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Fig. 1.2 Comparison of two generalised soil profile types: podzol and brown soil.

Stain depth 
used fa "soil y 
depth" N 

measurement

{Orgric tori/on (O)}
.isxi fcr 'tutus depth 
measurement

Generalised podzol

Bodzolkey:
L*F.»H- crganic hairm \\hich comprises the litter (L).
fermentation (F) aid hurrus (H) subdi\isions (net differentiated fcr
present study purposes)
Ea - duviated a bleached hori/cn leached of iron sequicwdes

Hi - dark horizon \\here axurulaticn of aganic partides occurs
Bs - rcd-trcwi horizon v^iere accurrulation of sescpcxidss and
d^s occurs
C- parent material
Mxkm nonvnclctiov described in Witt(*\   (1984).

Slain depth 
used fa "sod 
depth" 

measurement

Transition 
/one

Generalised bravMi 
soil

BrtMfi soil key:
LJvH - organic (O) hcrizoi \\lidi canprises tlie litter 
(L), femientaticn (F) and humus (h$ subdrvisicns (not 
differentiated fa present study purposes)

b - brown horizon, includes agaric particles and 
sesquiowdes but duviated cf clavs and carbonates 
B'C Transition zone - a lighter horizon 
C-parent material 
Mxkmnanvnclcture described'in Wntt(M'(1984).

Note: the dffemtfiction of'the horizons is not very clear mowing ' 'regxds ",bit nevertheless a ctoker ' 'stein'' ecu be 
dstingtishedlover dam the soil profile cud is usedtosignfy the soil depth



Fig. 2.1a Location of selected glacier forelands in Jostedalsbreen region, 
Norway.

ancrgstolsbreen

A-Camp

5543 Bjorkehaug (324 m)

Key:
ft - Hostel/mountain hut; A - Camp; • - Town; o - Weather station;

v^7 - Fjord; l^-/ - Glacier; —— - Road



\\lap adapted from lirikstacl ami Sollifl (19H6)
Fig. 2.1b Austerdalsbreen 
glacier foreland, 
Jostedalsbreen, Norway.

Key:

M

Glacier

Moraine. Ml (mature)
to M7 (youngest)

Scree

Transect

River

M1 off map



Fig. 2.1c Fabergstelsbreen glacier foreland, Jostedalsbreen, Norway.

Key:

- Glacier

Moraine. Ml (mature) 
to M6 (youngest)

Map adapted from Bickerton and Matthews (1993)

M6 and glacier / 
snout off map

JostedQla

Ml off map



Fig. 2.2a Location of selected glacier forelands in Jotunheim region, Norway.

Location

To Lom

Visdalen

54.1 Bovcrdal (700 m) 
O

1536Elveseter (677m) 

Leirdalen

Bflvernreen
5523 Fannaraken (f 062 m) 

5516 Fortun -I (26 m), II (46 m)

Luslrafjorden

5490Vctti (329m)

Key:
ff - Hostel/mountain hut; A - Camp; • - Town; o - Weather station; ^O - Fjord;

0 -Glacier; —— - Road; —— - Mountain track/path; x - Mountain peak; 

Arrows used to signify direction of roads, tracks and major valleys.



Fig. 2.2b Storbreen glacier foreland sequences, Jotunheimen, Norway.
Map adapted from Matthews (1976) and lirikstad and Sollid (19H6)

Mid-alpine moraine sequence

Moraine, Ml (mature) 
to M8 (youngest) - 
Mid-alpine sequence

Moraine. Ml to M6 - 
Low-alpine 
sequences (1) & (2)

Fluted moraine 

- Rivers

Lo\v-alpme moraine sequences 
Storhreen low (1) and (2)

•- (2) off map



Fig. 2.2c Svellnosbreen glacier foreland, Jotunheimen, Norway.

I • • f\
f \ V

Svellnosbreeni

Map adapted from Messer (unpublished)



Fig. 2.2d Hogvaglbreen glacier foreland, Jotunheimen, Norway.

- Scree and 
fluted moraine

Map adapted from Erikstad and Sollid (J 986)



Fig. 2.2e B0verbreen glacier foreland, Jotunheimen, Norway.

Moraine (Ml. mature 
to M6. youngest)
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Fig. 2.3 Late snow duration at H0gvaglbreen

11



Table 3.4 Number of measurements (n*) needed to provide an estimate of moisture, to an 
accuracy of + 0.05, after heavy rain using a prototype capacitance probe (1990)

Position
(no. prods)
Crest 0 cm 
(n=50)
Crest 2.5 
cm 
(n=50)
Crest 5 cm
(n=50)
Base (prx) 
0 cm (n=50)
Base (prx
2.5 cm 
(n=50)
Base (prx) 
5 cm(n=50)
Base (dist) 
0 cm (n=50)
Base (dist)
2.5 cm 
(n=50)
Base (dist)
5 cm (n=50)

X

1.6656

1.5094

1.3630

1.4896

1.2188

1.1224

1.4974

1.2170

1.1125

SD

0.050839

0.072620

0.074733

0.036658

0.040281

0.161934

0.045202

0.043881

0.044010

V n*-l

2.03

2.90

2.99

1.47

1.61

6.48

1 81

1.75

1.76

n*-l

4.13

8.44

8.94

2.15

2.60

41.96

3.27

3.08

3.10

n*

5.13

9.44

9.94

3.15

3.60

42.96

4.27

4.08

4.10

Mean (excluding wet sites and proximal base), n* = 5.46 prods

WET SITES
Base (prx) 
Ocm (n=25)
Base (prx) 
2.5 cm
(n=25)
Base (prx) 
5 cm (n=25)

1.5064

1.2440

1.0004

0.068110

0.066272

0.028493

2.72

2.65

1.14

7.42

7.03

1.30

8.42

8.03

2.30

Total mean (excluding proximal base), n* = 5.68 prods

Note: the probe records on a scale from 1 (wet) to 1.78 (air reading) and it was these readings that 
were used in the above calculations. It is necessary to use a calibration chart to convert the probe 
readings to a volumetric % water content (Fig. 3.10) for discussion purposes.
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Table 3.5 Number of measurements (n*) needed to provide an estimate of moisture, to an 
accuracy of ± 0.05, after two weeks of dry weather using the prototype capacitance probe (1990)
Position
(no. prods)
Crest 0 cm
(n = 50)
Crest 2.5cm
(n = 50)
Crest 5 cm
(n = 50)
Base (prx) 
0 cm (n = 50)
Base (prx
2.5cm(n = 50)
Base (prx)
5 cm (n = 50)
Base (dist)
0 cm (n = 50)
Base (dist) 
2.5cm(n = 50)
Base (dist)
5 cm (n = 50)

X

1.7488

1.6856

1.5260

1.7196

1.3182

1.1488

1.5390

1.2464

1.1200

SD

0.0088634

0.030342

0.0466476

0.03406

0.06737

0.04172

0.04258

0.04533

0.05689

V n*-l

0.34536

1.21368

1.865904

1.3624

2.6948

1 .6688

1.7032

1.8132

2.2756

n*-l

0.12

1.473

3.48159

1.85614

7.261947

2.785

2.9009

3.288

5.178

n*

1.12

2.473

4.482

2.85614

8.262

3.785

3.900

4.288

6.178

Mean (excluding wet sites), n* = 4.5 prods

WET SITES
Base (prx)
Ocm (n=25)
Base (prx)
2.5 cm (n=25)
Base (prx) 
5cm (n=25)

1.3940

1.1976

1.0380

0.07965

0.0553

0.04038

3.186

2.212

1.6152

10.151

4.891

2.609

11.151

5.891

3.609

Total mean, n* = 4.8 prods

Note: the probe records on a scale from 1 (wet) to 1.78 (air reading) and it was these readings that 
were used in the above calculations. It is necessary to use a calibration chart to convert the probe 
readings to a volumetric % water content (Fig. 3.10) for discussion purposes.
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Fig. 3.10 Calibration of capacitance probe at a depth of 5 cm, 2.5 cm and surface.
(Graph provided courtesy of the Institute of Hydrology, H 'allingford)
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Figs. 3.12 to 3.19 Moisture (using "finger tesr 1 method) in quadrats across moraines, of decreasing age, on selected forelands on a scale of 
1 (wet) to 15 (dry).

Fig. 3.12 Austerdalsbreen

Quadrat no.

Fig. 3.13 Fabergstolsbreen.

Fig 3.14 Storbreenlow(l).

Quadrat no.

Fig. 3.15 Storbreen low (2)

Quadrat no.

Fig. 3.16 Svellnosbreen.

Fig 3.17 Storbreen high.

Fig. 3.18 Hogvaglbreen.

Quadrat no.

Fig. 3.19 Boverbreen.

= Finger test 
measurements

= Moraine profile 
representation

Atofe the lowest quadrat numbers belong to the oldest 
moraines, and the highest numbers belong to the youngest 
moraines, in each sequence

19



Fig. 3.20 Thermistor (1) temperature means, taken twice daily over 15 day periods, emplaced 26.ff.89 
to 19.8.90 on the proximal slope of the 1750 moraine, Storbreen foreland (1100m), Norway.

Probe position 
and depth

Mid (2)

-Mid(O)

-Crest (2)

-Low (2)

-Shou (2)

-Toe(O)

-Crest (0)

-Air (5)

-Mid (15)

Fig.3.21 Thermistor (1) standard deviations (n-1) of temperature means on the proximal slope of the
1760 moraine, 1.9.89 -15.8.90.

Table 3.7 Correlation matrix to show relative correspondence between temperatures at proximal positions on the 
1750 moraine, Storbreen, taken 26.8.89 to 19.8.90, (thermistor 1)

Mid (2) 
Mid(O) 
Crest (2) 
Low (2) 
Shou (2) 
Toe(O) 
Crest (0) 
Air (5) 
Mid(15J_

Mid (2) Mid(O) Crest(2) Low (2) Shou (2) Toe (0) Crest (0) Air (5) Mid (15)
1

10.996148
0882165 089833 1
0.955088 0947395 0819139 1
0.949112 0964456 0947942 0909834 1
0851301 0839877 0736485 0953143 0821371 1
086242 0883615 098569 0834225 0951654 0783301 1

0845775 0864968 0935321 0853065 0922897 0.833379 0973059 1
087879 0893747 0814848 0932942 0919423 0915318 0874919 0918574

Wofe Refer to Fig 
2.6 for positioning 
of probes in the 
figures and table 
on this page
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Fig. 3.22 Thermistor (2) temperature means, taken twice daily over 15 day periods, emplaced 28.8.89 to 
17.8.90 on distal positions across the 1750 moraine, Storbreen (1100m), Norway.

20 T

15

Shou (0)2 

Mid (0)0 

Mid (D)2 

Crest(D)15 

Crest (D)2 

Toe (D)15 

Mid (D)15 

Low (0)2

Fig. 3.23 Thermistor (2) standard deviations (n-1) of the temperature means on the distal slope of the
1750 moraine, 1.9.89. to 15.8.90.

Shou (D)2 

Mid (0)0 

Mid (0)2 

Crest (0)15 

Crest (0)2 

Toe (0)15 

Mid(D)15 

Low (D)2

Table 3.8 Correlation matrix to show the relative correspondence between temperatures, found 
at distal positions across the 1750 moraine, Storbreen, taken 26.8.89 to 17.8.90, (thermistor 2)

Shou (2) 
Mid (0)
Mid (2)
Crest (15)
Crest (2)
Toe (15)
Mid (15)
Low (2)

Shou (2)
1 

0924867
0923141
0.975648
0949377
0845163
092546
088709

Mid (0)

1
0.990827
0861438
0.838497
0962059
0.992515
0990795

Mid (2)

1
0865588
082821

0937979
0996627
0977468

Crest (15)

1
0983834
0759535
0864269
0813476

Crest (2)

1
0.752167
0828558
0799528

Toe (15) Mid (15) Low (2)

1
0.95192 1

0.974704 0.981691 1

Note 1: Refer to Fig 2 6 for 
positioning of probes in the 
figures and table on this page.

Note 2: Thermistor 2 started 
having problems from May 1st 
1990 so that fewer temperatures 
were recorded in each 15 day 
period (n = < 28) This means 
that the Standard deviations are 
higher than they might be
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Fig. 3.24 Thermistor (3) temperature means, taken twice daily over 15 day periods, emplaced 24.8.90 
to 14.8.91 on distal (D), proximal (P) and crest positions across the 1900 moraine, Storbreen (1100m),

Norway.
20 r

Drobe position and 
depth

Toe(15)P 

Toe(1)P

———— Air (5)

———— Crest (1)

———— Crest (15)

----- Mid(1)D

- - - - -Toe(1)D

- - - - -Toe(15)D

Fig. 3.25 Thermistor (3) standard deviations (n-1) of temperature means for distal (D), proximal (P) 
positions on the 1900 moraine, Storbreen, taken 1.9.90 to 14.8.91.

Toe(15)P 

Toe(1)P 

Mid(1)P 

Air (5) 

Crest(1) 

Crest (15) 

Mid(1)D 

Toe(1)D 

Toe(15)D

Table 3.9 Correlation matrix to show the relative correspondence between temperatures, taken 26.8.89 to 
17.8.90, found on distal (D), proximal (P) and top positions, across the 1750 moraine, Storbreen (1100m), 
Norway.

Toe (15)P 
Toe(1)P 
Mid(1)P
Air (5)
Crest (1)
Crest (15)
Mid(1)D
Toe(1)D
Toe (15)D

Toe(15)P
1 

0994937 
0973088
0.956997
0.928944
0948244
0948299
0929569
0922708

Toe(1)P

1 
0.985169
0.963284
0.940225
0.953852
0.936712
0.911966
0897784

Mid(1)P

1
0962417
0955639
0966737
0.905048
0.873683
0.856547

Air (5)

1
0982808
0987305
0.894183
0.862485
0847586

Crest (1)

1
0.994727
0.841863
0809281
0788899

Crest (15)

1
0860048
0826862
0.814519

Mid(1)D Toe(1)D Toe

1
0986397 1
0.976547 0.992685

(15}D

1

Note 1 Refer to Fig 27 
for positioning of probes 
in the figures and table 
on this page

Note 2 Standard 
deviation for 1-152 91 
(Top, air 5 cms) was 
estimated due to very tow 
temperatures Also toe 
(15cm) distal, for 
November
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10

5-

Fig. 3.26 Thermistor (4) temperature means, taken twice daily over 15 day periods,
emplaced 21.8.90 to 31.5.91 on distal (D), proximal (P) and crest positions across 1750

moraine, Storbreen foreland (1100m), Norway.

01

3

-10

-15 J-

Probe position 
and depth

——Toe (P)15

—— Toe(P)1

—— Mid(P)1

——Air (5)

——Crest (1)

— - Mid (D)1

— - Toe (D)1

8
03

3

O O Q Q O
O) <J> u) Ol 0)
O) C5 O ^ T-

Ol OJ
^ oj

uD -^

9 T <?
10 T- (O

Fig. 3.27 Thermistor (4) standard deviations of temperature means at proximal (P) and 
distal (D) positions on the 1750 moraine, Storbreen, taken 21.8.90 to 31.5.91

Probe position 
and depth

—— Toe (P)15

—— Toe (P)1

—— Mid(P)1

—— Air (5)

- - Mid (D)1 

- - Toe <D)1

m o in ^
^ 3 + 3

Table 3.10 Correlation matrix to show relative correspondence between 
temperatures, taken 24.8.90 to 31.5.91, found on the distal (D), proximal (P) 
positions, across the 1750 moraine, Storbreen (1100m), Norway.

Toe(P)15
Toe (P)1:
Toe(P)1
Mid (P)1
Air (5)
Crest (1)
Mid (O)1
Toe (0)1

0.
0.
0.

1
99544
98282
92674
0.9438

0
0
99792
99175

Toe(P)1

0.
0
0.
0.
0

1
97864
91341
92567
99718
99783

Mid(P)1

0
0.

1
95471
96274
0.9855

0. 97037

Air (5)

0.
0.
0.

1
98786
93013
89913

Crest (1) Mid (D)1 Toe(D)1

1
0.94273 1
091413 0993 1

Note T: Refer to Fig 2 8 for 
positioning of probes in the 
figures and table on this

Note 2 After May battery 
appears to have failed
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Fig. 3.28 Thermistor (5) temperature means, taken six times daily over five day periods, emplaced 
21.8.90 to 20.12.90 on distal (D), proximal (P) positions across the 1750 moraine, Storbreen foreland

(1100m), Norway.
12 T

10

Fig. 3.29 Thermistor (5) standard deviations (n-1) of temperature means (taken six times daily over a 
5-day period) for positions on the 1750 moraine, Storbreen (1100), emplaced 21.8.90 to 20.12.90.

Toe(P)l

Low(P)1 

Shou (P)1 

Crest(1) 

Shou (0)1 

Low (0)1 

Toe (0)1

(N f~ O
T T <

Table 3.11 Correlation matrix to show the relative correspondence between 
temperatures, taken 21.8.90 to 20.12.90 six times daily over a five day period, at 
positions across the 1750 moraine, Storbreen (1100m), Norway.

