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perturbation in which one of the interacting species was removed.
In this sense, the grazing action of the geese was not considered to
be a distrubance or perturbation, but rather, the grass—-grazer
interaction was considered to be at some sort of equilibrium. Thus,
the removal of the grazer from the system may be considered to be a
perturbation to its interaction with its food source. The
subsequent response of the system in the absence of the grazer was
expected to give an indication of the stability of the plant
community.

In subsequent chapters each of these objectives is examined

further in relation to published studies and specific hypotheses.
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! Table 2-1. Phenology of the breeding season at the La Perouse Bay, Manitoba,
‘ lesser snow goose ¢olony in 1982 and 1983.

EVENT 1982 1983
Peak arrival of snow geese May 11-12 June 4-5
Date first egg found May 14 June 7
Mean nest initiation date May 19 June 11
Mean hatch date June 18 July 7
Hatch period June 14-21 July 2-12
Approximate time at which
first fledged goslings were seen end of July mid-August

Date of departure of bulk of colony

August 22-30

August 26-30
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Figure 2-1. Map of La Pérouse Bay, Manitoba.
Inset: Map showing the location of Churchill (58°N, 94.3°W)

and La Perouse Bay, indicated by an arrow, on the coast of

Manitoba.
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Figure 2-2.

A

Daily maximum and minimum temperatures (°C) at
Churchill, Manitoba. Inset in brown: maximum and

minimum temperatures at La Perouse Bay during the field

5easomn.

a. Temperatures from April to November 1982,

b. Temperatures from April to November 1983.
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Table 2-2. Total hours of sunshine per month at Churchill, Manitoba, and
normals, based on a ten-year running average.

Month 1982 NORM 1983 NORM
April 239.8 196 154.5 203.7
May 195.5 182 208.6 195.3
June 149.4 234 205.1 233.7
July 305.7 285 244 .2 232.1
August 231.9 234 186.9 232.1
September 94,2 110.8 95.1 NA

October 60.4 61.7 68.1 61.7
November 56.3 49,5 25.4 49.5

Table 2-3. Total monthly precipitation (mm) at Churchill, Manitoba and
normals, based on a ten-year running average.

Month 1982 NORM 1983 NORM
April 1.4 24.1 60.9 22.9
May 77.8 31.9 13.2 31.9
June 120.6 43,5 58.1 43.5
July 69.7 58.3 64.1 58.3
August 53.7 58.3 100.5 58.3
September 87.6 50.9 119.1 NA
October 33.8 44,2 39.5 43.0
November 49.9 37.8 55.0 38.8

NA - not available
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Figure 2-3 a. Diagram of an intravaginal grass tiller.

Adapted from A. Arber, 1934 p. 264.

Figure 2-3 b. Diagram of an extravaginal grass tiller.

Adapted from A. Arber, 1934. pp. 265-6.









Figure 2-4.

Figure 2-5.

D

Diagram of Puccinellia phryganodes (Trin.)

Scribn. and Merr.

Adapted from Porslid and Cody, 1980., p. 16l1.

Diagram of Carex subspathacea Wormsk.

Adapted from Porslid and Cody, 1980, p.
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2-4-2 Biology of Carex subspathacea

C. subspathacea Wormskj. is a turf forming dwarf species, with

a creeping rhizome system (Porsild and Cody, 1980). Hultén (1968)
describes this species as loosely caespitose, or loosely tufted, but
at La Pérouse Bay, it also occurs in densely tufted swards. The
culms are erect ascending, and very short (Porsild and Cody, 1980).

C. subspathacea has a circumpolar distribution in the high

Arctic and its range extends south to the Low Arctic and Sub-Arctic
(Porsild and Cody, 1980). It is confined to coastal marshes, and
brackish environments, and it grows in sites flooded by high tides

(Porsild and Cody, 1980).
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Figure 3-1. Map of La Pérouse Bay showing the locations of
exclosures built in 1982 and 1983. (* 1982 sites;

A 1983 sites).
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Figure 3-2 a.

Figure 3-2 b.

Figure 3-2 c.
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Seasonal trends in live above-ground standing crop
(g dry weight m—2) in grazed (®) and ungrazed (O)

swards dominated by Puccinellia phryganodes at

La Pérouse Bay, 1982. (mean +/- S.E., n=6).

Seasonal trends in litter and standing dead (g dry

weight m=2) {in grazed (®) and ungrazed (0) swards

dominated by Puccinellia phryganodes at La Pérouse

Bay, 1982. (mean +/- S.E., n=6).

