Alaska Ecosystems of Conservation Concern:
Biophysical Settings and Plant Associations

Keith Boggs, Lindsey Flagstad, Tina Boucher, Anjanette Steer, Priscilla Lema,
Bonnie Bernard, Brian Heitz, Tina Kuo, and Megumi Aisu

LJAvA( Alaska Center for

Conservation Science
UNIVERSITY of ALASKA ANCHORAGE

May 2019




Contents

(070 41 (=] o | = TP PRSPPSO i.
T == U RRTU iii
1= o 1= 3PP ix
ACKNOWIEAGEMENIS ...ttt neae e e eaeeaaaaaaaaeeeaeeeeeeen 12
[RTzToTo) 0] LT a0 [=To @1 ] r= i o o LS 12
Y 013 1 = X ST PRI 12
T o 11 o 1o o R 13
Y11 Lo o PP P PRSP 15
ECOSYSIEM ASSESSIMEBIL. ... iieiciiieei et ieeer e et e e et e et e amnme e e e e e e e e e e e e e ermmn e e enneees 15
Identification of Candid ate ECOSYSIEMS ......uuuiiiii i i ie e eeer e e e e e e eeee s e e e e e e e e e e e eeeteaea s eans 15
Identification and Cassification of Candidate ECOSYSIEMS .........cccovviiiiiiiiiiiiieiiire e e e e e eeeeaees 15
[ (ST o] g F= VI T=T] T [ = o o P 16
(D13 (g oWy ioT oY= T o I o oo IR PO PP PPPRPPPPP 17
Conservation Status RANKING ......oc.veiiiiiiiiiii ettt e e same e e s aenneeee s 18
Associated Species and Communities of CoONSemva&mNCEern...............uvvvvrenniiicaeeeeenns 19
=T o AN T Y2 20
S L PRSPPI 23
DiStriDULION MaPPING. .. e eetueeetie ettt eeimmmr e ee e e ea e e ee s eeeeeeesa s e e een e e eesnn e eeesmms e e eeennes 24
Conservation StatuS RANKING ... ...cuuu ittt e e e ermme e e e e e e e e emeeas 28
Land OWNErship DY SYSTEIML. .. ... it eeer s e e e e e e e e e e e e e e e e e e e eneeresereneanees 31
Associated Speciemnd Communities of Conservation CONCEIMN..........ccuuvvevieiriceeeeeiieeeneeenn 36
CoNnsServation Gap ANAIYSIS........ . iiuuu it ieme et e e eeer e e e 29
Candidate Ecosystems of Conservation CONCEIN...........iiiuueeiuieeereeeeeeeeereeeeeeenneannmeaneees 36
I U 7] o o SRR PP 37
Associated Species and Communities of Conservation CONCEIN..........cvuuieiruicerrerneeerneeennaees 38
Conservatio Gap ANAlYSIS.......ccouuuuuiiiiiiiiiiiii e Error! Bookmark not defined.
[ (=T = ([ O (=T o PSPPSR 40
Northern and Western Alaska Biophysical Settings and Plant Associations................c..uvvuviiue. 46
Arctic Barrier Island and Spit Biophysical Setting.............oooiiiiiiiieeei e 46
Arctic Inland Dune BiophySiCal SEtting...........uuuiiiiiiiiiieeeiiiie e ee e 57
P o (ol T o To o =T T0] o] )Yy o= ST =] ] Vo 65
Arctic Tidal Marsh BiophySiCal SEttNg...........ccuviiiiiiii et ean 74
Beringian Alpine Limeston®ryasBiophysical Setting.............uuuuuiiuriiiiioe e 84
Beringian Barrier Island and Spit Biophysical Setting...............uuueuiiiiireeeeeeeeeeee e 92
Beringian Dwarf Shrulbichen Peatland Plateau Biophysical Setting...........ccccccvviiiecceeeniinnees 103
Beringian Tidal Marsh Biophysical Setting..........cc.oveiiiiiiicem e e 111



Luzula confusdPoa arctiCaPlant ASSOCIATION.........uvvereeereeirsceemeee et e et e e e e et s eeemreeeenaeeenans 121

Luzula confusé&sphaerophorus globosidant ASSOCIAtION...........iiriiieiiieees e 126
Papaver gorodkoviVolcanic Scree Plant ASSOCIAtION............uvvviiiiiiiiineeeeeeeeeee e eeeens 132
Interior Alaska Biophysical Settings and Plant ASSOCIatioNS..........cccccevieeiiiiiiiccceeeeeeeeeeeeeeeeee 138
Artemisia alaskana Dianthus repensravel Bar Plant ASSOCIAtoN.............oovviviiiiieeniiniieeeeeenn. 138
Boreal Forested Glacial Ablation Plain Biophysical Setting..........cccooeeviiiiiccceeiiieeieeeeieeeeeeeee, 144
Boreal Inland Dune BiophysiCal SEttNG..........c.uvviiiiiiiii e 151
Larix laricina Wetland BiophgiCal SEtting.........cccuuviiiiiiiieiiiee e meee e 159
Picea glaucarloodplain Oldgrowth Forest Biophysical Setting.............cciccneeeeeeieeeeeeeeee, 166
Steppe Bluff BiophySiCal SEtting.........ccooiiiiiiiiiiiieeeie e 174
Southern Alaska and Aleutian Islands Biophysical Settings and Plant Associations.............. 184
Anthelia juratzkanaGymnomitrion corallioide8iological CrustPlant Association...................... 184
Artemisia arcticaTrisetum spicaturilunatak Plant Associatian..............cevvvevevviiveereiiieiiieeeeeennn. 189
Callitropsis nootkatensigVetland BiophySiCaBetting.........ccceeeeiiiiiiiiii i eee 194
Karst Alpine Herbaceous Meadow and Heath Biophysical Setting...........ccccccvvacceeeeniiiinnnnee. 202
Karst Fen BiophySiCal SELHIG .. ...uuuuiriiiiiiiiiimme e e smmme e e e e e ees 208
KarstTsuga heterophyliicea sitchensiPlant Association...............cccoevvvvvvieeeeiiiiciieee e, 216
Pacific Barrierisland and SpiBiophySCal SEHING ........cccoiviiiiiiiiiiii e 224
Pacific Forested Glacial Ablation Plain Biophysical Setting........ccccooeeeiviiiicccieiiieeiieeeeeeeeeeee, 231
Pacific Tidal Marsh Biophysical Setting...........c.uuuviiiiiiiieeniee e 238
Pacific Uplifted Tidal Marsh Biophysical SEtting............uuuuiiiiiiiiiimreeeeeeeee e eeeeeeas 250
Picea sitchensis/Calamagrostis nutkaefEnt ASSOCIAtioN...............covvvvviivieeeeiiiieeceee e, 257
Picea sitchensigloodplain Oldgrowth Forest Biophysical Setting.............cccvvvvviiieeneeeeniiins 262
Picea sitchensis/Oplopanax horridus/Circaea alpilant Association.............cccccevvvvvvveeeeneeennnn. 271
Pinus conorta var. latifolia/Cladinaspecies Plant ASSOCIatioN..............oooouuiiieemiiiiiieeeee e 275
Pohlia wahlenbergiiPhilonotis fontangSeep Plant AssociatiQn..........cccceeeeeeiiiiiccceeiieeeeeeeeeeeee, 279
StatewideAlaska Biophysical Settings and Plant Associations............cccccevvvvvviieeeieeccicecceeeenn, 282
Andreaea blyttiSnowbed Plant ASSOCIAION ...........coiiiiiiiiiiieeeiiie e eeeere e 282
Geothermal Spring BiophySICAEGING.........uuuiiiieei e 287
Mud Volcano BiOphySICal SETING.........coiuuiiiiiiii et e s 295



Figures

Figure 1. Rare ecosystems are found throughoutetitee state of Alaska with some ecosystems
overlapping. Areas of higher rare ecosystem concentration appear darker............cccccceeeeeeeeennn. 13

Figure 2. A mosaic of tidal marsh and mudflats across the ¥Wlkiskokwim Delta, Southwest Alaskd

Figure 3. Land Resource Regions ofiglta developed by the Natural Resources Conservation Service
(Moore et al. 2004and modified to reflect physical geography..........ccccccviiiiimmmiiiiiee 17

Figure 4. Aerial view of a barrier island (Flaxman Island), anetioga spit along the Arctic Oceand7

Figure 5. Distribution of the Arctic Barrier Island and Spit Biophysical Setting. Note that the areas of

occupancy in this map are buffered for greatsulity. ............ccccevvvieiiiiiiiccceee W AT

Figure 6. Aerial view of a barrier island northwest of Kotzebue (source: Google Earth, accessed September
N ) PSR 48

Figure 7 Sheshalik Spit northwest of Kotzebue, Alaska (source: Google Earth, accessed June 28, 2016).
..................................................................................................................................................... 49

Figure 8. Icepush and sediment deposition on a spit near Wainwright on the Chukchi.Sea........ 50

Figure 9.Leymus mollistabilizing a dune near Wainwright, Alaska................cccccvvvieeeiiiiiicieieenenn, 50

Figure 10. Dunes on bluffs above the Meade River, Alaska.............cccocvieemiiiiiiiiiiciiece e 57

Figure 11. Distribution of northern Al askads maj o
this map are buffered for greater ViSibility............ooooriiiiiiieeeice e, 58

Figure 12. Lakes interspersed on a sand sheet near Inigok, Alaska where lighter areas are eroding sand (left,
from Google Earth, imagery date June 2, 2010, eye altitude 3,700 m) and an eroding slope above a sand

sheet lake near INIGORIASKaA (HGNL).. ..o e rrree s 59
Figure 13.Deschampsiaukatschewitolonizing the sandy bottom of a drained lake south of Teshekpuk
IS LGS T AY F= 1= L= 59
Figure 14. Dunes on the delta of the Sagavanirkiok...................ooiieeeiiiiiiiiccc e 60
Figurel5. Photo of th&alix niphoclad&Salix glaucaSparse (Inland Dune) Plant Association (Boggs et al.
20 1) PO OPPPSSRRR 61
Figure 16. The rare specidfertensia drummondidbn an active sand dune adjacent to the Meade River
(o1 aTo 1 (o T o) AN R @ 1V =T 4 oTo ] | T 62
Figure 17. Photo of an arctic pingo south of Prudhoe Bay, Alaska (photo by T. Boucher).......... 65
Figure 18. Distribution of the Arctic Pingo Biophysical Setting. Note that point occurrences in this map are
buffered for greater VISIDility...........coooiii i e e e eeee 66
Figure 19. Angel Pingo, Prudhoe Bay, Alaska (photo by D.A. Walker)............coooivieemiiiiiinnnn 68
Figure 20. Pingo near Prudhoe Bay supporting Dingas integrifoliaAstragalus umbellatu€arex
FUPESEIISPIANT ASSOCIALION. ... ...uviiiiiiiiiiiiiiiiiiree e e e e e e e e e e e e e e e e e e e e e e eeee e b — i mmmr e e e eeeeeaeeeeeees 69
Figure 21. Tidal marsh vegetation, Arctic Coastal Plain, Alaska (photo by L. Flagstad).............. 74
Figure 22. Distribution of the Arctic Tidal Marsh Biophysical Setting. Naé¢ éineas of occupancy in this
map are buffered for greater VISIDIlitY. ...........uuiiii e 75

Figure 23. Tidal marsh species invading subsiding polygonal ground east of Barrow, Alaska....76
Figure 24. The alkai grasBuccinellia phryganodesn subsiding tundra near Deadhorse skéa......... 77
Figure 25. Schematic physiography and vegetation profile along a tidal river in Arctic Alaska....77
Figure 26. Schematic physi@phy and vegetation profile of tidal vegetation along a coastal lagoon in

N (o o = 78

Figure 27. Calcareous side slope in the western Brooks Foothills suppDrirag integrifolia ssp.

11 (=T0 | ] o] = RS 84

Figure 28. Distribution of the Beringian Alpine Limestone Dryas Biophysical Setting. Note that areas of
occupancy in this map are buffered for greater ViSibility...............oooiiiiiieeeeiiii e 85

Figure 29. A series of limestone outcrops in the Darby Mountains, Seward Peninsula, Alaska (photo by J.
L 12T =T} o) TR 87


file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223974
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223986
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223988
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223988
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223989
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223991
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223992
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223992
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223996
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223999
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11223999
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224000
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224000

Figure 30. The rare piés Artemisia senjavinensifleft; G3 S3) growing on limestone in the Darby
Mountains, Alaska (photo by J. Fulkerson) &adrya nauruagright; G2 S1S2) growing on limestone in

the Moon Mountains, Alaska photo by F. BaldWin).............ccueeiiiice e eeee e 88

Figure 31. Aerial view of a spit near Moses Point, east of Elim, Alaska....................cceeiiinnnnnnd 92

Figure 32. Barrier islands in Kokechik Bay, Western Alaska provide protected nearsmine habitat for

L1 TNt 1 T I =1 o =T PSR 93

Figure 33. Distribution of the Beringian Barrier Island and Spit Biophysical Setting. Note that the areas of
occupancy in this map are buffered foragex visibility...............cc e, 94

Figure 34. The Nunathloogagamiutbingoi dufes a series of spits on the south side of Nunivak Island,
Bering S€a, AlASKa.......ccoo it an e e s 95

Figure 35. ArEmpetrum nigrundominated back dune east of Nome, Alaska.......................c....... 96

Figure 36. Nelson Lagoon is a migration stopover for thousands of shorebirds, including dunlins pictured
=100 Y a8