	Toe(P)1 Low (P)1 Shou (P)1 Crest (1) Shou(1) Low(D)1 Toe (D)1 
Toe (P)1 1 
Low (P)1 0.989608 1 
Shou(P)1 0.980704 0957758 1 
Crest (1) 0.964089 0925733 0992005 1 
Shou(1) 0.98657 0960328 0.979744 0.979027 1 
Low(D)1 0.99451 0.977853 098646 0974565 0.991378 1 
Toe(D)1 Q.994131 0963002 0.972026 0.9566 0979741 0.989663______1

Note: Refer to Fig. 2.8 for 
positioning of probes in the 
figures and table on this page.
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Figs. 3.31 to 3.38 Frequency (1/25) of frost evidence in quadrats across moraines, of decreasing age, on selected glacier forelands.

Fig. 3.31 Austerdalsbreen.
25

— 20 

§,<

Quadrat no.

Fig. 3.32 Fabergstelsbreen.

Quadrat no.

Fig. 3.33 Storbreen low(1)

j §

Fig. 3.34 Storbreen low (2)

A A

Quadrat no.
s * a 8

Fig. 3.35 Svellnosbreen

Fig. 3.36 Storbreen high.

Fig. 3.37 Hogvaglbreen

Fig. 3.38 Boverbreen

rj if> ^> ^

Quadrat no.
0 C^

- = Frequency 
(1/25) of frost

= Moraine profile 
reoresentation

Note the lowest quadrat numbers belong to the oldest 
moraines, and the highest numbers belong to the youngest 
moraines, in each sequence
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Figs. 3.39 to 3.46 Mean dowel heave (of nine dowels) at sites across moraines, of decreasing age, on selected glacier forelands.

Fig. 3.39 Austerdalsbreen

8 0 0 0 •-' ^ 'i- '•< fN

Quadrat no.

Fig. 3.40 Fabergstolsbreen.

,,,,
(UIUI) «A1

Quadrat no.

Fig. 3.41 Storbreen low (1 )

? 20-
£
7 15 .

Fig. 3.42 Storbreen low (2)

-rt\ //in
Fig. 3.43 Svellnosbreen

40
35.

— 30 •
!*
7 2!
S 15 •
I 10 .

AA/X
Quadrat no.

Fig. 3.44 Storbreen high.

30 • 

20-

Quadrat no.

Fig. 3.45 Hogvaglbreen

— 30
i 25

Quadrat no.

Fig. 3.46 Boverbreen

35 • 
— 30 •

;

1
I 10 •

Quadrat no.

- = Mean dowel 
heave (mm)

= Moraine profile 
representation

Note the lowest quadrat numbers belong to the oldest 
moraines, and the highest numbers belong to the 
youngest moraines, in each sequence
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Figs. 3.47 to 3.64 Relationship between slope angle (°), and solifluction frequency (1/26), across moraines, of decreasing age, on selected 

glacier forelands. ___________

so
40

If- »
10

0

Fig. 3.47 Austerdalsbreen.

Fig. 3.48 Fabergstalsbreen.

Fig. 3.49 Storbreen low (1).

S i=s

Quadrat no.

Fig. 3.50 Storbreen tow (2).

S 
CI

Fig. 3.51 Svellnosbreen.

Fig. 3.52 Storbreen high.

Quadrat no.

Fig. 3.63 Hagvaglbreen,

Note the lowest quadrat numbers belong to the oldest moraines, 
and the high&st numbers belong to the youngest moraines, in 
each sequence
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Figs. 3.55 to 3.62 Frequency (1/25) of fluvial activity in quadrats across moraines, of decreasing age, on selected glacier forelands.

Fluvial (1/25)

Fluvial (1/25)
o u, S Z S S

Fig. 3.55 Austerdalsbreen.

1 ,-'''' S f' S ,''' H : J ''": : J H •' H

Quadrat no.

Fig. 3.56 Fabergstolsbreen.

/\/\/\|/\J

Position

1
Quadrat no.

Position

888

Fig. 3.57 Storbreen Low (1).

Fluvial (1/25) A At/lyi /\. A|A
Quadrat no.

30

— 25 
tn 
C| 20

i 15

0

Position

838

Fig. 3.58 Storbreen low (2).

ll II 1 (III Ml 1
*Tt-0.*><OCT><NLJ-><»-«r-0«'.OCT>^^«>- ? r-0<--i<0<J><N«-, CO-g

Quadrat no.

,./ \., Position

IT. Cl

5 0 0 S 0 2

Fig. 3.59 Svellnosbreen.

Fluvial (1/25)
= ,„ 3 5 S tt

r W ,W 1 ll y III
Quadrat no.

Fig. 3.60 Storbreen high.

Fluvial (1/25) .-"' S ; ;' S /': '"' H / ; '"' S i: S r S i: S

/ ; h f \ /" \ f \ f \ ir ; W
Quadrat no.

'--. 1
BKSOCSSRSi

Fig. 3.61 Hogvaglbreen.

Fluvial (1/25)

;,./; V.,, {J V., _,./ V-, ;J V., _,./ \.

1

Quadrat no.

Fig. 3.62 Baverbreen.

Fluvial (1/25) A-AiAiA,

Position

III

n...,,...!;

Position

5
-o
O

1
•» * s

/xl/^N
Quadrat no.

| Key |

Position

S 0 0 C^

= Frequency of ._._„„ = Moraine profile Note tfie lowest ^adrat numbers belong to the oldest 
fluvial activity representation moraines, and the highest numbers belong to the youngest 

moraines, in each sequence
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Figs. 3.63 to 3,70 Frequency (1/25) of trampling and grazing in quadrats across moraines, of decreasing age, on selected glacier forelands.

Fig. 3.63 Austerdalsbreen.

"5. '3 •' ' ' ' ^ ' • \ 1

'ly< \ ./ : WAV/ ft
Quadrat no.

Fig. 3.64 Fabergstolsbreen.

Trampling/ Grazing (1J25)
^ — — M KJ

r ——— I ———— I ———— I ——— I ———— | ——— II • I A A. A
Quadrat no.

Fig. 3.65 Storbreen low (1).

Trampling/ Grazing (1/26) 3 01 O ^i O

1 —— 1 —— 1 —— 1 —— 1 —— I

"~

r- r , • 5

w

/ V-.

- AA/*U.A/V A AM.''
' '* ' V o ,v> «> a 'M ' w » ' '- 3 ^ 'o ' '« ' '«s » ' r-i «i ' 'oi ' V ' ' j ' V ' o ' '« ' '<o ' V ' '« ' '« ' '•> ^ ' S *- ° ""' «>

Quadrat no.

Fig. 3.66 Storbreen low (2)

Trampling/ Grazing (1/26) 0 <Ji O tn S A/MAjiM , A.A::I
Quadrat no.

Trampling/ Grazing (1/26)

Trampling/ Grazing (1/26)

Trampling/ Grazing 

(1/26)

Trampling/ Grazing (1/26)

i Key: I

Fig. 3.67 Svellnosbreen.

j x, ../ \, ,.y \, ,./ \, „ ./ \, J \, ?
• I / '. •' \ a

Quadrat no.

Fig. 3.68 Storbreen high.

r A f : S r '''-• ;A S / ; S 
IV AAA / \ ^ "\

Quadrat no.

Fig. 3.69 Hogvaglbreen.

.J\..A ..A. /•
Quadrat no.

Fig. 3.70 Boverbreen.

r v, ,j \^ fj \^ ,.-•' v,.

Quadrat no.

( 1 125) of (1/25) of grazing representation 
trampling

efssssssaagsss

f -. - 5

; \ |-\ ..•-' '-\ r '•••-, • 3 i'

"> """ r~°j °'°°' aoi °

••-. ••-. - 5 

J \ J \, . 3 |

moraines and Ute highest numbers belong to the youngest 
moraines, m each sequence
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Figs. 3.71 to 3.78 Percentage of total vegetation cover and total bryophyte cover in quadrats across moraines, of decreasing age, on selected 
forelaRds.

Fig. 3.71 Austerdalsbreen.

Fig. 3.72 Fabergstolsbreen.

Fig. 3.73 Storbreenlow(l).

3 S S S £ 3 
Quadrat no.

S S 2

Fig. 3.75 Svellnosbreen.

Fig. 3.76 Storbreen high.

»--jr--OP2too>r»iti»flo.-'<r^ot*>wa»fMiooD 
CD<Jm5ooo-^.-.-tN04r-*«r>or->^-^-w

Fig. 3.77 Hegvaglbreen.

60 
u 
tf 40

20

0

Fig. 3.78 Beverbreen.

- % cover of total 
vegetation

= % cover of total 
bryophytes

= Moraine profile 
reoresentahon

Note the lowest quadrat numbers belong to the oldest 
moraines, and the highest numbers beiofig to the youngest 
moraines, in each sequence
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Figs. 3,79 to 3.86 Percentage cover of fines, gravels and boulders in quadrats across moraines, of decreasing age, on selected forelands.

o 40 
8 M

Fig. 3.79 Austerdalsbreen.

A

Quadrat no.

Fig. 3.80 Fabergst0lsbreen.

Quadrat no.

Fig. 3.82 Storbreen low (2).

5 S ^ § n ** 8

Fig. 3.84 Storbreen high.

100 
90 
BO

S S
a 50

** 30
20 - 
10

Fig. 3.85 Hegvaglbreen.

Fig. 3,86 Beverbreen.

Quadrat no.

= % cover of 
fines

= % cover of 
gravels

= % cover of 
boulders

- Moraine profile 
representation

/Vote the lowest quadrat numbers belong to 
the oldest moraines, and fhe highest 
numbers belong to the youngest moraines, 
in each sequence
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Figs. 3.87 to 3.94 Representative soil and root depth in quadrats across moraines, of decreasing age, on selected forelands, (depth measured 
to a maximum of 150 mm)

Fig. 3.87 Austerdalsbreen.

A

Quadrat no.

Fig. 3.88 Fabergstolsbreen

Fig. 3.89 Storbreen tow (1)

a a s s 8 s

Fig. 3.90 Storbreen low (2)

Fig. 3.91 Svellnosbreen

3 S S S Z 3 
Quadrat no.

Fig. 3.92 Storbreen high.

£ 2 a s S 5 S 
Quadrat no.

= Soil depth = Root depth ——— = Moraine profile 
representation

Note the lowest quadrat numbers belong to the 
oldest moraines, and the highest numbers belong to 
the youngest moraines, in each sequence
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Figs. 3.95 to 3.102 Representative humus depth in quadrats across moraines, of decreasing age, on selected forelands, depth measured to a 
maximum of 150 mm)

Fig. 3.95 Austerdalsbreen

-5 £ 80

3 £ fin

20 30 40 50 Quadrat no.
SO 1UO

Fig. 3.96 Fabergstolsbreen

Quadrat no.

Fig. 3.97 Storbreen low(1)

Fig. 3.98 Storbreen low (2)

Quadrat no.

Fig. 3.99 Svellnosbreen

~J\

Fig. 3.100 Storbreen high

v
Quadrat no.

Fig. 3.101 Hogvaglbreen

/v
3 S-

Quadrat no.

Fig. 3.102 Boverbreen

Quadrat no.

= Humus depth = Moraine profile 
representation

/Vote the lowest quadrat numbers belong to the oldest 
moraines, and the highest numbers belong to the youngest 
moraines, in each sequence
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Figs. 3.103 to 3.110 Soil pH in quadrats across moraines, of decreasing age, on selected forelands.
tpH trend line represents change of pH with moraine age)

Fig. 3.103 Austerdalsbreen.

Fig. 3.104 Fabergstalsbreen.

55 . 

5

X X K 35
Quadrat no.

Fig. 3.105 Storbreen low(1).

Fig. 3.106 Storbreen low (2).

Quadrat no.

Fig. 3.107 Svellnosbreen.

Quadrat no.

Fig. 3.108 Storbreen high.

Quadrat no.

Fig. 3.109 Hagvaglbreen.

i -a- m in ir>

Quadrat no.

Fig. 3.110 Boverbreen.

(0 i- *f l~-

Quadrat no.

= pH trend line = Moraine profile 
representation

Note the lowest quadrat numbers belong to the oldest 
moraines, and the highest numbers belong to the 
youngest moraines, in each sequence
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Figs 3.111 to 3.118 Soil texture across moraines, of decreasing age, on selected glacier forelands, (scale 1 
= Sand: 2= Loamy sand: 3 = Sandy loam: 4 - Loam.)

Fig. 3.111 Austerdalsbreen.

Texture 
scale /\ \ I -x \

Quadrat no.
,£,.__» ,-~O-*1'£'C'>''SIJ-'W--g-C-g

'' 5 

" 1

Fig. 3.112 Fabergstolsbreen.

Texture 
scale O — 'J '~

Texture scale

/ ——— \

J v, J V J V, \ '

•'"•.

Quadrat no.

Fig. 3.113 Storbreen

\ / \./ \l

Quadrat no.

8 E S S P B S S S 5 X & 8 S §

low(1)

\ n n /
'••-,

3£gssssss;ss688g

; o'
3 

t

Cfl
3 1

1

Fig. 3.114 Storbreen low (2).

Texture scale /\ l±iJ UL_
/ "", •

Quadrat no.

- .5

- ^ — — ^

Position

Fig. 3.115 Svellnosbreen.

Texture 
scale

1 « 2
5 (01 a

0

l//\ ,AJ/\ /
1 . 1 1 . t 1 1 , 1 L 1 . 1 . 1 . I > . 1 1 > 1 . L . 1 > , , I , , , I , , , 1 , , , , I , , , . L , , , , , , , . , ,

Quadrat no.

Fig. 3.116 Storbreen

AR A A A A "..A

\_

Afl A, AA
. > I . i 1 . 1 1 1 1 1 < 1 < 1 1 1 1 1 1 > 1 < . 1 1 1 > . > , . , . . . , , . . I , , . I , ,

r- <~- „ _

UOIJISOd

high.

A, nA A A
Quadrat no.

ssaasssstssaassss

. 5 •o

-' 1

Fig. 3.117 H0gvaglbreen.

Texture scale ^ — K> i ———— > ——

/\ \ " / /\ \
-O-I^OMOOliN.^tO^.jfr-OMlDW-JlO

Quadrat no.

3

s s a s a c s s a s s 5 a a 8

Fig. 3.118 Boverbreen.

|i

Key:

2 ,'"". •" ; J' '"-, ,'

0 - -,A ,.,- ,-,-,..,..,..„-,. ,,,,'•,,,•',,,,,, .-TT-TTT , , i-. , ,-r r-r i r'.-rvi . , T . i i-i . r-. , , , . ,

Quadrat no.

representation

'' X X X ;"; lj' X

5

Jso

T- 1

' ~ ' * '

Note: the lowest quadrat numbers belong to the oldest 
moraines, and the highest numbers belong to the 
youngest moraines, in each sequence.
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Fig. 4.2 Moraine profile diagram to display the individual foreland data for 
TWINSPAN site groups, Austerdalsbreen (sheet \). (bar explanation oj diagram see 
section 4.1 cmd }<iv. 4.1)

KEY:
Assemblage name 

Level (I ° indicators)
2

Ste alp - Ste ves

Bet puh - Cal vul
Vac myr - Des fle
Ste alp - Car spp
Bet puh - Cal vul
Cor sue - Sal gla
Ath dis - Pot era

Car spp - Phi alp
Sal phy - Sal her

Sal gla - Sal her
Des tie - Vac myr
Vac myr- Bet pub
Cal \ul - Sol cro
Des alp - Phy cae
Vac mvr - Vac uli

nig - Pet pub

Approximate scale 5 mm 1 m
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Fig. 4.2 Profile diagram to display the individual foreland data for 
TWINSPAN site groups, Austerdalsbreen (sheet 2). (h'or explanation of 
diagram see section 4.1 and Fig. 4.1)

M7 (1960) ?=.

