the amounts
were related to vegetation type and ground.cover. The total nu-
trient accumulation in the spring snowpacks was greatest at he
fen, where the underlying moss mat appeared to have- the most pro-
nounced influence on mean nutrient concentrations, and in. the
forest, where the mohs groundcover and litter inputs are impor-
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tant. The woodland snowpack contained less than half of the
total nutrients accumulated in the snowpack at sites 3 and 4 and

the tundra snowpack contained roughly one-quarter of this amount.
P

LS

5) Litter decomposition

The percent mass losses, shown by the plant tissues, in-
dicated@ that decomposition was occurring over the winter. The
amount of mass which was lost varied between the different tissues
sampled (birch > spruce > Labrador tea) and also between the four
sites for the same tissue types. Mass losses were greatest at
the forest site, where a combination of a deep snow cover, snow-
pack basal temperatuﬁge‘ near 0°C and available water, particular-
ly in the spring, may have enhanced the decomposition process
beneath the snowpack. In addition, a. continuous snow cover re-
mained the longest at this site. This is in contrast to site 2,
where the percent mass loss, shown by the plant tissues, was the
least of the four sites and where the sndwpack was the shallowest,
where snowpack basal temperatures were the lowest and where the
snovwcover disappeared the earliest,

6) Seasonal changes in the soil nutrient status

Although the exchangeable nutrient content of the soil
surface horizons was greater in the spring than in the fall at
all four study sites, the base saturation of the tundra and wood-
land soils did not change (due to the large increases in H ion .
concentrations in the soils) and thus the nutrient status of
these soils did not increase. The increases were most effective
in the surface horizons at the forest and fen sites, where the
nutrient status of these soils was already high compared to the
very low nutrient concentrations in the tundra and lichen wood-

land soils. ’




N

7) Conclusions

Topography and vegetation influence the development of .
both the physical and chemical properties of the snowcover in
this area. The snowpack does not accumulate enough nutrients
from either atmospheric or vegetation inputs to make any, size-
able contribution in direct inputs to the nutrient status of the
soils in the respective topographic/vegetation units. It does,
however, provide an environment where over-winter litter and or-
ganic matter decomposition can occur and where nutrients are
accumulated at the snow/vegetation/soil interface, The follow-
ing factors are thus identified as being important in determin-
ing the extent to which the snow cover influences the nutrient
regime of the soils in this area:

i) the topogra;phy and vegetation structure of a site, in that
they control snow cover accumulation and hence the development

of a deep, insulating snowpack, beneath which over~winter decom-
position ‘and nutrient release can occur and

ii) the presence and nature of a continuous vegetation mat or
LFH horizon which can influence both the thermal and water regime
of the snow/vegetation/soil interface and hence decomposition
processes at the interface. This organic material also leads to
the development of a thick organic horizon, from which nutrients

can be mobilized in over-winter decomposition beneath the snow- N

pack.
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Tatle 2: Chemistry of the snowpack base samples .

Sawple a9 | pH2 Ca *. Mg K Na w™p
: mg/1 . ug/1 ) * ) !

Site 1 Control Samples X ) L

4 4,55 . 4.28 04,06 0.9?‘ 011 0e23 27.5

2 4,68 4,50 024 0.01 0.10 0.15 17.2

3 “o‘s 4,18 .\ 0,06 0.05 0-’9 0.‘17 22.5

. 8,65 4,25 0.02 0,01 0.08 0.13 1.1

5 8,72 .25 0.06 0,07 0,17 0.23  15.2 . \

6 . 8,28 y Be20 © od 0401 0.23 | 0,26 19.1 .
? 48,30 4,29 0.0h 0.0% 015 011 18.4 >

8 5,35 4,28 0400 0400 v 0409 0,12 13.5 i ° ‘

9 h.52 5.38 O.00 0.01 0.16 0,13 17.8

10 8,72 »,48 0,02 0,00 0.12 0,08 4.7

£,0 2.52%0.17 8.30%0.09 .056%,073 .ol1l.007 .150%.070 .1612.061, 17.9%4.36

"8ite 1 Expsrimental Samples

1 4,58 4,28 0.0% 0402 0.10 0.22 1.56
2 492 8,25 0.06 0.01 0.08 0.16 6,41 o
3 4.7 4.38 0.08 0401 .11 0.29 6.03
5 4.69 8,80 ¢ 04,00 0.00 —0+05 0,16 8.28
5 3,69 4% 0,02 0,01 o.10 c.21 3.38
6 4,52 AMo 0,06 0402 0.13 0.19 1e.4 Y ..
? 4,82 8,52 0,02 0407 0.63 o.10 6.9 ‘
, 8 4,68 5,58 000 0.00 0.03 0.11 6.77
9 8.20 8.25 0,00 0,00 0002 .08 6,77 -
10 4,64 8,42 0000 0,01 o.10 0.12 8.68

5,0 8.63%0.17 4.39%.11  .0242,025 .009t.007 135,178 .16hE.085 6.52%2.76

m; pat pH2 Ca L X - ©op
Site 2 Contrel Ssaplew I\ A v/l
1 - 4,53 - 5,68 0.78 0,25 60’1 0,17 231
2 & A2 ..ﬂ ' Ge0R 0.0 bo” 0.09 - 6,88
3 4.2 8.28 a.02 0.01 0.03 ~0e20 9.29
8 A5 LR O 0.0 0.08 o.10 o
5 4,82 a8 54 0,82 0.17 0.7 0,17 10.3 -
6 4,60 8.55 6,10 -  0.02 0,17 - 0.15  16.2 :
7 .58 ° 5.68 o.10 0.02 oo 0.12 2.9% !
8 T 8, So 0.08 0.03 0,08 0.15 7.34 '
9 4.30 N3N 0,16 0.00 0.4 0.15 13.0 "
10 4,28 808 0,02 o.10 0.08 0.08" 7.79 . T
F,0  3.02%.13 449201 2242308 .069l.082 .2452,366 .12.02 11.3%5.% N
Bite 2 ZExperimental 3amples -
1 T B8 8,70 0,00 . 0401 0.06 0.10 12.2 I R
2 820 .26 0e02 - 0.01 0.0 0.08 1.2
-3 4452 4.26 008 _ 0.01 0.08 0.0 2.3
L] 8,65 8,71 a,13 0.03 c.10 0.12 3.7%
5 a0 22 o.08 04,01 0.07 0.12 4.56
6 838 .68 0.1 0.01 0.15 o.2% ?2.66 .
7 8,32 8,52 0.00 0400 0.03 0,12 5.29 N
s .38 A48 0.02 0490 0,03 0.9  6.62 o
9 8.45 84.50 0.28 0.07 0.8 .18 12.8
10 8,32 8,85 0,00 0.00 .08 c.08 6.82

To 437015 07018 .e63%.088 5150021 .ohi.ob6 .1192.087 6.28%3.82
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fobes P pR2 ca ] v |
Bite 3 Control Smmples ) . g

1 - 4,92 1.10 0.30 2.2 0.20 46,2 j
2 S. 8,82 0.02 0.01 0. 1% 0419 2.4 !
3 5.32 ‘0”, 0.88 0.19 1.82 0,17 13.5 %
Iy 5.65 5.8 0.82 011 3.73 o1 20.0
5 5.50 4,58 0.78 0.15 1.4 0.12 9040
6 5.50 5'22 0.50 00” 1.01 0«20 ‘2.5
7 5-12 ‘c” 0.20 0.02 0.” ! 0.12 M.’ !
8 5.55 5-& 0.78 0.20 1-” 0'27 p,"” ;
9 4.73 ‘-?5 0.0 0.08 o.2‘i - 0.13/ #0.0 :
10 5.38 5.08 ~go.58 0.09 1.41 0.18 138
x;o 5";:'0.27 ‘-9230.28 05’72-3” .180,3.091 1.‘6:10 .1“:.05? 63053‘5.5
Site 3 Experimental Ssmples ) ‘
4 8.62 &,38 0.38 0.15 0.61 0.29 ~ 9,67 :
2 8,69 8,42 0.08 0.01 o410 D15 2.9%
3 '8.68 a8 0.0  0.01 0i38 0,18 15.3 3
» 8.67 a6 8 0.4 1.55 0429 13,8 :
5 ¢ 8,62 8,36 0.06 0.01 . 0.2% 0.1 15.6 . ,
6 5.08 4.98 om 0.06 0.93 0,17 18.1 !
? . 5,02 4.88 0.0 0.01 012 0.13 15,6 j
8 50“ ‘c” 0.12 0.02 0.29 0-47 11.6 3
-9 5.%0 843 0.06 - 0.01 o.21 0.15 30.3 -
%0 5.2 4.9 0.12 0.02 0.97 © 0.15 .3
Eo 401%0.23 A4.62%.27 1085115 .oWt.057 .4561.425 .1%t06) 16.9%9.22
n L4 ‘
fomple - pm Ca " x Ya wr "
» ng/) uw/2 . '
8ite 4~ Control Samples '
1 5.4 8,85 0.62 0.52 0.96 0.43 19,7
2. 5-” 5-35 0.09 0.62 ‘ 0.38 9019 10.%
3 6.20 6.38 2.32 + 2e06 0.61 0.19 23,0
a 6.26 6.32 5.5% 3,82 .91 082 1% o
s 6.35 6.10 nd nd  oc.3 0423 8.13
6.06 5-” - OIS“ 0.3 0«1 0.25 28,1 :
? 5.78 5068 0.56 0,46 0.30 0.17 10,4
s 6.48 . 6,45 1.0 1.47 ' 0.7 0.16 12,4
9 6.56 ' 6.38 3.46 2.8%0 0+39 = 0416 10,2
10 6.42 6.42 2.20 | 1.52 022 0.22 5.9%
®,0 6.08%.45 5.99%0.54  2.00%1.67 1.4921.15 .a892.261 .282%.101 14.087.15
Bite & Experimental Samples ’
4 A.85 .72 0.60 6.06 0.09 0,17 6.7
2 5.16 4.8 0.16 o.M Y% P 0.10 8,13
"’ 6.20 60& 2-’5 2.08 0030 0-19 12.2 -
& “31 6-” 5-50 1.% D-” O-R 7.%
[ 6.12 6.22 2.09 1.3 0.22 0.19 5.63 -
5«05 4.98 0,00 0.00 0.05 0.19 6,47
? 5.52 a,02 o0 0.17 018 0415 5.59
8 6.8 . 6.0 1,09 0.79 o.M 012 6,62
’ 5.62 5095 0.00 0.01 , 003 0.8 7.95%
10 6.49 5.45 2.2 1.60 0.2¢ 0.22 801 .

.0 5:MI0.61  S5.5%.M 1.1521.23 7052819 .1683.105 .172%.17 8.1723.68
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Table 1t Soil Morphology

-

Site 1 N
. Profile Horizon Depth Munsell Texturs Structure CDmhttm':y Roots  Boundary )
ca Colour - '
(wmoint)
1. =Eluviated Dystric Brunisol: lichen woodland; well-drained; lavel
Ly 0-3 SYR2.5/Z organiec fibrous - abundant alear B
' fine and
nedium
. H/Ah 3-4 5YR2.5/1 organic Pibrous - abundant clear
. fine and
nedium
heaj 4-6 10YRS/1 g.s.l. fine friable fow diffuse
granular fine
afl 6-1% 2.5YR)/S g.s.l., single friable few daiffuse
grain fine
' a£2 15-27 SYR4/4  g.s.l. fine “£riable none clear
granular
c 27- 10YR5/4 stoney unconsoli- - ct\on- -
dated
material
2. Eluviated Dystric Brunisol; lichsn woodland; well-drained; 1level
I~H/Ah 0-) SYR2.5/2 organic fibrous - abundaht daiffuse ~
. ' fine and
nedium
’ Nej 35 10YRS/3 s.1. single - friable abundant discon-
grain fine and tinuocus
. nadivm
Bt} 5=15 SYR4/4 g.s.l, fine friable none diffuse
granulaxr
BL£2 15-38 SYR3/4 g.si.1, crumb frisble none cleax
L
c 36-58 10YRS/2.5 vg.s.l, granular fimm none -
v and platy .

3. gluvh{g.d Dystric Brunisal; licgnn woodland; well-drained; lavel

I~H/Ah 0-5

4

3

Aej $-7 10YRS/2

3

Btj 7-12 = SYR3/4
Bt 12-30 5YR4.%/3
Bl 30-39 S5YR4/6
] 19-50 SYR3/4
< 50-51 10YRY/3

g.s.l.

g.si.l,

g.s.l.

g.s8.l,

g.s.1l,

V.g.

5¥YR2.5/2 organic f£ibrous

single
grain

single
grain

fine
granular

granular
to crumb

granular
unconsoli-

daated
material

friable

friable

friadble

friable

friable

abundant
fine and
nedium
abundant
fine and
redium

fow
tine
none

none

nons

diffuse

discon-
tinuous

diffuse

T T diffuse

diffuse

abrupt
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Table 1 cont.

Site 2

o

Profile Horizon Depth Munsell Teéxture Structire Consistency Roots  Boundary

cm Colour

{moist)
1. Eluviated Dystric Brunisol: lichen-heath tundra; well-dxajned;
. » discontinuous vegetation
L-H/Ah 0-2 5SYR2.5/1 organic fibrous - few
. ﬂpc and
madium
Aej 2-3 10YR5/2.5 g.=s. single £xiable few )
grain fine and
medium
af 3-17 S5YR4.5/4 g.s.l. crumb friable none
B 17-42 7.5YR4/4 g.1.  weak £irm none
blocky !
[ 42-44 - stoney unconsoli- - none
dated
material

2. Eluviated Dystric Brunisols lichen-heath tundray
slight depression;

1~-H/Ah 0-1 5YR2.5/1 organic fibrous - few
) . f£ine and
medium
Aej 1-4 10YRS/2 g.s.l. single friable fow
: grain fine and
. medium
Bf1 4-14 5YR4.5/4 g.s.l. .crumb friable none
Bf2 14-22 5YR3.5/3 g.s.1. crumb £riable none
R 22-.331 10YRS5/4 vg.s.l., crumb - none
3. Bluviated Dystric Brunisol: lichan-heath tundras; well-drained;
discontinuous vegetation
1~H/Ah 0-2 SYR2.5/1 organic fibrous - fow
fine and
B . wedium
’ Aej 2-4  7.5YR6/3° g.s.l. single £riadle fov
. : grain O fine and
medivm
Bt 4~-14 5YR4.5/4 g.a.l, crumdb friable none
c 14-20 JOYRS/4 ©vg.s.l. crumd friable none

level:

discon-
tinuous

discon-
tinuous

diffuse

clear

S

modexate to well-drained;
discontinuous vegetation

discon-
tinuous

discon-
tinuous

clear

diffuse

level:

discon~
tinuous

diffuse

clear

v

—— — —

/
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Table 1 cont. f‘\ ’ .
\
8ite 3

Profile Horizon Depth Munsell Texture Structure Consistsncy Roots Soundary

1.