Figure 37. Muskox and ecologist on a coastal duneuniivék Island (photo by T. Bowman)......... 100
Figure 38. Peatland plateaus mosaicked with thaw ponds on the-Kulstiokwim Delta, Alaska....103
Figure 39. Distribution of the Beringian Dwarf Shruichen Peatland Plateau Biophysical Setting. Note

that the areas of occupancy in this map are buffered for greater visibility...........ccccoeeiiicccreenrenn. 104
Figure 40. Schematic physiography and vegetation profile of a peatland plateau east of Scammon Bay,
Y = ] - 105
Figure 41. Peatland plateaus on the Yukoiskokwim Delta, Alaska............ccccccoeiiiiiiiceniiiiiinnen, 106
Figure 42. Emperor goose on the Yukénskokwim Delta (photo by T. Bowman)......................... 109
Figure 43. Tidal marsh on the outer coast of the Yukoskokwim Delta, Aaska (photo by T. Boucher).
................................................................................................................................................... 111
Figure 44. Distribution of thBeringian Tidal Marsh Biophysical Setting. Note that the areas of occupancy
in this map are buffered for greater ViSibility............uuuuiiiiiin e 112
Figure 45. Inland tidal mudflats and meadows dominated by Pulziastl Carex species on the Yukon
Kuskokwim Delta, Western Alaska (photo by T. BOUCNEL)..........ccuvviiiiiiiieeeeeeeeeeee e 113

Figure 46. Coastal brackish meadowsio® YukorKuskokwim Delta (photo by T. Boucher)........ 114
Figure 47 TheLuzula confusd&0a arcticaplant association on a higtertered polygon at Barrow, Alaska

(PNOLO DY DA WBIKET ...ttt ettt e e e et e s emme e e e e e e e e beeeeees 121
Figure 48. Distribution of Luzula confusRoa arctica Plant Association. Note that point occurrences in
this map are buffered for grer VISIDIlItY...........oooviiiiiiiieee e 122
Figure 49. TheLuzula confusd&oa arctica Plant Association showingdchrolechia frigidacovering
hummocks of the mod3icranum elongatuniphoto by D.A. WalKer).........ccccevviiiiiiiiiiiiicmeeeeeeeeeee, 123
Figure 50. Thd.uzula confusdPoa arcticaPlant Association showing abundad¢hrolechia frigidaon
rims of low centered polygons (photo by D.A. WaIKE)..........cooiiiiiiiiieeeiieeeee e 123
Figure 51. Thd.uzula confusgsphaerophorus globosidant Association on a gravelly marine terrace at
Barrow, Alaska (photo by D.A. WaIKEL)..........ooooiiiii e 126
Figure 52 Distribution of theLuzula confusé&sphaerophorus globosidant Association. Nottat point
occurrences in this map have been buffered f@atgr ViSibility............cccccoviiiiiiiiieenii s 127

Figure 53.The Luzula confuségsphaerophars globosusPlant Association showing the lichen covered
surface and forbs, includirfgapaver hulteniandPotentilla hyparcticgphoto by D.A. Walker)........ 128
Figure 54. The.uzula confusé&Sphaerophorus globosidant Association showing the dwarf shr8lJix
rotundifolia, abundant lichens, the fofedicularis lanata and graminoids Arctagrostis latifolia, and
Luzula confus@photo by D.A. WAIKEN - ......coeiiiiieeeeeeeeeeees e 128
Figure 55 Papaver gorodkovigrowing on volcanic scree, Nunivak Island, Bering Sea, Alaska..132
Figure 56.Distribution of thePapaver gorodkoviVolcanic Scree Plant Association on the Bering Sea
Islands, Alaska. Note that point occurrences in this map are buffered for greater visibility....... 133
Figure 57. The rare plafapaver gorodkovi(G3 S2S3) growing o weathered basalt, Nunivak Island,

iv


file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224006
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224006
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224016
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224016
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224019
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224019
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224021
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224021
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224022
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224022
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224023
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224023
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224025
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224025
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224026
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224026
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224026
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224027
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224028
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224028
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224029
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224029
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224030

Figure59. ThePapaver gorodkoviPlant Association on weathered basalt, St. Lawrence Island.135
Figure 60. TheArtemisia alaskand Dianthus repengGravel Bar Plant Associatioalong the Kanuti

Kilolitna River in Kanuti National Wildlife Refuge, Alaska...............ooevvieiiiieemiieiiiii e 138

Figure 61. Distribution of thértemisia alaskand Dianthus repen&ravel Bar Plant Association. Note

that areas of occupancy in thigmare buffered for greater visibility............cccceviviiiiiiicccnninnnnn, 139

Figure 62. Ruth Glacier ablation plain showing barren supraglacial debris (upper left) transitioning to forest
(lower right). Note the occurrence ofers and small lakes that occur across the plain.............. 144

Figure 63. Distribution of the Boreal Forested Glacier Ablation Plain Biophysical Setting. Note that the
areas of occupancy in this map bréfered for greater ViSiDility...............uvvviviiiiiiicrreeeeieiiieeee, 145

Figure 64. The Matanuska Glacier flowing from bottom to top of the image. Note the widening of the
medial and lateral moraines as they enter the ablatiim (glaurce: Google Earth, accessed September 2,

Figure 65. Melt across steep ice faces can initiate small landslides, which expose glacial ice; Matanuska
(o To =] R AN = 1= - VT 146

Figure 66. Supraglacial debris on the Matanuska Glacier supportingseaalycommunities (left) and late
seral,Picea glaucadominated forest (FgNt).........cc.uuuiiiiiiiiiii e 147

Figure 67. Supraglacial debris on the Matanuska Glacier supportingseealyHedysarum alpinum
Chamerion latifoliunplant association (left) and a laderalPicea glauca/Saliforest association (right).

Figure 68. The Great Kobuk Sand Dunes, Alaska (photo provided by Kobuk Valley National .Pdsk).
Figure 69. Distribution of the Boreal Inland Dune Biophysietting. Note that areas of occupancy in this

map are buffered for greater ViSiDilityu...........uuuiiiiiii e 152
Figure 70. The Great Kobuk dunes, Alaska (photo by Kobuk Valley National Rark).................. 152
Figure 71 Oxytropis kobukens@long the Kobuk River (photo by Rob Lipkin).................oeooene. 154
Figure 72 Larix laricina Wetland Biophysical Setting at Denali NatioRark, Alaska..................... 159

Figure 73. Distribution of théarix laricina Wetland Biophysical Setting. Note only small patches of
maturelarix laricina forest occur within its range and point occurrergtesvn in the map are buffered for

Lo [T L LT RV =T o111 75T 160
Figure74. Stand of .arix laricina near Fairbanks, Alaska..............cccccovvvvvieeeeiiiiii e, 161
Figure75. Larix laricina cones and needles, near Fairbanks Alaska..............cccccciceeeeieieeeeeeennn. 162
Figure 76. Small patches &ficea glaucaforests on floodplains of the Yukon River in YukQharley
RIVErs NatioNal PreS@IVE, ARB. .........coooe ettt e et e et e e e e e e 166
Figure 77 Distribution of thePicea glaucarloodplain Oldgrowth Forests Biophysical Setting. Note
point occurrences in this map are buffered for better visibility..............cooooviiiiccciiiiiiiiieeiee, 167
Figure 78. ThePicea glaucaAlnus viridis ssp. crispa/Rosa acicularis/Arctostaglos rubra Plant
Associationon the Yukon River, Alaska (Boggs and Sturdy 2005).........cccovviniiiimmmiiiinieeeeeeeen 168
Figure 79.The Picea glauca/Rosa aciculariBlant Association on the Yukon River in YukQmarley
Rivers National Preserve, Alaska (Boggs and Sturdy 2Q05)............ccevvieiiieemiiiiiiieiiieeeeeeeee e 169
Figure 80. Steppe bluff habitat near Delta Junction, Alaska...............cceeveeeeiiiiiiiiiii e 174
Figure 81. Détribution of the Steppe Bluff Biophysical Setting. Note that areas of occurrence in this map
are buffered for greater VISIDIlty...........ooooi it 175
Figure 82. Steppe bluff habitat near Copper River, Alaska.................ccooieeeevivriieiiieieen. 176
Figure 83. TheAnthelia juratzkanaGymnomitrion corallioideg?lant Association on a sideslope of the
ANIAKCNAK VOICANOD, AIGSKE . ......ceuiieiiiii i cee ettt et e et eeamt e e e e st s e et e e et s snamt e s esnnsesanss 184
Figure 84. Distribution of thénthelia juratzkanaGymnomitrion corallioided?lant Association on the
Alaska Peninsula. Note that the occurrences in this map is buffered for greater visihility......... 185
Figure 85. Liverwort mat formed byAnthelia juratzkanaand Gymnomitrion corallioidesspecies,
PN a1 E=1 o T YA 0] [oF=1 g Lo TR AN = 1= = 186
Figure 86. ThéArtemisia arcticaTrisetum spicatunNunatakPlant Associationin Kenai Fjords, Alaska.
................................................................................................................................................... 189


file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224031
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224037
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224037
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224039
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224039
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224039
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224046
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224047
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224050
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224050
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224051
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224051
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224052
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224054
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224056
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224056

Figure 87. Distribution of thértemisia arcticaTrisetum spicatumNunatak Plant Association. Note that
point occurrences in this map are buffef@dgreater ViSibDility.............ccovviiiiiiiiiiecc e 190
Figure 88. TheArtemisia arcticaTrisetum spicatunNunatak Plant Association Kenai Fjords, Alaska.

Figure 89. Mixed conifer association including Callitropsis nootkatensis and with Lysichiton americanus
in the understory in Glacier Bay National Park and PreServe..........ccccooviiomniiiiiiiieieeeeee s 194

Figure 90. Distribution ofhe Callitropsis nootkatensidVetland Biophysical Setting in southeast Alaska
(Hennon et al. 2016). Note that the areas of occupancy in this map are buffered for greater viglity.
Figure 4. Callitropsis nootkatensisdecline on a hillslope just above sea level on Chichagof Island,

Figure 93. Distribution of the Karst Alpine Herbaceous Meadow and Heath Biophysical Setting in
Southeast Alaska. Note that the areas of occupancy in this map are buffered for gibditgr vis...203
Figure 94. Karst alpine herbaceous meadow in Glacier Bay National Park and Preserve,.Alask@4

Figure 95. Karst alpinkeath in Glacier Bay National Park and Preserve, Alaska...............ccc..... 205
Figure 96. Karst fen on Chichagof Island, Alaska...............ccuuviiiieeeiiiiei e 208
Figure 97. Distribtion of the Karst Fen Biophysical Setting in southeast Alaska. Note that the areas of
occupancy in this map are buffered for greater ViSibility..............ooooiiiiieeeiiiiiccccee e, 209

Figure 98. Schematic physiography and vegetaprofile of a karst fen in southeast Alaska......... 210
Figure 99. Surface water channel flowing through a karst fen on Chichagof Island, Alaska......211

Figure 100Karst forest, Chichagof Island, Alaska...................uuviiiceii e 216
Figure 101. Distribution of the Kar3tsuga heterophyli®icea sitchensi®lant Associatiorin southeast
Alaska. Note that ther@as of occupancy in this map are buffered for greater visibility................ 217
Figure 102. Schematic physiography and vegetation profile ofKdmst Tsuga heterophylRicea
SILCNENSIFPIANT ASSOCIALION. ... .eeeiiiieeiiiiiiitii e ieeetie et e e e e e s st eener e ee e e e e e e e s ssssbb b e e e e e sneseeeeeeeeaanne 218
Figure 103. Coastal dunes on Egg Island, Copper RiveaDdliska (photo by M. Bishop)............ 224
Figure 104. Distribution of the Pacific Barrier Island and Spit Biophysical Setting. Note that the areas of
occupancy in this map are buffered for greatebiliyf. ...............c.coooiiiiiiiieeeiii 225
Figure 105. Schematic physiography and vegetatiofil@mof a barrier island on the Copper River Delta,
= 1= = TSP PP 226
Figure 106. 8mipamated plowr (Charadrius semipalmatiigphoto by T. Bowman)......................... 227

Figure 107. The Martin River glacier ablation plain showing the transition from barren debris to scattered
spruce mixed with Alnus viridis ssp. sinuata to mature Picea sitchensis forest. Note the occurrence of craters

and small lakesaross the ablation Plain................uiin e 231

Figure 108. Early seral communigien the supraglacial debris of the Martin River Glacier with pond in the
foreground (POtO DY T. BOUCKHEL).......ccoiiiiiiie e 232

Figure 109. Distribution of the Pacific Forested Glacial Ablation Plain Biophysical Setting. Note that the
areas of occupancy shown on the map are buffered for greater visibility.................oeeeeiiiinnnnn 233

Figure 110. The Martin River Glacier showing the formation and widening of its mealiairma from the
confluence of the glacial arms at UPPEr MgNt..........cooiiiiiiiiimeei e 234

Figure 111. Melt across steep ice faces can initiate small landslides, which expose glacial ice; Matanuska
Glacier ablation PIAIN............oeiiiii e —————— e e e e e e e e e e e e e e e e 234

Figure 112. Supraglacial debris on the Martin River GlasupportingPicea sitchensiforest on left side

of the image, a crater with a lake, and scattered spruce mixed\viiBviridis ssp.sinuataon the right
(source: Google Earth, accessed September 2, 2015)........ccooiiiiii i 235

Figure 113. Tidal marsh in Kenai Fjords, AlaSKaL.............coooiiiiiimmiiiiiiiiceee e 238

Figure 114. Distribution of the Pacific Tidal Marsh Biophysical Setting. Tidal marshes have not been
mapped in the Aleutralslands. Note that the areas of occupancy in this map are buffered for greater
1Y ] o111 YOO PP URPUPPPPP PP 239

Figure 115. Tidal marsh in Kenai Fjords, AlaSKaL.............coooiiiiiiemiiiiiiiiceee e 240

vi


file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224074
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224074
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224077
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224077
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224078
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224079
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224079
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224079
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224080
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224080
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224081
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224081
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224082
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224082
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224083
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224083
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224087

Figure 116. Schematic physiography and vegetation profile of a tidal marsh on a young tidal surface, Copper

R LY QD I=] | r= T Y F= 1= - T 241

Figure 117. Tidal marshes and mudflats at Hartney Bay near Cordova, Alaska........................ 242

Figure 118. Marbled Godwit (photo by T. BOWMAN)............uviiiiiiiiiiiienneeeeeeeeeeeeeeeeee e e e e e e eeeeeennennnns 242

Figure 119. Uplifted tidal marsh near @GS, AlasKa...............coooviiiiiiiiceeeccccccccccee e 250

Figure 120. Distribution of the Pacific Uplifted Tidal Marsh Biophysical Setting. Note that the areas of
occupancy in this map are buffered for greater ViSibility..............ooooiiiiiieeeiciiiiicccceee e, 251

Figure 121. Schematic physiography and vegetation profile of a young tidal marsh uplifted above the tidal
0] TP UPRRTRPPRI 252

Figure 122. Schematic psipgraphy and vegetation profile of a mature tidal marsh lifted above tidal zone
influence depicting two stages of succession; esehal at 28 years after uplift and steral at 200+ years

after uplift (Boggs and Shephard 1999)...........ooiiiiiiiiii e e 252
Figure 123. Dusky Canada GeeBeanta canadensis occidentalish an uplifted tidamarsh pond of the
Copper River Delta (photo by T. BOWMAIN)..........ccuuuiiiiiiiiiieinneeeeeeeeeeeeeeeeeeeeeeeeeeeseesneennneennennnnanaes 253
Figure 124 Picea sitchensis/Calamagrostis nutkaefdent Association near Sitka, Alaska.......... 257
Figure 125.Distribution of thePicea sitchensis/Calamagrostis nutkaerfBignt Association in southern
Alaska. Note that point occurrences in this map are buffered for greater visibility..................... 258
Figure 126 Old-growth Picea sitchensifioodplain forests along the Stikine River, Alaska............ 262

Figure 127. Distribution of the Picea sitchensis Floodplain-gbiavth Foest Biophysical Setting in
Southern Alaska. Note that the areas of occupancy shown in this map are buffered for greater visibility.