Estimated cumulative net above-ground primary
production (g dry weight m~2) in grazed (®) and

ungrazed (0) swards dominated by Puccinellia

phryganodes at La Pérouse Bay, 1982. (Bars are +/-

95% Confidence Intervals).
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Figure 3-3 a. Seasonal trends in live, above-ground standing
crop (g dry weight m=2) in grazed (®) and ungrazed

(0) swards dominated by Puccinellia phryganodes at

La Pérouse Bay, 1983. (mean +/- S.E., n=3).

Figure 3-3 b. Seasonal trends in litter and standing dead
(g dry weight m~2) in grazed (®) and ungrazed (0)

swards dominated by Puccinellia phryganodes at La

Pérouse Bay, 1983. (mean +/- S.E., n=3).

Figure 3-3 c. Estimated cumulative net above-ground primary
production (g dry weight m=2) in grazed (®) and
ungrazed (0) swards dominated by Puccinellia
phryganodes at La Pérouse Bay, 1983. (Bars are 95%

Confidence Intervals.
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Figure 3-4 a. Leaf area indices of live above-ground biomass in
grazed (@) and ungrazed (0) sites at La Pérouse
Bay, June to September, 1983. The dashed
lines connect LAI's of the live above-ground biomass
in grazed sites with LAI's following 9-14 day periods

of exclusion of geese from these sites. (Mean +/-

S.E., n=3)

Figure 3-4 b. Leaf area indices of litter and standing dead in

grazed (®) and ungrazed (0) sites at La Pérouse Bay,

June to September, 1983. (Mean +/-S.E., n=3).
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Figure 3-5.
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Live above-ground standing crop (g dry weight m~2)
versus leaf area index in grazed (®) and ungrazed (0O)

swards dominated by Puccinellia phryganodes at La

P€rouse Bay (Mean of leaf area index +/- S.E., n=3;
Mean of live standing crop +/- S.E., n=3. Linear

regression equation: y = 45.3x + 14.8, r = 0.68%).
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Table 3-1. Cumulative net above-ground production in ungrazed and grazed
swards dominated by Puccinellia phryganodes at La Pérouse Bay,
1979, 1980, 1982 and 1983.

YEAR CUMULATIVE PRODUCTION CUMULATIVE PRODUCTION
IN GRAZED SITES IN GRAZED SITES
g Dwt m~2 g Dwt M2
1979%* 100 135
1980%* 56 99
1982 78.5 114
1983 77 159

* Data from Cargill and Jefferies, 1984b. (In Press).
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Table 3-2. Levels of litter and standing dead in grazed and ungrazed
swards dominated by Puccinellia phryganodes at La Perouse
Bay, 1979, 1980, 1982 and 1983.

YEAR  MINIMUM/MAXIMUM LITTER AND STANDING MINIMUM/MAXIMUM LITTER AND STANDING
DEAD LEVELS IN UNGRAZED SITES DEAD LEVELS IN GRAZED SITES
g Dwt m~2 g Dwt m~2
1979* 15/20 9/28
1980% 33/47 32/50
1982 10/34 10/30
1983 13/25 8/1

* Data from Cargill (1981).




































Figure 4-1.

=67—

Locations of grazed and ungrazed plots

dominated by Puccinellia phryganodes

used for the demography study at

La Pérouse Bay.

Eight plots were located in the area
indicated by the triangle @), four

grazed and four ungrazed,in 1982.

Three plots were located at site 1 (a)
(1 grazed and 1 ungrazed), six plots
were located at site 2 (a) (3 grazed and
3 ungrazed) and three plots were located

at site 3 (4) (2 grazed and 1 ungrazed)

in 1983.
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Figure 4-2. Diagrams of shoots of

Puccinellia phryganodes painted

with repeating series of one, two

or three ink spots on their leaves,

in order of their appearance.
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Figure 4-3.

b.
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Seasonal trends in a variety of parameters
measured in populations of grazed (0) and

ungrazed (&) shoots of Puccinellia phryganodes,

La Pérouse Bay, 1982. (n>/ = 320).

Mean number of axillary shoots per main shoot.

Percentage of main shoots with grazed leaves.

Percentage of main shoots with missing leaves.

Mean number of dead leaves per main shoot.

Mean number of live leaves per main shoot.

Mean number of dead leaves per axillary shoot

growing on main shoots of Puccinellia.

Mean number of live leaves per axillary shoot

growing on main shoots of Puccinellia.
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Figure 4-4a.

