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Numbers in italic refer to figures and those in bold plants 86
refer to tables Andosols 2, 25, 26
Andreaea 74,78
Abisko angiosperms
bryophyte N fertilizer response 232 Cold-Arctic vegetation zone 75, 76
litter decomposition 50 Cool-Antarctic vegetation zone 76, 80
litter fungi 44 Cool-Arctic vegetation zone 78
nitrogen mineralization 59 anoxia tolerance 125-8
soil characteristics 42 assessment 125, 125, 126
Sphagnum N assimilation from air 231 species 126
UV-B radiation studies 241-51 antarctic vegetation zones 72
Acaena 76, 85 Anthrosols 32
Achyla 44 antifreeze proteins, cold-tolerant arthropods 145
acid deposition 108, 219-36 apatite 6
critical loads 221 aphids 147-8, 149, 1579
ice-core analyses 220, 220 life cycles 148
pollutant sources 222-5 aquatic food chains
see also N pollutants deposition; S pollutants heavy metals accumulation 214, 214
deposition persistent organochloride compounds accumulation
active layer 1 214, 215
C soil pool 256 radionuclides contamination 210, 210
soil creep 5 stable isotope analysis 191-2
Acyrthosiphon svalbardicum 147-8, 149, 157-9, Arctagrostis 78
158, 161 arctic cod (Boreogadus saida) 114
life cycle 148 food-web N isotope studies 194
Agaricus bisporus 51 arctic fox 114
airborne pollution 209, 235 organochloride accumulation 215
heavy metals 212, 212 arctic haze 108, 212, 219
persistent organochloride compounds 214 composition 219
S pollutants 225 Arenosols 32
alas 20 arthropod adaptations 115, 143—7
Alaska behaviour 144, 145
climate change 101 body size 144
ice wedges 16 cold tolerance 1446
orientated lakes 18 desiccation resistance 146
permafrost depth 14 generation times 144
soil characteristics 42 growth/development 146-7
see also Barrow, Alaska heat tolerance/thermoregulation 144, 146
Alaskozetes antarcticus 126 life cycles 144
albatrosses, population fluctuations 178 flexibility 159
Alectoria 74, 81,83 metabolic rate 147
algae 2,31, 185 wings reduction 144
fresh-water food webs 191 arthropods 137-62
Frigid-Antarctic vegetation zone 72 climatic change response 160-2
Alnus 80 climatic constraints 142
alternative-pathway respiration (APR) 123 summer 140-1, 152
short stature ecoforms 123—4 transition periods 141
altiplanation (cryoplanation) terraces 22 winter 140
aluminium 6, 31 environmental templet 13842, 138
levels in waterways 8 macro/microclimate 139-40
soil release by hydrolysis 7 microhabitat constraints/opportunities 142-3, 143
amino acid nitrogen 55 trophic interactions 189
ammonia volatilization 59 bryophyte herbivory 83
ammonium (NH,*) nitrogen 55, 56, 57, 58, 59 see also soil microarthropods
bryophyte assimilation from air 231 Astragalus alpinus, nitrogen fixation 55
transfer from cyanobacteria to mosses/vascular asymmetric valleys 22
275
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Aulacomnium 78, 80
Aureobasidium 43, 44

barnacle goose (Branta leucopsis) 197
barrens vegetation 78
Barrow, Alaska
cations in waterways 7-8, 7
CO, flux measurements 264, 264
denitrification 59
fungi 44, 46, 47
biomass 45
nitrogen fixation 55
soil characteristics 42
nitrogen availability 56
phosphorus 60
water content 256, 265
temperature trends 265
basidiomycetes 44
bearded seal (Erignathus barbatus) 167
Beaufort Sea polar bear study 168, 168, 169, 173-8,
174, 179
Beluga whales 114
food-web 'SN isotope studies 194
Betula 80, 81, 100
biological weathering 11
biotite 6
black guillemot, organochloride levels 215
black spruce (Picea mariana) 2, 20, 28
nutrient transfer from mosses 87
block fields 23
Brachythecium 74, 76
braided rivers 21, 22, 22, 28
brent goose (Branta bernicla) 196
bryophytes 69—9o
climate change response 88—9
decomposition 85-6
herbivory 83—4
nitrogen
assimilation from air 230, 231
fertilizer response 232
NO, assimilation from snowmelt 2334
pollutant deposition 230-2, 236
nitrogen-fixing micro-organism associations 86
nutrient retention from precipitation 69, 86—7
phytomass accumulation 69, 85
thermal insulation 69, 88
water-holding capacity 69, 80
polluted snowmelt effects 232—5
physiological damage 234-5, 234
see also mosses
Bryum 72,74
Buellia 74

