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FOREWORD 

Within  the Canadian Forestry  Service,   the  Forest  Management 

I n s t i t u t e ,  Ottawa, and the  Northern  Forest  Research  Centre a t  Edmonton 

are  conducting  surveys and s tudies   of   the   vegetat ion and vegetation- 
land   re la t ionships   in   the  Mackenzie Valley  Corridor, The Forest Manage- 

ment I n s t i t u t e   h a s   t h e  t a s k  of  mapping the  current   vegetat ion types, 
i n i t i a l l y  on about 30,000 square  miles,   using  aerial   photography and 

l imited  f ie ld   sampling  within a two-year  period. The Northern  Forest 

Research  Centre, in  collaboration  with  the  Geological  Survey o f  Canada, 
i s  determining  the  relationship of  vege ta t ion   to   sur f ic ia l   depos i t s ,  
so i l   mois ture ,  and permafrost ;   s tudies  are a l so   be ing  made of  the 

e f f e c t s  of disturbance on the  most common vegetation-land complexes and 

on those most s ens i t i ve   t o   d i s tu rbance .  A l l  of these   s tud ies  are p a r t  

of  the  program  being  undertaken by  most agencies of  Environment Canada 

t o  determine  the  ecological  relationships and the impact o f  economic 
development on t h e   t o t a l  environment i n  t h i s  area. 

The vegetation-land-soil   moisture-permafrost   relationships 
are of  paramount  importance in   cons t ruc t ion   ac t iv i t i e s  and on the  impact 

o f   t h e s e   a c t i v i t i e s  on the  biophysical  environment.  Information on 

previous  s tudies  o f  this   nature   conducted by e i t h e r  Canadian or   foreign 

inves t iga tors  w a s  n o t   r e a d i l y   a v a i l a b l e   i n  any organized  fashion. 
Therefore,  the  Forest Management I n s t i t u t e   e n t e r e d   i n t o  a contract   with 
Dr. Patr ic ia   Roberts-Pichet te ,  a wel l -qua l i f ied   p lan t   eco logis t ,   fo r  

a l i t e ra ture   rev iew  to  make exis t ing  information more readi ly   ava i lab le  

t o   a l l   o r g a n i z a t i o n s  concerned  with  vegetation  relationship i n  the 

northern areas 
On the   basis   of   the   l i terature   review,  Dr. Roberts-Pichette 

has drawn some preliminary  conclusions  concerning the environmental 
impact of a poss ib le   p ipe l ine  and assoc ia t ed   t r anspor t a t ion   f ac i l i t i e s  

within  the  corr idor  area, The opinions  expressed  are  those of the  

author and do not  necessarily  agree  with  the  views of  the Canadian 

.- 
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Forestry Service, which will be available after  the  conclusion of f i e ld  
studies and analysis of the data collected during 1971 and 1972. 

Director 
Forest Management Institute 

t 
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ABSTRACT 

This bibliography  contains  almost 500 t i t l es  ch ief ly  from pos t  

1945  North  American,  European and USSR l i t e r a t u r e  on t h e   a r c t i c  and sub- 
arc t ic   reg ions  o f  the  world.  Although  concerned  primarily  with  land 
s e n s i t i v i t y   i n   t h e   n o r t h ,   t i t l e s  of  taxonomic,  ecological,  geological, 

geographical,  meteorological and permafrost s tud ie s  and reviews  have  been 

included.  Quotations  have  been  selected  to  give  special  emphasis  to  the 

ecological  problems  result ing from man's inc reased   ac t iv i t i e s   i n   t he  
North and a l so  t o  the  accumulating  of  information on how to   repa i r ,   reduce  
o r  circumvent  environmental damage. 

Cette  bibliographie  regroupe  environ 500 titres de publ icat ions 
ayant t r a i t  aux reg ions   an t iques   e t   sub-arc t iques ,   parues  l a  p lupar t  

depuis 1945 en Amerique du Nord, en Europe e t  en Union Sovigtique. 

L 'or ientat ion  pr incipale  est  axde sur l a  s u s c e p t i b i l i t g  des t e r r a i n s  dans 

l e  nord. On trouvera Bgalement des r6fgrences  concernant l a  taxonomie, 
116cologie,  l a  ggologie, l a  ggographie, l a  m6t8orologie e t  l e  perggl i so l .  