Approximate scale = 5mm : I m

KEY:
Assemblage name 

Level (I" indicators) 
2 Bet pub - Cal vul

Vac myr - DCS fie
Ste alp - Car spp
Bet pub - Cal vu]
Cor sue - Sal gla
Ath dis - Pot era
Ste alp - Ste ves
Car spp - Phi alp
Sal phy - Sal her
Mmp nig - Cal vul
Sal gla - Sal her
Des fie - Vac myr
Vac myr- Bet pub
Cal vul - Sol cro
DCS alp - Phy cae
Vac myr - Vac uli
Emp nig - Bet pub 
Sol cro
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Fig. 4.3 Moraine profile diagram to display the individual foreland data for TWINSPAN 
site groups, Fabergstelsbreen. (I-or explanation of diagram see section 4.1 and Fig. 4.1)

FASF KEY:
Assemblage name
(I" indicators) 
Bet pub- Vac myr 
Agr ten - Des alp
Vac myr - Des fle
Cal \til - Hmp nig

ten - Phi alp
Des fle - Epi als
Vac myr - (iym dry 
Phy cae - Emp nig

- Cal vul
Cla fim
Sal phy

- ()xy dig
Met syl

- Gym dry
- Sal phv

Vac \it - Cla ran
Phi alp- Lot cor
DCS alp - Sax sic

M6(1970)

Approximate scale 5 mm : 1 m



Fig 4.4 Moraine profile diagram to display the individual foreland data for TWINSPAN site 
groups, Storbreen low (1). (For explanation of diagram see section 4.1 and Fig. 4.1)

STLF1 KEY:
Assemblage name

Level (1 ° indicators)
M3(1810)

M4(1825)

MS (1870)

M6(1900)

Approximate scale 5 mm : 1 m



Fig. 4.5 Moraine profile diagram to display the individual foreland data for TWINSPAN site 
groups, Storbreen Low (2). (For explanation of diagram see section 4.1 and Fig. 4.1)

MUMature)

Hi 8

MS (1870)

STLF2 KEY:
Assemblage name 

Level (1" indicators)
2 Cla por - Bet nan

Sol cro - Get niv
Sal her - Ran acr
Stc alp - Cla por
Ste alp - Sal her
Get niv - Ale och
Sal gla- Vac uli
Cla arb - Get eri
Gas hyp - Sal her
Cla chl - Get niv

M6(1900)

Approximate scale 5 mm : I m
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Fig. 4.6 Moraine profile diagram to display the individual foreland data for TWINSPAN site 
groups across Svellnosbreen. (For explanation of diagram see section 4.1 and Fig. 4.1)

Ml (Mature)

M2(1750)

M4(1870)

MS (1916)

SVLF KEY:
Assemblage name 

Level (1 " indicators)
Emp nig - Ste alp
DCS alp - Oxy dig
Sal her - Cet isl
Cet niv - Sal phy
Sal gla - Cer cer
Sal her - Emp nig
Sal gla - Sal phy
Cet niv - Cet eri
Sal gla - Car pet
Emp nig - Stc alp
Cla por - Phy cae
Ale och - Cet cue

Approximate scale - 5 mm I m
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Fig. 4.7 Moraine profile diagram to display the individual foreland data for TWINSPAN site groups, 
Storbreen high . (For explanation of diagram see section 4,1 and Fig. 4.1)

Approximate scale = 5 mm : I m

Ml (Mature)

STHFKEY:
Assemblage name 

Level (1" indicators)

Zj O |ii[ MS (1968)

M7(1951)
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Fig. 4.8 Moraine profile diagram to display the individual foreland data for TWINSPAN site 
groups, H0gvaglbreen. (For explanation of diagram see section 4.1 and Fig. 4.1)

Ml (Mature)

M2(1750)

M3(1810)

M4(1850)

HOHF KEY:
Assemblage name 

Level (I ° indicators)
Sal her - Get eri
Oxy dig - Poa alp
Tha ver - Ale och
Get eri - Ste alp
Sol cro - Oxy dig
Sal gla - Cet niv
Get niv - Cas hyp
Clagra - Sal her
Cor acu - Cet niv
Cas hyp - Cla chl

MS (1930)

Approximate scale 5 mm : I m
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Fig. 4.9 Moraine profile diagram to display the individual foreland data for TWINSPAN site 
groups, Beverbreen. (I* or explanation of diagram see section 4.1 and }<ig. 4.1)

Ml (Mature)

M2(1750)

M3(1810)

M4(1900)

BOHF KEY:
Assemblage name

Level (1 ° indicators)

MS (1930)

M6(1960)

Approximate scale 5 mm : I m
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Figs. 4.18 to 4.22 Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats 
across moraines of decreasing age, at Austerdalsbreen. (dashed line represents moraine profiles)

Fig. 4.18 Species group 8, Austerdalsbreen.
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Fig. 4.19 Species group 9, Austerdalsbreen.
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Fig. 4.20 Species group 68, Austerdalsbreen.
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Fig. 4.21 Species group 69, Austerdalsbreen.
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Fig. 4.22 Species group 35, Austerdalsbreen.

Quadrat no.
Species: 48 Cla dig; 56 Pin vul, 63 Cla cer

Notes: low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in each 
sequence: the different species are not distinguished on each diagram although the individual species, within each 
TWINSPAN group, are listed See Appendix 1 for full species names.

64



Figs. 4.23 to 4.27 Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats across 
moraines of decreasing age, at Austerdalsbreen. (dashed line represents moraine profiles)

Fig. 4.23 Species group 5, Austerdalsbreen.
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Notes: low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in each 
sequence; the different species are not distinguished on each diagram although the individual species, within each TWINSPAN 
group, are listed. See Appendix 1 for full species names.
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Figs. 4.28 to 4.33 Distribution of TWINSPAN "final species groups" in relation to slope position, in 
quadrats across moraines of decreasing age, at Fabergstolsbreen. (dashed line represents moraine profiles)

10 - ——— 

£ 63 «• 
* 2

Fig. 4.28 Species group 8, Fabergstolsbreen.

,,,,,, M }\\\ , II , ||, „ ll,

Quadrat no.

II > -^ S-- jJ ilhi In i i i \ linn ii

Species 48 Cla arb, b2 Ste alp.

TJ
. 8
3 5 o

F " 1 =
8 |

Fig. 4.29 Species group 36, Fabergstolsbreen.

O 40
o „„

T-^-i^-oo">{DaiCNinto

Quadrat no.

3 
O

Species; 47 Cla ran, 49 Cla por, 6 Cal vul; 41 Cla en, 42 Cla squ, 46 Cla gra, 51 Cla bel, 54 
Cla crc, 55 Cla ama, 56 Cla dig, 57 Cla fur, 59 Cla ste, 60 Bro cup, 64 Cet cue

% Cover
- 
-

-
.

)

12C 
10C 

| 8C 
0 6C

4
° 2 

C

10C 

8( 

| 6(

" 4C 

2(

50 
|40- 
030-

10 
0

) 
) 
)
) 
)
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each sequence: the different species are not distinguished on each diagram although the individual species, within each 
TWINSPAN group, are listed. See Appendix 1 for full species names.
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Figs. 4.34 to 4.38 Distribution of TWINSPAN "final species groups" in relation to slope position, in 
quadrats across moraines of decreasing age, at Fabergstolsbreen. (dashed line represents moraine
profiles)
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Notes: low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in 
each sequence: the different species are not distinguished on each diagram although the individual species, within 
each TWINSPAN group, are listed. See Appendix 1 for full species names
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Figs. 4.39 to 4.42 Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats 
across moraines of decreasing age, at Storbreen low (1). (dashed line represents moraine profiles)

Fig. 4.39a

% Cover
3 Ol O Ul O (

Species group 8, Storbreen Low (1).

iJ.UL ^/A ^ -/AV| •;//Xx-- '//Av- /Av-

- Species 55 Sph glo, 84 Sil aca, 5 Lou pro 
bif, 21 Tri eur, 24 Des fie, 30 Lye alp, 40 Cla

Quadrat no.

6 Vac vit, 29 Jun tn, 31 Lye sel; 35 Ste pas, 47 Cet ste, 9 Jun com, 16 Vio 
ama, 43 Cla squ, 57 Cla alp, 83 Cla car, 90 Coe vir

Position
*> " - r

S 3C I III

^ ill
*- v r^ o

1. 50 
« 40 . \ 
0 30
o 20 -
&« 10

30 ^ ———————— 
25 

« 20

,5 10

° oS -,-X,,,,l
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Fig. 4.41 Species group 10, Storbreen low (1).
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sequence: the different species are not distinguished on each diagram although the individual species, within each 
TWINSPAN group, are listed See Appendix 1 for full species names.
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Figs. 4.43 to 4.48 Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats
across moraines of decreasing age, at Storbreen low (1). (dashed line represents moraine profiles)

Fig. 4.43 Species group 12, Storbreen low (1).
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TWINSPAN group, are listed. See Appendix 1 for full species names.
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Figs. 4.49 to 4.53 Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats 
across moraines of decreasing age, at Storbreen low (2). (dashed line represents moraine profiles)

Fig. 4.49 Species group 30, Storbreen low (2).
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Figs. 4.54 to 4.57 Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats 
across moraines of decreasing age, at Storbreen low (2). (dashed line represents moraine profiles)

Fig. 4.54 Species group 11. Storbreen low (2).
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Fig. 4.55 Species group 18, Storbreen low (2).
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Fig. 4.56 Species group 19, Storbeen low (2).

Quadrat no.
Species 82 Ant alp, 69 Sal phy, 112 Car bel, 111 Lye sol, 7 Cas hyp; 95 
Pan pez, 89 Sph fra, 67 Poa alp, 2 Sal her

Fig. 4.57 Species group 16, Storbreen low (2).

Quadrat no.
Species 78 Car pet, 79 Sal lan, 54 Get cue, 53 Cet niv, 110 Sph glo, 101 Tha ver, 93 
Cor aou; 92 Cor div; 91 Ale nig, 90 Ale och, 83 Lou pro; 11 Arc alp

Fig. 4.58 Species group 17, Storbreen low (2).
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Quadrat no.
Species: 94 Pso hyp, 116 Dry oct, 103 Cla pie, 102 Cla cer, 96 Cla 
fn; 88 Cet del, 80 Arc uva; 99 Cla ver, 98 Cla cer, 115 Gre cla, 114 
Sag sag, 97 Cla pix, 85 Sol cro

Notes: low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in each 
sequence, the different species are not distinguished on each diagram although the individual species, within each 
TWINSPAN group, are listed See Appendix 1 for full species names.
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Figs. 4.59 to 4.64 Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats 
across moraines of decreasing age, at Svellnosbreen. (dashed line represents moraine profiles)
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Fig. 4.59 Species group 7, Svellnosbreen.
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Fig. 4.60 Species group 13, Svellnosbreen.
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Fig. 4.61a Species group 25, Svellnosbreen.
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Fig. 4.61b Species group 25, Svellnosbreen.
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Fig. 4.62 Species group 24, Svellnosbreen, Norway.
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Fig. 4.63 Species group 11, Svellnosbreen.

";;|4 '^JMilllhiLi^A. J. -^ v -
Quadrat no.

5 TJ 
O 
tfl

3 5io
3

1

' —————————————————————— Species 46 Ste alp, 103 Cla bel, 48 Cla cer; 21 Cas hyp, 1 1 Ant alp, 42 —————————————— ' 
Clapor, 40 Get del. 19Empnig, 2 Vaculi, 51 Cla chl

Fig. 4,64 Species group 42, Svellnosbreen.
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Notes low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in each 
sequence, the different species are not distinguished on each diagram although the individual species, within each TWINSPAN 
group, are listed See Appendix 1 for full species names.
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Figs. 4.65 to 4.69 Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats 
across moraines of decreasing age, at Svellnosbreen. (dashed line represents moraine profiles)

Fig. 4.65 Species group 43, Svellnosbreen.
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4.66 Species group 83, Svellnosbreen.
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pie, 81 Cla def, 80 Eup fr , 76 Pso hyp, 75 Cla ver, 73 Ste bot; 72 Nep arc, 71 Cla fur, 70 Sal myr, 69
Tof pus, 68 Sil aca, 67 Luz spi, 66 Pin vul, 59 Cla en, 10 Jun tri

Fig. 4.67 Species group 84, Svellnosbreen.

Quadrat no.
Species 98 Tri spi, 95 Cer alp, 74 Cla pix, 20 Phy cae

Fig. 4.68 Species group 40, Svellnosbreen.
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Fig. 4.69 Species group 4, Svellnosbreen.
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Notes: low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in each 
sequence: the different species are not distinguished on each diagram although the individual species, within each 
TWINSPAN group, are listed See Appendix 1 for full species names
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Figs. 4.70 to 4.74 Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats across 
moraines of decreasing age, at Storbreen high, (dashed line represents moraine profiles)

Fig. 4.70 Species group 16, Storbreen high.
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Fig. 4.71a Species group 17, Storbreen high.
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Fig. 4.71b Species group 17, Storbreen high.

Quadrat no.
Species 22 Cet niv, 23 Cet cue, 6 Vac vit, 20 Ste eon, 21 Ste 
pas, 26 Cet en, 35 Cla ste

Fig. 4.72 Species group 18, Storbreen high.

Quadrat no.
Species 2 Phy cae 27 Cla chl, 46 Cashyp; 60 Car bel; 13 Jun tn, 28 Cla 
por; 30 Cla arb, 33 Cla gra, 36 Cla en, 58 Cla cer, 24 Cet isl

Fig. 4.73 Species group 38, Storbreen high.
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Quadrat no.
Species 7 Gna sup, 14 Luz arc, 8 Hie spp, 9 Lye spp, 17 Nar str, 31 Pso hyp, 32 Cla 
squ, 34 Cla unc, 39 Cla con, 43 Nep arc, 56 Sib pro, 71 Ran alp, 73 Lee qua, 75 Och fn

Fig. 4.74 Species group 39, Storbreen high.

Quadrat no.
Species 25 Cet del, 54 Pyr min, 57 Dry exp, 59 Ver alp, 62 Pyr spp, 66Cla ver, 67 Cla 
pie, 72 Car pet, 77 Sal ret, 79 Sph mel, 80 Cla sph, 84 Ale spp, 86 Ath dis, 18 Ant alp

Notes: low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in 
each sequence, the different species are not distinguished on each diagram a/though the individual species, within each 
TWINSPAN group, are listed. See Appendix 1 for full species names.
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Figs. 4.75 to 4.77 Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats across 
moraines of decreasing age, at Storbreen high, (dashed line represents moraine profiles)

Fig. 4.75 Species group 5, Storbreen high.
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Fig. 4.76 Species group 6, Storbreen high.
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Fig. 4.77 Species group 7, Storbreen high.
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Quadrat no.
Species 52 Oxy dig, 53 Cer cer, 61 Arc alp, 16 Phi alp, 47 Des alp, 48 Tn spi, 49 Sag 
sag, 63 Poa alp, 88 Sax ces, 10 Fes ovi, 78 Ara alp, 64 Ste bot

Notes: low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in 
each sequence: the different species are not distinguished on each diagram although the individual species, within each 
TWINSPAN group, are listed. See Appendix 1 for full species names
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Figs. 4.78 to 4.81 Distribution of TWINSPAN "final species groups" in relation to slope position, in 
quadrats across moraines of decreasing age, at Hogvaglbreen.. (dashed line represents moraine profiles)

Fig. 4.78 Species group 8, Hegvaglbreen.

Quadrat no.
Species 19 Get niv, 20 Get cue, 8 Vac vit, 9 Vac uli, 34 Ale och, 35 Ale nig, 38 Tha ver, 43 
Cla ran, 10 Jun tn, 32 Cor acu, 33 Cor div, 42 Sph glo

Fig. 4.79 Species group 36, Hogvaglbreen.
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Fig. 4.80 Species group 37, Hogvaglbreen.
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Fig. 4.81 Species group 38, Hogvaglbreen

Quadrat no.
Species 4 Cas hyp, 5 Luz spi, 27 Cla fim, 45 Phy cae, 49 Ran gla, 28 Cla cer, 41 Cla ver, 
46 Pol viv, 47 Phi alp, 51 Emp nig, 52 Luz arc, 53 Ant alp, 54 Nar spp

Notes: low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in 
each sequence; the different species are not distinguished on each diagram although the individual species, within each 
TWINSPAN group, are listed. See Appendix 1 for full species names.
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Figs. 4.82 to 4.84 Distribution of TWINSPAN "final species groups" in relation to slope position, in 
quadrats across moraines of decreasing age, at H0gvaglbreen.. (dashed line represents moraine profiles)
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Fig. 4.83 Species group 5, Hogvaglbreen.
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Notes: low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in 
each sequence: the different species are not distinguished on each diagram although the individual species, within each 
TWINSPAN group, are listed. See Appendix 1 for full species names.
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Figs. 4.85 to 4.89a Distribution of TWINSPAN "final species groups" in relation to slope position, in quadrats across 
moraines of decreasing age, at B0verbreen. (dashed line represents moraine profiles)

Fig. 4.85 Species group 16, Boverbreen
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Fig. 4.86 Species group 17, Boverbreen.
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Fig. 4.87 Species group 36, Boverbreen.
Q

8
7 -

t- 6
S 5
O 4 - 
SB 3

2 
1

."* — '.

•il III till 1 II! Ill
•- m 01 ji r. r

.--.
r"1 ""*,

Llkli
.-.

" j

I id
.-.

1 1 mli /; ''••• i
Quadrat no.

Species 3 Phy cae, 1 1 Lye sel, 18 Ste bot, 36 Cla fur; 48 Cas hyp, 49 Gna sup;
53 Cla cer, 55 Cla dig, 57 Pso hyp

.-. .-,
. j ••>_

,,,H,,,,,,,L,,, ,

- 5
•u
8

,3 o

Fig. 4.88 Species group 37, Beverbreen.

Quadrat no.
Species 6 Luz spi; 16 Ste con, 23 Sph fra, 24 Cla chl. 26 Cla fim, 30 Cla ran.

Fig. 4.89a Species group 19, Boverbreen

in CD CD CD i^

Quadrat no.
Species 20 Get en, 19 Get isl, 25 Cla pbc, 27 Cla squ, 33 Cla 
gra, 35 Cla ver, 62 Get del

Notes low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in 
each sequence, the different species are not distinguished on each diagram although the individual species, within each 
TWINSPAN group, are listed See Appendix 1 for full species names.
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Figs. 4.89b to 4.92 Distribution of TWINSPAN "final species groups" in relation to slope position, in 
quadrats across moraines of decreasing age, at B0verbreen. (dashed line represents moraine profiles)

Fig. 4.89b Species group 19, Boverbreen.
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Fig. 4.90 Species group 5, Boverbreen.
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Fig. 4.91 Species group 6, Boverbreen.

UJJkJI
Quadrat no.