Cacopsylla 149-51
cadmium accumulation 214
Calamagrostis deschampsioides 197
Calamus hyperboreus 193
calcium
levels in waterways 7
moss phytomass retention 87
soil
bacterial population effects 48
release by hydrolysis 6

calcium carbonate deposition 9, 27, 34
Calliergidium 74,78
Calliergon 76, 86
Caloplaca 74
Cambisols 2, 25, 267, 34
calcium carbonate deposition g, 27
iron oxides 8, 12
Camisia anomia 153
Canada
ice segregations in soil 3
Lancaster Sound 192, 193
Mackenzie area salt accumulations 32
pingos 21
see also Beaufort Sea polar bear study; Devon
Island, Canada; Hudson Bay
carbon accumulation
bryophytes phytomass 69, 85
Sphagnum sequestration 249
carbonates see carbonates
CO, concentration elevation response 259
long-term climate warming response 267-8
soil organic matter pool 10, 41, 54, 256
carbon balance 83-6
carbonates 6
abiotic CO, release 52
accumulation 9, 12, 27, 31, 34
isotope studies 35
Cuarex (sedges) 2, 27, 41, 46, 78, 131, 196, 197, 199
Cool-Arctic vegetation zone 78
growth season phenological variation 118
methane flux effects 105
see also sedge ecosystems
caribou (Rangifer tarandus)
lichen herbivory 83, 84, 101
omnivorous feeding habits 189
organochloride accumulation 215
tundra carrying capacity 188
carnivore net production 189
case hardening 9
Cassiope 80
mycorrhizae 44, 229
N fertilization experiments 225-6, 227
cations
levels in waterways 7-8, 7,8
moss phytomass retention 87
soil release by hydrolysis 67
Cephaloziella 76
Cerastium 75
Ceratodon 74
Ceratoppia hoeli 153
Cetraria 75,78, 81, 83
UV-B exposure response 245, 250
Chile megalanic moorland 80
Chorisodontium 74, 75, 76
Chrysosporium 43, 44
Cinclidium 78
Cladonia 76, 78, 80, 81, 83, 245, 250
Cladosporium 44, 46
clay translocation 13
climate change 54, 88-9, 97, 255-69
animal population responses 114-15
arthropod indices 160
arthropods response 160—2
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bryophyte/lichen responses 69
CO, concentration 98-9, 1045
CO, net ecosystem flux 263-8, 269
community responses 99-101, 99, 102—4, 103
biomass 100
net primary production 100
species diversity 100-1I, 101, 109
Holocene 115, 268
light intensity ¢7, 98
moisture availability 97, 98, 256
nutrient availability 97, 98, 266—7
plant growth-form response 97-9
plant population survival 115
plant preadaptation 113
temperature increase 97, 98, 256
climatic effects of arctic vegetation 104-8
global coupling 104-5
human influences 108
regional coupling 106-8
climatic subzones 1
clones fractionation 128
cloud transmission factor computation 245, 246
CO, concentration elevation 98—9, 255-69
direct effects 258-63
ecosystem responses 257-8, 258
general circulation models (GCMs) 255
global climatic effects 104-5
CO,-emitting springs, photosynthetic rate response
262, 263
CO, flux
climate change effects 263-8, 269
net primary production 267
water-table depth influence 265-6
Cold-Antarctic vegetation zone 74-5
climatic data 73
decomposition 85
herbivory 83
Cold-Arctic vegetation zone 75-6, 78-80
climatic data 73
herbivory 83
net production/phytomass 79
cold-polar vegetation zone 70
cold tolerance 116
arthropod adaptations 144-6, 152
behavioural responses 145
freeze-avoidance 145, 146
freeze-tolerance 145
ice-nucleating agents (INAs) 145, 152
soil microarthropods 1534, 154, 155
Collema 75 .
Collembola 51, 152, 153, 161, 162
desiccation resistance 146, 160
heat tolerance 146, 155, 157, 159—60, 159
life cycles 144
common eider, organochloride levels 215
competitors 128
Cool-Antarctic vegetation zone 71, 76, 78
climatic data 73
net production/phytomass 77, 82
see also High Arctic
Cool-Arctic vegetation zone 71
climatic data 73
cool-polar vegetation zone 70

Index 277

copper pollution 213, 213, 222
Coprinus 44
Cortadaria pilosa 80
Cortinarius 44
Crassula 76
cryoplanation (altiplanation) terraces 22
Cryosols 24, 25, 27
Cs pollution 209, 211
authorized discharge 210
cyanobacteria
Cold-Arctic vegetation zone 76
Frigid-Antarctic vegetation zone 72, 74
nitrogen fixation 55, 86, 169

DDT pollution 214
decomposition 41, 43, 49, 504, 139
bryophytes/lichens 85-6
fungal activity 46, 47, 48
moisture dependence 46, 48
psychrophilic properties 46
litter composition 51
climate change response 102—4, 103
measurement 51—2
moisture dependence 50
soil organic matter 10
organic acids production 11
temperature dependence 50
UV-B exposure effect 250-1
deforestation 108
thermokarst formation 20, 34
denitrification 59
desert vamish 2, 9-10, 29, 31, 33, 34
desiccation tolerance
arthropods 146
frost resistance 82—3
mosses 82
Devon Island, Canada
fungal biomass 45
fungal decomposing activity 46, 48
litter accumulation 50—1
mire annual production 82
moss phytomass calcium retention 87
Saxifraga oppositifolia physiological variation 122
soil bacterial biomass 49
soil nitrogen availability 56
trophic level energy transfer 189, 190
Diapterobates notatus 153
Diaptomus pribilofenis 191, 192
Dicranoweisia 74
Dicranum 85
Diptera 51, 152
bryophytes herbivory 83
Distichlis spicata 196
Ditrichium 75,78
DNA absorption spectrum 241
Draba 75,78
ecotypic diversity 122, 132
genetic hybridization 133
Drepanocladus 76, 85, 86
Dryas 45,78
Acyrthosiphon svalbardicum herbivory 147, 157
ecotypic variation 119, 120, 132
mycorrhizae 44-5
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Dryas (Cont.)
N fertilization experiments 225-6, 227, 228, 229
nitrogen fixation 55