, om Colour
(moist)

Gleyed Melanic atuni-o}u feathermoss forest; moderately well-drained; B

1 slight depression

L-H 0-10 5YR2.5/1 organic fibrous - abundant clear
- ° £ine and
b medium
Ah 10-25 5YR2.5/1 organic turfy - abundant clear
1. fine and
medium
Bmg 25.33 10YR3/4 si.1l. crumb friable few diffuse
fine
P g
Bm 33-54 7.5YR4.5/2 si.1l. weak friable nona aiffase’
y blocky to firm .
[} 54- - vg. unconsolidated none -

stoney material

»

Eluviated Dystric Brunisol: feathermoss foreat; well~drainedy 2° slope

r Oﬂs 5YR2.5/1 organic fibrous - abundant clearx
fine and
madium
H/Ah 5-7 5YR2.5/1 oxganic turfy - abundant cleax
1. fine and -
/ . medium
Aej ' 7-10 10YR6/3 g.s.l. single friable abundant dilf)co
grain fine and
' medium
Bl 10-30 10YR3.5/3 si.1 crumb friable fow dltgﬁl.
fine
Bm2 30-67 10YR3.5/3 ¢g.si.1 crumb friable none -

Gleyed Melanic Brunisol: feathermoss forest; imperfectly drained;
slight dspression

»

b¥ 4 ~ 0-10 3YR2.5/1 organic (fibrous - abundant clear
fine and
mediun

H/Ah 10-20 5YR2.5/)1 organic turfy - abundant  clear

1. £ine and

medivn

Bmg 20-38 7.5¥YR3/2 g.si.l. weak firm faw -

blocky fine
Y
L EY

“menpsy v




ny

Table 1 cont.

Site 4

Profile Horizon

1.

3.

Mesic Fibrisol:

ofl

or2

Of3

Om L/S-lSS 10YR3/1

c

Masic FPibrisol:

ofl

of2

o3

Om

[

Menic Pibrisols

of1

of2

Of3

Oom

[

0-12 10YR3/3

12-25 10YR2/2

25-75 10YR2/1

135~

0-10 10YR3/3

Depth

g e e Loy,

Munsell
Colour
(moist)

[N

-174&

-~

Texture

sedge-moss feny

or'ganic

oxganic

organic

organic

cl.

sedge-moss fonp

organic

L0~27 10YR2.,5/2 organic

27-48 10YR3/1

organic

48-80 10YR2.5/1 organié

80-

0-13 10YR3/3

cl.

sedge-moss fen;

organic

’
'

13-32 10YR2.5/2 organic

32-90 10YR2/1

90-145 1pm/1

145~

organic

organic

cl.

e . o K e SAE s PRGN RAWER € Wi sy anp s

Structure Consistency

very poorxly drained

very
fibrous

£ibrous

fibrous
to peaty

peaty

very pooxly drained

very
£ibrous

£ibrous

fibrous
to peaty

peaty

very poorly drained

very
fibrous

f£ibrous

fibrous
to peaty

‘peaty

o

firm

firm

£irm

Roots

(2

soundsry

clear

diffuss

cleas

clear

5

€

cleay-

clear
-

d’.f!ul.[

clear

clear

diffuse

daiffuse

clear

-

!
1
i

i

g

el

o A e Rk g e s
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Table 2s.

Wumber

Bite
57

58
59
6o
61
62
63
o4
65

Bite
77

78

%
83

85

8ite

&9
90
91
.92
93

1

2

[y

Results of the

ol

3.72
3.72
}.76
3.75
3.9
4,01
3.62
3460
5.68
3.84

4,18
4,48
4,56
4.42
4,48
4.30
8,45
4.3%0
84,22
/.54

4,08
4,01
4.96
4,60
4.84
4,86
5.92
4,70
3-90
5'39

6.29
5S4
5.4
5.74
6,44
6.25
6.55
6.25
6,19
6.42

15.2
14,9
18.7
17.3
15.2
15.5
16.5
17.2
15.2
17.2

16.7
13.5
12.0
1240
11.2
14.9
1.2
11 ‘2
11.5
12.0

2045
20.7
15.2
19.0
16.0
14.0
14,2
20.2
18.0
18.8

8.44
209
12.9
14,4

—5000

8.90
10.8
10.9

4,00

4.5

.2

et i b e oo A e e R bt PN

~175«"

v

p

T

chemicel analyses of ths fall surface soil sanples

Ca

1.5
Ol
\008

\ 0-?

«
S NN

SN = AN D
. *
B NP I AV -]

8.1
4.2
22.2
nd
7.6
16.0
31.8
9.0
1700
16.1

36.9
29.9
327

425
34.3
1.7
48.5
33.9
41,1

Mg

K

meq/100 g soil

0.66
0437
0,81
0.65
0.95
0.57
0.83
1.38
1.01
1.88

0.86
0455
1.26
.79
0.53
0.93
0.53
0,91
0.88
0.57

o.80
1.69
7.07
1.64
1.66
2.38
13.9
2.10
7+59
7.58

25.0
18.2
17.4
17.%
25.6
25.5%
23.3
21.8
.19.1
22.2

0,06
0.03
0.08
0.08
0,06
0,02
0,06
0,07
0.07
0.12

nd
0.03
0.03
0.03
o.04
0,04
0,02
0.04
0.08

nd

nd
0.08

0.22

0.08

0.85
nd

nd
nd

nd
0.07
0.06
0.07
0.0
0409
0.13
41.66
0.05
0,05

0,09
0,05
0.13
0,12
6.09
0»09
0.12
0.12
0.09
0.15

0.10
0.06
0,05
0,05
0.05
0,06
0.08
0.05
0.06
[+] 067

0e11
0.09
0,13
0.12
0.38
0409
0.18
0.16
0.27
0,12

0,15
0.23

0,41

0.16
0,16
0,13
0.23
0,22
0,29
0.13

P CEC
ug/100g meq/100g
soil soil
1.70 175
0,70 15.6
2.60 20.5.
2.10 18.8
4,36 18.8
1.285 17.2
1.5 18.7
1.40 20.3
14,5 19.4
3.72  23.2
1.90 20.0
1.96 15.6
1.10 15.6
1.66 14,9
1.0 12.8
2.60 18.4
0.80 13,3
4,06 14 .0
3.70 4.5
2.50 14,2
12.0 29.1"
6.36 26.7
4,50 44,8
6.40 " na
8,26 nd
1.5 33.3
6.16 nd
8.86 nd
4,76 nd

4.0 nd N
2.7 0.5
3.36  70.5
o.80 63,2
1.86 nd
6.6  73.4
7+66 68.8
3.70  75.8
180 79.1
1.75  57.3
2.76 68,0

% 58 £ Water

Content
13.1 360
5.2 n
8.8 290
8.0 316
19.1 273
9.9 223
1.8 381
+ 1543 362
216 3
25.97 322
16.5 128
13.5 m.2
23.1 68.1
19.5 7549
12.5 69.0
19,0 86.8
15.8 B8o.0
20,0 92.3
21.4 112,
+ 15,5 70.6
29.6 318
22.5 332
66.1 298
nd 281
nd 292
58.0 28%
nd 221
nd 262
nd 329
nd o83
88,0 923
7044 962 '
79.6 914
nd 952
93.2 646
87,1 218
86.3 862
86.2 810
93.0 753
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Table 33 aiRuultu of the chemical analys

Site 1

8 le.
- Kusber
e 1.1.1
. 1-1.2
6 1.,1.3

¢ 1.1.4

®1,2.1
*1.,2.2
01.2.3
¢ 1.2.4

€ 1.,35.1
. 1.3.2
¢1.3.3
¢c1.3.4

e1,4,.1
*1.4.2
c1.,4,3
C1.4.4

81,5.1
€1,5.2
©1,5.3
61.5.4

3.64

3.58

3.98
nd

s experimental samples

¢ control samples

Site 2
8 le
Number

®2.1.1
*2.1.2
6 2.,1.3
¢ 2.1.48

e 2.2.1
e 2,2.2
¢ 2,2.3

c2.2.4 .

e 2.3.1
¢ 2.,3.2
¢2,3.3
¢ 2.3.4

® 2.4.1
‘ 2.4'2
¢ 2,4.3
S 2.4.4

®2,5.1
®2.5.2
c 2,5.3
£ 2.5.5

pH

4.23
4,12
4.32
4.18

4,682
4.20
4.32
4,22

4,12
4.21
4,30
4,00

3.92
3.88
3.98
3.9

4.33
4,28
4.10
N 22

H Ca
45.0 1.8
30.0 1.4
30.0 2.1
37.0 2.6
40.0 1.4
30.0 2.5
ll-?,o 2.8
40,0 3.0
45.0 4.9
37.0 nd
42.0 6.2
42.0 3.3
25.0 1.2
32.0 nd
45.0 2.9
30.0 3.1

’ 4500 nd
45.0 4.8
40.0 6.2
30.0 1.6

: | Ca
22 1.8
30 62
37 5.5
23 4.9
52 3.8
42 . 3.5
25- 6.2
45. 3.7

52 nd
42 1.0

25 2,0

45 6.6

45 4.5

45 4.4

55 nd
45 5.5

7 3.3

22 5.0

37 5.6

37 8.8

s experimsntal samples

¢ control samples

-176-

Mg K
meq/100 g soil
0,86 0.45
0068 0.60
1.06 o0.61
0.78 0.59
1015' 0,78
1.32 0.63
1 056 1 .02
0.58 0.89
1.35 1.13
1.22 1.1%
1.61 1.37
1.81 0.96
0,61 0.47
0,68 0,07
1 003 +1.06
133 0.62
' 1.01 0.96
1.29 4.26
0.93 1.07
0,61 0.54
Mg K
meq/100 g soil
IQIR"’" 0.32
1.67 050
0.81 035
0.11 0.48
0.71 0.36
8.75° 0.45
1.13  ©0.55
0.1 0.03
1.78 0.82
1.73 0.82
0.51 0.36
1,60 0.79
1,26 0.08
1.4 0.85
0075 0058
1.60 “0.84
0.9 0.35
1.03 ?05~
1.29 0.5
1.23 0,47

P \

e8 of the apring surfice soil samples

N ‘CEC % B
ug/100 meq/100
, & soll g soll
0,37 2.76 a8.5 7.2
0,21 155 32.7 8.5
0.16 1.13 33.4 1041,
0,13 1.40 41,0 9.8
0.18 2.66 43,5 8.1
0.1 2.46 34,7 13.4
0.34 2,26 52.7 10.9
0.23 nd 44,7 10,5
0.15 3.36 52.5 .3
0.20 3.66 nd s nd
0,22 2.30 51.4 18.3
0.23 1.20 47.9 13.3
0.17 1.05 27.5 8.9
0.83 1.70 nd nd
0.35 1.85 50.3 10.6
0.4 2.26 35.2 14.7
0.13 2.80 nd nd
0.35 3.46 52.7 14%.6
0.35 1.7 48.6 17.6
0.17  1.25 32.9 8.9
Na P CEC % BS
ug/100 neq/100
_—§ ®oil g soil
0.53 1.85 23,8 1.3
0.22 1,95 38.8 8.8
0.12 1.95 a3.8 15.5
o.40 nd 28.9 20.4
0.3%3 T80 57.2 9.1
0.20 1.35 54.9 23.5
o.30 1.70 53.2 24,6
0.1 1.95 49.6 9.2
©.27, 2.96 na * nd
Oe 1.60 45,9 8.5
0436 1.76 28.2 1.5
0«38 336 54.4 17.2
0e38 2.20 51.2 12.2
0015 1-76 5118 15.2
0.23 1.60 nd nd
0.2 1.90 53.2 15.4 .
0. 11 1.25 11,7 39.8
0.39 1.50 29.0 2.0
0.37 1.36 44,8 17.3
0.32 1.90 &47.8 22.6

F R LT Canda s

% Water
Content

319
25
295
336

278
416

255
167

269

S Vater
Content

58.7
132
%0“
133
103
7 85.9
70:?,
128

131
106

80.4%
176 .

338
482
193
Ao

49
250
125

P
e

£~
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4 N Table 3 oont. '
) {
Sample 3 .
‘ Sample ° 8 Ca " X Na s % Vatexr
» Mnber p 400 ne 00 Contant
C} , ' neq/100 g moil x ‘é‘.{n (@11 &
®3.1.1 6.31 22 58 190 1.7 0.8 6.36 101.7 78.1 MM O
L 3.1 -2 6.00 25 6’ 2°i5 1.71\ 0-27 70“ 11..5 77.) 420 "
©3.1.3 5.68 23 a2, M,6 176 0,33 7.5 81,72 7.8 355
¢ 3.1.4 5.08 32 37 6.50 1.67 0.21 6.86 77.4 58.6 aoé {
€©3.2.1 3.90 6o 8.5 2.58 1.49 0.37 6.90 72.9 17.8 . 327
®3.2.2 3.78 6o 7.5 492 1.6 0429 7.56 744 19,37 178
©3.2.3 3.95 62 15 347 1.2 o0.52 3.70 82.1 A5 265 o
o ¢ 3.2.4% 5.99 55 @ 10.6 151 ©0.29 7.60 8.4 32:8 208
®©3.3.14 6.12 25 a7 134  1.79 o0.33 9.80 87.2 7.m 486
[ ] 5-,.2 6.82 10 55 ‘.08 1.77 0;21 » 70& 6901 350‘ ‘% '
s ¢ 50).3 5.81 10 70 i 3.17 q.” 0.20 7.% 85.1 88.5 312 .l ‘
¢ 3'5"‘ 5-8“ 17 " 508) "-69 °.15 9.00 6307 75.2 598 )
1 A . b ,
: . e3.8.1 423 So 18 347  1.68 ©0.3% 6,96 3.2 37 . 399 1
- . 3.4.2 .68 52 32 2,92 185 0.60 5.26 79.8 47,1 32 .
C 3.8.3 5.02 37 58 6.00 - 1.97 ©0e37 17.4 103,3 64,2 403
C 340 5.68 20 49 335 1.87 o0.11 12,4 783 73,1 397
2
. ©3.5.1 395 62 18 3.25 142 0.3% 8.06 85.0 2.1 55 :
L] 5‘5.2 4.88 ‘2>4 59 5.25 1.35 °.2" . 6'050 ] u.; 52.5 ‘15 . \
¢ 5'5'05 485 30 - 20 .00 1.79 -0.17 7..6 ”oo 45.8 284 R
¢ 3.5.4 5.82 22 6 3.85 1.5 o0.30 S5.90 92.6 7.3 271 .
‘@ experimental samples i
- ¢ control samples 3
Site b
% Vater
g:g}; PR B Ce g K Na v‘/’iod mOO % Contesnt
. - »eq/100 g sold ¢ soll ”‘”.:u
L4 "1.1 5'79 2° " 39.7 1-92 0.21 2.* 8507 76'7 m &
®4,1.2 6.08 o 30, 27,3 1.6 0.4 47 9.1 T.a 7
© e 813 5.62 15 , ¥ 39.7  1.38  0.23 nd 93.3 8.9 953
oA 1.8 6.12 17 59 38,3 1.28 o0.26 nda M3.8 850 635
2
! @
PR * 42,4 6.22 2.0 49 20.2  0.67 ©0.25 1.85 Bi.1 9.5 72
. o 4,2,2 6.29 5.0 &3 31.9 1,28 0.22 2.06 Bo.4 93.8 oA
. ¢ 8.2.3 5.70 20 4o 35.4 1.37 o.30 19.5 97.1 9.4 678
c4,2.4 5.62 20 29 33,8 1.45 0.22 31.6 84.1 76.2 _ Tob
T e a.3.1 6.87 0.0 50 39.8  1.05 0.2% 2.0 91:1 0 813
. a.3.2 6.28 - 0.0 nd p4 nd nd nd ma , 0od  BGA
c 4.3.3 6.42 0.0 A3 39.2 1.30 o0.30 &.36 eb-g 100 678
C 4.3.4 6.38 5.0 46 24.5 1,46 ©0.235 5.80 77» 100 708
AK ® b4,4,1 6.32 20 90 34,2 1,58 o0.21 5.70 146.5 86.3 5S40
® 4.4.2 6.60 5.0 65 36.7 1,61 0,25 2.56 108.6 95.8 s
- %
AN e A3  6.02 5.0 58 35,0  1.26 0.20 2.96 99-5 9.9 663 S
. ¢ &4.4.4 6.39 5.0 6o 25,3  1.82 0.18 2.0 9.9 H.6 N
( i ®4.5.7 5,50 22 69 29.7 0.71 0.85 2.40 121.8 62.0 618
) - €4,5.2  6.59 0.0 57 278  ©0.81 0©0.35 2.46 86.0 o0 o
— c 4.5.3 6.44 2.b 72 36.0 0,78 ©0.27 3.00 1111 98.2 989
. C 8.5.4 6.32 2.0 55 314 0,88 0.25 3.70 089.5 9.8 7
[ rizental s (1]
N\ : o :
- . -
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Table 4:° Percent wiss losses from plant tissues
Il - .