................................................................................................................................................... 263
Figure 128. Schematic physiography and vegetation prdfileRicea sitchensi&loodplain Oldgrowth
Forest BiophySiCal SETING........uuuiiiiiiieiiiierer e e e e e e e e e e e eeeeas 264
Figure 129. Olegrowth Picea sitchensifioodplain forests along the Stikine River, Alaska............ 265
Figure 130. Typical setting of tHeicea sitchensis/Oplopanax horridus/Circaea alpPlant Association

at the mouth of the Stikine River, Alaska (photo by Wayne Nicolsan)............ccoocvvimemiiiiiiinn..n. 271
Figure 131. Distribution of th®icea sitchensis/Oplopanax horridus/Circaea alpilant Association.
Note that point occurrences in this map are buffered for greater visibility....................ccconnnne 272
Figure 132. The&Pinus contortavar. latifolia/Cladina species Plant Association in Klondike Gold Rush
National Historcal Park, Alaska (photo by L. Flagstad).............ceeiiiiiiicciiiiiiicee e 275
Figure 133. Distritition of thePinus contortavar. latifolia/Cladina species Plant Association. Note that
the area of occupancy in this map is buffered for greater visihility...................cocceeiiiiiiiininnn, 276
Figure 134 Pohlia wahlenbergiiPhilonotis fontanaSeep Plant Association near the Aniakchak Volcano,
T - VRSO PPPPPSRRPR 279
Figure 135. TheéAndreaea blyttiSnowbed Plant Association in Klondike Gold Rush National Historical
e LA =T L T 282
Figure 136. Distribution of th&ndreaea blyttiSnowbed Plant Association. Note that point occurrences in
this map are buffered for greater Visibility............oooeiiiiiiiiee 283
Figure 137. Granite Hotspring, Alaska (photo by M. DUFfY)........ccooriiiiiiiiiiieenieeeeeee e 287
Figure 138. Distribution of the Geothermal Spring Biophysical Setting in Alaska. Note that point
occurrances in this map are buffered for greater Visibility.............coviiiiiiiioceeee, 288
Figure139. Geothermal springs water flow diagram................ooooi i 289
Figure 140. Malshin Volcano Hotspring, Alaska (photo by T. Nawrocki).............ccecvvvviieeninnee. 289
Figure 141. Lava Creek Hotspring, Seward Peninsula, Alaska (photo by J. Fulkerson)............ 290
Figure 142. Aerial views of Lower Klawasi mud volcano showing the dome, crater and the delta formed by
mud flowdeposits (source: Google Earth, accessed September 2,,2015)............cccvvveeevvveeennnn. 295
Figure 143. Distribution of the Mud Volcano Biophysical Setting. Note that point occurrences in this map
are buffered for great@isibility. ..........oooo e 296
Figure 144. A recent mudflow at the summittoé Lower Klawasi mud volcano, Alaska............... 297
Figure 145. Lower Klwasi crater showing thdéPicea glauca/Shepherdia canadetnsisss Plant
PSS To F= 11 o T ==Y g1 1= T o 4P 298

Vii


file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224090
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224095
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224095
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224104
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224104
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224105
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224105
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224111
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224112
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224113
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224116
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224117
file://///akheritage2/Ecology_2011/Rare_Ecosystems/Rare_Ecosystem_Document/Alaska%20Ecosystems%20of%20Conservation%20Concern%20BpSandPA_June2019.docx%23_Toc11224117

Figure 146.Juncus arcticussp arter Plant Association on the lower flanks of the Lower Klaivaud
A o] o> o T TSRS 299

viii



Tables

Table 1. Conservation status rank deSIgNALIONS..........coiviuurrriireriiere e e e e e eenr e e e e e e aanes 19

Table 2. National Gap Analysis Program prdtettstatus codes and definitions, as derived from the
Protected Areas Database of the United States {BApversion 1.3 geodatabase..............coeeeeennne 20

Table 3. Conservation status of land management Categaries............uuuviieeemeeeeeriiiiiiiiiiieee e e 21

Table 4. Conservation status ranksB@physical settings and plant associations of conservation concern
presented by ecoregion and category Of rarity...........cccoe oo eeec e 23
Table5.Alask 6s rare ecosystems presented..i.n..i.nc26easing
Table 6. Total and percent area of ecosystems of consercaincern presented by land ownershi81

Table 7. Candidate ecosystems of conservation CONCEIM..............ooivvieeeiiiiiiiieeee e e 36

Table 8. Mammal and bird species of conservation concern in the Arctic Barrier Islands and Spit
[]T0] o] g} Vi][or= ST =Y i 1] o o PSP P PP PPPPPPPPPPPRII 51

Table 9. Plant species of conservation concern suspected or known to occur within the Arctic Barrier Islands
and Spit BIophySIiCal SEING...........ooiiiiiiii et r e rrer e e e eeaaeaaaaeas 53

Table 10. Plant species of conservation concern within the Arctic Inland Dunes Biophysical.Se@ihg.
Table 11. Plant associations of conservation concern within the Arctic Inland Dunes Biophysical Setting.

..................................................................................................................................................... 63
Table 12. Mammal and bird species of conservation concern in the Arctic Pingo Biophysical S&@ing.
Table 13. Plant species of conservation concern within the Arctic Pingo Biophysical Setting.....70

Table 14. Plant associations of conservation concern within the Arctic Pingo Biophysical Settingl
Table 15. Mammal and bird species of conservation concern within the Arctic Tidal Marsh Biophysical
Y= U] o o TSRO PPPPPPPRR 79
Table 16. Plant species of conservation concern within the Arctic Tidal Marsh Biophysical SettB(.
Table 17.Plant associations of conservation concern within the Arctic Tidal Marsh Biophysical Setting.

..................................................................................................................................................... 80
Table 18.Mammal and bird species of conservation concern in the Beringian Alpine Limd3tpag

21 To] 0] 0) VAT Tor= L IST=] 111 Vo F T 88
Table 19. Plant taxaf conservation concern within the Beringian Alpine LimestBngas Biophysical
Y= U] o o PP TS POPPPPPPI 89
Table 20. Mammals and bird species afigervation concern within the Beringian Barrier Island and Spit
21 To] 0] 0) YAt Tor= L IST=] 111 Vo 98
Table 21. Plant species of conservation eonavithin the Beringian Barrier Islands and Spit Biophysical
Y= U] o TP TTTOPPPPP 100
Table 22. Mammal andirfol species of conservation concern within the Beringian Dwarf Shiakien
Peatland Plateau BiophysiCal SEtNg...........cooiiiiii e e e e e e e e e e e e e e e e aneeees 107
Table 23. Planspecies of conservation concern with the Beringian Dwarf Shictlien Peatland Plateau
1 0] 0] 02T Tor= L IRST= ] 11T OO PO PP 108
Table 24. Mammal andtdl species of conservation concern within the Beringian Tidal Marsh Biophysical
Y= U] o TP TTTOPPPPP 115
Table 25. Plant species of conservataamcern within the Beringian Tidal Marsh Biophysical Setting.
................................................................................................................................................... 117
Table 26. Plant associations of conservation concern within theggeriTidal Marsh Biophysical Setting.
................................................................................................................................................... 117
Table 27. Bird species of conservation concern withirLtirila confusd Poa arcticaPlant Association.
................................................................................................................................................... 123
Table 28. Plant species of conservation concern withihtizala confusdoa arcticaPlant Association.
................................................................................................................................................... 124



Table 29. Mammal and bird species of conservation concern withituthda confusd Sphaerophorus

010DOSUSPIANT ASSOCIALION. ...t ieee e eceee et e e e e e mm e e e e e e e e e e e n e e e e e e e eeas 129
Table 30. Plant species of conservation concern withihubkela confuséphaerophorus globosidant
FNS TS0 Lo = 11 [ PP PP SR TP 130
Table 31. Bird species of conservation concern withirPdq@aver gorodkoviPlant Association......136
Table 32. Plant species of conservation concern withittemisia alaskana Dianthus repensravel
o T o F= L | AN T F= [0 PP PRRPR R PPPP 142
Table 33. Mammal and bird species of conservation concern within the Boreal Inland Dune Biophysical
Y= U] o PP PPPPPPP 155

Table 34. Plant species of conservation concern within the Boreal Inland Dune Biophysical. S&&i6g.
Table 35. Mammal species of conservation concern withihdhig laricina Wetland Biophysical Setting.

................................................................................................................................................... 162
Table 36. Plant species of conservation concern withitLahe laricina Wetland Biophysical Setting
................................................................................................................................................... 163
Table 37. Plant associations of conservation concern withirettirelaricina Wetland Biophysical Setting
................................................................................................................................................... 163
Table 38. Bird species of conservation concern withinRiicea glaucaFloodplain Oldgrowth Forest
21 0] 0] g)YAST[or= LIRS Y= 11T OO 170
Table 39. Plant species of conservation concern withirPibea glaucaFloodplain OldGrowth Forest
[=]T0] o] ) Vi] (o= ST =Y i 1] o o TSP PPPPT T PPPP 171
Table 40. Plant associations of conservation concern withinPtbea glaucaOld-Growth Forest
21 0] 0] 02T [or= LIRS Y= 111 T OO 171
Table 41. Bird, mammal and insect species of conservation concern within the Steppe Bluff Biophysical
Y= 11T PP 178

Table 42. Plant species of conservation concern within the Steppe Bluff Biophysical Setting...179
Table 43. Plant associations of conservation concern within the Steppe Bluff Biophysical Settit&D
Table 44. Planspecies of conservation concern within Amghelia juratzkanaGymnomitrion corallioides

g Fo T gL TS Tox 1 o o WP PPPPRPRR PRI 187
Table 45 Plant species of conservation concern withinAhtemisia arcticaTrisetum spicatunNunatak

[ = L | NS0 Lo = {0 P 192
Table 46. Amphiian, mammal and bird species within ®allitropsis nootkatensig/etland Biophysical

Y= 111V PP PTSUOTORRRRN 198
Table 47. Plant species of consaien concern within th€allitropsis nootkatensigVetland Biophysical

Y= 11T PSPPSR 199
Table 48. Plant associations of conservation conaeithin the Callitropsis nootkatensisNetland
[=]Te] o] ) VAT (o= ST = 1] o o TSSO PPPPT S TPPP 199
Table 49. Mammal species of conservation cameéthin the Karst Alpine Herbaceous Meadow and Heath
1 0] 0] 02T [or= L IRST=] 11T OO U PP PP 206
Table 50. Plant species of conservation concern wittérKarst Alpine Herbaceous Meadow and Heath
[]Te] o] ) Vi] (o= ST =Y 1] o o TSP PPPPT S TPPP 206
Table 51. Mammal species of conservationcern within the Karst Fens Biophysical Setting......213
Table 52. Plant species of conservation concern within the Karst Fens Boghl8edting................. 213
Table 53. Plant associations of conservation concern within the Karst Fens Biophysical.Settiri2fl 3
Table 54. Bird, mammal, amphibian, and invertebrate species of conservation concern within the Karst

TsugaheterophyllaPicea sitchensi®lant ASSOCIAtION..............euiiiiiiiiiiiie e 220

Table 55. Plant species of conservation concern within the KsuggheterophyllaPicea sitchensiBlant
=S o T = 11T o RSP PPP 221

Table 56. Mammal and bird species of conservation concern within the Pacific Barrier Island and Spit
BIOPNYSICAI SEEING ... ettt ree e e e e e e e et e e e e e e e e e e e e e e e e emeeeeeeaeseeennenenennnnnennene 227

Table 57. Plant species of conservation concern known or suspected to occur in the Pacific Barrier Island
=Yg To I o1 =0 o] 1Y Z= (o= L= 1 1] o o 229



Table 58. Bird and amphibian species of conservation concern within the Pacific Tidal Marsh Biophysical
Y= U] o PP PPPPPPP 243

Table 59. Plant species of conservation concern within the Pacific Tidal Marsh Biophysical S&iBg.
Table 60. Plant associations of conservation concern within the Pacific Tidal Marsh Biophysical Setting.

