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ABSTRACT

Measurements of subnivean CO,) during two winters (1974 — 1975 and
1975 - 1976) in six different habitats in the taiga 280 km northeast
of Winnipeg, Manitoba revealed that subnivean C02 accumulated

consistently in four habitats while not in two others. The CO2
concentrations increased up to maximg of five times ambient levels.

The accumulation of CO7 was affected primarily by density and hardness

of the snow.

A reduction in small mammal numbers was associated with the fall
critical period. Accumulation of subnivean CO2 was Irequently
associated with changes in small mammal distribution, involving
reductions in the numbers of animals present at the sites of greater

C02 concentrations.
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INTRODUCTION

A disagreement was found in the literature as to whether or not
C02 increases in concentration or accumulates to levels greater than

ambient (.03%/volume COZ) under the snowcover and to what extent

small mammal distributions are affected by such accumulations.

Bashenina (1956) found COZ levels concentrations increased up to 4%
near Moscow . In the areas where greater concentrations of CO2 were
recorded she found subnivean mouse nests raised higher above the
ground than in areas with lesser concentrations of COZ' Pichler (in

Geiger 1965) also mentioned that CO. was present in the subnivean area of
2

& Tye crop in concentrations greater than expected. Kelley et al

o

(1968) and Kelley and Weaver (1969) studied C02 accumulation under
the snow in the arctic tundra and quoted a range of 0.034 to 0.1

percent by volume CO Havas and Mdenp#Z (1972) found subnivean CO

2° 2
to accumulate to levels of .03 to 0.105 percent/volume in a Hylocomium~

Myrtillus type forest in Finland.

ir

contrast, Fuller and Holmes (1972) stated that subnivean CO?
did not increase sufficiently to affect small mammal distributions in taiga.

Reiners (1968) found soil CO2 production to be approximately zerc in

Jenuary in a cedar swamp, fen and oak forest. Kelley et al (1968)



and Coyne and Kelley (1971) found subnivean CO,. levels decreased to

[

ambient once a snowcover of 20 cm. was established.

Therefore, the focus of this thesis is to answer the questions:
Does CU, accumulate in the subnivean space?

L
2. If it does, where and why do the accumulations occur?

3. Do any accumulations influence small mammal distributions?

602 could accumulate by an increase either in production or in
the strength of factors influencing retention. COZ is produced pri-
marily by the decomposition of leaf litter and by plant and root
respiration. It is also released from air pockeis or reservoirs in
the soil. Respiration form small mammals has been discounted as a
significant contributor to amounts of subnivean CO2 (Kelley et al
1968). Micro-organisms are the main decomposers of leaf litter (Benoit
et al 1972) and have been shown to produce up to 28% of the CO2

evolved on a woodland soil surface (Witkamp and Frank 1969).

Root respiration along with CO, released from small air pockets in

2
the soil contributed the remaining 72% of CO, measured (Witkamp and
Frank 1969). Root respiration was alsc reported by other authors as an

important contributor (40.5%) of the over all 607 measured (Reiners 1958

Kosonen 1969, Brown and Macfayden 1969, and Anderson 1973). Root and
micro-organism respiration are interrelated (r=0.72) with decomposition

(Kucera and Kirkham 1971). Aiso, thelr combined contribution is the

oil testing has been

3]
(~

most significant in summer. Little

4

conducted outside the summer months except for work done by Reiners



(1968). Therefore in winter another factor, plant respiration,may

become more important. Both Hagerup (in Kalela 1962) and Havas and
Mdenpdd (1972) found significant plant respiration under the snow.

So while one source of CO2 may de;line, another may increase in

importance.

The production of C02 varies due to environmental conditions such
as temperature, moisture levels, pH, wind as well as age and amount
of litter. Many authors have found a positive correlation between
plant or bacterial respiration and soil temperature, where respiration
ceases at approximately -7%. (Flanagan and Scarborough 1972, Benoit
et al 1972). However, the effect of temperature was observed only
within critical limits of moisture, litter age and depth and all
were interdependent (Witkamp 1963, 1966). The effect of pH on C02
production was evident only outside the range 5 to 7.5 (Flanagan and
Scarborough 1972), Kelley et al (1968) found that wind negatively
influenced CO2 accumulation.

Differences from summer to winter in the distribution of small
mammals have been noted by a number of authors (Iverson and Turner
1972, Beer 1961, Andrzejewski and Mazurkiewicz 1976, Kalela 1962,
Buckner 1966, Riewe 1973 and Morris 1969). These differences are in
response to changes in the environment (Stickel 1960, NcNab 1963).

The subnivean enviromment is dark (Fvernden 1966), with a relative
humidity of 100%, quiet (Pruirt 1959a,1960), and has a relatively

o
constant warm temperature (0 to -7 C.) when compared to the



supranivean environment (Pruitt 1957, Fuller et al 1969).

Such a relatively constant environment develops when the snowcover
reaches the hiemal threshold (15 to 20 cm.), and small mammals utilize
or enter this as soon as it forms (Pruitt 1960). Without this
environment small mammals could not survive northern winters {Pruitt

et al 1961).

Once the hiemal threshold is established small mammals still
can change their distributions within the habitat (West 1977). This
distribution change is not necessarily correlated with temperature
(Fuller 1977) or food availability (Gorecki and Gebczynska 1962,
Grodzinski 1963, Chitty et al 1968, Flowerdew 1972, Andrzejewski and
Mazurkiewicz 1976, Pernetta 1976 and Fairbairn 1977). Therefore
something else in the subnivean environment may be triggering the

changes in small mammal distribution.

Bashenina (1956) and others suggested C02 accumulation may
influence small mammal distribution. The effect of CO2 can be
measured because small mammals respond by increased ventilation to
increases in its concentrations (Galantsev and Tumanov 1969). The
concentrations at which CO2 could be detected by or affect small
mammals is under study by a number of authors. Aquatic mammals have
quite high tolerances to COZ’ with 107% causing little effect on
ventilation or heart rates (Irving in Soholt et al 1973). Burrowing
and hibernating mammals normally experience up to 2.5 to 3% by

volume CO? in their chambers (Kennerly 1964, Studier and Proctor



un

1971, Williams and Rausch 1973). These concentrations are very high
compared to the ambient levels. But, non-diving, non-fossorial,
non-hibernating rodents have a much greater sensitivity to C02
(Soholt et al 1973, Darden 1971) and genera such as Apodemus,

Microtus and Clethrionomys exhibited a reduction in heart rate of

12 to 257% when exposed to CO2 levels as low as 1 to 1.5% by volume
(Galantsev and Tumonov 1969). Also, lengthy exposure to low levels
of C07 (2%) led to increased ventilation and decreased rectal

temperatures in Merriam's kangarco rats (Dipodomys merriami) (Soholt

et al 1973). Withers (1975) working with small (20 gm.)

semi-fossorial Pseudomys albocinereus, found a decreasing rectal

temperature in response to all levels of CO2 greater than ambient.
Baudinette (1974) found the effect of CO2 was greater when the animal
was exposed to C02 outside thermoneutral temperatures of 20 to 30°C.
(Dawson 1955). The subnivean temperatures outside the nest (-7 to
OOC.) are definitely outside the small mammals thermoneutral zone.

Nests allow increases in temperatures from 7 to 24 C. greater than

environmental conditions (Hayward 1965) but would also probably be

areas of greater CO2 concentrations because of occupation.

Therefore, small mammals can respond to increased concentrations of

Cco Temperature oy food are not necessarily correlated with

5
changes in small mammal distribution. The response to increases in

CO2 concentrations may be related to changes in the distribution of

small mammals.



MATERIALS AND METHODS

STUDY AREA

Field research was conducted around the Taiga Biological Station
at 51°05° N lat.; 95° 20" long. (Figure 1). The area is within the
taiga or boreal coniferous forest on the Precambrian Shield. Habitats
investigated were black spruce bog (Figure 2), aspen upland (Figure 3),
alder tamarack bog (Figure 4), alder ridge ecotone (Figure 5),
jackpine ridge (Figure 6), and jackpine sandplain (Figure 7).

Average precipitation is 50 to 60 cm. rainfall equivalent with 40
cm. falling as rain and the rest as snow {Atmospheric and Environmental
Services 1970). Temperatures range from - 50 te +40°C with maximum
temperatures in June and July and minima in January and February. The
first major snowfall, establishing the hiemal threshold (snowcover
thickness of 15 - 20 cm.), occurs in late November to early December,

and snow disappears in late Ap:

Square grids 0.4 ha. in size were established in each of the

4

six habitat types. FEach grid was composed of 100 small mammal

trapping sites spaced equidistantly from each other in a2 10 = 10 pattern



FIGURE 1

Map of the study area

& Taiga Biological Station

s Study Plot
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Black spruce bog plot






FIGURE 3

Aspen upland plot
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FIGURE 4

Alder tamarack bog plot
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FIGURE 5

Alder ridge ecotone plot looking from

the ridge into the adjacent bog
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FIGURE 6

Jackpine ridge plot
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FIGURE 7

Jackpine sandplain plot
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each site about 6.5 m. apart. One axis of the grid was labelled A to J
and the other axis was numbered 1 to 10. Each grid point was perma-
nently marked by a wooden 2.5 cm. x 2.5 em. x 1.5 m. stake with

alternate yellow and black decimeter markings.
SECTION 1

CO2 SAMPLING SITES
The same trapping areas were sampled for CO2 and small mammals.
At each C02 sampling site a 2 m, piece of rubber tubing (0.6 cm.
inside diameter) was taped to one of the wooden stakes of the grid.
The upper end was taped to the wooden stake and the lower end lay
on the ground-air interface away from the regular grid pathways.
CO2 testing sites were established to sample as much as possible

of the microtopographical and habitat variation.

Each CO2 measuring site was sampled once per month from mid
December 1973 to early April 1974 unless it was plugged or otherwise
inoperable. This inability to measure CO2 at some sites led to
missing data. One site was set up at each of the most elevated and
at the most depressed sites of the grid in the aspen upland and
jackpine ridge plots. Two adjacent stations were chosen in each

of the relatively flat alder bog and black spruce bog plots.

The sites for 1974 to 1975 consisted of lines of sampling stations

along a microtopographical gradient from the highest to the lowest points

on
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the jackpine ridge (five starions), aspen upland (ten stations),

alder ridge ecotone (ten staticns) and black spurce bog (five
stations). A line of 10 C02 testing stations was alsc established
across the alder tamarack beg and included all fhe microtopographical
variation in the plot. Two CO2 stations were established, one in the
open, the other in the more densely forested part of the jackpine
sandplain. Additional stations in differing microhabitats were placed
within the aspen plot so that all soil and vegetation types could be
sampled. On the alder ridge ecotone additional testing sites were
located on the ridge area of the plot. No extra readings were taken

1
¥

in the bog because the alder tamarack bog plot and the ecotone plot
are adjacent for half of their length. All stations were tested at

least three times a month from early December to mid April.

C02 testing sites for 1975 to 1976 were the same as those of
1974 to 1975 with the addition of two subterranean (10 cm. deep)
testing stations (one each in the greater CO2 and lesser CO2
accumulation areas in thick soil as determined from 1974 to 1975 data)
in the aspen plot and two in presumed mouse holes in the alder ridge

ecotona. These stations were checked three times a month or more.

