
©~~~[L 
REPORT 82·37 

US Army Corps 
of Engineers 
Cold Regions Research & 
Engineering Laboratory 

Landsat-assisted environmental mapping in 
the Arctic National Wildlife Refuge, Alaska 



CRREL Report 82-27 
November 1982 

Landsat-assisted environmental mapping in 
the Arctic National Wildlife Refuge, Alaska 

D.A. Walker, W. Acevedo, K.R. Everett , 
L. Gaydos, J. Brown and P.J. Webber 

Prepared lor 

u.s. GEOLOGICAL SURVEY 
,"d 
U.S. FISH AND WILDLIFE SERVICE 
Approved lor public release; distribution unlimited. 



U[)~lusi(jl:d 
SIECURITY CLA.SSIFlCATtON or THIS PAGE <,"> .. D ••• I!n,.,.d) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEPORE COMPLETING FORM 

I. REPOA T N UMBER Z. GOVT ACClESS10H NO •• RECIPIENT' S C ",TAI .. OG NU MBER 

CR REL Report 82·37 .. TI T L IE (_ d Sub" ".) .. TYPE OF REPORT & PERIOD COVIEREO 

lANDSAT-ASS ISTED ENV IRONMENTAL MA PPI NG IN H IE 
ARCT IC NATIONAL WILDLIFE REFUGE, ALASKA •• PIERt"OAM ING ORG. REPORT N UM BIER 

,. AUTHOR( . ) •• CONTR ACT OR GRAN T HU MBERt.' 

D.A. Walker, W. AceYfilo, K.R. Everett, Deparlment of the Interior Grant 
L. Gaydos, J. Brown and PJ . Webber No. GS RN#i.7060.o-.S0 

•• PIE RFORM ING ORGAN IZ A T IOH N AIll IE AN O "' ODRIE SS ". PROGR ..... E L EMENT, PROJECT. TASK 

Universi ty of Colorado U.S. Army Cold Regions Rescarch & 
AAEA a WORK UNIT NU MBE RS 

U.S. Geological Survey Engincenng laboratory 
Ohio State University (see next page) 

". CON T "DL. L. ING OF I'"ICr: N AM E A H O "'OORE SS ". REP ORT OATE 

Novcmber 1982 
U.S. Geological Survey u. NUN BEA OF PAGES 
U.S. Fish and Wildlife Service 

68 .. 1oI0NITORI NG AGENCY N A .. IE I A OORI!SS(1t dlU . .... ' ".,. Confl'OlIIn , omu) ". SECURITY CL. ... SS. (0/1101 . " PO") 

U.S. Army Cold Regions Research and Engineering laboratory Unclassified 
Hanover, New Hampshire 03755 

15 • . O£CL. ASSI rIC A TION{ DaWN GR ADI NG 
SCot £OUL.1! 

". DI ST RIBUTION STAT I!: IIIE NT (0 ' /h I. ROf>OII) 

Approved for public release; distribution unlimited . 

". OISTRI B UTlON STATEM£ N T (0"" • .". , •• ", ." •• 0<1 ' " ~Iod' 20, /I dlll. ' _',....., Roporl) 

". SU~PL I!"EMTARY NOT!!S 

". IC I!Y WORDS (Con' I ..... "" ,.~ • • • Id. II n . " • • ..,. _ d Id.,,1I1y ~ blod n ... b. ,) 

Arctic National Wildlife Refuge Vegetation c1assifkallOIl 
Ccobo lanical mapping 
landsa t 
Mapping 
Soils 

,~ A _,",ACT (C~ _ ,. ..... _ -I_ I' ~ .." Id.nllly '" b/o". n ..... b ... ' 

This report presents a Landsat-derived land cover map of the northwest portion of the Arctic Nllional Wildlife 
Refuge, Alaska. The report is divided into two parts. TIle !irst is devoted to the land cover map with detailed descrip-
tions of the mapping methods and legend. The second part is a deKfiption of the study area. The classification syslem 
used for the maps is an improvement over eXisting methods of describing tundra vegetation. It is a comprehensive 
method of nomenclature that consistently applies the same cri teria for all vege tation un its. It is applicable for large· 
and small·scale mapping and is su itable for describing vegetation complexes, whjch are common in the pa llemed-ground 
terrain of the Alaskan Arctic. The system is applicable to Landsat-derived land cover classifica tions. The description 
of the study area focuses on five primary terrain types: nat thaw-lake plains, hilly coastal plains, fooUliUs, mounlainous 

DO 1m E OtTlON 0" I 1of0V 6S I S 08SOl.!!TI!: 
Unclassified 

SECU RIT Y CLASSlf" C AnON 0 " nus PAGE ( .,.., a.,. Itn'.,. dJ 



Unclassified 
S~CU'UTY CLASSII'"ICATIOH 01'" THIS PAGI!(1rJI_ D •• &tt • ....,) 

9. Performing Organil.a tion Name and Address (cont'd). 

Institute of Arctic and Alpine Research 
University of Colorado 
Boulder, Colorado 80309 

insti tute of Polar Studies 
Ohio State University 
Columbus, Ohio 43210 

20. Abstract (cont'd). 

U.S . Geological Survey 
NASA Ames Research Center 
MolTen Field , California 94035 

U.S. Army Cold Regions Research 
and Engineering uboratory 

Hanover, New Hampshire 03755 

lerrain, and river flood plains. Topograph y, landforms, soils and vegetat ion are described ror each terrain type. The 
report also con tains area summaries for the Landsa t-deri~ed map catcgorics. The area summaries are generated for 
the nve lerrain types and for the 89 townships within the study areas. Two land cover maps at I :250,000 aTe includcd. 

ii Unclassified 
S£CU "IT Y CLASSI F ICATION 01'" THIS PAGEr"'.n D., . En, ... d) 



rRHACE 

This report was prepared by Dr. Donald A. Walker, Research Associate, Insti tute 
of Arctic and Alpine Rescareh (lNSTAAR). University of Colorado; William Ace­
vedo, Senior Data Analyst, Techni color Governmcnt Services. NASA / Ames Re­
search Center; Dr. K.R. Everett, Profc!isor. Institute or Polar St udies. Ohio State 
Uni\'ersi ty; Leonard Gaydos. Chief, Geographic In vestigations Office. U.S. Geo­
logical Sur ... ey (USGS). NASA/ Ames Research Center; Dr. Jerry Brown, Chief, 
Earth Sciences Bra nch . Research Di vision. U.S. Arm y Cold Regions Research and 
Engi neering Laboratory (CRREL); and Dr. Patrick J . Webbcr, Profcssor and 
Director of INST AAR. University of Colorado. 

This report was prepared as input 10 the Environmental Impact Statement re­
quired under Sect ion 1002 of the Alaska National Interest Land Conservation Act 
(ANILCA) of 1980. The experience gained with Landsat and geobOlan ical mapping 
in other parts o f northern Alaska ovcr thc past eight years was applied to this large 
and relatively unknown region of northeastern Alaska . Much of the cllperience re­
quired to accomplish the project was gained through .. tudies supported by the De· 
partment of Energy, USGS and CR REl. This spttil1c study was supported by 
USGS and the U.S. Fish and Wildlife Service (USFWS). 

James R. Wray. USGS. Reston. Virginia, "as responsible for the design of the 
Landsat land covcr map. Ca rol HUrT, USGS, Den ver. and Dr. John Haugh. Depart ­
ment of th~ Interior. Reston. provided editoria l and technical assistan.,;e in I.:ompi l­
ing early versions of the report. USFWS. under Or. William Kirk's dirt.'i;tion, organ­
ized the logistics for the initiall1eld ground check in August 198 1. Bob Ilartles of the 
USFWS Barler Island field station and personnel of the Dist ant Early Warning 
(DEW) line site provided t'onsiderable assistance for the field work . 

The report was reviewed by Dr. Vera Komarkova. Researt'h Associate, INST AAR; 
Dr . Paula Krebs. Bu rea u of Land Managelllem. Anchorage; Pau l Urooks. Chief. 
USGS Alaska Program Office; Mark Shasby . Technicolor Government Services, 
Alas ka Operation. Anchorage ; Carolyn Merry, C RR EL; and Carol Simmons. Uni­
versity o f Colorado. John Hall of USFWS and Karen Howe of C RR EL reviewed the 
NWI equivalents in Appendix C. The comments of the rcviev.ers arc grcally appre­
ciated; thcy provided the basis for numerous changes in the original manuscript, 
pans of which are included in the Environmental Im pact Slatell1('1H and Bascli llc 
Studi es for the Arctic National Wildlife Refuge. 

The contents of the rcport arc not 10 be used for advcrtising or promotional pur­
poses. Citation of brand names docs not constitute an officia l cndorsement 01 ap­
proval of the usc of such commercia l products. 

iii 



CONTE TS 

Abstract .............•..................................... . 
Preface ...........•... . .. .. .. . .... . ....•...•.....•• • ... . •...• •. 
Fore .... ord ............ .. .................... . .. . .....•...... ... ... 
Int roduction ..................................................... . 
A land cover map of the ANWR study area ...................... . 

Legend developmcnt .................... ... . ... . 
Mapping method ................ . 
Resu lts ............. . 

Page 

'" , ; 

I 

2 
4 

8 
Discussion . . . . . . . . . . . . . . . . . . . . . .. .............. . ...•.. . .. .... . 8 

Description of the ANWR study area . . . . . . . • . . . . • . . . . . . • . . . . • • . . . • . . . 9 
General description ..... . . . . . . . . . . . . . . . 9 

De~cript ion of spet"ific terrain types............. . .... . ...... . ...... II 
Conclusions . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Li terature cited .................................................. . 
Appendi x A: Descriptions of Lan d ~a t land cover categories for ANWR .... 39 
Appendix B: Area summaries . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 

Appendix C: Aproximatc equivalent units in several systems of land cover • 
.... etla nd and \'egetation classifications used in northern Alaska . . . . . . . . 5 I 

Appendix D: Soil taxonomy . . . . . . . . . . .. . . . .. . ..................... 55 
Appendix E: Summary of principal Land\allulll..l \:over categories with in the 

lerrain types of the ANWR , tud y arca . . ........................ 57 

II .LUSTRATIONS 

Figure 
1. Loc(u ion of the ANWR st udy area in northern Alaska ............. . 
2. Topog raph y of the st udy area ............................. ·· .. ·· 
3. ChiSler diagram for Scene No. 22008-20420, \lands 5 and 6 ........ . . 
4 . Flat thaw-lake terrain in the delta o f lhe Ca nning Ri ver ........ . 
S. Thaw·lake plain terrain with slrangmoor ................. . 
6. Histie PergeHe Cryaquept soi l. .............................•.... 
7. Uni t III . Wet Sedge Tundra ........................... "" ... " . 
8. Un it IVa, Moist/ Wet Sedge Tund ra Complex ................. . 
9. Ground view o f Moi st/ Wet Sedge Tundra Complex ............... . 

10. Unit lI a, Pond/ Sedge Tundra Complex ....................•...... 
II . Unit lib. Aquatic Tundra . .................................... . 
12. Unit IIl d, Wet Sedge Tund ra ....................... " .......... . 
13. Venical aerial photograph of gently rolling coastal· plain terrain in the 

vicinity of the Niguanak River, southeast of Barter Island ...... . 
14. Unit Vb, Moist Sedge/ Barren Tundra Complt"c .................. . 
IS. Foothills terrain south of Camden Bay .......................... . 

2 

facing p.S 
6 

I I 

12 
12 
13 
14 

14 

15 
15 
16 

17 
18 
19 



Figure I)agr 
16. Discontinuo us gravrl outcrop in the foothills...................... 19 
17. Foothills terrain wit h Land Cover Unit IVa, Moist/ WeI Sedge Tundra . 20 
18. Foothills soils............ . ........................... . ....... 20 
19. Unit VIle, Moist Sedge Tussock , Dwarf Shrub/ Wet Dwarf Shrub Tun-

dra Compltx ......... . . .. ............................ 21 
20. Soi ls o f the water track areas showing a complex ped~n typical of such 

terrain . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 22 
21. Frost-sca r terrain in the foothills................. ... ............. 22 
22. Comm on soi l ped~n consisting of Pergelic Cryaquepl and Hislic Per-

gelic Cryaquoll. .... . .. . . . ....... . ........................ 23 
23 . Uni t Via, Moist Sedge Tussock, Dwarf Shrub Tundra on foothill s 

south of Camden Bay .. .... .. . . .. ................ .. ...... 24 
24 . COll o ngrass tussocks in Unit Via . . .. . . ...... 24 
2's . Unit Vil a, Moist Dwarf Shrub, Sedge Tussock Tundra . . . . . . . . •. . . . . 2,S 
26. Uni t VIII . Shrub Tundra .................. .. .............. . .... 2,S 
27 . Mo untainou s terrain in the Sad lerochit Mountains. . . . . . . . . . . . . . . . . 26 
28. Sadlerochit Spring ............................................ 27 
29 . Idealized toposequence across Mountainous Terrain . . . . . . . • . . . . • . . . 27 
30. Pergelie Cryumbrept soil . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 28 
3 1. The Canning River .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 29 
32. Idealized toposequenec across River Flood Plains and Foothills. . . . . . 29 
33 . Pergcl ic Cryorlhent soil on a Dryas river terrace . . . . . . . . . . . . . . . . . . . . 30 
34. One o f the numerous river ici ngs along the Canning River. 27 Jul y 198 1 3 1 
3's . Partia lly vegetated ri ver bar on the Katakturuk River ............... 32 
36. Meandering tundra stream . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 32 
37. Unit I Vb . Dry Prostrate Shr ub. Forb Tundra . . . . . . . . . . . . . . . . . . . . . . 33 

Plate I . Vegetation and land cover, Arctic Na tional Wildlife Refuge. Coastal 
Plain. Alaska . . . . .. . . . .. . .... ... ....................... ... inside back cover 

Plme 2. Dominantlandcover categories in the northern coastal pO ftion o f the 
Arctic National Wildlife Refuge. Alaska .............. . ....... in side back cover 

TABLES 

Table 
I. Four· level hierarchy for mapping tundra regions................... 4 
2. Temperat ure , wind and precipitation data fo r Oarler Island, Alaska ... 10 

, 



SUMMARY 

This r~port describes the landrorms. soils and vegetation in 8 l.4-million-acre 
(S700-km l) portion of the Arctic National Wildlife Refuge (ANWR) in Alaska. The: 
area is being considered for seismic oil explOration activities scheduled to begin in 
December 1982. A colored land cover map of the study area at I :250,000 scale was 
derived from Landsat dala as part of this project and was used extensively in the ter­
rain analysis. Descriptions of the environment arc based on a scven-day r«onnais­
sance trip in August 1981 that concentrated in four townships of the study area. The 
field data are supplemented with information from I :6O,OOO-scalc, color-i nfrared 
and 1:18.000-sca le, color aerial photographs. The report is divided into two parts. 
The lint describes !he Landsat map, the methods for making ii , and Ihe legend. The 
second is a desc rip!ion of the ANWR st udy area based o n the major terrain types . 

The Landsat-deriVl:d land cover map consists of a digital mosaic of pori ions of 
three Landsa! scenes . The land cover classification consists of the following map 
categories: I) Waler, 2) Pond / Sedge Tundra Complex or Aquatic Tundra or shallow 
water. J) Wet Sedge Tundra . 4) Moist/ Wet Sedge Tundra Complu Of Dry PrOStrate 
Shrub, Forb Tundra. 5) Moist Sedge. Prostr<ue Shrub Tundra or Moist Sedge/ Bar· 
ren Tundra Complex (frost-scar tundra). 6) Moist Sedge Tussock. Dwarf Shrub 
Tundra. 7) Moist Dwarf Shrub. Sedge Tussock Tundra or Moi~1 $edge Tussock. 
DWBrf Shrub/ Wei Dwarf Shrub Complex (waler Irack complex). 8) Shruh Tundra, 
9) Partially vegelated areas. 10) B:arren gravel or rock. II) Wet gravel or mud, and 
12) Ice. The land cover classificalion system is brieny eJCplained and equivalent units 
are given for six other vegetation, wetland and land cover classification systems. 

The legend system is a solution 10 Ihe current need for a tundra classificalion. The 
system is slill being pcrf«:ted. bUI it aln:ady meelS Ihe following criteria: 

I) The system is applicable to bOlh large- and small-sca le mapping. 
2) It consistently applies the same criteria to naming all comm unit y typclo. 
3) It has a consiSleni mel hod of naming vc::getation complexes. 
4) II is well suited for specific application to Landsat muhisPttl ral scanner dala . 
The st ud y area is divided inlo five terrain types and the ocean. These Iypes deline-

ate relatively large areas Wilh si milar primary landforms. They arc. with their per­
ceillage of Ihe study area in parentheses. foothill s (44 .7'10), river nood plains 
(24.6'l,). hilly coastal plains (22.4'10). ocean (S.2°/,) , nat thaw-lake plains (3 . 101.) 
and mountainous terrain (0.03"0). 

Foothills arc the most common lerrain type in the slUdy area . Tundra wilh sedge 
tussocks and dwarf shrubs covers most foothill uplands. Dominant plants indude 
sheathed COllongrass (Eriophorum \·aginalllm). numerous ericaceous shrubs. dwarf 
birch (Be,u/a IIana) and diamond-leafed willow (Salix plani/Qlia ssp. (Jlt/chro). 
Shrub cover varies in upland tundra types and is responsible for much of the varia­
lion in spectral renectances from moist tundra \egetation. Stream valley~. so uth. 
facing slopes and water tracks (drainage channels on slopes) arc likely to have well­
developed shrub communities. Frost scars occur on most upland surfaces and may 
cover up to 9O~o of the surface. Pergelic Cr)'aquolls or Pergelie Cryaquept5 underlie 
much of the moist lundra. although Histic Pergelic Cryaquepts arc common soils 10 

watl'r tracks. 
River nood plains. which cover large portions of the sludy area. are highly com­

plex landscapes thaI include present noed plains. former braided drainages. river 
deltas, bluffs. terraces. wet IUndra. gravel bars. dunes . mud nats and river icings. 
Willow com munities are common along the rivers. 
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Hilly coastal plains occur north of the foothi lls. particularly east of the Hulahula 
River. The vegetation and soi ls are a combination of those found in the foothills and 
those found in the flat thaw-lake plains. Wet sedge tundra covers about 23070 of the 
unit, and complexes of moist and wet sedge tundra covcr about 34'/0. Moist tundra 
types cover about 40070 of the unit. Wet tund ra areas arc mostly confined to depres­
sions between low ridges that have an east-west orientation. Nearly flat hill crests of­
ten have ex tensive thermokarst pits, 

Flat thaw-lake plains are restricted to small areas near the coast and are dom­
inated by wet sedge tundra and complexes of moist and wet scdge tundra. A large 
portion of these areas is covered by lacustrine complexes. The vegetation and soils 
are strongly controlled by microrelief associated wilh patterned ground. mainly ice­
wedge polygons and strangmoor. The dominant plants arc aquatic sedge (Corex 
oquafilis). other sedges and mosses. The dominant soils are Pergelie Cryaquept s and 
Histic Pergelic Cryaquepls, with thick, fib rous . organic surface horizons. In wetter 
areas these soils often form complexes with true organic soils. main ly Pergelic Cryo­
hem isls. Moderately well drained areas o ften have mineral soils, Pergelic Crya­
quolls, in association wit h frost boils. The vegetat ion near the coast is affected by a 
steep sum mer gradient. with low temperatures near the coast and higher tempera­
tures inland . Beaches. lagoons, est uaries and low-lying areas, which are all inun­
dated by sea water during storm surges. su pport saline-tolerant plant co mmunities 
and haline soils. 