................................................................................................................................................... 246

Table 61. Bird species of conservation concern within the Pacific Uplifted Tidal Marsh Biophysical Setting.
................................................................................................................................................... 254

Table 62. Plant species of conservation concern within the Pacific Uplifted Tidal Marsh Biophysical
Y= U] o PP PPPPPPP 254

Table 63. Plant associations of conservation concern within the Pacific Uplifted Tidal Marsh Biophysical
Y= 11T PP 255

Table 64. Mammal and bird species of conservation concern withiRitkea sitchensis/Calamagrostis
NUEKAENSISPIANT ASSOCIALION.......ccieeee e e e e e e e e e e e e e e e eea s e e e e e e e e eeeas 259

Table 65. Plant species of conservation concern withiRittea sitchensis/Calamagrostis nutkaerdent

FNS TS0 1o - 11 [ PP TP 260

Table 66. Mammals, birds, and amphibian species of conservation concern witRiicehesitchensis
Floodplain Oldgrowth Forest BiophySiCal Setting...........ccuuiieiiiiiiiemrniiiiiie e e e 266

Table 67. Plant species of conservation concern withiRitea sitchensifloodplain Oldgrowth Forest
[=]T0] o] ) Vi] (o= ST =Y i 1] o o TSP PPPPT T PPPP 267

Table 68. Bird species of conservation concern withirPilsea sitchensis/Oplopanax horridus/Circaea
alPINA PIANT ASSOCIALION. .. ..cciii i i i i et reer e e e e eeeeaeeaaaeaaaeeeeeeanaaarennnennnaannnnnnns 273

Table 69. Plant species of conservation concern withifPibea sitchensis/Oplopanax horridus/Circaea
AIPINAPIANT ASSOCIALION. ....eeiiieiiiiiiiit ettt e e e e e eseer e e e e e e e e s s bbb ee e e e e emmr e e e e e e e e e e annnneees 273

Table 70. Plant species of conservation concern within the Pohlia wahlesitigfgiiotis fontana Seep
PLANT ASSOCIALION. ... teeeiieeiee e e i et eees bttt e et e e e e s s s s nee s b te e e e eeeeeeesaaansbsannnsssbbsseeeaeeeeeesnnnssssennnns 281

Table 71. Mammal species of conservation concern within the Geothermal Springs Biophysical Setting.
................................................................................................................................................... 291

Table 72. Plant species of conservation concern within the Geothermal Springs Biophysical S#3ting.
Table 73. Plant associations of conservation concern within the Mud Volcano Biophysical Set&og.

Xi



Acknowledgements

This report is a product of a lostgrm cooperative agreement between the Alaska Department of Fish and
Game- Wildlife Diversity Program (ADF&G) and the Alaska Natural Heritage Prograhtaska Center

for Conservation Scienc&CCS). The authors wish to thank and acknowledge Mary R@beis Krenz

and theADF&G Wildlife Diversity Program foconceptual angartial financial supportfahis project. We

also thank Rob DeVelice, Connie Hubbard (USDA Chugach National Forest), Gerald Tande, Julie
Michaelson (USDI National Wetlands Inventory, Fish and Wildlife Service), Philip Martin (USDI Fish and
Wildlife Service), MichaeBhephard (USDNational Park ServiceandCasey Greenstei\CCS) for their
reviewof the document.

Recommended Citation:

Boggs, K., L. Flagstad,. BoucherM. CarlsonA. Steer,B. BernardM. Aisu, P. LemaB. Heitz,andT.
Kuo. 2019. Alaska Ecosystems of ConsergatiConcern: Biophysical Settings and Plant
AssociationsReport prepared by the Alaska Center for Conservation Science, University of
Alaska, Anchorage for the Alaska Department of Fish and Gaddgp.

Abstract

Biological conservation is most effectivehan limited resources can be directed towards the species,
habitats, and environmental processes of greatest naegl.eRosystems support unique assemblages of
specialized and/or diverse flora and fauna within a small geographic area or restrictefteamgpresent
vulnerable elementsf biodiversity The description, mapping, and assessment of rare ecosystems is a
necessary and initial conservation action, yet this has not been completed for |Atskae provide the

first formal recognition of Aladls a 6 s r a r e Thetcfivesegosystems,gepresenting different levels

of ecologicalorganization(plant associations and biophysical settiragg) geographic scale greesented

I n addition, a gap analysis walewloohland managdmento e v a
protection relative to their conservation need. Eleven of the mapped ecosystems are considered adequately
protected, two are moderately protected, and 22 are less protected. Conservation ranks are incongruously
aligned with lanl management protection levels such that the rarest systems are often not well protected,
and the lestmperiled systems are often well protected. On the ecoregion scale, systems with arctic
distributions are less protected than are those with boreal arntinme distributions. This rare ecosystem
assessment complements specersd landscapecale conservation studies previously completed for
Alaska. Collectively,these assessments provideomprehensive and thus precautionapproachto
bioconservationin Alaska. More specificalljthe recommendations from these assessments provide a
sciencebased strategy for biological conservation in a vulnerable region of the world
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Introduction
From arctic tundra to temperate rainforests, numerous ecosystemsespavatth and varied landscapes of

Alaska.Ecosystems such as boreal forests and sedge wetlands cover extensive geographic areas of the state
and are composed of common species assemblages. In contrast, ecosystems such as karst fens and lodgepole

pine woodlads cover small geographic areas and support unigue assemblages of Gpbeaselyrare
ecosystem§Figure 1) offer an opportunity to understand conservation opportunities across thdzstage.
ecosystemsften contribute disproportionately to regal biodiversityrelative to their sizepresenting a

tremendous opportunity for conservati@@aston 1994)However, these same systems may be poorly

described and mapped, which has implications for their management, protection, siedropegrsistere

(Williams et al. 2007). Suclgeographically restricteccosystems are likely to face more severe
conseqguences and have a higher probability of extirpation from threats relative to widespread ecosystems

(Cole and Landres 1996; Wilson et al. 2016).
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Figure 1. Rare ecosystemsefoundthroughout the entire state of Alaskiéh someecosystemswerlapping Areas
of higherrare ecosystermoncentration appear darker.

In Alaska, emoteness preserves many ecosystems in pristindioon@ver 95% of the state is considered
to have the highest level of ecological intactness (Reynolds et al., 2008)ly approximately 1,300 kfn
of urban development in the state (Trammell and Aisu 204&) somenaturally uncommoisystems are
in dedine due to their intrinsic vulnerabilities or external threats.
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Determining which elements of regional biodiversity are most vulnerable to threats is critical to their
conservation (NatureServe 2016Jobally, the primary threat to conservation is hatfeonversion (Meffe

and Carroll 1997, Wilcove and Master 2008). While Alaska has been less affected by habitat conversion
compared to other stat@Buffy et al. 1999, Trammell and Aisu 2015, Reynolds et al. 20a8gnt and

proposed largscale naturalesource extraction activities are affecting more area and habitat types across
the state, increasing threats to both rare species (Carlson andBarés2013) and ecosystems. In the
northern latitudes, climate change, rather than direct anthropogéioie, & arguably the primary driver

of ecological change (ACIA 2005, Chapin et al. 2014). Climate change has the potential to threaten the
persistence of individual species, as well as the ecology of communities and ecosystems of which they are
part (Bjokman et al. 2018)In just the last 30 years, there has been a +2 °C increase in mean annual
temperature in the arctic biome (ACIA 2Q0&nd temperature is predicted to continue to increase more
rapidly than at lower latitudes (IPCC 200Zhapin et al. @14). Species, communities, and ecosystems
already appear to be responding to these changes in climate. For example, there are numerous examples of
increases in shrub and tree expansion in arctic and alpine tundra habitats around the state that in turn are
driving alterations in ecosystem processes (Klein et al. 2005; Dial et al. 2007; Tape et al. 2006; Roland et
al. 2013). In addition, climate change is influencing the frequency and severity of disturbances, such as
insect outbreaks and wildfires (Sojaatt 2006; Chapin et al. 20Q8and is likely affecting the rate of
establishment of nenative species (Carlson and Shephard 2007; Sanderson et gl. 2D these
phenomena pose a substantial risk to the current composition and function of rgsecetns

Furthermore, lands managed for biological conservation may not encompass sufficient components of
regional biodiversity. Early conservation efforts in Alaska were aftertted towards alpine environments

and unique landscape features (Racin&nglerson 1979, Racine & Young 1978, Scott et al. 2001, Young

& Racine 1976, 1977 and as a result, currendbyotected lands may neither coincide with areas of high
terrestrial biodiversity (Smith et al. 2006), nor harbor individual species of consargatioern (Duffy et

al. 1999).

Rare ecosystenpresent a tremendous opportunity for conservati@ecause relative to their size, they
often contribute disproportionately to regional biodiversity. Yet, owing to their infrequent occurrence
and/or restrictd distribution, these same systems are often poorly described and mapped, which has
implications for their management, protection, and {aq persistence (WlIIlams et al. 2007)
In Alaska, rare ecosystems may be categoriz ™ 3
by substrate (e.g. karsggeomorphic processef™
(e.g. mud volcanism), microclimates (e.(
southfacing slopes), or floristics (e.g/
communities dominated by the rare pop
Papaver  gorodkovii  Generally, rare
ecosystems that derive their existence fr¢
uncommon substrates or gearphological
processegFigure 2)develop as largescale, 2
persistent biological communities that refle Figure2. A mosaic of tidal marsh and mudflats across the Yt

the interaction of physical setting and abiot Kuskokwim Delta, Southvst Alaska

factors. Conversely, systems derivGBdm unique microclimates or supporting uncommon floristic
asserblages tend to be smaller scale, homogenous with respect to species composition, and potentially
more ephemeral.
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Methods

Ecosystem Assessment

The identification and description of potentially rare ecosystems in Alaska was an iterative process drawing
from the ecological research and expertise of many individuals. To the extent ppsdiliddy available

data and standardized mapping and ranking methodologies were used to generate the distributions and
assess the conservation status of the systemadeoediin this assessment.

Identification of Candidate Ecosystems

The biophysical settings and plant associations of conservation concern included herein were advanced
from a larger pool of candidate systems either described in published literature mmesated by

professional ecologists. Significant literature sources include The Alaska Vegetation Classification
(Viereck et al. 1992), The Nature Conservancyos (°
Schoen 2006, TNC 2004, 2007), the Nagidn Wi | dl i fe Federationds ,speci al
the Alaska Wildlife Action Plan (ADF&G 2015), the National Park Service (NPS) National Natural
Landmarks Program (NPS 2009), Bureau of Land Management (Bitbgs of Critical Environment

Concen (BLM 2015) and U.S. Forest Service (USH&hd and resource management plgfSFS2002,

2008, 201pand Research Natural Areaeports (Juday 1988, 1989, 200The list of candidate systems

has been refined over numerous years through formal andmafaliscussion with ecologists with

extensive experience in Alaska. Input has been solicited from the experts at the USFS, NPS, BLM, U.S.

Fish & Wildlife Service (USFWS), ADF&G, TNC, and Audubon Alaska. Candidate systems that were not
included here haveden listed in the results section for future consideration.

Identification and Cassification of Candidate Ecosystems

In this synthesis, we use two levels of classification to describe these ecosystems: the biophysical setting
(BpS) and the plant associati (PA). Biophysical settings represent the vegetation that dominates the
landscape in the absence of human action for a specific physical environment and natural disturbance
regime (Landfire 2013) and are similar in concept to ecological site descrifieas 2014) and potential

natural vegetation (Kuchler 1973, Mueteombois& Ellenberg 1974, Tiixen 1956). Common biophysical
settings have been described for Alaska by the Landfire vegetation mapping initiative (Landfire 2013) and
have been refined forretic ecoregions by the BLM Assessment, Inventory and Monitoring project
(Boucher et al. 2015). Plant associations are the fieesi of vegetation classification, represent a
community of definite floristic composition and uniform habitat (Flahault $ecitroter 1910, Jennings et

al. 2006), and have been used to classify vegetation across Alaska (Viereck et al. 1992, Raynolds et al.
2005) and nationally (Anderson et al. 1998). As plant associations lack a successional component, the
concepts differ withe@spect to heterogeneity, yet are complementary in that plant associations may be used
to describe stages or states within successional sequences or transition models, respectively, which, in turn
are represented by the biophysical setting.

Ecosystems recamended for consideration were evaluated with respect to their representation on the
landscape. Ecosystems intimately connected to substrate or geomorphic process were treated at the
biophysical setting level; whereas systems defined by microclimate istilerwere treated at the plant
association level. Where possible, plant associations of conservation concern were nested within a
biophysical setting; plant associations were considered members of the same biophysical setting if they
shared existing vegmtion, successional relationships and environmental factors. Biophysical settings

15



supporting plant associations of conservation concern were by extension, identified as systems of
conservation concern. Plant associations with no ecologicabningful canection to a greater
biophysical setting of conservation concern were treated independently. In this document, we provide both
new and updated descriptions for rare ecosystems developed from field sampling and comprehensive
review of relevant literaturencluding plant association classifications, ecosystem and succession
descriptions, and landcover and ecosite maps.

Spatial designations were assigned in accordance with the parameters set forth by Poiani and others (2000)
where 1. local geographic scalefars to a discrete, geomorphologicallgfined, and spatialfixed

ecosystem occupying meters to thousands of hectares, 2. intermediate geographic scale refers to relatively
discrete ecosystems defined by physical factors and environmental regimesupydrechundreds to tens

of thousands of hectares, and 3. coarse geographic scale refers to nondiscrete, ecosystems defined by
widespread climatic and elevational gradients and occupying hundreds of thousands to millions of hectares.

Regional Designation

For broadranging biophysical settings with considerable variation in plant community composition,
separate regional descriptions were developed. Biophysical settings and plant associations that are not
modified by a regional designation have comparativelyrow distributions that are restricted to a single

geographic region. Thandreaea blyttii(Blytt's andreaea Mojsplant association and the Geothermal
Springand Mud Volcandiophysical settingare the only systems included here that occur acrostatke s

but have not received regional treatment as microclimate and plant community composition are consistent
among sites. Where appropriate, regional designations were assigned in accordanceboithdages

defined inLand Resource Regions of AlaskadMe et al. 2004), which are intended to represent areas of
broad regional climate and climatic conditions, patterns, and processes and as such have good correlation
with the natural floristic and hydrologic divisions of Alaslkagure 3). Generalized ranges and defining
characteristics of these regions follow:

Arctic Alaska: This region has an arctic climate and includes the northern slopes of the Brooks Range,
the western Brooks Range and the northern and western Seward Peniisula
predominant vegetation is arctic and alpine tundra dominated by low and dwarf scrub
and herbaceous communities. The region is within the zone of continuous permafrost.