CO2 ANALYSIS

CO, concentrations were measured using a Drédger multigas analyzer

<



o
[

and analyzing tubes with a range of 0.0l to 0.3 +.005%/volume. The
meter and tubes were calibrated against a gas chromatograph (see
Appendix A). The multigas analyzer is essentially a small hand pump
with a one-way valve. During the C02 measurement, a redox reaction
takes place in the measuring tube, causing a white to purple color
change. The procedure for utilizing the analyzer in the field is

found in Appendix B.

One problem encountered during the readings was the shattering of
the glass measuring tubes in the analyzer. The 602 analyzer was
inoperative during January 1976 and caused the loss of a number of
weeks of data before it could be replaced, CO2 was usually measured
once a week at each station from the onset of the hiemal threshold

until the snowcover was no longer continous or the testing station

was exposed.

CO2 readings were taken at two stations from 24 March 1975 to
27 March 1975 in an attempt to see if any variation occurred on day
to day measurements. Kelley et al. (1968) found the least daily
variation to occur between 1000 and 1600 hours. On 28 March 1975
hourly C02 readings were taken from 1200 to 2000 {(dark) and 0600 to
1000 29 March 1975 to note C02 variation. Since the color change was

not readily discernable when read in the light of propane or

kerosene lamps, no further readings were taken after dark.
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SECTION 2

ENVIRONMENTAL PARAMETERS

MICROTOPOGRAPHY

Accurate data were collected to find microtopographical gradients
within the plots. This was done by establishing line transects down
the A to J plot lines and along the #1 baseline of the plots. T
measured the distance to the ground from a levelled string every 50 cm.
along the transect lines. These readings were later corrected to make
the lowest point equal to 0 and thus the total microtopographic
variation in the plot could be visualized. Maps showing major features
such as bare rock, large drops between lines and depressions between

lines were also made.

CLIMATE

Temperature, precipitation, phase of the moon, wind speed, cloud
cover and barcmetric pressure were recorded each day at TBS. Temperature
readings were taken at 0800 hours and daily maxima were also recorded.
Precipitation was recorded by the weather station in Bissetr.

Barometric pressure was recorded at about 1500, often 0800 and

the time of the temperature maximum each day at TBS,



SNOW CONDITIONS

Snow profiles were taken twice monthly adjacent to rather than on
each of the plots to decrease human disturbance, using the methods and
instruments outlined in Xlein et al. (1950). These measurements
included snow thickness, number of snow layers, thickness of each layer,
. 2 . 3 .
hardness (g/cm™), density (g/cm™), temperature of each snow layer,
presence of ice layers, crystal type within each snow layer as well as

any peculiarities noted in the profile.

In 1973 to 1974 snow thickness was measured adjacent to each
station for each CO2 reading throughout that testing. In 1974 to 1975
snow thickness was measured only in March and April at each station
for each CO2 reading. In 1975 to 1976 the number of ice layers
present in the profile as well as snow thickness were measured at each

station for each CO2 reading taken from December to April.

SUBNIVEAN TEMPERATURE

Thermistors installed at 12 CO, testing stations during the summer
L

were used to measure subnivean temperatures in the winters of 1973 to

oy

974 and 1975 to 1976. The thermistors were read using Sanwa Electric

s

Instrument Company type P-3 ohmmeter. Their accuracy was not

5

e

onsistent so that temperatures in 1975 to 1976 were measured by using an

5

ordinary thermometer (+ 0.5 C) in a protective metal case. These

temperature readings were taken at least 50 cm. from the subnivean



opening of the COZ testing tube. This allowed individual temperature
readings to be taken at each CO2 station for every CO2 reading taken.
If ice layers were encountered, a wire was used to make a hole and

then the thermometer was inserted to the ground level. The hole made

by the thermometer was filled in after each measurement.
STATISTICAL ANALYSIS

To carry out the statistical analysis parameters were defined,
numbered and enterad as in Table 1. To test the effect of subnivean
temperature on C02 concentration a Pearson correlation coefficient
was determined for both winters of 1974 to 1976 using the Statistical

Package for the Social Sciences (SPSS).

To test the relationship of snow hardness and snow density a
Pearson correlation coefficient was determined for both winters of
1974 to 1976 using SPSS. The means, standard errors and ranges of
subnivean temperature and snowcover thickness were listed for each

of the six plots using the Condescriptive SPSS file.

A step-wise Discriminant analysis (from SPSS) was used to
determine those environmental parameters which were most closely
associated with COZ" A classification of COZ concentrations inte
three ranges was used: less than ambient (less than 0.0175%) ,ambient

(0.0175% to 0.025%) and above ambient (more than 0.025%). The means

and standard deviations of each variable within each of these groups
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TABLE 1

DEFINITION OF ENVIRONMENTAL PARAMETERS AS USED IN STATISTICAL ANALYSIS

(%)

I~

CO2 station number where Y. to Y represent the alder tamarack
bog, Yl1 to Y20 the alder t¥idge écotone, Y9l to Y the aspen
upland, ~ to Y,. the black spruce bog, YI. to Y4O the jackpine

Y3 é 6
ridge and'% to'Y,, the jackpine sandplain.
41 42 J

the change in microtopography where 0 is flat, 1 shows that the
difference in height on both sides of the stake 1s larger than

100 cm, 2 shows that the difference in height on both sides of

the stake is less than 100 cm.

thickness of so0il measured in cm up to 1 m,
the percent of green vegetation in the ground cover of 2 (.25 m

quadrat at each CO, testing station prior to the first snowfall
/—v
{not measured in 1974 to 1975).

Y. to Y4 are site dependent factors that are constant over time.

the chronological sequence of €O, measurements 1 to 15 (1974 to
1975) and 1 to 11 (1975 to 1976)7%

4
CO2 in %/volume x 10 .
snowcover thickness in cm.
. . &)
suonivean temperature in C,

number of ice layers in the snow adjacent to the CO. station
(not measured at all stations in 1974 to 1975). -

B .. . 2
total number of hardness readings in gm/cm”, measured every two
weeks.

N - . . . 3
total number of density readings in g/cm”, measured every two weeks.

range of snow temperature in the profile x 10, measured every two
weeks.,

e . . O,
ambient air temperature in C.
barometric pressure in mmHg.

change in bavometric pressure.
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is shown for both winters. The differences between groups is
explained by the analysis. The minimum ¥ statistic (comparing
variances) was determined by the Wilks Method for Discriminant

analysis,

A step-wise Discriminant analysis was done separately on the
data from the different winters. Analysis of CO2 was first carried
out against all parameters, then against site-~dependent parameters,
site-independent parameters, the snow parameters and separately
against subnivean temperatures and two snow parameters measured at
each site. Separate analysis was done against the snow parameters
because they were only measured once every two weeks. This led to
missing cases which SPSS deleted in a listwise fashion and thus
decreased the numbers eligible to each other analysis. Analysis was
performed with the day effect and then without it. There was at
least a 107 decrease in predictive value (percentage of ''grouped"
variables correctly calssified by significant variables) in 1975 to
1976 in contrast to no effect in 1974 to 1975 when the day effect was

removed. Therefore to make comparisons more realistic this day effect

was removed before the two years were compared.

SECTION 3

SMALL MAMMAL TRAPPING

Small mammals were live-trapped throughout the study and toe-



N
o

clipped for later recognition. Sherman traps were used for all
summer trapping and one trap was set at each of the 100 stakes on
each plot. Sherman traps were not used before May nor after
September because of the potential heat loss from their metal sides
and the corresponding increased small mammal mortality. Trapping
grids were established in June, July and August 1973 and were live-
trapped immediately after they were established. The black spruce
bog, the alder tamarack bog, the aspen upland and the jackpine ridge
were each trapped with three trap checks per day. 1In order to get a
broader idea of the number of type of species present than three-
night trapping periods allowed (Smith 1966), I trapped these plots

for 11 days each,

Summer trapping was carried out from May to September of both
1974 and 1975. Plots in the alder ridge ecotone and jackpine
sandplain were established and trapped in Sentember 1974. A three-
night trapping schedule was followed and the traps were put on the
plots in the early afternocon (Gentry and Odum 1957). Trapping was
discontinued during any period of cold or rainy weather to prevent

trap deaths due to exposure.

Masonite or Jolly-Board traps were used for all the winter
trapping. These wooden traps transferred less heat than metal
Shermans and thus reduced trap mortality. Also thev were smaller in
size than the Shermans and the animal had a smaller yolume to keep

warm. Winter trapping was done using wooden trap chimneys (Pruitt
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In the winter of 1973 to 1974 trapping was carried out in the
alder tamarack bog and the black spruce bog at trap chimneys at every

second stake for one three-night period.

In the winter of 1974 to 1975 trapping was carried out once a
month in the alder tamarack bog, the alder ridge ecotone, the black
spruce bog and the aspen upland from December to April. A trap
chimney was placed at every fourth stake giving 25 trap chimneys in
each habitat. All chimneys were pre-baited with raw oatflakes at
least two different times before trapping began in December. This was
intended to induce small mammals to include trap chimneys in their
food search pattern and thus open subnivean tunnels to them in the
winter. Prior to the hiemal threshold trapping was not normally
carried out because it disrupts the normal subnivean space formation.
In 1974, however, trapping was started in December even though the
threshold was not reached because at that time it was felt that the
data being lost were worth more than the disruptions of the subnivean
space. Initially traps were checked every four hours; however, this

proved too arduous so traps then were checked every six hours.

In the winter of 1975 to 1976 trapping was again carried out in
the alder tamarack bog, the alder ridge ecotone, the black spruce bog
and the aspen upland from October to April. The original pattern of

the 1974 to 1975 trap chimneys was retained with 10 new chimneys added



to the alder tamarack bog and aspen upland habitats alternating A - J,
i#4 and #5 trap markers, five new chimneys were added to the black
spruce bog at B10, D10, F10, H1O and J10, and five to the alder ridge

ecotone at A4, C4, E4, G4 and 14.

During the winter of 1975 to 1976 extra bait was added to the
traps and they were checked every eight‘hoursu During this year
there was no snow until December and the hiemal threshold was then
quickly reached so that trapping was possible for all but a few weeks
in December.

The bait used for small mammal trapping was a combination of
peanut butter, relled oats and occasionally chopped raisin. Weight,
sex and species were recorded for each animal to determine population

structure.
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RESULTS

SECTION 1.

CO2 ACCUMULATION

Carbon dioxide accumulations were considered to be important
to small mammals when subnivean C02 concentrations were greater than
ambient levels for two or more consecutive weekly samplings. This
meant that CO2 had been greater than ambient for at least one week and
not just a momentary increase. It is important to note that T
consistently measured ambient C02 at TBS. to be 0.02%/volume whereas cther
studies have reported 0.028-0.035%/volume CO2 and that I used the

former value to define ambient conditions.