Mountainous terrain occurs only in a small portion of the st udy area, near Sadle­
rochi t Spring. Surface forms consist of block fields, talus slopes. sorted Slone nelS. 
steep solifluct ion slopes. and rock outcrops. Soi ls are restricted to small areas where 
finer materials can collect. In less rocky areas, Pergelic Cryorthents form complexes 
with Pergelic Cryochrepls, Pergelic Cryaq uepts. and occasionally, Cryohemists in 
sol inuction areas. The land cover in most mountainous areas is classed as either bar­
ren o r partially vegetated due to the dominance of rock. but fairly lush tundra vege­
tation occurs locally on partially sLable terrain. 
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LANDSAT-ASSISTED ENVIRONMENTAL 
MAPPING IN THE ARCTIC NATIONAL 
WILDLIFE REFUGE, ALASKA 

D.A. Walker, W. Acevedo, K. R. Everett, L. Gaydos, 
l . Brown and P. l . Webber 

INTRODUCTION 

The Alaska National Interest Lands Conserva­
tion Act (ANILCA) of 1980 created the present 
boundaries of the Arctic Nation a l Wildlife Refuge 
(A NW R). Under (his legis lation, 1.4 million acres 
(5700 km l) o f th e northern ponion of the refuge 
were opened to oi l and &a.~ explorat ion at the dis­
cretion of the Secreta ry of the Imerior (Fig. I). 
The area, henceforth referred 10 as the ANWR 
st udy area, is being considered for seismic oi l ex­
ploration Ihal wou ld begi n in December 1982, 

An Environmcmal lmpact Statement (E I5) was 
prepared to satis fy Section JO02d of AN ILCA. A 
baseline study was prepared under Sect ion IOOle 
o f AN ILCA to serve as Ihe basis for the EIS and 
for reg ulat ing fut ure exploratioll . Th e eKten t, lo­
cat ion and carrying capacity of wildlife habitats 
arc major emphases of Ihe bascline studies. and 
vegetat ion maps are required for examining wild ­
li fe habitats. Because exist ing vegetation maps 
covering the slUdy area were too general for habi­
tat studies. a new I :2SD,OOO-sca le land cover map 
was suggested , and Landsat-assisted mapping was 
deemed Ihe mOSl practical approach in the limited 
li me available. A Landsat-based land covcr Illap 
(inserted in the back o f this report) was prod uced 
between August 198 1 and April 1982, and was 
partially verified by the three seni or authors. 

This report is di vided in to two part s. The first 
pari is devoted 10 the land cover map. with discus* 
sions of the mapping methods and legend . The 
legend is a slep toward a Landsat classi fi cation 
system for tundra. The second part consists of de­
""r iptions o f the major terrain types withi n the 
ANWR study area. 

A L AN D COVER MAP 0 .­
T il E AN WR STUOY A REA 

T here arc two mai n objectives for this mapping 
project; 

I ) To produce a la nd cover map uf the ANWR 
st udy area that has wide application for wildlife 
and land use studies. 

2) To develop a legend lha t is appropriatc for 
Landsat and that has application to ot her areas in 
lIorthern Alaska . 

A Landsat-derived land cover classification was 
deemed the most suit able approach for Ihis map­
ping project for several reaso ns. First, the map 
had to be prepared in less t han onc ycar; Landsat­
assis ted mapping is the quickesl method for map­
ping large areas. Second, Ihe arca is generally in­
accessible for detai led mappin g on the ground . 
Third . funds were insuffi cien t fo r convent ional 
mapping by aerial pholOimerpretation. and nOl all 
of the area was covered on aeria l photographs . 
Fi nally, Landsal provides digit al , geographkally 
referenced informa tion thtu lends itself well 10 
geographic-based informa tioD systems. Other 
data bases can be regis tercd to it. and analyses 
~uch as area measuremen ts can be per formed easi­
ly. Also, maps can be converted to different sca les 
o r the boundaries changed. 

Our recent work in the Prudhoe Bay region 
(Wa lker and Acevedo. in preparation) has shown 
Ihat excellenl Landsat-derived land cover maps 
can be prepared for Ihe tundra o f the Arcl;c 
Coastal Pla in . The Coasta l Plain has tWO allri­
butes that ai d in interpreting Landsat data . First, 
the terrain is nearly na t o r gently rolling, so deep 
shadows do not ereaiC problems in interpretat ion . 
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Fig/lre I. LocallOIl of Ihe ANWR study area ill northern 
Alaska. 

as they do in moUntainous areas. Second, the veg­
rlat ion is all low growing; there are no trees 10 

mask: Ihe terrain or other vegetat ion. 

Leg:end dev('lupment 

Criteria for Lundsut-del'ived ttllldru legends 
Although Landsat-derived maps have b«'n 

developed for several areas of northern Alaska 
tSelon et al. 1975, Nadler and LaPerriere 1977. 
Nodler et al. 1978, Lyon and George 1979, Mor­
rissey and Ennis 198 1), there has not yet been an 
aucmpt to develop a comprehensive Landsat land 
cover legend applicable to all areas of (he Alaskan 
arctic lundra . There are, however, numerous cla.~­
sification systems that were exanlined for poten­
tial application to this mapping objective. These 
fit in three categories: remOte-sensed land cover 
classifications (Anderson el al. 1976, Nodler and 
laPerr iere 1977), wetland classifications (Berg­
Illall el a1. 1977 , Cowardfn et a1. 1979), ami vege­
tation classifications (Fosberg 1970, UNESCO 
1973, Viereck and Dyroess 1980. Driscoll et al. 
1981). A full discuss ion of the merits and prob­
lems of each sysLem is beyond the scope of this re­
port; none sa tisfied the Objective o f this project. 

A satisfactory Ic~cnd for Ulldsat-as.sisted map­
ping of tundra vegetation must meet several cri te­
ria. First. the legend must be based on the charac­
teristics o f tundra vegetalion that can be recog­
nized on Landsal imagery . Our experience with 
Landsat imagery and tundra has shown thai there 
arc two primary aspects of arCtic Alaskan coastal 
tundra vegetation that affect its spectral renec­
tance-the amollnt of water on the surface and the 
percentage of shrubs in the vegetation canopy. 
Numerous secondary factors, such as the openness 
of the graminoid layer (the layer of grasslike 
plant s), the color of the subst rate, the amount of 
erect, dead graminoid vegetat ion, and the nutrient 
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s tatu s of the ~ ile, also affeci the rene(tance, A 
classification system for Landsat·derived mapping 
should recognize the effect o f moislun.' and shrub 
cover 011 spectral renectance. The secondary fac· 
tars are more difficult to classify co nsistently, bul 
Ihey should be considered during photoimerpret3-
lion . 

Second, a classification syslem should be Oe.xi ­
ble enough to describe the great variety of tundra 
co mmunities_ There has not yet bt.'t'n sufficiem ex­
perience with Lan dsat imagery of tundra enviro n­
ments to establiSh a final set of units with which 10 

categori ze all tundra landscapes. Most approaches 
have attempted to force Landsat interpretations 
into rather rigid legend systems that have never 
been applied to detailed tundra mapping or that 
simply are not suitable for a Landsat approach , 

Third, a classification syStem should use consis­
ten l criteria in naming vegetation unit s. Th is is 
emphasized in all major national and international 
mapping systems . Most of these systems recognize 
Ihe imporlance of dominant growth form s. We 
have found thai a combination of dominant 
growt h forms and site moiSlUre ca n be used con­
sistently for preparing maps of tundra vegetation_ 
The system should also have a consistent method 
of describing vegetation complexes (i.e. areas 
where there arc mixtures of vegetation communi­
ties), which are particularly common in the pal­
terned-ground landscapes of the Arctic . 

Finally, the small-scale, Landsal-based legend 
un its should be able to serve as a basis for more 
detailed community-level mapping without chang­
ing Ihe system. It is also import ant that the systen! 
should be cross-re ferenced to Ihe ot her classifica­
tion systems currently in use in Alaska . 

The classificat ion system developed here satis­
fies Ihese criteria. The classification system for 
small-scale maps, such as the I :2S0,OOO-scale land 
cover map at the end of this report. is based on a 



met hod of describing plant communi ties at large 
scales (e.g. 1:6000 scale) that was developed for 
Prudhoe Bay, Alaska (Walker et al. 1980, Walker 
198 1) . Th is large-scale nomcnc\allJre system is 
described first so thal the basis of the smaUer­
sca le, Landsat-level map tlnits ca n be beller 
undenHood. The map itself is a major step toward 
producing accurate vegetation maps for the entire 
Arctic Slope of AJaska. 

Nomenc/o/llrf! Jur I(lrge-~('ltl(! 
\'egerario1l mapping 

Comm unity nomencJ<lture for large-scale map­
ping ( I: 12,000 scale or larg.er ) incorporales four 
major part s: I) a site moist ure term, 2) the domi­
nant plant s pecies in each part of Ihe vegetation 
canopy. 3) the dominant plant gtowth form~, ilnd 
4) an overall physiogl1omic de~~'riptor. The')c p,l rrs 
are always arrangcd in thi$ sequen ce. 

The site moisture term can be DRY, MOI ST. 
WET. or ir the vegetated area is permafll'ntJy ~ov­
ered wit h water, AQUATIC. The site moisttm~ 

term is followed by the names of the dominant 
plant taxa, usuall y one or lJlore from clu:h I')f the 
shrub. herb and cryptOgam l:ompO I1Cnl S of 1 he 
vegetation. Th e number of taxa is kepI to the min ­
imum required to adequately di.qingui!;h the cO m­
mu nily from otbert> 0111he tl1<1[,): the totul ne .... er ex­
,--ccd~ six. 

The terms used for plant growth form s ate: I) 

TALL SH RUB (>2.m tall), 2) MEDIUM SHRUB 
(0.5-2 m), 3) DWARF SHRUB (0.1-0.5 m). 4) 
PROSTRATE SHRUB «0. 1 m), 5) TUSSOCK 
G RA MJNO ID. 6) NONTUSSOCK G RAMI­
NO I D. 7) FORB, 8) MOSS and 9) L1 CHEN _ All 
low-growing woody plants «0. 1 In high), such as 
Dryas inJegrifolio and Arc/oslophylos rubra. arc 
classed as prost rate shrubs_ The gramjlloid vegeta­
tion is further bro ken down into either sedge- or 
grass-dominated units. Cushion pla nts, such as 
Soxifraga oppositifolia and Oxylropis lIigresc.'ens. 
ate included in the forb category. T he lichen vege­
talion is fur ther broken down into cruslose- or 
fruticosc/ foliose-lichcn.dominaled units. If a veg­
elation unit is dominated by more thun one 
growth form, each ('Overing at least 300711 of the 
ground, it will have more than one growt h form in 
ils name (e.g_ MOIST SE DGE TUSSOCK. 
DWARF SHRUB TUNDRA). 

The physiognomic dc!)..:riptor TUNDRA i~ uml 
for all arctic and alpine li on forested areaS with 
generally l'ominuous ground I:ovel". The phy~jng. 

nom ic term BARREN h appJicu !(l units- w1lh le"~ 
than JOIt/Q vegetation covel _ The site moistu l e 
tcrm , the dumimHll rlant ~rowlh forms. anu the 

) 

physiognomic descriptor have all upper-ca)e let­
ters. and the plant names arc italicized. (The 
uppcr-c3..'>c lettcring 3pplic) unl} 10 large-~cale 

com munit y names and I~ nllt u~cd for .~m all -.scal e 

vegetation unit names.) 
An e.'i:ample or a commu nit y name u~lIlg rhls 

syslem is WET Carex aquo/ilis. Ol'('polloC'ladlis 
brellijulius SEDGE TUNDRA, A mote COIllIlIc.:o;, 
example with tWO dominan t ~TllWIIr fornr ~ i .. 
MOIST Erioplwmm Iris/I', DrYlls m/egrijolla, So­
II~\- arcfico, T omellfhYPlIIl1II lIi/('I/~. rhUlIIlIUlill 

SIIIJllIij'rJl'lllis SEDGE, PROST RAT E SH RUB 
TUNDRA . 

Vegetation complexes are also described with a 
unifor m lIomcndatme. A unit is considered a 
complex if it cont a im two or mllfC distinct com­
munities, and each comm unity l·OVers at least 30Ui\l 

of Ihe area. In the Arctk, ~'ortlmunity Illosa ic .. oc­
cur mainly as a response 10 minor elevatinll diHcr­
ences associated wiln icc-we{lge polygoll<;. I'ro')[ 
boils. water tracks, SIHlng nlOor, so liflucti on lobes­
and ot)Jcr ki nds of Putlcrlleu grou nd . EVl'n at the 
1:6000 sta le most of Ihe individlLal com munities 
are too small 10 map without reference to vegeta ­
tion comple.'i:t's. In this nomenclature. IIIl' IeI'm 
COMPLEX is allached 10 the end of the land cov­
er name, and t he major elemcms Of the complex 
are separaled by a slash (I). For exa mple. a map 
unit composed of wet sedge tundra and moist 
sedge tundra is called a WET/ MOIST SEDGE 
TUND RA COMPLEX. The most abundam unit 
of the complex is named first. A map unit wit.h a 
wet, dw.trf-shrub community occurring in the 
water tracks of sedge-tussock, dwarf-shrub tundra 
wou ld be. named MO IST SEDGE TUSSOCK, 
DWARF SHRUB/WET DWARF SHRUB TUN­
DRA COMPLEX. 

At large sca lcs, compkxe~ of vegetatiol1 CUll hI.' 
described by Ihe na ture of the surface f(JIm on 
which the eompll>." occurs. FOI <;:xamplc, vc,gCttJ ­
lion on a foothill area wilh wain Irad.:~ would 
have the followin~ c'V1allaliol1 in the leg.end: 
MO IST SEDGI! TUSSOC K. [)WAR I' S HRUB; 
WET DWAR I' SHRUB TUNOR,\ COMPLEX 
(water Irack \,;omplex ): 

a) Internuvcs and upland tundra areas: MOIST 
Erioplwfl/m vogln(J/III11. 8el/lla nono, SolLy plon/­
JOlia. Ledllm decllmbf'ns, Splragmllll sp., Cladi"a 
' p. TUSSOCK SEDGE, DWARF SHRUB TUN· 
ORA, 

b) Water Ifack s: WET Soli.\' plt1llifolilJ. Be/ula 
nuno, Carex aquafilis, SpItQ~nJ/m 51) . DWA RF 
SHRUB TUNDRA, 
The term "water track compJe:o;," could be used as 
a shorter synonym in gelleral discussion _ 



Table I. "·ou r-Ienl hierarchy for mapping lundrl1 r~ll ons. 

Vtry smaU K"lIlt maps 

1 :2.SOO,OOO Of ~mllltt 

, 
Small·K"lIlf. _fry Btneral. 
landDI·lcvtl map) 

LSOO,OOO 

J 

Smlll·SCllt. mOrt dtlalled. 
l andwU-ltwtl nllI" 

12.000. UOO.<ro 

4 

larlt-Kale: mlps .... ilh dtlat led 
Iround refC'ftllC'C data 

I:JOO.I . I 2.000 

I. Ph)~O&JlOmtc dts<ripIOt~ I Ph)$lgnom>;: d~if'forl 
Z. SUt mor~turt 

I Ph)\lOJnom" dtser;plOts 
Z Silt mOr~lurt 

I. Ph)"I>oanomk dcs..' nptols 
2. Silt moisturt 

I . Tundra 

2. BBrrtU~ 

t Hllllnt 149 ~m/hr. 

" Mean annual slIo .... ra ll - 11 S em 

NOI1lt'"clmure fur slIlull-!.('ole 
I'egetoliu" moppitfK 

I. Wtt Tundra 

2. Muist Tundra 

For small-scate. Landsal - t ~vel mapping, the de­
tai ls of communi l)' composition ~an rar~l)' b~ in­
duded. bUI the s ite moisture tcon. the dominant 
pia III ~rowlh forms. lnd Ihe ph)lliognomic dc­
scriplor can normally be retai ned in the land coyer 
lit le .... There arc. however, numerous ~xceptions. 

With Landsat it is somelim~s difficult 10 separale 
ralher diSli nct land cover Iypes solely on Ihe basis 
of spectral reflectance, and ;1 may be I\crc~sary 10 

dc~cribe a lIlap category {Le. one ('olor on [he 
map) wilh seyeral land cLlYer IY I)C~. For example. 
"Pond/ Sedge 1 undra Comptc:<: or Aqualit· Tun­
dra; or shallow water" describ~s a map catcgOf) 
consisting of severa l very weI land co~ef t)'pe.'> Ihal 
t'ould nOI be distincdy separated in Ihe Land'\a l 
data. 

Somclimes il may al~o be n"'C\~ar)' to drop a 
part of Ihe land cmer Iii Ie, FO/ e'(ample, il rna)' 
not bt possible 10 dis linl!1uish Wet ~Icdium Shrub 
Tundra from WeI Dwarf Shrub Tundra or Dry 
MedIum Shrub Tund ra .... o the lernl Shrub Tundra 
could be used. Every allemrt should be made to 
tela in Ihe completc [it Ie, ~incc this inneascs Ihe 
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J. Dominant pllnl growth 

f"fm} 

I. Wet Sed,r rundr. 

2. MOist Snigt. Pro~tratt 
Shrub rundrA 

J. Moi~t / W('1 St:dgt Tundra 
Compln 

4. Dr~ I'rOitratt Shrub 
I undra/ liarren Complt\ 

Mllp Calt&on~ can Includt 
,e.tlatlon tomplt\es 01 
tOmblllallOU, of lind· 
tD~tl I ),,". 

J. Dominant planl ,ro"'llI 
forms 
4. Sp«lts compositoOI! 

I. WET Ca, ... t aquu/llls, 
D,epul1udodus b'I'~ifulU/j 
SEDGE TUNDRA 
2. MOIST £r;ophuflllII 
(riSft. Dryos il1ftf('i/ullo, 
Solix o,clica, TUIIIlnrIIYI" 
"um l1ilt'l$, Thom,wlil1 
suiJuli/rmms SEDGE. 
PRQSTRATESHRUU 
TUNDRA 

~bp cattgOrtes can 1n.:'lude 
wtltlaliOIl lVmplnn Ihal 
rtquirt comr lere dncllpfioll' 
fOt each part of the com pie". 

amount of informalion available on the map , 
Howeyer, in some cases Ihe vegetation within a 
lIlap calegory may vary so widcly that il is not po .. -
·. ible to usc the nomenclalur~ system al all. Par­
tiall y yegelated areas are orten of Ihis natur~ . 

AI small Ka les the sySlcm is not rigid. It simply 
o ffe rs a means of describing tundra land coyer as 
consi ~tcntly as possible. The syslem for mappifl)!. 
at small sealell is strong ly rooled inlhe nomencla ­
lure sy~lem ~ for large-scale mapping in Ihat th~rc 
is a lIat ural nesling of nomenclature al four leyels 
(Table I). 

Mllpplna m~lhod 
The mapping methods consisted of I ) acquiring 

ground reference data from aerial photographs 
and field observations, 2) preparing Ihe land cover 
clas ... ificalion from the digital Landsat data. and 3} 

composing and printing the final colored map. 
Computrr-gr:nerated dala pro\oided del ailed area 
summanc~ for each map calegory. In addition, a 
simplified, hand ·drawn land emer map wilh poly­
gonal map ca t~gory boundaries was preparr:d for 
ll mallcr-~cale mapping programs. 



Ground re./erf'II('C' dUfu 
Ground refcrenC'e data for t.he prOJ~ct were 

g.nhCTed during a USFWS-surHlOlled h~lit'opter 
survey, 12~ 17 August 1981. The ~urvey was CO il· 
l"Cnlrarcd in fOllr townships (Fig . 2) that includell 
the l1lt&jor land form fe:uures ..... ithin the ANWR 
~Iud y area. This information wit!. ... uppl(·mcnrcd 
"jlh eXlcosh'c grol.llld reference data g4thereJ 
from similar Al3!tkan arctic arl',a\ outside ANWR 
during the past severa l ycar~. 

The lidd mt:thod con ... i.sted of locating l .. rKe ho­
mogeneous ate;lS of terram 011 I :6O,000·)(,3Ie. ae­
rial. color-infrared photl)graphs and then describ· 
mg (from tht: air) the vegetation (e.& . ~ct sed~e 
tundra; dwarr shrub, \edgc: IUl>\ock IUndra; par­
tially vegetated) and Iht Ililldforll1 (e.g. low-cen­
tered polygon; ~trallgmoor; water tracks) . In par­
ticular!), homogeneous .UC3S th,U appearf!d 10 be 
representat ive of common umh, Wl' took delailed 
notes of the "cgclation, ~ite fartors and ~oils. 

Vegetation complexes ~C're desrnbed if tt1ey were 
extenSIVc and were associated ~ilh distinctive 
patterned·ground feature ... . Each area was photo­
graphet.l from the. air and the ground. 

We spent most 01 the field time describing map 
uniu from a ircraft. This cou ld be done readily, 
si nce most or Ihe vegetation and ~i 1 5 al'!!' ... imilar 
10 those we have rncOUlliered in OIher areas of 
norlhern Alaska. This method allOwed u.s to cover 
as much lerrain !u possible with the limited 
amount of hrlicopter 1Uppoll . Wt.' 101J~ detaJled 
notes rrgardi ng ~pecie~ composition in 35 sland.~ 

of vrgetation. We hope Ihal Ihese data will be "up­
plemenrt'd wil h additional quantilative informa· 
tioo 111 future years and will be presented in a sepa­
rate: report. 