Les c i t a t ions   on t  Bti5 chois ies   a f in  de souligner  d 'une  part  
l 'importance  des probl2mes Bcologiques qui rgsu l t en t  des a c t i v i t e s  de 
plus  en plus  nombreuses  de lthomme dans l e  nord e t  d 'au t re  part  de 
l l information sans cesse  grandissante traitant des moyens de prevenir ,  

de rgduire  ou  de diminuer les dommages causes au milieu.  



ANNOTATED BIBLIOGRAPHY OF 

PERMAFROST-VEGETATION-WILDLIFE-LANDFORM RELATIONSHIPS 

Patricia Roberts-Pichette' 

Scope and Organization o f  the  Study 

This bibliography was commissioned  by the  Forest  Management 

I n s t i t u t e ,  Canadian Forestry  Service,  Environment  Canada, and represents 

a four-month  search of the   l i t e ra ture   publ i shed ,   except   in  a few ins tances ,  

s ince  1945, Information has been  obtained from a var ie ty   of   sources  but 

the  very latest information,  mostly  acquired  by  private companies and 

ind iv idua ls ,  has sometimes  been hard   to   ob ta in  - chiefly  because  the 

1971 field  season  results  have  not  been  completely  analyzed. Some t i t l es  
could  not be obtained i n  t r ans l a t ion  o r  on shor t   no t i ce ,  and where t h i s  
has  happened,  information  has  been  taken from Arctic Bibliography, Bio- 

logical   Abstracts ,  o r  Cold  Regions  Research  Engineering  Laboratory  Report 

-9 12 as noted,  Annotations from the  Arctic Bibliography  are  reprinted by 
permission of t he   Arc t i c   In s t i t u t e  of North  America. In some cases, i n -  

formation has not  been  obtainable from these  sources and t h e   t i t l e   o n l y  
is l i s t e d .  

I t  should  be  noted tha t  o n l y   t r a n s l a t e d   t i t l e s  of a r t i c l e s  from 

USSR l i t e r a t u r e  have  been  used.  In some cases ,   th i s  may lead t o  confusion 

t e  1 Patricia Roberts-Pichet 
B.Sc., M.Sc. University of New Zealand 
Ph.D. Duke University,  Durham, N . C .  
Former Associate  Professor,  Biology  Department,  University of  New Bmswick .  
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as no t  a l l  t r ans l a to r s   i n t e rp re t  a given t i t l e  i n   t h e  same way. Sources 

of t r a n s l a t e d   a r t i c l e s  can  be found by  consulting  the  Translation  Bureau 
of the  National  Science Library. Time has  not  allowed  complete documenta- 

t i on ,  and sources of t ranslated  ar t ic les   have  been  included when known, 
Most of the  abbreviations  used  follow  the  "Word-Abbreviation 

List", 1971 ed i t ion ,  of the  National  Clearinghouse fo r  Per iodica l   T i t le  

Word Abbreviations.  Copies may be  purchased from the  National  Clearing- 

house f o r  Per iodical  Ti t le  Word Abbreviations,  c/o Chemical Abstracts 
Service,   University  Post  Office,  Columbus,  Ohio 43210, 

Miss Carol  Barton, of the   reference  sect ion of t h e  Department 
o f   t he  Environment  Library, has been o f  inva luable   ass i s tance   in   ob ta in ing  

mater ia l  by in t e r - l i b ra ry   l oan .  Thanks are a l so  due t o  Dr. L . C .  Bliss, 

University of Alberta,  Edmonton, who has also been most he lpfu l  i n  obtain- 
ing  material. 

A t  t h e  end of the  bibliography are the  summaries o f  t h e  ALUR 

(Arct ic  Land Use Research, Canada Department of Indian Affairs and 
Northern Development) 1970 and  1971 s tud ie s ,  as well as the  Environmental 
Protect ion Board [sponsored by the  Gas Arctic Systems  Study Group) 

Interim  Reports No, 1, 1971. They a re   p re sen ted   t oge the r   i n   t h i s  way 

because most of them were not   ava i lab le  when the  rest of  the   mater ia l  

had  been  assembled, and i t  seemed adv i sab le   t o  keep  together a l l  o f  t h i s  

information, which i s  primarily  concerned  with  environmental damage and 

r ehab i l i t a t ion .  
Although  concerned  primarily  with  land  sensitivity,  this  biblio- 

graphy a l so  c o n t a i n s   t i t l e s  o f  taxonomic,  ecological,  geological,  geo- 
graphical,   meteorological and permafrost   s tudies  and  reviews. "his b a s i c  

mater ia l  is necessary f o r  an understanding of  pa t t e rns  of recovery  follow- 
ing  disturbance.  Unfortunately,   very few revegetation  studies  following 

disturbance  of  the  vegetation mat have  been  undertaken  until  very  recently 

and l i t e r a t u r e   r e p o r t s  are very sca t t e red  f o r  North  America p r i o r   t o  

about  1967.  Since  then, a grea t  many s tudies   have  been  ini t ia ted  but  
the  results  have  not  always  been  readily  available o r  have  not  yet  been 

published. Thus, some references t o  unpublished  material are included. 