Figure 4-4b.
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Total number of axillary shoots produced
during consecutive intervals of approximately
twelve days by populations of grazed (@)

and ungrazed (0) shoots of Puccinellia
phryganodes, June 27 to August 30, 1983.

(n = 81 shoots in each population).

Accumulative production of axillary
shoots by grazed (®) and ungrazed (O)
populations of shoots of Puccinellia

phryganodes, June 27 to August 30, 1983.

(n = 81 shoots in each population).
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Figure 4-6.

B

Demography of leaves on main and axillary shoots

in a grazed population of shoots of Puccinellia
phryganodes. (n = 81 main shoots in the population).
The leaves are placed in cohorts according to the
two week period in which they were born. The mean
age at which a live leaf was entirely grazed (GR,R),
or partially grazed (P.G.,A), and the mean age at
which partially grazed (P.G.D.,Z ) and ungrazed
leaves (U.G.,0) died is shown. The sample size

of leaves is shown in parentheses after each bar.
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Table 4-1. Life span (days + S.D.) of leaves of main shoots and axillary

shoots of ungrazed swards of Puccinellia phryganodes. (The date

refers to the date on which the presence of a leaf was first

detected).

Main Shoot Axillary Shoot
1983 Number of leaves Age span* + S.D. Number of Age span* + S.D.

June 26 308 34.56 + 5.59 13 21.75 + 8.79
July 08 188 38.68 + 8.44 37 33.02 + 10.95
July 20 160 40.73 + 7.22 120 31.47 + 11.41
August 03 56 39.66 + 5.02 62 33.90 + 10
August 08 161 32.20 + 4.21 111 31.85 + 5.75
August 11 20 34.45 + 4.86 20 30.05 + 5.78

*# It was necessary to interpolate between dates in order to estimate the age span.
Death of leaves was recorded in addition to the appearance of a leaf on a shoot.

S.D. =

Standard Deviation.
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Table 4-2. Status of shoots of Puccinellia phryganodes immediately following
thaw at La Pérouse Bay, June 7-10, 1984.
These shoots had been tracked in the demographic study in 1983, and
were in grazed or ungrazed sites both in 1983 and immediately
following thaw.

CATEGORIES OF STATUS GRAZED UNGRAZED
OF SHOOTS SHOOTS SHOOTS

(n = 108) (n = 136)

(% in category) (% in category)

1 live leaf 23 42
2 live leaves 38 34
3 1live leaves 22 01
4 live leaves 4 =
all dead leaves 6 18

(shoot dead)

missing leaves 7 6





















































































Figure 5-1.
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Nitrogenase activity measured by rates of acetylene
reduction (pmoles CyHj reduced m~2 min~! and umoles
CoH2 reduced m~1 hr-1) and apparent rates of nitrogen
fixation (pmoles Ny fixed m~2 min~l) in grazed (®)
and ungrazed (0) swards dominated by Puccinellia
phryganodes at La Perouse Bay, 1983. (Mean +/- S.E.,

n=3; n=2 on July 14).
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Figure 5-2 a.

Figure 5-2 b.
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Seasonal trends in live, above—-ground standing

crop (g dry weight m~2) in an exclosure fertilised
with different levels of fresh snow goose droppings
at La Pérouse Bay, 1982. (Mean +/- S.E. Treatments:
high level of application (®); medium level of
application (0); low level of application (4);
control, no droppings (¥); n = 4 for each

treatment and control).

Seasonal trends in litter and standing dead (g dry
weight m~2) in an exclosure fertilised with different
levels of fresh snow goose droppings at La Perouse
Bay, 1982. (Mean +/- S.E.

Treatments: high level of application (®); medium
level of application (0); low level of application
(A); control, no droppings (¥); n = 4 for each

treatment and control).







Figure 5-2 c.

Figure 5-2 d.
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Seasonal trends in live, above-ground standing

crop (g dry weight m~2) in an exclosure fertilised
with different levels of fresh snow goose droppings
at La Pérouse Bay, 1983. (Mean +/- S.E. Treatments:
high level of application (®); low level of
application (A); control, not droppings (¥); n = 5
for each treatment and control; medium level of

application (0); n = 10).

Seasonal trends in litter and standing dead

(g dry weight m~2) in an exclosure fertilised

with different levels of fresh snow goose droppings
at La Pérouse Bay, 1983.(Mean +/- S.E. Treatments:
high level of application (®); low level of
application (#); control, no droppings (¥); n = 5 for
each treatment and control; medium level of

application (0); n = 10).
