Species 15 Ste alp, 50 Tri spi, 63 Sal gla

Fig. 4.92 Species group 7, Boverbreen.
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Notes: low quadrat numbers belong to the oldest moraines, and the high numbers belong to the youngest moraines, in 
each sequence: the different species are not distinguished on each diagram although the individual species, within each 
TWINSPAN group, are listed. See Appendix 1 for full species names
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rable 5.2 Rank of sites and erwlronmenta
ordination axes (1) and (2), Fabergstelsbreen. (with superimposed
TWMSPAN "Final site groups')

rable 5.1 Rank of sites and environmental parameters on OCA 
ordination axes (1) and (2). Austerdalsbreen. (with superimposed 
nviNSPAN 'final site groups')
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S^i'::Ni'li^i:

iiiiilt
i 1» i«t;MR35 -iBaMisai;

— ...
2 1b
18 96 
14 76 
17 8> 
6 3b 
16 Bb
21 11e
22 116
13 7a 
4 20 
6 39-~ _ )

Hpj^iitfSBjl
iifliiiiiiiidilw
56 28tJ
52 26t
49 25a
12 W
8 41)
11 6> 
r 4a
10 5b
9 6a

en! 
(F 
RE 
jup 
jre

rs on be
perimpos

\

A
=d

, TWINSPAN "final sttegroups" - see 
g 4 5) for location ot groups on foreland. 
;N LOW ( 1 ) (some colours used for 
sin Fig 4 5, have been lightened In 
ad the celt captions)

—— n
ca
CJ
sd
en
ESS

•ve end of DCA 
.axis

Group 4*
Group 10*
Group 11* 
Group 12*
Group 1 3*
Group 14*
Group 15*

Note see Appendix 3 for environmental parameter abbreviations

_.- —— Table 5.4 
ordinatio
TW/fVSPA

Rank r. 
n axes(
fV 'final SI

if sites a 
) and (2)

o groups ")
Storbreen low (2

1 .. JSTLF2.

+ve end of DCA 
axis 4

SITE COLOUR KEY 
Represents TWINSPAN final 
profites (Fg46) fortocationo 
foreland 
STORBREEN LOW(2) (some 
final groups in Fig 4 6 have be 
order to read the cell captions)

—— r-=

1 _
CZ]r —

21 Bargr 
3 Frohve

fee Alttud
5 Moi tre
1 Sno lie
22 Bar fin
2 Posen\
7 Slope'
20 Bar bo
4 Dow els
10 Tra mp
9 Aspect
11 Aminf
8 Sol flu
6 Flu via
13 pH* ••'

24 Bry Co
25 Aspe!
27 Agem
15 Slade
12 Soite^
14 Humd
23 Vega
16 Roodi

sue groups'- see 
groups on

colours, used for 
en lightened in

Group 4-
Group 7
Group 10*
Group11*
Group 12*
Group is

). (with 3

STL2 
AXIS j ij

Eig = 0 42 
31 16! 
103 5;
50 25t
32 16t
49 25i
67 34!
28 14t
47 24!
85 43!
48 24t
104 SI
68 34t
51 26i
106 5;
52 26b
87 44s
100 5C
86 436
99 50s
107 5'
88 446
105 53
34 17t
108 51

84 42t
101 51
33 17!
81 41!
is — m

ipenmposetl

AXIS (2) AXIS[2J.

"Eg = 027 
24 126 
23 12s
21 11!
22 11t
37 19e
26 13t
19 10e
20 10t
Sli?fliS
76 386
17 9a
29 152
?"4::.' ; .yf$
25 132
36 136
63. , ."I^a
60 30b
30 156
41 21a
48 246
18 96
57 29a,
104 52
38 19b

20 Bar bo 
6 Flu via 
26 Alttud
21 Bargr
24 Bry CO
7 Slope- 
14 Hum d 
10 Tra m(
22 Barfin 
3 Fro bye
16 Rood*
11 Ani inf
9 Aspect 
13 pH'" 

27 Age m 
4 Dowels 
5 Moi Ire 
12 Sot te> 
25 Aspei 
1 Sno lie 
15 Sta"de 
2 Pos em 
8 Sol flu
23 Vegc<

58 29b|
67 34a
32 166
42 21b/S""'^r3l?

65 33a|82 416
112 56
69 4Sa

82 41t:m>m
83 422

94 : f!f> 
49 253

28 14b|
2 1b I
85 43a

»: m^:..'m>
66 33DH6 2301
27 143
re 4Ba
92 40ft 
9? 49s 
111 56 
» 4M 
36 489
72 36b

11 39» 
J» <K>t
35 13a
100 506
E2 316 
51 263
78 " m 
38 4&>

SO 4^t)ior 54a
SI 4SS45 233
110 as'tl'1 86

|6-5 32D
40 2® 
to 401
78 3S*
wiMifiSi 
ill
73 STR 
93 flu
^6 23b

-

-ve end of DCA
axis

43 22a 
38 20s 
54 27b
36 186
44 22b
74 m>
29 1 5s
35 18a

liiiil
30 156
53 27a 
61 313
62 316
55 28a
45 238
60 306
38 19t
76 386
25 13e
26 131
37 192
41 21s
42 216
46 236
19 102
20 10t
57 29a
58 29t
14 76 
8 4)> 
13 7a 
3 2a
a ta
12 66
22 116
10 56 
11 6a 
5 3a 
16 86 
4 2b 
6 36
17 9a
f Aa 
15 8a
21 11«
23 12!
18 96
2 16
24 12t
1 la

99 50a
87 443

$>..-. .. isa
33 17a 
66 43b

60 30a 
82 46i>

3

IDS 546
63 34b
50 256
tire" "S&
71 364
31 41a 
a? 46a
aft -lob
»ilj..,,:2f»

D

105 53a

97 49a 
SI •»•
70 35b

52 266
56 286mmm
66 336
88 446
3 2a
84 42b
65 33a
$$&W88b
72 36^
83 42a
102 51b
101 51a
103 52alib •••'»"
55 28a 
64 32b 
1 1a

44 220
54 276

—--.--

27 14a
4i 22a 
8 46 
14 76 
13 7a 
53 27a 
16 8a 
6 3a 
31 16a
e 36
10 Sb 
9 te
12 6b 
11 6a 
7 4a
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able 5.6 Rank of sites and environment: 
ordination axes (1) and (2), Storbreen high, (with superimposed 
TWINSPAN "final site groups")

able 5.5 Rank of sites and environmental parameters on OCA 
jrdination axes (1) and (2), Svellnosbreen. (with superimposed 

final site groups")

AXISX2) AXIS(2] 
RANKJ IRANK2 [RANK2 _[ 
Eig~=~442TETg"="35fjElg=p_9J6 

9a 14_Humdep 
27 Age mor 
[5 Sta dep 

9b 16 Roojtep_ 
3b 23 Veg'cov 
2a 8 "Sol"flu

___W Tramp 134 
22 Baffin 142
25 Asp 63 149 
9 Aspect 148
23 Vegcc. 15C 
14 Hum d' 132 
16 Roo* 117

20 Bar bo 143
21 Bar'oji 118
26 All tud . ..
24 Bryco> 14C

B Soinu 
22 Barfln 
9 Aspect

10b 21 Bargra 
10a 13 pH"

SITE COLOUR KE1 
Represents TWINSPAN "final site groups" - see 
profiles (Rg48J for locaton of groups on foreland 
STORBREEN HIGH (some colours, used for final 
groups in Fig 4 8. have been lightened In order to 
read the cell captions)

Represents TWINSPAN Tlnal site groups" - 
profiles (Fig 4 7) for locaton of groups on 
foreland SVELLNOSBREEN (somecolours 
used tor final groups in Fig 4 7. have been 
lightened in order to read the cell captions)

Group 3" 
Group 8" 
Group 3' 
Group 20 
Group 2

31__^6a 13 
65 43a 131' 

43b 138 
2SJ32 
47aJ2S 37o{59" 

47b 1S6

-ve end of DC A 
axis

Note see Appendix 3 for environmental parameter abbreviations
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Table 5.7 Rank of sites and environmental parameters on OCA 
ordination axes (1) and (2), Hagvaglbreen. (with superimposed 
TWINSPAN "final srte groups")

erbreen. (with superimposed TWINSPANordination axes (1) and (2)
"final site groups")

8OHF JBOH._.
AXJSJ2J [AXIS (21.
RANK 2 [RANK 2_ 

£lg_= 0 82 
1 Sno te 
21 Bar gr

+ve end of OCA 
axis

16 Roodep__ 
23 Veg cov

20 Bar be
22^ Bar fir

Dowels
7 "Stops'
2 Posera
11 Am inf

Sol flu
Fro hve

2 Pos em 
^ Fro hve 

26 Alttud25 Asp eas 
""Sol flu 
6 Fluv(a

48a|9 Asped 
32t 27 Agsrr 
30d 16 Roo d 
33e 14 Humc 
20a 23 Veg c. 

24 Br/ cc 
31D 15 Sta de 

30b

SITE COLOUR KEY 
Represents TWINSPAN "linal site groups" - 
see profiles (Fig 4 9) lor location of groups on 
foreland H0GVAG1_BREEN (some colours, 
used tor final groups in Fig 4 9. have boon 
lightened in order to read the cell captions)

SITECOIOUR KEY 
Represents TWINSPAN "final site groups" - see 
profiles (Fig 410) for location of groups on 
foreland B0VERBREEN (some colours, used 
tor final groups in Fig 4 10, have been 
lightened in order to read the cell capl/ons)

JBBt'i
181) 49 
288 76 
32b 73 
J48 98 
35D52 
27a33 
29«83

•ve end of OCA
axis

Note see Appendix 3 for environmental parameter aWvev/at/ons
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Table 5.9 Rank of species and environmental parameters on 
DCA ordination axes (1) and (2), Austerdalsbreen. (with 
superimposed TWINSPAN "species final groups")

Table 5.10 Rank of species and environmental parameters on 
DCA ordination axes (1) and (2), Fabergstalsbreen. (with 
superimposed TWINSPAN "final species groups")

AUSF_j _ 
Environment

RANK 2

83PM alp 21 Bargra 
00113 pH' —

AUSF i AUSF ! AUSF 
Environmdspecies ISpecies 
AXIS(1) |AXIS (1) }AXISi2| 
RANK1 'RANK1 [RANK 2 
Eig = 0 93i Eig = 0 44:| Eig -029: Eigj^J)74; 
16 Roodel|HHB|S4SiUl SW 26 Alt tud 
U Hum d; 
27 Age mi 
15 Sta de| 

Soi te:
6 Flu via rSCor 
23 Veg ci 
25 Aspe; 
13 pH'•"

8 Sol flu
9 Aspect]
5 Moi tre
T_ Slo pe'

_26_ Alt tud |
2 Pos en'
"l? ~Ani

10 Tra
4 Dow el:
J_Sno lie
22larfm
21 Bargn
20 Bar boi
3 Fro hve 51 Ale
24

+ve end of DCA 
axis

'er alf 24 Brycov 
j88 Pyr noi 4 Dowels 
|58 Car spi 5 Moi tre 

Ib 20 Bar bou
7 Slo pe' 

v»!22 Bar fin 
44 Ste ate 25 Asp eas^ 

d 3 Fro hve 
11 Ani inf 
9 Aspect
10 Tra mpt _ 
1 Sno lie [ ~ 
14 Hum dep_ 

;iilAnt<Xt 16 Roodep^ 
' "e Sol flu [_ 

is cor 12 _Soi texj _ 
2 Pos env] _ 

76 Des C€ 23 Veg cov _

79 Lot col 27_Age mor 
53 Lye arm 
77Aln ~

TABLE 5 9 COLOUR KEY
Represents TWINSPAN "final species 
groups", as well as location See Table 418 
for group description, and colour-coded key 
for general location on foreland 
AUSTERDALSBREEN

TABLE 5 10 COLOUR KEY

+ve end of DCA 
axis

FASF JFASF 
Environmej Species
AXIS (1) [AXIS (1} 
RANK 1 [RANK 1
Eip = 0 96JJ Eig = 0 € 
6 Flu via 87 Ep" 
21 Baiqrs 74Oxy 
20 Bar bo 84 Or
4 Dowels 13Des

Frojlye 75 Lot'
22 Bar fin 80 Sarj 
13 pH""86Fes 
26 Alt tud 78 Phi 
10 Tra 
25 Asp ei 72 Gi

FASF
Environmi 
AXIS 0_ 
RANK_2_ 

= 05a(Eig=p_79 
5 Mot tre 
1 Sno he 
20 Bar DO

Bar gr,
RH '"- 

Pos env
9 Asp^ect
10 Tra mp

,-., f: , 22 Barjin
9 Aspect 26Arh d« $6c(il''«e 4 Dowels 

83 Ep. 
71Cer

Sol flu 
Veg co 
Stade

8 Sol flu 
1 Sno lie

i: rahve

VI_Aminf 86 Sax 
^2 Soi tex 79 Aflf ter

81 Luz spiMoi tre
Pos env 77 Hie spi 

7 Slope 1 78Cry crl
Bry co- 82 Uln 

23 Veg co 29 Ale 
_14 Hum d 33 Car 
27 Age mi 89 Sib 
^6 Roo de 70 Ce» 
1S_ Sta dei 86 Hus "~"~" je Lis

Represents TWINSPAN "final species 
groups", as well as location See Table 4 18 
for group description, and colour-coded key 
for general location on foreland 
FABERGST0LSBREEN

61 Sal 
"53 Sal 

31 Ort sec 4 Srnp mfl_

88 Pyi noj 13 Pot era 
19 Luz arc 

52Lis cor 75 Pel po)mu
79 Lot cor 34 Sal her

35 Pyr mii :3££e5 bvi 
76 Des ce ? Vac myr 
30CI3 firn 2 Phy cae

cla cpjWMel syl 
110 Sal phy 
36 Lis cori

34 Sal hei
77 Atn glu

33Gha'noi
78 Sal lan 1 Emp nig

S4Jun tn 3 Cal vul

Colour coded key (Tables 5.9-16):
Differentiates the TWiNSPAN "final species groups" and also shows the
general location of each assemblage across the selected forelands, as
shown by the TWINSPAN analysis
Mature = >250yrs - moraine (1) (+2)
Intermediate = 100 - 250 yrs - moraines (2) - (4) (5 - StH)
Pioneer = 0-100 yrs - moraines (5) to (8)
Low-slope positions = Toe-, low- and mid-slope
High-slope positions = Mid- and shoulder-slope and crest

72Gna nor
' ! 36 Cla firr'i82Uln
47Gta

1 Emp ni 
2Phv cae.

67 Cla arb 
47 Cla coi 59 Get eri

9Mel 
53 Lye 
25 Cet isl 57 Arc Mature and intermediate 

Low-slope positions

47Cla 
61 Lou pn 64 Cla ver 
83PM a 
58 Car

Mostly intermediate low-slope 
assemblages

Widespread low-slope and snowbed 
assemblages

Mature assemblages at general 
positions

&1 Lou pro 
72 Cla sul 74 Cla cfi 
67 Cla a

70 Cla ama 
71 Cla bel 68 Cla ran 
eecte raresCha d»f

25 Get isl
68 Cla del 73 Cla pie
69 Cla pix 71 Cla be) 
62 Cla ca 
74 Cla crl 55 Vac vlt 
64 Cla vereSSd cro 

62 Cla car 
55 Vac vii24 Cla hyd

ntermediate assemblages at general 
positions

18M«I syHSNar sir

Intermediate to pioneer assemblages 
at general positions

Pioneer assemblages at general 
positions

73 Cla pie 69 Cla 
60 Ste
81 Ste

-ve end of DCA 
axis

Intermediate to pioneer assemblages 
at high-slope or exposed positions65 Sol era 30 Cla fim

44 9te
59Cet en 60 Ste con

Widespread assemblages at high- 
slope positions

-ve end of DCA 
axis

Widespread assemblages at general 
positionsNote See Appendix 1 for species 

abbreviations, and Appendix 3 for 
environmental parameter abbreviations

widespread assemblages at general 
positions
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fable 5.12 Rank of species and environmental parameters o 
DCA ordination axes (1) and (2), Storbreen low (2). (with 
superimposed TWINSPAN "final species groups")

Table 5.11 Rank of species and environmental parameters 
on DCA ordination axes (1) and (2), Storbreen low (1). (with 
superimposed TWINSPAN "final species groups")

STLF
EnvirpnrTM
AXIS®

RANK 2 'RANK_2 
Ei9 = 027|&8=_78V

Bar bo
San al| 6 Flu 

84 Ran py 26 Alt tud
Bargr 

TOGrt* tit 24 Brycc

EnvironrTiej Species , Species jEnvironme
AXIS[1) :AXIS(1J I AXIS 0 AXIS (2) 
RANK 1 RANK 1 [RANK 2 RANK 2

+ve end of DCA 
axis

+ve end of DCA 
axis

20_ Bar bou 
100 Car p|21 Bargra 
83 Sue Iti 9 Asp ect

MC*r Ma 61 Jun oo 7 sio pe-
?! Cam t< 22 Bar fin 

4lp26 Aft tud 
76 Afif ttr 6 Fluv

Han ac 14 Humd 
um a 10 Tra m] 

22 Barjir 
3 Fro~hye

MiTrt mil 16 Rood, 
vtf 11 Annnf 

l|S-!S»f 01 9 Asp ect 
32Pyr mn 13 pH"

' 27 A gem 
13Ant QdJ4 Dowels 

5 Moitre
25 Aspe3|86Ste coi 28 Vet alf12 Soijex 

21 Leo au 25 Asp e;23 Ve 
26 Des ca 27 Age mor 
64 Ver ale 3 Fro hve

15 Sta del 89 Sph In J2Poi vl£ 1 Sno_[ie 
12 Soi tex S8Cta -cs/37 Phi alpj 15 Sta de

100 Oa n 2 Pos env
23 VegccWCta pw 8«Cet <4« 8 Sol.flu.
18 Roo de 115 Qr« c 82 Ant alp 23 Veg ci 

10 Bar alp
W Pjb'jffjt 38 War strj_

TABLE 5 11 COLOUR KEY
TABLE 5 12 COLOUR KEY 
Represents TWINSPAN "final species groups' 
as well as locaton See Table 4 18 for group 
description, and colour-coded key for genera 
location on foreland STOR8REEN LOW (2)