e 
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References  to material from the  USSR are much more extensive  but most of  

the  papers  have  not  been  translated, 

Two repor t s  which may be of  use t o  persons   in te res ted   in   s tud ies  
by Federal  agencies and curren t ly  underway i n  the Canadian Arc t ic   a re :  

"1971-72 and  1972-73 northern  pipel ine - r e l a t ed   s tud ie s  by 
Environment Canada" compiled by the  Mackenzie Valley Working 

Group, Environment  Canada,  which i s  pa r t   o f   t he   i n t e r -  

departmental   annual  report   available  through  the  office of  
t h e  Environment - Social  Programme, Northern  Pipelines;  and 
"Environmental s t u d i e s   i n  North-Western  Canada,  with  special 
reference t o  Mackenzie  Valley  Pipelines"  compiled  by 
Dr. R.M. Strang  of  the Canadian Forestry  Service.  

# 

A companion  volume to   the  former  report  is being  prepared which 
w i l l  contain  preliminary  conclusions  related  to  environmental-social  con- 

cerns and will pinpoint   areas   of   cr i t ical   concern o r  in  need o f  f u r t h e r  
c r i t i c a l   s t u d y  . 

General  Impressions From the   Li terature  

The overall   impression one gains from the  more r e c e n t   l i t e r a -  
t u r e  is t h a t ,  i f  reasonable  care is taken,  the arctic tundra  and  other 
communities a re   no t   near ly  as s e n s i t i v e   t o  damage as once  thought.  Since 

f ine-grained  soi ls   are   apparent ly  always  wet  they are subjec t   to   severe  
f rost  disturbance i f  t h e  vegetation mat is broken and the  thermal  balance 
is a l t e r ed .  On wel l -dra ined   so i l s ,  scars r e su l t i ng  from disturbance may 

b e   v i s i b l e   f o r  many years  or  decades,  even  though  revegetated  quite 
quickly.  Very l i t t l e  information  has  been  obtained on t h e   r e s u l t  of 
stream  bed and bank disturbance a t  stream  crossings and what e f f ec t s  

gravel removal or e x t r a  s i l t  loads may have on f i s h  o r  other   aquat ic  
populations.  

Another  aspect of  concern i s  the   poss ib i l i t y  of change i n  
drainage  patterns due to  the  often  unpredictable  enlargement of temporary 

ponds,  lakes or drainage  channels  created over permafrost ,   especially if 

massive  ground i c e  OF icy  sediments  are present i n  o r  near  the  banks. 
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The s i t i n g  of pumping s t a t i o n s  becomes o f  major  concern,  especially if 

large   quant i t ies  of  water  vapour o r  other  chemical  emissions  are  produced. 

The nature  of t h e  meteorological  conditions  are such tha t   i ce   fogs  and 

local  deposition  of  exhaust  chemicals  could be excessive  especial ly  i f  

pumping s t a t i o n s  are s i t e d   i n   v a l l e y s .  Some workers are concerned  with 

the effects of  no ise ,   espec ia l ly  on the  caribou. 

There seems t o  be l i t t l e  doubt  that  a p ipe l ine  can b e   b u i l t  

through  the Mackenzie corr idor ,  w i t h  a l l  i t s  a t t endan t   f ac i l i t i e s ,   w i th -  

out  major  disruption  to  the  land-based  animals and p l an t s  and t o  the  
land  itself,  provided  appropriate  (and  usually  expensive)  precautions 

are  taken. 

Some Specific  Questions 

The contract   specif ied  cer ta in   quest ions on which t o  concen- 

t r a t e .   In so fa r  a s  it has  been  possible  to  f ind  the answers from t h e  
ava i l ab le   l i t e r a tu re ,   t he   r e su l t s   fo l low : 

Question 1: To what ex ten t  does vegetation and raw humus pro tec t   the  
ground  from  thermal  erosion? 