CO2 accumulated at five of seven CO2 sampling stations on the
four habitats in 1973 to 1974, 22 of 39 in the six habitats in 1974 to
1975, and 23 of 44 in the six habitats in 1975 to 1976. Accumulations
were recorded primarily in December, March to April and February to
March, respectively in the winters of 1973-74, 1974~75 and 1975-76 (Table 2).
The proportion of C02 measurements within the concentration ranges differed
between habitats, but was the same from year to year within a given
habitat. This was especially true in the aspen upland, alder tamarack
bog, alder ridge ecotone and jackpine ridge (Table 3). The black
spruce bog and jackpine sandplain exhibited a greater variation in CO

2

measurements between the two later years (Table 3).
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TABLE 2

Monthly totals of CO, samples (¥%/volume) for the winters of 1973-76.
¥ 7

59| wn g}

N <jt 0

2 < 2
o ? 9 ? .
—t wn i Xg] O
273 2 5 S z :
° v o S S ®

2o
,3 o
[N Number of COQ measurements
Black spruce bog
1973-74: December 0 1 0 0 1
January 0 0 1 0 0
February 0 ¢ 1 0 ¢
March 0] 1 0 1 0
April O 0 1 0 0
1974-75: December 0 13 3 o 0
January 0 14 1 0 0
February 0 i0 5 0 0
March 0 12 8 0 0
April 0 3 7 O 0
1975-76: December 4 4 0 0 0
January 4 11 0 G G
February 0 4 10 i 0
March 0 7 3 7 0
April 0 0 3 0 0
Aspen upland

1973-74: December 0 ¢ o 0 2
January 0 1 1 0 0
February 0 0 1 1 0
March 0 2 0 2 0
April o] 0 2 0 0]
1974~75: December 2 16 9 0 0
January 1 14 11 1 0
February 1 11 11 3 1
March 1 12 16 3 0
April 0 4 8 2 0
1975~76: December 3 9 1 0 0
January 1 19 2 0 0
February 0 11 14 4 1
March 0 13 16 9 0

(without soil)

continued



TABLE 2 (CONTINUED)
Te! n Y
N < 0
o o o
o o o
e ] 1 1 L0
(o) L 18} N 0
T T o ~— o~ < o
g 0 . o o o .
@ A o . . . o
& \% (@] o o A
NE!
O
—
Fu . Number of CO? measurements
Alder tamarack bog
1973-74: December 2 0 3 0 G
January 0 1 1 0] 0
February 0 2 0 0 0
March 1 3 0 0 0
April 0 2 0 0 0
1974-75: December 0 24 3 0 0
January 2 24 1 0 0
February 2 22 3 0 0
March 1 19 7 0 0
April 2 21 5 G 0
1975~76: December 5 5 0 0] 0
January 0 23 0 0 0
February 0 36 1 0 0
March 0 21 S 0 O
Alder ridge ecotone
1974~75: December 0 20 5 0 0
January 3 18 4 0 0
February 3 19 5 0 0
March 0 19 7 0 0
April 1 14 6 2 0
1975-76: December 5 5 0 0 0
January 3 19 3 0 0
February 0 23 7 0 0
March 0 26 10 3 0
Jackpine ridge
1973~74: December 0 2 0 0 0
January 0 2 0 0 0
February 0 1 1 G 0]
March 0 2 1 0 0
April 0 2 0 0 0

-

continued
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TABLE 2 (CONTINUED)
19} n mn
™~ < O
o o S
o o o
o) i ] 1 1
i i wn n [Ne]
yollel o — ~ < o
S 0 . o o o .
@ - o . . . o
~ A\ (@] o (@] A
2o
._(3 [o]]
R - Number of CO2 measurements
Jackpine ridge (continued)
1974~75: December 0 9 0 0 0
January 1 10 1 0 0
February 0 S 1 0 0
March 0 18 2 0 0
April 0 8 0 0 0
1975~76; December 0 5 0 0 0
January 1 13 1 0 0]
February 1 12 2 0 0
March 0 13 2 0 0
April 0 0 3 0 o]
Jackpine sandplain
1874-75: December 0 6 0 0 0
January 0 5 1 0] 0
February 0 3 i 0 0
March 1 5 2 0 0
April 0 4 0 0 0
1975-76: December 0 2 0 0 0
January 1 &4 i 0 0
February 0 3 3 0 0
March 0 4 2 0] 2




Measured CO

TABLE
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concentrations {(%/volume) and accumulations fronm
s8ix habitatls during winters 1973-74, 1974-75 and 1975-764.

b &
o B
o= [ 43
18] tN Yy 13 .S. ,3
3 & g 2 - Y
}j ! 0‘ CXD Uy -3 g g 8
& 2 2 g = 3 ° 83 9@
- = 2 2 S S L R
g o - o o C> C; g o © @ 8
v 'S i e ]
px) "5 o :‘ o i—‘
E« P . . CO2 concentrations (%Z/volume) . - 5 a3 s ®
No. % Wo. “% No. % No. % ¥o. % B = =
Black spruce bog
1973-74 ' 0 0 2 29 3 43 1 14 i 4 7 1 0
1974-75 0 0 52 68 24 32 0 0 0 G 76 3 2
1975-76 8§ 13 26 43 19 31 8 i3 G G 61 5 0
Aspen .
1973-74 O 0 3 25 4 33 3 25 2 7 12 2 o
1974-73 5 4 57 45 55 43 g 7 i i 127 8 1
1975~76% 4 3 53 47 37 30 i5 12 0 8 125 11 1
1975~75%% 4 4 52 50 33 32 13 13 1 1 103 9 1
1975=76%%% 4 4 45 49 29 32 12 i3 1 1 91 g 1
Alder tamarack bog
1973~74 3 20 8 53 & 27 4] C ¢ o] 15 1 3
1974-75 7.5 110 a1 15 14 0 ¢ 0 4 136 3 6
1975-76 5 5 85 85 1C 10 0 0 0 G 100 0 10
Alder vidge ecotone
197475 7 & 90 71 27 21 2 2 G ¢] 126 7 2
187576 8 8 73 70 20 1% 3 3 0 0 104 4 6
Jackpine ridpge
1973~74 sl 0 0 g a2 2 18 0 4] S g 13 i 1
197473 ’ 13 2 54 92 4 7 ¢ 4] 0 ¢ 59 G 5
1975~76 2 4 &3 31 8 i5 ¢ 0 G 0 53 1 4
Jackpine sandplain
157475 1 4 23 32 4 14 0 o] ¢] G 28 1 1
1975~76 1 5 i3 59 ) 27 4] 0 2 g 22 2 0

*With eoil
#*Wirhout soil

***Without A6 and soil
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The 1973 to 1974 CO2 sampling stations were used as a pilot
study to determine the location and number of sites to be used in rhe
following two winters. Comparison between winter.l973 to 1974 and
those of 1974 to 1975 and 1975 to 1976 was not emphasized because of
the small sample size in 1973 to 1974 (only two sampling stations/
plot and both those were not always in operation for the monthly
samplings). The winter of 1973 to 1974 was also different in that
the maximum snowcover thickness was double that found during the

other two winters.

The aspen upland exhibited a progressive increase in 002

concentrations (Table 2). The same progressive increase can be seen
in both years in the alder ridge ecotone, but the maximum C02
concentrations were less. The black spruce bog exhibited this
increase in concentration in the winter 1975 to 1976. The jackpine

sandplain showed a less pronounced but still evident increase in

concentrations in 1975 to 1976.

In neither the alder tamarack bog nor Jackpine ridge did CO2

concentrations show an increase as the year progressed nor was there
any obvious accumulation of C02 during the year (Table 2). The black
spruce bog and jackpine sandplain did not show marked CO2 increases in

the winter 1974 to 1975.

C02 measurements taken in the soil at two stations in the aspen

djacent

o

upland habitat were always equal to or greater than
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measurements taken at the soil-snow interface (Table 4).

CO2 measurements taken within the snow profile were found to be
.consistent within the measurable variation of the 602 meter, except

on 12 January 1974 when the range was from 0.0175 to 0.03%/volume

CO2 (Table 5).

CO2 measurements taken hourly from 1200 to 2000 March 28, and
0600 to 1000 29 March, 1975 ranged from 0.0l to 0.02%/volume which I con-
sidered to be insignificant(Table 6). Daily measurements taken at
the same stake and same time of day from 24 to 27 March 1975 were
found te be consistent at 0.0175 to 0.02%/volume CO._.

2

CO2 measurements of the air in two mouse holes were found to be
less than or equal to ambient and were discontinued after two months

because no occupation was evident.
SECTION 2.

FACTORS INFLUENCING CO2 ACCUMULATION
The overall ability of a model based on environmental parameters
to predict the C02 concentrations in 1974 to 1975 was slightly less
than half that in 1975 to 1976 (38.6%, 61.3%) (Table 7 and 8). The
lack of consistency between the predictive values of the two winters

may be due to the variability of different lag effects of time on C02
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TABLE 5

CO, concentrations (%/volume) measured once on each date within the
snow profile at the ground-snow interface, 20 cm. above the ground
and 40 cm, above the ground in the alder tamarack bog at station 17

Date of
Measurement

Subnivean COq

20 cm above
ground CO,

40 cm above
ground COj

19 December 1973
27 December 1973
12 January 1974

23 February 1274
17 March 1974

7 April 1974

0.6100

0.0375-0.,0400

0.0200~0.0250

0.0200-0.0250

0.0175-0.0200

0.0125

C.0375-0.0400

0.0200~-0.0250

0.0200~-0.0250

6.0175-0.0200

0.0125
0.0375-0.0400
0.0250~-0.0300
0.0200-0.0250
OQQZOO~O.O2SO

0.0175-0.0200

*Blocked.



Hourly sampling of subnivean CO
concentracions at two stations 8n 28 and 29
March 1975

TABLE 6

(% /volume)

41

Date and time Station #1 Station #2

28 March: 1200 0.0175-0.02 0.02
1300 0.010-0.015 0.0175-0.02
1400 0.0175-0.02 0.02
1500 0.015-0.0175 0.02
1600 0.0175-0.02 0.02
1700 0.015-0.0175 0.0175-0.02
1800 0.0175-0.02 0.02
1900 - 0.02
2000 0.02 0.02
2100 - 0600 not enough daylight to continue readings.