Figure 5-3.
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Water loss (% total water content, 0)

and dry matter loss (% dry weight, ®) from
fresh snow goose droppings placed on

marsh at La Pérouse Bay (A) June 15, 1982
(n = 70) (B) July 15, 1982 (n = 60). (Mean

+/-= S.E. n>/ = 10 for each sample date).
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Figure 5-4.
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Total nitrogen content (mg N-NH, per g

dry weight of droppings) of snow goose
droppings placed on the marsh at La Perouse
Bay on June 15, 1982 (n = 70) during the
ensuing two and a half month period. (Mean

+/- S.E. n>/ = 8 for each sample date).
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Figure 5-5. Water content (®) as percent of fresh
weight (0) in grammes of fresh snow goose
droppings at La Perouse Bay. (a) in 1982,

(b) in 1983. (Mean +/- S.E. n>/ = 5).
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Figure 5-6. Decline in soluble nitrogen content (mg
N-NH, per g dry weight of droppings) of
fresh snow goose droppings during a 48 hour
period at La Pérouse Bay, July 31, 1983.

(Mean +/- S.E. n>/ = 8 for each sample point).
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Figure 5-7.
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Loss of water (e) as a percentage of the
initial water content of fresh snow goose
droppings, and fresh weight (o) in grammes of
droppings harvested following their initial
placement on the marsh, during a 48 hour
period at La Pérouse Bay, July 31, 1983.

(Mean +/- S.E. n = 10 for each sample point).
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Figure 5-8.
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Soil temperatures (°C) at 0.5 cm depth in

a sward dominated by Puccinellia phryganodes

left ungrazed for one year (0) and in the

adjacent grazed (@) site at La Pérouse Bay,

1982, (Mean +/- S.E. n = 5).
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Table 5-4. Mean soil temperatures at depths of 0.5, 5 and 10 ecm in a three year
0old exclosure and in the adjacent grazed area, at La Pérouse Bay,
Manitoba, 1983.

(n = 5).
Soil Temperature - °C
Soil Depth Exclosure (Ungrazed site) Grazed Site

0.5 cm 5 cm 10 cm 0.5 cm 5 cm 10 cm
Date
June 20 2.0 ~% % 745 4.5 e
June 29 14.3 11.1 - 17.8 16.2 -
July 06 13.7 = 8.0 16.8 = 10.0
July 13 10.0 - - 11.3 - -
July 15 187 7.8 - 14.8 11.1 -
July 25 16.4 = = 18.4 - -

* Frozen Sediments
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Figure 5-9. Soil water content (% of dry weight)
in sediments beneath a sward dominated

by Puccinellia phryganodes left ungrazed

for one year (0) and in the adjacent
grazed (@) site at La Pérouse Bay, 1982.

(Mean +/- S.E. n = 4).
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Figure 5-10.
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Soil water content (% of dry weight) in
sediments beneath a sward dominated by

Puccinellia phryganodes left ungrazed

for three years (0) and in the adjacent
grazed (®) site at La Pérouse Bay, 1983.

(Mean +/- S.E. n = 4).
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Table 5-5. Soil water content as a percentage of dry weight from various
sites at La Perouse Bay, Manitoba, at thaw, 1983.
(n = minimum of 3).

DATE SITE DEPTH OF SOIL SOIL WATER CONTENT
(cm) (% g Dwt Soil)

June 07 Puccinellia sward 0-2 488
in high willow area 0-5 269

June 11 Puccinellia sward 0-5 233
in low willow area

June 11 Grazed Puccinellia 0-5 131
area on salt marsh 0-5 138
flats near Mast River

June 12 Puccinellia sward 0-2 336
in low willow area 2-5 149
5-8 161

June 17 Grazed Puccinellia
swards on salt marsh 0-5 131

flats on east side of
La Pérouse Bay
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Table 5-6 shows the salinity and conductivity of the soil
water of a one year old exclosure and of the adjacent grazed area in
1982. Salinity, measured in parts per thousand (ppt), was initially
low in both the grazed and ungrazed sites. As temperatures
increased in late June and early July, the salinity increased from
one to three ppt at both sites. Values in grazed areas were
consistantly higher than corresponding salinity levels in the
exclosure.

The trends in conductivity of soil water followed a similar
pattern, with the lowest values being recorded in June and the
highest values of 18.9 and 10.9 mS occurring in mid-July and August
in grazed sites. Conductivity was consistently higher in the grazed
site, except for July 10, when a value of 5.2 mS was recorded in
both sites. This followed a day of extremely wet weather on July 7,

1982.
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Table 5-6. Salinity (parts per thousand) and conductivity (S x 103) of soil
water in a one year old exclosure and in the adjacent grazed site at
La Perouse Bay, 1982.