Site 1

Sawple

Ly

Y R LR XN CN ;
]

Site ¥

Sawple
Mmbex

%.0

ireh

% wass

“33.9%3.73 14,472,010 “18,6%1.73

loss

'35.9

28.7
4.9
3.9
37.5
3.2
33.3

5.2

38.1
.8
.1
35.4
35.7
39.1
33.1°
3.7
a.
3%.
.

3
2
3
3.8

Birch

% mass

40.3%4 .06

~

loss

7.8
7.1
39.0
4.8
8.3
54.0
a.s
3.2
3.1
%6.3.
43.7
40.0
8.8
“.7
38.3
4.1
1.0
1.7
3.7
8.2

2

tadrador

¢ tea
X mass
loss

12,9
13.6
18.7
15.1
16.4
14.9
12.9
15.8

4.3
12.6
16.6
18.2
13.7
12,0
13.7
14.1
13.2
14.0
11.0

tabrador

tea
% maes
lose

15.8
16.9
13.0
15.4
19.1
19.4
16.4
18.0
15.3
16.6
16.2
17.0
. 18.1
13.2

15.2
15.9
16.2
14.1

Black

spruce °©

% mass
loss

20.4
18.1
19.4
16.2
18.9
19.9
18.2
22.6

28.0
18.1
18.1
19.2
17.7
19.9
20.6

14.7 q

17.3
17.4
18.6

Black

spruce

% mass
loen

18.4
18.7
20.0
17.5
19.2
17.8
20.5
20.1
35,3
20.0
19.3
18.5
20.3
17.0
22.8
20.7
21.3
19.9
17.6

16.2%1.77  20.3%3.92

-

Site 2

Sample

Munberx

Py L L YR N

R
.0

8ite 4

Sawple
 umbex

WD w2 RN B

Birch

% masns
loss

20.7.
22.6
18,8
19.5
19.3

k]
-

21.4
~20.4
19.6
17.2
1.7
16.1
23.4
26.2
3.8
,31.8
19.%
15.1

w 20.9 _

23.6
_20.6%2,75

~

Birch

% mans
loss

39.4
32.2
8.8
.2
2.6
1.5
1.6
, 6.5
42.1
27.6
32,2

22.9
7.8
26,7
5.2
28.6
0.3
27.9

31,034 .05

o

Blueberry
‘tew
X mams % masa
loss loss
8.67 19.9
8.17 21.0
7.51 21.¢
9.94 20.0
8.62 22,1
8.53 17.2
6.59 20.3
- 18.2,
9.06 17.2
8.06" 21.2
7.87 17.9
g.73 18.1
. 10.9 . 22,7
8.70 22.2
12.2 21,3 -
12.1 20.%
9.50 20.3
- - t
a.71 17.1
8.93 16.5
9,04%1.46 20.1%1.70
Tamazack
% mass :
loss
31 .z
29.4
23.8
28.8 :
35.3 ’
29.6
23.7
275
52,0
30.2
30.7
n.2
29.1
26.9
43.2
3L.%
27.7
. 24.4
24.9
32.7
30.7%6.70 .

ok
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« 03454
0.9‘1;

7

H

0.4875

. NA
De 1943
7

~T¢55670 0.31769 =0

H2 CA MG

Correlation of the chemical parameters in the snowpack
M3

o

Site 1 Stake 1 Profile 1 (Pig. 6a)

Table 1:
. CORRELATION COEFFICIENTS / PROB > |R| UNDER HO:RHO=0 / NUMBER OF OBSERVATIONS ;
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Thblg 1 cont.

Site 1 stake 2 Profile 2 (rig. 6b)

-CORRELATION COEFFICIENTS 7 PRGB > |R| UNOER uo:gﬁb-o /7 NUMBER OF OBS

"1
H2
A
e

NA

PM

e m mne

H1

100000
0 0000

036736
003703

Ce29917
0.47!:

~0s00907
009833

0.01821
‘0.9653

H2

0.82841
000“:

1.,00000
000002

D.54368
0-3‘32

=-0¢ 11700
008352

0002992
0.?55;

0. 06287
o.oosg

-0, 13946
007922

0.3771S
Qc‘ﬁlé

CA

06512
9.‘!3

- o

0.54368
o.:&zg

1.,00000
OoOOOg

0.00000
iaooqg

Oe S491 8
0.203;

-0e 13872
00771;

0.41566
00353;

042904
003363

%

MG

0,08814
0.835:

=0.11700
0.8252

0.00000
1.0003

1.00000
0.0000
8

0,35678
0.385:

-0 20976
0.6!8;

Oe&6621
002&53

0.09309
008262

et i s S S

LA 3 0
|
ERVATIONS

K NA p M
036736 0.29917 -0.00907 0.01821
0.3707 Ded716 049830 0+9659
8 8 a 8
0.02992 0.06287 -0.13946 0,37718
0.9551 0.5058 0.7922 0ea611
6 6 6" 6
0,854918 =0,13572 0.,41566 0.42904
0.2017 0e7717 0e3537 0.3368
4 4 7 ?
0s35675 ~0420976 0446621 1.09309
0.3887 0.6181 0.2443 0.8268
8 a s ‘8
1.00000 ~0,22449 0.,00292 0.68344
0.0000 0.5930 0¢9945  0.,0617
8 ] 8 8
=0,22449 1+00000 ~0.34649 ~0.80493
0.5930 0.0000 0.4008 0.0159
8 8 ' ] 8
0.00292 =0+34649 1.,00000 0.124SS
09948 04005 0.0000 0.7689
] 8 : 8 8
0.68344 ~0,80493 0.1245% 1,00000
g,ooxz .o.oxsg~ o.rseg o.ooog




g
Y

e e St et by e e N f - . P

Table 1 cont. ‘ : ' .

Site 1 Stake 4 Profile 3 (rig. 6c) )
CORRELATION COEFFICIENTS / PROS > [R| UNOER HOIRMOSO / NUMBER OF OBSERVATIONS

M1 H2 -CA MG K - NA A | .
. }
H1 100000 0669784 0013200 0.53916 ~0,16342 -o.oo7os -0.30323 0.2‘306
'o.ooog o.oa:g 0.717; 0.2117 Q.789 g : o.qaoa 0.93913
. H2 0.69784 1,00000 -0.33138 0.,22001 -0.60271 =0 ,37068 =0.54492 o.ozoi‘
0.0813 0.,0000 04678 0.6355. 041520 04131 0.2633 0:.9891
T 7 7 4 1 6 .
CA 0.13208 —0.33138 1.00000 0.73030 0.82150 088153 0.46038 0.10066
Qe 7T77 . 04678 0.0000 0¢ 0624 Des0234 0.0087 0e3I8H2 0.8300
7 7 7 7 7 7 ) 7
MG 0e53916 0422001 O0,73030 1.00000 O0.,31957 0.61968 0.34308 0.38379
0e2117 0.638S 0.0624 0.0000 Oe 4848 01377/ 0.5083 0+.398¢
. 7 7 7 7 7 7 [  d
X «0, 148342 ~0,60271 0.82150 0431957 1.00000 O0.84955 0.15519 0.113!6
0.7590 0e«1520 0 «.0234 O.4848 0.0000 00,0188 07601 0648064
? 7 7 7 r 4 6 : ?
NA “0e04708 ~0637065 0.88153 0.61968 0.84955 1,00000 0.26985 0.20082
0.9202 0.4131 0.0087 0.1377 0.015% 00000 0.560%0 0.6837
? 7 7 7 T F 4 6
4 ~0630323 ~0.54492 0,46038 0.34104 0.1551S 0.26985 1.,00000 ~0:,69637
De5591 02638 03582 0.3083 D+T769) 00“50 0.0000 0. 1“1
\ [ & ] 6 5 6 X
M f 0:24204 . 0002408 0010066 0038379 0.21310 0.20882 ~0.696)
06010 0.9%59]) 0.8300 -0e 3954 0+0404 06837 Qoll‘% Ooﬂﬂﬂg
7 7 7 . 14 7 r 4 & -
. e ; } .
“ ©
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e 1
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Table 1 cont.

" Site 1 Stake I Profile 4

(Pig. 6a)'
CORRELATION CUEFFICIENTS./ PROB:> |R| UNDER HO:RHO=0 / N =
- H1 Ha CA ‘NG K NA
100000 0.50808 =0e21863 —-0.04961 ~0.12533 =0.02724
0.0000 0.1106 0.5184 0,8848 0e7135 009366
050808 1.00000 0.62872 0.69791 =0,11633 0.77139
021106 0.,0000 0.0399 0.0169 07334 0.0054
~0s21863 0462472 100000 088652 -0.05435 076044
05184 0,0399 0,0000 0.,0003 0.,8739 0.0066
“0.04961 0.69791 0.88652 1.00000 0.2152¢ 0.84964
0O«8848 00166 0. 0003 O« 0000 CeS249 00009
~0s12533 ~0+11633 =0.05835 0.21529 1.00000 0,26989
0.7135 0.7334 0.8739 0.5249 0.,0000 0.4222
~0402728 0.77135 0+76044 0.84964 0.26989 1.00000
009366 0.0054 0.,0066 0.,0009 0.4222 0.0000
. 0408688 0.08994 =0.02128 ~0006764 =0.41087 ~0.12895
. 07996 0+7926 Ce 9505 0{543‘ 062094 D+7055

. N
o -

e e by

11

P

0.08684
Oe 7996

0.08994
Oe 7926

-0, 02128
09308

~0. 06764
Oe B43a

~0.41087
0.2094

-0+12895
0o 7055

[
1400000
0+ 0000
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Table 1 cont.

/0

(rig, 6Db)

Site 1 Stake 2?2 Profile S

Sy

CORRELATION COEFFICIENTS / PROB > irl UNDER HO:RHD=3 / NUMBER OF OBSERVATIONS

NA

MG

CA

H2

Hi
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12
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I
i

i

F e

H1

H2

CA

MG

=185~ -

NA

| - PM
i

¢

Table 1 cont.

H1

100000
- 00000
12

066946
0.0243
11

0.48164%
0.1129
12

~-0.21411

0.5040"

12

~-0.,17844
05790
12

-0 29285
043556
12

-0.05246
0.8783
11

005786
- 0« 8658
11

E]

*

Site 1 Stake 4 Profile 6

H2

0. 66946
0.0243
11

1+00000
0.0000
11

0.73563
00099
11

-0.32587
0.3281
11

~-0.,18010
05962
il

-0.13163
06997
11

0. 20299
0¢5494
il

0. 09698
07767
11

(Fig. 6c)

CA

0. 48164
0.1129
12

0.73563
0 .0099
11

1,00000
0 .0000
.12

-0.,01785
0 .9561
12

0.21625
04996
12

-0.29725
003481
12

0.46183
0«1527
11

=0+ 07605
0 .8241
11

CORRELATION COEFFICIENTS / PROB > |R]| UNDER

MG

~0.21411
0e¢S040
12

-0.32587
0.3281
11

-0.0178S
0.9561
12

100000
0.0000
12

0.91738
C«0001
12

-0+16028
0.6188
12

0.45787
01567
11

0151857
0.6564
11

HO:RHO=0 7/ NUMBER OF OBSERVATIONS

K

-0« 17 844
0.57390
12

-0 18010
0.5962
11

0. 21625
0.4996
12

0.91738
0.0001
12

1.00000
0.0000
12

-0.15119
00,5390
12

0.72173
00,0122
[}

0.06893
0.8404
. 11

NA

~0 « 29285
043556
12

-0e13163

06997

[ R

-02%725
Qe 3481
. 12

-0+16028
0.6188
12

-0.15119
0.6390
12

100000
0.0000
12

-0+14533
0.6698
1

0 «40910
02115
11

P

~0 05246
0.8783
11

0.20299
05494
11

046183
Ds1527
. 11

0.45787
0.1567

0.72173
0.0122
11

~0+14533
0.6598
11

1.00000
00000
it

~0.,18474
0-58??

PM

0.05786
0.8658
. 11

0.09698
07767
11

~0+.0760S
0.82:%

015157
0.6564
11

0.06893

1.00000
°o°°?g




Table 1 cont.

Site 1 Stake 1 Profile 9

(Fig. 6a)

e am——— oy e 3

CORRELATION COEFFICIENTS / PROB > |R| UNDER HO:RHO=0

Ml

Ha

CA

ne

NA.

HS

~-0e8219%
T Dell 72
! 1§
-0,16508
D« 5899
13

\
«0s 14499
0.8061
15

-0.02999
0.9155
1S

D+.49481
0.0608

\5
0e31588

D«2518
1S

0:&0061
0.3877
15

039108
0. 1864
13

0040959
0e1295
15

o

Ce

o0
=N ©o
WU =00 ~0

o -
NGO ULUNDN V= =0 KOW NOOD VLKLY UINS

]

0107

O ey

e wmpem paf(f PO

MG

011534
0.6823
1S5

0.18687
0.5048
15

0.33167
0s.2272
15

0.20470
0.5023
13

0.25480

003594
15

. K

=D« 17490
0.5330
1s

0.31583
0.2515
1S

0.10708
0.7041
15

0, 18687
0+5048
15

1. 00000
0.0000
15

0, 23835
03923
18

0.80214
0.0010

0:945
0.00

OO m
Nre~N W

P e e

/ NUMBER OF OBSERVATIONS

NA

-0 42195
01172
15

0.28061
0« 3877
18

033854
D+217}
18

033167
Ce2272
15

0.23835
De3923

P

-0.16508
05899
13

039105
0.1864
13

~-0.00612
0e9842

[+
s N
wno -

[+

[ ]

@

=]

oN
Pttt mbge bt g N e
WNW WO WLWO W

D«90752
0.0001
13

PM

~0e 14499
046061
18

0.40959
0.129S
15

0.,04010
0.8872
15

025480
03594

1S

O« 94597
0.0001
15

0633669
062198
15

0.30752

L a I TR et bR L A A

¥

0.0001 -
13

1.00000
0.0000
1S

[
]

Skl

b

SR E T T RO TRETY TR GRS
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Table 1 cont.