CtJlnplller classifieD/ion 
oj the Lfwd.sa/ datu 

The methods: employed ror producing, Ihe: land 
covcr classification from the landsal dalll were 
those available at the USGS Gcographic In\ csliga. 
lions Ofrice at Ames Research (rmer. ~'Ioffell 
Firld, California (Morrissey and Ennis 1981), 
Three Landsat 5C(' nes "ere used in Ihis analys is. 
The easttrn Iwo+thirds of the ~Iud y tHea was cov· 
cr!!d by scrne 22008-20420 (22 Ju l)' 1990) acquired 
from the Canada Cen ter fl)r RemOle Sensing. The 
remainder or the rrgion was e\Hcrcd by s~ene 
2 1633-20531 (13 July 1979). c)'cepl for 3. small 
wedge iO the southwesl cornet. which wa~ covered 
by scene 2570-20462 (14 August 1976), Each scene: 
had 10 bt trea ted separately in the analysb 10 ac­
count for the varia lion in speclral tf!sponse among 
:scenes and becausc or phenological change." in 
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\egctal ron rrom ycar to )'car. The manipulated reo 
~ults were later mcrged 1\1 crcale II land c()\er map 
ror Ihe entire Study area . 

A clu'lcring algorilhm was used to dd,nc dis· 
"ICle ~IOUrl> llf nlxeb on the bu,i~ uf thei r rence· 
lam'e in Ihe four land:-.:.at ~1J\.'ltlal band, . The 
Ilnal),st ~elecH'd Ihe num hcr or clusters balled nn 
experience with ~imilar ulltds31 data alllJ on an es· 
timale or tht' desired numhcr or dli!.lers ill the rio 
lIal clas~rficatlOlI . The numbers uf dush~l\ dc"p' 
nated ror this slutly were 2g lor \ccnC' 157()"20.Ui2. 

35 rOt ~ne 21633- 20531. and 3 I fur scene 21008-
20420, J\ IIyslellHllic lOu.g ... ample or thl.' pi\cl, 
from eal'h Land,at Sl'ene wa ... u~cd m Ihe l' hl.~lerrn~ 
algorilhm. ThIS aJgufllhlu \orh 111(' Land sal dalU 
inlO classes sU\:,h Ihat the pixels with in each cln"~ 
arc as "imilar to e;tch Ol her a .. Jlo~~ iblc arId nixet s 
rrom differem cln\'i~ arC" 3' diner!!nt from each 
other as possible. Theile dusters de~cribc til ,Iatl,_ 
tical tcrm, (mean, and I:ovariancl..,) thc ~pectral 
rropcrlies of Landsot liata (Swain 1972). 

It was exiX'CtcLi Ihat tht!se duslers w(lulJ de· 
scribe on ly gtlltral land covel ul1il~ and Ilut Ihc 
~pcciliC" units desired. Therefure, the ground terci ' 
cnrc data were 1I.,cd 10 full ad"antagc. L"lId,al 
pixels from each of Ihe I'oul ground rclerr.:ncc 
a.ea., were du stclcd \CI)I.IJaldy n,e frs ullinll 
cluster~ were u ~cd 10 deline vegelation da~,c\. 

whilc the 100;0 ':11llplc was used 10 .;clcd cluslcr~ 
repre.!oentall\'e of ice. water and harren land . 

AI !his point \QIIlC vr.'gctation das~ .... erc ~ Ijll 
1I0t well derined by clusters, These were l'Iasse~ 
Ihat occurred rar~ly in the area., \wdied . It "a~ 
likely that there wcre nOI c:nuu(,1h pu,eloi ('onulIoin,!! 
these vegetation types to allow thelll 10 be ~C'gre · 

galed into distinCI duslcn; hem:e. they were inl ­
liillly rneluded in 'pc1..'trnlly similar ciuSI (·j'i. To 
hrllldlc these spcl'raJ ca.'lcs, known octurrences 
wl!l"e defined and mapped from the ground rcf('r' 
cl1cci nfNmallon Pi)'cb fll)rn thc.'C" localion:l "ere 
then ciU61ered indcDClldcnll)" without cOllsidef(l ' 
lion of olher dtb"c~ in Ihearea. to produce shar.,­
tl .. pecHal c1a5."i.~ . 

Thus, a Jinallot:t of clusters. as defIned by spec­
Iral statistics, WB~ produccd for t:8ch scene. Each 
Pixel in the SCCne was assigued 10 a duster using 
discriminant function anulysis to determine the 
clUS ler 10 which Ihe pi",cl had the grea test proba· 
bility of belonging (Gaydos and Nf!wland 19181. 

By viewing the results On a color image display, 
Ihe analysl wa~ able to enlarge small portions of 
the Landsal scene, He .:ould a lso view only the 
pixels in a selected spectral class by assigning 8 col­
or to that claSS". 1-11.' then idcntified the veget:uion 
in the spedraJ clBS~ based on field notes and high 



100 0 

83 .3 

0 66 . 7 -z .. 
CD 

0 

'" II: , 
'" 50 . 0 u 
z 
~ 
u 

'" ...J ... 
'" 33 . 3 
II: 

BARRENS, 

BRIGHT COLOAED 
GRAVELS 

BL A CK 

BARRENS, 

DAR I< COLORED MU D, 

WET GRAVEL 

fiR E Y 

'" WHnE 

COMPLEX 
DARK BLUE 

,. 

" 