DATE SALINITY - (ppt) CONDUCTIVITY-( 4S x 103)
Grazed Site Ungrazed Site Grazed Site | Ungrazed Site

June 09 - = 4.1 2.4
June 30 <1.0 1.1 7.0 1.95
July 02 2.5 0.9 4.2 1.25
July 05 4.5 3.0 6.9 4.7
July 10 3.5 3.2 5.2 5.2
July 15 14.5 4.5 18.9 6.5
July 20 7.2 2.1 10.9 3.5
August 02 6.0 2.9 8.0 4.25
August 11 8.6 241 11.8 3.35







Figure 5-11.

Soil Eh (mV) at 1 em (0,®) and 5 cm

(o,A) depths, in a sward dominated by

Puccinellia phryganodes left ungrazed for

three years (0,4), and in the adjacent grazed
site (®,A), at La Pérouse Bay, 1983.

(Mea'ﬂ +/_' S.E. n = 5)0
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Table 5-7. Eh measurements taken at various locations in La Perouse Bay,
1983. (n = 3 or 5; calomel electrode: Eh = E + 250 mV).

DEPTH OF SOIL Eh

DATE SITE MEASURED (cm) (mV)
June 07 Puccinellia sward 1 200
in high willow area 3 218

June 10 Grazed Puccinellia 1 610
sward on hummock 3 583

that was above melt water

June 11 Grazed Puccinellia sward 0.5 190
on flats under 4 cm of 2 188
melt water

June 12 Carex sward in low 0.5 473
willows — unflooded 2 402
June 12 Algal mat on sediment 1 24

in low willow area







Figure 5-12.

Levels of KCl1 - exchangeable ammonium ions

(ug N-NH, per g dry weight of soil) in

sediments beneath a sward dominated by

Puccinellia phryganodes left ungrazed for

one year (0) and in the adjacent grazed (®)

site, during the course of four, thirty day
incubation periods at La Pérouse Bay, 1982.

(a) Incubation series one, commenced June 10, 1982.
(b) Incubation series two, commenced June 15, 1982.
(¢) Incubation series three, commenced July 10, 1982,
(d) Incubation series four, commenced July

(Mean +/- S.E. n = 6).
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Figure 5-13 a. Seasonal trends in background levels of KCl -
exchangeable ammonium ions (ug N-NH4 Per g
weight of soil) in sediments beneath swards

dominated by Puccinellia phryganodes left

ungrazed for one year (0) and in the adjacent
grazed (®) site at La Pérouse Bay, 1982.

(Mean +/- S.E. n = 5).
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Figure 5-13 b. Seasonal trends in background levels of KCl -
exchangeable ammonium ions (ug N-NH4 Per g
dry weight of soil) in sediments beneath

swards dominated by Puccinellia phryganodes

left ungrazed for three years (0) and in the
adjacent grazed site (®) at La Pérouse Bay,

1983, (Mean +/- S.E. n = 5).
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Figure 5-14.
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Seasonal trends in the background levels of
ammonium ions in the soil water of sediments
(ng N-NH4 per g dry weight of soil) beneath

swards dominated by Puccinellia phryganodes

left ungrazed for three years (0) or one year
(A) and in the adjacent (®,A) and other (®)
grazed sites at La Perouse Bay, 1983.

(Where mean is +/- S.E., n = 3, otherwise n = 2).
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exclosure. The point values in Figure 5-14 without standard error
bars were based on sample sizes of n = 1 in late June and early
July, and on sample sizes of n = 2 on all other dates. Thus, in
most cases, statistical comparisons could not be made.

In other grazed sites in the marsh, levels of ammonium ions in
soil water varied from 1.5 to 7 pg Nd4 g dwt~l in early June.
Measurements made in a grazed site and in a one year old exclosure
on October 15, 1983, indicated that the ammonium levels were much
higher in the grazed site, reaching 11.2 pg NH, g dwt~l, compared
with 4.4 pg NH4 g dwt~l in the ungrazed site.

The trends in the concentrations of ammonium ions in soil water
followed the trends of the concentrationof KCl-exchangeable ammonium
ions (Fig. 5-13b). Levels of ammonium ions were higher in grazed
sites just after thaw, and they subsequently dropped, until October,
when their concentrations increased in both grazed and ungrazed

sites.
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any mineralized nitrogen.