Beringian Alaska: This region includes the western part of the state near thegBgea from the Alaska
Peninsula and Bristol Bay lowlands to the southern Seward Peninsula as well as the
northern Bering Sea islands. The climate ranges from maritime near the coast, to sub
arctic continental away from the coast and at higher elevatibmes. predominant
vegetation is arctic and alpine tundra dominated by low and dwarf scrub and herbaceous
communities. The region is within the zone of discontinuous permafrost.

Boreal Alaska: This region has a continental boreal climate and includes thentasor of Alaska,
from the south slopes of the Brooks Range to the north slopes of the Alaska Range as
well as the Cook Inlet Ecoregion. Expansive lowland boreal forests are dominated by
combinations ofPicea glauca(white spruce),P. mariana (black spuce), Betula
neoalaskana(Alaska paper birch), an@opulus tremuloidegquaking aspen). The
region is within the zone of discontinuous permafrost.
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Pacific Alaska: This region includes the arc of coastal lowlands and mountains along the Gulf of Alaska

from the Alexander Archipelago in the southeast to Kodiak Island and the southern
portion of the Alaska Peninsula in the west. The climate varies from maritime at lower
elevations along the coast to transitional maritguoatinental at higher elevations.
Coastéforests are dominated IBicea sitchensi€Sitka spruce) an@isuga heterophylla
(western hemlock) along the Gulf of Alaska and Wittuja plicata(western red cedar)
andCallitropsis nootkatensi§yellow cedar) present further south. Isolated pockets of
permafrost occur in the northern part of the region.

Aleutian Islands: This region has a maritime climate and includes the southwest portion of the Alaska

Peninsula, the Aleutian Islands, and the Pribilof Islands. This is a treeless region that is
not undelain by permafrost. Dwarf scrub vegetation occurs at higher elevations and
wind-exposed areas and herbaceous meadows occur on low elevations and more

protected areas.
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Figure3. Land Resource Regions of Alaska developgthe Natural Resources Conservation Service (Moore et al.
2004)and modified to reflect physical geography

Distribution Map ping
Distribution maps for each biophysical setting or plant association were developed from the best available

and most appropriagecspatial dataHowever, because rare ecosystems are often under documented and
the sources used to map their occurrences are variable in quality, the accuracy of our mapping is not
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consistent among systenWe evaluated each systems area of occupancy indepiydrap data we

not combined for comparispwhich allowed us to complete the ranking, establish percent land ownership
and provide data on level of protection for each systdma.Alaska Vegetation Map, developed by ACCS,
provided the basis for mostophysical settinglistribution maps (Boggs et al. 2016a, b). This product was
developed from a mosaic of over 30 individual landcover datasets and provides a uniform legend so that
landcover classes that are similar in concept yet different in nomeawechaay be reconciledVhereas, the
Consortium of Pacific Northwest Herbaria provided the basis for the distribution of most plant associations
(CPNWH 2016). Where these primary sources were not informative to the distribution of a given
biophysical settingr plant association, maps were developed from alternate geospatial datasets such as
those describing elevation (USGS 2009; National Elevation Dataset), surface geology (Wilson et al. 2015;
Geologic Map of Alaska), wetland type (USDI 2015; National Welgdnventory), glacial extent (GLIMS

2015), or coastline morphology (NOAA 2015; ShoreZone). Distribution of the Steppe Bluff Biophysical
Setting was modeled in a separate project (Boucher et al. 2013) Using the MaxEnt application (Phillips &
Dudik 2008) We chose a modeled extent of steppe bluff distribution rather than a conventionally mapped
distribution because we perceived the documented locations to grossly underestimate the actual number
and extent of steppe bluffs and occurrence of the steppesiidim has been shown to be highly correlated

to the climate and landscape features used as model inputs (Boucher et al. P0dJteppe Bluff
biophysical setting distribution was the only ecosysteateled from existing locations documented in
literature or represented by collectionsAuftemisia frigida(andCalamagrostis purpurasceyjsvhich are

reliable indicators of the habitat. Herbaria records were only accepted into the model if location notes
explicitly described the site as steppe habitat aridépection of the underlying remotedgnsed imagery
indicated steppe habitat.

Unless indicated otherwise, all distribution mapping and conservation gap analyses were conducted in a
GIS environment using ArcGIS 10.4 software.

Conservation Status Ranking

NatureServeds rank <calcul ator (version 3.186) wa
biophysical settings and plant associations (Fabegendoen et al. 2009; Master et al. 2012). This
methodology, developed as a globally applicable, st@hnking system sums weighted values for factors
related to rarity, trends, and threats to calculate conservation status. The rarity of a system is derived from
its direct area of occupancy (i.e. distribution), estimated percent of current area ocounpiddred to have

good ecological integrity and geographical range. Unless more spapaltyfic information was available

(i.e. published accounts of range), range was calculated as a durlvgolygon encompassing all
occurrences of the system ugithe minimum bounding geometry tool available in ArcGIS. The trend of a
system relates to expected change in area of occupancy across thgseharars) and lord200 years)

terms and was estimated based on our ecological understanding as wellnéialgbteats to a given

system. Threats to a system consider the severity, scope, impact, and timing of stressors, as well as the
response and resilience of the system to those stressors. Threats were assessed by best professional
judgement with adherente the guidance provided within the rankicejculator(Master et al. 2012). The

range of possible status ranks generated by the rank calculator argically imperiled, 2- imperiled, 3

- vulnerable, 4- apparently secure, 5secure, and are prated by a letter reflecting the appropriate
geographic scale of the assessmentg®bal, N- national, or S subnationa(i.e. state)(Table 1) Ranks

were adjusted from the preliminary, calculated rank if justified by professional judgment or exmert.op

Plant associations and biophysical settings were considered of conservation concern when assessed to be
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l ess than secur e aftllowingthe pancigetokpretaatigi®@ Riordarand@amerdd, S 4 )
1994)and allowing for a broadepacept of ecosystem rarity for a large state with high levels of ecosystem
intactness (Reynolds et al. 2018), but facing threats that impact large geographies (i.e. climate change)

Tablel. Conservation status rank designations

Conservation Ranking System

Geographic Scale Value Modifier
G (global 1 critically imperiled NR not ranked
S state 2 imperiled U unrankable
3 wvulnerable T infraspecific ranking
4 apparently secure B breeding
5 secure N  nonbreeding
Q questionable

Associated Species and Communities of Conservation Concern

To more fully describe the elements of biodiversi
plant species of conservation concern were listed for each biophgsittah and plant association. Plant
associations of conservation concern were also listed for biophysical settings. Only those species or
associations considered to be less than apparently secure (S4) within the state (regardless of global rank)
were inclded. Species were identified in several ways including field sampling, the spatial intersection of
ecosystem and rare plant or animal distributions, as well as published accounts of occurrence and habitat
descriptions.

Where access permitted, site visigsre conducted to increase our understanding of the system and to
document the presence or absence of species of conservation concern. However, owing to the remote
location of most rare ecosystems, direct samplinglldf/pes was often not possible. As alternative to

site visits, the potential linkages between rare species and rare ecosystems were inferred from the spatial
intersection of known rare animal and plant occurrences with the distribution map for each system of
conservation concern. Animalccurrences were gleaned from the Alaska GAP Analysis Occurrence
Geodatabase (Gotthardt et al. 2013). Rare plant occurrences were taken from the rare plant database housed
at ACCS (ACCS 2016). Distributions developed from point data (e.g., Arctic Pingthdbeal Spring,

and Steppe Bluff Biophysical Settings) were buffered by 1 km to account for low accuracy of geographic
coordinates, an issue that is exacerbated in older records collected before the use of GPS. A model
incorporating the iterator functiomd clip tool was then built in ArcGIS (version 10.3.1) to generate rare
plant and animal point shapefiles for each rare ecosystem.

Summary tables of species associated with each rare ecosystem were reviewed by ACCS botanists and
zoologists. Spatial corralions between a rare ecosystem and a given species is subject to the limitations of
their input data, specifically the accuracy of species locations and the ecosystem distribution maps. Thus,
cooccurrence of species and systems do not necessarily inthiaatthe species relies upon services
provided by the rare ecosystem that cannot be provided by other nearby habitats. For example, several bird
species of conservation concern were omitted from the species list because owing to their natural
movement, ocurrences were difficult to associate with a specific habitat, and thus, their inclusion could
artificially inflate the significance of the rare ecosystem in which they were documented (DeCicco pers.
comm. Febuary2016). To address these limitations, veenoved species that were clearly not likely to
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utilize the ecosystem and added species that based on literature review and professional judgment, were
likely to be supported by the ecosystem in question.

Plant associations of conservation concern weredigir biophysical settings where published accounts
existed. These associations were selected using professional judgement by ACCS ecologists from a list of
over 1,300 types that have been formally described for Alaska (ACCS 2016).

Gap Analysis

The Gap Aalysis Program (GAP), administered by the U.S. Geological Survey (USGS), is a nationwide
program which aims to assess the extent to which species and vegetative communities are represented
within protected areas (Scott et al. 1993). To support this g&GSJdeveloped the Protected Areas
Database (PARJS) which serves as the official inventorytefrestrial and marinprotected open space
dedicated to the preservation of biological diveraityoss (USGS 2®). To determine conservation gaps

for the rareecosystems presented here, occupancy distribution maps were overlain with thiSR&yer

for Alaska (USGS 2012) in a GIS environment. The PA® layer is attributed by a GAP status code,

which can be used as a proxy for management intent to conserixelsiy (Table2).

Table2. National Gap Analysis Program protection status codes and definitions, as derived from the Protected Areas
Database of the United States (PAI3) version 1.3 getatabase.

Status

Management Definition Disturbance
Code

Managed for biodiversity Disturbance events proceed or are mimicked

An area having permanent protection from conversion of natural land cover and a me

1 management plan in operation to maiimta natural state within which disturbance events (of nat
type, frequency, intensity, and legacy) are allowed to proceed without interference or are mi
through management.

Managed for biodiversity Disturbance events suppressed

An area havig permanent protection from conversion of natural land cover and a mar

2 management plan in operation to maintain a primarily natural state, but which may receive
management practices that degrade the quality of existing natural communitisngmsuppressior
of natural disturbance.

Subject to extractive (e.g., mining or logging) or

Managed for multiple uses OHV use

3 An area having permanent protection from conversion of natural land cover for the majority
area, but subject to gractive uses of either a broad, lamtensity type (e.g., logging, OHV recreatio
or localized intense type (e.g., mining). It also confers protection to federally listed endangel
threatened species throughout the area.

No known mandate for prettion Unknown

There are no known public or private institutional mandates or legally recognized easements

4 restrictions held by the managing entity to prevent conversion of natural habitat types to anthro
habitat types. The area generalllpws conversion to unnatural land cover throughout or manage
intent is unknown.

The methodology used to attribute GAP status code to a given protected area is outlined in-th® PAD
Standards Manual (USGS 2013) and defaults to the minimum levehsévation afforded. Conservation
status of each land management category is shoWwalile3.
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Table3. Conservation status of land management categories

Land Management Category

National Designations
National Park
National ForesNational Grassland
National Trall
National Wildlife Refuge
National Natural Landmark
National Landscape Conservation SysteXon Wilderness
National Landscape Conservation SysteWilderness
Native American Land

Other Designations
Protective Management Ared&eature
Protective Management Aredand, Lake or River
Habitat or Species Management Area
Recreation Management Area
Resource Management Area
Wild and Scenic River
Research and Educational Land
Marine Protected Area
Wilderness Area
Area of Critical Environmental Concern
Research Natural Area
Historic / Cultural Area
Mitigation Land / Bank
Military Land
Watershed Protectionrda
Access Area
Special Designation Area
Other Designation
Not Designated

State Designations
State Park
State Forest
State Trust Lands
State Other
Local Government Designations

Local Conservation Area
Local Recreation Area
Local Forest
Local Other

Private Designations
Private Conservation Land
Agricultural Protection Land
Conservation Program Land
Forest Stewardship Land

To evaluate the gaps in
1.4 | ayer developed for
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layer to remove areas of overlapping conservation status. Specifically, th&JBA&yer was converted

from its native vectoformat to a raster dataset with the GAP status code informing the pixel value. In areas
of no overlap the value of the GAP code at the center of the cell was adopted as the pixel value, however
in areas of overlap, the highest level of conservation Gveedt GAP code value) was given precedence.

To intersect the PARJS layer with the 12 systems that were represented by point occurrence data only, it
was first necessary to buffer the points. We were able to buffer two of the systems (Arctic Pingos
Biophysical Setting and Mud Volcano Biophysical Setting) using literadupgorted values, however for

the remaining ten systems we were forced to adopt estimated areas of occupancy. A?@fa koh
occupancy (corresponding to a buffer value of 56.4 m) wsad tor theAndreaea bylttiSnowbed Rnt
Association based on personal observation (Flagstad and Boucher 2015). An estimated area?of 0.3 km
(corresponding to a buffer value of 309 m) was used fok tizela confusa Poa arctica Luzula confusa

- Sphaeophorus globosuandPapaver gorodkoviVolcanic Scree Plant Associations and was based on a
professional judgement of average area ranging from 0.1 to G.5Tk@ remaining six systems: namely
theArtemisia arctica Trisetum spicaturilunatak Picea sittiensis / Oplopanax horridus / Circaakpine,

and Picea sitchensis/Calamagrostis nutkaenBiant Associations and the Geothermal Spribayix
laricina Wetland, andPicea glaucaFloodplain Oldgrowth Forest Biophysical Settings were thought to
occupy a leger peroccurrence area and thus assigned a default G.area of occupancy (corresponding

to a buffer value of 564 m).

The final output for each ecosystem represented the portion of theUSAfaster that waspatially
coincidentwith the distributiorof the system. For each PADS extraction we calculated the percent area
of each GAP status category and calculated a stegighted protection index for each ecosystem, in
accordance with the following formula:

08 oo Q0 czbdi Qd ozbdi Qé 2P 1 QG
it pTT

This index provides a continuowariable metric of protection for each ecosystem. Index values have the

same range as, and are thus easily compared toatbgodcal GAP status codes. For example, an
ecosystenwide score of 1.0 indicates that the entire rare ecosystem is managed for biodiversity (e.g., the
entirety of the system is within Wilderness Area boundaries), while a score of 4.0 indicates tr@awmo kn
management mandate for protection has been issued
occurs only on private lands).