,4 

PA RT IA L L Y 

~~~~~~P';::;;;:::::;:;?~~V E GET ATE 0 ARE A S 
.... VIOLET 

SEDGE TUNDRA 
COMPLEX 

GREEN 

TUSSOCI< SEDGE,DWARF 
SHRUB TUNDRA 

LIGHT BROWN 

16.7 wATER WET SEOGE MOIST SEOGE 
TUNDRA ~ 

fRO ST BOIL 
TUNDRA 

SANG 

OARI( BHOWN 
LIGHT BLUE TUNDRA 

DARK GREEN 
SHRUB TUNDRA 

RED 

0 . 0, L-------r-------r-------r-------r-------r------, 
16 .7 33 . 3 50.0 66 . 7 83 . 3 10 0.0 

REFLECTANCE-INFRARED BAND 

Figure J. Climer diagram for Scene No. 22008-20420. Bands.5 (red) and 6 (neor IR). Each ellipSl!l!ncfosn 80", uflhl! 
pIxels IUSlgned IU Ihe rrs~ti~'e cfuster. Tht> lond t·UW:,,.11~lgI101IUIIS ulld mOl' cu/ors ind,co,!, how th, duster! M."t'rt> grullpecI IfI thi' 
final dassljl<:alion. 

resolution, ColoT-infrared photography. This most 
important interpretation step was aided immense­
ly by field experience. 

Eaeh cluster was interpreted and assigned 10 a 
map category. i.e. one or more land cover units 
represented by a single color on the map (Fig. 3). 
Often several clusters were included in a single 
map category. In some cases this was because a 
map category included a number of land cover 
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units with different spectral properties (e.g. ~ater, 
icc, barren and partially vegetated areas). In other 
cases there were insufficient ground reference data 
to define more categories. 

The major units described are Ihe ones that 
eQuid be distinguished during the time available 
ror interpretation in late 1981 . We hope that the 
dissimilar vegetation types now within some map 
categories can be separated by breaking single 



spl."Ctral classes into several d usters, Digita l terram 
dalll arc being used 10 help se(,)ar3t e cl3$seS on the 
basis of slope. C lass co n5ist cllI.:Y was a IHirna ry 
goal. Care was taken to identify :lnd resolve COII ­

ni.:ls bCI\~een the three Lands:}1 scenes as the fi nal 
12 m a(') calej!ories were devdClred . 

Colored map preporotlQIf 
Geometric' correction_ Ground com rol points, 

i.e , surface realures idenl!l1able both on 1:63,360-
scalf: topographic maps and in the LanJsat dara, 
were selected for computi ng the parameters n('ed ~ 

td for geometric correcliOIl or the Landsal data 
and registrat ion to a Universa l T rnnwerse Merca­
tor (UTM) projection , Abo ut 30 well·dlstributed 
control points were selected fo r each scene, These 
poims were located on USGS I :63 .360-)calc topo­
graphic maps and on gray-scale line-prinler maps 
produced from the Land sat data at a scale o f ap­
proximatel y I :24,000, The points were u.sed to de­
fine second ·order. least-squares polynomial (fan,· 
formal ion equations relating lalitude and longi­
tude o n the maps to roW and I!olumn (')Osition ... o n 
the Landsat scenes, The cocffir;icnll( In the pol yno­
mial eq ua tion were used for correcting each scene 
to a UTM projection (Zone 6) . The ~eomettlc COf­
reclio n re.~ tllred in pixels that were 50 meters on a 
s ide. 

Srem: mosaic, Once the dnta were corrected 10 a 
common base. a s ingle data sct was fo rm ed from 
The mosaic of the three scenes, Cornm on lie-potnlS 
were ident ified where the Scenes overlapped , and 
they were used to SCI mosaic parameters. The re-
5u ltifll! mosai c of the classified scenes showed no 
appnrent scene boundaries. This IS a good qua llTa­
live indicator of the Landsat classi fication process 
and the consistency of (he spectral class descrip­
tions. 

Dala generoli'larion. T he origi nal pl l(el data had 
a " suit nnd pepper" appearance, with many ISO­

laTed pixels in o therwise homogeneous CHeas o f 
color . This detracted from the alwearOHce o f till' 
map without adding THuch information at the 
I ;250.000 scale, T hus, il was desirable to genera­
liZe I"e Landsat pixel dala fo r cartographic pre· 
sentation, 

Accordingly the data were fi lt ered in an allempt 
to remove tiny occurre nces o r mup categories one 
or two pi-ccls in size. The filtering was done by sys­
(('ma lical ly moving a J- ~ 3-ptxd window across 
the c; lassiricd data , [n the fi rst ro und th e cemer 
pi,'(el (t he one being considered ror reclassifica­
(ion) was assigned a weight o f 4, while ill) adjacent 
neighbors, bOT h horizontall y and yel'!ica ll y, we re 
aSSigned weighl s of 2, and the pixtls on the dial/.-

; 

un;ll wen.' as~i~rie t.l weigh ts of 1. Each map cal'" 
gory show ing in the wind ow WtlS rated by (Jdl.lirl~ 

the weigh lS, and the: pixl"l in qu eST ion (t he cent er 
!)i,1(d of t he group of 9) was assigned to the map 
category with the highest rating. The window w;,)$ 
then moved 10 the neXI pixel. This 4-2--1 s mooth­
ing process ellmln:ued many isolated pixds while 
preserving the: s hape o f Ihe remaini ng units-, A ~l"~ 

cond fo und or filtering was performed on the re­
sults from the fi rst with a 2-1 - 1 smoolhing. dillll­
n:1IIn& more sin&le pixels and crealing more homo­
geneous mDp area:. , 

Bost' //IUP , A base man ror I" e final, colored. 
l andsat·dcrivcod land cover map was compiled 
fro m a mosaic of the four USGS I :250,OOO-5ca le 
quadrangles (Flaxman Island , Barter Island, MI. 
Michelson nnd Demarcation Poim) , P rojection in ­
format ion. to wnship boundaries . and geographic 
names wi t hin the ANW R st udy area arc on t his 
roap. Thi~ ba~e map abo contain. .. the ln nd cO\lcr 
unit descriptions and information on how Ihe map 
was prepared, 

Printing, A tape of the Landsat data was uscod 
to dri\le a large-format laser ptoller to generate 
four color-se(,)aration pla tes (yeBow, cyan , magen· 
la and black) at I :250.000 scale. Each pixel was re­
produced us II matrix of 16 dots to reproduce: (he 
desired pall ern fo r each color. Each 50-m pixel 
was plolled at 200-llm spot size 10 achieve the 
I :250.000 scale. 

T"e ,'o lor·sepill<ltion plates were registered 10 
the ba~e map and used 10 prepare the Landsat lith ­
ogr3 (1h lO by u ~'o lor additive process. The rinal 
map. "Vegetation and Land Cover. A rctic N:t­
lional Wi ldlife Reruile. Coastal Plain, Alaska." 
by W, Acevedo, D.A, Walker. L Gaydos, and J , 
Wray is available from ~l1e U,S, Geological Survey 
as l\'l ap 1- 1443 and is included in this repotl as 
Pl ate I. 

Area SlIIlImaril!.'> 
The areas coYered by each of the 12 map cate· 

gories wer~' calculated using a count ing algorit hm . 
Data were g(' l1cruted for the areas wit hin th ree sets 
of boundaries : \ ) the en tir(, ANWR st udy area , 2, 
the 8910wnshlPs within the st udy area, and J) the 
boundaries of the regional terrain ty pes (see the 
~crond (')urt of thi~ report , which describes the ma­
jor terrain IY~S). This W35 accomplished by digj­
tiz ing Ihe rc.ipC( tiYe boundaries, registering the 
boundarie~ to Ihe LandSa! land cover map, a nd 
appl ying the cou nt ing alsori thm . The area s um ­
maries wen,' (ll lcu.lated prior to filt ering for man 
generali.tnlion . 



Simplified lond ro"~r mop 
A more generalized map was prepared at the re­

quest or VSFWS. This map was derived from an 
earlier unfiltered version of the landsat-derived 
land cover map. which contained more isolated 
pixels than appear on Plate I . Polygons were 
drawn around large areas with similar dominant 
land cover. This map is useful as input to small­
scale regional or state-wide mapping programs . 
One place where this map is being used effectively 
is in the I :2SO,OOO-scaJe geographic information 
system or the North Slope Borough. Since the map 
information is in polygon format instead of puels, 
the map lends itself better to incorporation imo 
tbe Integrated Terrain Vnit Mapping approach 
that the Borough is using (Environmental Systems 
Research Innitute 1982). 

Resul ts 

Larld t:Qvl!r mops 
The Landsat-deri ved land cover map {Plate U 

has 12 map categories, which are briefly described 
in the map legend and arc e.'<plained more fully in 
Appendix A. Several or the colors represent more 
than one land cover category. For example. dark 
blue represents three land covcr types: Pondl 
Sedge Tundra Complex, Aquatic Tundra or shal­
low water . In most cases the land cover types with­
in a single map category are nOI radically differ ­
tnt. The txception is the light-green category (Unit 
IV), which may represent Dry PrOSlr31e Shrub. 
Forb Tundra (Dryas river terraces) or Moistl Wet 
Sedge Tundra Complex. These units have also 
proved difficult 10 stparatt in Landsat studies in 
the National Petroleum Reserve in Alaska .- Pho­
tographs of most of the major land cover unil s are 
included in the second part of this report . 

A thorough field check was conducled in the 
summer of 1982. The initial impression is that the 
map is very accurate and that there are no major 
problems with the classifica tion. A full report of 
the field check and statinical analysis wiJl be: made 
separately . 

Area summaries 
The acreages and percentages for each map cat ­

egory are given in Appendix D. Table 91 contains 
acreage summaries for the entire ANWR st udy 
area. Table B2 contains the dala for each terrain 
type. The sum of the area,s for all map categories 

·Personal communicat ion .... hh Paul3 Krebl. Bureau of L.nd 
Man'gem!':n'. Anchoragc-. Alaska. 
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in the five terrain types listed in Table 82 IS 
1,556.830 acres, and the sum fOf all map C3tegor· 
ies in Table BI is 1.640.626 acres. The difference 
of 83,196 acres is the amount of ocean v.ithin the 
ANWR study area . Table OJ contains the data for 
each of the 89 townships wit hin the study area . 

Oiscussion 
We see an urgent lleed for tundra map legends 

that are compatible at large and small scales; [he 
ultimate goal is a comprehensivt mapping system 
that can be used bot,h for the broad picture and for 
delailed site-speci fic studies . 

In the past ten years we have mapped many 
areas or the Alaskan Arctic Coastal Plain and 
haw eJipcrimcnted wit h various map legends. pri­
marilyat the scale of I :6000 (Walker 1977. Walker 
and Webber 19RO, Walker et al. 1980, SOhlu Pet­
roleum Co. 1981). The mapping system described 
here has been designed to provide \OegetaLion in· 
formation fOf composite mapping approaches 
such as gcobotanic.al master maps (Everet! et al. 
1978, Walker el Oil. 1980) or the Integrated Terra.in 
Unit mapping approach (Environmental SYSlems 
Research Instil ut e 1982), where additional charac­
teristics of the landscape. such as soils, landforms 
and slopes, are also mapped . Our system has the 
advantage that il contains only vegetation infor­
mation and is indeptndent of soil, landform, 
altitude, etc. Purists may want to separate the site· 
moisture descriptor, sincc this is a characteristic or 
the site; this is easy to do because it always appears 
in the same pan or the vegetation tit les. 

Plentiful detailed ground reference data are the 
key 10 rhe success of any Landsat mapping pro­
gram. The mapping system and legend described 
here is a "from-lhe·ground-up' · approach. wilh 
its fou ndation in very detailed mapping programs 
lhal rei), On large amounts of accurate ground reo 
ference data (Walker el al. 1980, Walker and 
Webber J980). 

Vegetalion classification in Alaska is in a stale 
of healthy turmoil. Several schemes are currently 
being applied 10 Alaskan tundra. Probably none 
of Ihese will gain univtrsal acceptance, but it is 
safe 10 say that they will a ll contribute in some 
way to a final statewide SySTem . The current lack 
of" classifica tion applicable to a ll Alaskan a rctic 
tundra has prompted the development of the sys­
tem described here. However, our syslem adds 10 
the profusion of mapping Ilppr03ches. Appendix 
C cross·references this system to silt other major 
sySlems. showing the equivalent units in two other 
remote·sensor land covet classifications (Ander. 
so n el al. 1976, Nadler and LaPcrricre (977), tWO 



wetland classillcalJon~ (Ucrgman l!1 at. 1977, Cuw­
(Hd in {'I al. 1979) and twO vegetation clas~ifi("a ­

lion s (Viercd, ct al. 1981 , UNESCO 1973) . 
The ANWR rnappirlg plojeC\ was perfectly l> uit ­

{'d for the applicarioll of modem tcchnl)logy IJsi n~ 
Landsat multispcl't ral scanner data and advanl'cd 
cartographic tec hniques . A high-quality. publisha­
ble mar of the ANWR l> tudy area was prodm'ed 
within eight months of the beginning. of the pro­
j et'1. The lIIilD is a valuable reference for evaluat ­
ing the potential impact of se j,sm il' opera tion ... 
with in Ihe wildl ife refuge. The results can also be 
ul>cd as a ba~js for more detailed habitat st udies. 
Since (he d~ta arc in digiw,l format. Ihe map ("1111 

be easily used in geographic information <;ySlcms . 
The a rca mC:1$lHcmenl s arc most useful for the ell­
viru nmental descriptions o f the major le rrain 
tYJlC:i, and will also be useful for future stud ic~ 
wil hin towmhifHized a reas. 

The curren! legend syslem i~ still being per reCl­
cd, but il iln :,we(~ an immediate need for 3111l1dra 
classification by meet ing the following criteria: 

I) The sysrem is appli cable III both large- and 
small -scale mapping. 

2) [t consi:. tentl :-J applies the same criteria 10 all 
community names. 

3) It has a con sistent method of naming vegeta ­
tio n complcxe~. 

4) It is well s u i led for spec-ifk appl ication 10 
Landsat multispectral scanner data . 

DESCRIPTION OF THE 
ANWR STUDY AREA 

General descri ption 

Physiography 
The Sludy area covers 5700 km ' of the Arctic 

S lope Ilorth of 69 °34 ' . It lies between the Canning 
and Akhilik rivers 042- 146 "W), and is co ntained 
within the Whi le Hills ser.:lion of the Arctic Coast­
al Plain physiographic province defined by Wahr­
haftig (1965) . The terrain is. for the most part. hill y 
ant.! dissected by numerous streams that originate 
in the Sadlerochit. Roman zof and Franldin moun ­
tains of the Brooks Range_ 

The coaslal area includes a chain of barrier is­
lands that form the seaward limit of the ANWR 
s tudy area, The coast li ne itself is irregular and 
contains man y small bays. lagoons and spit s. Ex­
tensive mud flat s are aSSOCIated with the Cann ing, 
Hulahula. Okpilak and Jago delta:;_ Mosl of the 
coast line is low lying, with only small bluffs less 
than 3 III high . At Camden Bay, where the land 

9 

Jj .~es more ~teept y from the sea. there arc blu ffs up 
to 8 m high , 

Along the coast there are ~ Illall a rcas of flul 
coastal plain wit h oriented th»w lake .... ~imil;h II} 

th e terr •• in !'1f the Tcs hckpuk lake seclion Hl rhe 
wt'stern parI o f the ArCTic Coastal Plain (Wahr­
haf\ig (965). Most or the coa5lal pla in with ill 
ANWR is gently ro iling. wit h many small lakes 
and wellel rain mi l\ed with sma ll areas o f uplands. 
Stream drainage paHern s in the hilly coastal plai m 
are better developed than in Ihe flal thaw-lake 
ntains. and the lake basins are contained between 
intervening small ridgclt aud terrain irregularities . 
Hill y coastal -plain terrain is common between th e 
Hulahula Ri ver and Pokok Bay, and stretches fOI 
about 35 kill inland. whcle the true foothills be­
g rn . 

The foothill s occur west at' Ihe Hulahula Rivet 
to the Ca nning and e,'(tend acros~ the entire south­
ern ponion of the stud y area, with maximum ele­
vations of about 360 m. t\ s mall amo ulII or moun ­
[Hi nous te.rain, rcadling an elevation of 975 111. 

,'ccurs in !he vicini ty of Sadlerochit Spring , 
There are many river systems. The Canning. 

ralllayariak. ~atakturu k, Sadlerochit , Hul ahula. 
Jago and Akhilik rivers have braided drainages 
and deltas that co llecti vel y cover a large portion of 
the ANWR stud y area. 

Climole 
The only regularly collected climatic data within 

Ihe stud y arca are from Baner Island (Table 2). 
This station lies within a belt of St rong coastal in­
nuencc=. In summer il has fog about 25"lu of Ihe 
time, and Ihe mean Jul y temperature is only about 
5 ~C . These conditions o nl y occur in a small por­
tion o f the sfudy area, however. The inland por­
lions experience higher summer temperatures; 
however. our obser ... alion ~ during 1981 indicate 
Ihat the inland areas are somewhat colder and wel ­
ter than areas at a _~jmilar distance from the sea in 
Ihe Prudhoe Bay region (Haugen and BrQwn 
1980), probabl y because of the higher elevations in 
ANWR. 

Suils 
Nearly the entire st udy area ralls within Ihe 

Coastal Plain Land Resource Rl!gion defined ill 
the Exploratory Soil Survey of Alaska ( Rieger et 
al. (979) . Within this region the survey ret'Ognized 
twO soil association s (i .e . "segments of the land ­
scape wilh distinctive lopographi c and so il pat · 
terns" ): I) Pergefic Cryaquolls- Hi sl ic Pergelk 
C ryaquept s. with loamy-texlUred mineral co mpO· 
nents occurring on nearly level to rolling topogr3 -



Table 2. Tempcralure, wind and precipillilion dahl ror Bllrler 
Island, AIIlt\ka (70"08 ' N. 143035 ' W. 12 m elevalion). (.' rom 
Searby (19681 and 8ro"'er el a!. (19771.) 

T(>II/IJCrUIUI'e tOC)· 
M flnl ll Max_ flri ... fi1etm 

J" - 23.2 - 30.9 - 27 .1 
Feb - 25. 2 - 32.2 - 25.7 
Mar - 22.1 - JO. I - 26. t 
Ap' -13.0 - 21.6 - 17.3 
May 3.4 9.2 '.J 
June ,., U U. 
Jul~ S .• 1. 7 5.2 

A" 7.J U 4.4 

SI'Ilr 2.2 1 .1 0 .1 
(k, '.1 - IU 8.1 
No' 14.2 212 17., 
I)te 19.8 - 27 ,3 - 23.6 
Annual - ,., - IS.3 - 12.0 

• H igh (.~1 -25.6 °C. 1.0WI:51 - -S0'(,. 
t lI ighe~l- t49 km/ hr. 

•• i'.t tan annual ~nowfall-tI 5 em. 

rh y allu 2) Pcrgd k Cryaq uepts • ....,il ll very gravell ~ 

mi ncral l'Ompo nenl s occ urrin g 0 11 nearly levcll or· 
ug raph y. ~ Tht nr~ I unil Occ urs on Ihe broad 1'001-
hill s and Ihc c\)a ~ l al plai n, and the second occur~ 
on Ihe braided river valleys and Iheir as~ucia lcJ 

terraces and dcl ta~. 

The only regional soil surveys for areas north of 
th e Brooks Range are those describin g the Prud­
hoe Bay production area and the OgOioruk Creek 
watershed (Holowaychuk et al. 1966, EvereU 
1980b, Evereu and Brown 1982). Brown (1962, 
1966, 1969) developed a soils and landform map 
for approximately 19 km > in th e Okpilak Ri ver 
area and described soils between Ihe Jago and Hu­
lahula rivers. In general th e soils of the nal lhaw­
lake plains arc similar to those described for the 
Prudhoe Bay region (Everell and Parkinson 1977. 
Parkinson 1978, Everell 1980b) and Barrow 
(Drew 1957. Drew and Tedrow 1957. 1961, Ger­
sper ct al. 1980). The soils of the Arctic Foothills 
have been described in detail by Tedrow (1977) 
and Everett (198 1). In the route selection studi es 
for the Alaskan Arctic Gas Study Company in 
1974, Janz (Hettinger and Jam 1974) described 
several soils from the foothill s near the Kongakut , 
Aichilik and Okerokovik rivers and from the 
flood plain of the Canning Ri ver. 

· The $orl lerminolQgy foll ow ~ Ihe U.S. Soil Taxonomy (SOn 
Survc ~ Starr In n Appendix D gives a brief c.~pl a na lion of 
lhis ~yS l cm . 
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Wlllf/ (kill / Mit Prerlp{/ullol/ •• 

Prll/l'IfJOl dire(l/(}n ( 1'1/11) 

2J.9W 10. 2 
22.3W 8.9 
21.7W '. 1 
19.0E U 
19.5E ... 
IS.OE 13 .0 
1/i.9E 22.4 
18.4E 26. 7 
2 t.OE 23.9 
n.8E 2U 
24.J E 10.2. 
22.6W 7 ,4 

24. IE 159.5 

Veg etation 

The general character of Alaskan arctic vegeta­
tion has been thoroughly described by Britton 
(1957), Spelzman (1959) and Wiggins and Thomas 
(1962). The Arctic Foothills and Arctic Coastal 
Plain of northern Alaska are in the Tundra region 
of the Arctic as defined by Aleksandrova (1980). 
In this region, mesic habitats are mostly complete­
ly covered with low-growing plant s, such as 
sedges, grasses, mosses, lichens, small herbs and 
dwarf shrubs. Taller shrubs are restricted to areas 
with protected sout hern exposures. where the 
amount of solar radiation is maximi zed. On the 
1 :2,500,OOO-scale major-ecosystem map of Alaska 
(Joi nt Federal- State Land Use Planning Commis­
sion for Alaska 1973) most of the study area is 
mapped as Moist Tundra, with several small areas 
dominated by Wet Tundra and with High Shrub 
occurring along the streams. 

Detailed vegetation studies in the Arctic Coastal 
Plain of Alaska include those at Barrow (Tieszen 
1978. Brown et a!. 1980), Fish Creek (Lawson el 
aJ. 1978), Atkasook (Komarkova and Webber 
1980) and Prudhoe Bay (Walker et al. 1980, Walk­
er 1981). Major studies in the foothills include 
those at Franklin Bluffs (Koranda 1960), Umiat 
(Churchill 1955). Cape Thompson (Johnson el 31. 
1966) and the Seward Peninsula (Sigafoos 1952, 