29 March: 0600 0.01-0.015 0.0175-0.02
0700 0.015~-0.0175 0.02
0800 0.015-0.0175 0.02
0300 0.0175~0.02 0.02
1000 0.0175-0.02 0.02
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TABLE 7

Discriminant analysis of winter 1974~75
site~dependent and site-independent envirommental factors
with grouped CO2

o1
]
—
4w
ol o
i ~
s 4
*T 3
D
- o q
= G~ >
3 o u
9 NI
& 555
ot o0 0
© = = el
3] > 0 S
0 - U o el
. “ ST E
B - QG A
0 S Ral = VI 1
kel °© a5 58
o . N> VRS Y
-] o -~ 3]
< = [ 2
With Yg: Yo vs. Yy, Yy, Y5, Yo-¥,c 585 Y7 Yig Y3 33.63
Yé Vs YE' Y3, Yg 585 Y3 - - 20.00
+ Y vs. Yg-¥e, Yy3m¥ig 525 Y7 Y4 Y3 36.41
Vg V. Yy5-Y, 585 Y13 Yiy Yyg 50.77
Without Yg: Yg vs. ¥p, Y3, Y5, Y9-¥i5 585 Y7 Yy4 Y3 40.00
Y ve. Yy, Y3, Yg 535 vy - - 20.00
T vS. Yy~¥q, Yy3-Yig 585 Y7 Y14 Y13 36.41
Yg vs. Yy5-Yiq 585 Y12 Y31 Yip 50.77
Alder tamarack bog {without ¥g}
Yo vs. Yy, Y3, Yo-¥ig 135 Yy Yyp Y3 50.74
Yg vs. ¥g, Yy 135 - -~ - -
Yg vs. Yy5-Yyp 135 - - -
Yo vs. Yo-Yg 135 ¥ - 31.85%
Alder ridge ecotone (without YS)
Y6 vs. YZ' Y3, ‘17—\’15 135 YlO ‘:’9 Y2 42.96
‘1’6 V3. Y2, Y3 135 - - -
Y6 VS, Y}‘-)—-Y12 135 YlG ii Y"E 21 .R8
Ye VS. Y7-Y9 135 Yq Yg - 39.286
Aspen upland (without YS)
Y6 vs. YZ' Y3, Y-]-Yls 1358 Y3 ‘.’lo Yo 25.19
YG Vs, YZ’ Y3 135 Yy - - 39.26
YG vs. YlO—YIZ 135 YlO - - ®
Y6 vs. Y7-Y9 135 Y8 Yq - 45.93
Black spruce bog {without Yg)
YG VS. ¥y, Y3, Y7~Y15 71 74.65
Yg VS, Y, EE 71
Yg vs. YlO'le 71 le Yll - 66.20
g Vs, Y7—Y9 71 - - -
Jackpine ridge (without ¥g)*?
Tg vs. Y2. Y3, Y7-Y15 70 Y13 Y7 le 71.43
Yg VS. Y, Yg 70 - - -
Yo vs. ¥yo-Yi, 70 Yip - - *
Yo vs. Y7QY9 ’ 70 =T - -
Jackpine sandplein (without ¥sg)
g V8. Y5, Yq, Ty-¥35 - - -
Yo vS. ¥y, Yyui - - -
Ty vs. Yio-¥12 - - -
Vg Vs, Yy-¥q - - -

*Reduced space dispersion matrix cannot be inverted.
**Groups 1 and 2 only.
*#*Groups 2 and 3 only.




TABLE 8

Discriminant analysis of winter 1975-76
site—-dependent and site-independent envirommental factors
with grouped CO

2
a
-
8
a 0
-t 3]
N
a Pe]
P
[
A M
el a3
= [
I Sow
Q =
-~ °od
- M~
w 2 £04
I o v Y
2 EE 597
2 o -3 538
0 W -3 f~E S
T~ ) EaY U
- @« U0 >
L] : WP M L O
& 2 “ &
With Yg: Yo vs. Y,-Yg, YooY, 452 Yg Yy Yyo 51.26
Yo vs. Yy-vo 462 Yo Y, Y, 53.38
\6 Vs, Y7-Y9, Yl3*YlS 462 Yl4 Yg Y3 47.40
Without Yg: Yg vs. Ty=Y4, Y9-¥15 462 Yy1 Yi4 Yy 51.08
Yg vs. Yo-Ygu 462 Ta - - 21.43
Yg vs. Yy10-¥312 462 Yi1 Y12 Y10 60.17
Alder tamarack bog (without ¥g)
Yg VS. Y5mYu, Yo-¥yst 100 Y7 Y5 Y33 69.00
Yg vS. Yo=Y, 100 - -
Yg VS. Yi4-Yy, 100 ¥y Yo - £69.00
Yg vs. Yq-Yg 100 Y, - - 18.00
Alder ridye ecotone {without ¥g)
Yg S, Yo=Y, ¥9-¥;g 110 Yy Yy4 Y4 35.43
Vg Vs. Yp-Ygq 110 Y4 Y3 Yz 45.45
Yg vs. Yip-Y32 110 ¥y1 Yio - 51.82
Y vS. Y7-Yg 110 Yg Yg - 47.27
Aspen upland {(without ¥g)
Yg VS. Yy-Yu, Yy-Yig 110 Y1 Yy Yy 64.55
Yg vs. ¥y-vy 110 Yyovy - 43.64
Yg vs. ¥)5-Y)) 110 Y17 Y12 Y10 54.55
g Vs. Yq-Yg 110 Yy Yg - 56.36
Black spruce bog (without Yg)
Vg VS, Yo=Yy, Y7~Y15 55 YB Y9 Y7 . 54.55
Y6 vs. YE-Y4 55 - - -
Yo vs. ¥i5-Yy, 55 Yy Y39 Y12 56.36
YG vS. Y7~Y9 55 Ys Y9 Y7 78.18
Jackpine ridge {without ¥g)
T V%. Y2~.4, Y7—Y15*= 49 Y3 Yl4 - 73.47
jfc\ Vs, Yo-¥, 49 3 - - 61.22
Ye VS. Ylo-le 49 - -
YG vs Y7—Y9 49 Y7 Y9 YS 46.94
Jackpine sandplain (without ¥g)
Yo vS. Yo-¥u, Vo=Yygtt 19 Y Yq ¥, 78.95
¥g ws. Yp-¥g i9 - - -
Yg vs. Yy10-¥12 19 - - -
Yo ve. ¥9-Y¥g 19 Yy Yo - 78.95

*Groups 1 and 2 only.
*2Groups 2 and 3 only.
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accumulation. The same parameters reacted differently in different
winters. This might lead to lower predictive values, especiallv when
many parameters are closely related and their effects cannot be
disassociated from one another (Table 9 and 10). A 30% predictive
value is expected from randem distribution so that 60% predictive
value is significant given the time lag associated between the
measured variables and their effects on CO2 production and
accumulation (Neil Arnason, personal communication). The largest
predictive values were found in the black spruce bog and jackpine
ridge in 1974 to 1975 and the jackpine ridge and jackpine sandplain
-

in 1975 to 1976. However, in both years these plots had the fewest

I

number of cases of the six plots. In 1974 to 1975 the day effect

was closely associated with the number of ice layers, snow hardness,

¥

density and ambient air temperature, which are themselves interrelated.
In 1975 to 1976 the only strong association is seen between the dav
effect and snow density, with a lesser association between the day
effect and number of ice layers in the snow profile.

£

To get a more accurate idea of what was associated with co,

accumulation the day effect was removed. Then, in the analysis where

all parameters except date were analyzed against CO?, SNOoW

characteristics were found to be of first significance in the alder

tamarack bog (snowcover thickness) and the alder

4

~

idge ecotone (snow

Pt

der tamarac

ot

n th

[

hardness) in 1974 and 1975, and

o

a < bog (snowcover
thickness), alder ridge ecotone (snow density), aspen upland (snow

density) and jackpine sandplain (snowcover thickness) in 1975 to



45

“00 BuUMTOA/2570°0¢ € dNOIDyys

NOU BUMTOA/RGT0O0~GTO0 7 dNOIDys

0D SUMTOA/4GTO 0> T dnoid,
2410021 0000°vE 8608¢° 91 L6T9°9 €£65°6¢ 0ozL T LLBa YT 8L887 1L 480 2 A1 T9L9°€S 8£95°0 reC 0 0010 b otaiex 4

£295°0 €6 6t Z09E S8 9609° VT TShL sy 1848°0¢€8 SE6Y0 1807 0¢ v30L 0T IvEL T 181NN 18LL°1 24 21 as

9666° 1 YSELTEVEIT 0000° 05~ 8LLL YT 96467 L2 0000 60t BLLL"O GG5¢TwE- PrroTLe £EEL L BLLE T 9688 °¢ Piv0TE X
wx»€ dnoin

£9L5°0 659261 6£0T° 06 G96Y° 12 €E6TL LE €009°T1SL £ 0 286L LT 6L6L° 01 9048°Z Lozt [4A°1: ) B9G0" T as

6LYS° T 190Y° L9672 CL6ETLET~ LLeL e #06€7C0T vege T 1ee 8591°0 0£98° 6~ £CrILee 6854 [47):4° w4 181E° ¢ rREP L X
spZ dnOIn

£99%°0 Q99t7eY 199€°¢£6 €506° 12 8LET e 28¢9°s 000¢" 0 SLzeLe vete-L £626°0 Teee 1 19671 98€9°0 as

0£0e°1 BL6E ELE'T zrerrezi- 0L69°6T 9€9£°C9T FoE9 €1 000070 1606°0L- 0909 p ¥9e9° 1 0L69°C 6E6E°E 0168 ¢ X
s dnozo

T [S F4
me cﬂw maw m.w H~> o~> m> hw Sy v» m> “y

9/-GL6T xo3uTm 201 sdnoab
sIoisueIed TRIUDWUCATAUS TR JO SOTIRI J PUR SUOTIRTASD DIRDURLS ‘SUBRSK

V6 ATIVIL

0D JUDIDIITP @AY UT




000" 1T L6V0" 0~ veeeto 8180°C 69€0°0 S6EE7 0~ 968070~ eveT o LI¥T O 19800 raroTo 826070~ S0E0 0~
2000° T P66y 0 6L%2°0 y112° 0~ 268£°0 [AXTaN0] 6TVh 0~ 08200 STT10°0 601’0 T08T°0 69%0°0

0000° T SLEL 0~ yI1s2°0 vE60° 0 681070~ 62570 £voT 0~ T80’ o Y811 0- 029170~ TTTT0~
0000° T 900Z " 0~ $5€0° 0~ 080070~ L22€°0- SP0Z 0 £8¢T 0~ 68L0°0-~ 992C "0 6TTO 0~
00001 §TTC"0 88970 069%°0 8CTT 0 6ELB0 TLL0°0 598070~ CLST O

0000° T 88y o 0ozt o GEEO™0 80se°0 [4I ¥ AR LOLT70 PBETT0
0000 T G881 0 LSOT°0 v8P9°0 [Aa ] T990°C~ L0L070

0000° T I8LT°0 LSTE"0 06210~ 005070 QrTeTo~

GCoo" T ST8T"0 052070 EEEYARY L8907 0~

00001 G6TT"0 6ECT 0~ CE€80°0

0000°T  08LZ°0 658270

0000°T  8E2Z°C

[S101C10 0 4
ST T 5 8 5 ¢ ¢
T, v €1, a5 I, 0T, 6, . L N v, X g,

9/.-GLET I0I ¢00 adooxe sispoueied TRIUSUNIOXTAUS TTe JO XTX1RW UOTIBT2xxX0D sdnoibh utyrTH




47

) [4

z 0D 2UMTOA/%GZ0°0< € dNOIDyyx

0D PUNTOA/$GZ0 0-ST0O"0 T dNOIDyx
oD 2UNTOA/%GTO 0> T dROID,

CETY T Z0TT°¢ LOTT ¢ 8EPSTT €81170 Ls1e° 1 eg97°0 L6587 T Z0s1°¢ €619°0 oLZe" 1 0C6T"0 oT3RI J
L8T6°0 zeeytoce LG55°8CT €970°LT 6900° 1L TL6L7 TP €CTIS0 16C9°¢€e 8GLT°CT yosTTy PoOvLTT €602 1 as
G290°¢ 00SZ°9L6°C sei8ze- STIE LT 0SLETTVT STIE6EY §C96°0 00GL EV- 0621 0¢E 0GLE" 0T 06.8°¢€ SLER EC X

sxx€ dnoxn

8£6L°0 6559702 ¥190°26 L8687 LT IEV6°29 v096° €0V 5€05°0 0L96° LT €0T0"€ET TpseTe 9%16° T 6LI6"0 as