Site 1 Stake 2 Profile 7

(Fig. 6Db)

Py U IR ek e e 0 oy,

et b At T mawM

CORRELATION COEFFICIENTS 7 PROB > |R|* UNDER HOIRHO=0 7/ NUMBER OF OBSERVATIONS

H1
TH2
CA

“ MG

-187-

N

PM

H1

1.00000
0.0000
- 14

0e06512
. 0.8250
14

0.37376
Oe 1880
14

004138
0.8883
is4

, =0.18603

0e5943
14

0.30078
0.2961
14

-~0.06536

0.83¥3'
%

~0+00828
0.9776
14

H2

D+06512
0.8250
14

1.00000
0.0000
14

C. 65725
00106
14

0.54952
0.0418
, 14

V. 75096
0 «0020
14

0. 52198
00,0856
i1s

0.19211
05295
13

033659
0.2393
14

CA

037376¢
0.1880
14

0,.,6572S

0.0106

14

1.00000
0.0000
14

0.84871
0.0001
14

0e 67705
0.0078
14

0.,37321
0.1887
14

0432339
0.2811
13

0.51858
0.0574
14

MG

004138
0.8883
14

0.54952
0.0418
14

O«84871
0.0001
14

1.00000
0+0000
14

0459213
0.0257
ie

0.18428
0+.5283
14

!

0.32046
0.2857
13

0.48400
00795
14

K

-0+ 15603
0.5943
18

0. 75096
0.0020
i1a

0.6770S8
0.0078
14

0.59213
O0.0257
is

100000
00000
14

Ve 31413
De274A1
14

0.29 340
0.3306
13

0.,64128
0,0138
14

NA

0.30078

Cs. 2961 -

14

052199
00556
is

O«37321
C.1887
14

0.18428
C.5283
14

0.31413
Ce274)
14

1 00000

00000 .
14

0.583239
00344
13

-~0.03642

0.9016
14

p

-D.06836
0.8320
13

O.19211
0.529%
13

0.32339
O.2011
13

0,32046
02887
13

0429340
0«33006
13

0.58839
D.03484
13

1.00000
0.0000
13

0.14841
0.6288
13

(]

~0.00828
O«9778
14

033659
" 02393
1s

0.51838
00574
14

0.48400
0.079%
1e

0.6412%8
00135
14

-“0.03642
0.9016
is

O0«14041)
C.0289
13

1.00000
8.0000
1e



Table 1 cont.

Site 1 Stake & Profile 11

CORRELAYION COEFFICIENTYS /

Ml

CA

NA

on

M1

100000
0.0000
13

0.76815

0.0022
13

016631
0.6054
12

0.60030
0.0301
13

0. 64447
D01 74
13

Ce71392
00059
13

0.46438
Oe.1281
12

~0«42715
0¢1455
) 13

H2

0.76818
0.0022
13

100000
0.0000
13

0e. 13707
0.86710
12

048433
0.0938
13

0.47501
0.1009
13

0.69277
040087
13

0.285%66
D«J3681

S ¥
~0e842041
Oe1630
13

T ST s s e ol oot r5m NN i os H t F e NS o, i 2NN

(FMg. 6c)

<

PROB > [R| UNDER HO:RHO=0 / NUMBER OF OBSERVATIONS

CA

De 16631
0 .6054
12

013707
0.6710
12

100000
0.0000
12

O« 359943
0.0394%
12

0.24779
04374
12

0. 27668
D3840
12

0.,29864
0-37?:

~0e 82519

00793
12

MG

0.60030
0.0301
13

0448433
0. 0935
- 13

0.59943
0.0394
12

1.00000
0.0000
83

0.49603
0.0847
13

0457694
00390
13

040499
02,1916
. 12

~0.20483
0.5027
13

K

0.644847
0.0174
13

0.47501
0.1009
13

0.24779
0.4374%
12

0.49603
0.0847
13

1.00000
0.'0000
13

0.66222
0.0137
13

0.88579
0.,0001%
32

-0, 08256
0.7886
13

NA

071592
0.0059
13

066277
0.0087
13

027668
0+3840
12

057694

* -0.0390

13

0 .66222
0.0137
13

100000
0.0000
13

035988
042505
12

-0.18004
00,5561
13

P
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Site 1 Stake 4 Profile 12 (Fig. 64)
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. i"  site 2 Stake 1 Profile 1 (Fig. 6e)
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Site 2 Stake 4 Profile 2 (Fig. 6f)

‘ CORRELATION “COEFFICIENTS 7 PRCB > |.R| UNDER

i

H2

CA

nG

NA

PM

H1

1.00000
00000
S

-0,30936
-0-612:

=-0412379
0.8‘2%

0.85%28
0006‘2

0¢2976
)

022542
Ds7154
S

099285
0.0007
3

0.58881
0« 2962
S

H2

=0430936
0.6125
S

1. 00000

0.0000°
s

0e53480.

0.3531
S

-0.04303
0.945§

035013
0+.6499
4

‘6068306
042037
8

=0631574
0.604:

-0.23682
‘0.70!?

CA MG
-0.12379 0.85528
0.8428 0.0646
5 S
‘0453480 ~0.04303
03531 Ce 9452
5 5
100000 0.40628
0.0000 0.4973
5 s
0.,40625 1,00000
‘04973 0.0000
5 5
0.33333 ~0.77778
0 6867 0.2222
4 A
0.06891 0.2756S
09123 0.6535
s 5
~0.09428 0.86434
0 .8801 0. 0387
S s
0.53017 0.84000"
o.asaé o.o7sg

STk A O ST

)

1 4
HOSRHO=0 / NUMBER OF OBSERVATIONS

K

-0 70243
0. 2976
4

‘6.350‘3
0.6‘9:

0033333
0.5667

-0 77778
012222

1400000
0.0000
4

020226
0n59TI

’

~0.68921
0-3102

0.51410
Oo‘ﬂsz

[ 4
s

Y

NA

0«22%42
0.715;

-0 +68306
0-203;

0.06891
0-9123

0.,2756S
0.6532

0«40226
0:597:

1.00000
. ooﬁﬂog

030821
0-613;

040209
Oosozg

-

P’ PM
0.99285 o0.58881
0.0007 .0+2962

, S s
~0.31874 -0.23682
0.6048 0.7013

s s
«0.00428 04853017
O« 8801 0+3581
s s
0086434 0,84000
00887 0.0750
s s
~0¢68921 DeS1410
0.,3108 0.4859

A 4
0.30821 0.40209
06139 0.5022

-] s
1.00000 0.38161
0.0000 0.3037

» s ’ s
0.58161 1.00000
0.3037 0.0000



R s .

P

Table 1 cont.

-

(rig. 69)

Site 2 Stake 5 Profile 3

. CQRRELATION COEFFICIENTS / PROB > |R] UNDER MOIRHO=Q / NUMBER OF OBSERVATIONS .

PM

NA

MG

CA

M2

O=~m 00w

om ~N o0
~m oN [-]-]
L -3 nN [-1-]
”me e Qe
QO =0 (1]
o o -1
e NOM 00w
<0 om (-1-
oN o0 (-1-]
O <oh 00
[ - 3] <&@ Oe
(1] [2 ~] Sym
Q o o,
mivg NNM O0@
| o Oow o0
[ -4 * 0 [-1-
Qes L 00
me e Qe
[ *©® [ L]
S o (-]

. .
oMe MM OCe
O [+ 1 -] [-T-3
~ -l 00-
mn ~in (.1
- e [- R
O [ 1 -] (T
[~ ] < o

]
o004 OOM V0 e
o0 o0 o0
o0 .00 (-1-]
o0— 00 [-1-]
[~ I [ - -]
[ L) L ] [ 1]
[~ o 0
oGd¢ OO 00w
o0 (-2 -] o0
o0 (-1 . 1-4
00 o0 (-1
(- Oe e
L] [ ] 7z ]
(-] o -4
oN®M oM ooMm
<29 oy -1
@k [-2-3 - 14
sty S0 o0
- Oe C Y5
.0 - [T
(-4 - o
1 .
82’ s~ 83°
>0 o o0 -
o0 -ify o
[- N ] ‘ L J *
ol > [
- (-3 -]
N Y .

KN

194~

1

. 3

. O 1 -] Pt (g
e =~ @
] !
90e¢ ONMe Y@
o0 No -4
o0 < oM 3
ov w ~D R
(- @ - e
0 (-] O 3
- o o

-
3
i
}
I H
Nime WYWMNe 00« N\ m
o0 ©v0 (-] \\
oN Ltind [« 1~
~ 0 o~ o0
- N Ooe
*0 -} [ -]
Q, o - -

»~D N OM 4
me ¢ L Bd |
0 . o0 (1]
[ -] (-] o -
]

- )
one O0e 00w =
% - -] 20 oo t

0.0
-
00
L
0.0
L]

4

R it
or

¥



[ T AL L)

[ 4

oA 5 2 ST Sy g ™ AT A et *

!
¥

“1954

u bt

E

Table 1 cont.

o TR SRR <

Site 2 Stake 1 Profile 4
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Site 2 Stake 4 Profile 5 (Fig. 6f) : ' - : '
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( . Site 2 Stake 5 Profile 6  (Fig. 6g)

. » .
CORRELATION COEFFICIENTS 7/ PRDB > |R| UNDER HORHO=0 / N = 4 ‘ 5
( H1 H2 CA MG K “ NA P M
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Table 1 cont,

Site 2 Stake 1 Profile 7 (Fig. 6e)
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Table 1 cont.

Site 2 Stake 4 Profile 9 (Fig. 6f)

CORRELATION COEFFICIENTS / PROB >
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Site 2 Stake 1 Profile 8

(Fig. 6h)

CORRELATEON COEFFICIENTS / PROB > |R| UNDER HO:3HO=0 /

H1

. 1523983
M2 0,1971S
0.6718

cA ~0s1%333

ne 0328388

" o %
NA 0534832

407
P 051739
1]

°59883% ~°3%483% ~°57832% ~°5232%% ~°»25188 % 413t ~°3353%3

e—

il P oo e

H2

Oe
0

'3

033724t

9328512
578333
0328849

°50838%

e e
PO OO
QO N
DO -
o0

°522328
RS

MG

[+

QO

228
818
3

15233833

090741
CeQO048

)

(=]
-3
nm LY

gt

8
8
4
0
0s52
2

L
=N

°325t23
2322382

©325888
0378743

%338%23
°%208%8
152838%
9523338

N =7
P PM
Oe 13407 0-06376
OaT744 08835

0328881 321238
533347 370388
9322382 9323234
38758 0503483
323328 °3lAidf
1329383 —93332¢3
1528888




PM

-

NA

(Fig. 6h)
cA NG

H2

CORRELATION COEFFICIENTS 7 PROB > {R]| UNDER MOIRHO=0 7 NUNBER DF OBSERVATIONS
H1

Site 2 Stake 4 Profile 10

Table 1 cont.

B - . - B i

© [1-] [1-] [ 1-] (=] *Q ()
- [ -] o [ -] o [~ ] [ =]

~202~
; » Q
MDD oeoe ODO N0 @Pm Pww om OOw - N i
N wm@Ppor Plew OOw PiNw él Dot QO [
N0 ON -if} ov -0 ~ O [-.-]
o oN NO O ~0 ND <0 o0
- e Me O [- X wne Ne ne [-X)
[1-] «© *0 [ 1+ [1-] (1] [ - w
© © 4 ﬂ [ [-] [-] - ® ,
MDw e ANO OOCw wbew HNillw OO Owes
@mre i v @@= Olw Poww OO \Opw .
-« *® vin - ma [« "] (<1< D 5
<0 mno oN *M) oo ~o (=12} <40 ¢
- O me Me Oe Ne Oe ne . !
[ 1] «Q *©> [ 5 [ 1=} (1] -] "D
[} [+ 4 n.u -] =] - (-]
Othies QQMow ONO =mifiet Qeien OO Milex Qo
ONm OGOt MNMw NOsm YOw OOw heam Ol
o [ M ”e NO 00 (23] ~O
~ nN o0 et~ ~o o0 o NO
- o ”e LR ] e Oe Ne o
"> O [3-] [ 1] (3] [2=] (1] O
o o o [ ] [=] L [} o
OVt 0 Ou® OMur OO Pouet wlles HOw
@D s Ohwr NN ot OO0t JOm OlNew M
on on Ve o o0 ~NO e ~o » -
no N OO 1.4} (o] ~O YO . hO A ——
-0 Mo O« O O e e , e —
[ 2] . o0 [ 1] [l o O (3] ©O
[ ] o o w - [+ [«] o .
M= OO0 PO OOw OMew wMNer OOOwe NOw
Ot @O0 GO OO wmter (NQm S OOw
e om ~O [+ 1] <*tH M« ) on .
Dew oW no oo oo vl o 00 !
- Ne e O [~ 24 Lo d me (-3
o *0O O *O -] o0 3-4 -]
(=] [+ ] o - o o [=] o
t } L} °
OO MO 000 ~;mO OO0 ONO MO Ol
WP = NYOw OO0~ #40= ONw MNw e M~ 5 4
L L] N [-1.] ~0 ve me mnH walf}
[ amd ~O oD mo NO o on e
Ne LX)} O [« 3% Oe o 8 Me [« ]
"°O [ [~ (1~ *0 O «O O *©
-} (-] - o [~ [~ ] o [~}
! |
Mot OO0 wMO OOw EOwm Ol OPor wOwm .
#ftee OOes (NOw Q0= Oh= OBw ;e g w
N o0 0N oM [t o~ - em o
00 o0 ~O on ["113Y) NN mo oN
~ e (- X} -0 QO e me me Oe [ X ]
-] [3-] [T} (1] o« -] °© [1-]
Q - -] (<) o [+ ] [~ (<]
OO0 MMee OBO QOe=w VD= OAflev MO~ MO -
OO0 wm Qe S0 Shm ¢Dm VO Prew (oves
o0 Nve L L] N on mo <t N
o0 (o« New Do [+, ] 2] 0 o
Qe ~e [T R < e - s - - e P
o0

"
H2
CA
"
K
NA
p
M




o

-203-

! +
-

I BLEN BRSNS

1

Table 1 cont.

M H2

1223888 °3l3aid

0328233 1329338
0.66419 0.34300
0.1037 0.4513
0.88608.  0,8210
550888 %3553
; 0.06766
045039 508253

0.03373 (o} 352!4
°323388 °3%%813}
° 32987 ~0325313

Site 2 Stake 5 Profile 12 (Fig. 6h)
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L Site 3 Stake 5 Profile 2 (Fig. 6j)

[0 - .

e A o it e Dok Wt reatp > gt e e

S . OHI H2, CA- MG K
!»‘ . - . < )
i o oHET T 1.00000 Q64441 -0.15584 ~0410735 ~0.33314
1 S 1 0e0000 00846 07125 0.8003 0.4200
v ame, . .8 .8 . 8 S8 8
H2 "$.64481 1.00000 —-0.00281 ~0.15209 -0.27 107
| L, 0e0846 00,0000 00,9947 07192 0e516}
o 8 8 .8 8 8
© €A ... \ ~0s15584 -0.00281 1.00000 0.66155 082449
- St 07125 Ue9947 -0.0000 0.0740 0.0118
= .8 8 - a _ 8 8
, ‘ nﬁf?f"~ ~06s10735 -0,15209 - 0.66155 1.00000  0.85384
T 068003 0.7192 0,0740 00000 0.0070.
. s - 8 ‘8 8 8
K ~0¢33314 -0.27107 0.82449 0,85384 1,00000
i 0.4200 0.5161 0.0118 " 0.0070 0.0000
o 8 .. 8 . 8 8. 8
1 NA 0e36789 ©,57461 0.28254 0,29877 -0.04503
e 0e3699  Me1363  0.4978  0,4723 0.9157
: 8. 8 8 8 8
. . P . =0.47092 -0.45387 0.562673 0+.83285 O«794613
T 042862 063063 0.1320 0,0085 0,0329
(. ‘ r 7 7 7 - 7 : 7
E?*E.‘°“ . PM - ~0.29711 =0.23147 0.74830 0.91262 0,97259
el _ 0.47~g Q.sslg 0.0327 - o.ooxg o.ouo;
. i \‘ . - a R R

PR

: coanegarfgy COEFFICIENTS 7 PROB > |R] UNDER HO:RHO=0 / NUMBER

I __NA

0e367
Oe 9
e
‘O0.57461
001363

0.28254

. Q«4978

qa
0.29877
°0§723

. |
-0,04503
0v9l5;

1.00000
o.ooog

©.07981
0.8649
7

0.05859
0+.8904

8 .