Dupontia 78, 196

dwarf shrubs 2
Cool-Arctic vegetation zone 78
litter fungi 44
Mild-Antarctic vegetation zone 80
Mild-Arctic vegetation zone 80, 81
nitrogen mineralization 56
UV-B exposure effects 2479, 248

earth mounds 18
ecotypes
plant adverse conditions survival 115
preadaptation 1323
eggcup topography 22-3, 24
El Nifio Southern Oscillation 178
elk 114
Empetrum 80
UV-B exposure effects 245, 248
Enchytraeidae 27, 51
energy flow 83-6
at surface 106-8
marine food webs 194
environmental disturbance 115, 116
polar desert plant survival strategies 128, 133
environmental stress factors 128
population differences in tolerance 130
environmental templet 138—42, 138
Eriophorum 27, 41, 46, 78, 101, 102, 131, 188, 196
photosynthetic response to CO, elevation 259, 260
Evernia 83

Falkland Islands 8o
fellfield/exposed ridge ecotypes 119, 120, 122
fellfields
Cool-Arctic vegetation zone 78
herbivory 129
Mild-Arctic vegetation zone 80, 81
female-biased sex ratios 130, 130
Festuca 76,78, 197
fitness, arctic arthropods 138
fitness, arctic plants 116, 117
adaptation to instability 132, 133
genetic hybridization 133
high-latitude physiological variation 122—4
phenological variation 117-22
Fluvisols 25, 28
food chains 183—4
persistent organochloride compounds
accumulation 214
trophic cascades see trophic cascades
see also aquatic food chains
food webs 183, 184
detritivore-based 189
herbivore-based 189
stable isotope analysis 191-2
trophic ladders 184, 196
forbs, climate change response 101
forest 20
climate change response 106
vegetation shift 268

litter decomposition 50
on Luvisols 29
Mild-Arctic vegetation zone 81
nutrient immobilization during succession 87
on relic permafrost 14-15
soil blisters (drunken forest) 20
soil organic matter 10, 17
soil types 31, 32
forest communities 10
freeze—thaw processes in soil 2—4, 22, 34
freezing behaviour of water 2
fresh-water food webs 1912
Frigid-Antarctic vegetation zone 72, 74
climatic data 73
frigid-polar vegetation zone 70
frost churning 11, 12
frost heave 2, 3,4
microhabitats 139
stones orientation 17
frost-resistant bryophytes 82-3
frost shattering (wedging) 4, 24, 34
talus slopes 22
frost susceptible materials 4, 17
frost wedging see frost shattering
frostings (icings) 23
Funaria hygrometrica 86
fungi 43-8
decomposing activity 41, 46, 47, 48
ectomycorrhizal associations 44
litter flora 43—4
soil flora 44
total biomass 44-5
fur seals, population fluctuations 178

Galerina 44
geese, arctic-breeding 195-200
habitat use 195-6
herbivory (foraging) 83
below-ground biomass removal 196
grazing behaviour 195, 196
impact on agricultural land/wetlands 195-6
impact in natural habitats 196—7
trophic cascade initiation 195, 196
population increase 195-6
gelifluction 5
Gelisols 25
generation times 144
glaucous gull, organochloride levels 215
Gleysols 2, 20, 25, 28-9, 28, 32, 34, 35
global distillation hypothesis 214, 215
Glossisols 32
grass heath
Cool-Antarctic vegetation zone 76, 77, 80
Mild-Arctic vegetation zone 80
grasses 2
anoxia tolerance 126, 7127
around mud boils 18
Cool-Arctic vegetation zone 78
Mild-Antarctic vegetation zone 80
grazing see herbivory
greater snow goose (Anser caerulescens), grazing
behaviour 195, 196, 197
Greenland 118
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ice-core analyses of acid deposition 220, 220
lead deposition 212
Mesters Vig Fjord 116
growing season length/variability 113, 115, 116, 118
aphid adaptations 148
ecotypic variation 132
phenological variation 117-19
predicted changes with global CO, elevation
256, 257
snow-bed versus ridge habitat 119, 139
growth, UV-B plant exposure effects
dwarf shrubs 247-9, 248
mosses 249
growth/development in arthropods 146—7
Gynaephora groenlandica 151-2
psyllids 149-50
Gymnomitrion corraloides 78
Gynaephora groenlandica 144, 1512
life cycle 151, 151

habitat fragility 113-33
hamada 10, 31, 33, 34
HCB (hexachlorobenzene) pollution 215
HCH (hexachlorocyclohexane) pollution 215
heat tolerance in arthropods 144, 146
Collembola 146, 155, 157, 159-60, 159
oribatid mites 146, 155, 157, 159-60, 159
soil microarthropods 155, 157, 159
heathland
Cool-Arctic vegetation zone 78
critical N load 22930, 235
on Podzols 31
heavy metals contamination 108, 209, 211-14, 215,
219, 222
air concentrations 212
local emissions 213, 213
long-range atmospheric transport 212
ocean currents transport 213-14
Hebeloma 44
herbfields 76, 77
herbivory 83—4, 101, 128-30, 133, 139, 189, 248
arctic-breeding geese see geese, arctic-breeding
community composition changes
with climate change 104
lesser snow goose grazing 197
cyclical grazing pressure 130, 131
food pulse-regulated systems 188, 18¢
net production 189
nutrient cycling acceleration 128, 130, 131,
197, 199
plant-herbivore interactions 188
selective grazing of willow bark 130
trophic cascades 184, 186
trophic level energy transfer 188, 189, 7190, 191
tundra carrying capacity 188—9
Hermannia reticulata 153
Heterocope septentronatis 191, 192
High Arctic
ecotypic diversity 119
plant production with climate change g8
plant survival stress factors 128
see also Cool-Arctic vegetation zone
Himantormia 74