Wet s i l t y  and  clayey s o i l s  are t h e  ones most sub jec t   t o  
frost act ion  while   wel l -drained  soi ls  are not   g rea t ly   d i s turbed  by 

i t .  The former s o i l s  support the  heavy  organic  matter and vegeta- 
t i on  mats, wh i l e   t he   l a t t e r  are l i k e l y   t o  have a much thinner  (and 

often  shrubby)  vegetation  mat. . ,  
The important   insulat ing  layers  are the ground vegetation 

(pa r t i cu la r ly  mosses and l ichens)  and the  underlying  peat,   There 

a re   r epor t s   t ha t   t he  removal o f  t r e e s  and shrubs,   provided  the 

ground vegetation mat i s  not  broken,  has  no  adverse  effect  on the  
underlying  permafrost,  Preliminary  North American experiments and 

some work from the  USSR ind ica tes   tha t   perhaps   the   pea t   l ayers  

themselves  are  the most important   insulators  and t h a t   t h e   l i v i n g  

bryophyte and l ichen mat can be removed with  only a small increase 

to   the  depth of  the  permafrost   table .  Work i n  North America, Europe 
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and the USSR has   ind ica ted   the   feas ib i l i ty  of building  roads,  run- 
ways, bu i ld ings ,  etc.  a f t e r  a gravel  pad  has  been  placed  over an 
unbroken vegetation mat. For heated  bui ldings,  of  course, a vent i la -  
t ion   a rea  between the   f l oo r  and t h e  gravel pad is necessary  to   pre-  
serve  the  thermal  balance.  

Question 2 :  O f  what value  are t h e  vegetation  types as  ind ica tors  of 
permafrost? 

No general  answer can be  given. A l l  workers  consider a 

thorough  knowledge of the  local   area  imperat ive  before   re l iance can 
be  placed i n  vegetation  types as ind ica tors  of permafrost.  In  the 
zone of  discontinuous and sporadic permafrost it appears  that   cer- 

t a in   vege ta t ion   pa t te rns  - heights  of trees, absence of ce r t a in  

species,   particvlar  combinations of species,   wetness o f  area, e t c .  

can a l l  be  used as evidence  for  the  presence  or  absence  of perma- 

f r o s t   i n  a given area, but  a set of c r i t e r i a  f o r  one locali ty  cannot 

necessar i ly   be   t ransfer red   to   another .  The scal loped banks of 
r i v e r s  and the  presence of thaw lakes and sinks are   a l so   ind ica tors  

of  permafrost. In the areas of continuous  permafrost,  there i s  no 
way of predict ing  the  presence,  amount, o r  depth  of  massive  ground 

ice from vegetation o r  o ther   sur face   pa t te rns .  In clay and s i l t y  

soils t h e  quantity  of water i n  t he  form of  ice crystals   and/or  m a s -  
s i v e  ground ice, may be very  great.  

Question 3: What a re  some specif ic   unfavourable   (or   favourable)   effects  
of  removing or   dis turbing  vegetat ion on sites underlain by permafrost? 

Unfavourable  effects  basically are the  i n i t i a t i o n  o f  thermo- 

karst (melting of i c e  below the  soil sur face)   in  i t s  various  forms, 
producing  extensive  slumping, mud f lows ,   s l ides ,  hummocky t e r r a i n ,  

thaw l akes ,   e t c ,  The mount and type  depends on the  water content 

of  t h e   s o i l .  In  very wet areas quagmires may b e   t h e   r e s u l t .  On 
the  other hand,  the  favourable  effects  (depending on land-use 

requirements) can be  important,  again  depending on t h e  s i t e ,  The 
lowering of the  permafrost   table allows bet ter   p lant   growth,   deeper  
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root ing and more  volume f o r  root  growth.  In loca l  home gardens or 
agr i cu l tu ra l   s t a t ions ,  i n  the  continuous  permafrost  zones  of  the 
world,  lowering of the  permafrost   table  has  led  to  important crop 
increases .  Again, the ice content of the  soil   determines  whether 
o r  no t  hummocky t e r r a i n  will develop, as has  happened a t  some agri-  

cu l tu ra l   s t a t ions ,   Spec ia l  ground  preparations  in  areas o f  perma- 
frost  have  allowed USSR inves t iga to r s   t o   p l an t   t r ee s   fu r the r   no r th  

in   the   tundra   than  has previously  been  possible. 