Since determining what constitutes sufficient protection of-$icede ecosystems occupying a small
proportionof the landscape is difficult, we used both protection index and percent of area managed for
biodiversity (Status Codes 1 and 2) to summarize conservation status. Systems with a protection index less
than 2.5 or at least 50% of their area managed fory@aglty were considered sufficiently protected. This
percent area threshold is adopted from literature recommendations (Noss et al. 2012) and represents an
approximate average percent of terrestrial land required to meet conservation goals as derived from
numerous evideneBased assessments (e.g. scientific research, reviews, and expert opinion).

To assess the levels of spatial organization represented by plant associations and biophysical settings, we
placed each system in a logahtermediate or coars-geographic scale category in accordance with the
parameters set forth by Poiani and others (2000) where local scale refers to a discrete, geomorphologically

22



defined, and spatialfixed ecosystem occupying meters to thousands of hectares; intermediatefrs

to relativelydiscrete ecosystems defined by physical factors and environmental regimes and occupying
hundreds to tens of thousands of hectares, and; coarse scale referdisrrata, ecosystems defined by
widespread climatic and elevatiogmhdients and occupying hundreds of thousands to millions of hectares.
We considered both area of distribution as well as the ecological characteristics of systems when assigning
categories of spatial organization.

We testedfor a linear relationship betwa protection index value and conservation rank of the rare
ecosystems using correlation analysis as well as differences in mean conservation rank and mean protection
index value among the five geographic groups (Arctic, Beringian, Boreal, Pacific, dadi@ using

analysis of variance (ANOVA) (with HolfBidak post hoc tests) and with Krusk#lbllis ANOVA on

ranks for conservation rank data that did not meet normality of variance assumptions.

Results

Descriptions summarizing the climate, environmecialracteristics, vegetation, disturbance, conservation
status, and associated species and communities of conservation concern were developed for 24 biophysical
settings and 10 plant associatiomaljle4). Conseration status ranks were assigned at the statewide level

for each ecosystem and distribution maps were developed for all but one ecosystem. The ohajority
ecosystems (15 of53 are located in Southern Alaska, which includes Southeast Alaska and therAleutia
Islands. Northern and Interior Alaska are represented by five rare ecosystems each, four systems are found
in Western Alaskgand only three systems have been recognized to span the entire state. When summarized
by category of rarity, 4 systems are priarily influenced by geomorphic processes, nine systems are
characterized by usual floristics seversystemglevelop on uncommon substrates, tredremaining four
sydemsoccupy distinct microclimates.

Table4. Conservation stat ranks fobiophysical settings and plant associations of conservation concern presented
by ecoregion and category of rarity.

Ecosystem Name Alaska Region State Rank Category of Rarity

Andreaea blyttiSnowbed PA Statewide S4 Microclimate

Anthelia jurazkana Gymnomitrion corallioides

Biological Crust PA Pacific S4 Floristics

Arctic Barrier Island and Spit BpS Arctic S4 Geomorphic Proces:
Substrate,

Arctic Inland Dune BpS Arctic S4 Geomorphic Proces:
Geomorphic
Process,

Arctic Pingo BpS Arctic S4 Microclimate

Arctic Tidal Marsh BpS Arctic S3 Geomorphic Proces!

Artemisia alaskan& Dianthus repen®A Boreal S2 Geomorphic Proces:

Artemisia arcticaTrisetum spicaturiNunatak

PA Pacific S4 Floristics

Beringian Alpine Limeston®ryasBpS Arctic, Beringian S4 Substrate, Floristics

Beringian Barrier Island and Spit BpS Beringian S4 Geomorphic Proces:

Beringian Dwarf Shrutkichen Peatland Platear

BpS Beringian S4 Microclimate
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Ecosystem Name Alaska Region State Rank Category of Rarity

Beringian Tidal Marsh BpS Beringian S4 Geomorphic Proces:

Boreal Foested Glacial Ablation Plain BpS Boreal S4 Geomorphic Proces:
Substrate,

Boreal Inland Dune BpS Boreal S4 Geomorphic Proces:

Callitropsis nootkatensig/etland BpS Pacific S4 Microclimate
Geomorphic
Process,

Geothermal Spring BpS Statewide S4 Microclimate

Karst Alpine Herbaceous Meadow and Heath

BpS Pacific S4 Substrate

Karst Fen BpS Pacific S2 Substrate

KarstTsuga heterophyll®icea sitchensiPA Pacific S3 Substrate

Larix laricina Wetland BpS Boreal S3 Floristics

Luzula confusd&Poa arcticaPA Arctic S4 Floristics

Luzula confusésphaerophorus globosiA Arctic S4 Floristics
Geomorphic
Process,

Mud Volcano BpS Statewide S4 Microclimate

Pacific Barrier Island and Spit BpS Pacific S4 Geomorphic Proces!

Pacific Forested Glacial Ablatioddn BpS Pacific S4 Geomorphic Proces!

Pacific Tidal Marsh BpS Pacific S4 Geomorphic Proces:

Pacific Uplifted Tidal Marsh BpS Pacific S3 Geomorphic Proces:

Papaver gorodkovi/olcanic Scree PA Beringian S3 Substrate, Floristics

Picea glaucaloodplan Old-growth Forest BpS Boreal S4 Geomorphic Proces:

Picea sitchensiEloodplain Oldgrowth Forest

BpS Pacific S3 Substrate

Picea sitchensis/Calamagrostis nutkaerisis Pacific S4 Floristics

Picea sitchensis/Oplopanax horridus/Circaea

alpinaPA Paciic S4 Floristics

Pinus contortavar. latifolia/Cladinaspecies PA Pacific S2 Floristics

Pohlia wahlenbergiiPhilonotis fontaneSeep

PA Pacific S3S4 Floristics
Microclimate,

Steppe Bluffs BpS Boreal S3 Floristics

Distribution Mapping

Distribution mas were developebr 34 of the 35 ecosystems considered here, no rare ecosystems treated
here are endemic to tiAdeutian region.Due to the paucity of geospatial information, we were not able to
generate defensibledistribution map for th@ohliawahlenbergii Philonotis fontandPlant Association.

Cumulatively, ecosystems of conservation concern repreSéftof the total area of Alaskawith
Callitropsis nootkatensigYellow Cedar)Wetland Biophysical Settindl(0%), Beringian Dwarf Shrub
Lichen Patland Plateau Biophysical Setting.8%), Beringian Alpine Limeston®ryas Biophysical
Setting (06%), Beringian Tidal Marsh Biophysical Setting3%), and Pacific Forested Glacial Ablation
Plain Biophysical Setting (%) representing the five largesystems The Arctic Poppy Rapaver
gorodkovii) Volcanic ScreeBlytt's andreaea Mos§Andreaea blyttl Snowbed, Alaska Wormwood
Boreal Garnation(Artemisia alaskanaDianthus repensGravel BarandLodgepole Pine/Reindeer Lichen
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(Pinus contortavar. latifolia / Clading) species Plant Associations and the Karst Fen Biophysical Setting,
represent the four smallest systems with individual areas of G.6rdess (Table 5).

Plant associations largely represent the smallest areas of occupancy, Wapaer gorodkovilolcanic
Scree Plant AssociatiorArtemisia arcticaTrisetum spicatunNunatak Plant Association, Karst Fen
Biophysical SettingAnthelia juratzkanaGymnomitrioncorallioides Biological Crust Plant Association,
andPinus contortavar. latifolia/Cladina species Plant Association representing the five smallest systems
(listed in order of decreasiragea) Table5).
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Table5. Al askads rare ecosystems

protection imex.
Percent Area

Ecosystem Name Scale Area Status Status Status Status Protection = Percent
(km?) 1 2 3 4 Index Area
Managed
for
Biodiver
Conservation sity
Rank (Status 1
and 2)
Anthelia juratzkand Gymnomitrion corallioide8iological Crust PA | local 1.1 100.0 0.0 0.0 0.0 1.00 100.0
S4

Boreal Inland Dune BpS local S4 106.6 99.8 0.0 0.0 0.2 1.00 99.8

Artemisia alaskan& Dianthus repensravel Bar PA local S2 0.1 89.1 0.0 0.0 10.9 1.33 89.1

Pacific Forested Glacial Ablation Plain BpS intermedate S4 67.0 77.8 09 17.0 4.3 1.48 78.7

Artemisia arctica Trisetum spicaturblunatak PA local S4 1.5 75.0 0.0 25.0 0.0 1.50 75.0

Boreal Forested Glacial Ablation Plain BpS intermediate S4 7.4 75.3 1.6 4.2 18.9 1.67 76.9

Beringian Dwarf Shruby LichenPeatland Plateau BpS coarse S4 10,407.6 674 0.0 0.4 32.2 1.97 67.4

Pinus contortavar. latifolia / Cladinaspecies PA (Lodgepole local S2 <0.1 0.0 100.0 0.0 0.0 2.00 100.0
pine/Reindeer lichen)

Pacific Barrier Island and Spit BpS intermediate S4 178.2 240 521 107 13.2 2.13 76.1

Papaver gorodkovii (Arctic Poppyjolcanic Scree PA local S3 1.5 60 0.0 0.0 40.0 2.20 60.0

Beringian Tidal Marsh BpS intermediate S4 3,898 56.4 0.0 1.2 42.4 2.30 56.4

Andreaea blyttiil Bl ytt 6s andreaea) Snow local S4 0.2 52.8 0.0 9.2 38.0 2.32 52.8

Picea sitchensigloodplain Oldgrowth Forest BpS intermediate S3 466 26 18.4 415 14.1 2.44 44.4

Geothermal Spring BpS local S4 102.9 42.2 49 132 397 2.50 47.1

Steppe Bluffs BpS local S4 30.9 379 118 127 37.6 2.50 49.7

Callitropsis nootkatensigyellow cedar) Wetland BpS intermediate S4 12,676 25.3 7.3 583 9.1 2.51 33.6

Pacific Uplifted Tidal Marsh BpS intermediate S3 554.4 25 575 239 161 2.54 60

Beringian Alpine Limeston®ryasBpS coarse S4 7,572 40.7 0.0 13.8 455 2.64 40.7

Picea sitchensis / Oplopanax horridus / Circaea algt#a local S2 2.0 12.6 474 0 40 2.67 60

Luzula confusé@ Sphaerophorus globosi#A local S4 5.7 36.7 0.0 211 422 2.69 36.7

Karst Alpine Herbaceous Meadow and HeafitB intermediate S4 63.2 10.4 8.2 79.6 1.8 2.73 18.6
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Picea sitchensis / Calamagrostis nutkaeiisis
KarstTsuga heterophylla Picea sitchensiPA
Karst Fen BpS

Pacific Tidal Marsh BpS

Picea glaucaloodplain Oldgrowth Forest BpS

Arctic Inland Dune BpS

Arctic Pingo BpS

Beringian Barrier Island and Spit BpS

Arctic Tidal Marsh BpS

Larix laricina Wetland BpS

Luzula confusd Poa arcticaPA

Arctic Barrier Island and Spit BpS

Mud Volcano BpS

Pohlia wahlenbergii Philonotis fontaa Seep PA (not mapped)

local
local
local
intermediate

intermediate

local
local
intermediate
intermediate
local
local
intermediate
local
local
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S4
S3
S2
S4

S4

S4
S4
S4
S3
S3
S4
S4
S4

10.0
479.4
0.2
3,007

351.0

92.9
121
118.6
1,156
35.2
7.8
190.4
4.7

27.5
17.6

0.0
10.2

25.5

0.0
2.7
12.2
59
8.5
0.0
3.9
0.0

0.0
53
0.0
23.4

0.0

0.0
0.0
7.4
0.33
0.8
0.0
0.0
0.0

39.1
57.6
100.0
11.32

12.12

77.1
61.0
29
23.35
10.7
23.1
8.7
14.7

33.4
19.5

0.0
55.1

62.4

22.7
36.3
77.5
70.4

80
76.9
87.4
85.3

2.78
2.79
3.00
3.11

3.11

3.23
3.31
3.46
3.58
3.62
3.77
3.80
3.85

27.5
22.9

0.0
33.6

25.5

0.0
2.7
19.6
6.2
9.3
0.0
3.9
0.0



Conservation Status Ranking

Conservation status ranks were generated at the state level fomieatlysical setting and plant
associationNatueServe methodology (Fabeangendoen et al. 2009); each rank was further evaluated
through professionakview, seven systems weagljustedbased on professional judgment.

Revision of thewahlenberg's PohlidMossPhilonotis MossSeep Plant Association tamepresents the
greatest change in rank. The calculated rank of S1 was downgraded to an adjusted range rank of S3S4 on
the basis that this system is significantly ursierveyed. While less than 20 occurrences have been
documented, the component moss g®eoccur throughout the state and are likely t@oour in other

locations along the Aleutian Islands and greater southern Alaska rdggoks for theLodgepole
Pine/Reindeer LichenAlaska Wormwood- Boreal Girnation Gravel Bar,Si t k a Spruce/ De
Club/ Enc hant e r(Hicsa sitthegsisfOgldpanaxenorridus/Circaea alpifdant Associations,

and the Karst Fen Biophysical Setting were adjusted from the calculated value of S1 to the next lower level
of conservation rank (S2) on the assumption thate systems are undrirveyed. Alternatively, the
conservation status rank for the Beringian Alpine Limesinyasand the Pacific Tidal Marsh Biophysical
Settings were adjusted from the calculated rank of secure (S5) to apparently secure (S4asin thatb

the areas of occupancy generated for these systems are likely overestimated.

In total, four systems are designated as imperiled (S2), six systems are vulnerable (S3), one system is
vulnerable to apparently secure (S3S4), and the remaining 2dppegently secure (S4). The most

imperiled ecosystems in Alaska as currently assessed ateotiyepole Pine/Reindeer LichdPlant
Association, the Alaska Wormwoedoreal GarnationGravel Bar Plant AssociatioB,i t ka Spr uce/ De
Cl u b/ En c h ashadePlanbAssodiation, land the Karst Fen Biophysical Setting.