Histosols 2, 25, 27, 32, 33
hollow microhabitats 139
Hudson Bay
La Pérouse Bay staging snow geese 197, 198, 199
vegetation destruction 19g—200
polar bear study 168, 168, 169, 171-3, 172, 179
human activity impact 97, 108
arctic-breeding goose population growth 195,
197, 201
hummocks 27,78
microhabitats 139
hydrolysis in soil 6-8
Hylocomium 178, 81, 85, 86, 232, 245
UV-B exposure effect 249
Hypholoma 44
Hypnum 78
Hypogastrura tullbergi 153, 154, 154
Hypogymnia 78

IBP (International Biological Programme) 43, 45,
54, 263
ice-encasement 125-8
ice-nucleating agents (INAs) 145, 152
ice segregations in soil 3—4, 26
ice wedges 15-16, 15, 24, 28, 29, 34, 35
epigenetic/syngenetic 16
isotope studies 35
Iceland
Andosols 26
Mild-Arctic vegetation 81
thufurs 18
icings (frostings) 23
invertebrates
litter decomposition influence 51
trophic interactions 189, 191
involutions 17, 35
iron
deposition 12
levels in waterways 8
oxidation in soils 8-9, 12
Podzols 31
soil release by hydrolysis 7
translocation 12
iron oxides/hydroxides 6
isotope studies 35
see also stable isotope analysis

Jan Mayen Island 81

Kiaeria starkei 233, 234
Kobresia 78
Kola Peninsula
metal smelter pollution 213, 213, 222, 223
total area affected 225
snowmelt waters acid pollution 233
vegetation degradation 223, 224, 235

Laccaria 44
Lactarius 44
lake ecosystems
food webs 191-2
trophic cascades 185-6
lakes, orientated 1820
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larch (Larix) 2, 10, 81
lead pollution 212
Lecanora 74, 75
Lecidia 74,75, 78
Ledum 8o
lemming (Lemmus sibericus)
herbivory 84
population crashes 131
proteinase inhibitor effects 131
Lepidoptera
larval herbivory 83
thermoregulation 144
Leptosols 2, 25, 29, 30, 32
lesser snow goose (Anser caerulescens caerulescens)
impact of grazing 196, 197
population growth 197
negative feedback regulation 200
positive feedback initiation 197-200, 198
trophic cascades 199—200, 201
lichen acids 11
lichens 2, 10, 29, 31, 6g—g0
annual net production 74, 81, 82
climate change response 101
Cold-Antarctic vegetation zone 74
Cold-Arctic vegetation zone 74, 75
Cool-Antarctic vegetation zone 76
Cool-Arctic vegetation zone 78, 80, 82
decomposition 85-6
direct biological weathering 11
Frigid-Antarctic vegetation zone 72, 74
frost resistance 83
herbivory 83—
Mild-Arctic vegetation zone 80, 81
nitrogen fixation 55, 86, 9o
nutrient cycling 86—7
phytomass 76, 8o, 81, 82
poikilohydry 82, go
polar adaptive features 82—3
pollution sensitivity 108
radionuclides absorption 211
UV-B effects 250
life cycles, arthropod 144
aphids 147-8, 148, 158-9
Collembola 153
Gynaephora groenlandica 151, 151
oribatid mites 153
psyllids 149
life strategies 115, 128
terrestrial arthropods 137-62
life-strategy theory 115, 128-32
limited applicability in Arctic 128, 132
three-way CSR theory 115, 128
light intensity, climate change 97, 98, 99
plant community responses 100
Lithosols
carbonate CO, release 52
fungal biomass 45
nitrogen mineralization 56
litter 10
fungal species 43
litter composition/quality 51

climate change associated community composition

shift 102-4, 103

UV-B exposure effect 245, 2501
litter decomposition 85
fungal 46
organic acids production 11
temperature dependence 50
litter mass loss estimation 51
liverworts
Cold-Arctic vegetation zone 75, 76
Cool-Antarctic vegetation zone 76
Cool-Arctic vegetation zone 78
Mild-Antarctic vegetation zone 80
loess 6
Lophozia 76
Low Arctic
plant growth response to increase in temperature
98,99
see also Mild-Arctic vegetation zone
Luvisols 2, 2§, 29-30
Luzula 78