Represents TWINSPAN "final species 
groups", as well as location See Table 
418 for group description, and colour- 
coded hey for general location on foreland 
STORBREEN LOW (1)

61 Cla die1 34 Gna sup
^12 Fes ovi 

67 Poa a.,,,
" 105 Sri aca 

5 Emp nit 1 40 Des alp
112 Car b, 104 Squ cup 
TJIas, hyp 69 Sal

100 Car 
99Bet 
106 Cla 
2Phy 111 Lyc s. 106 Pin vul

sul 10 Sal her 
53Tha ve;85Sal lan

4 Jun con 111 Lyc sol
33 Eup

85 Pan pe108Lis cor 
69 Sal ph; 16 Luz spi 
82 Ant alp 57 Pel pol81_Pel

56_Nep ar
39CJa a
78 Cla un.-tOSCIa
86 Sal

SSCet rsl 112 Car bel 
106 Pin vi 
65 Cla fur 

[37 Phi aW95Pan 
57 Pel

SOCMJsl 
65'Pm vul

Vac
26 Des 
48 Get dejSSPm vul 
10 Sal hei 2 Phy cae 
64 Ver alp 78 Cla unc
42 Cl

•:,__pn 
11 Eet na
27 Fes ovi48Cet del 
38 Cla rar 100 S* i>'63Cla chl

108Lis c

91 tBt afrj37Cla pot 
19 Ant

105 Sil ac 24 Red lap 
71 Rum at 4 Jun com 

i 30 Bar alpl 5 Emp nig

Wote See Appendix 1 for species 
abbreviations, and Appendix 3 for 
environmental parameter abbreviations

-ve end of DCA 
axis
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Table 5.13 Rank of species and environmental parameters 
on DCA ordination axes (1) and (2), Svellnosbreen. (with 
superimposed TWINSPAN "final species groups")

SVLF [SVLf 
En vi ronrne] Species 
AXIS (1J JAXIS(1) 
RANK 1

SVLF 
Species _ 
AXIS (2) 
RANK 2 " 
Eig = 357

AXIS|2) T _ 
RANK 2 | 
Eig = 0916 

'14 Hum de£_

RANK 1 
Eig = 442 

6 Flu via 92 DftS alf
14 Hum d lOOCero 30 Rum 3 2; Age mp£_ ^^
15 SladeJliS'SaX-siaSAk; 910 15 Stadep____ 

^[6 Roo d_ep____ 
23 Vegcov 

f'p'Sli 8 Sol flu
ina he 1 ~ Soi tex 

Slo pe*

+ve end of DCA

_

16 Roo
21 Bar gr; 27 Tar spt 26 Leo Sp
25 Asp <K 98 Tn spi 38 Pol viv 5 Moi tie
26 Alttud 67 Luz spi 31 Pyt (Id 11 Am inf 
13 pH'— : 56 :fian m 27 Tar spi 6 Flu v 
7 Slope' 103 Cla b<37C»IW si.-5 Aspeas_ 
11 Am ml 28 Ale SIP S3 .Sol Jtr i Pos env]_ 
23 Veg cc 3*3 Rum ai2*tCfo spj24 Bry cov 
8 Sol flu 106Lou pMCal vul 1 Sno lie _ 
22 Bar fin 1SS»<< TO: 17 L^ alp 4 Dowels _ 
9 Asp ect 3H Pol * 34 VtW mi 22 Bar fin _ 
4 Dow els 23 Leo : 
12 Soi tex 30<3er »/(,__*________
27 Age m. 32 Sit) | * 
5 Moitre J23Ant I 
S^Fro^hve 99 Pyr mill 
2 Pos env 95 Cer alf _ 
1 Sno lie 36 <3«8 fiA 

96Dra aid
Represents TWINSPAN "final species 
groups", as well as location See Table 4 18 
for group description, and colour-coded key 
for general location on foreland 
SVELLNOSBREEN

88 Sax ee 40 Cet del
68 SI aca]
87 Sax op 42 Cla por
33 Sol vtl
"lesal hai 11 Ant alp

_ 90 Vis al 
?2Nep ar. 48 Cla cat 
48 Cla c

20Phy ca| 
_ 48 Ste alp 46 Ste alp 
_ 11 Ant alp 76 Pso hyp

76PSO hyjfgf£_
40 Cet del 80 6up frl
89 Sal la

Table 5.14 Rank of species and environmental parameters 
on DCA ordination axes (1) and (2), Storbreen high, (with 
superimposed TWINSPAN "final species groups")

+ve end of DCA 
axis 6 Flu via 88 Sax ce 83 Gym di 20 Bar_bo 

13 JH' — S3 Cer de!87Woo a 21 Bar gr, 
JO_Tra _mp 47 Oes al( &1 Sax Ste 7_s[o_pe^. 
22^ Bar fin 1S Phi alp 55 Cer alp 3 Fro hve 
25^ Asp ea 52 Oxy dK 79 Sph m 5_Moi fre_ 
9 Asp ect 63Poa alt 82 Des fle24 Br_/co 

Veg co 49 Sag sa 44 Sal a'a 22_Bar fm 
Hum d 78 Ara alt 67 Cla plf 2 Pos eny

RANK 1

STHF 
Species 
AXIS (1) 
RANK 1

Ei_[ = 0 891 Eig = 483

STHF 
Species 
AXIS (2) 
RANK 2 
Eig = 223

STHF 
Enyi ronrne 
AXIS (2) 
RANK 2 
Eig = 0 _80

16 Roods 83 Gym d 62 Pyr spi 1 ^ 
Fsolflu 87 Woo a[74_____!_TgojJ25 Asgea

TABLE 5 14 COLOUR KEY 
Represents TWINSPAN 'final species 
iroups", as well as location See Table 418 

for group description, and colour-coded key 
for general location on foreland 
STORBREEN HIGH

20 Bar bO' 51 Tat spt520«y 'dlj 6 Flu \na_^
Soiflu

-™^~m_^~^ Aspect 
24 Bry cov 81 Sax staWCii''S» 10 Tram; 
4 Dow els 10 Fee 0V 86 Ath dis 4 Dow els 
7^Slope' 48Tn spi TOSa) ph- «

Sta de| 50 Pol viv 72 Car pe 26 Alt tud 
3 Fro hve 84Ste bo1 30 Cla sul 12 Soi tex 
5 Moi tre 61 Arc alp 2 Ph» 09* 27 Age_m 
12 Soi tex 44 Sal gla 77 Sal ret 16 Rood! 
J_ Sno lie 11 Ant od< 42 Sol cro 14 Hum d 
2~ Pos env 62 Pyr sp| M&|||23 
27 Age rm 12 Luz spBHHHlS Sta de

86 Pan pcflHH
56 Sib prc 25 Cet del

75Cta ver 51 Cla chl

71 Cla fur ai Cia del
4? Cla 79 Sph m 5 Vac mw

69Tof put 75 Cla ver iH
67 Cla pleSLyc Spp 
80Cla sul7;Sftr!a-»fe 

31 PSO 
56 Sib

101 Pan c 94 Cla unc
106 Sal
74da pix69Cla en

66 Pin vlrf 
72 Nep arc

60 Sup frt 70 Sat myt _ 
51 Cla chl 101 Pan pez 
19Emp ni 106 Sal ret 

71 Cta fur

3 Hie epp 
39 Cla con 
17 Mat str 
43 Nep arc 
32 Cla

-ve end of DCA 
axis81Cfa del 91 L 

2 Vac u
A/ofe See Appendix f for species 
abbreviations, and Appendix 3 for 
environmental parameter abbreviations

Cer
683'! aca 
67 Sax op 

Axes continue ..

Group 18
Group 38 
Group 39
Group 16

Group 6
roup 7

5 Vac myi 84 Ale spp_ 
86 Ath dis 66 Cla ver 
70S* phi8«Vac all
57 Dry exi 
AS Sat lan 
72 Car pe 
3S<A twr I
54 Pyr mH
89V« u«1S9te
18 Ant alp
84 Ale sp| 11 Ant otto
55 Cer al[ 59 Ver alp_
59 Ver alf 64 Ste opt
71 Ran at;_
19 Ste rtp 1 Ertp73Lee qu""'""""

8 Lye spp
7 Gna sup 48 Trt

~8 Hie epp 3 Sal her _ 
1 tmp nig 47 Des^ tifa_ 
39 Cla ecu 51 Arc aS_ 
53 Cia GBi 53 Ce^ CSf_ 
46 Cas hySSPca slp_ 
24 Cet Is* 18 PM 
31 Pso hyi 
36 Cla «ii' 14 Luz 
34 Cla ure 71 Ran alp_ 
80 Car tie 18 Ant alp_ 
28 Cia pot 50 Pol vw~ 
75Och fn 73 Lee qua_ 
14 Luz arx 57 Dry exp_ 
32 Cla sqi 88 Sax o*js_

_ 15 Cat sp 54 Pyr min_ 
17 Mar str 10 Ffta : ^

25 Cel de 7 Gna sup_
13Jun Vt 12L<JZ spl_
30 Cl«
33 CIU gia 51 Tar spp_
43 Nep ar 331
2 Phy cae 49 Sag ;
66 Cla vei;t
42 Sol cro75Osh ftj
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Table 5.15 Rank of species and environmental parameters 
on DCA ordination axes (1) and (2), Hegvaglbreen. fw/.'n 
superimposed TWINSPAN "final species groups")

Table 5.16 Rank of species and environmental parameters 
on DCA ordination axes 1 and 2, Beverbreen. (with 
superimposed TWINSPAN "final species groups")

IHOHF HOHF |
[species ^Environment 

AXIS(1) AXIS|1) lAXISp) AXIS (2) 
RANK 1 4 RANK1 jRANK 2

HOHF JHOHF
Environmej Species

RANK 2 
X 09.1 1

12 Soi Uscl 
inr 7 Slo pe* L

25 Alteas 
en 8 Sol flu 

6 Flu via

^ig = 0 9W Eig = 0 37* Eig = 0 22
26 Alttud SB Oxy di( 11 Car sp, 15 Sta dep
6 Flu via SOPoa aijIZHte sW14 Hum dep
13 pH- —55Trl spi 44<3aco<16 Roodep_"
21 Bar grj 57 Sal flla 40Cia brt 23 Vej cov
20 Bar bO' 15 Ste 001^^ 27 Age mm
1" 1 An. mf 48 Ste
24 Bry cov 52 Luz arc
22 Bar fin 13 Ste alp 22 CO

Hum d 16 Sol crc 24 
25 Alteas 18C« W 
5 Moi tre 49 Ran gfc 6 Sna 
9 Asp ect 51 Emp n. 
3 Fro hve 4 Cas I 
8 Sol flu 23 Cla 
4 Dow els 27 Cla 
16 Roo de 45 Phy 
7 Slo pe- 3tJC «91 ______ 
15 Sta dei 7 Sil aca HMI' M°' lre 
10 Tramp 3SS|* hs2SCIa (* 4 Dowels 
12 Soitex 46 Pol viv 37 CU d^ 1 Sno lie ' 
2 Pos env 1 Sal her 7 Sil aca 2 Pos envj

T~Sn'o'lie 14Ste S»|$'fyG- Ml : 26 Alttud!
27 Age m. 17 Cet en 15 Ste bol 13 pH- •"

22Cta sqi meet isi
24 Cla ctl 17 Cet en
25 Cla chl 55 Trt spi 
'S6 Cto pot 57 Sal 
37 Cb dig 14 Ste fipp 
5 Luz spi 25 Cla chl 
28 Cla cei 28 Cla cet 
38Clo arr38Sph
40 da ti»!56Oxy dig
41 Cla ver 27 Cla fim 
47 Phi alp 1 Sal her

13 Ste alp
4CBS hyp

11 Car spi 5 Luz «pi
12 Hie: ten 46 Pol m 

48 S» 'i 
16 Sol cro

+ve end of DCA 
axis

BOHF

+ve end of DCA 
axis

!BOHF
Environmej Species ] Species JEnwronrm
AXIS(1J 4 AXIS(1) ;'AXIS(2> JAXIS (2)
RANK 1 RANK 1 I RANK 2 RANK 2

21 Bar gr; 64 C»r 
Flu via 61 086

22 Bar fm 52 Oxy dl 
4 Dow els 7 Poa 

Sol flu 68 Cer
2 Pos env 63 Sal g\: 
3^ Fro hve 50 Tri spi 
26 Alttud 15 Sic alp
24 Bry OT 14 Sol
25 As«ea49Gna 
7 Slope- 2Sal her

1_ Sno lie '"

5 fvloi tre 
20 Bar bq 
22 Barfm 
4 Dow el: 
7" Slo pe- 

2 Pos en' 
11 Am ml 
8 Sol flu 
3 Fro hve

5 Moi tre 5 ft* ow 50 Tn spi 25 As« ea 
9 Aspect 8 Am alp ••••26 Alt tud

13 pH- "• 3 Phy cae 55 Cla dig 6 Flu via
11 Annnf 18 Sta bot 3 Phy cae 12 Soi tei
12 Soitex 53Cla ceiSArt^P 9 Aspect
23 Veg cc 55 Cla digHMHL27 A 9e m

Sno lie 57Pso hy2SaM her 16 Roo
14 Humd 48 Cas hy 7 Poa alp 14 Hum d
15 Sta defjSPS&l Sml6*»^23 Veg o
16 Roodf 36CU fur JOT$pf(.lH 24 Bry co 
27 Age m '3|<}Ji trh) 53 Cla cet^5_Sta de

64 CW eel 
48 Cas hyp 
14 Sol cro
52 Oxy dig 
SFet 01 

Wi 
15 Ste alp

TABLE 5 15 COLOUR KEY
TABLE 5 16 COLOUR KEY 
Represents TWINSPAN "final species 
groups", as well as location See Table 418 
for group descnption, and cotour-coded key 
for general location on foreland 
B0VERBREEN

Represents TWINSPAN "final species 
groups", as well as location See Table 4 18 
for group description, and colour-coded key 
for general location on foreland 
H0GVAGLBREEN

61 Des alp 
18 Ste boV 
57PSO h

Group 19
Group 17 
Group 36 
Groujj37

Cte ixt 41 Cla ver 
53 Ant alp 49 Ran gla

-ve end of DCA 
axis

Note See Appendix 1 for species 
abbreviations and Appendix 3 for 
environmental parameter abbreviations

-ve end of DCA 
axis
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Fig 5.1 Relationship between DCA centroids of TWINSPAN "final site group"
and environmental parameter biplot scores on DCA axes (1) and (2)

(Austerdalsbreen).
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Fig. 5.9 Relationship between DCA centroids of TWINSPAN "final species
group" and environmental parameter biplot plot scores on DCA axes (1) and

(2) (Austerdalsbreen).
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KEY:
Environmental
parameters:
1 - snow lie
2 - position
3 - frost evidence
4 - dowel heave
5 - moisture
6 - fluvial activity
7 - slope
8 - solifluction
9 - aspect (northerly)
10 - trampling
11 - grazing
12 - soil texture 
13-pH
14 - humus depth
15 - soil depth
16 - root depth
17-boulders
18- gravels
19-fines
20 - vegetation %
21 - bryophyte %
22 - aspect (east1 )
23- altitude
24 - moraine age

Fig. 5.1
"Final site groups":
site group 7 - 
(Ath dis - Pot era) 
site group 8 - 
(Ste alp - Ste ves) 
site group 9 - 
(Car spp - Phi alp) 
site group 10 - 
(Sal phy - Sal her) 
site group 13 - 
(Des fie - Vac myr) 
site group 22 - 
(Vac myr - Bet pub) 
site group 24 - 
(Des alp - Phy cae) 
site group 25 - 
(Vac myr - Vac uli) 
site group 46 - 
(Emp nig - Bet pub) 
site group 47 - 
(Sol cro)

Fig. 5.9
"Final species groups":
species group 31 -
(mature heath)
species group 30 -
(late intermediate heath)
species group 14 -
(late intermediate snowbed)
species group 6 -
(widespread snowbed)
species group 5 -
(widespread heath)
species group 9 -
(early intermediate heath)
species group 35 -
(early intermediate heath)
species group 69 -
(early intermediate late-snow
heath)
species group 68 -
(early intermediate heath)
species group 8 -
(pioneer)
(see Appendix 1 for species
abbreviations )

Note 1: The arrows emphasise the most influential environmental parameters on each axis and
their point of origin is at 0
Note 2: See Appendix 5 1-2 for the plot coordinates and section 5 3 3 for discussion of these
diagrams
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Fig. 5.2 Relationship between DCA ccntroids of TWINSPAN "final site 
group" and environmental biplot scores on DCA axes (1) and (2) 

(Fabergstalsbreen).
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Fig. 5.10 Relationship between DCA centroids of TWINSPAN "final species
group" and environmental biplot scores on axes (1) and (2)

(Fabergstolsbreen).
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Note 1 The arrows emphasise the most influential environmental parameters on each axis and
their point of origin is at 0.
Note 2: See Appendix 5.3-4 for the plot coordinates and section 5.4.3 for discussion of these
diagrams

KEY:
Environmental 
parameters:
1 - snow lie 
2 - position
3 - frost evidence
4 - dowel heave
5 - moisture
6 - fluvial activity
7 - slope 
8 - solifluction
9 - aspect (northerly)
10 - trampling
1 1 - grazing
1 2 - soil texture
13-pH
14 - humus depth
1 5 - soil depth
1 6 - root depth
1 7 - boulders
18 - gravels
19 -fines
20 - vegetation %
21 - bryophyte %
22 - aspect (east1 )
23 - altitude
24 - moraine age

Fig. 5.2
"Final site groups":
site group 7 -
(Dee fie - Epi als)
site group 9 -
(Phycae - Emp nig)
site group 11-
(Clachl-Clafim)
site group 12-
(Lot cor - Sal phy)
site group 16 -
(Pot era - Mel syl)
site qroup 17 -
(Bet pub - Gym dry)
site qroup 20 -
(Emp nig - Sal phy)
site group 21 -
(Vac vit - Cla ran)
site aroup 26 -
(Phi alp • Lot cor)
site group 27 -
(Dee alp - Sax ste)

Fig. 5.10
"Final species groups":
species group 20 -
(mature heath)
species group 21 -
(mature woodland)
species group 11 -
(heath) 
species group 12 -
(heath)
species group 19 -
(widespread heath)
species group 37 -
(early intermediate lichen heath)
species group 36 -
(early intermediate lichen heath) 
species group 8 -
(early intermediate heath)
species group 7 -
(pioneer snowbed)
species group 26 -
(pioneer snowbed)
species group 27
(pioneer)
(see Appendu 1 for species
abbreviations )
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Fig. 5.4 Relationship between DCA centroids of TWINSPAN "final site
group" and environmental parameter biplot scores on DCA axes (1) and (2),

Storbreen tow (1).
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Fig. 5.11 Relationship between DCA centroids of TWINSPAN "final species 
group" and environmental parameter biplot scores on DCA axes (1) and (2), 

Storbreen low (1).
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Note 1: The arrows emphasise the most influential environmental parameters on each axis and
their point of origin is at 0
Note 2 See Appendix 55-6 for the plot coordinates and section 553 for discussion of these
diagrams.