Al askads rarest ecosystems differ in physiognomy |
are largely united by uncommon surficial geologies that are very sporadic aatddsoh the landscape.

The systems of lesser conservation concern are also associated with uncommon substrates, but either
occupy a greater area or geographic radgsingle occurrence of theodgepole Pine/Reindeer Lichen

Plant Association has been doamted in southeastern Alaska where stands of this subspecies of tree,
which is uncommon in Alaska, develop in deep lichen mats overlyingdnaghed granitic bedrock
outcrops. The Alaska Wormwoe@oreal GirnationGravel BaPlant Association has beersddabed from

two gravel river bars in subarctic, continental Alaska and is considered rare for both its unusual combination
of diagnostic species as well as its restriction to-aedined substrates derived from ultramafic parent
materialsSitka Spruce/@B vi | 6 s Cl u b/ E n cPtaat Adsciatiomas oNly pdn tdecumerdeel

on winddeposited silt on hillslopes adjacent to the Stikine River delta in southeastern Alaska. Karst fens
are considered one of the rarest wetland types in North Americanafithska, are represented by only

three occurrences located in coastal rainforests overlying calcareous bedrock.

Within each category of conservation rank, both plant associations and biophysical settings are represented.
Likewise, we did not detect affirence in conservation rank among the regions of Alaska (Krygkéis
{2=3.97,p = 0.41; (Table 5). One S3 and five S4 systems occur in Arctic Alaska, one S3 and four S4
systems occur in Beringian Alaska, one S2, one S3, and four S4 systems occurring in Boreal Alaska, and
three S2, three S3, one S3S4, and eight S4 systmuging in Pacific Alaska. Only three apparently secure

(S4) systemsBlytt's andreaea MosSnowbed Plant Association, Geothermal Spring, and Mud Volcano
Biophysical Settings, have statewide distributions of widely scattered and small areas of occurrence
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Conservation Gap Analysis

Overall protection of rare ecosystems in Alaska is relatively high 3@ of systems 12 of 34 mapped
systemshave adequate protection (Table 5). Three systems are marginally protected with either 50% of
their extent managkfor biodiversity or a protection index less than 2.5, but not both. The remaining 19
systems are considered under protected.

The comparison of gap analysis protection index value to conservation rask)fkable5) showsno
detectable relationship between the magnitmndes of
0.005,p = 0.98,n = 34).Two of the four imperiled (S2) systems, namely the Alaska Wormw@&mteal
CarnationGravel Bar, antlodgepole Pine/ReindekichenPlant Associations have a protection index less

than 2.5, indicating a high level of protection;hé¢ t ka Spruce/ Devil 6s Rahtub/ Enc |
Associationrhas a moder ate protection i ndex otfimp&iled 7 . H o
system, the Karst Fen Biophysical Setting is manac
(S3) systems are associated with lands that are managed for biodiversity protection, yet nine of 24
apparently secure (S4) systems afferded adequate protection based on land management designations.
Lessprotected ecosystems often occur in coastal (e.g. barrier islands, spits, tide marshes) or other
accessible, lovelevation areas (e.g. uplifted tidal marshes, andgadavth forests) Conversely, well

protected ecosystems are often found in Halglvation (e.g. alpine and nunatak associations) or otherwise
extreme (e.g. xeric, wetland, periglacial, permafrost) environments.

When evaluated by protection index, relatively consisteri$enf protection were found among systems

with shared environmental factors, processes, or regimes. For example, the protection indices for the Boreal
Forested Glacial Ablation Plain and the Pacific Forested Glacial Ablation Plain biophysical settings are
similar (1.67 and 1.48, respectively). Also, the related systems of Boreal fibeaeglaucds diagnostic)

and Pacific (wherdPicea sitchensiss diagnostic) Olegrowth Forest Biophysical Settings had similar
protection indices of 3.11 and 2.44, respety. Coastal systems represented by tidal marshes and seaward
complexes of barrier islands and spits also show considerable overlap in their range of protection indices.
The Arctic, Beringian, and Pacific Tidal Marsh Biophysical Settings have protentieres averaging

2.99 with range in values from 2.30 to 3.58; whereas the Arctic, Beringian, and Pacific Barrier Islands and
Spit biophysical settings have protection indexes averaging 3.13 with range in values from 2.13 to 3.80.
Arctic and Boreal Inlanddunes had the greatest spread in protection indexes among environmentally
similar systems at 3.23 and 1.00, respectively.

Ecosystem level of protection is related to reg{en(4, 33) = 3.89,p = 0.012) Systems with arctic
distributions are not as wedrotected as Boreahd Pacific system@osthoc ArcticBoreal HolmSidakt
=3.44,p=0.018 and ArctiPacific HolmtSidakt = 3.14,p = 0.034) When summarized by region, systems
in Arctic, Beringian, Pacific, and Boreal Alaska have average proteciibces of 3.4, 2.5, 2.3, and 2.2,
respectively.

There is a relatively good distribution of spatial scales among category of protection index (). When systems
are grouped by protection index value (23, and >3), all spatial scales (local, intermediatel coarse)

are represented in systems managed for biodiversity (Protection Index <3). In general, coarse scale
ecosystems are not as well represented among those of conservation concern (11%, represented by 4 of 33
mapped systems), but where documentedaalequately protected. Conversely, lemdle systems are

29



disproportionally undeprotected. For systems with a protection index >3, {ecale systems comprise
88% or 7 of 8 undeprotected systems.

450

Less Protected
400
3.50

3.00

2.50

2.00

Protection Index

1.50
1.00

0.50

More Protected

0.00 Conservation Status Rank

S1 S2 S3 S4 S5

Figure 4. Distribution d ecosystems (circles) of conservation concern in Alaska by protection index value and
category of conservation status {S5 ) . S1 = #dAcritically imperiledo, S2 =
fapparently secureo, S 5 ndicatds @ eonaeptual dhreshdld ie biokdiwersity protectioa | I i n

bet ween those deemed fAimore protectedd and those deemed

With respect to land ownership, ecosystems whose distributions occurred mobtiBSolandshad the
highest level of proteizin (i.e. Anthelia juratzkanagGymnomitrion corallioide$lant Association, Boreal
Inland Dunes Biophysical Setting, aAdtemisia arcticaTrisetum spicatunNunatak Plant Association),
whereas ecosystems with most of their distribution on private, trithtate land had the lowest levels of
protection (i.eMud Volcano Biophysical Settind,uzula confus&Poa arcticaPlant Associationl.arix
laricina Wetland Biophysical Settin{fjable6).

Ecosystems witlthe lowest level of protetion (78 to 100% of their distributions in Status 3 and 4 and a
protection index of 3.0 to 3.8) all typically occur at lower elevations (e.g. KarsBiephysical Setting
Arctic Inland Dune®Biophysical SettingArctic PingoBiophysical SettingPicea daucaFloodplain Old
growth ForestBiophysical Setting Arctic Tidal MarshBiophysical Setting Larix laricina Wetland
Biophysical Setting_uzula confusd&0a arcticaPlant Associationand Mud Volcan@iophysical Setting)

Relatively consistent protecti@tatus was found among systems with common physical factors or regimes
that spanned several regions (e.g. barrier islands, tide marshgsywtti forests, glacial ablation plains).
Arctic, Beringian, and Pacific Barrier Islands and Spits had protectd®xes averaging 2.7 and ranging
from 2.1-3.0 while Arctic, Beringian, and Pacific Tidal Marshes had protection indexes averaging 2.5 and
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ranged from 2.28.2. Boreal and Pacific Forested Glacial Ablation Plains protection indexes were 1.8 and
1.9 respectiely. Boreal (wherePicea glaucais diagnostic) and Pacific (whericea sitchensids
diagnostic) Olegrowth Forests had the greatest spread in protection in@dex&2 and 2.1, respectively.

Land Ownership by System

When evaluated on @er systenbasis,NPS manages the highest percent area across the greatest number
of ecosystems (top landowner in 83% mapped systems), followed by USFS (top landowner in 7 of 33
mapped systems), and USFWS (top landowner in & afi@oped systems).

Table6. Total and percent area of ecosystems of conservation concern presented by land ownership.

Total Area  Percent Area
Ecosystem Name Land Owner (km2) Managed

US Fish and Wildlife 5 36%
Native American Land 2 18%
Andreaea blyttiSnowbed PA State Department of Natural Resource 2 13%
National Park Service 2 12%
Unknown 1 11%
US Forest Service 1 10%
Anthelia juratzkandGymnomitrion
corallioidesBiological Crust PA National Park Service 1 100%
Native Amefcan Land 56 35%
Bureau of Land Management 29 18%
National Park Service 24 15%
Arctic Barrier Island and Spit BpS  US Fish and Wildlife 23 14%
Private 16 10%
State Department of Natural Resourci 13 8%
Department of Defense 0.3 0.2%
Bureau of Land Manageme 44 92%
Arctic Inland Dune BpS Native American Land 3 7%
Private 0.4 1%
Bureau of Land Management 44 92%
Arctic Pingo BpS Native American Land 3 7%
Private 0.4 1%
Bureau of Land Management 339 47%
State Department of Natural Resourct 177 25%
Native American Land 106 15%
US Fish and Wildlife 85 12%
Arctic Tidal Marsh BpS Private 11 20
Department of Defense 1 0.1%
Joint Ownership 0.3 0.04%
National Park Service 0.05 0.01%
Unknown 0.004 0.001%
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Ecosystem Name
Artemisia alaskandianthus repen®A

Artemisia arcticaTrisetum spicatum
Nunatak PA

Beringian Alpine Limeston®ryas
BpS

Beringian Barrier Island and Spit Bp¢

Beringian Dwarf Shrufkichen
Peatland Plateau BpS

Beringian Tidal Marsh BpS

Boreal Forested Glacial Ablation Plai
BpS

Boreal Inland Dune BpS

Land Owner
US Fish and Wildlife

National Park Service

US Forest Service

National Park Service

State Department of Natural Resourct
Bureau of Land Mnagement

Native American Land

US Fish and Wildlife

Private

Unknown

Native American Land

US Fish and Wildlife

State Department of Natural Resces
Private

Bureau of Land Management
Unknown

US Fish and Wildlife

Native American Land

Private

Bureau of Land Management

State @partment of Natural Resource
US Fish and Wildlife

Native American Land

Private

Bureau of Land Management
National Park Service

State Department of Natural Resourct
Department of Defense

Unknown

National Park Service

State Department of Natural Resourct
Private

Bureau of Land Management

Native Ameri@n Land

US Forest Service

US Fish and Wildlife

National Park Service

US Fish and Wildlife

Unknown

32

Total Area Percent Area

(km2)
0.074

2

1
2,456
1,509
787
495
130

1
0.0001
34

19

18

2

1
0.04
7,810
2,316
263
17
0.04
2,463
1,467
125
119
42
30
0.002
0.0002
5

1

1

0.3
0.2
0.001
0.001
57

44

Managed
100%

74%

26%

46%

28%

15%

9%

2%
0.02%
0.000003%

47%
26%
24%

2%

1%
0.1%
75%
22%

3%
0.2%
0.0004%
58%
35%

3%

3%

1%

1%
0.00004%
0.000004%
71%
14%

9%

4%

3%
0.02%
0.01%
53%
41%
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Ecosystem Name

Callitropsis nootkatensig/etland BpS

Geotermal Spring BpS

Karst Alpine Herbaceous Meadow an
Heath BpS

Karst Fen BpS

KarstTsuga heterophyll®icea

sitchensiPA

Larix laricina Wetland BpS

Luzula confus@Poa arcticaPA

Luzula confusé&phaerophorus
globosusPA

Land Owner
Private
US Forest Service
Native American Land
State Department of Natural Resourct
National Park Service
Private
US Fish and Wildlife
Unknown
Joint Ownership
Bureau of Land Management
US Fish and Wildlife
US Forest Service
Native American Land
National Park Service
State Department of Natural Resourct
Bureau of Land Management
Private
Unknown
US Forest Service
State Department of Natural Resourct
National Park Service
Native American Land
US Forest Service
US Forest Service
Native American Land
State Department of Natural Resourci
Unknown
Private
Bureau of Land Management
State Department of Natural Resourct
Departnent of Defense
Native American Land
National Park Service
Bureau of Land Management
Private
Native American Land
Bureau of Land Management
State Department of Natural Resoes
US Fish and Wildlife
Native American Land
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Total Area
(km2)

0.2
7,225
242
146
43
6

1

1
0.1
0.1
22

N 01 O N © ©

0.02
61

0.5
0.2

403

34
19

0.003

o
WA WWD WEREL NNDDNO

Percent Area
Managed

0.2%
94%
3%
2%
1%
0.1%
0.01%
0.01%
0.002%
0.001%
37%
14%
14%
12%
10%
9%
3%
0.03%
97%
2%
1%
0.3%
100%
88%
7%
4%
0.2%
0.1%
0.001%
40%
18%
17%
13%
9%
2%
43%
32%
25%
46%
31%



Ecosystem Name

Mud Volcano BpS

Pacific Barrier Island and Spit BpS

Pacific Forested Glacial Ablation Plai
BpS

Pacific Tidal Marsh BpS

Pacific Uplifted Tidal Marsh BpS

PapavergorodkoviiVolcanic Scree PA

Picea glauca-loodplain Oldgrowth
Forest BpS

Land Owner
Bureau of Land Management
Private
State Department of Natural Resourct
Bureau of Land Management
State Department of Natural Resourct
US Fish and Wildlife
US Forest Service
Native American Land
National Park Service
Bureau of Land Management
Unknown
Private
National Park Service
Bureau of Land Management
US Forest Service
State Department of Natural Resourci
Native American Land
Private
State Department of Natural Resourci
US Forest Service
Native American Land
National Park Service
US Fish and Wildlife
Private
Unknown
Bureau of Land Management
Joint Qwnership
State Department of Natural Resourct
US Forest Service
Native American Land
Private
National Park Service
Joint Ownership
Unknown
US Fish and Wildlife
Native American Land
Native American Land
State Department of Natural Resourct
US Fish and Wildlife
Department of Defese