magnesium, moss phytomass retention 87
marine food webs
radionuclides contamination 210, 210
stable isotope analysis 192—4, 193
melanistic arthropods 144
mercury accumulation 214
metabolic rate
arthropods 147
compensation in plant ecotypes 119-20
methane 54
global climatic effects 104-5
vegetation effects on flux 105, 106
microbial community 61-2
composition 61
in decomposition see decomposition
fungi 43-8
in nitrogen cycling see nitrogen cycling
soil bacteria 489
structure 43—5
microbial ecology 41-62
migration
animal populations 114
vegetation response to climate change 269
Mild-Antarctic vegetation zone 80
climatic data 73
Mild-Arctic vegetation zone 80—1
climatic data 73
see also Low Arctic
mild-polar vegetation zone 70
minke whale
heavy metals tissue contamination 214
radionuclide tissue concentrations 210, 210
mires
Cool-Antarctic vegetation zone 76, 85
Cool-Arctic vegetation zone 78
Mild-Antarctic vegetation zone 80
Mild-Arctic vegetation zone 8o
annual production 81
moss annual production 81-2
moss decomposition 85
moss nutrient immobilization 87
pH 88
mites 51
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anoxia tolerance 126
bryophytes herbivory 83
desiccation resistance 146
heat tolerance 146
life cycles 144
soil 152-3
see also oribatid mites
moisture availability 6
arthropod adaptive features 146
climate change 97, 98, 99
CO, flux influence 265-6
decomposition dependence 50, 52—3
ecotypic variation 132
growing season limitation 118
mosses/lichens adaptive features 82
nitrogen mineralization 56
phenological variation 119
vegetation zones 71
monk seal (Monachus schauinslandi) 178
Montgomery Effect 124
Mortierella 44
mosses 2, 18,27, 28

annual net production 74, 75, 76, 78, 80, 81

atmospheric metal deposition 212
climate change response 101
CO, retention 82, 105
Cold-Antarctic vegetation zone 74
Cold-Arctic vegetation zone 75-6
Cool-Antarctic vegetation zone 76
Cool-Arctic vegetation zone 78
decomposition
nutrient release 87
slowness 74, 105
direct biological weathering 11
Frigid-Antarctic vegetation zone 72, 74
frost resistance 823
herbivory 83—4
longevity 74,75
Mild-Antarctic vegetation zone 80
Mild-Arctic vegetation zone 80, 81
peat accumulation 105
phytomass 74, 75, 76, 80, 81, 85
seasonal changes 85

poikilohydry/desiccation tolerance 82, go

polar adaptive features 82—3
polluted snowmelt effects 232—5
physiological damage 234-5, 234
pollution sensitivity 108
in seral communities 87, 88
symbiont nitrogen fixation 55
thermal conductivity 105
UV-B exposure effects 249
water-table effects 105
see also bryophytes
Mount Pinatubo eruption 172
movement of animal populations 114
Mucor hiemalis 44, 251
mud boils 17, 18, 19, 19, 24, 27, 28, 34
sorted 18
mud-flows 20
mud stripes 18, 24

muskox (Ovibos moschatus), tundra carrying capacity

188-9

Index 281

mycorrhizae 44
N fertilization effect 229, 230

N isotope studies 191
N fertilization response in shrubs 229-30
N pollutants deposition 219, 220, 225-32, 226, 235
critical load 221, 225, 229-30, 236
effect on bryophytes 230-2, 236
effects on shrubs 225-30
Nardus stricta 262, 263
narwhal (Monodon monoceros) 114
food-web 5N isotope studies 194
near extinction, animal populations recovery 114
Nephroma arcticum 86
net primary productivity (NPP)
climate change responses 98, 100, 101
CO, concentration elevation response 259
CO, flux 267
cold-polar zones 75, 76, 81
cool-polar zones 76, 77, 78, 79, 80
effect of goose grazing 196—7
energy transfer 189
marine food webs 194
mild-polar zones 81
Neuropogon sulphureus 75
nickel pollution 213, 213, 222
nitrate (NO,) nitrogen 55, 56, 57, 58
bryophyte assimilation from air 231
in snow samples 233
nitrate (NO,) pollution 219
nitrate reductase induction 231, 231, 232, 234
nitrogen availability
biomass/species composition effect 225
N fertilization experiments 225-6, 227, 2289
mycorrhiza effects 229, 230
snowmelt input 232-5
- soil nitrogen 55—9
nitrogen cycling 54-9
ammonia volatilization 59
bryophyte/lichen uptake from precipitation 87,
230, 231
nitrate reductase induction 231, 231, 232
climate change predicted effects 266—7
denitrification 59
herbivore—plant positive feedback 188
goose grazing 199
moss phytomass N retention 87
nitrogen fixation 54-5, 86, go
organic matter 56, 59
soil bacteria 49
soil moisture dependence 56
temperature dependence 56
nitrogen fixation 54-5
bryophytes 86
lichens 86, 9o
nitrogenous pollutants 219
see also N pollutants deposition
north—south migrations 114
Norway
heavy metals air concentrations 212
litter fungi 44
persistent organochloride compounds pollution 215
radionuclides contamination 211
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Nothofagus 8o
nutrient availability
climate change 97, 98, 99, 266~7
trophic cascades 184, 185, 186
nutrient cycling 41, 49, 61
bryophytes phytomass cation exchange capacity 69
bryophytes/lichens 867, 89—go
climate change 89—9o
influence of community composition
changes 102
effects of herbivory 128, 130, 131, 197, 199
nitrogen see nitrogen cycling
phosphorus 60
Ny-Alesund, Svalbard 140, 141
arthropod study 141-60
climatic/microclimatic fluctuations 140-1, 142
heavy metals air concentrations 212
N deposition effect on dwarf shrubs 225-6, 228
persistent organochloride compounds pollution 215
rainfall 140
soil characteristics 42
soil respiration measurement 53
temperature range 140, 740