KEY:
Environmental
parameters:
1 - snow lie
2 - position
3 - frost evidence
4 - dowel heave
5 - moisture
6 - fluvial activity
7 - slope
8 - solifluction
9 - aspect (northerly)

10 - trampling 
12 - soil texture 
13-pH
14 - humus depth
1 5 - soil depth
16 - root depth
17 - boulders
18 - gravels
19 - fines
20 - vegetation %
21 - bryophyte %
22 - aspect (east')
23 - altitude
24 - moraine age

Fig. 5.4
"Final site groups":
site group 4 -
(Sal gla - Ant odo) 
site group 10 - 
(Fes ovi - Sal her)
site group 11 -
(Vac ull - Sal lan) 
site group 12 - 
(Emp nig - Ste alp) 
site group 13 - 
(Sal gla - Sal her) 
site group 14 - 
(Phy cae - Cla por) 
site group 15 - 
(Ale och - Get cue)

Fig. 5.11
"Final species groups"
species group 8 -
(mature heath) 
species group 9- 
(late intermediate snowbed) 
species group 10 - 
(mature late-snow heath) 
species group 11 - 
(early intermediate heath) 
species group 12 - 
(widespread snowbed) 
species group 13- 
(widespread heath) 
species group 31 - 
(exposed lichen heath) 
species group 30 - 
(exposed carry intermediate 
snowbed)
species group 28 - 
(early intermediate late-snow 
heath)
species group 29 - 
(early intermediate snowbed)

(see Appendix 1 for species 
abbreviations )
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Fig. 5.4 Relationship between DCA centroids of TWINSPAN "final site 
group" and environmental parameter blplot scores on DCA axes (1) and (2), 

Storbreen low (2).
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Fig. 5.12 Relationship between DCA centroids of TWINSPAN "final species
group" and environmental biplot scores on DCA axes (1) and (2), Storbreen

low (2).
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Wore 1: The arrows emphasise the most influential environmental parameters on each axis and
their point of origin is at 0.
Note 2: See Appendix 5. 7-8 for the plot coordinates and section 5.6 3 for discussion of these
diagrams

KEY:
Environmental 
parameters:
1 - snow lie
2 - position
3 - frost evidence
4 - dowel heave
5 - moisture
6 - fluvial activity
7 - slope
8 - solrfluction
9 - aspect (northerly)

10 -trampling
11 - grazing
1 2 - soil texture
13 -pH
1 4 - humus depth
1 5 - soil depth
1 6 - root depth
1 7 - boulders
1 8 - gravels
1 9 - fines
20 - vegetation % 
21 - bryophyte %
22 - aspect (east1 )
23 - altitude
24 - moraine age

Fig. 5.4
"Final site groups":
site group 4 -
(Sal her - Ran acr)

site group 7 -
(Get niv - Ale och)

site group 10 -
(Sal gta - Vac uli)

site group 11-
(Cla arb - Get en)

site group 12 -
(Gas hyp - Sal her)

site qroup 13 -
(Cla chl - Get nw)

Fig. 5.12
"Final species groups":
species group 14-
(mature lichen heath)

species group 30 -
(late intermediate snowbed)

species group 31 -
(late intermediate late-snow

heath)

species group 6 -
(early intermediate snowbed)

species group 11-
(widespread heath)

species group 19 -
(early intermediate snowbed)

species group 16 -
(exposed lichen heath)

species group 10 -
(exposed early intermediate

heath)

species group 18 -
(early intermediate lichen heath)

species group 17
(exposed early intermediate

heath)

(see Appendix 1 for species
abbreviations )
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Fig. 5.5 Relationship between DCA centroids of TWINSPAN "final site 
group" and environmental biplot scores on axes (1) and (2) (Svellnosbreen).
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Fig. 5.13 Relationship between DCA centroids of TWINSPAN "final species 
group" and environmental parameter biplot scores on axes (1) and (2)

(Svellnosbreen).
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Note 1: The arrows emphasise the most influential environmental parameters on each axis and
their point of origin is at 0
Note 2 See Appendix 5. 9-10 for the plot coordinates and section 5. 7 3 for discussion of these
diagrams

KEY
Environmental 
parameters:
1 - snow lie
2 - position
3 - frost evidence
4 - dowel heave
5 - moisture
6 - fluvial activity
7 - slope
8 - solifluction
9 - aspect (northerly)
10 - trampling
11 - grazing
1 2 - soil texture
13 -pl-l
14 - humus depth
15 -soil depth
16 - root depth
17 - boulders
18 - gravels 
1 9 - fines 
20 - vegetation %
21 - bryophyte %
22 - aspect (east')
23 - altitude
24 - moraine age

Fig. 5.5
"Final site groups":
site group 3 -
(Des alp - Oxy dig)
site group 8 -
(Sal gla - Cer cer)
site group 9 -
(Sal her - Emp nig)
site group 20 -
(Sal gla - Car pet)
site group 21 -
(Emp nig - Ste alp)
site group 22 -
(Cla por - Phy cae)
site group 23 -
(Ale och - Cet cue)

Flg.5.13
"Final species groups":
species group 24 - 
(mature late-snow heath)
species group 25 -
(mature snowbed)
species group 43 -
(lichen heath)
species group 13 -
[widespread snowbed)
species group 1 1 -
(early intermediate heath)
species group 42 -
[early intermediate heath)
species group 84 -
(early intermediate heath)
species group 83 -
( early intermediate snowbed)
species group 40 -
(early intermediatesnowbed)
species group 4 -
[pioneer snowbed)
species group 7 -
(exposed pioneer snowbed)

[see Appendix 1 for species
abbreviations )
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Fig. 5.6 Relationship between OCA centroids of TW1NSPAN "Final site 
group" and environmental paramter biplot scores on axes (1) and (2)

(Storbreen high).

___________________________ — - ——— -6CO-, —————————————————————————————————————

400

»*

18 300

7

^ ** 200

5 ^^ 3 "'1*^^^-^^

2 V»_ ^~~V^^- 10°
"* ~~ — ^» 1Qt

——————————————— I ———————————— 8-5-

-6 )0 -300 ( 
11
-1* 

4*

* -200

•300

-,+ -464-

// -500

15 u
f -600

700

°: 2 •» _. o
^

I 300 axis 1 6(10

* *
14 * 13

,

14
W^'"

axis 2

Fig. 5.14 Relationship between DCA centroids of TWINSPAN "final species 
group" and environmental parameter biplot scores on axes (1) and (2) 

(Storbreen high).
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Note 1: The arrows emphasise the most influential environmental parameters on each axis and
their point of origin is at 0.
Note 2: See Appendix 511-12 for the plot coordinates and section 5 8 3 for discussion of these
diagrams.

KEY
Environmental 
parameters:
1 - snow lie
2 - position
3 - frost evidence
4 - dowel heave
5 - moisture
6 - fluvial activity
7 - slope
8 - solffluction
9 - aspect (northerly)
10 - trampling
12 - soil texture
13 -pH
14 - humus depth
15 -soil depth
1 6 - root depth
17 - boulders
1 8 - gravels
19 -fines
20 - vegetation %
21 - taryophyte % 
22 - aspect (east 1 )
23 - altitude
24 - moraine age

Fig. 5.6
"Final site groups":
site group 6 -
(Sal gla - Sal her)
site group 8 -
(Set nan - Vac vit)
site group 9 -
(Phy cae - Sol era)
site group 10 -
(Sal gla - Get niv)
site group 11 -
(Sal her - Get isl)
site group 14 -
(Ste alp - Fes ovi)
site group 15-
(Oxy dig - Des alp)

Fig. 5.14
"Final species groups":
species group 18 -
(late intermediate late-snow
heath)
species group 38 -
(late-snow early intermediate
heath)
species group 39 -
(late-snow early intermediate
heath)
species group 16 -
(widespread heath)
species group 17 -
(lichen heath)
species group 5 -
(widespread heath)
species group 6 -
(early intermediate snowbed)
species group 7 -
( pioneer)

(see Appendix ) for species
abbreviations )
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Fig. 5.7 Relationship between DCA centroids of TWINSPAN "final site 
groups" and environmental parameter biplot scores on axes (1) and (2)

(Hegvaglbreen).
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Fig 5.15 Relationship between DCA centroids of TWINSPAN "final 
species groups" and environmental parameter biplot scores on axes (1) 

and (2) (Hegvaglbreen).
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Environmental 
parameters:
1 - snow lie
2 - position
3 - frost evidence
4 - dowel heave 
5 - moisture
6 - fluvial activity
7 - slope
8 - solifluction
9 - aspect (northerly)
10 -trampling
1 1 - grazing
1 2 - soil texture
1 3 - pH
14 - humus depth
1 5 - soil depth
16 -root depth
1 7 - boulders
1 8 - gravels 
1 9 - fines
20 - vegetation % 
21 - bryophyte %
22 - aspect (east 1 )
23 - altitude
24 - moratne age

Fig.5.7
"Final site groups":
site group 4 -
(Tha ver - Ale och)

site group 6 -
(Sol cro - Oxy dig)

site group 7 -
(Sal gla - Cet niv)

site group 11 -
(Cla gra - Sal her)

site group 20 -
(Cor acu - Cet nlv)

site group 21 -
(Cas hyp - Cla chl)

Fig. 5.15 
"Final species groups":
species group 36 -
(mature heath)

species group 39 -
(mature snowbed)

species group 38 -
( early intermediate snowbed)
species group 37 -
(late-snow heath)

species group 8 -
(lichen heath)

species group 5 -
(widespread heath)

species group 3 -
( pioneer)

(see Appendix 1 for specres
abbreviations )

Note 1: The arrows emphasise the most influential environmental parameters on each axis and 
their point of origin is at 0
Note 2 It is necessary to refer to Appendix 5.13-14 for the plot coordinates and section 593 for 
discussion of these diagrams.
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Fig. 5.8 Relationship between DCA centrolds of TW1NSPAN "final site
group" and environmental parameter biplot scores on DCA axes (1) and

(2) (Baverbreen).
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Fig. 5.16 Relationship between DCA centroids of TWINSPAN "final
species group" and environmental parameter biplot scores on DCA axes

(1)and(2)(B0verbreen).
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Environmental 
parameters:
1 - snow lie
2 - position
3 - frost evidence
4 - dowel heave
5 - moisture
6 - fluvial activity
7 - slope
9 - solifluction
9 - aspect (northerly)
11 - grazing
12 -soil texture
13 - pH
14 - humus depth
15 - soil depth
16 -root depth
17 - boulders
18 -gravels
19 - fines
20 - vegetation %
21 - bryophyte %
22 - aspect (east 1 )
23 - altitude
24 - moraine age

Fig. 5.8
"Final site groups":
site group 4 -
(Ale och - Cor acu) 
site group 6 - 
(Cer alp) 
site group 7 - 
(Oxy dig - Poa alp) 
site group 10 - 
(Get isl - Get en) 
site group 11- 
(Tn spi - Gna sup)

Fig. 5.16
"Final species groups":
species group 19 -
mature late-snow lichen heath) 

species group 17 - 
(mature late-snow lichen heath) 
species group 36 - 
( early intermediate snowbed) 
species group 37 - 
(heath)
species group 16 - 
(exposed lichen heath) 
species group 6 - 
(snowbed)
species group 5 - 
(widespread heath) 
species group 7 - 
(pioneer)

(see Appendix 1 for species 
abbreviations )

Note 1: The arrows emphasise the most influential environmental parameters on each axis and
their point of origin is at 0
Note 2 See Appendix 5 15-16 for the plot coordinates and section 5 10.3 for discussion of these
diagrams.
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Fig. 5.17 Sequence of TWINSPAN "final site groups", and associated environmental parameters, 
on DCA ordination axes (1) and (2), Austerdalsbreen.

+ive end of axis

AXIS(l)

Knvironinenlal parameters: 
Root depth, humus depth, age. 
soil depth, soil texture

7. Mature 
meadow

13. Mature 
> heath

AXIS (2)

24. late intermediate 
^snowbed

25. late intermediate
heath
10. Pioneer snowbed

Environmental parameters: 
Altitude, bare gravels, pH and 
fluvial activity

8. Exposed 
pioneer

9. Exposed pioneer 
* snowbed

10. Pioneer snowbed

22. Early 
> intermediate 
heath

-ive end of axis

Environmental parameters: 
bryophyte eover, frost evidence, 
bare ground, low snow cover.

46. late intermediate heath 
>47. Early intermediate heath ——> 8. Exposed 

9. Exposed pioneer snowbed pioneer

22. Early intermediate heath
7. Mature meadow
Some low-slope heath sites

Environmental parameters: 
Age, soil depth, vegetation 
cover and position

24. I^ate intermediate
snowbed
(25).(46),(47) Most heath
sites

Fig. 5.25 Sequence of TWINSPAN "final species groups" and associated environmental 
parameters, on DCA ordination axes (1) and (2), Austerdalsbreen.

+i\e end of axis -ve end of axis

AXIS(l)

Environmental parameters: 
Root depth, humus depth, age, 
soil depth, soil texture.

Environmental parameters: 
Bryophyte cover, frost heave, bare 
ground, low snow, dowels.

31. Mature 
heath.

30. late intermediate 
> heath — 

14. [.ate intermediate 
snowbed

69. late-snow early 
>• intermediate heath - 
6. Widespread 
snowbed

5. Widespread 
Mieath

16. Pioneer 68. Early 
>9. Early intermediate—^ intermediate heath 
heath 35. Early

intermediate heath

AXIS (2)

En\ironmental parameters: 
Altitude, bare gravels. pH, 
fluvial activity.bryophytes.

16. Pioneer
69. Early intermediate 
late-snow heath — 
Mainly low-slope 
positions

Disordered sequence of assemblages

30. Late intermediate
heath
5. Widespread heath
31. Mature heath

Environmental parameters: 
Age, soil depth, vegetation 
cover, position, soil texture.

68. Early intermediate heath
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Fig. 5.18 Sequence of TWINSPAN "final site groups" and associated environmental parameters 
on DCA ordination axes (I) and (2), Fabergst0lsbreen.

+i\eendofaxis

Environmental parameters. 
Fluvial activity, bare ground, 
dowel heave, frost heave, pH

27. Exposed pioneer 
26. I^ater pioneer 
12 Pioneer snowbed

7. Exposed
pioneer
snowbed

111 .ichen heath 
20. .Atypical 
snowbed

Environmental parameters: 
Dryness, low snow cover, bare 
ground, fluvial activity

21. Lichen 
heath (M3)

11. Lichen 
••heath (M4)

Mixture of mature and 
pioneer sites.

-ivc end of axis

Environmental parameters: 
Soil depth, root depth, age. 
humus depth, vegetation cover

16 Cira/cd mature meadow 
17. Mature birch woodland 
21.1 .ichen heath 
9. Birch woodland heath

Environmental parameters: 
Humus depth, root depth, age. 
easterly apect. animal influence.

16. (irazed mature meadow
17. Mature birch woodland

Fig. 5.26 Sequence of TWINSPAN "final species groups" and associated environmental 
parameters on DCA ordination axes (1) and (2), Fabergst01sbreen.

+iveendofaxis

AXIS(l)

En vironmental parameters: 
Fluvial activity, bare ground, 
dowels, frost. pH.

27. Pioneer 7. Pioneer 
26. Pioneer —— * snowbed 
snowbed

AXIS (2)

Environmental parameters: 
Dryness, low snow, bare 
boulders and gravels, fluvial.

-IVC

Environmental p 
Soil depth, root c 
humus depth, ve

end of axis

arameters: 
lepth, age. 
jetation cover.