34

Total Area
(km2)

= R N DN

100
36
17
11

0.3
0.3
0.1
492
223
85
52
30

150
109
40
33
31

0.3
0.1
308
136
90

IS

Percent Area
Managed

23%
50%
33%
17%
60%
22%
10%
6%
1%
0.2%
0.2%
0.1%
56%
25%
10%
6%
3%
0.3%
40%
29%
11%
9%
8%
2%
0.4%
0.1%
0.02%
57%
25%
17%
1%
0.2%
0.1%
0.1%
62%
38%
37%
26%
22%
7%



Ecosystem Name

Picea sitchensiEloodplain Oldgrowth
Forest BpS

Picea sitchensis/Calamagrostis
nutkaensiA

Picea sitchensis/Oplopanax
horridus/Circaea alpindPA

Pinus contortavar. latifolia/Cladina
Species PA

Pohlia wahlenbergiiPhilonotis
fontanaSeep PA

Steppe Bluffs BpS

Land Owner
Bureau of Land Management
Private
Joint Ownership
US Forest Service
National Park Service
State Department of Natural Resourct
Native AmericarLand
Bureau of Land Management
Private
US Fish and Wildlife
US Forest Service
Native American Land
National Park Service
State Department of Natuigesources
US Fish and Wildlife
Private
Unknown
Bureau of Land Management
US Forest Service
State Department of Natural Resourct
Private
Bureau of Land Management
National Park Service
Native American Land

National Park Service

not mapped

National Park Service

Bureau of Land Management
Department of Defense

US Fish and Wildlife

Private

Native American Land

State Department of Natural Resourct
Unknown
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Total Area
(km2)

2
0.5
0.4

111
52
27

9

3
0.4
0.1

107
67
49
36
34
10

6

0.02

0.5
0.2
0.01

0.004

NA

NP R NDMNDNDDNDNDO

o

Percent Area
Managed

6%
2%
1%
55%
26%
13%
5%
1%
0.2%
0.03%
35%
22%
16%
12%
11%
3%
2%
0.01%
62%
18%
9%
8%
3%
0.2%

100%

NA
41%
12%
11%
10%
10%
9%
5%
3%



Associated Species and Communities of Conservation Concern

A total of 508 spatial associations of species of conservation concern with ecosystems of conservation
concern were identified, representing 185 plant, 181 bird, 51 mammal, six amphibian, and two amphipod
assoftions. Because a single species may be spatially associated with multiple rare ecosystems (e.g. the
Western toad is associated with multiple wet forest types), it is important to note that these totals do not
represent the cooccurrence of 508 unigue ispecTwo systemsAndreaea blyttii Snowbed Plant
Association and the Boreal Forested Glacial Ablation Plain Biophysical Setting are not associated with any
plant, animal, or plant associations of conservation concern.

Coastal habitats tend to support theagest diversity of bird species of conservation concern, while
mammal species of conservation concern reach peak levels in forested habitats. The total number of
associated species does not appear to be correlated to ecosystem area, ecosystenbigpby&aal

setting or plant association), category of rarity (e.g. geomorphic process, floristics, microclimate, substrate),
or conservation status rank.

Candidate Ecosystems of Conservation Concern

In the process of soliciting recommendations from m@msifnal ecologists regarding rare ecosystems in
Alaska, numerous candidate systems were suggested. Several were not fully evaluated as the paucity of
published literature precluded their mapping and description, or majority opinion did not consider the
sygem sufficiently unique or threatenedaple 7). These systems have been retained as candidate
ecosystems of conservation concern and may be included in future evaluations if further study can
accurately assess theelative rarity, the trend of their occurrence, the threats posed to them and/or their
intrinsic vulnerability.

Table7. Candidate ecosystems of conservation concern

Candidate Ecosystems of Conservation Concern Preliminary Regional Designation
Arsenic springs Statewide
Borealsky islands Boreal
Calcareous Fens Boreal

Carex kelloggiSphagnunspp. plant association in sedgeoss bogs on

St. Paul Island Arctic, Beringian
Caves Statewide
Coastal cliffs Statewide
Coastal rockypeaches Statewide
Crustose lichen associations on basalt substrates Arctic, Beringian
Domed bogs Pacific

East Asian plant communities in the western Aleutian Islands Pacific

Eelgrass communities Statewide
Festuca altaicaCalamagrostispp. Plant Assaation Boreal

Frost boil tundra Arctic, Beringian
Fruticose lichen associations on Hall Island. Arctic, Beringian
Glacial refugia on outer coast adjacent to Lituya Bay Pacific

Hill Prairie: also known as Midgrasshrub plant community Bored
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Candidate Ecosystems of Conservation Concern Preliminary Regional Designation
Luzula acuata Cladinaspecies Plant Association Pacific
Nunatak plant communities Statewide

Nutrientrich herbaceous meadows associated with coastal bird colol Statewide

Outcrops of Uraniunmich rock Statewide

Picea sitchensigplifted beach ridges Pacific

Plant associations dominated Rgcomitrium lanuginosum Statewide

Plant associations dominated Bynbilicaria species Statewide

Plant associations dominated ordmminated byCarex limosa Statewide

Plant associations dominated ord@minated byKohresiaspecies Arctic, Beringian

Populus balsamiferglant associationseyondlatitudinal treeline Arctic, Beringian

Pyroclastic flow biophysical setting Arctic, Beringian

River-associated dunes Pacific

Rock glaciers Statewide

Salix setchellian&rawel Bar plant association Boreal Pacific

Serpentine biophysical setting Statewide

Sloped Fens in Prince William Sound Pacific

Tall Pinus contortavar. latifolia in the vicinity of Gustavus Pacific

Tidal mud flats Statewide

Trona (hydrous sodium carbate and bicarbonate occurring in partly

evaporated lake basins) Boreal

Unglaciated gypsum outcrops Statewide

Plant associations omafic or ultramaficsubstrates Statewide
Discussion

While most rare ecosystems in Alaskee not of immediate consenaii concerponly a third of the
systemddentified here arenanaged for biodiversity. The remaining two thirds of systems occur in areas
without explicit biodiversity protectioand thus may be threatened by development or other factors

The absence of itically imperiled (S1) and the low number of imperiled (S2) and vulnerable (S3)
ecosystems identified for Alaska is due in part to low levels of human disturbance, which return modest
scores in the threats section of the conservation ranking calcutdtestingly, the development pattern

in Alaska, where the anthropogenic footprint occurs in smaller patches embedded in a breadth of intact
ecosystems, is largely reversed from the contiguous United States. However, all ecoregions in the state have
some ével of human development (Reynolds et al. 2018), and anthropogenic disturbance in natural areas
associated with largend smaliscale industry and other forms of development continue. Unchecked, such
disturbance will eventually cause adverse effect tleaprotected ecosystems of conservation concern.

It is important to note that a desUSglaiahdseédwesnaf 6 Ma
necessarily preclude development. For example, the 1002 Area of the Arctic National Wildlife Refuge,
which is ostensibly managed for biodiversity has recently been opened for oil and gas exploration.
Similarly, the State of Alaska has requested exemptions (e.g., Alaska Roadless Rule in the Tongass National
Forest) from federal conservation policies tompote economic development. Alternatively, federal laws,

such as the National Environmental Policy Act, Clean Water Act, Endangered Species Act, and others could
afford greater protection to ecosystems under their purview, such as wetlands and ripadjglaifis,

37



regardless of land management intent. Because the granting of exemptions and enforcement of regulation
often occurs on a caf®-case basis we were not able to consistently account for the effect of individual
rulings in this assessment.

Associated Species and Communities of Conservation Concern

The apparent lack of correlatidietween the total number of associated species to ecosystem area, type,
category of rarity, and conservation status rank likely relates to an incomplete assessmeigtispec

and should not necessarily be perceived as a lack of correlation. Further research and analysis targeting the
use of these habitats by wildlife is recommendgukcifically, additional literature review and site visits

are recommended to better enstand species composition and use ofthdreaea blyttiSnowbed Plant

Association and the Boreal Forested Glacial Ablation Plain Biophysical Setting, for which no plant or
animal species or plant associations of conservation concern are currentigtedsédso recommended

is the qualification of ani mal species occurrence
published account.

Associations between bird diversity and coastal habitats likely relates variggy of vegetationoffered

by these ecosystems that are transitional between aquatic and terrestrial types. Specific to barrier islands,
high bird speciediversitylikely relates to the protection from predators afémtdo migrating, nesting and
breeding bird populationg\ssocations between mammal diversity and forested habitatgrelate to the
structural complexity and scale of these habitats, which rnsmansurate with the larger mammals that

these systems support.

Closing the Gap Between Conservation Status and Current Lev el of Protection

Ecosystems of conservation concern vary in physiognomy, spatial extent, and land management status.
Thus, the gap between conservation status and current level of protection is easier to close for some systems
than for others. For examplie conservation status of systems presumed to be under documented, such as
the Lodgepole Piné Reindeer Liche and the Alaska WormwoodBoreal GarnationGravel BarPlant
Associations, as well as the Karst Fen Biophysical Setting, may be artificgilyahd thus the gap between

status and protection may belie the insecurity of such systems. For discrete systems, such as the Inland
Dune, Steppe Bluff, Mud Volcano, and Geothermal Spring Biophysical Settings, a revision of land
management intent towardsrservation would address the discrepancy between conservation rank and
protection statusClimate change resilience for tioreal Inland Dune orSteppeBluff systems, for
example, can be strengthened by minimizing proximal factors that affect ecosysdtesrability such

as invasive species establishment androdéfd vehicle use. Resilience for otliscreteecosystems of
conservation concern can be addressed by protection of adjacent landscapes and likely migration
corridors.However, providing adequajgotection to more widely distributed systems presents a greater
challenge. For example, systems derived from calcareous substrates, such as the Karst Alpine Herbaceous
Meadow and Heath Biophysical Setting and the Karst Western HeniloSkka Spruce Tswa
heterophylla- Picea sitchens)sPlant Association have broad geographic range, the protection of which
would require increased commitment among multiple landowners within the supporting watersheds.
Similarly, systems that develop along major environi@egradients such as barrier islands, spits, and tidal
marshes are more difficult to protect as their ecological integrity is often controlled by processes that
transcend local control. Conservation strategies developed for tidal wetlands for exampdeusaon
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maintaining biological integrity through cross jurisdictional recognition of the carbon sequestration
function of these wetlands. These strategies could include wetland conservation, protection, or restoration,
and incorporation of coastal watlds into the carbon market.

Even more problematic are systems whose existence is reliant on the stasis of a particular climatic regime.
The greater rate of climate change at high latitudes (ACIA 2005) in combination with the lesser protection
of systems wih arctic distributionselative to those withoreal and maritime distributisrplaces the arctic

and alpine systems described here at heightened risk-eldgation, montane systems such as the
Beringian Alpine Limeston®ryas Biophysical Setting cannde maintained by up gradient migration
indefinitely and similarly, the northward movement of arctic systems such as the Northern Wdodrush
Arctic BluegrasgLuzula confusa Poa arcticg and the Northern WoodruslGlobe Ball LichenLuzula
confusa- Sghaerophorus globosyilant Associations will be ultimately curtailed by the Arctic Ocean.
Without a northward migration route, individual rare plant species that are currently restricted to the Arctic
Coastal Plain in Alaska are projected to face sulistaméclines in available suitable habitat by 2060
(Carlson and CortéBurns 2013).

The adequate protection of permafrdependent systems such as Arctic Pingos and Dwarf Shiaben
Permafrost Plateaus is perhaps most challengrifjgst the last 8 years, there has been a 2 °C increase in
mean annual temperature in the arctic biome (ACIA 2005) and temperature is predicted to continue to
increase more rapidly than at lower latitudes (IPCC 2007; Chapin et al. 28&#).are numerous examples

of shub and tree expansion in arctic and alpine tundra habitats around the state that indaftedxtions

in ecosystem processeKl€in et al. 2005; Dial et al. 2007; Tape et al. 208land et al. 2013).
Furthermoreclimate changimfluencesthe freqency and severity of disturbances, such as insect outbreaks
and wildfires (Soja et al. 2006; Chapin et al. 2008) and is likely affecting the establistamteeritnon

native species (Carlson and Shephard 2007; Sanderson et al T2&k2) phenomertave drect effect on
species and communities and by extengimse substantial risk to the current composition and function of
rare ecosystems Management action for such ecosystems threatened by climate change may include
minimizing compounding local anthrogenic impacts and ensuring protection of adjacent landscapes and
likely migration corridors

As the rate, extent, and severity of global climate change increases, both a commensurate expansion in our
concept of adequate conservation (Noss et al. 2012jaaildation of crosgurisdictional planning for

natural resource management (Trammell et al. 2017) are necessary. Local, national, and international
conservation that aims to preserve multiscale ecological patterns and processes provides a precautionary
approach to sustain the full complement of biota and their supporting natural systems (Poiani et al. 2000).
In this assessment of rare ecosystems, we have considered multiple levels of biological and geographical
organization ranging from coarseale biopysical settings to locacale plant associations. This
multiscale approach identifies systems large enough to protect the ecological processes that support their
embedded communities and species while simultaneously capturing dpesmelsoispatially estricted

systems that can be harbingers of greater ecosystem cRaugieularly in combination with the species

and landscapscale conservation assessments that have been previously completed for Alaska, the
description, mapping, and conservation gapalysis presented here furthers effective ecological
conservation in Alaska. By closing the gap bet weert
rare ecosystems we build awareness and capacity to accommodate the growing impacts ofotinzaiging

and development in a vulnerable region of the world.
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The descriptions, distribution mapping, and conservation ranking provided herein is a formal recognition
of the types, locations, and conservation need of rare ecosystems in Alaska. The tmmudrcurrent
condition subsequently allowsonitoring of future change in extent and conditidwditionally, the
prioritization of these rare ecosystems with respect to conservation need informs decision making and
enhances stewardship of the natgsstems upon which we ultimately rely.
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