LLEL'T 7£08°996°C 9vTS €6~ €292°5T ¥9T0"6€2 TTLYEVT oves 0 AN (AT ¥2$8° 8¢ VLSS 6 87£0°€ 9909°¢ X
ppg dnoin

89€L°0 T0¥6°9¢ ££85°90T S6T0"TT 9v99°€¢ 9912 " L8E TLOS 0 Zvee 61 T06Z°0T v190° ¥ 0v96° T T1030°T as

0009°1 EEET"LS6'T 0000° 81T~ 0000°0Z 0002 1€2 0008°1Z¢ 000%°0 £999° 96~ 000Z° 8¢ €€E6°8 0000° ¢ €£€G° ¢ X
xT dnoio

ST E; [ | [4
x v, €T, ety i, ot, 6, 8, Ly S, € x
GL-FL6T x9autm xo3z sdnoxh mcu QUSIDIITP 29IY1 UT
saalewered JRIUSUUOITAUS IR JO SOTIRI J PUR SUOTIVIADD PIBPURIS ‘SUuedl

V01 @gvrn




3

4§

0000°T  §96T°0- 9€2L°0  EEpS 0~  6T€9°0  ¢VSS'0  906£°0  OVSE'0  €6£¢°0-  GSEPTO  ¥6I0T0  OZET'0  olx
0000°T  6VIT'0  6SST'0~ 26T2°0  L6LZ°0  LBSZ'O  SYLI°0  6VI2 0~ 9%L£°0  0v0Z'0- G600°0-  Vlx
0000°T  ¥4L9°C- ®ETB'0  TZpL°0  ©849°0  £49¥°0  98LL°0-  kYT8O  SOBOTO-  LOST'0 Clx
0000°T  €£T9°0- SO8P°0-  TELP O~  9I8Y 0- ZLTP°0  GTZS°0-  680E°0  ZoT0'0  Cix
0000°T  650£°0  B00L°C  S99€°0  PIYE O~  peZETO0  0820°0-  €IvIT0  Lix
0000°T  61YS°0  E€VEY'O 9.8y 0- ZvIL'O  re¥0'0~ wpusl'c  Clx
0000°T  TLSE'0  ZSHI'O-  S§298°0  0GLT'0-  L¥50°0 6z
0000°T  £TEE70-  LOLE'O  LESE70~  020T°0-  °&
0000°T  £9§T70-  0€8T°0  ££5070~ Lk
0000°T  %£20°0-  86VT°0 %
0000°T  LOLT'0 tx
0000" T 9
ST, VT, €T, e T, ot 6 8, Ly 5, e, N

[

SL=vL6T 203 "0D 31deoxe sreyswered [PIUSUUOITAUS TTB JO XTIJZBW UOTIBTIIX00 sdnoxb UTUITM

401

CANRE AR




49

1976. The variables most often included in 1974 te 1975 and 1975 to
1976 were snow hardness and snow density. Snow parameters accounted
for 15 of 23 significant variables in 1974 to 1975 and 18 of 33

significant variables in 1975 to 1976 (Table 11).

There appeared to be a good relationship between snowcover
density and hardness in 1974 to 1975 (r=.72), but this decreased in
1975 to 1976 (r=.27, Table 12). The variability of mean snowcover
thickness measured in 1974 to 1975 was less variable than, and
included in the range of the 1975 to 1976 measurements (Table 13).
The alder tamarack bog and aspen upland had the thickest snowcover in
both winters. Snowcover thickness while being the first significant
variable chosen is greatly influenced by changes in barometric

£
L

pressure and ambient temperature (Table 10B). The ects of these
were closely correlated to hardness and density (Table 10) and

possibly masked the snow station factors. Also the snowcover

measurements were closely associated with time (Table 9 and 10).

These could be indicative of the overall effect of weather on
snowcover development. In the analysis of the snow station parameters,
F values sufficiently Jarge to be analyzed were cobtained in four of
six cases in both 1974 to 1975 and 1975 to 1976. Their predictive
values were similar to those found for the overall grouping probably
because they were often included in the first three significant

variables.
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TABLE 11

Frequency of occurrence of variables as 3 significant variables

in step-~wise discriminant analysis of 6 study plots
in winters 1974-75 and 1975-76

Year and No. of times included in first 3 significant
variable variables (excluding Yg)

1974-75:

1975-76:

Y2
Y3
Y7
¥y
Yq
Y10
Y11
Y12
Y13
Yi4
Yis

Total 2

Wb N U O W -

= b

(o)

¥
¥3
Y4
Y7
¥g
Yo
Y10
Y31
Yi2
Y13
Y314
Y15
Total

NOOY RO b

w NN

O8]
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TABLE 12

Mean, standard,deviation and correlatign coefficient
of snow hardness (g/cm”) and snow density g/cm™) in both winters

N Correlation
Number X 5D coefficient
of readings (r)
1974~75
Hardness 269 226.7700 373.9700 0.77218
Density 267 237.8800 51.1800 e
1975-76
Ineq 5 1 Lty
Hardness 265 265.3018 671.0449 0.2728

Density 265 182.7207 41.1680




TABLE 13

Snowcover thickness (em) with standard error and range
in each habitat for 1974~75 and 1975~76

Number of Miss;ng X SE
readings readings

1974~75
Alder tamarack bog 39 36 35.5 1.9
Alder ridge ecotone 98 37 28.7 1.5
Aspen upland 94 47 35.4 1.7
Black spruce bog 51 24 32.4 2.1
Jackpine ridge 51 24 28.6 1.9
Jackpine sandplain 22 8 31.3 3.5

1975-76
Alder tamarack bog 100 10 38.5 C.s
Alder ridge ecotone 104 &) 31.0 1.1
Aspen upland 102 8 36.6 1.0
Black spruce bog 55 0 29.5 1.0
Jackpine ridge 53 2 22.9 1.7
Jackpine sandplain 22 0 28.5 1.7




(s}
[

Three of the factors thought to have the greatest influence on
CO2 accumulation: subnivean temperature, snowcover thickness and ice

layers in the snow profile; were tested against the CO, groups in

2
each of the six plots in both years (Table 7 and 8). In only one
case, the black spruce bog, did the predictive value increase
markedly (55 to 78%) but in the alder tamarack bog there was a marked
decrease (69 to 18%) in predictive value. Therefore the combination
of these three factors was not effective in predicting CO2
concentrations. In only one case was subnivean temperature found to
have significant effect on the percentage of "groups" correctly
classified. Subnivean temperature was not as significant a

contributor to a predictive value as the snow characteristics

especially snowcover thickness.

The mean subnivean temperatures for both winters were very
similar, but the correlation coefficients showing the relationship
between it and C02 concentrations were quite different for the two
winters (Table 14). So some other environmental factor must have
influenced the correlation. The winter of 1974 to 1975 had colder
mean temperatures than 1975 to 1976 in all habitats except the alder
ridge ecotone where it was 0.3°C. warmer (Table 15). This is within
the region of error of the thermometer. The aspen upland had the
highest mean subnivean temperatures in both winters. The black
spruce bog and jackpine ridge had the lowest subnivean temperatures in

1974 to 1975 and 1975 to 1976.
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TABLE 14

Mean, standard deviation and Pearson cgrrelation coefficient of CO
(%/volume) and subnivean temperature ( C.) in the winters of 1974 fo
1975 and 1975 to 1976 using SPSS

Number of - Correlation
X SD A
Measurements coefficient
1974-75
CO,y (%/volume) o 550 .025¢ .0132 0.1990
Subnivean temperature ( C) 250 -4, 88 2.10 T
1975-76
COy (%/volume) 434 .0263 .0116 0.5415

Subnivean temperature (OC) 436 ~-4.20 3.21
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TABLE 15

Subnivean mean temperatures (OC,) with standard error and range
in each habitat for 1974-75 and 1975-76

No. Missing X SE
of readings. readings
1974-75
Alder tamarack bog 75 60 -5.21 0.24
Alder ridge ecotone 756 59 -4.,53 0.23
Aspen upland 44 91 -3.20 0.22
Black spruce bog 24 51 -6.65 0.38
Jackpine ridge 14 61 -5.89 0.44
Jackpine sandplain 17 13 -5.94 0.30
1975~76
Alder tamarack bog 110 0 -4,32 6.27
Alder ridge ecotone 106 4 -4.83 0.34
Aspen upland 108 2 -2.98 0.25
Black spruce bog 50 5 ~4.46 0.49
Jackpine ridge 42 13 ~5.1 0.59
Jackpine sandplain 20 2 -4,28 0.69




The site-dependent factors (change in microtopography, thickness
of soil and percentage of green ground cover) did not influence the
predictive value consistently between plots or years when tested
alone or with other environmental parameters, although they should
have been what determined CO2 production. This suggests that the
most important site-dependent parameters were not measured.
Site-independent factors contributed to the predictive values tc the
greatest degree. The formation of the snow layer was important in
contributing to the predictive value. Snow density, hardness and
thickness were especially important in association with CO2

accumuliation.

SECTION 3.

EFFECT OF CO, ON SMALL MAMMAL DISTRIBUTION

SMALL MAMMAIL NUMBERS

The total numbers of small mammals of the eight species caught

during this study are shown in Table 16. Microsorex hovi is not

listed because it was not possible to differentiate between it and

Sorex cinereus in the field. All individuals of these two species

were labelled Sorex cinereus. The most frequently captured species

was Clethrionomys gapperi; its numbers were greater than all the

cther species combined. Microtus pennsylvanicus was the second most

common species in 1975 to 1976, For the other trapping periods
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(summer 1973 and 1974 to 1975) Peromyscus maniculatus, S. cinereus

and Blarina brevicauda were the next most common species and had

greater numbers captured than Microtus.

The total number of individuals captured in 1975 to 1976 was

greater than in either of the other two years. Clethrionomys and

Microtus increased markedly in number from 1973 to 1976. Synaptomys

borealis and Sorex arcticus were captured for the first time in 1975

to 1976. Peromyscus numbers were similar in 1975 to 1976 to the

other years. Zapus hudsonius was rarely captured. Sorex cinereus

and Blarina captures dropped markedly from their greatest numbers in

1974 to 1975. The decreases and stationary numbers are even more
significant because there was an increase in trap nights (Tablie 17; p<0.005)
No new animals were added to the total during the winter of 1974 to

1975, in contrast to the winter of 1975 to 1976 when there was a

marked increase in new individuals trapped, particulariy

Clethricnomys and Microtus (Table 16).