1 1. Heath 37. Early 36 E.arly intermediate heath 
—— > 1 2. Heath —— > intermediate —— ̂  1 9. Widespread heath 

8. Early intermediate heath 21. Mature woodland 
heath 20. Mature heath

Eimronmental p 
Humus depth, ro 
easterly aspect, a

36. Early 37. Early intermediate 26. Pioneer snowbed 20. Mature 11. Heath 
intermediate —— Mieath —— ̂  27. Pioneer —— ̂ heath —— M 2. Heath 
heath 8. Early intermediate 7. Pioneer snowbed 

heath 
19. Widespread heath

arameters: 
ot depth, age, 
tnimal influence.

21. Mature 
—— > woodland
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Fig. 5.19 Sequence of TWINSPAN "final site groups" and associated environmental parameters 
on DCA ordination axes (1) and (2), Storbreen low (1).

+ive end of axis

AXIS(l)

Environmental parameters: 
Dryness. position, bare 
gravels, trampling, low snow.

15. Exposed lichen heath 
14. Karlv intermediate —— * 
lichen heath

AXIS (2)

Environmental parameters: 
Root depth, bare ground, 
northerly aspect, slope

-ive end of axis

Environmental p< 
Soil depth, humu 
solifluction, vege

irameters: 
s depth, age. 
tation cover

12. Ixite snow earlv 11. I .ate snow 4. late 10. Mature late- 
intermcdiate heath —— ̂  early —— > intermediate —— ̂ snow heath or 
13. Exposed early intermediate snowbed Atypical snowbed 
intermediate snowbed heath

Environmental 
Solifluclion, so 
activity, age. vi

parameters: 
il texture, frost 
"gelation cover.

4. Late intermediate 12. Late-snow early 15. Exposed lichen heath 14 Early intermediate lichen 
snowbed —— ̂ intermediate heath ——— ̂  Mix of other sites, especially ——— ̂  heath 
13. Exposed early groups (14) and (4). 10. Atypical snowbed 
intermediate snowbed 1 1 . Late-snow early 

intermediate heath

Fig. 5.27 Sequence of TWINSPAN "final species groups" and associated environmental 
parameters on DCA ordination axes (1) and (2), Storbreen low (1).

+i\e end of axis

AXIS(l)

Environmental parameters: 
Dryness, position, bare 
gravels, trampling, low sno

31. Exposed 30. Expo; 
lichen heath —— Nearly 

intermedi 
snowbed

AXIS (2)

Environmental parameters: 
Root depth, bare boulders a 
gravels, northerly aspect, si

f
5

w. s

-ivc end of axis

Environmental parameters: 
oil depth, humus depth, age. 
olifluetion. vegetation cover.

ed 29. Early intermediate 11. Early 10 Mature 9. I>ate intermediate 
—— ̂ snowbed —— ̂ intermediate —— Hate-snow —— ̂ snowbed 

ate 28. I.ate snow early heath heath 8. Mature heath 
intermediate heath 12. Widespread 
13. Widespread heath snowbed

nd
Tpe.

Environmental parameters: 
Solifluction, soil texture, frost 
heave, age, vegetation cover.

9. Late intermediate snowbed ; Disordered sequence of all j 
29. Early intermediate snowbed ———— *• assemblages at high-slope i 
1 2. Widespread snowbed positions i

109



Fig. 5.20 Sequence of TWINSPAN "final site groups" and associated environmental parameters 
on DCA ordination axes (I) and (2), Storbreen low (2).

+he end of axis

AXIS (I)

Environmental parameters: 
Bare gravels, frost activity, 
altitude, dryness, low snow.

7. Exposed lichen 
heath.

AXIS (2)

Environmental parameters: 
Bare boulders and gravels, 
tluvial. altitude, bryophytes

13. Exposed early 
intermediate lichen 
heath

4. Late
intermediate
snowbcd

10. Ixite snow late 
intermediate heath 
7. Exposed lichen heath

12. Early
intermediate
snowbed

-ive end of axis

Environmental parameters: 
Root depth. Vegetation cover, 
humus depth, soil texture, soil 
depth, age.

10. l-ate snow late intermediate
heath
4 late intermediate snowbed
11. Mature lichen heath

Environmental parameters: 
Vegetation cover, solifluclion, 
position, soil depth

12. Early intermediate snowbed 
13 Exposed early intermediate 
lichen heath

11. Mature lichen heath

A rather disordered sequence of groups

Fig. 5.28 Sequence of TAVINSPAN "final species groups" and associated environmental 
parameters on DCA ordination axes (1) and (2), Storbreen low (2).

+Kc end of axis

AXIS(l)

Environmental parameters: 
Bare gravels, frost heave, 
altitude, drvness, low snow.

16. Exposed 17. Exposed 
lichen heath —— Hichen heath 

1 8. Early inte 
lichen heath

AXIS (2)

Environmental parameters: 
Bare boulders, fluvial, altitude, 
bare gravels, bryophytes.

E 
R 
d<

19. Early
, , . intermediate 
developing 6. Early ^ ° __ .snowbed —— r —— r intermediate 

,. 10. Exposed early mediate . snowbed 
intermediate lichen ,, ..... . . . 11. Widespread heath , , heath

-ive end of axis

ivironmental parameters: 
oot depth, vegetation cover, humus 
•pth, soil texture, soil depth, age.

30. Ute 
14. Mature intermediate 

—— Michcn heath —— > snowbed 

31. Ixite-snow 
late intermediate 
heath

Environmental parameters: 
Vegetation cover, solifluction, 
position, soil depth, low snow.

30. Late 31. Late-snow late intermediate heath 16. Exposed lichen heath 
intermediate —— ̂ 6. Early intermediate snowbed —— ̂  17. Exposed early intermediate lichen —— ̂  14. Mature lichen 
snowbed 1 9. Early intermediate snowbed heath heath 

10. Exposed early intermediate lichen 18. Early intermediate lichen heath 
heath 1 1. Widespread heath
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Fig. 5.21 Sequence of TWINSPAN "final site groups" and associated environmental parameters 
on DCA ordination axes (1) and (2), Svellnosbreen.

+ive end oTaxis -ivc end of axis

AXIS(l)

Environmental parameters 
Fluvial activity, humus depth, 
soil depth, brypophytes.

Environmental parameters: 
Ix)\v snow, position, frost, 
dryness. age.

3. Pioneer
exposed 
smnvbed

8. Pioneer snovvhed 
20. Exposed pioneer

21 late-snow early
intermediate heath.
9. Mature atypical snowhed

22. Early
intermediate
heath

23. Lichen heath

AXIS (2)

Environmental parameters: 
Humus, age, soil depth, root 
depth, vegetation cover.

Environmental parameters. 
pH, bare gravels and boulders, 
northerly aspect. Frost heave.

9. Mature at\pical 
snowbed

23. Lichen heath
22. Early intermediate heath
3. Pioneer exposed snowbed

21. Early 
intermediate heath 
8. Pioneer snowbed

20. Exposed pioneer

Relatively disordered sequence of groups

Fig. 5.29 Sequence of TWINSPAN "final species groups" and associated environmental 
parameters on DCA ordination axes (1) and (2), Svellnosbreen.

+ive end of axis

Environmental parameters: 
Fluvial activity, humus depth, soil 
depth, bryophyte cover, trampling.

7. Exposed pioneer snowbed
4. Pioneer snowbed
13 Widespread snowbed
83. Early intermediate
snowbed

>25. Mature snowbed 
40. Early intermediate 
snowbed

AXIS (2)

Environmental parameters: 
Humus depth, age, soil depth, 
root depth, vegetation cover.

25. Mature snowbed 
13. Widespread 
snowbed

24. Mature 
^late-snow 
heath

43. Lichen heath 
"11. Early 
intermediate heath

-he end of axis

Environmental parameters. 
Low snow, position, frost heave, 
dryness, age.

84. I^te snow early intermediate
heath
24. Mature late-snow heath
11. Early intermediate heath
42. Early intermediate heath

>43. Lichen heath

Environmental parameters: 
pH, bare gravels and boulders, 
northerly aspect, frost heave, 
altitude.

84. Late-snow early intermediate heath 
>42. Early intermediate heath 4. Pioneer snowbed 

83. Early intermediate snowbed 
7. Exposed pioneer snowbed 
40. Early intermediate snowbed
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Fig. 5.22 Sequence of TWINSPAN "final site groups" and associated environmental parameters 
on DCA ordination axes (1) and (2), Storbreen high.

+ive end of axis

AXIS(l)

Environmental parameters: 
Fluvial activity. pH. trampling, 
bare tines, easterly aspect.

15. Pioneer 
snowbed

14. Exposed 
^pioneer

6 Karly 10. Karly intermediate latc-
>intermediate ——^snow heath
snowbed. 11. Mature late-snow heath

AXIS (2)

Environmental parameters: 
Bare boulders and gravels, slope, 
frost heave, dryness. bryophytes.

6. Early
intermediate
snowbed

10. Early intermediate late- 
snow heath
9. Karly intermediate lichen 
iheath

11. Mature late-snow heath
14. Exposed pioneer
1 5. Pioneer snowbed

Disordered sequence of groups.

-ive end of axis

Environmental parameters: 
Age. position, lack of snow, soil 
texture, drvness.

8. Mature 9. Early 
> lichen heath ——* intermediate 

lichen heath

Environmental parameters: 
Soil depth, vegetation cover. 
humus depth, root depth, age.

8. Mature lichen heath

Fig. 5.30 Sequence of TWINSPAN "final species groups" and associated environmental 
parameters on DCA ordination axes (1) and (2), Storbreen high.

+ive end of axis

Environmental parameters: 
Fluvial. pH, trampling, bare 
fines, easterly aspect.

7. Pioneer 6. Early 
> intermediate 
snowbed

AXIS (2)

Environmental parameters: 
Bare boulders and gravels, 
slope, frost heave, dryness.

39. I>ate-snow early 
intermediate heath 
5. Widespread heath

38. Late-snow early 
intermediate heath 
18. I^ate snow late 
intermediate heath

6. Early
intermediate
snowbed

39. Late snow early 
intermediate heath

17. Lichen heath
7. Pioneer
5. Widespread heath

-he end of axis

Environmental parameters: 
Age. position, low snow, soil 
texture, drvness. frost heave

17. Lichen heath

Environmental parameters: 
Soil depth, vegetation cover, 
humus depth, root depth, age.

18. Late snow late 
intermediate heath 
38. late-snow early 
intermediate heath
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Fig. 5.23 Sequence of TWINSPAN "final site groups" and associated environmental parameters 
on DCA ordination axes (1) and (2), Hogvaglbreen.

+ive end of 'axis

Environmental parameters' 
Altitude, iluvial, pH. bare 
gravels and boulders

6. Pioneer 
snow-bed

7. Exposed 
pioneer

AXIS (2)

Environmental parameters: 
Soil depth humus depth root 
depth, vegetation cover, age.

-ive end of axis

Environmental parameters 1 
Age. lack of snow, vegetation 
cover, position, soil texture.

21. Early intermediate
snowbed
1 I. Maline/lalc
intermediate snowbed

20. Karly
intermediate lichen 
heath

4. Dry lichen 
heath

Environmental parameters:
pH, altitude, bare gravel position
low snow cover, dowel heave.

11. Mature/late 
intermediate snowbed 
4. Some drv lichen heath

21. Early
intermediate snowbed 
6. Pioneer snowbed

7. Exposed pioneer 
20. Early intermediate 
lichen heath

4. Drv lichen heath

Fig. 5.31 Sequence of TWINSPAN "final species groups" and associated environmental 
parameters on DCA ordination axes (1) and (2), Hogvaglbreen.

+ive end of axis -ive end of axis

AXIS(l)

Environmental parameters 
Altitude, tluvial, pH. bare 
gravels and boulders.

Environmental parameters- 
Age, low snow, vegetation cover, 
position, soil texture.

3. Pioneer

AXIS (2)

5. Widespread 
>heath

38. Early 
* intermediate 
snowbed

39. Mature snowbed 
>37. I.ate-snow heath

36. Mature heath 
> t members ol (38) >8. Eichcii heal!)

Environmental parameters: 
Soil depth humus depth, root 
depth, vegetation cover, age.

Environmental parameters: 
pH, altitude bare gravels 
position, low snow cover.

39. Mature snowbed 
36. Mature heath 
8. Eichen heath

37. I^te-snow heath 
5. Widespread heath 
3. Pioneer

38. Early intermediate 
snowbed 
'members ol (8)
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Fig. 5.24 Sequence of TWINSPAN "final site groups" and associated environmental parameters 
on DCA ordination axes (1) and (2), B0verbreen.

+ive end of axis -ive end of axis

AXIS(l)

Environmental parameters: 
Bare gravels, fluvial, bare 
fines, dowels, solifluetion

Environmental parameters:
Age, root depth, soil depth, humus
depth, snow-lie, vegetation cover

7. Pioneer snowbed 6. Exposed pioneer 
assemblage

11. Snowbed 10. Mature or late 
intermediate lichen heath 4. Exposed lichen 

heath

AXIS (2)

Environmental parameters: 
Snowlie, bare gravels, bare 
fines, dowels, slope, position.

Environmental parameters: 
Soil depth, bryophyte cover, 
vegetation cover, humus depth, 
root depth, age

4. Exposed 
lichen heath

7. Pioneer snowbed 
Higher snowbed sites

6. Exposed pioneer 
Ix>wer snowbed sites 10. Mature or late 

intermediate lichen heath

Fig. 5.32 Sequence of TWINSPAN "final species groups" and associated environmental 
parameters on DCA ordination axes (1) and (2), B0verbreen.

+ive end of axis -ive end of axis

AXIS(l)

Environmental parameters: 
Bare gravels and fines, fluvial 
activity, dowels, solifluction.

Environmental parameters: 
Age. root depth, soil depth, 
humus depth, low snow cover.

7. Pioneer 6. Snowbed 5. Widespread 
"heath

36. Early 
•• intermediate 
snowbed

37. Heath

AXIS (2)

Environmental parameters: 
Low snow, bare ground, 
dryness, dowel heave, slope

16. Exposed 
lichen heath

5. Widespread heath
6. Snowbed
7. Pioneer

37. Heath
36. Early intermediate
snowbed

19. Mature late-snow lichen heath 
• 16. Exposed lichen heath 
17. Mature late-snow lichen heath

Environmental parameters: 
Soil depth, bryophyte cover, 
vegetation cover, humus depth, 
root deptruage.

19. Mature late-snow lichen heath 
17. Mature late-snow lichen heath
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Table 6.3 (sheet 1). Species comprising the TWINSPAN "final species groups" (including group 
eigenvalues) within the combined and the individual foreland data sets.

Colour coded key:
Differentiates the TWINSPAN "final species groups" and also shows the general
ocation of each assemblage across the selected forelands, as shown by the
TWINSPAN analysis The assemblage group number of every species is given in
each of the cells along with the eigenvalue, of the group, in brackets.
vlature = >250 yrs - moraine 1 (+2)
.ntermediate = 100-250 yrs - moraines 2-4(5-StH)
Pioneer = 0 -100 - moraines 5 - 8
Low-slope positions = Toe, base- and mid-slope.
High-slope positions = Mid- and shoulder-slope and crest
Notel: The position codes for the combined data set correspond with the
individual foreland codes (see Fig. 6.5)
Note 2: See Appendix 1 for species abbreviations. Appendix 2 for foreland
abbreviations: and Appendix 3 for environmental parameter abbreviations.

44
49
64

113
122
142
154
164

36
40
41

81
85

88
92
94

123
124

T26"127

J29
130

- Mature and intermediate 
Low-slope positions 

i i
- Mostly intermediate tow-slope 
assemblages

- Widespread low-slope and snowbed 
• assemblages

- Mature assemblages at general 
positions

I i i
- Intermediate assemblages at 
general positions

I I
- Intermediate to pioneer
assemblages at general positions 

* i
- Pioneer assemblages at general 
positrons

i i
- Intermediate/ pioneer assemblages at 
high-slope or exposed positions

- Widespread assemblages at high- 
slope positions

_ - Widespread assemblages at general 
— positions
i___.... . .-.-I- .._.... J- . - -----U- . -——

_ - Widespread assemblages at general 
_ positions

Cor_acu 
Sph gto 
Arc alp 
Arc uva 
Ale cha 
Cor div 
Ale" och

Sal her
Ste alp
Cla unc
Cla ver
Hie spp
Gas hyp
Can^rot 
Tri spi
Sph mel

Leo aut

33 (.08) 
"33 (.08) 
" 33 (.08) 
~ 33 (.08) 
"33 (.08)

33 (.08)
33 (.08) 

"33 (.08) 
"33 (.08)
]

___ 34 (.186) 
Bet nan 34 (.186) 
Ran spp 34 (.186) 
ARc alp 34 (.186) 
Car spp 34 (.186)

34 (.186) 
_ 34 (.186) 

Ver" alp 34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34(186)

Hiejijp 34 (.186) 
Ant alp " 34 (.186) 
besTcae" 34 (.186)

6 (0.260) 
8 (0.175)

7 (0.377) 12(0.321) 19(0.210) 13(0.182) 
18(0.210) 11 (0.157) 

84(0.070) 
p 84 (0.070)"

19(0.210) 11 (0.157) 

83 (0.070)

5 (0.352) 37 (0.142) 5 (0.274) 
5 (0J352) 5 (0.438) 
38 (0.126) j______
39(0.126) 38 <p.098)T|8,|i^l0IJ!$ ' '~ 
38(0126) 39(O.Q98)|£|^jg|| 
16(0.129) 38(0.098) 36(0.159)

i i [ 
7 (0.380) 3 (O.S03) 6 (0.510)
39(0.126)

Ste bot

68 (0.043)
8 (6.175) 27(0.063j: 
8 (0.175) .37(0.076)

Pyr nor
Pol viv

69 (0.043) 
69 (0.043) 
X

5(0.352) 3? (0.142) ffBIHPI 
7(0.380) 5(0.438) 36(0.159)

iiiou)
AJc_glo 
Sed ros

12 (0.321) j; 31 (0205) 26(0.083) 39(0.126)
! 25 (0.093) 

9(0,324) 30 (0,205) 25 (0.093> 6 (0.380) 38(0.098)
25<0.i

I5).2S{0.