Racine 1975, Racine and Anderson 1979). Vegeta­
tion on arctic nood plains has been described by 
Bli ss and Cantlon (1957) and Spelzman (1959). 
There are also a few vegetation studies from 



within the ANWR study area (Nodler and LaPer­
riere 1977, Oldcmcyer el a1. 1978, Murray 1980, 
Machi lda and Oldemeyer 1980, Weiler 1980, 
Meyers 1981 , Robus 1981). Much of the recent 
work in ANWR is related to USFWS habitat st ud­
ies for caribo u, muskox and waterfowl. The most 
extensive work from within the study area is thai 
of Hellinger (Hellinger and Janz 1974), who de­
scribed several vegetation types in the foothills 
lIear the Aichi lik and Kongak ut rivers and along 
the Canning River as part of the biological studies 
of the proposed Arctic Gas Pipeline route. 

Dacriptions or specific 
terrain types 

Within the ANWR study area, there arc five 
major terrain types that can be defined on the ba ­
sis of dominant landforms: nat thaw-la ke plains, 
hilly coastal plains, foothills . moumainous terrain 
and river nood plains. These arc treated as dist inct 
ecological entities with representative suites of 
landfo rms, soils and vegetation. The boundaries 
of the terrain types (Fig. 2) were drawn from a 
base consisting of a combination of the Landsat­
derived land cover map (Plate I) and the USGS 
I :2SO,OOO-scale topographic maps . The primary 
landforms arc easy to interpret on I :60,()(X).scale 
aerial photographs. The following gcobolanicai 
summaries arc based on the field work during 
August 198 1. the results of the planimetry analysis 

(Table B2) and observations from other similar 
areas in northern Alaska. 

Appendix E summarizes the dominant land cov­
er units, landforms. soi ls and vegetation terrain 
types. The table. which can ~ used to compare 
regions, condenses much of the: information pre­
sented here. It also contains more specific infor­
mation about the dominant plant communi ties 
within the various land cover unit s. 

Flat thaw-lake pluins 
Lond/orms and soils. The proximity of the Ro­

manzof and Sadlerochit mountains to the coast re­
sults in a much narrow~r coastal plain than is 
found fa rther west, such as along the Trans· 
Alaska Pipeline and in th e National Petroleum 
Reserve in Alaska. In ANWR, typical coasta l­
plain topography , with large, oriented thaw lakes, 
drained-lake basins and ~xpanses of low-center~d 
icc-wedge polygons, is found only in a few small 
areas, primarily ncar the Oat, braided deltas of 
rivers (Fig. 4). This topography is best developed 
in the delta of the Canning River and for some 
12- 15 km eastward in a narrow coastal belt. as 
well as in a small area sou th west of Barter Island . 
Flat thaw-lake plains compose only aboUI J'l. of 
the study area. 

The thaw-lake plains appear to be remnants of a 
plain thai was once more extensive. They arc topo­
graphically similar to lhe plains cast of the Can-

Figure 4. Flat thaw-lake terrain ill the della oj 'he Canlling Ri\'er. Thi'lak(>s 
here shuw unly w('uk lIrI('n/o/ion. 
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Figure 5. Thaw-lake ploin terraill with ~/r(1IIf!,III(}Or. 

Figure 6. (Hemic) Hi51ic Perge/ic CryaqllejJf 5uil. 
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Figure 7. Umf {{I, Wei Sedge Tundra. Tilt' urf(JS OeIIWV" lokI'S unrl jJf)mls urI! 
nllmly Wf'1 fnJgl'lundro. The enflrt Urttl IS C'Unlainni .... Ullm a large, flUrf/ulll' drumrd 
lak, busm It'liit dUJum:t r",1S and 5frrUl& j«lIur('S, The /fI/l?rfx",d art'il$ ("omum about 
lO'l moill IImdro on IIle sual/gs ami hiRlrrr ,mcro.{iles. 

ning River. being composed of more than 30'/. 
water, mostly in small (generally <260 hal. shal­
low, elliptical. oriemed lakes. The areas between 
the lakes are poorly drained as a result of a very 
low su rface hydrologic gradient and a thin acthc 
layer. Some microrelief is nearly always prescnt, 
usually in the form of low·centered nonorthogon­
al polygons. strangmoor o r low-centered polygon~ 
with pond complexes (Fig. 5). 

The area is underlain by ice-rich permafrost at 
depths of about 40 em. Except for polygon rims 
and slightly elevated microsi tes, the perched water 
table is very dose to or slightly above the soil sur­
face for most or all of the thaw period. Fibrous 
Histic Pergelie CryaqueplS (Fig. 6) or occasionally 
Histie Pergelic Cryaquolis and PergeJic Crya­
queplS are common in the wet and very wet areas. 
Pergelic Cryaquolls occur on the mesic polygon 
rims. The soils are mostly neutral to slightly alka­
line. even Ihe saline fibrous Hislic Pergelic erya· 
quepts and CryohemiSlS along Ihe coast. 

Vegetation. The vegetation of the thaw·lake 
plains is similar to that described at Barrow (Urit ­
ton 1957, Walker 1977, Tieszen 1978, Brown et aL 
1980), Atkasook (Komarkova and Webber 1980), 
Fish Cr«k (Lawson et al. 1978) and Prudhoe Bay 
(Webber and Walker 1975. Walker el al. 1980, 
Walker 1981). The dominant Landsat map cate· 
gories (Plate I, App . A) are Wet Sedge Tundra 
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(46'10 cover) (Fig. 7, Land Cover Unit III), Wat~r 
(l9,5o/e cover). Moist/ Wet Sedge Tundra Com ~ 
plcx (12 .6'/, cover) (Figs. 8 and 9. Land Cover 
Unit IV). Aquatic Tundra and Pond/Sedgt' Tun· 
dra Complex (8.4"'0 cover) (Figs. 10 and II. Land · 
Cover Unit II). Elevation differences of less than 
0.5 m are major influences on Ih~ distribution of 
comm unities. Microtopography associated with 
the rims, basins and troughs of icc-wedge poly_ 
gons creates distinct patterns of plant communi­
ties (Wiggins 1951. Ori llon 1957, Cant lon 196 1. 
Walker 1981). 

The pam'rns of plant succession in the flat 
thaw-lake plains arC' illlimately linked to the ori­
ented thaw~ lakc cycle (Hopkins 1949. Brillon 
1957. Carson and Hussey 1962. Billings and Peter· 
son 1980. Everett I 98Oa). Although much has 
been written about thaw·lake mechanisms, the cy­
cle and successiona l pallerns are still incompletely 
understood (Mackay 1963). Probably the biggest 
questions concern the time scale. i.e. how long the 
cycle takes to operate and how long the present, 
wet. coasta l-plain environment has existed. 

A steep summer temperature gradient is of pri· 
mary imparlance with res~1 to \oegetation near 
the coast. Data from Prudhoe Ba y and the Trans· 
Alaska Pipeline show that lhe mean July tempera· 
tures at the coast are within a few degrees of frttz­
ing due 10 the ic('-covered BeaufOTl Sea. More 



Figure 8. Unit {Va, Moist l Wel Sedge Tundra Complex. In this exumple the 
complex consists of about equal parts K't't und moist fIIndru. 

Figure 9. Ground view of Moist / lVer Sedge Tundra Complex. The relatively 
well drained area in the foreground has a d,,,erse flora with Sl'dges, proStrale willows, 
herbs and lichens, while Ihe wetu.>r areas (lhe darker palches with rotIQllgruss) hal'e 
mainly sedges und mosses. 
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Figure 10. Unit 110, Pond/ Sedge Tundra Complex. Th is example shuws punds 
and aquatic communities in the basins oj fow -C(>lI/erM polygons. and Mois! Sedge, 
Prostrule Shrub Tundra on Ihe polygon rims. 

Figure / J. Unif fib, Aquatic Tundra, The drcufurdump.~ (Jfw'~eluliun are mainly 
aquafic sroge (Carex aquatilis). The darker areas be/l\'f!en dumps are pendulII grass 
(Arclophila ful ... a), 
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Figure 12. Unit Illd, Wei Sedge Tundru (s(Jline facies). Th/Sureo in the dellu oj 
tile Katalauruk River is dominated by Hupp"er setlgf! (Carex subspathatea) and creep­
ing alkali grass (Puccinellia phryganodes). The soils are saline (Hulk Hisric Pergelit· 
Cryoqlll'prs). 

moderate temperatures are found inland (Conover 
1960. Cantlon 1961, Haugen and Brown 1980, 
Walker 1981). Low summer temperatures and low 
levels of su mmer solar radiation associated with 
coastal fog are primarily responsible for a distinc­
tive band of coastal vegetation that has few shrub 
species, limited tussock formation, reduced moss 
and lichen growth, and fewer species in the total 
nora (Cantlon 1961, Clebsch and Shanks 1968, 
Walker 1981). This band of coastal tundra, which 
Cantlon (l961) termed "littoral tundra," lies 
north of the 7 gc mean July isotherm. Worldwide, 
Ihis zone is equivalent to the arctic subregion of 
AJeksandrova's (1980) Tundra region. Near Bar­
row the coastal st rip is about 100 km wide; at 
Prudhoe Bay it is about 25 km wide. Wit hin 
ANWR the Jinoral band and the coastal plain in 
general are narrower, and the coastal temperature 
gradient is more compressed, 

Along the northern limit of the littoral tundra 
band. there is a narrow strip of vegetation that is 
associated with the saline soils found immediately 
adjacenl to the coast. This area is affected by 
wind· blown salt spray and occasional storm surges 
that flood large areas of inland tundra. Taylor 
(1981) divided this shoreline vegetation into six 
habitat types: tidal salt marsh (Fig. 12), upper­
storm-zone salt marsh, gravelly beach. raised 
bench, coastal dunes and coastal bluffs. Coastal 
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vegetation in northern Alaska has been described 
by Jefferies (1977), Taylor (198 1) and Walker 
(1981). Within ANWR it has been studied by Mey­
ers (1981) in the Beaufort Lagoon area. 

The immediate coastal areas are characterized 
by sand and gravel beaches, spits and bars. These 
features compose on ly a small percentage of the 
study area but are locally important for the nu­
merous birds that use them. Vegetation is sparse 
due to the very unstable substrate, A few species, 
such as sea purslane (Honckellya peploides), 
oyster leaf (Mertellsia maritima) and common 
scurvy grass (Cochlearia oJjicinalis). grow on 
slightly protected beach gravels. Barter Island is 
mostly covered wit h tundra, which is a remnant 
from when the island was part of the mainland . 
The other islands. however , are barrier islands 
that were never part of the mainland. 

Hilly coasral plains 
Landforms and soils. Hilly coastal plains cover 

2211]0 of the study area. Stretching inland between 
the Hulahula and Jago rivers is a complex region 
of gen tly undulating tundra with small thaw lakes 
and pond complexes, This area is quite different 
from the flat coastal plains. Stream drainages are 
beller defined, and large expanses of well+drained 
terrain border many of the streams. 

East of the Hulahula River. particularly be+ 



Figure 11. Vertical aerial photograph (scale J.- 18,()()()) of gent(1' foiling coastal-plain terrain in the vicinity of 
the Niguollak River. sou/lleosl of Barfer Island. Numerous upfund surjucesufe oriented ill tl/l eaSI-west direction: rhe 
relief ussol'ialed .... ilh these jeo/Ufl's il' less Ihun /0 m. Note 'he farge "umOef of II.ermokorst 1J1/l 01/ IlIi' lip/and sur/oces. in­
dica/ing high amollnts of ground icC'. (USFWS phD/(), 5 A URI/Sf /98/. Photo 110. F 1I'5-81 AS 9- /5-87.) 
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tween the Okpilak and Jago ri vers and between 
the Niguanak and Sikrelurak rivers (plate I) , there 
are many slightly elevated ridges and depressions 
that paraJlel the coast (Fig. 13); most have less 
than 10 m of relief contrast. The origin of these 
ridges is uncertain. On aerial photographs they ap­
pear to be either dunes or beach terraces from past 
marine tra nsgressions. In 1982 a brief check o f 
these features showed that they contain graveJl y 
soils. so they could not be dunes. They may be ex­
pressions of Ihe underlying geologic stratigraphy, 
as are those found in the foothills . The ridges oc­
cur up to elevations of 200 m on the nort hern 
flank of the foothilJs. Flat area.~ between the 
ridges con lain complexes o f wet and moist tundra 
associated wit h poorly developed ice-wedge 
polygons. 

Some areas, such as those along the western side 
of the Niguanak River and in the coastal area just 
south of Po kok Bay. have hillier terrain with well­
developed drainages. The vegetation and land­
forms closely resemble those of the foot hills (de­
scribed in the next sect ion), except that the hills 
are less steep and thermokarst pits are more exten­
sive o n the broad hill crests. Elevat ions in the re­
gion rise grad uall y from near 30 m to about 100 
m. 

The soils on the ridges and gently sloping areas 
are similar to those in the foothills terrain type, 

while soils in the depress ions resemble th ose of the 
nat thaw-lake plains. The gent ly sloping (5'/0 or 
less) internuves mostly have moist tussock tundra 
with nat-erntered polygons. Frost scars occupy up 
10 300/, of most surfaces and have Pergelic Crya­
quept soils with loam and fine sand y loam tex­
tu res. The soils between the frost scars are Pergelic 
Cryaquolls, commonly with 1- 12 em or sapric, or­
ganic-rich material as a surface horizon overlying 
mineral soi l with a loam, or occasiona lly a silt 
loam . texture . tn August the active layer is 35-45 
em deep. A water table does not develop in the 
polygon ceRlers but may develop in the narrow 
troughs between polygons, where the soils are (fib­
ri c) Hislic P~rgelic Cryaquepts. 

Vegetotion. The vegetation. like the landforms 
and soils, is a mix of that o f the nat thaw-lake 
plains and that of the foothills. The vegetation 00 

the low ridges is mainly moist sedge tundra that 
mayor may not cORlain cottongrass tussocks. The 
dominant land cover categories (App. A) are 
Moist Sedge, Prostrate Shrub Tundra and Moist 
Sedge/Barren Tundra Complex (Land Cover Unit 
V). The latter category is associated mainly with 
frost-scar terrai n (Fig_ 14, Land Cover Un it Vb). 
This unit covers 37.6'/6 of the hilly coastal plain . 
Moist/ Wet Sedge Tundra Complex is also im­
portant, covering 33.5 07, o f the hilly coastal 

Figure /4. Unil Vb. M oist Sedge/Burren Tundra Complex (frost-scor fIIndra) , 
ThIS k a Iypu;,ol frost-scar area (In a genlle slope, NOll' rlre lack (If rolfongru.'tS russ()("ks 
and dwarf j'hrubs, The vegelo/ioll ~/wt'fllfrosr scors COnJIJfS momly uf Bigelow:S sedge 
(Carex biBetowii). arctic ovens (Dryas in legrifolia ). wide-leafed orcfugros/is (A reta· 
groslis lalifolia), fhe millS TomenthypnulIl nilens and lIumerous fruliC'o~ lu:hens. 

18 



plains. The depressions between the ridge~ comain 
thaw lakes (about 3'/, of the hilly coastal plain .. ) 
and wet tundra (22.7070). 

Foothills 
Lundforms and suils. Foothills (Fig . 15) cover 

about 45(110 of the st udy area. The hills typicall y 
have rounded, north-trending internuvcs between 
the major drainages. The elevations of the hill tops 
range from 'Xl III at the coast ward boundary to 
about 375 III al the sout hern limit of Ihe study 
area . The major internuves arc subdivided into a 
finer-textured paltern of subparallel drainages. 
Superimposed on the north-south pattern is onc 

that trends generally cast-west, renccting the 
strike of the underl yi ng Cretaceous or Tertiary 
sandstones and shales. Outcrops of some of the 
natter-lying, more competent units produce mesa­
like elements on the internuves (Fig. 15), whi le 
dipping st rata produce discotHinuOU5 linear 
trends. 

Detween the Canning and Sadlerochit rivers, 
low foothi lls rise from Camden 8a)' 10 the base of 
the Sadlerochit Mountains, which are 30- 55 km 
from the seacoast. Thc hill s in th is region arc up to 
380 III high. The crests of several of these hills, 
particularly in the vici nity of the Katakturuk Ri ­
ver, have barren gravel outcrops (Fig. 16) simi lar 

Figure 15. Foothills terraill soulli of Comdell 811Y. Till' upland surfac'es are 
dm"inoled by Moist Sed1W Tussoc:k, Dwarf SlIrub Tundra. Noll' IiiI' flol or gl'lIIly 
slopirrg mew-like interjflH't!SI),picol of II/(.' foU/llills wesl of IlJe Sadlemdlll Hil'er. 

Figure 16. Discolllinuous gruvel ulllcrop in Ihe foothills . 
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Figure 17. FOOlhills lerrui" willi La"d CO\W Uml I Va, Moisi / Wel Sedge 
Tundra Complex. NOle Ille Ihermokursl fJ/I)·. 1'111' durk ureus on> raised· or flO/­
centered fJQl)'guns wilh Pergl'fic CryuQllv" soils. 

Figure 18. FmJ/hills sUlls. TIll:' 1"('1 ur(>(ls 11(11'(' (jibricillu/k Per}!f'/i(' Crl"ll'lllofls 
lll/dl or (jilmd IIIsl/(" P(''ltdlt· CryuqllefJH. 

10 Ihose in Ihe While H ills and Franklin Bluff,. 
The Tamayariak Rh'er, Ihe Ka[akluru~ Ri\cr, 
Mar'ih Creek, Carle! Creek., IIl..ilyariak Credo. and 
the Sadlerochi l River arc the main drainage,. Fa .. t 
of Ihe Sadlerochit River Ihe fOUl hills arc fan her 
flUm the I:oa!>l. The \\ide'iL pari uf the l'utl,wl 
plain in ANWR i;; in the vici n il} of lhe Ja~ll Rl \el 
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(Fi g. 2): hcre the coastal p lain is about 40 km 
wide. Another 20 kill of fooll1ill s e.'( lend 10 the re­
luge boundary . 

The creslS o f [hc hilh. ca n either be slI1uulh ly 
rounded or have (.·omplex pallerns of soils and mi­
cro'I:ale landforms (Fj~'i. 17 and 18), 'iuch as 
1tl'i5ock-co'vered nal -cCl1lcrcd polygons juxla-



Figure 19. Unil Vile, Moisl Sedge Tussock, Dwarf Shmbl Wel DII'orf Shrub 
Tundra Complex (/Voler Ifock complex). The (IraiIlOKf' "'wlllle/s (Ire (lo lI/il/atM by 
cll"ori slrfllh.~, mainly diomond-/M/ed willow (5<11;;( p1<1 nifolia ssp. pull:hra) ami dh'{lrf 
bin'h (Betula nana ssp, exilis). 

posed with pauernless areas, strangmoor and low­
centered polygons. Thermokarst pits are common 
and indicate substantial amounts of wedge ice . 
The better..d,rained elemenlS of the hill crests have 
PergeHc C ryaquolls or Histic Cryaquolls with he­
mic- or saprie-text ured organic horizons overlying 
dark-colored, organic-rich mineral material. 
Cryaquepts occur in frost scars, which may oc­
cupy up to 4O!1Jo of the surface. Mineral horizons 
of both soils are loams or fine sandy loams with 
variable amounts of pebbles . The active layer 
ranges from about 30 em thick beneath the 
Aquolls to more than 60 em thick beneath the 
Aquepts. A water table is absent or well below the 
surface, The wet areas commonly have Hislic 
(> 20 em of fibrous organic material) Pergelic 
Cryaquolls or, ir the colors and organic carbon 
con tent below the hislic epipedon do not conform 
to the criteria for a mollie epipedon, Hislic Crya­
quepts. In either case a water tab le occurs 3t or 
above the surface. and the active layer is between 
40 and 45 em deep. In the wettest areas there is 
enough buoyancy in the fibrou s, organic, rOOI ­
rich mal so that its true thickness is difficult 10 de­
termine. 

The hill slopes arc generally greater than 5% 
and are covered with cottongrass tussock s. Areas 
referred to as water tracks (or "horsetail drain­
ages" [Cantlon 1961)) are shallow chan nels thaI 
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conduct snow mehwater and subsurface waler 
during th e thaw season. Parallel and sub-paralic] 
water tracks are commonly present, giving the 
(opography a ribbed appearance (Fig. 19). Strang. 
moor is often found in the channels. suggesting 
slow mass movement of the saturated soil. Wil­
lows and birches arc concentrated in these fea­
tures. The inter-waler-Hack areas are tens to hun­
dreds of meters wide, with relief from 0.15 to I m 
above the track. The waler track portion of the 
slope presents a rclalivel), smooth and graded 
cross section. Polygonal outlines are usually not 
apparent. although ice wedges may stilt be exten­
sive beneath the slopes. The soils are Pergelic Cry­
aqualls or Pergelic and Histic Pergelic Cryaquepts 
(Fig. 20). In most cases. 4-1 5 cm of Hemic or Sap­
ric organic matter overlie mineral material, which 
is of len mixed with organic materials. The active 
layer thicknesses range from 30 to 50 cm. The 
presence of a water lable is uncommon. Within 
the water tracks. Histic Pergelic Cryaquepts are 
the most common soils . The active layer depths 
range from 40 10 50 ern, and a water table is ai­
mOSI always present, commonly within 10 em of 
the surface. 

Frost scars are almost always a component of 
tussock tundra and can composc up to 500'/0 o f a 
given surface, with anywhere from a few percent 
to 75 070 showing some activity (i.e. having bare 
mineral soil exposed). Where slope breaks occur, 



Figure 10. Soils of Ihe water track areas sho wing 0 complex pedon (excluding 
the fussock element) typical of such ferrain (Pergelic Cryoqlloll. left: Pergelic 
Cryaquepf. center: and Histil' Pergelic Cr)'oquoll. right). 

Figure 11 . Frost-scar ferrain in (he foothills. 