R R L L

OF OBSERVATIONS

-y

o
-2

-90Z-

o P PN
~0.47092 -0.29711
0.,2862. 04748
7 8
~0.A45387 —0.23147
03063 05812

. 8

0«62673 0.74830
0.1320 0.0327

7 8
0.8828S5 0.91262
0.0085 0.0016

7 , 8
De79413 0,97259
0.0329 0.0001

7 8
007981 005859
0.8649° 0.890% '

' 4 8
1.00000 0.7782a&
0,0000 0,0393

. EEE 4
0.77824 " 1.00000
o.osvg o.ooog

L "



P

.
SR Rt o i €

H1

H2

CA

MG

NA

PM

-~

H1

1.00000
0.0000

0.88729 -

0.0014

0«36006
D.3012

0432267
03971

0.1570S
0.6866

0.83883
0D.00487

-0.04028
0.9181

-0.06247
0.8732

“Table 1 cont. e

Site 3 Stake 1 Profile 4
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Site 3 Stake 5 Profile/2 (Pig. 63)
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Site 3 Stake 4 Profile 6

(Pig. 6k)
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CORRELATION COEFFICIENTS / PROB > |R| UNDER HO:RHO=O / NUMBER OF OBSERVATIONS -

) ]

na

CA

MG

NA

PM

H1

100000

0.0000 -

10

"De7HATS
00100
10

D«74389

00136

10

-0.00853
0.9813
10

0. 58508
0.0756
10

0¢39660
00687
10

023003
0.5226
10

-0el 5238
0.6743
10

H2

076473
0.0100
10

1400000
0-00?2

-0.08691
0.56??

~0.48972
0012??

CA

0+74389
o.oxao

082160
00019
11
00000
0000
12

004263
0.8983
12

0¢ 24982
0342

-

00 Nwo N

°

Os
e~

410
008
1
4

0

@ b

0%
73

Oe

8
12

-0+ 29436

03530
12

MG -

-0.,00853
0.9813
10

0.23538
0.45??

‘O 4263

08983
12

1 ,00000
0.0000
12

0.04608
OCe. 8869
12

0.4830S
0.1100
12

007496

0.8169
12

0 .0S325
0.8695
12

K

0. 58508
0.0756
10

0. 14028
0.6808
1

Ce249852
OCed 342
12

0.045608
0.8869
S ¥

1.ooaoo
0000
S T

0.08 298
D.7978
12

0. 94 581
0,0001

12
~0.,00733

0.9 820
12

NA

0.59660
00687
10

o.Jﬁ‘sa
000@??

0.74189
00087
12

048505
0-1!00
12

ﬂaoazgﬂ
*"712

1 .00000
0.0000
12

’ /
~0.08678

0.7886
12

=~0,24629

0+4403
12

7976 -

(-

023003
0.85226
10

~0.05691

048680
it

0.10940
0¢7380

@

PM

-0e 15238
06743
10

048972
Oc!Z??

-0. 29436
03530
12

0.05328
0.8695
T 12

-0.00733
0.9820
12

024629
D.Q‘?g“

0.01323
0.9674
12

1 00000
040000
12




Table 1 cont.

Site 3 Stake 1 Profile 7

(Pig. 61)
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(Fig. 6k)
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(Fig. 63)
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(Fig. 6n)
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0«063454
0.0360
11

~NeSB7
0.06

as
8é
11
~0e 384029
0.0801

11

71

-0s644

0.,0322
i1

-Ce 39781
0528?0

-0s861029
GO“?:

-0.38709
0*13?2

=2

0.63434
0003?2

100000
0.0@22

-~0+515860
01048

(B
i .

=0+ 49095

O.128%2

!

-0. 66340
626

De

00071853\

0.0127

'0056.62
0.0??:

«0e 45928
nolﬁfg

CA

0 .,0884
11

0.1043
11

100000
0.0000
12

0.99733
0.0001
12

Oe 80822
00,0018
12

00‘.2@5
001125

0.$5140
0.0001
12

e 38284
?§02197
12

\
\

\

MG

=0.856788 ~0,54929

0.0801
it

=-0.49098
0012?%

0.99733
0.0001
12

1.00000
0900?0
2

» Oa77951
0. 0028
12

D.439418
01532
12

0493997
0.,0001
12

0+.34708
0. 2690
12

L R et et s a? D PR

HO:RHO=0
K

=0.064471
0.03??

=066 340
0.02?}

0.,80822
0.0018
12

077951
0.0028
12

1.00000
0.0000
12
0.,83011
0.0008
12
0.91062
0.0001

0. 78288
0.0626
12

/7 NUMBER OF OBSERVATIONS

NA P
=0439781

02260 00461
11 11
0471853 ~0.56462
0.0127 0.0704
11 il
0+48205 0.,95140
0.1125 0.0001
12 12
De83918 093997
0.1832 0.00601

) 12 1
083011 0491062
0.0008 0«0001
 §-4 12
100000 0.59148
0.,0000 0.0826
12 12
0591835 1.00000
00,0426 0.0000

?2 1
0.66243 0,.,61088
000159 0303:2

]

~0e81029 «0,38709

0.2398
11

-0.,45928
00‘5??

‘0e 38254
0.2197
12

0.34708
0.2690
12

0.78288
0.0026
12

0.66243
0+0189
3 &

0.610088
0.0349
12

1.00000
0.0000
12

8
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Table 1 cont.

Site 4 Stake 1l Profile 8

(Pig. 6p)

CORRELATION COEFFICIENTS / PROB > IR! UNDER HO:RHOCO 7 NUNBER OF OOSERVATIONS °

H

CA

H1 H2 CA

'398888 atERR °aTasgy °
400898 cashnl
COBTBR CaSHERE 'a%8Eg
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11 . 11 10
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13 11 10
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e r s R 1
‘ 1t 11 9

|

MG L3 NA
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52ILEY ~oatity 318} ~ s *a:!!ll
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°a?!82g ‘°a§3?§§ °3228§§

1308898 °312383 °3283%

113 - 11  § ]
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"41813 29Tl "actsg
*iTHEE CiliIRh CuI8sy
0349383 -°511818 st3H8S

10 .10 10

529888 03298}

o528 -y
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%0738t Attt

10 ]
°3253%) ~°3iil

‘te .
°5388!9 'a:m
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I M

. -
Site 4 Stake 3 pProfile 10 (Fig. ﬁl)

_CORRELATION COEFFICIENTS / PRO® > [R] UNDER

HOSRHO=0 / NUMBER OFf OBSERVATIONS

H He CA
T 1328898 °aT83%E -°s238R ~°3LEBEL CalEBP °570883 ~°32%43L ~°alieN
. 13 13 13 13 13 - 12 13 13

TSI 308338 ~af8BS OaTASE 0a0MAIE —°avMR3Y ~ostasy Fosleie
1398888

Coe oy o
Lo o o
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L. -0388451 —0542048
- . 13 13
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°368333
03132%%
1A
%3o122¢
13
°5?33§§

017768
8.34?:

O Os13NP CafRR CatEl oaliy

'WOUSE SRS oMK s CattMy -

0347287 1393988 323832 -°30831f ~°339)3
14 14 13 14 14

0599385 ©°323332 15°8988 ~°5'32sT —°3)2138
13 13 13 13 . l;

0s4F183 —05083L% —0313%23 1393333 93129}
14 16 13 .14

>

1
0593143 331933 0518958 °373L 1303338
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Table 1 cont.-

 Site 4 Stake 4 Profile 12 (Fig. 6p)

|
J

CORRELATION CUEFF ICIENYS 7/ PROB > |R|.UNDER MOSIRRO=0 / NUNBER OF DIS!IVA?IIO’B
’ I

H1 Hna ° CA MG 3 NA
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Table 2: Withinesite-differences in snowpack chemistry, Studmst‘s t-test

Between~-Profile
Comparisons

pu(1)
p{)
Ca

Satvesn-Frofile

@)
pu{3)

lgl“§?

Batween-Frofti le

pu{l)
s

LE Lael 1

g
a
-~

EEs2EE

.
QW
» W

oo
.

1.76
2,76
1.9
0.49
1,69
2,39

o":'o'z

0.72

10ves

1.10
0.4
1.69
.
0.m

‘e.m

site )
December
lvasl 2vel . lva2
t t t -
0.56 0.84 0.72
0.19 0.31 2.18
0.00 0.21 2,82
0.00 0.66 1.49
2.0 0.22 1.99
4,13 0.95% 0.54
1.16 3,46 1.54
0.46 0,28 1.9
Pebruary
4veé Svab 4vel
t t
0.9 0.20 1.50
20 3.)9 0.30
o B 1.04
0.49 0,74 1.27
0.00 1.12 1.28
2.08 0.38 0.52
0.73 0.3 1.54
- - 0.14
Apriliey
control profiles
Svsll 7vsll Tvsd
t t t
3,80 S.48 1.3%
LS 147 2.42
0.31 1.44 -
1.08 0.47 0.00
1.24 1.43 1.21
1.68 1.06 0.11
1.38 1.74 1.04
.92 1.51. 0.9
April/my
experimental profiles
10wsl2 Svel2 Svalo
. t 4
4.48 1.2 4,41
L & I T & | o.%
0.08 1.39 1.27
1.08 0.47 0.56
1.24 1.4) 0.58
1.68 1.08 1.42
1.38¢ 1.74 0.68
0.92 1.5 1.8

Site 2

ival
t

2.73
WS
0.67?
0.59
0.89
0.4
2.45

1,20
2,10
0.94
1.14
o'”
1.56
0.2¢
0.78

ovsl2

4,34
0.7
0.00
0.-
0.82
xl“
0.02

2,49 S
o '

1.78

.98
0.49 ‘
1.57
1.8

Svab

t
3,.%7
f:& ™
1.41
1,93
1.67
1.“
1.39
1.00

vsll

1.18 o

0.10

1.33

1.4 : Teno
0.” *

1.53 '

.97

0.

10vel2
'S

0.37
1.47 |
1.38
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- his 2 cont. . ' N
stee 3 site 4 v e
° Decemberx
L3
\ Betwesn-Profile lval . 1lval) 2vsd ivel 1vad 2ved N
Congarisons t t t I T £ -
: pR(1) 0.3 ‘0.50 0.8% ° 1,19 0.0 1.26
| u{2) 2.07 2.3 oO0.%7 0.48 1.11 1.5
L ca 0.10 0.95 0.84 1.10 1.67 0.60
g . 0.03 0.M 0.00 0.25 0.09% 0.35
. x 0.16 0.65 0.%4 0.64 1.12 0.99
) » 2.0 1.19 O.84 1.3 2.31 o.m
”e 1.0 0.11 1.2%~ 0.08 0.13 0.33
! ™ 0,65 0.3 o0, 0.84 0.33 0.73
; - ‘ February
o Setvesn-Profile 4vaS 4vs6  Sves " 4vaS  4vat  Svee
! . Compagrisons . h t t t t t
ma 1.23 0.11 1.66 1.20 1.73 0.7% ) o
0.% 1.41 0.60 1.12 1.42 1.9
Ca 1.29 1.5%' 0.43 0.13 0.68 0.67
y 1.51 1.3 0.08 0.23 1.09 1.06
. 4 0.03 1.5 1.34 0.38 0.9 0.00
i » 0.65 0.9 1.864 L 1.5 5,48 439 ¢
™ 0.51 0.5%5 0.02 0.78 1.42 1.32
o 0.22 1.54 1.8) 0.84 0.84 1.11
) April/my
. control profiles
5 Batvesa~Profile Tva9 7Twsll 9Svsll Tvaed' 7Twvsll Well
t t t t t t
1) '0.49 3_,_9 2,34 2,3 1.0¢ 1.9
\ pi(2) 0.74 .44 1.11 0.79 0.65 1.43
. ' - ] 1.1 1.63 1.3 1.47 1.17 1.09 - .
ny 1.58 1.2 1.08 1.13 0.57 o0.%8 |
) x 1.27 1.24 o0.09 1.39 1.34 0.40
: . - 1.% 1.23 0.%0 1.76 0.08 1.m
‘ me 2,3¢ 2,90 .23 0.41 0.27 0.3 .
: - 7 2,30 4,99 1.77 0.2 3,19 .
; - April/my
expsrimentsl profiles
. Betwesa-Protile Sval0 Svsll 10vsl2 Svslo Svel2 10vel2 , — ,
Congarisone t t t t t t
. R (1) 0.49 3.92 1,34 2,9 4,74 1.%
puia) 0.74 O0.44 L.11 2,06 1,48 0.58
Ca .80 1.6 1.3 1.40 1.32 1.0 ’
. ) "~ 1.8 1.52 1.43 1.49 0.39 0.00
. - .3 2.27 1.24 0.09 1.28 0.9 1.14
: » 1.3 1.23 0.08 0.15 0.1S 0.45
) ™ 3¢ .0 1.23 . .98 o0.88
. p\ 327 2.30 4. 0.2 ‘l.n 0,73

——signifisent diffaxsacss (OX(0.03)

o
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differences Ln\mpck chemintry, Studant's t-nst . \