It is likely that the higher concentrations of water soluble
and KCl-exchangeable ammonium ions observed in October, 1983,
represented the release of nitrogen from dying algae. Both spring
and fall peaks in levels of ammonium ions in soils have been
observed in soils in Britain (Davy and Taylor, 1974). The higher
levels of ammonium observed in grazed sites indicate that more
nitrogen is available for plant growth in these sites than in

ungrazed sites, immediately after and before freeze-up.

























Figure 6-1.

C.
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Seasonal trends in live, above ground standing crop

(g dry weight m~2) in grazed (@) swards dominated

by Puccinellia phryganodes and in ungrazed (0)

swards of different ages, originally dominated

by P. Phryganodes at La Pérouse Bay, 1982 and 1983.

Leaf area indices were measured at the grazed (&)

and ungrazed (A) sites in 1983.
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Figure 6-2.

b.
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Seasonal trends in litter and standing dead (g dry

weight m~2) in grazed (0) swards dominated by

Puccinellia phryganodes and in ungrazed (0) swards of

different ages, originally dominated by

P. phryganodes at La Pérouse Bay, 1982 and 1983.

Leaf area indices of litter and standing dead were

measured at the grazed (M) and ungrazed (A) sites in

1983.

Exclosure 1, 1983, one-year old. (Mean +/-S.E., n=3).

Exclosure 2, 1982, one-year old. (Mean +/=S.E., n=4).

Exclosure 2, 1983, two-year old. (Mean +/=S.E., n=3).

Exclosure 3, 1982, two-year old. (Mean +/-S.E., n=3).

Exclosure 3, 1983, three-year old. (Mean +/-S.E.,

n=3).

Exclosure 4, 1982, two-year old. (Mean +/-S.E., n=3).

Exclosure 5, 1982, three-year old. (Mean +/-S.E.,

n=3).

Exclosure 5, 1983, four-year old. (Mean +/-S.E.,

n=3).
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Figure 6-3. Relative frequency of plant species present
in grazed ([Q) swards dominated by Puccinellia
phryganodes, and in an ungrazed exclosure (&)
erected in 1979 in a sward originally dominated

by P. phryganodes at La Pérouse Bay. (Relative

frequency based on presence-absence of species in
200, 5cm x 5cm quadrats thrown inside the exclosure

and 200 quadrats thrown in the adjacent grazed site.)

a. Relative frequency in 1982. Exclosure aged three
years.
b. Relative frequency in 1983. Exclosure aged four

years.
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Figure 6-4. Frequency of occurrence of plant species present

in grazed () swards dominated by Puccinellia
phryganodes and in an ungrazed exclosure (&)
erected in 1979 in a sward originally dominated by

P. phryganodes at La Perouse Bay. (Absolute

frequency based on presence—absence of species
in 200, 5cm x Scm quadrats thrown inside the
exclosure, and 200 quadrats thrown in the adjacent

grazed site).

a. Absolute frequency in 1982. Exclosure aged

three years.

b. Absolute frequency in 1983. Exclosure aged

four years.
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Table 6-2. Total number of plant species present in grazed sites
and exclosures of different ages at La Pérouse Bay,
Manitoba, in 1982 and 1983.
Refer to Table 6-1 for explanation of exclosure numbers.
| 1982 1983
|
| Exclosure Date of No. of No. of No. of No. of
No. Erection Species Species Species Species
in in in in
Exclosure Grazed Exclosure Grazed
Site Site
6 1983 = = 7 7
7 1982 6 6 6 7







Figure 6-5.
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Relative frequencies of Puccinellia phryganodes,

Carex subspathacea, Potentilla egedii,

Ranunculus cymbalaria, and Stellaria humifusa

in grazed sites and in exclosures of different

ages in 1982 (O) and 1983 (A). Relative
frequencies are based on presence-absence

of species in 200, 5c¢m x 5cm quadrats thrown inside
the exclosures. Relative frequencies for grazed
sites are Mean +/-S.E., n=4 or 5; the latter
relative frequency values were from 4 or 5 grazed
sites at each of which 200

quadrats were thrown).
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or tropical zones, in which introduced cattle have upset the
equilibrium between the existing herbivores and their forage species
(Kelly and Walker, 1976; Walker, Ludwig, Holling and Peterman,
1981). This is not the case with the snow goose, which appears to
have reached a point of equilibrium with the vegetation at La
Pérouse Bay. This interaction is stable as long as grazing

overcomes the environmental constraints imposed by isostatic

rebound.
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The production after the ith regrowth period as measured by all

cages is:

ETa ETa %
XI e RINORC, o Xi ~ Ngul +....tuij 0’*)

An unbiased estimate of 02 or variance (pooled) of the final
cumulative production value based on the addition of means for

each regrowth period is:
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Appendix 5-2c - Extraction of KCl - Exchangeable Ammonium Ions

from Sediment Samples

Reagent

1.