both the density and the activi ty of frost scars 
commonly increase (Fig. 21); in these cases 
65-80'10 of the surface may be composed of acti ve 
frost scars. FrosHcar soils (Fig. 22) are composed 
of grayish brown. usuall y mouled. sandy-textured 
mineral material. Under the present taxonomic 
system. the soil pedon is considered a Ruptic­
Aqueptic Cryaquoll. 
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Where bedrock is very close to the surface. as 
shown in Figure 16. frost scars and/ or patterned 
barren gravel may compose 70-8OII'Jo of the sur­
face. Because these surfaces are exposed. snow 
cover is thin or absent. and abrasion by blowi ng 
snow may be severe. However. well-developed 
soi ls may occur beneath stable microsiles. The 
soils are Pergelic (lithic) Cryumbrepts if sufficient 



Figllre 22. CommOIl soil pedOIl {'ollsistillg of Pergelic 
Cryuquepi alld Histic Pergefic Cryaqllull. The soil com· 
plex iJ' dt'J'igl1U1ed R,/p/h'- En'i( H'S/'t' Pergt'lil' Cryuql/ull. 

organic mailer is presellt or Pergclic (lithic) Cryo­
chrcpts if it is nol. The active layer is greater than 
I m deep, and ice volumes are gencrally low. 

Solinuction form s, such as discontinuous stripes 
of frost scars or lobes, are commo n downslope 
from som e outcrops and where slope breaks exceed 
7-10'/0. This is due principal1y to the water added 
by melting snowbanks. Microrelief is relativcly 
great. The high moisture environment and the mi­
crorelief make such areas quite susceptible to ve­
hicular impacls. 

Vegetotion. The vegetation in the footh ills is 
predominantly Moist Sedge Tussock, Dwarf Shrub 
Tundra (Fig. 23 and 24, Land Cover Unit VI). 
which covers 53.8OJo of the foothills terrain Iype. 
In some areas shrubs arc dominant and the land 
cover class is Moist Dwarf Shr ub, Sedge Tussock 
Tundra (Fig. 25, Land Covcr Unit Vila). 

The vegetation in water track s is often domi ­
nated by dwarf sh rubs, mainl y dwarf birch (BelUlu 
nalla) and diamond-leafed willow (Sulix planifulia 
ssp. pulchra). Land cover within water track com­
plexes is generatly classed as Moist Sedge Tussock, 
Dwarf Shrub/Wet Dwarf Shrub Tundra Complex 
(water track complex) (Land Cover Unit Vile). A 
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few Sleep, mainly south-facing slopes have well ­
developed Shrub Tundra (Fig_ 26, Land Cover 
Unit VIII). Dense shrubs with a sedge understory 
grow along man y stream margins. 

Tussock tundra can have a bewildering array of 
subtypes that are difficult to classify. These are 
relared to faclOrs such a~ slope stabi lity, soil mois­
ture, cryoturbation and successiona l history. The 
effcct of fros t activity is of primary importance 
(Hopkins and Sigafoos 1951, Sigafoos 1952, 
Churchi ll 1955, Raci ne and Anderson 1979). 
Frost-scar tundra is widespread in the foothills. In 
areas with neutral or slightly alkaline soils, thi~ 

has important implications for the vegeta tion. Up­
land tundra soi ls are normally a('idic due to thick 
peat layers and the accumulation of organic acids. 
Sphagllum moss, nUlllerous ericaccous shrubs, 
and other bog species, such as cloud berry (Rubus 
chamaemorus), are adapted to an acidic environ­
men!. Where the soil is more alkaline, as in places 
where fros t stirri ng has brought alka line parent 
material to the surface, many of these spa.'ics arc 
replaced by a differen t sui te of upland tundra 
plants, including arctic avcns (DI)'us iflft'f(njulia) , 
Uigclow's sedge (Corex bigelulI'iI), wooly willow 



Figure lJ. Unit VIa, Moist ~dge Tussock. DK'arf Shrub Tllntlro (Up/and tus­
sock IIIndra, acidic facies) on foothills som" of Camden Bay. The /Ighll'f" 
colored upland surfa«s are due to a sf}fflacular /loral (lisp/ay uf collol/grass. Tile dark­
I!r droll/ages Ital'l' Afuist Sedge. Prustrale Shrub cummunities, 

Figure 24. CO/lOr/grass tussocks in Uni! VIa. This unit occurs on aC'/dlc l'/Jlls. Tltl! 
main shrubs arl! diamund-Ieafed .... 'illu .... (Salix planifolia ssp. pulchra). d ..... arf bird. 
(Uctula nana ssp. ('xilis). bog b/uelNrr)' (Vacciniunl uliginosum) alld muuma;" {'ran· 
berry (V. vitis-ida('a), 
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Figure 25. Uni, Vllu, MOISI Dwarf Shrub. Sedge Tussock TUlldra (Up/und 
dlmrJ-shrub, "'SSUC/( IUII(/ra). This unit (KelifS VII Ihl' It.'USl-lll5lurbed IIp/ullcl su,­
/lHYS. The (/lI'or/ shrubs are dUll/ilium. 

Figure 16. Unif VIII. Shrub Tunc/ra. This sill' is on Q sleep, sourl/·/acing slup~ 
of Q rocky ndge neOf Ihe Jogo Ril'ef. 
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(Solix 101l0ro). the moss Tome",lrypmmr IIi/errs 
and the grass A rcrogrQsris lotlfulia. Frost-sca r tun­
dra is most common on slopes and is part icularly 
common in the w/!Stern pari of the study area. 

With the presenl Landsat map catc~urie,. it is 
nOI possible to distinguish frost-scar tundra (Land 
Cover Unit Vb) from Moist Sedge. Prostrate 
Shrub Tundra (Land Cover Unit Va). HO\~ever. 

Ihe laller type occurs along stream drainages ncar 
the coast. where tussocks and dwarf shrubs are 
nol e'ltcnsive. 

The broad tops of gentle hills are usually stable 
and have peat accumulations. The soils arc conse­
quently acidic. support inK thick Sphagnum peat 
with cottongrass IUssocks (Eriophorum vogmo-
111m) and dwarf shrubs, such as dwarf birch (Belu-
10 mura), diamond-leafed willow (So/ix plllnijolia 
ssp. ,m/enrol. Labr.tdor tea (Ledum decumbens). 
bog blueberry (Voccinillm IIliginosum) and moun­
tain cranberry (V. vitis-idQeo). 

East of the Hulahula River there is a noticeable 
boundary between Units V and VI correspondin,!!. 
approximately to the brc:lk in slope betwctn the 
nalltr plains and the foothills (Plate I) . North of 
this bound:uy the soi ls are characteristically less 
acidic than to the south . To the north, meSIc 511e5 
typically have cOllongtass IUSSOCk.s with b3Siphi ­
IOU5 laxa such as arctic avens (Dryas inlegriju/IO). 
wooll y willow (Solix IOf/{lIo). net-vei ned willow (5. 
reliclliara) and purple mountain saxifrage (So.n ­
fruRa upposilijolia). wilh mosses such ae; TOI1l('III -

IJYPIlIlI1l lIilelis. Ditr;C'llIIm f/e:ocoule. Disli('/Iilllll 
(·(lpillm.'l!lIm, and fiyl(){'f}lIIilllll spiel/delis. To the 
south the secondary taxa normally are more acid­
iphilous and include the taxa mentioned in the pre­
ceding paragraph. 

MOIlIIllIIIIOIIS terrom 
Landforms and Salls. Mountainous terrain oc­

['Ufe; in the vicinity of Sadlerochit Spring and cov­
ers on ly about 0.0)'" of the study area (Figs. 27 
and 28). This area is mostly above 600 m and is 
underlain by quarlzitic sandstones Ihat compose 
portions of the Sadlerochit Mountains. These 
areas were not visited during Ihe 198 1 field work. 
MO'i1 of lhe comments here are general and are 
based on information gathered from similar areas 
west of the study area. An idealized section of 
mOllntainous terrain is shown in Figure 29. 

Ridge crests have only sporadic occurrences of 
~oils and \'egetation. with complex ground pal­
terns and rock land . The soils on ridges are mainly 
Pergclic Cryorthents. or Cryumbrepts (Fig . )0) if 
thc tcxtures arc fine enough. mixed with frost fea­
lUres. Upper, st~per portions of most a lpine 
slopes are mantled by scree or blocky lalus. These 
deposit s commonly display block stripes and/ or 
blocl.-bordcred terraces. Ice commonly fills the in­
terstices of the finer cobble and gravel-sized frag­
ment s below the large surface blocks . Pockets of 
Pe.-gciic CryumbreplS , Cryochrepts, or on occa­
sion. Pergciic Cryaquolls occur in finer-textured 

Figure 17. MOl/ntoinOIlS terrain III Ihe Sudlerocllit Mout/laifls. Alpine IUndra 
(U"il IXbJ occurs on the /Ji'aks und rid"es. 

26 



Figure 28. Sadlerochif Spring. Many lInusilOl plant cOllllllunities are associated with 
the spring. 
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P. Cryoqllepl "''''''' _ _ _ 

, 

M,eo, W, 20 

P. Cryonlml" 
HI,'1e P. Cr~Ofltltnl 

Figure 19. Idealized fOposequenN! across MQunraincms Terrain. 

materials. Their presence and degree of develop­
ment indicate local st abilit y or very slow move­
ment. 

Downslope from the talus (Fig. 29), where the 
vegclation cover is commonly completc and snow­
banks develop. the slopes display a variety of soli· 
fluction form s, including turf-banked terraces, 
lobes and stripes. A complex of soils is found on 
these slopes, including Pergelic or Hislic Pcrgclk 
Cryaquepu in wet depressions. Pcrgelic Crya-
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quolls on somewhat beuer drained terraces or lobe 
rronts. and occasionally, Pergelic Cryohemisls or 
CryosaprislS where slow derormation has pro­
duced folded and overthickencd organic horizons. 
The active layer thickness o n these slopes varies 
considerably, ranging rrom 70 cm or more in the 
weller areas 10 less than 30 cm on some of the 
beuerodrained microlopographic elements with 
organic-rich soils. Where coarse, blocky lalus un­
derlies the solinuction slope, moving water may 



distribute mineral material over the surface of 
otherwise organic-rich soils. Solifluction slopes 
are naturally unstable, with a complcx of perched 
watcr tables and subsurface drainage. They arc 
very susceptible to vehicle traffic, which can pro­
duce mechanical and thermal erosion . 

V('gelation. The vegetation communities in al­
pine areas are complex and are interspersed with 
unvegetated rock and talus slopes. The character 
of Ihe vegetated slopes varies considerably. Alpine 
floras are exceptionally diverse due to the wide 
range of lithologies, soi ls. altitude, snow depths, 
exposure to wind, and site moisture. The more 
completely vegetated areas have extensive moss 
mats with numerous small 5hrubs, such as moun · 
lain avens (Dryas octopetala), prostrate willows 
(e.g. Salix arcti"a. S. chamissonis, and S. phlebo­
phyJ/a) and small forbs (Land Cover Unit IXb; 
Partially vegetated areas. Alpine tundra). There 
are few detailed vegetation studies of the Brooks 
Range: the most relevant is that of Datlen (1977). 
who described the vegetation of the Lake Peters 
area. On the Landsat classification, mountainous 
areas are depicted as either panially vegetated 
(Land Cover Uni l IXb) or barren (land Cover 
Unil X). 

RNer flood plains 
Landforms and soils. This terrain type includes 

the present channels and braided drainages as well 
as the adjacent abandoned channels and dellas. 
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River flood plains cover 24.6'70 of the st udy area. 
The present river flood plain consists of the active 
channel and usually one or more terraces (Fig. 31). 
An idealized section across a river channel is 
shown in Figure 32. 

The major rivers within the st udy area have 
braided channels ranging in width from about 0. ) 
to 4 km. The diamond-shaped islands between 
channels are probab ly inundated at least sporadi­
cally in most years during the period of melloff 
(usually late May to early June) . Two types of is­
lands are recognized. The first consists of unvcge­
tated gravels and gravelly sands (or si lt s in the del­
ta region) . These areas are flooded annually and 
are subjcct to intensive water and ice scouring. 
There is nOI any soil or vegetal ion on these rca­
tures, and they are described as river wash. The se­
cond Iype of island is somewhat higher above Ihe 
main channel. The soi ls consist of various thick­
nesses of silt. silt loam, loam and fine sandy loam 
over gravel and gravelly sands. In the most stable 
situations a thill AI horizon has developed, and 
some mOil ling occurs in the fine sediments. The 
active layer normally exceeds 1 m. The soils are 
classified as Cryonhents. Mosl islands are com­
plexes of Cryorthents and river wash. 

In a few cases , where fine sandy surface sedi­
ments have been reworked into low discontinuous 
sand dunes, Cryopsamment soils occur, with thaw 
depths in excess of I m . Sand dunes are, however, 
rare in the study area and are confined mostly to 

Figure 10. Pergelic Cryumbrept soil. This soil is 
commoll ill alpine creSI areas. 



Figure 3/. The Canning River. S'lch ureas ron/ajn varied habitats i"eluding burrell 
alld partial/y l'egefUted river gral'eis in the chall,,!'1 ureus; ""il/ows u1l(1 Dryas lerrUCf! 
cOlI/lI/lmilit'S are ill the older ch(lIIf1l'1.s /Q tilt' right. 
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Figure 32. ideolil,ed IOposequem'e across Ri~'er Flood Plains alld Foolhills. 

the deltas of the Canning and Jago rivers. Thes(' 
features are small, mostly less than 1.5 m high. 
and arc composed of fine sand with a significant 
silt component. 

Beyond the confines of the braided river chan­
nel complex are a number of paired and nonpaircd 
terraces, most of which are above the innuence of 
snow-melt nooding. The youngest terraces com-
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monly retain the patterns of channels and islands. 
For the most part. the soi ls o f the terraces are Cry­
orthents (Fig. 33) and are well drained. The over­
lying fine materials may be 20 em or more thick 
and are commonly bedded. The coarser layers are 
composed of fine sands. They are like Fluvent 
soils of more southern climates; however, the soil 
taxonomy docs not allow for Flu vcn ts in perm a-



Figure 33. Pergelic Cryorrhelll soil on a Dryas river 
terrace (Unit IVb). This soil resembles (J Flul'ent uf 1110" 

southern "reas. 

frost areas. The organ ic-rich surface (A) horizo n 
may be up 10 15 em thick. 

The channel areas are poorly drained, with fi­
brous organic (0) horizons 20 cm or more thick ov­
erlying monied gray silts and silt-Ioams. Perma­
frost is usually encou ntered within 0.5 m. These 
soils are Pergelic Cryaquepts. A surface pattern 
consisting of \ + to 2-m-diameter polygon cells (re­
ticulate pattern of Everett 11 980al) is common on 
the beller drained island elements. Some terraces 
may lack any surface pattern and consist most ly o f 
wet graminoid tundra , whi le others may have 
weakly expressed polygons with disjunct rims 
and/or strangmoor . 

Away from Ihe river (Fig. 32) there is poorer 
drainage, with Cryorthents and Fluvent-like soi ls 
giving way 10 Pergelic and Hisl ic Pergelic Crya­
queplS in which the surface organic horizon is 
composed of fibrous sedge peat and rOOIS. The ac­
live layer also decreases in response to the highl y 
o rganic soils and poorer drainage. Disj unct low­
centered polygons and/ or strangmoor mask (he 
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traces of (he river island pattern. The soils of the 
riverine areas, with few exceptions, are nearly neu­
tral in pH or are moderately alk aline. 

Steep bluH slopes (~24ItJo) along the rivers and a 
narrow strip along their crests arc included within 
the riveri ne area (Fig. 32) . Bluffs may be under­
going active erosion or they may be fossi l, in that 
they rise above long inactive river terraces. In ei­
ther case they are subject to rapid natural failure 
by mud now and/ or solinuction. The result is 
commonly a complex o f soils. Solinuction lobes 
with over-thickened (cumBe) A horizons may 
stand 50 em or more above the surrounding slope. 
Wetter areas occur upslope from the sol inuction 
lobes. The soils are most ly Pergelic Cryaquolls. 
but Pergelic Cryaquepls may be im portant locally. 

Steep drainage gradient s associated wi th bluffs 
often produce a microtopographic reversal, i. e. 
the conversion of low·centered polygons to high ­
centered polygons due 10 erosion of the polygon 
troughs (Everett 198Oa). Duri ng Ihe course of this 
reversal the low, highly organ ic-rich centers (o ft en 



Pergelic Cryaquepts or Histic Pergelic Crya­
quepts) undergo drainage and oxidation. Com­
monly the soiis are enriched wilh mineral materi­
als eroded from lhe exposed bluff or derived as 
eolian material from the river· island complex be­
low. The resulting soils are well-drained Pergelic 
Cryoborolls. The organic-rich sur face horizons 
are underlain by "ariable thicknesses of oxidized, 
sandy-textured materials that thaw to depths of I 
01 or more. The processes of topographic reversal 
are quickly attenuated inland from the bluff edge; 
within a distance of 100 01, low-centered polygons 
(or some olher surface pattern) are generally well 
developed. The addition of wind-blown fine sand 
can usually be recognized for distances well be­
yond 100 m. Bluff crests and their soils undergo 
natural prolile disruption by cryoturbation and 
wind abrasion. Because they are exposed, they are 
commonly snow-free during winter . 

Another important feat ure of the larger braided 
rivers is aufeis. or river icings (Fig. 34) . These 
large ice bodies form during wi nter in sections o f 
the rivers where there is constriction between the 
river bed and the overlying ice . The resulting hy­
drostatic pressure cracks the ice and permit s water 
to now over the surface, where it freezes in a thin 
layer. In normal winters, numerous layers will 
form thick aufeis deposits, which do not entirely 
melt the following summer. These features often 
occur downstream from perennial springs, which 

suppl y a constant source of water during the 
winter (Childers et al. 1977). 

VegetOlion. The vegetation types associated 
with river systems are quite variable. The braided 
channels (Fig. 31) are subject to intense disturb­
ance during spring breakup. and meandering 
streams and braided rivers arc constantly changing 
their channels. The first plants to colonize river 
gravels include the river beauty (Epilobium lati­
folium) and arctic wormwood (Artemisia orctica). 
Slightly more stable areas are often only partially 
vegetated but may contain a wide variety of taxa 
(Land Cover Unit IXa; Partially vegetated areas. 
Ri ver bars). These are among the most flori stically 
rich si tes in the region (Fig. 3.5). 

Willows (Salix spp .) are common on panially 
vegetated gravel bars. and may form dense shrub 
thickets; however. these thickets are not nearly as 
extensive as the willow communities along ri vers 
rarther west. such as on Ihe Sagavanirktok. Ku­
paruk and Colville rivers. Thi s is apparent o n the 
Landsat classificat ion and color-infrared photos . 
This situation contrasts markedly with impres­
sions gained from earlier maps of the region (Vi­
ereck and Litt le 1972. University of Alaska , Arctic 
Environmental Information and Data Center 
1975). The major ecosystem map of Alaska (Joint 
Federal-State Land Use Planning Commission ror 
Alaska 1973) shows eXlensive high-brush com­
munities covering about 20"10 of the study area. 

Figure 34. One uf the numerous river icings alol/g Ihf' Cal/ I/ing River, 27 July 
1981. 
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Figure 1.5. Partially w!getaled ri~'er bur 011 lire Katakwruk RiW!r. Th~ main 
/lo .... wing plont is pa/~ paintbrush (Castilleja caud:lIa). 

Figure 36. Meandering tundra stream. Aot~ th~ ..... ,/lu .... '5. particularly on /h~ tnsid~ 
of Ih~ lwnds. 

However, on thC' Landsat classification (Table BI) 
thC'rC' is less than 0.2'" covC'r of shrub tundra 
within the C'ntire study area. OC'nse shrubs within 
major river drainages (Table B3) cover only 
0.002'1, of the st ud y area. Mosl willow communi­
ties along the major rivers are fairly open. with 
large components of gravel and riparian forbs. On 
the Landsat classification it is not possible 10 dis· 
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tinguish ~tween the river areas thaI arc vegetated 
with tall willows and those that arC' partially vege· 
tated with prostrate shrubs and/ or forbs (Fig. 35). 
Even if allthC' partially vegetated areas within this 
terrain type were dominated by shrub willows. 
willow shrub lands wou ld IOta I no more than 
1.250J0 of the st udy area (Table B3) . 

Dense willow communit ies also occur along 



Figure 37. Ullit / Vb, Dry ProsrralP Shrub, Forb Tllndru (Dryas m 'er (('rru('e), 
TMs unit (YPII:OI/), ()("("urs 011 N!licu/ot,..,JUflefnf'd m'er "rro('f!S with smull suil !lO(I'8W1,\ 

20-40"," ", d,umeter, Bor"", Jrru/-dururbf'd urf!Ql at? roll/III/III , n,t! prtmafV lOXO heft' 
urt' orr/ie o.'('ns (Dryas inlC'Btirolia), bluehsh ()'r)'/fOlJ(' (Ox),lropis IUg re~'Cns), atplnt' 
mdk-Iell'h (ASlragalus alpinus) and romn:u/l "UIlUlljtfaSl (biophorunl Irisle), 

some or th e smnlkr drainages outside the major 
flood plains (Fig, 36), where the soils are some· 