39(0.126) 38(0.098) 5(0.274)

Lye ajp 34 (186) 
Cet ste 34 (.186) 

34 (.186)

-—— (Continued on sheet 2
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Table 6.3 (Sheet 2)

SPECIES 
134

140

J46 
T47

149
150

157

162
163
166168"

"169

170
171
172
173
174
175
176
177
179
180
183
185
186
187
188

T90
191

J92
193
194
195
197
198 

"199 
J201

202
203 205~

82
83

111
112
115
116
117
119
120
121
144 
J59
167 ~196~

206

35
37
39
54

_ '105

110
18
33

25
27
46

JtO
63~JJ5

"67

107

Nep arc
Eup.fri 
TaToft
HSTajP 
Ran acr 
Bat alp 
Pso hyp Sft'aca"" 

PeTfrTf 
Tof JJur 
PecTTap 
Coe vr
Cte pyx 
Pan pez

Cla sym

Jun spp 
Ped spp 
Luz tri
War gra 
Far red 
Mel rub 
Sau alp 
Ran pyg 
pel pot 
Squ cup
Tof pus
Lye sol
Gre cla
Ant dio
Ran niv
Leo spp
Ruman Cet"DeT~ 

Sal myr 
Sax opp 
Sax cer 
Vis alp 
Dra alp
Sal^ret _ 
Lye spp"
Dry exp 
Pyr spp 
Ran alp 
Lee qua
Och fri
Woo alp

Oxy dig
Phi alp
Gna sup
Cry cri
Sag sag
Luz spi
Uln gla
Epi ang
Rus spp
Cer alp
Poa alp
Car pet 
Tar spp 
Ara alp_ 
Sax ces

; COMBINED 
34 (.186) 
34 (.188) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34(186) 
34(186) 
34(186) 
34(186) 
34(186) 
34 (186) 
34(186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34 (.186) 
34(186) 
34 (.186) 
34 (.186)
34 (.186)

35 (.186) 
35 (186) 
35(186)
•35 (186)
35 (.186)
36 (.186) 
35 (.186)
•35 (.186) 
35 (.186) 
35 (.186) 
35 (.186) 
35 (.186) 
!35 (.186) 
35 (.186)

Sal gla
Pyr min
Sib pro
Fes ovl
Jun tri
Sal lan 
Cia~st«r
Cer cer
Des alp
Gna nor

18 (.136) 
18 (.136) 
18 (.136) 
18(.136) 
18 (.136) 
18 (.136) 

" 18 (.136) 
18 (.136) 
18 (.136) 
18 (.136)

9(0.324) 
,9 (0.324)

26 (0 063)
27 (0.063) 
27 (0.063)
26 (0.063)
27 (0.063)
26 (0 063) 
27(0.063)
27 (0.063) 
27(0.063)

6(0.326) 
6(0.326)

?7(0.063) 
27(0.063)

SVELL STORH HOGV 
84(0.070) 38(0.126) 
84<0.07W

S|6S|]

s|8§;

B4(0.07Q|;

83(0.ofbT

3T ((5.142)

84(0.070) 6(0.380) i

84(0.070)

84 (0.070)

———
25(OJ093>
25<0.093>
PSSKO.Q93J
11 (0.157)
B4{0.070)
84(0.070)
84 (0.070)
84 (0.070)
84 (0.070)
84 (0.070)

WWW

39 (0.126)
38(0.126)
39(0.126)
39(0126)
38(0.t2«)
38(0.126)
38(0.126)
6 (0.380)

7 (0.380)
IPPf 7 (0.380) 38 (0.098) 

38(0.126)

f (0.380) """ 
6 (0.373) 84 (0.070) 6 (0 380) 38 (0.098)

83(0.070) 6(0.380) 
7(0.380) 
39(0.126) 

13 (0.182) 6(0.380) 
84 (0.070) 7 (0.380) 

7 (0.380) •;

mum*

69 (0.043) 
69 (0.043)

1 1 (0 430) JKfliHf 6 (0.380) 
31 (0205) 84(0.070) 39(0.126) 
30(0205) 25(0,093) 38(0126)

10(0.310). 6(0326) 25(0.093) 7 (.380) 
84 (0.070) 1 8 {0.1 29},

13 (0.321) 84 (0.070) 6 (0.380)

Get isl 
'CUT gra 
ajTchl 
Lye sel 
Cla cer 
Sol cro 
Oa arb 
Cla pix^ 
Ste pat

27 (0.063) |
27 (0.063)
26 (0.063) 9 (0,324)

130(0,205) 7(0.318) '7 (.380;
'31 (0205) 7(0.318) 7 t39f|.4i
30(0,205) 25{0;093)

7(0.510)
IMlte

27(0.063) 11 (0.310) 6(0.373)
ai-psif 10(0.310)1 • -

25(0.093) 16(0.129) 39(0.098)| ••—--• 18(0.129) J 

11 (0.157) 18(0.t29) 37(0.142)] 
84 (0.070) 39 0,09$) 36 (0.159) 
11 (0,157)18(0.129) 38(0.098) 36(0.159)

5(0.438) 7(0.510) 
,5 (Q 129)|

j^J^i^Pffjili^^BHHI _
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Table6.3 (Sheets)

6 (0.326) 
6 (0.326)

(.208) 
(208) 
(.208) 
(,208)
(:208)

(.208) 
(.208) 
(.208) 
(.208) 
(.208) 
(.208)

Ant odo 
Rum ace 
Cla firn

9 (0.324)
? 37 (0076) 

11 (0224) 9(0524)
11
84 (0.070)
84(0.070)

Cla por
Pln_vu[ 
CleTcar 
Qa ama 
Cla cri

68 (0.043) 
68 (0.043) 
68 (0.043) 
68 (0.043) 11 (0.224)

; 21 (0:108)
ji37(0076)!

Pel pol 
Jun com

2
52

EmjTnig ,6 
Phy~cae 6 (,551!f

~ 5(0.292) 19(0.161)13(0.321)11(0430)11(0.157)5(0.352) 38(0.098)|_______
5(0.292) 19(0.161) 13 <0-^}jjjjjjjj§ 83 (0.0701 )$®J^ 38 (0.098) 36(0.159) 
69(0043)26(0.063)1

0 (0.310)
1 2 (0.321) HH 39 (°- 1 26> 

$ (0.373) 84 (0.070) .;

68 (0-043) 
68 (0.043)

38(0.068) 36(0.159)
69 (0.043) 26 (0 063)
5(0.292) ::37 (0.076)513 (0.321)

Sal phy 80 (.209) 
Vacvit

7 (0.377)
68(0043) 19(0.161) 

27 (0.063) 
27(0.063) 
21 (0.108J 
27(0.063):

(.209) 
30
30 (309) 
30 (JOB)

39(0.126) 
6(0.380)

Mel syl 
AthjJis 
Jun fil 
Pot era

iiminJMi (0.224)
64(0.070) 38(0.126) 38(0.098)

6 (0.380)

Oxa_ace 
PaTpaj 
OrTsec 
Pri spp 
Rub Ida

12(0228) 
21 (0.108);; 
21 (0,1081!;

Mel pra 
Eup^ej 
Lye ann

68 (0.043)
69 (0.043) 
68 (0.043) 
68 (0.043)

84<0,070>
30(0.205) 11 (0.157)
Usiill84(0.070) 39(0.126)

68(0.043) 
69 (0.043)
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Colour-coded key:ENVIRON! En\*oome!SPECIES
i

|Group 14: Sub-alpine early intermediate lichen heath

(Group 30: Sub- to low alpine late-snow heath

Group 62: 9ub-alpme mature/late intermediate woodland heath

Croup 63: Sub-alpine woodland heath

roup 5: Low and sub-alpine late intermediate snowbed

82Oicy di 
120 Rus I
206 Stn c 
33 Gna nc 
83 Phi alp 
115 Sag *

Group G: Low and sub-alpine late-snow heath

Group 34: Low alpine late intermediate late-snow heath

Group 18: Low alpine late-snow heath

Group 33: Alpine exposed snowbed

Group 32: Alpine exposed lichen heath20 VegCC ___ :89 
2 Posenv___

-99 Group 19: Alpine lichen heath

Group 35: Pioneer and snowbed assemblage

SSPyr no
174 Ran ( 
183 Art <*

Note Abbreviations for species are given in Appendix 1 and the 
abbreviations for environmental parameters are given in Appendix 3

fable 6.4 (sheet 1) Rank of species (and superimposed TWINSPAN "final species groups"), including calculated regression 
coefficients of environmental parameters, on OCA ordination axes (1) and (2) (combined data set).
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Table 6.4 (sheet 2) Rank of species (and superimposed TWINSPAN "final species groups"), including calculated regression 
coefficients of environmental parameters, on DCA ordination axes (1) and (2) (combined data set).

Wo(e Abbreviations for species are given In Appendix 1 and the 
abbreviations for environmental parameters are givon in Appendix 3
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Fig 6.1 a Moraine profile diagrams to display the combined foreland data for TWINSPAN 
site groups, Austerdalsbreen (sheet 1).

M2(1785)

M3(1853)

M6

COMBINED KEY:
Assemblage name 

Level (I " indicators) 
2

L_I L__l y

III
MT(T871)

M5(1908)

(Approximate scale - 5mm : 1m)

(For explanation of diagram see section 4.1 and Fig. 4.1; for relationship between 
groups, see section 6.3 and hierarchy diagram Fig. 6. li)
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Jill lilt
III!

M7(1960)

(Approximate scale 5mm : I m)

Fig. 6.la Moraine profile diagrams 
to display the combined foreland 
data for TWINSPAN site groupings, 
Austerdalsbreen (sheet 2).

COMBINED KEY:
Assemblage name 

Level (I" indicators)
Ste alp - Sal her
Vac myr - Bet pub
Cer our - DCS alp
Cla chl - Ste alp
Cal vul - Phy cae
Des tie - Vac myr

Agr ten
None

Sol cro - Cel niv
Sal gla - Ant odo
None
Mel syl - Vac vit
Vac myr
None
Sal her
Cet niv - Ale och
Sal gla
Cla por - Cla gra
Vac m\r - Fes ovi
Cul vul - Cet isl
None
Ath dis
Oxy dig
Cla chl - Sal her
Cor div - Cor acu
Kmp nig
Ste alp - Phy cae
SaJ gla - Sol vir
Sle alp - Sal gla
Sal her - Fes ovi

(For explanation of diagram see section 4.1 and Fig. 4.1; for relationship between groups, 
see hierarchy diagram Fig. 6. li)
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Fig. 6.1 b Moraine profile diagrams to display the combined foreland data for TWINSPAN 
site groups, Fabergstelsbreen.

MTflVlature)

COMBINED KEY:
Assemblage name 

Level (1 ° indicators)

(For explanation of diagram see section 
4.1 and Fig. 4.1; for relationship between 
groups, see section 6.3 and hierarchy 
diagram Fig. 6. li)

(Approximate scale 5mm : 1m)



Fig. 6.1 c Moraine profile diagrams to display the combined foreland data for TWINSPAN 
site groups, Storbreen low (1).

M1 (Mature)

M2(1750)

M3(1810)

COMBINED KEY:
Assemblage name 

Level (1 " indicators)

M4(1825)

M5(1870)

M6(1900)

(For explanation of diagram 
see section 4.1 and Fig. 4.1; 
for relationship between 
groups, see section 6.3 and 
hierarchy diagram Fig. 6. li)

(Approximate scale 5mm 1m)



Fig. 6.Id Moraine profile diagrams to display the combined foreland data for TW1NSPAN 
site groups, Storbreen Low (2) foreland.

MllMalurc)

(For explanation of 
diagram see .section 4.1 and 
hig. 4.1; for relationship 
between groups, see section 
6.3 and hierarchy diagram

M2~(T7~

COMBINED KEY:
Assemblage name 

Level (1" indicators)
Ste alp - Sal her
Vac m\T - Bel pub
Cer cer - Des alp
Gla chl - Sic alp
Cal vul - Phy cae
Des fie - Vac myr

Agr ten
None

So! ero - Cel mv
Sal gla - Ant odo
None
Me! syl - Vac vit
Vac mvr
None
Sal her
Get niv - Ale och

Cla por - Cla gra
Vac m\T - Fes ovi
Cal vul - Get isl
None
Athdis
()xy dig
Gla chl - Sal her
Gor div - Gor acu
Kmp nig
Ste alp - Phy cae
Sal gla - Sol vir
Sle alp - Sal gla
Sal her - Fes ovi

(Approximate scale 5mm: 1m)



Fig. 6.1e Moraine profile diagrams to display the combined foreland data for TWINSPAN 
site groups, Svellnosbreen foreland. 1111

(For explanation of diagram see 
section 4.1 and Fig. 4.1; for 
relationship between groups, see

Ml (Mature) ^^ H ^J""1! ^^^P* 'f ^ section 6.3 and'hierarchy
diagram Fig. 6. li)

COMBINED KEY:
Assemblage name 

Level (1" indicators)
Ste alp - Sal her
Vac myr - Bel pub
Cer cur - DCS alp
Cla chl - Ste alp
Cal vul - Phy cae
Des lie - Vac myr

(Approximate scale = 5mm : 1m)
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Fig. 6.If Moraine profile diagrams to display the combined foreland data for TWINSPAN 
site groups, Storbreen high foreland.

(For explanation of 
diagram see section 4.1 and 
Fig. 4.1; for relationship 
between groups, see section 
6.3 and hierarchy diagram 
Fig. 6.1,)

COMBINED KEY:
Assemblage name 

Level (I" indicators)

M7(1951) 

(Approximate scale 5mm : 1m)
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Fig. 6.1g Moraine profile diagrams to display the combined foreland data for TWiNSPAN 
site groups, Hogvaglbreen foreland. r*n nitmi rm i—i mi

Ml (Mature)

(For explanation of 
diagram see section 4.1 and 
Fig. 4.1; for relationship 
between groups, see section 
6.3 and hierarchy diagram 
Fig. 6.1,)

M2(1750)

M3(1810)
COMBINED KEY:

Assemblage name 
Level (1 " indicators)

Ste alp - Sal her
Vac mvr - Bet pub
Ccr cer - Des alp
Cla chl - Ste alp
Cal vul - Phv cae
l)es fie - Vac mvr

Sol cro - Get mv
Sal gla - Ant odo

nil i~"i mimi •• \1 •• mi mi nn

M6(1950)

(Approximate scale = 5mm : 1m)

M4(1850)

M5 (1930)

inn ^H nn INI nn
tZJ



Fig. 6.1 h Moraine profile diagrams to display the combined foreland data for TWINSPAN site 
groups, Beverbreen foreland. _ __

(for explanation oj'diagram 
see section 4.1 and I<'ig. 4.1: 
for relationship between 
groups, see section 6.3 and 
hierarchy diagram I<"ig. 6.1i)

COMBINED KEY:
Assemblage name 

Level (I" indicators)

(Approximate scale 5mm : 1m)

M4(1900)

M5(1930)

M6(1960)
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Fig. 6.17 Relationship between DCA centroids of TWINSPAN "final 
species group" and environmental biplot scores on DCA axes (1) and (2) 

(combined data set).
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Fig. 6.18 DCA centroids of TWINSPAN "final species group" scores on 
DCA axes (1) and (2) (combined data set).
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KEY:
Environmental
parameters:

- snow he
2 - position
3 - frost evidence
4 - dowel heave
5 - moisture
6 - fluvial activity
7 - slope
8 - solifluction
9 - aspect (northerly)
10 -trampling
11 - grazing
12 - soil texture
13-pH
14 - humus depth
15-soil depth
16-root depth
17 - boulders
18 - gravels 
19-fines
20 - vegetation %
21 -bryophyte%
22 - aspect (east)
23 - altitude
24 - moraine age

"Final species groups": 
species group 32 -
(alpine exposed lichen heath) 
Species group 33 - 
(alpine snowbed) 
species group 34 - 
(low-alpine late intermediate 
late-snow heath) 
species group 35 - 
(pioneer and snowbed) 
species group 18 - 
(low-alpine late-snow heath) 
species group 19 - 
(lichen heath) 
species group 5 - 
(low- and subalpine late- 
intermediate snowbed) 
species group 6 - 
(low- and subalpine late-snow 
heath)
species group 14- 
(subalpine early intermediate 
lichen heath) 
species group 30 - 
(sub- and low-alpine late- 
snow heath) 
species group 62 - 
(subalpine mature/late 
intermediate woodland 
heath))
species group 63 - 
(subalpine early intermediate 
woodland heath)

Note 1: The arrows emphasise the most influential environmental parameters on each axis and their point of origin
is at 0.
Note 2: See Appendix 6.2 for the plot coordinates and section 6 7.3 for discussion of these diagrams.
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