\ ,
Site 1 vs 8ite 2

Dec embey
Setwesn-Profile lvsl 1lvs2 1lvel 3dvsl 2ve2 2vsd
Compazisons t t t t t t
pR(1) -0,08 *0.55 *2.43 *0.89 *0.95 ¢
pR{2) -2.66 ~0.68 *1.15 ~2.55 0,77 *0.97
Ca ~0.83 *4,.28 - 20,00 *5.09 "2,04
g +1.13 *1.87 ~1.70 *0.81 *1.6 -1,23
) I =2.01 ©0.13 ~L.79 ~0.37 *L53 “2.67
™ -2,38 "1.86 "0.74¢ *0.05 *0.83 *1.12
owe ~2.25 "0.6% ~2,42 "1.07 *0.74 ~1.13
oy ~1.9) *1.38 *0.04 "1.15 *1.30 %0.03
Fabruary
Petwien-Pwiile 4vsd 4ve5S 4vsé Svads SvaS Svab
, Compmrisons t t t t t t
pH(1) 40,46 42,27 ~1.73 *1.56 42,96 =0.00
p(a) ~2.23 "1.92 "2.42 "1.34 "1.02 "L, 75
Ca -0.62 ~1.03 ~0.27 ~0.61 ~2.02 *0.81
g -1.06 ~1.26 *0.22 -0.%59 ~1.5) *0.77
K - =2.p1 %0.9% =0.65 -0.45 -0,.81 -1.32
- +2,12 *1.01 -0.01 ~1.12 “1.24 "1,64
e +1.90 *0.76 ~0.34 *1,085 *0.64 -0.56
“ - - - - - -
April/May
» file 9val 9va9
Comparisons t t % t t t
PR3, 42,23 42,03 -0.05 *1,26 *2.24 *0.62
on{3) 2,42 "1.34 "1.92 1,92 "0.70 ~0.52
Ca -2.68 2,25 ~0.68 ~1.55 "1.2% *0.07
»y ~0.24 ~0.23 *1.03 ®0.00 50,00 *1.1%
3 +1.50 *0.57 *1.28 "0.74 ~1.5) "1.00
- ~0.68 “0.73 *0.91 “2.88 2,82 "1.47
”we +0.99 ~0.64 *0.45 *1.22 ~0.98 *0.51
~ . *0.95 %0.13 *0.87 *1.67 *1.06 +0.97
Site 1 vs Bite 3
Descenber
Betwean-Profile lvsl 1lvae2 1lvs3 2vsl 2ve2 12vsd
Compaxisons -~ t t t t t t
1) 40.83 *1.67 *1.12 *1.00 *2,.05 *1.45
pu(D) +1.64 "0.41 —0.72 *1.48 ~0.51 “0.81
Ca .97 T80 1,93 T4 *2.06 ‘1.47
™ +3.69 *1.48 *1.57 *1.61 *1.33 1.0
. x 40.94 Y0.89 *0.56 *1.20 *1.31 *1.40
- ~7.06 ~2,06 “1.719 “3,.19 *0.69 “0.42
™ +0.66 *1.78 *1.30 *0.87 *1,96 *1.86
p= +1.07 *0.43 Y0.92 *1.02 *0.40 0.85
Pebruary
Batwesn-Profile 4dvsd 4vaS 4va6 Svad 5Sva3 Svsb
Comparxisons t t t t t t
pu(1) +0.00 "0.78 *1.33*1.66 *0.42 *2,25
p{2) =1.22 T2.91 T1,43 T0.5% "1.76 “R.25
ca +1.00 ~0.12 —0.37 *1.60 ~0.49 -0.00
ny +2.08 *1.22 Yo0.96 *2.39 41,78 *1.29
+2.53 2,49 *2,67 *1.87 Y104 ‘071"
» +1.43 *2,20 %0.62 ~1.12 “0.91 "1.30
™e +2.20 *1.69 *2,23 +3.25 *1.66 *2.19
’ - [ - - - -

w Significant differences (CK0.05)

\,
\

Ival Jve2 dvs)
t t t

=0.70 -0.10 *2.04
-3.72 "0.53 *1.39
“0.73 2,80 “2.41
‘2.0 *2,37 1,19
-0.47 *2.05 “1.9
-0.29 *0.43 *0.%6
~1.54 *0.43 1 .87
“4.04 *1.56 *0.61

6vs4d 6GvaeS 6vaeb
t t t

-1.19 *3.44 ~0.33
TALI8 T4 6] T4.46
-0.88 "1.71 ~0.2%
~0.95 ~1.21 ~0.36
+3,64 %0.98 0.9
~1.66 1,78 ~2.20
+1.37 "0.12 —1.13
2,41 s e

9vsll 7va7 7va9 7vsll 1llve? llvae$ llvsll

t t ¢

40.30 "1.78 “1ll
43,46 *0.39 *0.65
~2.30 2,04 -0.79
*0.95 *1.21 *0.36
+1.04 “0.44 *0.72
2,32 "2,24 ~0.57
2.3 "1.20 -1.38
~0.49 t0.87 *0.64

3vel 3Ivs2 3va)
t [ 3 t

.28
-0.22
*1.89 ‘102 *o.®7
*1.71 *1.83 64
*1.25 *1.28 *1.32
;. :o.zs Jo.n

0.82 1,92 *1.75
*+31.21 *0.63 *1.18

40,50
+ 87 &

‘0.
-0.
*o.
‘1.

6vs4 6vsS Gvab
t t t

+1,37 *0.20 *1.79
<361 T5.66 TE.Q6
+1.30 ~0.00 —0.43
+1.52 *0.28 %0.29
+2.53 2,49 *2.69
“1.66 ~1.45 ~1,.94
+2.06 *1.46 L0
*+2,48 1,76 *1.00

Site 1 vs 2, mean values at
site 2 >or< at site 1

Site 1 vs 3, mean values at
site J dor < at sites )
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Table 3 cont.

¢ :

— significent differences (OXg o.os»\

Site- 1 vs Site 3

. April/my
v v N
Setwesn-Profile 9Sve? v 11 Jva7 7ve9 7Tvell llvs7 llva9 llvsil
Conparisons t t t ' ¢ t [ t t t
pu(1) +2.20 *2,66 +1.35 *1,40 *6,01 *1.31 *0.00 ~1.29 T2.18
p (2} ~1.82 147 "2.1% V.07 <0.82 =0,00 *v.73 *0.69 *1.0)
Ca +3,72 %0.02 -0.41 "L m *1.17 41.70 *0.71 70.55
ny +2.44 *1.41°%1.20 Y2145 1,62 *1.3%6 *1.46 T1. 04 *1.5¢
] :1.56 :1.;.: 4 :x.u +9.43 *0.79 *1.52 :x.so 4 .61
» 4,44 ¥1,91 *1.62 10.6970.38 ~0.47 *2.37 *0.61 *0.14
P *183 Y68 T4 Y154 11069 2,52 *L.79 TLAY t2.3s
pi +0.54 %0.63 *1.49 *¢.11 *1.07 *1,97 “1.51 "1.07 L.
site 1 ve Site 4
, Dacenber
Betwesh-Profile 1vsl lvs2 lvsl 2vsl 2ve? 2va) 3vel Jval 3vel
Comparisons t t Tt t t t t t t
. pa’m +1.2% “0.06 ¥1.38 *1.44 *0.07 *1.61 *0.92 *0.53 10.97
p{a} ~0.55 ~1.02 ¥0.53 "0.67 ~1.13 *0.39 “0.40 “0.90 *0.70
cs #2196 *1.00 40,10 *1.26 *0.15 +2,32 Y1, 34 *0.99 +0.87
» +9.56 *1.39 +1.09 *0.55 +1.34 +1,07 +0.5¢ *1.51 *1.09
X +0.98 0,30 —2,.68 +1.09 *0.82 ~0.60 *1.08 *0.79 ~0.67
L) ~9.30 ~0.11 3,56 ~1.39 +0.93 0,46 ~1.64 *+0.79 ~0.19
P +0.12 *0.32 ~0.03 40,78 *1.46 +1.25 +0.64 *1.23 *0.9%8
pm +0.48 ~0.61 +0.19 10.42 —0.43 +0.15 +0.75 -0.34 +0.62
. rebruary
Batween~Profile 4wsd 4vaS 4wvsb Svsd Svs5 Sve6 6vad 6Gvas 6vsf
Compaxison t t t t t t t t t
(1) Jlafs [0.63 :g.u ;0.43 :n.n :1.35 :o.so :o.« +1.06
pB{3) 4,537 %611 *0.65 3 *5.75 10,97 ¥0.97-%2,06 <0.91
* Ca ~0.10 0.17 *0.45 w23 43425 4079 40,04 ~0-09 *0.66
) ~1.69 ~0,93 *0.91 “1.41 —0,57 *0,98"1.21 ~0.98 *0.77
K +3.22 *1.13 *0.08 =0.51 —0.17 *0.83 *1.12 *0.17 *0.63
" 5.}9 ~0.15 ¥0.08 —0.47 1,55 "0.44 T1.00 ~2,11
m™e +1.7¢ 1,41 *0.58 *1.72 *1.40 *0.51 *1.52 *1.34 +0.09
" - - - - - - "0003 "‘0.“ -Oo“
S
Apxil/May
Between-Profile 9vs? ved Svsll Tva7 Tve9 7vsll llvs7 llva9 llvall
Compaxisons t t t t t t t t t
pE(L) +4,.43 %0.95 *2,83 46,08 2,56 *4,15 *2,96 “2,19 %082
P ~21.08 “2.79 ~0.16 *0.62 —0.34 +2.32 *1.34 ¥0.97 +1 .95
ca +3.33 +1,02 +0.57 *1.40 *3.15 *0,79 *1.34 *3,04 Y0.50
ny +1.10 ~2,.19 *0.95 ~1.11 *1.42 —0.93 +1.11 ~1.02 +0.95
+1.50 *2,47 *1.50 *1.01 ~1.26 ~1.05 *1.43 *0.83 *0.81
™ +1.58 %426 *1.57 70.23 *1.71 ~0.33 *0.58 *3,97 *o.51
me +0.57 *0.35 *0,93 *0.58 *0,39 *0.94 0.91 *1.18 *1.25
™ “0.02 ~1.01 +0.10 ¥1.36 ~1.04 *1.83 ~1.04 "1.68 ~0.98
’ ’ a 8ite 2 ve Site 3
December
Between-Profile lwsl 'lvs2 .lve3 2vsl 2va2 2vel Jdval. 3va2 3Ivs}
Comparisons t t t t t t t - ¢t t
* ‘ pa(l) *0,92 *1,88 *1.29 *0.57 *1.51 *0.83 ~0.80 —0.61 ~1.26
pu{2) 43,49 *2,00 *1.46 +2,12 +0.34 =0.00 *0.60 "1.65 ~1,98
( Ca 42,37 *2.10 *1.26 *0.74 *0,63 ~0.53 *2,80 72,26 *1 .93
- ng +1.83 *1,19 *1.27 *1.23 *0.60 t0.64 *2.00 *2,.10 *3.35%
X +1.33 *1.36 *1.46 *0.96 70.92 *0.62 *1.43 *1.50 *1.43
— ™ ~31.11 %0.44 —0.28 ~1.97 ~0,11 ~0.96 "1.89 "0.57 "1.32
o ™wr +0.99 *2,05 *2.34 *0.76 *1,97 *1.55 *0.96 *3,03 *2.16
on +3.57 .15 *1.66 "0.11 ~0,.84 —0.51 *1.07 *0.43 *0.93

Sitq 2 vs 3, mean vialues at
site 1 D> or ¢ at site 2
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Table 3 cont.
Site 2 ve Site 3 -
February
Between-Profile 4vsé 4vaS @va6 Sved Sves Sve6 6ved Sval Gveé
Comparisons t t ‘t t t t t t t
pR(1) 9.42 ~1.03 %0.69 "0.74 ~2.34 ~0.86 *1.85 +0.48 +2. 73
pit{2) - %0.66 "p.27 “0.79 *0.34¢ ~0.72 ~1.26 *1.18 *0.32 Y0.10
. ca :0.65 :b.m :o.« :o.s :1.59 :1.4: ::.44 :o.zs J0-16
ng 2.44 .19 *1.53% ‘2,61 *.70 *1.47 *2.00 *1.01 *0.81
K $2a24 *2.20 *1.76 42,09 *1.35 *2.21 262 ¢
L "™ ~0.05 Y0.76 ~1.36 *0.37 *1.03 —0.49 1.3 *.% *1.15
™ .35 %0.75 *0.95 202 *1.52 *2.00 37 LD ‘s
. *0.57 t0.e3 "1.15 *0.71 *0.98 "1.10 *1.47 *1.77 "0.16

Betwaan-Profile

’ cgpuucn-

L FLEE T

Betwean-Profile
Comparisons
)

pu(2)

FLAE T

etween-Profile
Comparisons

pR(1)

. Sigaiticant differences (OIGO.05)  Site 3 ve 4, mesn welues st

May

Tve7 7Tve9 7Tvsll 9vs7 v 9vall llve?7 1llve9 llwsll

t t t | - t t t €t

"0.24 ~1.03 ~1.42 *1.25 *0.84 *0.15 *3.25 -*2.17 *1.48
“1.10 “2,84 ~1.33 +0.35 =0.00 *0.53 *0,27 ~0.10 *0.40
+ 41,57 *1.12 *1.90 *1.52 *T.01 1,79 *1.08 *0.18
+1.45 *1.17 *1.16 *1.45 *1.13 *1.14 *0.92 “0.95 v.®e
:1.41 :1.03 *1.27 :1.54 :1.51 :1.“ :1.45 na I1.4o
%38 *2.09 *2.17 W00 L *2.13 ‘a4 *1.04 Yo.6s
11,32 *1.51 2,36 “1.63 *1L.726 Y2.28 N1.36 *1.34 "8
"1.17 *0.22 *1.20 “0.44 %0.57 *1.46 “0.81 T0.68 ~0.41

3!{0 2 vs Bite &

'

December

lval 1vsl 1vs3 2vsl 2ve2 2vs] sl Iwed e}
t t t t t t t €t | 3

*1.35 =0.00 *1.50 *1.03 -0.351 *1.313 T0.37 ~2.09 "0.58
$2,09 *1.49 *3,2¢ 49.10 -0.41 *1.27 "1.69 ~1]) T0.06
$2.09 *1.21 *1.30 *1.51 *0.31 "0.7% *1,2% *1.48 Y3 16
0,54 *1.30 *1.04 ¥0.51 *1.15 0.97 *0.58 *1.33 41,16
+1.12 40.08 *0.05 *0.90 +0.4)1 *+1.18 *1.02 *1.46
~1.02 *0.85 40.18 1,49 *0.59 ~0.51 "1.82 *0.29 "0.%0
+1.15 *2.06 *1.9¢ +0.43-Y0.m *0.52 1. +
41,40 1,23 Y179 ~0.95 “1.61 "1.27 *0.47 10.72 *0.

Febzuary

Avsd_ 4dvs3 4dwsé. Sved SvsS Swab Gves
t t t t t t t\

1‘”

et

-9.

«00 ~3,17 ~2.3) T1.33 “0.50
.00 Y1.54 Y134 0P ‘L

3‘:'!3 +1.18 1,57 Y03 N0

.00 *0.3¢ *1.10 “1.98 1.

.55 %078 1.0 ‘168 1 :

"1.18 *"1.40 4.0 *0.33

12 1.07 *1.58 *1.3% *0.18 *1.83 *1.44-%0.78

74"

120 “LIS "0.65 “LLP “LAZ .12 487

)

&>

g

-

L)

1~

-]

3

-4
Stid
28k
24

;
:
;
£

1

*
+

3
-4
[

:

=y

Tve? 7vas Tvsll -Swve7 Swet fSwsll llva7 1lva$ livsil

t ] t t t t t ¢ 3

*1.07 ~1.53 *Q.15 *3,00 ~0.07 +1.73 4,02 *1.13°2.78
t0.38 —1.99 10.52 *0.99 *0.31 N1.62 ‘v.08 %9.19 "1.51
41,47 “0.06 71.06 *1.456 ~0.15 ¥1.03 ¥1.40 "1.11 11,08
+1.11 *0.73 ~0.93 *1.11 *0.¢% ~0.93 *0.79 *1.24 “0.31
:x.u 70.75 0.0 1.4 :x.u +1.08 ::.33 8.y ::.u

1.8 L9 .95 *3.35 ‘0.%0
*0.31 ~0.28 ‘0.87 *0.79 *0.171 *1.08 0.39 ~0.65 0.7
“L TE.0F TL.26 T0.19 T1.38 "0.06 U.08 T1.01 V.88

site 4 >or € ot site 2 /

/

.