1 M potassium chloride (KCl) solution.

Procedure

1.

Cut soil block to desired dimensions, e.g. 5 cm x 10 cm

depth and take its fresh weight.

Place soil block in erlenmeyer flask and add potassium
chloride solution at a ratio of 5 ml solution to 1 g

fresh weight of sediment.

Break up soil block with a glass rod and shake flask well.

Cover with parafilm and let stand for a minimum of 4 hours,

shaking the flask periodically to stir the sediments.

Filter KCl-extract through Whatman no. 1 filter paper
into clean erlenmeyer flasks. Analyse the extracts as soon
as possible for ammonium-nitrogen content according to the

procedure outlined in Appendix 5-2d.






































































-246-

Wiegert, R.G. and Evans, F.C. 1967. Investigations of secondary
productivity in grasslands. 1In Secondary Productivity in
Terrestrial Ecosystems Volume II. ed. K. Petrusewicz. pp.
499-518. Polish Academy of Science, Institute of Ecology.
Wielgolaski, F.E. 1981. Introduction to Part III: Plant
production components and processes. In Tundra Ecosystems: a
Comparative Analysis. eds. L.C. Bliss, 0.W. Heal and J.J.
Moore. pp. 183-186. 1IBP 25, Cambridge University Press, |
Cambridge.
Wielgolaski, F.E., Bliss, L.C., Svoboda, J. and Doyle, G. 198l.

Primary production of tundra. In Tundra Ecosystems: a

Comparative Analysis eds. L.C. Bliss, 0.W. Heal and J.J.
Moore. pp. 187-226. 1IBP 25, Cambridge University Press,
Cambridge.

Zaret, T.M. 1982, The stability/diversity controversy: a test of

hypotheses. Ecology. 63: 721-731.