The numbers of small mammals captured per 100 trap nights in each
month in each habitat can be seen in Table 18. C. gapperi and

P. maniculatus were captured in all plots. M. pennsylvanicus was

captured in the alder tamarack bog, alder ridge ecotone and aspen
upland. S. cinereus and B. brevicauda were captured in all habitats

except the jackpine sandplain. §. arcticus was captured once in the

alder tamarack bog. Synaptomys borealis was captured rarely in the

alder tamarack bog and alder ridge ecotone. Z. hudsonius was
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TABLE 17

Significance of difference of number of captures of small
mammals in 1973-76

Trap Observed Expected 2

nights captures captures X
1973 4,000 63 €3.00 0 (p = 0, df = 2)
1874-75 7,100 160 111.80 20.780 (p<0.005, 4f = 2)

1975-76 10,960 300 172.62 93.996 (p<0.005, 4&f = 2)
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captured rarely in the alder ridge ecotone and black spruce bog.

There is a significant decrease (p<0.05) in the numbers of cap-
tures after the fall critical period (onset of the hiemal threshold) in
some plots both vears and in only one winter in others (Table 19),

The aspen upland and black spruce bog showed no significant change in
the number of captures in 1974 to 1975, there being few captures during
this period in these two plots. The alder tamarack bog and alder

ridge ecotone showed a significant decrease (p<¥0.01) in numbers of
captures before and after the hiemal threshold. 1In the winter of

1975 to 1976 all plots, except the aspen upland (p<0.05), showed a
significant decrease (p<{0.0l) in numbers of captures during the

fall critical period.

MOVEMENT OF SMALL MAMMALS IN RELATION TO CO2 ACCUMULATION

Figures 8 to 10 show the distribution of small mammal captures
in the aspen upland, alder ridge ecctone and the alder tamarack bog.
The microtopography of the aspen upland is varied with areas of rock,
thick soil (#25 cm) and shallow soil « 25 cm). The thick soils, partic-—
ularily from A5-A8 to D5-D8,were associated with the greatest C02 ac-
cumulation. Before the CO? concentrations started to increase in January
there was a significant number of captures in that area wherecas after
accumulation there were no captures and those on the rock, shallow
and remainder of the deep soil (zones of lesser COZ) were relative-
ly increased. Once the snow melted and subnivean air mixed with en-—
vironmental aiy, a marked animal that had frequented that area,

before increased C0, concentrations, was recaptured there.
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FIGURE 8

DISTRIBUTION OF SMALL MAMMAL CAPTURES IN THE ASPEN UPLAND

FROM OCTOBER 1975 TO APRIL 1976.

i rock

Eza shallow soil ( 25 cm)
Ezg deep soil ( 25 cm)
O capture
® trap site

Concentric circles = number of captures per site
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FIGURE 9.

DISTRIBUTION OF SMALL MAMMAL CAPTURES IN THE ALDER RIDGE ECOTONE

FROM OCTOBER 1975 TO MAY 1976. (THE MONTH CFMARCH 1976 WAS

OMITTED FROM THE FIGURE BECAUSE NO CAPTURES WERE MADE IN THAT

MONTH) .

I rock ridge
k}g bog

O small mammal capture

@& trap site

= number of captures per site

Concentric circles
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FIGURE 10.

DISTRIBUTION OF SMALL MAMMAL CAPTURES IN THE ALDER TAMARACK BOG

FROM NOVEMBER 1975 TO APRIL 1976.

O small mammal capture
@ trap site

Concentric circles = number of captures per site
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In the aspen plot four animals were caught quite frequently

from October to January or later. Clethrionomys #530 was a young

female caught first in August 1975. During August and November
this animal was found in the area of the plot which later would
have the greatest C02 concentration. In October it was captured in
areas with thin soil. 1In February and March it was captured only
in one area with thin soil at the edge of a bare rock. The area
with thick soil and greater CO2 concentrations was part of its home
range in the late autumn prior to the fall eritical period but not

once CO? had started to accumulate.

Clethrionomys #9 was a young female first captured in Octoher

1975. She was eventually captured 12 times from October to
December in the area where an unusually great CO2 concentration
would eventually be measured. In January when C02 started to
accumulate in the areas of thick soil this vole was captured on the

rock ridge where no C02 accumulation occured. Unfortunately she

died in the trap.

Clethrionomys #41 was a female captured first in November. She

was caught nine times in November and December in the area which
later showed the greatest 602 accunulation but in January and March
she was captured a total of three times only on rock ridges. 1In
April she was captured once on a ridge and once back in the area

where she had been captured originally nine times before CO. had

started to accumulate.
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Clethrionomys #1 was a female first captured in Octrober 197

In October and November she was captured four times in the area

]

where CO? would accumulate to the greatest extent. In December she

=

was captured once in the area with thin soil and in January on a

rock ridge.

These four voles avoided the area where ”“2 was to accumulate
to its maximum extent as soon as it started to do so. One vole was
foeund dead, two others disappeared entirely from the plot and the

one that

n

urvived through the spring critical period returned to

<

the area that had once held the greatest amount of COZ' The area of

greatest CO9 concentration was part of their home range but was

t

utilized only when CO, was low.

Iy

The alder ridge ecotone was generally divided into two areas,
ridge and bog (Figure 9). CO2 did accumulate to some extent in 1975
to 1976. The number of small mammals captured after the fall
critical period markedly decreased (November: 7 animals, December: 5
animals; critical period; January and February: 1 animal each; March:

3

0). 1In April the number of voles captured increased to four, one of
2

which, Clethrionomys #508, a juvenile male who was first captured in

~

October, was recaptured in the same area it had vacated after [
November trapping period. It is concluded that the alder ridge was
not a good overwintering habitat because onily one of the animals

regularly captured was there during the winter. Clethrionomvs #0 was

& young female who appeared in February after not being captured
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since October. The other vole was captured only in January

(Microtus #40-0 juvenile male). Two of the Clethriomomys that left
the ridge in November or December had been captured in the bog as
well and after the critical period were captured only there. The
other voles may have moved into a different part of the adjacent
bog that was not part of the study area.

The effects of CO habitat and the hiemal threshold were
significant (p€0.01) in relation to small mammal captures in the
alder ecotone plot (Figure 9). Priocr to the hiemal threshold
{during the fall critical periocd) small mammal captures were high
in this area. The adjacent bog plot reached the hiemal threshold
before the ridee and small mammals were captured there more often
than in the ecotone. In January there were two captures in the ecotone
area that later had more C02 but these captures occurred prior to
the increased COZ measurements. In February the same area still
had high concentrations of CO2 which small mammals avoided. The
two captures recorded were on the ridge areas with veduced amounts
of COZP Most of the greater concentrations of CO2 occurred in
March and no small mammals were captured then. The small mammals

may have moved into the adjacent bog area with relatively lower CO, .

.

i

There was a corresponding increase in numbers from February to
March in the alder tamarack bog (5 te 12 captures). In April the

snowecover disappeared and small mammals were captured again in the

alder ecctone plot.

The alder tamarack bog never showed a significant Co,
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accumulation, nor marked microtopographical variation, and small
mammals exhibited no distinct change of areas occupied in the
habitat. (Table 3, 20 and 21, Figure 10). Prior to the onset of
the hiemal threshold (November to December) there was a decrease
in numbers of captures probably due to the large temperature

fluctuations of the fall critical period (Pruitt 1957 ;Fullier et

al. 1969),

The black spruce bog has no distinct microtopographic
differences but in 1975 to 1976 there were suificient captures to
show a significant effect (p%0.01) of the fall critical period.
Unfortunately there were insufficient small mammal captures after
the hiemal threshold was reached to show the exact effect of COZ'
Once the hiemal threshold was reached small mammal captures were
very low (0 to 2.2 captures/100 trap nights). 1In March, during the
period of greatest CO2 accumulation, there were no captures of
small mammals in this area. When the snowcover meltred in April
captures increased to higher numbers (3.3 captures/100 trap night)

than those seen after the hiemal threshold was reached (2.2 captures/

fa—y

00 trap nights).

STATISTICAL ANALYSIS OF CHANGES IN SMALL MAMMAL DISTRIBUTION

In the alder tamarack bog a significant decrease (p€£0.01) was

seen in the total numbers of small mammals captured before and after

the hiemal threshold was established in both 1974 to 1675 and 1975 to



[

OT# L ~ V 2UTT

saanjdeo peojosdxs
soanjdes pP3AlasSqo = »O
¢ ‘€-7# L~ V SOUIT = T
(AuenTITUBIS-UOU) § = JP

n
v

= ¢ ﬁm:©§ £ -V sourt

L9977 S Siv'Z £855°G STe30L
0008" T 80 z 001" 0 9°1 z 0009° T 9° 1 0 se6T Trady
0050°0 80 T 5220 9" 1 T 00010 9°1 z SL6T UDIRH
000%°0 e 0 050°0 g0 T 0050°0 870 T GL6T Axenaged
000¥ 0 70 0 008" 1T 80 z 0008~ 0 870 0 5L6T Axenuep
L918°7 vC S 00£°0 8% L £800°¢  © 8°% 1 pL6T IoquB0a(
A = 0 = #9 0 A 9 9 @3eq

PIOUs®Iyl TRWSTY I9lje pur 21039q B0q MOBIBUR] IJIDPEB UT
soury Surddeal Tewwew J{eWS ¢ UT saxnaded JO IaquMU JO 2dUBDTITUBTS

07 TGV




<o
™~

B

S~ £~ V SIULT = % QT [ ~ V dUTT = ¢ ‘/=9f [ = V S9ULT = 7 “C-gf [ - V souty ‘(0=4d) gT = 3P
8538L°9 6506°¢ Y N 888BS°CT STe3oqn
8Yvl 1 672 T TLGZ 0 T 4 8EIE" € 6°¢ 2] 8Tt 6°¢ T 9,617 TTady
£0L6"T L°E T €92%°0 6" T T yeeT o L € € £L66°7 L€ 3 9L6T UDIBRW
TL52°0 7T < Zviv-c L0 Z evIi-o 7T T 0007 T VT 0 9L6T Axenagag
TI8L O L°e 4 89€S"0 6°T £ Ti8L 0 L€ 4 LBZY T L€ S 9,67 Axenuep
qzes ¢ 4 T 8700°0 ¢ Z 60¢0°0 130 74 1% LEBTE 1 74 3 GLET dsquessd

L99T" 0 0°9% L 00sL"0 0°¢T 6 €CEE"O 0°c¢T VT GLOT A2quEAON
2 ] - < = >
nx ) O Nv,. E} (e} NN 2] e} N\A o O s1eq
N ¥ - S . e . S R s e s

sdeay Te

pPTOUS®Iyl TPWDTY I23FB PuUB 230I2q Fog NdOBIBWR]
uwew [TBWS JO SIUTT § UT saanaded IO roqumu IO

17 dIdY4L

IapTe ut
20ouURDTITUDLTS



79

1976 (Table 19). There was no marked microtopographical or vegetation

zones in this plot so to test for change in distribution of small

+

mammals each trapping line (A - J) was designated as different area.

[s5)

No significant change was observed in small mammal distribution
either from December 1974 to April 1975 or November 1975 ro April 1976

(Tables 20 and 21).

The black spruce bog exhibited a €O accumulation at all five
2

sampling stations as well as a significant decrease (pquOl} in the

oy

numbers of small mammals captured after the hiemal threshold in 1975
to 1976 (Tables 22 and 23). There were insufficient captures in 1974
to 1975 to allow statistical testing (no zeros can occur in marginal

cells) and specific areas of CO accumulation or lack of it could not
2

be defined due to the homogereity of the habhitat.