ocean current borne pollution 209
heavy metals 213-14
persistent organochloride compounds 214
Ochrolechia 75,78
omnivory 189
N isotope studies 192
Onychiurus 153, 154, 155
organochloride compounds, persistent 209, 214-15
global distillation hypothesis 214, 215
marine food webs 194
oribatid mites 152—3, 161, 162
heat tolerance 155, 157, 159-60, 159
life cycles 153
orientated lakes 18—20
otter 114
Oxyria digyna 118
Oxytropis 188
ozone column measurement 243, 245, 246
ozone layer
depletion 241, 245
monitoring methods 243
UV-B radiation relationship computer modelling
243, 247
cloudiness correction 244, 247

palsas 20, 35
Papaver 75
Parmelia 78
PCB (polychlorinated biphenyls) pollution 214, 215
Peary caribou (Rangifer tarandus pearyi), tundra
carrying capacity 188
peat/peatlands 27, 32, 105
CO, flux 266
long-term C storage 54, 85
Mild-Arctic vegetation zone 80
soil decomposition measurement 52—3
Pedicularis 188
Peltigera 76, 80, 86
penguins, population fluctuations 178

Penicillium 44, 251
periglacial enironment 1, 2
periglacial features 1, 13-24, 14, 34
classification 13, 14
experimental studies 35
in rock 22—4
slope spatial relationships 23
in unconsolidated deposits 14-21
permafrost 1-35
C soil pool 256
composition 4
creep/solifluction §
depth 14
lateral percolation over surface 12
subsurface arcs 5-6
thermal profiles 255

wet/dry 14
Pertusaria 75
pH

microbial decomposition optima 46
soil 67,27
bacterial populations effect 48
Phaeozems 2, 25, 301
phenology
psyllid life-cycles synchronization 149
variation in plant populations 117-22
Phoma exigua 44
phosphorus
bryophyte/lichen accumulation 87
soil availability 60
photosynthesis
CO, concentration elevation response 258—9
with air temperature increase 260, 261
homeostatic adjustment 259, 260, 261,
262, 268
long-term effects 262
mosses 82
N fertilization response 228, 228
photosynthetically active radiation (PAR)
cloud transmission factor computation
245, 246
computer modelling 243
physiological variation 122—4
alternative-pathway respiration (APR) 123-4
genetic ecotypes 1223
phenotypic ecoforms 123
Picea mariana 50
pine marten 114
pingos 21, 21, 24, 35
Placopsis 74
planktonic trophic levels 191, 192
Planosols 32
Plantago maritima 197
Pleurozium 81, 85, 96
Podsols 2, 12, 25, 31
iron deposition 12
nitrogen mineralization 56
Pohlia 74
poikilohydry 82, 90
polar bear (Ursus maritimus) 114
adult condition evaluation 171
annual weight cycle 169, 194
Beaufort Sea population fluctuation 173-5, 174
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ringed seal reproduction fluctuations effect
176-8
data collection methods 169—70
food-web >N isotope studies 192, 193
inactive/fasting period (open-water period) 169
omnivorous feeding habits 189
organochloride accumulation 215
reproduction study 167-79
study areas 168, 169—70
reproductive parameters 170—1
natality estimation 170
ringed seal predation 167-8
western Hudson Bay population fluctuation
171-3, I72
polar desert 1, 2, 10, 29, 31
carbonate accumulation 9
food chains 183
freeze—thaw processes in soils/surface boulders 2
ice wedges 16
lichens 2, 11
plant biomass 139-40
plant survival strategies 128
salt wedging/fretting 9
soil organic matter 10, I1, 17
soil types 33
surface desert varnish (hamada) 10
trophic levels 189
see also Cold-Arctic vegetation zone
polar semi-desert
fungal biomass 45
nitrogen mineralization 56
soil respiration measurement 52—3
polar vegetation zones 69-83
pollutants 108, 209-16, 219
acid deposition 219-36
critical loads 235
local sources 209
long-range transport 209
snowmelt waters release 233, 233
Polygonum viviparum, phenotypic ecoforms 123
polynyas 183
polyols, cold-tolerant arthropods 1435, 153
Polytrichum 74,75, 76, 78, 85, 232, 245
positive feedback responses 186—7
potassium
bryophyte/lichen cycling 87
soil release by hydrolysis 6
preadaptation 130
arctic plant populations 113-14
arthropods 137-8
definitions 113
ecotypic variation 132-3
precipitation 1, 34
pollutants deposition 219-20
predicted changes with global CO, elevation 256
see also moisture availability
primary production see net primary productivity
(NPP)
psyllids 149-51
host plant relationships 150
#9Py—“Puy pollution 210
Puccinellia 196, 197, 199
goose-grazing effects 196, 197, 199, 200

Index 283

pulse-regulated systems
aquatic ecosystems 194
herbivory 188, 189
Pythium 44

quartz weathering 6

Racomitrium 78, 81, 89, 231
N fertilizer response 232
radionuclide contaminants 20911, 210, 215

marine food chains 210, 210

sources 210

terrestrial food chains 211

Ramalina 74
recovery from near extinction 114
red fox 114
Regosols 2, 28, 31, 32
iron oxides 12
reindeer (Rangifer tarandus) 114

lichen herbivory 83-4

moss herbivory 84

nitrogen recycling metabolism 84

radionuclide tissue concentrations 211, 217

respiratory metabolism

short stature ecoforms 123

soil microarthropods 154-5, 156

see also soil respiration

Rhizocarpon 75
ringed seal (Phoca hispida)