what more stable . in most cases these drainage') 
are narrow and unlikely to appear on the Landsat 
image. Smaller strealTls and inlcrchannel areas of 
Ihe larger river~ have lush sedge and willow 
stands. The height s of the willows var)' according 
to the amount or willler 5now cover and the sum ­
mer temperaturc regime, Willows ncar thc coast 
are mostly pro~tralC: near the southern boundar)' 
of the Sludy area, shrubs can exceed 2 m in height , 

Dryas·dominated river terraces are common 
features associated with the larger rivers (Fig , 37. 
Land Cover Unil IVb), These terraces are usually 
just abo ... e the main channel s and arc especially 
com mon along the Canning River. On the Land~at 
classification these terraces have spectral ~igna · 

lures similar 10 that of Moist / Wet Sedge Tundra 
Complex (Land Co\er Ulli! IVa), The low renecl ­
ance of Ihcse terraces is lIuc to the mal of arelic 
avens (Dry as In/~grijfllia) and the lack of light ­
colored. crect, dead veget.uion . These terraces are 
imporlanl for many species of wildlife; arctic 
ground squirrels, faxes and lemmi ng!! are at ­
tracted to the dry, sandy soils for burrowing s;tl"S , 
and grizzly bear .. are often seen hUnlin~ for the 
smaller animals in these areas, On the Landsat 
classification it woulLl be help ful to separate the 
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dry terraces frol1l the more abu ndant but less nor­
istka lly and faun btically rich Moist / Wei Sedge 
Tundra Complex. This may be possible on Land­
sat scenes taken latl'/ in the .\,ummer or fall. when 
there is a color contrast between Ihese IWO lypeS. 

CONCI.USlONS 

This analysis ha~ ernpha!!il.ed several importan t 
features or Ihe ANW){ siudy area: 

I) Thaw-lak e plains cover on ly about JO'lo ofthc 
"tudy area, but unit s where wet tund ra habitat s are 
likely 10 occur (Land Cover Uni" I, II . 111 and I V) 
cover about 40". of the region, These areas arc 
particularl y sensiti ve 10 surface e.\:ploration and 
are valuable as waterfowl habitat. 

2) The area is mO~lly hilly and covered by moist 
tund ra of varying character. Units IV, V and VI 
are the dominant land cover types, covering 55DJ~ 
of the region . frost-scar tundra cmers large areas 
uf the uplands. Howe\'er, there is currently spec· 
tra l confusion between frost-scar tundra and other 
land covel unit s, Wc hope that this problem can 
be eli minalcd by red uslering the data and/ or by 
use of d igital elevation 1110dtls IDEM). 

J) River nood plains and braided rivcr deltas 
cover nearly 2511Jo of the stud y area. This has im -



portani implications fo r the many wildlife species 
Ihat utilize habital associaled wilh rivers. 

4) Riparian shrub communities are nOl nea rly 
a5 extensive as indicated cn prf'\'ious maps o f Ihe 
region. On l) 0.2'1. of the area h:\S dense shrubs. 
Open shrub com munitie$ along Ihe rivers accounl 
for no morc Ihan 1.25Q/, or the area . 

we recommend using the results of this study as 
a basis ror selccling areM withi n eaeh Of the major 
terrain Iypcs for detailed s tud ies, includmg mak­
ing master ma r s and inllc!; tigatin g Ihe soils. v('gc· 
ta tlon, geomorphic pro~'esse5 and WI ldlife use. The 
four areas we \l isited in 1981 would be ~ood s iud y 
sites. and we recommend adding a n alpine .!>lIc 
near Sadlerochit Spring and a nal thaw-I.a ke pla in 
si tt southwest of Sarter Island . These studies 
wou ld help in eva lua ting the overa ll reliabilit y of 
the Landsat map and wou ld aid In evn lu3ti ng the­
pou:n! ial il"pa"l or scismic ellplo rlt l iOIl withil) Ihe 
wildlife refuge. 
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APPENDIX A, DESCRIPTIONS OF LANDSAT LAND COVER CATEGO RIES FOR ANWR 
In most cases the colors on the Landsat image include severall Ypes. The dominanllypes are described here, but nOI in order of 
imporlance. 

CU/fJr 

II Dark blue 

III Durk , ' rtn 

Um/ 

Pond/ Sedltf 
Tundr1l Complu 

"' Aqualk Tundra ., 
~ha llo~' ... tn 

I. Watft. Water bodies generaliy larger than I acre: i)Ct'an , la\(('$, 
• nd TinlS. 

II •. Pond/Std~ Tund r1l Comp",,, . Vt'ry .... tt tundra Ut'ai thlll ha~e 
numerous small bodit'~ of water. Hlch as drained lake basins ..... It h 
small ponds. polygons and Slrll llgmoor. Rel ali~ely well drained 
tundra of ~aryinl! character may co~er up to 30,,", of the unie. low. 
C1: ntt',ed polYlon eomplt''"cs ..... ilil standing water in thrir cenlers ale 
usually induded in this unil . 

lib. Aqllatk Tund,.. EmCrllem communirin thar eovt'l areai 
Jlearer Ihan I acre. The prima' y II)(On in deeper wa ter. up to J m 
Geep. is Arc/op/llla Iu/wl (pt'nd.m IIrasS). In waler less than )0 em 
deep. the main tau are Cor,x oqlla/ilis (aquaTic sedlle), EflophQr. 
11m scht>lIch~,ri (a rctic COllongrass) and E. ungllSfifolium (common 
cOltongrau). 

Wet Sedl:t' Tundra 111M. Wf t Scdllf Tundra (noneompln). Rci aT ivdy .... er tundra wilh 
lill ie or no standing wateT and onl~ a few ..... ell ·dralned mierosi tes 
associated with polygon rims • . ' trangmoor . hummocks, etc. Muchuf 
th is IUndra is flooded in ear ly summer , but II leflfl8!iy drains o f 
uanding watcr by midsummer and ,emains saluratt'd Ihroullhout the 
summt', . Rehll i v~l)' large area5 of noncomplex Wfl tundra occur 111 
the dellas of the largel rivea, particularly the Canninll Ri~er. and 
in drained lake basins and along somt' river ehanllels. The primary 
tUI are numerous sedges. including Ca('tx aqua/ilis (aquatic sedle), 
Eriophorum anlJus/ifolium (common coIIOnllrl$.l). E. fU5Sffllum 
(russet l eoUongr, ss). C. ro/unda/a (round·fruiled scdgf). C. Stl).·Qlil· 
IS (rocky scdlle) -1I~d a few herbs. including PtdI~lIlaris sudefi('Q up. 
albolabia/Q (Sudftan louse ..... olj). Soxi/raRa hircul/s tbog suifTage). 

Londjflfln "lid .wi! 

I. No $Oil identifit'd . 

III . Principal landformi uf the pond complu art' numerous ~hano ..... 
ponds < I h •• lo .... ·-ct'ntelt'd polygons toft en wit h STanding ..... aTt'r in 
their Cfntfrs). and. sIring bogs (strongmOOrl . The very ..... et clements 
of Ihe unit ha~e. in ordu of abundance. Histk PcrlldieCryaqufpts, 
usuan~ with 20 em or motf of fibrous OIlank materials OVfl gleyed 
(nrouC1:d) mineral soil; Pefgflic Cryaquepu .... ith < :zo em of fib­
rous or,.nie o\·t'r gle)'ed minerll malerial; or Cryofibrim/Cryo· 
hemisu ..... ilh > 40 cm of fibrous organ ic over II leyed mineral wi l. 
Positive microrelief elements, espt"Cially weU-tlevt'lopt'd (> 20 eml 
rims o f the lo ..... -centered polygons. ha~e Pfrlclic Cryaquolls, o«a· 
sionally Pelgflic CryllQueplS with S-IO cm of hi,h]y dttOmposed 
or-ganic maliC!' overlyin, ,kyed mineral soil. Pf'gdie Cryosaprists 
are rare and aff the organlcilly o)(idiud extensions of Iht' 
Cryofibrim or Cryohcmim. 

lib. Normall~ wi ls havc not been described in arfilS whert' A,,'f<r 
philo lulvo is mapped. Thf substralt' in s~h cnvironmfnts consists 
commonly of a suspt'nsion of detrital organIC mlterials, often with 
a significant component of mineral mlterials held in a malri)( of 
plant lOOts. The underlyina mineral wils may be uniformly ale}·ed. 
or on occasion. mottled. The fcsull of o~idaliol1 around acrfnch~ · 

mous roots. Such m il! arc placed provi., ionally wi th the Pergelic 
CrYlqucptl . SimIlar soils wilh incfea~in, amounts of fibrous bio­
mass occur wi thin tht' shallowesl (>)() em) watC1 depths. 

lila . These areas ha~e seasonal standing water (after snow mfll) but 
by mid~ummerlhe t hickening a~ti~e laycr. logelher wilh t'~aPOlran s· 

pirat ion, rcmoves the slandinll ..... ater. Ic:avinll a saturaTed $Oil. Free 
water is encoUnit'red .... ithin a very few ccntimetfrs of Ihc Jur faee. 
r ltlfrned IIround reaturts arc poorly de~dopcd and consist of larlle 
dj sjun~1 polYllons. hummocks and suangnlOQr; the stranllS art' often 
eoextensivf with lhe low polygon rims. There is not much posili~e 
microrflid. Thc soils arf weI . predominal\tly PcrgeH~ Cr~aQuepu or 
Histic I>ergelie Cr~aquepts, both of which have Obrous oTlllnie hor­
izons. In ct,tllD cun where organic and neut'al to alkaline minfral 
SUbSlTale is p,cscm. His tk r ff,clic Cryaquolls occur. 



C%r 

,v Light IIreen 

Uni! 

Muisl / W~1 Sedr ... 
Tund •• Complu 

" Dry Prosl ll11 te 
Shrub, Forb Tu ndra 
(Dr)'os riv~r I t rrMu:II) 

Vegelaliun 

Melandrium ape/alum (nodding lychn;s), Cu//hu pa/us/ris (malsh 
marigold) and Polenlillo pulus/f;s (mar~h five-ringer). Mosses are 
mainly Vrepullor.'/adus spp" Scurpidium scorpiO/des, Call1pylium 
siel/Olllm. Calliergol/ spp. ~nd Splrogllum spp. 

t llb. Wet Sl-dg ... Tund", (Vtry wct complut'S). Complexes of wet 
tundra with up 10 50'11 waler or emergenl vegelation. Low~entered 
polygon wmplues with e~lensive lhermokarSI pil$, or compl('ll 
thermolta/sl areas in Ihe Foothills ~'ommonly have lhis "egelalion 
subunit. Nonaqualic pori ions of the comple~ ma~ ~ tundra of 
varying character. 

ll ie. W ... t SWae Tundrw (moisl conlp lu"'51. Comple)lcS of wet 
lundra with up to 40-,', moist tundra of var~lng charllcter. Low­
centered polygon complexes with well-de"eloped polYIlUO rims, and 
SITing bogs with closely spaced strangs commonly have thrs kind of 
vegetation. 

IIId_ Wei Sedge Tundllll (Sil lInr ru il'S). Areas neaf Ihe eoastthata re 
periooically inulldated with salt water. The primary taxa are Car!'x 
subspolhort'(I (Hoppner sedge). Puccillf'l1io phYr8allodf's (creeping 
alkaligra~s). C. ursina (bear sedge), S/('I/or/o humiJuso (low chick­
weed) and Cochti'aria u//icillalls (common scurv), grass ). Sume 
£aline areas have numerous ponds and arc likely 10 be classed as 
Pond/Sedge Tundra Complex (1Ia). 

IVa_ Moist/ Wet Srdg~ Tundrll, Cumplel. ,\reas of moist sedge 
tundra mixed with up 10 4O~/~ weI sedge IImdra. Flat areas with 
low- or nat-centered polygon complexes (common in drained lake 
basins) or strangmoor (more common in ri ver delta systems and on 
gentle slopes) usually have a large percentage of weI tundra in Ihc 
polygon troughs. basins, thermokarSI pits and interstrang areas_ 

Lu"d/orm u"d Sl!i/ 

IIl b. In comrast to ilia these areas have more sl/ongly expressed 
surface pallerns and microrelief but eontain signirIClnt lmounts of 
slanding wllter in 'he form of Ihermokarst pools or the centers of 
10w-ccnLered polygons. Such area~ lire Iypical of broad crests in the 
Foothills and portions of the ro ll ing Coastal Plain. Moist lussock 
and tussock frost-scar slopes in this subregion have PetgeHe Crya· 
quoll~ and/or Ruplic-Emic Cryaquolls. Pcrgelie Cryaquolls com­
monly form aSSOCiations with Pergelic and Hislic Pergelic Crya­
queJ'lt s ""here 10w-CC'lucred polygons are well eJlpressed_ Histic 
Pergelk Cryaquolls are the principal soils of low, nat~el1lered 
polygons. a form corn mon 10 Unit Illb. Complexes of Pergelic Cry­
aqucJ'lts. Pcrgelk Cryaquolls and Hislic Pergelic Cryaquepu charae­
tnile the unit generally. 

Il k . This subunit differs frum the olhers prind palJ)' in lerms of its 
beller drail1age. It includes ex tensive areas of well -dcve loped low­
celllered polygons and areas of stri ng bogs in which the Strangs are 
more closely spaced, rcnecting ~ more clearly defined hydraulic gra­
dienl_ Pergeli.: Ilnd His tic Pcrgelic Cryaqucpts arc common in the 
strangs. Complexes ~nd assodaliolls of Pergelic Cryaquolls and 
Pergelic and Hislic P~rg~lic Cryaqucpts Ilre common to the reM of 
the subunit. 

IUd. These near-coast areas may displa~' any of Ihe landform sub­
units Of Classes II or 111 . Th~ ~oils in rCCi:ntly nooded areas arc 
morphologica lly lilll~ different from thou of the unllooded p~ns. 
Chemically. however, they rna)' have conductivities that range from 
12.000 10> 18.000 IImhos / cm and should probably be oonsidered 
as Halie Pcrgelie Cryaqucpts. Where saline ~'ol1di t ions ha"e pre­
~ailed for a protracted perioo of ti me and sal t-Ioleranl plant~ such 
as P"cdnellio phrygolrool'S and Cort'x SllbspUlhoC/!u are eSlablished 
on the dead Corn: uq/lulili~. Ihere is a pronounced ~ hanlle in the 
ICXlu re of the accumulating organic malter_ 

IV •• Occurs on nat upland areas or in old, drained lake basins 
where nat-eenlered polygons form eomplcx~ wilh thcrmokarsl pits 
0 / sirangmoor. WeI areas may compose up to 40'11 of auy gi~en 
area. The moist/ weI sedgc tundra is also common 011 gemle slopes 
with nllt-(;cmered pol~gons . The IVa subunit is mOst eXl ensive 
east of the Hulahala RiVer . Soils of the moist arell'i (polygon 



C'l/ar 

, 

UIIII 

Moisl ~dge, ProsrMlft 
Shrub rltl\dMl 

'" Moillr SNItf/BIITI'I\ 
Tultdl1l Complu 
(frOSI .. sur IUlld,.) 

Vtgtllllion 

The ~ptcrral sllnltUrf of rllese Ileas is likely 10 ... ary depellding un 
tile percentage of mOl5t tundla, the SC'lIsun Ilndthe summerrainfall. 
MO;~ 1 areas mayor may not ha,'e cOllon,ran li.rssocks, depending 
on the proximity 10 the coast. Common laxa in moiSI HJndra arC'as 
include Ihe sedgC'> t.. .. r'vphufUIll Irislt (common t"OlIongrass), E. ~O~· 
inOlum (5heathtd COllonl raM), ellt« IJ,gtlv wu (Bilelow'$ sedle). 
C. mtlllIJronacnt (fra l ile sC'd1e): Ihe prOStrale li hrubs Dryas In­

If'gr(folio (arclic a ... ens). Sultx f1'li"ufuIU (nel · ... eined willow), S. 
IUllolu (woolly willow): and tht forbs Ptdl,'uluris lUI/UfO (woolly 
lou5C'won). PolygOnll1ll hisI<Jf/D Ibi5torl). Slt//(1rio 1(11'10 (long .. 
sialktd slitchworl) and !Wnln o o/rupurpurt'uli n p. j fllll(/UJ (arctic 
:Stnteio). Common bryoph~'tC1 indudt Tomf'mhypnulII ni'f'ns. 
/1yl/J("(/mI/lJII .fIJll'm/,"s, PilI/drum ei/iart', Orthurhel:iu", rhrYSf'ulII 
and Oifrirhum /1''''II. '/J4/e. Common lichens arC' Thurllllllliu 
sulJul(formis, CI'/flma spp .• Ou" lyl;"u urt'"l,r u, Cfodumo spp. and 
Cludlflu spp. 

IVb. Dry Prost.,Ut Shrub, .-orb T.ndra (lJr)'fU ri .. et"terraces).Ri~tr 
terraces Ihat ha .. e a den~ p,ostrate mat or Dryus j"l~rjfolia wilh 
numerous small rorbs and plostrate ~hruln; . Thb unit is quite dark 
on aerial phOioaraphs and Landsat dala and has a spoctrahignature 
signalurt Similar to tither Wei Sedge Tundra (III) or MOiSt/Wet 
Sedge Tundra Complu (I Va), although this unit is physiognomically 
~try dirfefenl from eithtr of these other unitt . This is an exlensivt 
unit alonS ri ... tn, particularly alona Ihe Canning Ri .. er, and is us«! 
heavily by ground squirrtls, lemmings and bears. It may be punible 
to di!llnguish these Terraces in $Orne olher phenologic.l s tage on 
Landsat scenes taktn laiC'!" in the summer. Tht primary tua are the 
prostrate shru," Dr)'QJ i"'f'l rl/w;o (arctic avens). !iela "I;('ulolo 
jnet .. veined willow), S. roru"dl/oiru (round .. leafed willow). and SoIIX 
o~uf;/olia (o .. al·leaftd willow): the hC'!"b!; AJ·/ragulu.s alpima (alpine 
milk .... tICh). OXYlropis IIigrrM"rM (blackish oxytrope). £q1J~/1J'" 
arvf'fIJ~ (rommon horiICtail), Arltmisiu arcllCU (arctic wormwood), 
Sill'''' aCQulisjm05s campion). Ch,ywnthtmumin'!'Br(fofium(enTire .. 
leafed ~hrysanlhemum). Sax(frogu opposil(folio jpurpJe mountain 
saxifraat), Co",x m,mbra"OCC"O (fraSile sedge) and £riuphurulll 
IriS/' (common cOllon&r~): and tht mosr.e!o DislirhiulII rapillOC"tulII 
and Dilrirhum j1t:..~'/;WIul", 

Va. Mokt !)fdIC", Prostrate Shrub Tund,... Moderately wtll drained 
areas, located primarily along thc northern plrt of Ihe Foothills and 
in drainage; . The principaltua are similar In those de$l;"ribed fOl 
MoiSl/ Wtl Sedle Tundra Complex (lVal. These areas rna)' ha .. e up 
to 20~ co ... er of coltongrau tussocks. Weller fades nC'arstreamsare 
liktly 10 ha~c no IU.»QC.ks and hilh percenlagn of prostrate shrubs, 

1-ond/orm ond su11 

cenlers npti:ially) are Ptriell~ Cryaquolls. Thruc of the Vlfl Slles 

are Hislic Pt.gt lic e , yaquolls or H I~ lic Pellelic e . )'aqueph . In 
areas whC're frosl ~cats lire , o 111111011 . the 5011 ,ompltl( OJ bc'st de­
scrlbtd 115 consi~ling of Ruplic-1:.ntil" Per,elic CrYHquoll~ . 

IVb. These tC'!"races art lIenerally compontnlJ of the ri"CI'int: cum .. 
plex. El\cep( undC'r unu$ual circumstances they ar~ nOI tloodC'd. 
beins a mtlt, or mort above the Icti .. t ttrraces 01 rivtr uland 
complu. Surfaces of Ihest terraces stili display Ihe ri .. eT island and 
channel features. Tht formC'!" commonly displays polygonal cracks 
and has soi ls resemblina Flu .. tn ls with 15- 50 em of inlCTtayertd 
silts, ~ncis and organic materials o .. er lyinl r i ~cr "wll!ih sands and 
gra~e1s . The depth of thaw is > I m and no waltr lable occuu. 
Former chnnneis are wet to moist and ha .. t Ptfgelic CryaqUoCpuoil5. 

V . This co .. er cl~ 15 mOSIly in Ihe nonhern or rollin, foothills of 
Ihe wildlif( refuge and h often dirrlCult 10 separate ftom Unit IVa 
in that it occupies broad slopinl inlc:rnu"a WiTh Oal-('C'fltcrtd poly .. 
gons. Tht soi ls arc Ptrgelic Cryaquolls "";th a small J)CrCl;'n'a.ge of 
Ptrge1ic Cryaquepls. Portions of the slopes have a .. try hilh per .. 
centallt of frosl $ClI ' ~ , in sam,. cues 80-90.,... Tht:se area.:s art epC'-



Unit V".-ttllion 

Indudinl StIIIX tlTC'liro (arctic willow) and S. pulcitra (diamond· 
Jca~ed willow), IlIId htrb~ such .~ ~ttlsitn /,I,;ous (Lapland 
bUliubur). SIUI/ff#,tI punrtflttl (fOrdate-leaH~d suifrqel. Carve 
aqIHm/u (aquatic Sotd,e). SIu{frv'fI h,TC'u/us (bog sulfra,t) and 
VDI~rulf,a C'tIpilala tnpitate valerian). 

Near the coa~1 on 11ilhlly elevated microslln. moist HondTa 
areu lie 1i~dy to conllin IlrlC components of a prost rO le shrub. 
crUitosc lichen type. This type I~ a rlthtl sparSl' community, indud· 
in, DrlOs "'/~I'I/Q/", (afnK: ayens), SalIX pulrlf,fI (diamond· leafed 
willow). Cturx bi,rlllwi, (8illelow'5 scdac), S. phlr/)Qphylla (\einy, 
leafed willow). Lu:ul/l UITtrro (arClic wood-rush). wi lh consider­
abk!lround covel of 5mall hummocb wilh the moss Dlc"mum 
dmr'tllurn co~errd by while crUSI~ lichens (mlinly Ckhrolf'('itifl 
/,i,rtill and Lf'('III/f;rtJ f'/"brYfln}. 

Vb. Mol~ t !Kdlle/ liarren Tllndrl Complt~ Iho! t-!lC1l r hondra). Pd­
madl)' wcll-drpintd areas with IS much liS 90'" of Ihc s u r ra~e 

coverrd by frOSI boib or fro~t lonll . Velelltion on lhc frOSI .\Carl IS 
letlClllIy $par!.l'. ",-lIh such tl),a as Junrus bl,lumu !two-flowercd 
lush). PrllJ5r1,s!'"pdus (I.apllnd bulterburl. Dryas ml~'iffJlru 
(arClk Ivens). Chrysllnlh,,,,um rrrlf'ltrl/,,/1U1/r (ent ire -Iealed chrysan· 
lhemum) and SoxVrugo "ppuSrlt/o/tu (purple mountain saxifrage). 
and the mone~ Rh(lOJmllfllHn lunUlmQlum. 8f)'um 'pp., Dulkh,· 
um ru",lfun'ulPI. o,r/Jflnorladus unrmu/us. el~ . IncC'f ·frost-snr 
Irell~ ncar the CO<lJI lIe uJually MOISt Scd&c. I'rOSlrale Shlllb Tun­
drl tVa) dominalcd by CurtX bIK¥/""'U lBllclow'~ 5cd1CI. D,)'us ",. 
I~,'t/ullu (Irclk Ivens). AfrluI,osflS 1oll/00itl (wide-Ieded arctagro. ­
li~) and EquiSl'lu.n on'r~ (~'()mmon hor~III). and the mon T<J­
IIwnlltTpnf/1tI nrlf'lU. In Ihe Foothills. frosl -Kar tundra ottUI$ mlin­
lyon dopes and ndac lOps .nd i} likely to have KaIlCT"ed SaliX lu,,­
OIU (lIo'ool1y .... il1ow) ur S. gfullro (norlhern .... llIow) IO-4() em lall. 
This unn '5 t~teosive bUI i~ difrlCuh to separlle on the Lambat 
data. On the f-lu.man scene. it b mo.-e orten dassirird as Unil v 
(sand). "'hlle on the C.nadi.n Ktnt il oflcn appears as Unit IV 
(!iShl sreen). 

Mulst Sf'dll;c Tus.~()l'k . Via. Mobt St'dltt' TUS5()('k. n "'I, r Shrub T undra Iupl . nd Iuss()(k 
O ... rr Shrllh T. "dra tundra. K idid.cin). Rel l ti vely .... elldr.H1cd upland tunod: lundu 

primlrily in Ihc Foothl1ls. wilh II hiah pe,,;ent1Ic cover of cotton­
IIrau lussocks and dwarf or plo~tratc shrubs. In Ihis un;L Lhe IUS­
such nre usually dominanl. Wi th 20-10'/, ~"()ver. On II.cidic soi ls the 
dwarf shrubs include SalIX pulrh,o (dilmond-leafcd Willow). &!tulo 
nllIIO (dwarf birch). Ltdu", (/fI(-UIIIM"S tnarruw·leafed Labrador 
Ita). t'orrinium u1lJllnOSUfII (boa blueberry). V. vilrs·/dilto (moun· 

Lund/lNm und Wli 

cUllly common on crnts .... II h bedrock autno," .1 or dOIle 10 lhe 
5urfl~ Ind arCliS low on the slopes ncar drainaacs. Soils oflhcfrost 
~ars ale Peraelic Crylquepu (OrEnLiJoh). Morcstabk!.tcasbn","een 
the r,OS! Kart (l0-~ or the surface) hue PCT"!el it: Cryaquolls. 
The Ieli"e layer thICkness ranlH from ncar I mrln in lhe scars to 
between 40 and 60 cm bentath the CrYlqllolis. PortionJ of the 
1001. low slopes lire ch.racteri1_ed by Moi\I Scdac Tlluock, D"'lIrr 
Shrub/ Wet Dwarf Shrub Tundra Coml'!k!~ (Wiler track compJu) 
(V llc •. 

VI . Two fa~· ln. add Ind alkaline. afC rccOlnlzt'd in this Foothills 
Uilit. LandrOlms ate prinClrally loni slopnd.ominHlrdbycoHon,ran 