	1
	Page 1

	2
	Page 1

	3
	Page 1

	4
	Page 1

	5
	Page 1

	6
	Page 1

	7
	Page 1

	8
	Page 1

	9
	Page 1

	10
	Page 1

	11
	Page 1

	12
	Page 1

	13
	Page 1

	14
	Page 1

	15
	Page 1

	16
	Page 1

	17
	Page 1

	18
	Page 1

	19
	Page 1

	20
	Page 1

	21
	Page 1

	22
	Page 1

	23
	Page 1

	24
	Page 1

	25
	Page 1

	26
	Page 1

	27
	Page 1

	28
	Page 1

	29
	Page 1

	30
	Page 1

	31
	Page 1

	32
	Page 1

	33
	Page 1

	34
	Page 1

	35
	Page 1

	36
	Page 1

	37
	Page 1

	38
	Page 1

	39
	Page 1

	40
	Page 1

	41
	Page 1

	42
	Page 1

	43
	Page 1

	44
	Page 1

	45
	Page 1

	46
	Page 1

	47
	Page 1

	48
	Page 1

	49
	Page 1

	50
	Page 1

	51
	Page 1

	52
	Page 1

	53
	Page 1

	54
	Page 1

	55
	Page 1

	56
	Page 1

	57
	Page 1

	58
	Page 1

	59
	Page 1

	60
	Page 1

	61
	Page 1

	62
	Page 1

	63
	Page 1

	64
	Page 1

	65
	Page 1

	66
	Page 1

	67
	Page 1

	68
	Page 1

	69
	Page 1

	70
	Page 1

	71
	Page 1

	72
	Page 1

	73
	Page 1

	74
	Page 1

	75
	Page 1

	76
	Page 1

	77
	Page 1

	78
	Page 1

	79
	Page 1

	80
	Page 1

	81
	Page 1

	82
	Page 1

	83
	Page 1

	84
	Page 1

	85
	Page 1

	86
	Page 1

	87
	Page 1

	88
	Page 1

	89
	Page 1

	90
	Page 1

	91
	Page 1

	92
	Page 1

	93
	Page 1

	94
	Page 1

	95
	Page 1

	96
	Page 1

	97
	Page 1

	98
	Page 1

	99
	Page 1

	100
	Page 1

	101
	Page 1

	102
	Page 1

	103
	Page 1

	104
	Page 1

	105
	Page 1

	106
	Page 1

	107
	Page 1

	108
	Page 1

	109
	Page 1

	110
	Page 1

	111
	Page 1

	112
	Page 1

	113
	Page 1

	114
	Page 1

	115
	Page 1

	116
	Page 1

	117
	Page 1

	118
	Page 1

	119
	Page 1

	120
	Page 1

	121
	Page 1

	122
	Page 1

	123
	Page 1

	124
	Page 1

	125
	Page 1

	126
	Page 1

	127
	Page 1

	128
	Page 1

	129
	Page 1

	130
	Page 1

	131
	Page 1

	132
	Page 1

	133
	Page 1

	134
	Page 1

	135
	Page 1

	136
	Page 1

	137
	Page 1

	138
	Page 1

	139
	Page 1

	140
	Page 1

	141
	Page 1

	142
	Page 1

	143
	Page 1

	144
	Page 1

	145
	Page 1

	146
	Page 1

	147
	Page 1

	148
	Page 1

	149
	Page 1

	150
	Page 1

	151
	Page 1

	152
	Page 1

	153
	Page 1

	154
	Page 1

	155
	Page 1

	156
	Page 1

	157
	Page 1

	158
	Page 1

	159
	Page 1

	160
	Page 1

	161
	Page 1

	162
	Page 1

	163
	Page 1

	164
	Page 1

	165
	Page 1

	166
	Page 1

	167
	Page 1

	168
	Page 1

	169
	Page 1

	170
	Page 1

	171
	Page 1

	172
	Page 1

	173
	Page 1

	174
	Page 1

	175
	Page 1

	176
	Page 1

	177
	Page 1

	178
	Page 1

	179
	Page 1

	180
	Page 1

	181
	Page 1

	182
	Page 1

	183
	Page 1

	184
	Page 1

	185
	Page 1

	186
	Page 1

	187
	Page 1

	188
	Page 1

	189
	Page 1

	190
	Page 1

	191
	Page 1

	192
	Page 1

	193
	Page 1

	194
	Page 1

	195
	Page 1

	196
	Page 1

	197
	Page 1

	198
	Page 1

	199
	Page 1

	200
	Page 1

	201
	Page 1

	202
	Page 1

	203
	Page 1

	204
	Page 1

	205
	Page 1

	206
	Page 1

	207
	Page 1

	208
	Page 1

	209
	Page 1

	210
	Page 1

	211
	Page 1

	212
	Page 1

	213
	Page 1

	214
	Page 1

	215
	Page 1

	216
	Page 1

	217
	Page 1

	218
	Page 1

	219
	Page 1

	220
	Page 1

	221
	Page 1

	222
	Page 1

	223
	Page 1

	224
	Page 1

	225
	Page 1

	226
	Page 1

	227
	Page 1

	228
	Page 1

	229
	Page 1

	230
	Page 1

	231
	Page 1

	232
	Page 1

	233
	Page 1

	234
	Page 1

	235
	Page 1

	236
	Page 1

	237
	Page 1

	238
	Page 1

	239
	Page 1

	240
	Page 1

	241
	Page 1

	242
	Page 1

	243
	Page 1

	244
	Page 1

	245
	Page 1

	246
	Page 1

	247
	Page 1

	248
	Page 1

	249
	Page 1

	250
	Page 1

	251
	Page 1

	252
	Page 1

	253
	Page 1

	254
	Page 1

	255
	Page 1

	256
	Page 1

	257
	Page 1

	258
	Page 1

	259
	Page 1

	260
	Page 1

	261
	Page 1

	262
	Page 1

	263
	Page 1

	264
	Page 1

	265
	Page 1

	266
	Page 1

	267
	Page 1

	268
	Page 1

	269
	Page 1

	270
	Page 1

	271
	Page 1

	272
	Page 1

	273
	Page 1

	274
	Page 1

	275
	Page 1

	276
	Page 1

	277
	Page 1

	278
	Page 1

	279
	Page 1

	280
	Page 1

	281
	Page 1

	282
	Page 1

	283
	Page 1

	284
	Page 1

	285
	Page 1

	286
	Page 1

	287
	Page 1

	288
	Page 1

	289
	Page 1

	290
	Page 1

	291
	Page 1

	292
	Page 1

	293
	Page 1

	294
	Page 1

	295
	Page 1

	296
	Page 1

	297
	Page 1

	298
	Page 1

	299
	Page 1

	300
	Page 1

	301
	Page 1

	302
	Page 1

	303
	Page 1