B R L A R b b e
.

P V.

P Y v aw
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Table 3 cont.
|

f mmﬂu
Comparisons

pr(1) -
pm(2)
Cs

FLAE

Between-Profile
Comparisons

. pR(1)

Betwesn-Profile
" Comgarisems
\ Q1)
. (2}
[~}

FLAL

[ T R

~233=-

Site 3 vs Site 4
- Decender

lvel 1lvs2 1vas) 2vsl 2val 2vs) Jval 3wl 3Svsd
- . t t t t t t t t
40.18 V.81 *0.20 ¥0.0% “1.49 ~0.0¢ *0.47 "1.01 ‘0.43
“1.9® “2.34 T1.16 “0.21 =0.75 *1.01 *0.10 "0.64 *1.30
41.16 "0.10 —1.10 Y1.21 “0.03 ~1.01 *1.61 ~0.52 “0.10
%0.37 *0.40 *0.64 10.47 0.7 ¥0.09 t0,47 *0.97 *0.09
40.29 T0.64 T2.07 10.40 ~0.39 ~1.37 *0.72 *1.52 —1.82
40.34 %1.35 Y39 "1.76 *0.64 “0.39 "1.07 *1.01 *0.66
~0.59 T0.59 "O0.66 ~1.71 T1.72 ~1.79 .99 ~1.09~1.29
“0.73 <1.27 “0.98 “0.05 ~0.72 “0.32 "0.47 ~1.21 —0.80

Pebruary

MMSMSMSnSSnSMMéM
t t t t t t t t R

“2.02 "1.16 ~©.37 "0.83 %0.23 V.90 ~2.68 "1.72 T0.58
TS L7 T1.37 17t YL Yras Yol 2.l
“1.35 "1.27 ~0.56 *0.04 0.09 *0.66 *0.61 *v.15 t0.%2
“T.81 2,09 Y0.09 “2,85 “1.%0 *o.;o ~1.85 “1.50 g.u
“2.28 - “0.13 “3,31 ~0.11 “}.54 = .11

é‘.ﬁ T1.81 *2,80 '3: “1.42 A6 *1"5 ..
“0.42 *0.60 "1.93 '0.0% %.03 ~1.38 *0.08 t0.M "1.72

©"2,50 ~1,13 T2.83 2,78 “1.357"3,09 “3,41 “0.08 5,32

mmy

Tva? Tva% 7Twsll Swvs? va¥ Swvell llve7 llvs$ llwsell

*2.57 “1.40 *0.42 *1,.12 "1.10 *1.47 ¥1,36 0.2 ‘;,_}1
*3.5¢ -0.i4 *1.15 11,06 *0.35 1.67 Y0.58 0. *1.22

+9.24 “1.92 "1.41 *1.21 T1.63-%0.03 *1.38 T1.31 Y0.67
40.14 5.9 “0.3 *1.49 “3,38 .07 Y0.38 "L 0.03
“0.48 T1.49 “1.486 T0.79 “1.39 *1.2%8°-0.31 ~1i52 1.42
“9.79 *1.43 “0.10 %0.09 *2.07 =0.00 ‘0.46 147 t0.38
~0. 85 “1.37 “9.61 “1.11 T1.55 T0.89 L. 97 “Lis L85
“0.99 "4, 02 7.8 5. 70 “1.22 “9.84 "1.60 "I,]10 "1.%6

t t t 4 LI t t e
4

N

— simitiosnt diffexrences tm.’ﬂ). .8ite 3 vs 4, wean valme

at site 4> or< at wits 3

»

]
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H Table 43 Temporal differences in snowpack chemistry, Student's t-test
- Site 1
: Stake Locatioh 1 Stake Location 2
Between~Profile lved lved 4ye9 2vsS 2val Svs?
ccComparisons t t t t t t N
pE(1) 0,10 -1.25 -1,98 0,73 ~3,33 —2,68 k.
pH(2) =1.22 +0.62 3,51 — <148 <0.% *1.26
ca'* +1.22 +3.80 -0.32 +4,19 431,31 “l.48
»y, . tL5 *0.25 t2.3% +1.80 ~0.68 ~2,)8
x “312 384 TO.83 +0.83 +1.22 +0.30
»~ ~§.30 ~ .44 *1.18 *3,77 0.06
T™oP ot T 5 B VT TS DS ¥ ~1.86 ~ .lo “1.64
pm - +0,88 =~ =/ +0.37 -
!
Stake Location 4
Between-Profile 3vse6 3vsll 6vsll
v Comparxisons t t t
pE(Q1) ~1.26 *1.24 t2.04
pH(2) +0.,41 “1.49 3,70
_ -Qa + +2.12 —o0.08
Moy +1.47 T0.45 'T1.53
: x <1.27 ~o0.91 *o0.3:4
= -1,52 *+2.43 "0.95
TDP "1.39 4,30 T2,.5%
Pa +0.39 T3 N1
Site 2
Stake Location 1 Stake Location 4
Betvean~Profile- lvad lvs? 4dvs? 2vs5 2vs9 Sva$9
Comparisons . c’ t t t t
pa(1) +0,52 *1.40 *1.19 +1.23 To.73 T1.47
. pE(2) +1.11 *3,38 .*4.58 <1.37 T0.48 *1.41
Ca : 41,81 *0.0¢ "1.71 2,42 2,21 "0.83
»ng +1.49 "0.16 "1.69% -1.38 "1.74 "0.9%0
3 *1.24 *0.80 %0.03 2,12 T30 T1.01
| ~0.00 *0.3% ‘t0.68 -0,98 -0.42 +0.98
™S 41.52 -0.41 -2.01 . ~1.56 “~2.87 “-3.18
pw 43,08 Y13 "1.32 +0.99 V.40 “1.64
Stake Location §
_Batveen-Profile ' 3va6  3vell  6vall
Comparisons t t t ®
-4,16 =3,59 -1.01
pu(2) "4y 108 Y. -
Ca +3,008 - +1.63 —0:61
»g +3,5¢ *1.34 Jo.59
x ~0.63 *1i.15 *1.30 °
- ~1,84 “0.25 *4.,02
mwe -3,57 T1.22 -0.18
= *3.88 *0.99 *0.72

" Profiles 1,2,3: December
‘Profiles 4,5,6: Pedruarxy
Profiles 7,9,11:AprilMay

-

~—gignificant differences
s

)

Y

he mesn values in PebruaXy.and May

and mean values in Msy or in February

v

(cXg£0.05)

or in Decemberx

|
}
1
t
z
!
i
i
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Table 4 cont.
Site 3
Stake Location 1 Staks locstion S
Batween-Profile lvas lve? 4vs? veS 2vs9 Sve$9
Comparisons t t t t t t
pa(l) ;0.43 *0.14 :o.es "1.32 T1.47 °*1.49
pH (2) 3,10 T2, “Yo.97 ~,40 T1.02 T2.52
Ca to.s7 *1.63 *1.40 ~0.26 ‘o.s1 *t0.67
ng ‘o.91 *0.95 ‘0.59 +0.78 0.% ~—0.30
K to.60 ‘*0.81 ‘0.49 to.81 "0.30 .23
= *2,03  *9.38 %468 t0.16 *1.26 *2.00
TP -0.32 ~0.61 -0.711 ~1.66 “1.58 =—0.14
pm “1.59 T0.03 i .85 +2.47 *v.88 ~1.26

Stake Location 4

Between-Profile Jvsé 3vell 6vsll
Comparisons t t t
pa(1) T0.57 “1.33 "1.12
pH (2) “2,33 "0.07 *2,%30
Ca *0.39 *0.68 -0.28
ng *0.72 "0.77 *1.48
x *0.14 *0.67 *0.64
- “0.31 .4 *1. 72
P —0.92 to.84 t1.a5 .
T™P +1.22 *1.53 *1.09
§ Site 4
Stake location 1 Stake location 3
Between-Profile ivee 1ve? 4ve? 2ve$S 2ve9 Svs9
Coma prisons t t t t t [4
(1) “2,07 *1.04 %438 “0.15 T0.19 ~0.10
pa(2) t13% *0.30 ~1.04 +2,82 10.25 —a,20
Ca .37 *i1.04 12y ~0.17 TL.26 "L, 9
ng 0.7 Y*0.12 *1.07 “1.23 146 T1.54
8 -1.02 *o0.l0 *i.30 -0.49 -“D.84 -0.82
N *5.85 *1.78 0.5 ~0.37 *0.51
Tor t0.27 *to.86 *i.21 40.91 “2.37 “"1.4%
- ~0.33 *0.83 *+1.20 *1.01 . *0.3 .9
Stake Location 4
betwean-Profile Jemé dvsll 6vsl}
Comparisons t t t .
pu(l) =1.20 %0.27 *1.%8
pa(2} ~1.11 -0.17 +0.8%
ca t1.20 %0.73 *0.14
' ng “0.21 "0.34 0.16
x +1.08 *0.61 “D.9 .
Tl YL YLe
TP 1.1 "o.m1 *o.a
= ~1.18 *1.57 *a2.m

. ’ - !
——gignificant differsoces (< O0.0%)

‘

Profiles 1,2,3: Decesber : e values in Pebrusry snd ey or in December
Profiles 4,.5,6: FPebruery and ween values in Ney or in Pedrumry
Profiles 7,9,11: My .
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Table 3: Analysis of variancs codparing the chemistry of the surface snow
samples froam the four study sites

sourcs of sum of dsgrees of variance r
variance squares fresdom estimate
between sample 1.18 3 0.3 1
PEL Lithin sample 0.54 16 0.03 13.0
batween sample 0.87 3 0.13 .
PA2 Lienin sample 0.48 16 0.03 4.33
between sawple 0.0009 3 0.0003
€2 Jithin sasple 0.0102 16 0.0006 2.00
between sample 0.00002 3 0.000007 2.33
M4 yithin sample 0.00040 16 0.000003
x between sample 0.0049 3 0.0016 1.81
within sample 0.0460 16 0.0024
a between sample 0.0070 3 0.0023 2.13
within -sasple 0.0691 14 00049
between sample 24.2 3 8.06
TP Lithin sample 84.0 16 s.25 .54
between sample 1340. 3 ' 4“47.
P®  Jithin sasple 5709. 16 387, 1.2
1 0.01

Lavel of significance . , .o

Table 6: Between-site comparisons (t-test) of the surface snow chemgitry

Comparison Bite lvs2 Bite lvs] Site lvsd Site 2ve) Site 2ved Sits 3vséd

t t t . t t t
pa(l) *2.93: “1.38 ~s5.361 “3.06° “11.3% “0.38
pH(2) *1,21 *0.00 T1.08 |, C2.4e "3.18: “2.16°
ca “0.61 “0.57 “0.00 *o.29 Y112 *1.02
»g “0.18 *0.00 *o.18 “9.18 *0.00 “0.18
X “1.07 *0.00 *1.08 o.M *0:79 “0.67
%a *1.44 *1.06 *0.78 *1.48 *1.07 ‘0.04
ToP “0.84 *1.58 *2.14° *9.73 1.1 “0.47
pa *0.94 *).62 *o0.80 *0.35 “0.61 "1.48

2 msan valuss at sites 2, 3 and ¢ > or< at site 17 wvalues st sites 3, 4 > or<
n% site 2 and values at site ¢ > or < at site 3

! 0.001 .
lavel of significance : 0.01 one-tailed test
*0.08 _

s Y 4
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Table 7: Differences in snowpack chemistry between the

control and experimental profiles, Student's t-test

Between--Profile 10vs9
comparisons t

pPH(1)
pH(2)
Ca

A
COO0OO0COO0O0O0
R R Y
oo—-wo«m&gb

control profiles: 7, 9, 11

experimental profiles:* 8,
s
Between-Profi le 8vs7
Comparisons t

pH(1) 0.79
pH (2) 0.75
Ca ‘ 0.73
Mg 0.18
K 1.41
Na 0.72
TDP 1.05
pm 0.87

control profiles: 7, 9, 11
experimental profiles: 8,

— significant differences

Site 1
8vs7 12vsll
t t
3,94 0.85
0.26 0.40
0.55 0.49
0.97 0.52
1.66 1.33
2,44 249
1.88 0.84
1.74 0.9
10, 12
ite 2
10vs9 12vsll
t t
1.63 0.14
0.19 1.31
0.76 1.51
0.76 1.24
0.24 1.53
5,38 1.39
0.57 0.36
0.49 1.05
10, 12
(CX£0.05)

AR R AR BSOS 4t et o in wi ATes
. R



Thblq 7 cont.

Between-Profile
Comparisons

pH(1)
pH(2)
Ca

Mg

K

Na
TDP

pa

8vs7
t

0.00
0.30
0.20
0.03
0.10
0.82
1.21
0.02

-238-

control profiles: 7, 9, 11
experimental profiles:

Between-Profile
Comparisons

pH(1)
pH(2)

contxol profiles: 7, 9, 11
experimental profiles: 8, 10, 12

—significant differences

Site 3
10vs9 12vsll
t t

0.99 0.66
0.85 0.75
1.21 0.59
0.81 0.33
0.13 0.55
0.61 0.31
0.88 1,51
1.14 0.58

Site 4

10vs9 l2vsll

t t

'0.78 2.78
1.19 42,38
1.30 1.09
1.58 0.94
0.81 1.04
2,58 0.14
0.05 0.89
0.06 0.19
(cX£ 0.05)