Beaufort Sea population fluctuation 174, 175-6
causative environmental factors 177-8
effect on polar bears 176-8

food-web "N isotope studies 193, 194

polar bear predation 167-8

reproductive parameters 170—1

rock slides 23, 24
rodents
herbivory 84, 129, 130
population crashes 130, 131
proteinase inhibitor effects 131
Rostkovia magallenica 6
ruderals 115, 128

alternative-pathway respiration (APR) 123
Russia

fungal biomass 45

litter fungi 44

pollutant emissions 213, 213, 235
see also Kola Peninsula

S pollutant sources 222

see also Siberia

Russula 44

S pollutants deposition 219, 220
critical loads 221, 224, 225
Kola Peninsula 224, 225
sources 222, 222

Salix 18, 50, 80, 130
mycorrhizae 44, 229, 230
N fertilization experiments 225-6, 227, 228, 229
phenotypic ecoforms 123
psyllid herbivory 149-50, 150

salt accumulations 2, 9, 32

salt efflorescences 2,9, 12,32
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salt fretting 9
salt marsh, grazing by geese 196, 197
positive feedback processes 798, 199200
sward destruction 199—200
salt wedging 9
sand dunes 6
sand wedges 15,17
Sanionia 74, 76
Saprolegnia 44
saprovore net production 189
Sarconeurum glaciale 72
Saxifraga 78,117, 118, 124
anoxia tolerance 126
ecotypic diversity 119, 120, 121, 122, 132
metabolic rate compensation 119-20
phenotypic ecoforms 123, 124
physiological variation 122-3
Schistidium 74
Scirpus 196
effects of goose foraging 196, 197
Scotland
Saxifraga oppositifolia ecotypic diversity 126, 128
snowmelt waters pollutants release 233
Scots pine (Pinus silvestris) 224, 224
Scytalidium 43
sea birds, food-web N isotope studies 192, 193, 194
seasonal variation
decomposition 53, 54
food pulses for herbivores 188, 189
moss phytomass 85
pollutants deposition 219-20
pulse-regulated aquatic ecosystems 194
soil nitrogen availability 56, 57, 58, 59
soil phosphorus availability 6o
sedge ecosystems 18, 28
CO, flux 263, 264, 266
goose grazing 196
Seligeria polaris 78
short stature ecoforms 123
alternative-pathway respiration (APR) 123—4
survival value of low growth rate 124
shrub tundra
plant biomass 140
soil organic matter 10
shrubs 2
N pollutant effects 225-30, 235
see also dwarf shrubs
Siberia
air pollutant sources 222
forest removal, effect on permafrost 15
ice segregations in soil 3
ice wedges 16
orientated lakes 18
permafrost depth 14
salt accumulations 32
spotty tundra 18
thermokarst 20
silt cappings 12-13, 13, 35
silt translocation 12
slopes
movement of material 5-6, 34-5
periglacial features 23, 24
rock slides 23