Table 22 shows the setup of the test with the observed values

and totals for 1975 to 1976. Table 23 shows the fest itself using

2 - . .
X . To get the expected values in this case:

®cell 111 = L 17 "1 _ 30.540.80 _ .

n? (1,620)%

This can be calculated for any number of models that are constructed.

Model 1 {1 + A + B -+ C) of toral independence for the black spruce bog

. /

was disproved., Model 2 (1 4+ A 4+ B 4+ C -+ AB) explaining the distribution

due to the effect of the lines accounted for an insignificant amount



Fienberg's contingency table test for

observed values with A

line (i.e., B

= line 1,

TABLE 22

capture of A
B, = line 2,

»

80

black spruce beg 1975-76:

failure, B = number of the

etc.) and C

= before and

B or C = combined values

C. = after the hiemal threshold. A ,
of A &/or B &for C
—
C1 C2 C
AlB1 11 observed value 1 12
- 111 cell number 112
A_B 8 2 10
L2 121 122
AlBB 7 8
131 132
A2Bl 259 269 528
211 212
AQBZ 262 268 530
- 221 222
A2B3 263 269 532
231 232
+
AlB 26 4 30
+ -
AQB 784 806 1,590
A Bl 270 270 540
A B2 270 270 540
+
A B3 270 270 540
+_ +
A B 810 810 1,620
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e

of the variation (X2 = 1.5813, df = 2). Model 3 {1 + A ¢ B %+ C + AB
AC) explaining the variation in distribution due to the onset of the
hiemal threshold accounted for a significant portion (p§0.01) of the
variation (x2 = 16.0364, df = 1) with a non-significant remainder.
This showed that the critical period was very significant in
determining small mammal distribution. It can be seen from Table 18 rhat
almost all the small mammals disappeared from the plot at that time.

Thus the distribution or lack of small mammal captures after the

hiemal threshold was established was due to the fall critical period.

If it had been pcssible to get more accurate and greater numbers
of small mammal captures along the lines then a test of the effect of

CO2 on small mammals' distribution would have been possible.

The alder ridge ecotone showed a significant effect (p{0.01) of
the fall critical period on numbers of captures in both 1974 to 1975
and 1975 to 1976, It also had an accumulation of 602 at certain
times {Table 6) and a marked microtopographical division into two

areas. Given these factors a test for the effect of CO. on

2
distributions of small mammals could be set up for 1975 to 1976.
There were insufficient captures in 1974 to 1975. Fienberg's (1970)
test, as explained for the black spruce bog, was used. Greater C02
concentrations are defined as readings greater than ambient levels
more than 33.3 % of the time in the entire area of the habitat being

studied. Table 24 gives the observed values and Table 25 shows the

test. Model 2 showing the effect of CO. on habitat accounted for a
[&) 2
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TABLE 24

Fienberg's contingency table test for alder ridge ecotone 1975-76:
observed values

+
C ~
<, <, C
A, B, 2 Number in that cell O 2
- 111 Cell Number 112
AB ) 6 12
2
. 121 122
A_B 70 656 136
21 211 212
AB 42 182 234
22
2 221 222
+
AIB 8 ) 14
+ .
A2B 112 258 370
+
A Bl 72 6 138
.{_
B B2 48 198 246
a'B 120 264 38

A, = trap captures, A, = Trap failure, B.= 20 % .02%/volune, B, = CO £
.62%/volume, C = habitats (C, bog, C2 roc&), A¥, B+, C+ - combined

i
values of letter dinvolwved.



84

Y + OV + DG + 2 + g + ¥ 4+ T b I9POWasxs
O¥ + D€ + D+ 9+ V¥V + T € ToPOWyus
. O + O + € + ¥ + T :Z T9PCHxx
O+ &+ Y + T 3T ToPOuy
(so'0 =d ‘1 = 3p) {60°0 =4 ‘T = 3P) (toro =4 ‘1 = 1p)
,§858°5 = X . T62979 = X, L TSTLT6E = X
(T = 3p) (z = 7P} (€ = IP) (7 = IP)
579570 SIZv 9 20807 ¢ 6SLL7CS
8000°0 7°Z61 9TT0"0 S E6T 0LTG 0 87061 G65T°G 0°€9T Z6T zee
8£00°0 9 1Y 06L1°0 8 vy P66£°0 €° 9% LS06°€T T°vL v 12e
vz00°0 9769 6VE0°0 $°v9 90600 9°€9 9860 L V16 99 z1ie
£200°0 ¥ °0L L9TT 0 T°L9 ZS00°0 7769 $88E° 61 91y oL T1¢
98200 9°g 00050 Sy 000270 7L $900°0 Z'9 g zet
050" 0 7°9 oosy e ¢ ¢ 0008°6 8°1 T.69°¢€ 8z ] 1zt
000%°G - ¥°0 0008"1T ST 0007 "¢ v°Z 000G°¢ STg 0 AN
Q00T°0 2 T £€C9 T 8y S8ET"0 9°z 000T 0 9°'T 4 TLT
* wyxxl TOPOW 7 ° xxxf TOPOW t% xxC TPPOW ¢ © " xT Topow - e w —
g8 3
[a] U} o~ 0 N (4] [a\] e W o] %w
> Qo @ =< o o < 0 o = [oJR0] eI
a M o w s M oM a0y
T E gL T D o D 5o
0 o Qo 0 o O o o
@ +m @ Lo 0
0o % 0 m 0 0O Q2 0
0, 44 0y U £ U WFL ©
) ® 0 e, 4 0
& &2 3 i
1593 ®Te] Adusburiuod s, Hiag

SOUTRA _y 19/-G/6T DUOI0D9 9OPTI I9pTER IOJF

Q7 dIdYL



85

significant amount (p{0.01) of the variation (x2 = 39.7, df = 1).
That is, C07 was closely related to habitrat. Model 3 (1 + A4+ B + ¢ +

BC + AC) showing the effect of CO? on captures again accounted for a

(]

significant portion (p<0.01) of the variation {(x7 = 6.6, df = 1).
When the effect of habitat on captures was included (Model 4: 1 + A

+ B + C + BC + AC + AB) it accounted for sz significant part (p<0.05)

=ty

2
of the variation (x° = 5.9, df = 1); an insignificant remainder of
variation was left. CO2 and habitat were related and both has

significant effects (p€0.01) on numbers of captures.

=i

n the aspen upland the fall critical period had no significant
effect on numbers of captures in 1974 to 1975 but did (p<£0.05) 4in 1975
to 1976. CO? accumulation occurred in both winters (Tableg 3 and 4)
in this plor and a microtopographical variation was obvious. This
variation resulted in three distinct types of areas: rock, shallow
soils and deep soils. There were not enough captures in 1974 to 1975
to allow statistical analysis. TFor the 1975 to 1976 data Fienberg's
(1970) test was used (Table 26 and 27). Model 1 (1 +A+B+C) of
complete independence was disproved. Model 2 (1 + A + B + C + 3¢C
shows the relationship of CO7 with habitat which accounted for a

. e , C 2 A £ 5
significant amount of the variation (x7 = 10.6, df = 3). Model 3
(1 + A+ B+ C+ BC + AC) showing the effect of CO? on captures again

. . 2

accounted for a significant portion of the variation (x7 = 7.5, df = 2).
When the effect of habitar on captures was also included (Model 4:

1 +A+ B+ C+BC+ AC + AB) it accounted for a significant part of

2 . . .
the variation (x~ = 5.8, df = 1). CU2 levels and habitat was related



TABLE 26

Fienberg's contingency table test for aspen upland 1975-76:
observed values

86

C N Tt .{_
1 y ~3 c
A.B 8 6 23
Tl 111 112 113
1 2
AB, 13 1 11 5
121 122 123
A3, 94 58 15 167
< 211 212 213
AB, 140 98 73 311
° 221 222 223
+ -
A_B 22 9 17 48
4
AQB" 234 156 88 478
+
N 103 66 21 190
ATB9 153 99 84 336
+ .
A'B 256 165 105 526
A, = trap captures, A, = trap failures, B = CO,)(B1 high, B, low),

C = habitat ( C, deep, C, shallow, C., rock),
=)

numbers in each of those letters.

A+, "B+, C+ -"total
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with both having significant effects on the number

[l
O
h
]
)

captures but

some other factor «causing the significant

of unexplained
2 . . .
variation (x~ = 6.7, df = 2) was also present. This could have been due to

"trap addict" animals, predators, nonfunctioning traps or any number

of unknowns,



DISCUSSION

SECTION 1.

CO? ACCUMULATION

In this study, I found a consistent variation between habitats
in the accumulation of subnivean COZ' This could explain why some
authors found CO2 accumulated (Bashenina 1956, Kelley et al 1968, and
others) while others did not (Fuller and Holmes 1872, Reiners 1968,
and Coyne and Kelley 1971). The CO2 concentrations measured in this
study agreed with those found by other authors (Coyne and Kelley 1971,
Kelley et al. 1968, Bashenina 1956). Havas and Maenpid (1972) recorded
accumulations of three to four times the atmospheric levels in their
area {(0.028%/volume COZ) while I measured maximum concentrations up to
four or five times the atmospheric levels that T recorded (0.02 Z/volume)
at the Taiga Biclogical Station and the Experimental Lakes Area
near Kenora, Ontario. The reduced amounts of atmospheric CO2
in my study may be due to the large amount of continually green
vegetation (conifers) available for photogynthesis above the snow and
to the lack of air pollution in the area. The atmospheric levels
recorded by Havas and Mienpd# (1972) are less than rhose of other
authors from areas without evergreens (0.035%/volume COZ’ Kelley et al

19683 .

I found that 002 concentrations in some areas such as the aspen
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upland and alder ridge ecotone showed sustained accumulations until
the spring critical period and ambient mixing. In contrast CO2
concentrations in the alder tamarack bog and jackpine ridge sometimes
increased above ambient and then usually returned guickly to ambient
concentrations. Reiners (1968), Coyne and Kelley (1971) and Kelley
et al (1968) found CO2 concentrations decreased to ambient levels or
less once the hiemal threshold had been reached but they studied a
few habitats intensively and thus mayv not have enccuntered habitats

with sustained accumulations.

Kelley et al (1968) found subnivean CL2 levels to be most

consistent from 1000 to 1600 hours. I found that subnivean concentrat-
ions of CO2 changed little over a number of days and changed very
little throughout the daylight hours in an area with ambient levels of
subnivean COQ‘ However, as there may have been diel variation at

sites with accumulating COZ’ all measurements were taken between 1000

and 1600 hours.

The CO2 concentrations that T found to be much lower than

ambient may have been due to moss growth (Hagerup in Kalela 1962) or

other plant photosynthesis thar can occur ar temperatures as Jow as

o s 0n - . - . . s -
0°C. (Havas and MZenpd& 1972). This, with the light available under

a snowcover of 15 cm. (Evernden 1966), could allow photosynthesis to
use up subnivean C02 and create the reduced CO7 concentrations. The

fact that these reduced COZ levels occured only cccasionally afrer

.

there was thicker snow, supports this conclusion.