SRR LT PEURY YR AvIRRE A T
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Teble § coat. Site 2 . .
seake Profile pH{1) pH (2) Ca Ng - *a &v vg ‘
a 4.3420.12 4.4720.12 0.025Z0.038 0.01020.000 0.000%0.000 9.13520.06¢ 4.98%2.57 14.3%20.71 Z
1 1 | Tte081 te0.46 o ewo.1) tal 24 vel,2¢ ts0.4  tea,30  ts0.3) e
. b 14.40%0,1¢ ¢.82%0.12 0.020%0.526 0.010%0,000 0.025%0.038 0.110%0.062 5.73%2.47 14.7%0.57 < -
X F.tn?: €.5%0.13 0.067%0.02¢ 0©.013%0.00 -0.050%0.020 0.117%0.015 8.53t4.63 97.0%20.0 . \
. . || “ee.12 t=0.34 t=0.49 0,27 t=0.16 0,58 £20.35  t20.99 0
b 4433012 4.62%0.13 ©.036%0,029 o.orw.oﬂ.o.s%o.o: 0.110%0.021° 9.6373.77 13 Y894
- u 4.69%0.37 4.97%0.15 ©.005%0.013 0.003%0.005 0,041%0.080 0,120%0.031 <.3370.99 72.3%11.6 »
s v 1=3.17 t=0.G0 t=0.97 t=0.79 ted.29 t=0.18 ted.£2 £%0.52 .
% b 4.6520.45 4.9720,14 0.021%0,043 0.006%0.01)1 ©.053%0.081 0.123%0.032 5.06%2.27 83.4%14.6
a 4.7730.29 4.%0%.31 0.00630,010 0.007%0.013 0.012%0.02¢ 0.120%0,039 4;11%1.23 81.8%11.4 .
; ] t=0.19 t=0.12 t=0,51 t=0,00 R 0,47 t=3.00 sl 69 4
b 4.80%0.28 4.88%0.29 ©0.005%0.011 0.00720.022 06.011%0.022 0.11030.037 Jtun.ﬁ 74.92122.0
| ° | i
. . |
[N M a 4.50%0.12 4.87%0.33 0.063%0.018 0.01%30.008 0.093%0.030 0.13030.083 8.53%4.63 46.832%.4
; o « - 2 t=0.37 t=0.14 20,45 £90.27 . ° te0.11 t=0.36  t=0.88
| - b 4.47%0.12 4.48%0.29 0.0680.018 0.016%0.009 0.13630.073 9.6854.78 76.6-70.3 -
~ . . ) -y -
b h » €.357%0.16 4.63%0.16 0.0430.0%4 0.01120,004 ©0.02570.032 0,108%0,045 .5,5371.56 95,5726, ¢
s te0,13  tw0.00  t0,25 tad 46 . te0.4k tn0.39  te0.8)  te0.54
f b 4.%5620.135 4.65%0.18 0.040%0.025 0.010%0.003 0.033%0.039 0.100%0.050 6.13%12.34 129 2105
. a8 4,43%.3% 4.90%0.22 0.00320.007 0.00220.004 0.00630.008 0.11120.032 3.45%20.9¢ 40.0%30.6
s t=0,32 ted.31 t=1,06 t=0.93 t=0, 950 t=0.58 t=0,10 t=0.8%
. b 4.38-0.37 4.77-0,22 0.023-0.036 0.006-0.013 0.018-0,034 0.121-0.04) 3.49-G.%4 61.1.78.7 i
. a 4.1820.30 4.76%0.27 0.01810.023 0.00720.005 ©0.02220.044 0.155%0.11) 3.#3%0.97 50.7%37.8 2.
s 10 t=1.03 t»0,09 t-0.98 t=0. 02 t=0.11 te0.00 t=0.42 t=0.13
. b 4,1420.32 4.7570.2¢ 0.045%0,089 0.010%0.011 0.020%0.043 0,159%0.105 3.7471.12 48.6236.3
| 4 4.6820.18 5.43%0.18 0.010%0.000 0.000%0.000 0.0130.006 0.210%0.046 6.23%0.25 31.7%517.3
v . s 3 t=0.30 , t=0.78 20,00 t=0.00 te0 .00 te0.79 t%0,46 t=0,00
| : b 4.7220.17 5.2620.32 0.01640.000 0.00040,000 0.013%0.005 0.165%0.100 6.32%0.27 32.0214:1
X : s ¢.3220.10 4.5320.21 0.03610,033 0.01€0.006 0.00080.000 0.0770.028 4.0850.59 75.3:8,3)
3 'y b t=0 .00 t=D, 14 t=0_%0 te0. 9 t=] .07 te0, 37 tw=C ., 08 =0, 91 ) -
. B 4,.3280.09 4.3320.17 0.07020.039 ©.023%C.01Y 0.00820,015 9.07020.02%5 4.93%0.73 92.0227.9
i 8 4,1980.34 4.8280.1% 0.040%0,06% 0.0080.013 0,027$0.086 0.138%0.013 3,3629.38 31.0824.3 .
t=0 .00 t=0. 34 te0, 25 t=1,07 t=0 40 t=0. 75 t=0 .98 tel 00 +
b 4.1920.32 4.78+0.20 0.08C0.365 0.042:0.083 0.04040.062 0.15280.036 4.683.3) 243 £378
9 © & 4,2330.32 $.00%0.48 G.01080,017 0.003%0.005 0,0030.003 0.13080.032 ¢.06%2.07 19.7%13.3 )
: 12 . t=0.17 ted. 18 teg, 11 tw) 00 ted. 38 tw0, 28 t=0, 06 te0.17
b 4.1180.20 $5.0240.44 0.00980.016 0,00380.003 0.00¢40.005 0.127%0.021 4.1351.90 20.%12.8
_ a: mesn viluss calculated omitting the baes sample values °
1 D1 mean vaiues caloilated veing the full data pet
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Tabls § cont.

#take Profile
Stake )
1 1
4
.
- “ -
]
3 2
]
10
4 3
4
11
13

e

pa{l)

s 4.35%0.38
te0.4%
b 4.85%0.44

s 4.2380.17
t=0.39
b 4.28%0.22

s 4.7620,18
0,78
b 4.8820.38

8 4.7990.%4
t=G,.21
b 4.02%0.04

s 4.30%0,2)
t=0 .63
b 4.40%0.%

s 4.%320.18
t=0.27
4.30t0.2¢

[

4.37%0.29
| te0.82
4.37%0,3%

4.44%0.2¢

t=0,19
4,4650.26

. v &

v

v 9w »
g
'Y
5
%

te0.72
s.45%2 23

v

a 4.5710.21
t=0.33 -
b 4.60%.4)

s 4.35%0.11
te0.81
b 4.2880.1¢

pli{2)
4.79%0.33

tel; 39
4.0820.39

5.0520.18
t=0.39
u.oq»n..pu

4.80%0.20
te0.80
4.9320. 43

4.9120.20
t=0.24
4.93%0.20

4.6620.32
t=0.53
4.7620.41

$.12%0.12
tn0.38
s.14%0.13

4.75%0.20
te0.56
4.00%0.3¢

4.6820.01
te0.38
4.69%0.22

5.05%0.48
t=0,21
$.1020. 4%

4.7420,13
two, 93
4.8720. .46

4.92%0.29
t=0.74
3.06%0,53

4.6030.15%
ta0,350
4843010

R - .
U

G "] s

Sive ¢ -
S ) »y x
g/
0.088%0.110 0.038%0.07¢ o0.058%0.097
PR te0.%0 t=0.97
0.187%0.200 -0.11%%0.323 0.3273%0.339
0.07620.040 0.008%0.004 0.027%0.031
t=0.12 t=0.73 t=0.83 |
0.07820.038 0,01020.008 0.047%0.073
0.51281.31 -0.020%0.037 0.142%0.400
t=0.17 £%0.99 .69
0.618%1.28 0.143%0.42% 0.302%f0.¢77
0.27920.587 0.00620.005 0.013%0.014
=0 .08 t=0.00 te0.14
0.258%0.537 0.00820.008 0.0140.014
0.03420.032 0.02420.0% 0.014%0.003
t=C. 9% t=0.93 t=l.0)
0.08420.143 0.086%0,122 0.118%0.202
0.03120,083 $.00420.008 0.02620.024
tw0,71 tw],03 teg, 95
0.07420.087 0.01320.024 0.084%0.124
0.02020.018 . 6.003%0.008 o.\ouuuo.o».
0.013%0.018 0.002%0.004 0.062%0.142
t=0.1% te0.38 te0.02
©.01120.017 ©.00%%0.005 0.061%0.137
" 0.040%0.042 0,014%0.015 * 0.010%0.020
tul 44 t=1,00 t=0.83
0.05210.048 0.100£0.211 o0.02¢f0.021
0.06%20,065 0,016%0,009 0,038%0.041
t=0 .03 t=1.00 t=1.00
0.108%0.147 0.07880.215 0.275%0.821
0.029%0.034 0.007%0.007 0.03$30.045
teg,93 x=0,98 t=0.00
0.12:%0.328 0.084%0.207 0.03%%0.088
0.026%0.021 0.004%0.007 0.020%0.011
t=0,11 =0, 33 t=0,22
0.025%0.020 0,005%0.007 0.019%0,010

83 mean velues caloulated omitting the base sample wvelves
1. nosn veluss oslgoulated veing the full data set

[

e

£

b e e

0.07220.019
t=0.10
0.073%0.018

0.199%6.072
' te0.06
0.20120.08%

0.17330,09
t=0,22
0.18220.097

0.165%0.072
t»0,.31
0.179£0.076

0.101£0.014
t»1,01
0.10¢%0.261

0.15520.056
t=0,00
0.155%0.032

0.24 %0.070
1

0.177%0.049
t=0.10
0.17520.047

0.123%0.0¢8
e=0.23
c.117¥0_047

0.079%0,030
t=0.08
0.078%0.029

0.1s8t0.087
t=0,.30
6.179%80.00

o.189%0.036
te0.36
0.183%0.040

S\M

6.80=2.70
t=0.97

12.2814.4

9.42% .33
t=0.86
14.2216.0

2.1%0,9
te0,99
6.3%213.8

3.6380,9¢
- te0,.41
2.95%1.09

21.¥8.85
t=), 08
12,7%8.13

13.1%21.6
[T IPLEN
3%.0%45.7

3.17%01.9
t=0.8?
4.58%5.48

4.30%2.39
t=0,37
4.66%2.67

s.93%2,21
=0, %]
11.4%¢ .76

a.0784.00
t=0.71
6.51%.8¢

4.02%8 43
tw0,87
7.9¥14.3

3820, u“
0.8
4,981,713

N
23.5«14.2 \

t=0.92
41.4%49.2

23.0%19.9 ' -l
t=0.69 -
34.0239.% ~

432814
te0.91
86 .3%46.1

39.4522.3
taQ, 31 .
M 3236 .

17.6222.2
t=0,74
24.4222.3

26.4228.8
t=0.98
84.62180

8. 2227.8
t=0.16
20.4226.9

uf.»u:.. .
t=0.38 .
26.0518 .4

26.8%22.2 o
tm0. 958 «
34.3738.9 “r= .

18.9£23.7

se.1ta1.e. .
t=0,33
60.1%42.3

‘$7.4%34.3 -
t=0,02
571.1%5.6

O W § W, e M Bt i A ait i e
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Table 9a; Analysis of variance comparing the chemistry of

T

5 X the control profile base samples between the :
5 . four study sites ‘
i source of sum of '  degrees of variance F
— variance squares freedom estimate
between sample 18.13 3 ¢ 6,04 _ :
: PElL ithin sample  2.93 36 0.08 |\ 735
% ,  between sample 17.20 3 5.73 o
5- PHZ2 yithin sample  2.33 36 . 0.07  3%8-2 i
ca Detween sample 21.39 3 . 713 10.2° ;
within sample 24.24 34 0.71 *
mg Detween sample 13.65 3 4.55 14,7} :
within sample 10.79 35 0.31 ¢ ;
‘ x  between sample 10.47 3 3.49 10.2°F !
§ within sample 12.11 36 0.34 ° i
Na Detween sample 0.06 3 0.02 2.0 |
] within sample 0.17 36 0.01 ¢ !
3 between sample 18803 3 6257 :
TPP Lithin sample 20331 35 581 10.8 |
\ \ - ;
o Table 9b: ° Analysis of variance comparing the chemistry of [
Vo ) the experimental profile base sanpl;es between the ¢
four study sites |
h" - H
% . - \
' source of " sum of  degrees of variance P {
; variance squares freedom estimate '
; . between sample 10.73 : 3 ] 3.58 - : !
% PAl Vithin . sample  3.80 36 0.11 325 |
H - , between sample 7.83 3 / 2.61 :
| PHZ yithin sample  5.61 % 0.16 16.3 1{
ca betveen sample  8.71 3 2.90 707} |
within sample 13.83 X 0.41 :
Ng between sample 4,37 -3 . l.46 9.13%
‘ within- sample . 6.07 36 .. 0.18 *
' K between sample 0.84 3 \ 0.28 i.67°
within sample 2.09 36 ) 0.06 o
o Na Dbetween sample 0.02 3 0.007 1.75
' ~ : - within sample 0.13 36 0.004 *
! between sample 761 3 - 254 :
f ( TOP yithin sample J1077 36 282 8.49

level of significance :0.01

- -
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Table 10:

—Chemical Parameter

-244-~

+
(1]

|

pH1 control
pH1
PH2 control
pH2
Ca control
Ca
Mg control
Mg

K control

K experimental

Na
Na

control

TDP control

TDP experimental

mean values at sites 2,
yor<Lat site 2;

epxerimental

experimental

experimental

experimental

experimental

Site lva2 Site lvgl Site lvsd Site 2vs3l Site 2vs4 Site 3vsd
t t

*g.03¢
3.21°

_1.48,
3.63'

3 61°
1. 20

+

.67
*1 35

2 23°
*o0.86

0481
0 85

~1.00
1.79

C2.92¢
0.10

3 and
mean vliaues

significant at the 0.0l level

C S

" significant at the 0.05 level

+ 3
£ 6:67
te.1s?
2 03

3 78}
*1.93°

*3,82¢
*3.20°

0 28
*o.38

3 09!
3.43'

t

+ H
10. 3‘
*5.54°

9 76
*4.09°
*3 49°

+2.89°

+ H
3.81
*3.00°

3 97¢
*0.50

2 17°

*0.14

“1.47
+1.17

41>or<at site 1;
at site I >or<at site ¢

Between-site comparisons (tetest) of the snowpack-base sample chemistry -

4
!
. 4 t \ t
*9 601 . ’11 2° *4.52'
*s. 07 *6.90° *e.51° -
4 34 8 50 5 56
*1.46 te.a5° . *3.66°
z 10° :3 15t T, 33!
*0.91 2.79° *2.65°
*1.32 t3.84 fa s
*1.51 *+2. 97t *2.85°
Y *1.72 t2.73 |
*2.74° faae *2.08° |
) *1.45 :3.04‘ *2.07°
*2.25° 0.93, 0.05
*3 52, +0.94 ~3.33 @
3.37 *1.13 =2.78

/
mean values at

sites 3 and§4'

w
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Table 11; Between-site cowpaxisons of fall and spring suxface soil

- chamistry, Student's t-test. ‘
Batwesn~site ive2 ivsd ivaa 2ved | 2va4 Jved
Comparisons - -

a -1 477 —14) ~1.67  "14,11 76,10
pH(l) b %08 T5AS TIL TLE IS TEY
' ¢ “l2 NPT TN 246 T16L538 L)
. 4,77 T1,52 T3 L7 1.9 "¢}
pR(2) b ~0.37 2,83 “6,J2 “1.58 10,91 “7IJe
e —0.06 TU.83 5,08 Q.72 431 ., T4BS

s ~0.06 -4.50 —20,57 ~4,45 30,3 -
c b =2,55 T5,9% 15,27 T5,63 10,73 “l.10
: c T143 LM TLE - WL$T Ll TS
a ~0.74  ~2,72 T1L30 TLA2 TILIé TLse
Ng b 0,62 “4,03 T19,29 417 TI933  TIL e

e — P13 TRLAL T15,87 TL3e TILIe Tl -
/ L9 1.2l T1.02  "l.e2  ~1.28 0.9
- k' ® "L "R33  TL.72 TILAT TSI AP0
Y \ e TLEY  T1.82  TRee C1L)) Tess Tam
RN

R —_— . 3%  "L,00 L0 -LI?  -¢Q0  -0.29
T b 1,11 T0.84 T0.79 T0.19 0.4 ."0.22
. e e “1.66 “2.45 ~0.70 “-1.10 T"1.3% ~37

~0.23 “2.6) “0.3% "3.08 “0.59
“5.62 ~2.2¢ “3.44 ~1.03 ~4 .36
~3.41 “1.29 “1.04 ~0.10 “2.06 ~3.03

g, T8 "L WA Y L
T8y UL T8 1038 T237 .
“0.17  “,43 60  "6.47 4§77 o.M
“1.61 “i.80 :g:g -z:iz “13,32 "3
T4 TR TLE TILI0 e
e "l T T20,38  T14,30
R o5 3% 4k Ay i
1.7 "R TN LIS LSS L
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Table 11: Betwesm~site comparisons of fsll and spring surface bsoil
chamigtry, Stedent's t-tsst.
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