solifluction lobes 20
steps, sorted/non-sorted 20, 24
stones orientation 17
stratified deposits 5
surface stipes/terraces 17
talus 22
small size, arthropods 144
snow-bed ecotypes 119, 120, 122
snow-bed microhabitat 139
ice encasement 125
snow cover survival 118-19
snowmelt nitrogen input 232-5
SO, pollution 213, 219
Kola Peninsula 224
SO* pollution 219
in snow samples 233
sodium, soil release by hydrolysis 6
soil 1-35, 42
biclogical processes 10-11
carbonate deposition g
chemical processes 6-10
desert varnish formation 910
freeze—thaw processes 2—4
frost shattering (wedging) 4
hydration 6
hydrolysis 6-8
microbial community structure see microbial
community
nitrogen availability 55-9
oxidation/reduction 8—9
phosphorus availability 60
physical processes 2—-6
profile formation 11-13
salinization 9
solifluction 5-6
solution 6
types 24-34, 25
wind action 6
soil bacteria 48—9
soil blisters 20
soil coloration 8—9
soil creep 5
soil microarthropods 152-7
heat tolerance 155, 157, 159
nutrient cycling 51
respiratory metabolism 154-5, 156
supercooling 153—4, 154
temperature thresholds for activity 154, 156
soil organic matter 10, I7
incorporation into soil 12
nitrogen mineralization 56, 59
polar desert 10, 11
soil pH 6-7, 48
Cambisols 27
hydrolysis 6
soil respiration
decomposition measurement 512
fertilizer application effect 53
moisture effects §2-3, 53
Q,, values 52
soil wedges 15, 17
solifluction 5-6, 35
solifluction lobes 20
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Solonchaks 2, 25, 32 surface features
solution, soil 6 classification 13
Spartina 196 periglacial features in rock 22-3
greater snow goose grazing behaviour 195 periglacial unconsolidated deposits 17-21
species diversity surface free organic matter 10
climate change responses 100-1, 101, 109 Svalbard
food chains 184, 185 acid deposition, critical load 221
habitat fragility 114 Acyrthosiphon svalbardicum 147
Sphaerophorus 78 litter decomposition 50
Sphagnum 20, 277, 76, 78, 80, 89, g0 soil respiration measurement §52-3
decomposition 85 see also Ny-Alesund
long-term C storage 54, 85
Mild-Arctic zone annual production 81 taiga
mire pH effect 88 methane release 54
N assimilation from air 231 nitrogen mineralization 56, 59
nitrate reductase induction 2371, 2317, 232 soil decomposition measurement 52—3
N deposition response 232 talik layer 14
nitrogen-fixing micro-organism associations 86 talus cones 22, 24
nutrient immobilization 54, 85 talus slopes 22
peat accumulation 105 tardigrades 83
UV-B exposure effect 245, 249 temperature
Spitsbergen 117, 127, 129 arthropods growth/development 146—7
arthropods 161 bryophyte phytomass thermal insulation 69,
bryophyte N fertilizer response 232 88, 105
carbonate accumulation, isotope studies 35 CO, concentration elevation
mud boil soil profiles 34 photosynthetic rate response 260, 261—2
nitrogen mineralization 59 predicted increases 255
salt accumulations 32 CO, flux dependence 266
Saxifraga oppositifolia ecotypic diversity 119, 126 fungal species selection 44
solifluction 5 litter decomposition dependence 46, 50, 52
talus cones 22, 23 nitrogen mineralization 56, 59
tors 23 plant growth response to increase 98
spruce (Picea) 10, 81 vegetation effects 106
%Sr pollution 209, 210 vegetation zones 71
stable isotope analysis Thamnolia subobscura 78
aquatic food webs 191, 1924, 193 thermal insulation
N fertilization response in shrubs 229-30 accumulations removal by grazing 128, 130, 131
Stagnosols 32 bryophyte phytomass 69, 88, 105
Stereocaulon 75, 81, 83, 86 thermokarst 15, 19—20, 27, 34, 88
UV-B exposure response 245, 250 thermoregulation in arthropods 144
stone circles 17, 78, 24, 27, 28, 29, 35 thufurs 18, 19, 19, 32
stone levees 17 Tomenthypnum 78, 80
stone nets 17 tors 23,24
stone polygons 17, 27 Tortula robusta 76, 85
stone stripes 27, 29 translocation, arctic soils 11-12
stones, surface orientation 2, 4, 17 Trichoderma 44
Camisols 27 trophic cascades 1847, 185
on slopes 5 effects on different trophic levels 187
Stordalen positive feedback responses 186—7, 187
denitrification 59 trophic ladders 184, 196
fungal biomass 45 trophic level energy transfer 188, 189, 190, 191
litter fungi 44 trophic relationships 188—95
soil nitrogen availability 56 aquatic ecosystems 191-5
stress-tolerators 115, 128 terrestrial ecosystems 188—91
subpolar desert 1, 2, 29, 31 Truncatella truncata 44, 251
leaching processes 12 tundra 1,2, 10
soil pH 7 CO, flux 41, 257, 2634
sulphur emissions 220-1 food chains 183
see also S pollutants deposition fungi 43, 44-5
summer snow-line variability, growing season ice wedges 16
limitation 118 leaching processes 12
surface angular rock debris 4, 29 methane release 54
surface energy exchanges 106-8 nitrogen fixation 545
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tundra (Cont.)
nitrogen mineralization 56, 59
plant biomass 140
plant-herbivore interactions 188-9
regional climate effects 106, 107
snowmelt nitrogen input 2323
soil bacteria 48—9
soil decomposition measurement 52—3
soil invertebrates 51
soil pH 7
soil phosphorus 60
soil types 27, 29, 31, 32, 34

spatial relationships 33

surface free organic matter 10
trophic level energy transfer 189, 190, 191
vegetation zones 69-83

‘Tundra Biome’ study 43, 45

tundra forest 20

tundra polygons 15, 16, 16, 24, 27, 28
Cold-Arctic vegetation 75, 76

tussock vegetation
climate change responses 98, 99, 99, 105
CO, flux 263, 264
Cool-Antarctic vegetation zone 76, 77
Mild-Antarctic vegetation zone 8o
soil organic matter 10

Umbilicaria 74
Umbrisols 25, 32, 34
Usnea 74, 81, 83
UV-B radiation 241-51
arctic plant susceptibility 242
biological effects 247-51
dwarf shrub growth/morphology 247-9, 248
lichens 250
litter quality/decomposition 2501
mosses 249
cloud transmission factor computation 245, 246
monitoring 243—4
ozone depletion relationship 243
computer modelling 243, 247

plant exposure
irradiance computation 245, 247
lamp arrangement 244-5
plants 245
results 245-51
weighting functions 241

Vaccinium 80, 126
litter decomposition 50, 245, 250
mycorrhizae 44
UV-B radiation response 245, 247, 248-9, 248,
250, 251
vegetation 97-109
climatic coupling 104-8
recovery from near extinction 114
vegetation zones 69-83, 70
Antarctic 72
Arctic 71
ventifacts 17
Verrucaria 74
volcanic material 26
voles, selective grazing of willow bark 130, 137

water moulds 44
water translocation processes 11-12
wetlands 78
whales 192
willows 2, 28
Cool-Arctic vegetation zone 78
female-biased sex ratios 130
see also Salix
wind-faceting (ventifacts) 6
wind speeds 6
wolf 114
wound-induced proteinase inhibitors 131

Xanthoria 74
zooplankton

fresh-water food webs 191
trophic cascades 185, 186
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