IUSSO(ks Ihat obJ(ure nat ·crntelcd polyaons. The acidic racin of 
Ihis unll OCC UI ill associulioll with deepcr oriank lu~er5 or with 
und~ alld II ra~el (onalo/11erate unin or the unde-rlyina Cretaceous 
and / or lertiary bedrock Ind arc part k ularly common in the area 
tast o f the SadlelOchit Rivn . The.soils IIrt: Peratilc Crylque!'!ts and 
form II ~'()mpleJ\ with numerous frosl SI:ars tRuplk ·Enlic Peraclic 



Color 

\ ' 11 Dark Bro ... n 

U"" 

Mobl I) .. ',rf Shnlb, 
$fdiCt T 'S54Xk 
Tund~ 

~ 

MODI $fda' TUBO(k , 
O"" ,f Shrult!W" 
O""f Shnlb Complto_, 
.... In IrKk eompln) 

lain clan~frYI, £"'fNIl1Im t116rum (Cro ... 'brlfY) and Arrfll$lophylf)5 
n;bra (bnrbrIfY), and lhe br)'oph)\cs arc mllnly lIyluro",;u", 
lfJI~Ifd,,!s, Sphllsnum spp., A ulo("Qm",um INlluslr~ and Pt/lId,um 
t'lhort. Lkhen~ ale dominaled by Clodunlu spp. and Clodinu 5pp. 

\ ' Ib. Moisl Sfilltt TII~~'H.'k . U .... rf Shrub Tund~ (upl.nd tuMOC~ 
lund~ . , Ik.lint f.dn), 0 .. mure neutral or bu,c $(Jils. ,"'porlanl 
laxa a.~SOClaled ""ith tht COllOlllfan IlIs~ocb mclude Dryus mlesrl' 
jolia (arclic a\ens), COrtI( bI6t1UM'li (8igelow'~ liedle), SahA Orttll'O 
larctic wtllo .... ). S. rtl/('ulata (net· lt.fed .... illo .... ). S. lanala (woolly 
"' illo .... ) and Art·tUljfflJlis I(mjtlhu (wlde. leaf«l llr~t~lI rOSI ' II: Ihe 
chief moss is Tumenlh.)'prllml nrlt'ns. lind the lichens lire malnl) 
Cetraria .Ipp. The alkaline soils aft most often II rt~uh of the frO~1 
sllrrinl of bllSI~ parent maltlials, alld barrtn frosl .\Can can co'tr II 

lalile ptlcentazt of Ihls unit. II IS unclUr .... helher Ih.~ I)"pe is more 
cornmonl)" clas~ as Uni l V (ill lid) or VI (Iillhl bro .... n). 

Both VI •• nd Vlb may have UP 10 30 ... cover.lte of olhtr vtgera. 
lion typn, mainl) Moilil / Wet Sedllt Tundr. Comple~ (IV.) or Wei 
Scdll~ Tundra (III). 

\ ' 111. Mob:! U~.rf Shrub, SNit Tiluodr Tlllld~ ... pliind d .... rf 
.... IIr .. b. IlIilWCk tund~). S,m,llr .0 Via ellcept here Ihe shrubs, 
mainly SoliA' pulehra (di.mond ·leafed ... ilIow) and iklula nuna 

(dwarf b,rthl. Irt dominant and m.y rtaeh htllh.s of up 10 SO em. 

\' lIb . Moisl o ... .,r Shrllb, ~ltt T .. BOC:k Tllndn (blR'h lund~). 

Hilh-c:cnlert'd poly,ons and pals.s w"h d ... a,f ~hrub eommuniues 
dominllcd by 8,lula nanu (d .... ,f birch) and Erruplwrum l'aRif,o/um 
tshtathcd rouonlnm). These artls occur on h"h-c:cnltlcd IlOh'gons 
loward .hc soulhern tnd of Ihe eoaslal plain and 111 lo .... thcrmokar~ ' 

drainalle Ifeas in 'he Foothrlh III wme communi'it~ Ihe birch is 
complelely dominanl and Ihe cOllon,'us i~ .b~nl. Olh(1 I),plcil 
lUI in Ihese sile5 afe Huhus ChamlU'lIIOfU5 (doudbtllyl. Lnlum 
dtt r""r/""l1~ (nlrrow·lurt'd LabradOI IU). IWrcularu lahrur/Ilf;.·u 
(Labrador lou~t .... on). VaC"{"inrrllll "'lrs-;dot'a (mountain cr Oll , 
berry). SphulJnwlI mone$ domina.e tht IIround IlIytr wilh numer-
0115 Claduntu and Cludma lichcn~ . 

---- --- - --

ulllrl/orm lind sorl 

Cryaqu~pIS). Histic Pergdic Cryaqutpts arc common ... htre waler. 
lrack UniU orxUI . AlhliM f.c'cs of Ihb w'el cl.n are most ~'Um, 
man .... CSt of tht Kala~lurul River, Ind Iht .1.011 wmplell is Rupllc , 
Enlk Pnlehc CrYlquolis. Wlttr rabies art I~nerally absent III the­
moisl por"on~ of boih ricin uctpl ,n ... ·altl Irach and near the 
fOOl and cre~' of Ihe ~Iopt. Pugehe Cryochrep!! art prestnr on 'he 
fe ...... ell-duincd arn~ wuhin Ihl~ unll. 

VIII . The wits of this ~Ubr.U1IC IIC Icntlally s.mrlar 10 Chow: of 
Unil V I. 

"lib. ThiS subunit OC\:urs pnnlrpally in Ihe head .. altr ;1IC8sofmany 
small, oflcn beaded draillain III Ihe l oothill\ alta. In ~ ueh .reas 
Ihtrmal trosion combine'S ",ilh nalur.lthermokar ~1 10 produce high· 
~'tnterrd pol)"lons, "'hkh rna) h"e • meIer or mOIC" of mreforehef. 
Solb thllt in uneroded pcllI,ons of the htadwatcr basrtls are Hist,c 
Pe1lltlic C,yohem,Sts Ite eon~erttd 10 ISapriet Ili~lic Perllr:hc 
Cryaquolls or Pergche CryOla["lmls btcluSC of Ihe betlel drllnage 
afforded by thc microrelief. A future of htad .... arer basinnndsomt 
broad inrcrluvC'S tUM III ). especially In Ihe soulhern pan of 'he 
l·oorhiU.\. lire bll.:h ·covcrcd peal plaltaus (gcrlcrally palsa~) Ihal 
sl.nd 0.5-1 m abo\e Ihe surrounding ... t! RtIl1t tUlidra. The .~oiI5 o( 
these features lire fibrous HI~IIC Pcrielic Cr)aquepIs in .... hich large 
~olumcs of ~egregalion Ice oc~ur . Icc volume~ increase .... i,h dep'h. 
and ind.w,duallaye r ~ ml~ bl'. mtter 01 molt Ihiel . 
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IX Violet 

Shrub Tundra 

Vegelo/lvn 

Vllt. Mobl Sfd&t Tussock, DWlrf Shrob/ Wt l o .. lrr Shrub Tun· 
dl'1l Complu ( .... Itr Il'1Ick complex). Slopes in thc Foothills wilh 
WIICT IIlcks. In Ihese .reas the sedge lussock. dwarf shrub lundr. 
forms a complex with shrub communities in tile warer tracks. The 
height and densily o f the water IrIck sll rubs vary, but the domina(ll 
Iuon is generally So/IX pu!t;hru (diamond-leafed willow).Other 
important taxa in water tracks indude So/Ix urCI;CO (arctic willow). 
/k/U/ll nUllO (dwarf birchl. CQrtX oquo/ilir (Iquatic sedge). Erio· 
phOl1lm QngUSIi/Q/iulfI (common COitongauland olher IIU typi· 
cally foulld in Wet Sedge Tundra (Ilia) . 

Vllla_ Shrub Tundrl (nolt(omplu). South·facin, slope$ in Ihe 
Foothills with communities dominated hy dwarf IIIlU medium-height 
(up to 2 m) willows, birches andlol alders. These sites arc relat ively 
warm and oflen rocky with a variely of microsiles. "'hieh eontTi· 
bule to ,reat species dive rs ity. Typical taxa indude SQUx spp. (wil · 
lows), /klu/a g/ondulllSQ (shrub birch), Alnur crispo (mountain a i 
der). Lupfnus urc/;cus (arclic lupine). Am,.miS/Q II/esii. (Tilcslus' 
wormwood). A. ur,'/iCQ (arClic wormwoodl. Aruni/um delphini/v · 
Ilum (delphinlum· lnfect monkshood). Delphlmum brO('hpntrum 
(northern dwarf larkspur). POIen/il/u irlll/cosu '~hrubby ~inqu~ foil) . 

8rumus pUlllpe!/ionus (.rtlic bromt-gras~). EqulSelUlII urVf'lIse 
(common horselail). Fo/ucil of/ul/;'U (rou,h fescue), !Wnenu fugens 
(black-t ipped groundsel). Cus/il/elu cuudu/u (pale paintbrush). 
Curex ImCrodtHla (smilll·briulcd sedge). Arnico iT/lidu (nodding 
arnica). A . alpinu (alpinr arnin). PrIQ1i/n iri,iduy (Lapland bUI­
Icrbur). Suxijrugu ""'/lSIJldu/1l (thrce·loot hed saxifrage). Voccinium 
uli,inO$ulII (bOI blueberry). v. vili$-idQ~ (mouJlta'n cranlxrry). 
As/er siberiN (Siberian aster), Led/lm decllm~n1 (narrow· leafed 
LAbrador lea) Dnd EIllpi!/rUIII nigrunI (crowberryl. 

VI lib. Shrllb Tundra ( ..... In trark tompln). ThiS umt is Ycry simi' 
lar 10 Vllc, u~PI here Ihe water (rack shrub commuJlil ies doml· 
nate. The unil also appeau in somc stream drainl,Jle!>. wilh abun· 
danl medium·height and tall willows. 

Pullilly YI'!tl'laled . r,.5 IX •. RI ¥l'r han. I'arlially yegetated river bars have a wide diverSlSt) 
of lUll that include Epilubium IUIi/o/illm (r;yer Ixauty). Artflllll'la 
ipp. (wormwood$). Sulix 5pp. (willows). ellS/if/e}o (,lIudlilO (pale 
paintbrush). Hedysurum alpinl/III (alpine hedysalum). H. mucken,li 
(Macken;r;i~'s hcdys.a rl,lm). Art:IU1/Qphy/os rllbra (bearberry). O~·· 

IfOpU romprsms h'ellow O:lytropt}. Allt-mone purvifloro. \5mall-

Landiurm uml sl)il 

Vllc. This unit differs from Unil VI primari ly beeault of the III· 
creased abulldance of .... at~r tracks. Ul' 10 30'" of rome slopes; . 
ThCSt' drAinage chlnnds rUJl do","nslope, eurvinl toward small 
streams, Soils in the Irach arc primarily (Flbric) Hmic Petgelic 
Cl)'aquepu. lnlefl /ad:. arl'lU ar~ drier. wilh l'~r8elic Cryaqucpls Of 
Pergdic Cl)'aquoll!. A shallow .... ater table i, plCSl'nt in the lIacks. 
Thaw in the Iracks 15 somewhat greater tlian on intertrack areas, 

Villi. Thill1nit is C'Ommon on SICCP (25-6j~) ~Iopcs in llie $Oulh· 
ern pari of th~ Foolhill~ and on yegetation·coyered slopes in Ihe 
alpine areas or the wildlife refuge. Such !lopt"s are characlcriled by 
one or more form~ of mass wasling, most commonLy ~oliOucl;on. 
NOIl·soil and difrerelll kinds uf soil are often jUJnaposed. formin, a 
mOSaic conlposcd or Perlelk Cryorlhrnts. Perlelie Histlc I'efgelic 
Cryaquolls tPer,elic and Hlsllc Pergelic Cryaquepts ",h~re ice 
bedrock Iypes aTe nc"r the )urface), and in some ca~e~ Pergclic Cry­
osapri~I$ . 

Vlllb. This ~ubunjt is Similar !O Vllc exCCpl the \II'alcr ttad. portion 
of I lie complex is dominant. In Slr~am al~;nagc5 Ihc ~oils arc form· 
ed on alluyium and may be Pergclk CryaqueplS. Pelgelic eryOl' 
IhenlS 01 soils simHal to Ihose of IVb. 

IXa. Riyer bars HIC I/lcJuded in rl~er island comp(e~es. Those Ihal 
lack vegetlltiun or ~ils are !realed Ii ri~cl -wash dcposiu. Sumc 
bars or fI~er island.\ , althou,h subjt'l.l 10 \Casonal flooding and 
5coullng. rrceiye most ly si it s and sands. Those that tlle ~nly ycge· 
tilted have wils Ihal are Similar to those of Unit IVb and are Per. 
Ichc Cryollhenu. The prinCIpal difference IS that Ihe silt andl or 



CoIw UfII' 

x Blick 

nowered anemone). Equly{um on'(',,~ (common horstl ~ i1 ). Trist­
lurn spiculum (spikrd uiselum). DesrhompslQ CQf'spilO$o (tufted 
hllt8liSS) and AS/ragalu!! a/pi/illS (alpine milk-veICh). 

IXb. Alpine lund MI. Many alpine wndr. artas apmar to ~ parlial· 
ly "cSclala! bKauS( o f the large amnlln! of barrt'n talus and ,od.$. 
The character of alpine tundra varies considerablY. b Ill lilt more 
completely yeactated are~ have exteruive mo" maiS (mamly 1/),10-
comlu", splendtflS) with numerous prostrale ~hrub5. such as Df}'aS 
(K1O~fOla (mounta in avens), Salix phlebopllylla (veiny·ltafed wil-
10") and S. chl1miUQnlS (Chamisson's willow), and herbs s Lich as 
Carex microchoela (small-bristled sed,e), Grum glo(il1/' (glac ie r 
Ivens). $Dxifrago bfflnchio(1S hpolted u xifrage). S. d(11'u,;CO (da· 
vurian sax ifrage), S. Iflcuspidu/o (three-too thed saxifrage), S. s .. ,py-
1I1/0llu (thyme-lea,ed suifrage): and many l ic hcn~ induding CI(1d,­
nu spp .. Ntphrvm(1 I.'xp(1/1idutn , Cetr"ri(1 spp., Oorl)'ltn" orrtiro and 
Sf/Itoe,ophQfuS globQsus. 

tXc. Sertfti siD1M' lids. Some Cklensiye w ried polygons occur in Ihe 
lago and Okpila~ dra inages. The$(' cO'UD.in rocks ron'red by lichens 
such a5 Umbil!c(1riu spp., L«unllfIJ spp .. Lt('/dtrl spp., Rh/~oror­
pon sp p. lind Alertor i(1 mtnusc-u/(1. 

IXd. 8f1lC~n . Some coastal beaches and mud nau arc sparciy 'Cle· 
taled wilh Curex subs{H1lhu.' fO {H oppner sedge) and Pur-rinell,o 
phrygunQdes Ic.ccping alkali·,.us) and olher laxa simila r 10 wet sa­
line lundra (IUd). 

IXc. Sand dunes. Dune communilies occur in Ihe della o f Ihe Can­
nin, River, Species arc similar 10 those o<:curring on ri Ycl bars 
( I X a). The most sparsely ye,ctaled dune~ are domin311."d by E/ytnus 
urenorius (dune gran), More stable dunes have communities similar 
10 the Dr)'us river lerrace communi, y (IVb). 

X. Barnn gra"el or rock. Ught-co lorl."d barren grayd or rock oc· 
curs in a Yariely of places that include bare riycr grayels. , raye l and 
SIInd spitli, alpine barrens lind cuhura] barrens such I.J; Iht runway 
and roads at Barter Island . Some IIrayelly ridge lOpS in Ihe Foothills 
ate in Ih is unit. These areas actually have a rich but sparse nora 
Iha' includes POlell/i1/(1 bjflo,Q (two·nowered cinquefoi l), Dr),(1$ or­
IO/H/Qlu (mounta in ayen!). Ar/tmisiQ urrlieu (a lctic wormwood). 
Caslil/(}U C(1udQ/u (pale paintbrush), PrdiculQris w'rfieillu/Q (boreal 
lacob's- Iadder) and Olher lua similar 10 aravel river bars (lXa). 

LUlldform und soil 

sand upper horrzon i~ ,tnnally < ]0 em lhic ~ and lad;~ ton~ of 
organic materials, 

IXb. Alpine areas, abo'c the ~olinuctio ll s lop~ that are ofleo shrub 
coyered (Unit VIII) , afe composed of parlially yegrlaled, slcc"p 
( >50",- , talus s lopes alld nallow cres ts: the nallCf on~ have SOrted 
and unwrtl."d )ton(' nels and/~ (rnst M'"IIrs. The slable area~ lhal 
support mOSI of ,he ~egetalion have Pergelie C,yon hcnI soils and, 
if 5urricient Fi ne$ arc pr~cllt. Perllclic Cryachtepls. The soil palleTn 
is Rupt ic·Entie Pergehc Cryorrhenu andl or Cfyochrepts, both ""lIh 
a Sapnc organk surface horiLOn up 10 , em thick. 

IX I.' . Large block-bordered polygons and block fields ale nOled in 
the w u,hc rn part) of the la&o and Okpilak dralnage\. In some 
eases Ruptic-Entic P('I&clic C ryachrc"pls andlor Cryaquept l are d\'­
Yeloped on the linel·tutured materia ls in the pol},on ccnters. 

IXd. Beaches genera lly do not have !iufficienl siability 10 dc~elop 
soi ls. In thc few cases when they are deye loped under scdge~, Ihey 
a le Cryollhtn lS. 

IXc, Sand duncs are nOI abundant In lhe wildlife rduge, occurri nl\ 
mOSI ly in ,he delta re, ions or Ihe Cannin, and la,o r,,·crs. Whelc 
sufficie nt ~egelallon ('xis ls 10 st abilize or partially sta bi lize them, 
the soils a re Pergdic Cryopsa mmcnl S. The act ivc layer is :> ] m 
'hid;. WeI sand)' malcrials between lhe dunes havc Perllelic Crya· 
quept soils. No w il is rCCOllni~ed on aCli~e dunes lacld n, ~cgcla· 

lion. 

X. Barren lI ,a\'c l areas arc mostly included in the n~er island rom­
plex and do not have so ils (riYer wash deposits. subunll IVb) The 
walet lables rcOcct rivel water le,'d, and permafrost IJ drep or ab­
sent. Some Ilra~el barrens and rock OUlcrOP area.1 oc~ur . C'l pecially 
on upland~ . HI."e a water cable is ab~en l and ice-lich ~rmafrost, if 
presen' al all. l ie~ al dcpth > I m. 
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XI. B'm'1I mud or WI'cl a nO't l. This unit hat a somewhat darker 
spectra l signature Ihan Unit X. II indudes ex tensive areas of barren 
mud in Ihe dell as of rivers and ",·el gra~cl!i in Ihe rivers and be.ch· 
es. Some dark-colored barren rocks in Ihe mouneains arc a lso in 
Ihis unie. 

XII . I~. Ri>er kings (aufels. occur in the br.tded st ream channels 
of mosl of 1M larler rivers. 

Lrmd/orln rmd sUlI 

XI. These arCis Ire within Ihe riverine SYSlem and occur moslly in 
Ihe dell. areas, all hough wei a raveb may OC'tasionally be formed 
on flal uplands and beachcs. In mosl c.ses sha llow waler ulbles .nd 
a thkk active layer occur . No soils arc rcrognized. 

XII . No soils arc desl,nated for aufeis UCl!. 



APPENDIX B: AREA SUMMARIES 

Table HI. Acreage summaries or (he "egelalion or lhe Coastlll 
Plain pori ion or (he Arelie Na tiona l Wlldlire Reru~e . 
The water I.'R1elory includ6 ocean within the Jtudy area boundary. 
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Table 02 . Aru measuremrnls. by survey lownship lind land cover class, In percent and acres.· 
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APPENDIX C: APPROXIMATE EQUIVALENT UNITS IN SEVERAL SYSTEMS or LAND COVER. 
WETLAN D AN D VEGETATION CLASSIFICATIONS US Ell IN NORTlI E:RN ALASKA 
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APPENDIX t>: SOI L TAXONOMY 

The word "soil." as used in tillS reporl , rcfers 
10 Ihe thawed layer o f gro und o bserved in Augus i . 
The nomcudalure is that o f [he U.S. Deparlnlell\ 
of Agri(."Ulture. Soi l Conservation Service Manual 
4)0. 1981 Draft and Ha ndbook 436 (Soil Surve) 
Sta H 1975) unlcss o therw ise noted in the tt!XI. 

or Ihe len soil orders recognized in Soil TtlxQn­
om), (Soil Survey Staff 1975). four arc found in 
ANWR (App. A) . Soils bdonging to the order 
Mollisols a rc extensive. They occur in all terrain 
types, part k ularl}, in th(.· FOOl h i1l .~ and Hilly 
Coastal Plain . Mo ll isols arc dark,-colored minera l 
soils. The dar k color is a rencttion of 81 least 
2.5 11/0 organic ca rbo n in [he upper 18 em of the 
profile. In addition 10 the da rk l.:olor , Mo lliso\'!' 
have a base saturation gr..:ater than 501110, i.c. Mo l· 
liSOls arc ncutral or slightly alka line in reaction 
(pH) . Wei Mollisols are da'isined as AQuolls. aqu 
indicating an aquic (reduci ng) moist ure- Icgimc 
and 0/1 indicating the soil o rder Mollisols. T he 
pre rLX Cry appears at the Great Group level o f 
classification for all soils fou nd in ANWR and 111-

dicates a mean annuallcmpcrature less than SoC. 
The term Per&elie (permanently rrOLen) appears al 
the subgroup level or all A NWR ltoill>. Thus. Per­
gelic Cryaquo ll defines a cold. wCt, dark -colored , 
base- and otgan;Nich minerai soil under lrlln by 
permanently frozen materia l. Pergelic Crynquoll ~ 

occur ri ng in vcry \'Je t nrca.s may h:\Ve a ~urr3cc 

horilon with greatci than 20 bUl les~ than 40 \.'"m of 
organic material. These SOils arc designated as 
Histic Pergelfc Cryaquolls (the term Hislk indi o 
cales an orgnn ic surface hor i10n grealer th an 2() 
Clll thick). Mo lliltols On well-dr ... iTlcd silt!., arc 
termed Pergelic Cryoborolls. 

Inceptisols arc minera l s0115 that have only 
weakl y dirrercn tiatcd soil horizoll!'. This is due 
primarily 10 the ineffect iveness o r the leachin[! 
process in the cold . wet tund ra. O rgu ntc carbon in 
Ihe Inccptiso ls is nOl evenly dis tr ibuted in a dis­
tin \.'"t mollie epipcdon (dark-colored, base'l ieh sur­
race horizon) as in the Molilsob. Aq\Jepts (epr in­
d icates the soil o rder) arc wet Inceptlsols that com­
monly show sOllie degree 01' mau ling (iron oxida ­
tion) in the minera l soil belo ..... the o rgan ic ~urface 
horizon. Minerai s oil.~ generally arc gray, r(, neet­
ing a saturated, reduci ng environment. In some 
cases an organic- surrace horizon greater Ihan 20 
em thick for ms the cpiredon (sur fs\.'"c ho rizon ) and 
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the soils a re termed Histic Pergelk Cryaquepts. 
Wet Inceplisols lucking $uch an epi pcdo n arc si m· 
ply termed Pcrgclic Cryaquepb. Most Cryaquepts 
~how !'Clrne quami,), of organic matter mixed in 
the subsurface horizons , presu mably co nCt'ntral· 
ing at or ncar th e seasonal permafrosl lablc. Many 
Cryaq uepls developed in s ill . sill loam, Or fine 
.~andy loa m mat erials dbplay thixotropic charac· 
teristics and will now ,!,pontaneously upon vibra­
lion. CryuQ uepts are common compol1cnts o f soil 
t.:omplcxcs and 3re' ortellllssodatcd with Mollisols. 
particularly where Ihey Occur In frost scars. In 
~uch CUM:'S the \.'"omplcx is termed Ruptic·(lOtc:r • 
.-opted) C ryaquept ic Cryaqu!l li. The term Enlie 
(Enciso\) may replace Cryaqucptk i f frost-scar 
~oils show little or no horizon developmcnI. 

Relatively we.1I draincd and stable sites. especial4 

lyon ridge creslS, ha \le Pergelic Cryumbrcpt s. 
which afC (ncepll sols with an umbrk (dark-coI4 

Of ed, base- poor) surface hori zon underlain by an 
acid (base-poor) $ubhoril.on. Similar soils lackin.g 
the umbric surrace horizon are usuall y designated 
Cryochrcpts. 

Enlisots are soils with li ttle o r no horizoo devcl­
opment. They arc comm on on ulIStable siles such 
as sand dunes. nood pluins and talus areas. CrY4 
opsammems are sandy El1Iisols that are s ubject to 
blowing and d rirting. Cryorlheots are coarser and 
acc composed of gravels, ro!,;ks and rnattrials 
round in recent mudnows. glacia l deposils and 
stabilized river a\1uvium. 

Perhaps the least e-xtens;vc and lcast rrcd ictable 
in occurrence are (he organic 50i ls (H istosols). 
These soils have a s UI' ra~'e horizon com posed o r 
g reatc.r than 40 em o r o rganic !11aterials and gCIl · 

erally greater Ihan 60"/0 organic matter ovcrlyi ng 
gray. sometimes mottled , tinc-1exl ured mincra l 
ma terials_ Normally these soils atc very wet. to the 
cX lent (hat the organic materials are buoyanl o r 
r art ial1 y so . They occur on nat areas. either I)n 
r idge crcslS or fn lowlands. Three taxa o r cold 
HislOsols are recognized : Pcr£c1iC' Cryofibrim 
(fibrous, low·density organic mailer) , Pergelk 
Cryosapri.slS (nonfi brous . highly decomposed and 
dense orj~anic mallcr) a nd C ryohcmislS (intermt'· 
diate organic mailer charact erist ics). Histoso ls 
may ha\'e any pH . although In ANWR most al e 
nearly neutra l in reaclion . 
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Walker , D. A. 
Landsat - assisted environmental mapping in th e Arct i c 

National IHldlife Refuge, Alaska / by D.A. Walker, 
W. Acevedo , K. R. Everett , L. Caydos. J. Brown and 
P .J. ''''ebber . Hanover , N . H . : U.S . Cold Regions Re­
search and Engineering Laboratory ; Springfield, Va .: 
available from National Technical Information Ser­
vice , 1982. 

vii, 68 p .• i l lus . ; 28 cm . ( CRREL Report 82-37 . ) 
Pr epared for U. S . Geological Survev and U. S. Fish 

and IHldlife Ser vice / by U. S. Army Cold Regions 
Research and Engineering Laboratory. 
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