FACTORS IN¥LUENCING

The consistercy of accumulatio

that

[

suggests

site-dependent, The gite-~dependent

not uphold that assumption because

microtopographic change nor the amo
significantly to the predicted valu

areas with deeper, well-developed s

exhibited the greatest CO2 accumula

occurred in the top 10 cm. of
Areas with very sl

space.

not have this mass for rcot respira

CO?Q Areas without greaen vegetatio
aspen upland never accumulated CO7

source to produce it, But, areas w

accumulate CO, so plant respiration

producer of subnivean CO

9

General site-dependent facrtors
greater importance than I initial 1y
ot than

ganic soils produce more Co,

and Kelley 1971). This was true in

upland., The saturat

LO ACCUMULATION

n or lack of accumulation of 602
CO2 accumulation is habitat ovr

factors measured in this study do

neither soil depth,

unt of green vegetation contribured
e of CO, concentrations. Generally,
—

oils (25 cm., aspen upland)

tions and greater concentrations

than occurred in the subnivean

1s (10 cm., jackpine ridge) did
tion and thus did not accumulate

n or soil such as bare rock in the
since there was no biclogical

ith little green vegetation did
is not necessarily a major
such ag moisture may be of
thought. Wet, but not saturated
drier ones {Polyakova 1970, Coyne
the alder ridge ecotone and a spe

alder tamarack bog did not



92

accumulate CO2 because there was little air space available for gas

exchange and thus there was a decrease in respiration. The black

y
&

spruce bog was drier than the alder tamarack bog; this might have

accounted for its greater CO, concentrations.
Lo

I agreed with Van der Drift and Witkamp, (in Witkamp 1963) that

(&

pH had little effect on decomposition rates, rather than the decrease
rates found by Flanagan and Scarborough (1972) when pH was outside the range
5 to 7.5. Three habitats had pPH values less than 5 and two of these
accumulated subnivean CO..

2

The presence of wind is rarely felt on the floor of the boreal
forest, so that the effect of wind stated by Kelley et al (1968) was

not evident.

The age and depth of litter mentioned by Reiners (1968) and
Witkamp (1966) did not seem to influence CO2 accumulation. The aspen
upland and the alder tamarack bog had the greatest litter fall of the

six habitats {(deciduous versus primarily coniferous) but one had the

greatest accumulation of CO, while the other had no accumulation.
© 2

The mean subnivean temperatures in the six habitats were rarely less
than the critical -7°¢. that was correlated with the cessation of CO2
production from decomposition (Flanagan and Scarborough 1972). The
aspen upland had the warmest subnivean temperatures and the greatest

CO, accumulation. The alder famarack bog was warmer, but accumulated



less C025 than the black spruce bog. Also, there was no strong

correlation between CO, concentrations and subnivean temparatures

2

while subnivean temperatures only contributed significantly to the

."h

CO, concentrations once in one habitar during

predictive value o 5

the two year study.

Of the environmental parameters measured in this study site-

independent factors, particularly snow factors of hardness

ey

thickness and number of ice layers, had the greatest effect on

subnivean CO2 accumunlation in both winters. They made up over half

(oY
H

(54%, 65%) of the significant variables contributing to the prediction

4 1

of CO, concentrations in both winters while being only 4 of
L

(921

parameters. The most important snowcover barameters were density and

hardness. The relationship between these two parameters was not clear

he fact thay they affect CO2 accumulations is not surpris

but ¢
because they characterize the blanket or container that confines the

subnivean CO Denser, harder and thicker layers of snow would impede

9"

the diffusion of COZ from the subnivean space.,

The production of C02 on one habitat and the lack of it on
another would reasonably depend upon the site-dependent variables in
that habitar. Unfortunately this was not the case in the three
gite-dependent variables I measured in this study. The effect of all
parameters was obscured because of the lag time from their onsetr to

their effect on the CO0, production. A controlled experiment where

3

ferent factors could be removed so as o remove or control lag

Pty

»
al
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effects better would allow relationships to be stronger and more

obvious.

SECTION 3.

EFFECT OF CO,7 ON SMALI. MAMMAL DISTRIBUTION

Number of small mammals captured increased from 1973 to 1976,
This is especially evident in the last year of the study where more
individuals were captured over the winter than had been captured the
previous summer. Such an increase could have been the result of
subnivean breeding (Fuller 1977) or increased juvenile survival,

However, no markedly juvenile voles were captured,

Clethrionomys gapperi was the small memmsal captured most

frequently in all six habitats. Fuller (1977) also found C. gapperi

to be the boreal small mammal captured most commonly. Microtus

pennsylvanicus can occupy the same type of habitat as C. gapperi

(Iverson and Turner 1972, Payne 1974, Riewe 1973) and was increasing
in numbers towards the end of the study. The remaining small mammal

species in the study area were captured rarely if ever in winrer.

The significant decrease in numbers of captures before and after
the hiemal threshold, in all cases where there were large enough

numbers of captures to be significant, is related to the fall critical

jo

period or time betfween thermal overturn (when the ground temperatures



]
[

become colder than the air temperatures) and onset of the hiemal
thresheld (Pruitt 1957, FPuller er al 1969}, It is a rime of
environmental stress and emall mammals without home ranges, food

stores, nests or those that are not in peak physical condition are

l\

subject to its adverse effects. Many small mammals do not appear to
live through a second winter (Hamilton 1942, Pernetra 1976); this
would be expressed as a decreased post-snowfall capture rate
(Gunderson in Stebbins 1976). The fall critical period was especially
important in determining survival of small mammals in all four of the
habitats trapped in winter
The aspen upland and the aider ridge ecotone exhibited the
greatest diversity of microtopography, significant C02 accunulations
and significant effects of 002 (p7.01) on small mammal distributions.
The specific movements of marked small mammals away from greater CO,
L

concentrations

5

and their return once the concentrations had lessened

,‘

in the aspen upland, were indicative of the effect of CO.,
I I 5 ~

accumulations.,

Small mammals respond physiologically to concentrations of 007

[N

B

as low as 1 or 2% (Galantsev and Tumanov 1969) at temperatures abcur
= On ) - 1

207C. and when stressed by lower temperatures they respond to amounts
less than 1 or 2% (Dawson 1955, Baudinette 1974)., The values T
measured in the subnivean space {up to 0.12%/volume) while notr as

2reat as these were much greater than the ambient (0.02% 2/volume). In

subnivean area such as a nest, the CO 5 could accumulate

an enclosed
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to even greater levels than those I measured in the subnivean space.

The response of small mammals to increased CO , causing increased

2
respiratory function, decreased heart rate and rectal temperatures may

be an adaptive response to the stress caused by increased C02 concentrations.
These altered body functions may lead to lessened agctivity, decreased

winter metabolic rates and related lower calorie requirements.

However, these adaptive responses may themselves cause problems for

the animals. The lower reaction rate could lessen the small

i . .
mammals’ sensory preception to temperature differences, food and

o

redators and thus decrease their survival rate. The changes ir

bl

small memmal distribution that I observed were associated with
increase in COZ' These physiological responses to CO2 could lead to
the aforementioned changes in distribution. It would be advantageous
for the small mammal to frequent areas which elicit less physiclogical

stress (i.e., those with less COZ)'

If food shortages caused the changes in distribution shown in the
aspen upland and alder ridge zcotone one would also expect marked
changes in the distribution of small mammals in the alder tamarack bog.,
This did not happen. The standard error to mean subnivean temperatures
was low in all four plots. Higher small mammal numbers are not

necessarily related to available food (Gorecki and Gebczynska 1962,

[

Chitty et al. 1968) or supplementary food (Watts 568, Flowerdew

C

1972, vairbairn 1977) or warmer subnivean temperatures (Fuller 1977).

Thus these factors do not explain all the observed variations in

distribution. Given the facts that subnivean CO, does accumulate,
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small mammals do react physiologically to COzﬁ areas of homogeneous
habitat that have increased concentrations of CO2 have few small
mammals, it is reasonable to conclude that small mammals avoid areas

mall mammal

n

of greater CO, concentrations. €O, thus affects

distribution. In the case of Clethrionomys gapperi, concentration of

subnivean C02 must be considered as an additional dimension to its

ecological niche.



SUMMARY

SECTION 1.

CO, ACCUMULATION

CO2 accumulated specifically and consistently in some habitats
while not in others. The aspen upland, black spruce bog, jackpine
sandplain and part of the alder ridge ecotone exhibited CO2
accumulations. However, the extent and amount of accumulation varied
between these habitats, being greatest in the aspen upland. 002 did
not accumulate in the alder tamavack bog or the jackpine ridge. CO2

accumulation was found to be similar in the sane habitats in hoth

winters.

SECTION 2,

FACTORS INFLUENCING CO7 ACCUMULATION

The accumulation of ) Was affected primarily by snow
characteristics. Subnivean remperature did not show a strong
correlation with the predictive value of C02 accumulation. Neither
microtopography nor amount of green vegetation prior to snowfall
were significant predictors of CO2 accumulation. The effect of

weather (ambient air temperature and baromerric pressure) was

ambiguous. TIn a few cases significent correlations berween either



temperature cor barometric pressure and CO2 levels were found. One
would expect weather factors to have similar effects in all areas, but

this was not the case.

SECTION 3.

EFFECT OF CO7 ON SMALL MAMMAL DSITRIBUTION

The reduction in small mammal numbers was associated with the fall
critical period. The absence of accumulation of CO2 was significantly
assoclated with the absence of change in small mammal distribution
T

the accumulation of CO. was

especially in the alder tamarack bog. )

103

51

nificantly associated with the change in distribution of smail

-

s}

mammals especially in the aspen upland.

Given the facts that subnivean CO, does accumulate small
r) 3

mammals do react physiclogically to COz,areas of homogeneous habitat

that have increased concentrarions of CO, have few small mammals, it
p

is reasonable to conclude that small mammals avoid areas of greater

C0, concentrations and thus subnivean CO, affects small mammal
2 2

distributions.
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APPENDIX A

Calibration of a Drdger multigas analyzer
against a gas chromatograph on April 3, 1974
with a r value of 0.9956



Gas Chromatograph (ppm COz)
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APPENDIX B

Procedure for Field Operation of the Driger Multigas Analyzer

1. Keep the analyser and measuring tubes warm (with pocket warmer in
paper bags or next to the body).

2. Take cork out of tygon and remove 10 pumps (approximately 5000 cc.)
of air from the tube. This draws subnivean air into the tube.

3. Take meter and tube out of warm place.

4. Break ends of tube off and insert blue arrowed end into the meter,
and the white end into the tygon.

5. Hold tube and tygon in bare hand to maintain as much warmth as
possible. Tubes work best at about 15° C. and this was the quickest
most efficient way of approximating this temperature. Different
people measured the same reading, so this method can be used by
different people for the same result.

6. Once analyzer has been pumped 10 times, remove C02 measuring tube
from pump and record reading from O point to point when color
begins to fade. Often the reading is vague, and so the reading is
read from where the color begins to fade to where it has disappeared
altogether (ex. .02 - .0Z25%/volume COZ>' The celor change was much

harder to read during bright suany light than during cloudy days.