Evidence seem  to   be   accumula t ing   tha t   the   to ta l  removal of 
t h e  ground moss mat, p a r t i c u l a r l y  sphagnum  moss mats, and underlying 
peat ,  i s  extremely  important   in   the  sat isfactory  regenerat ion of 
white and black  spruce  where  they  occur on permafrost, and i n   t h e  

establishment and maintenance of a conventionally  productive  forest .  

Fire, which i s  s o  d i s a s t r o u s   t o  communities  with  reindeer  lichen 

mats, appears t o  be  the main i n i t i a t o r  of succession on s o i l s  s u i t -  

able for fo re s t s  (i,e. not   those soils which a re   th in  and stony, 
very  wet, o r  composed of raw humus over  bedrock) . Evidence  points 
t o   f i r e  (completely removing humus and exposing  mineral  soil) o r  
occasional  f looding (on a l luv ia l   ba r s )  as preventing  the  invasion 

of sphagnum mosses  under  softwoods,  with  the  consequent rise i n   t h e  
permafrost   table and eventual   s tagnat ion o f  t h e   f o r e s t .  I t  i s  
important t o  recognize   tha t   re indeer   l i chen   s i tes  are not   necessar i ly  

those  that   support  sphagnum, though the  two are   f requent ly   in te r -  

f ingered,  

Question 4: What plant  succession can be expected  following  disturbance 
of given  vegetation  types? 

This question  has  not  yet  been  fully  answered.  In  general, 
i t  appears   that   the   severi ty ,  area and time of   the  dis turbance  deter-  

mines the  general   succession. On l ight ly   dis turbed  tundra,  such as 

produced by tracked  vehicles making one o r  two passes,  sedge com- 
munities  regenerate  rapidly from undamaged underground par ts ;   shrub 

tundra  recovery i s  slower from sprouts.   In  both types, invasion 

from surrounding  undisturbed  areas  begins  fairly  quickly.   In 
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severely  dis turbed areas, a whole new succession  cycle may be i n i -  

t i a t e d ,  once  thermokarst  development h a s  ceased, from invading 

species  rare or uncommon on surrounding  undisturbed s i tes .  Where 

disturbance is continuous,  e.g.,  gullying and flow-sliding,  revege- 

t a t i o n  may be   inh ib i ted  or prevented,  After f i re  or   f looding,  
various  successions may be  ini t ia ted,   depending on t h e   a v a i l a b i l i t y  
o f   s eed ,   t he   s i t e ,  and the  severi ty   of  damage, 

Question 5 :  How rapidly w i l l  various  conditions  recover from the  type 
of  disturbances which are l ikely  to   occur   during  pipel ine  construct ion? 

Again,  very l i t t l e  information i s  avai lable  though it i s  
accumulating.  Certain  grasses can be  seeded, which grow very 

rapidly,   with good s o i l   s t a b i l i z a t i o n   b u t   t h e y  do not  develop an 
i n su la t ing  mat as do  the  bryophytes, and t h i s   i n s u l a t i n g  mat i s  

very  important for permanency. Willows and alders  have  also  been 

used,  but so far  no results  have  been  reported.  Severely  disturbed 

permafrost  areas of f ine-grained  soi ls   wi th   high  ice   content  w i l l  

be  very  slow  to  recover  but  with  reasonable  precaution and e f for t ,  
drast ic   dis turbance  of   such  s i tes   should  not   occur .  

Further  problems  are  likely t o  occur i f  revegetation above 

a bur ied ,   ho t   p ipe l ine  i s  projected.  Use of gravel berms  and gravel 

insu la t ion   over  t h e  p ipe l ine  will r e s u l t  i n  excess   a r id i ty  o f  the 

f i l l  which may prevent  eventual  revegetation  with  native  species.  
Many of the  grasses  presently  under t r i a l  appear   to   be   a t t rac t ive  

food  sources  for  rodents and large  herbivorous mammals, and the  
rights-of-way  appear  to  be  used  by  migrating  caribou. Thus, s t a b i l i -  
zat ion by exot ic   grasses  may be  very  precarious.  

There is s t i l l  some controversy  over the e f fec ts   o f   win ter  

damage caused  by  the  construction and use of temporary i c e ,  packed 

snow, and graded  winter  roads .on sedge communities and on shrub 

communities. The former two winter-road types appear  to  be less 
damaging than  the l a t te r  provided (1) the   ac t ive   l aye r  i s  frozen t o  
the  permafrost   before  construction, and (2) the  roads are not used 
a f t e r  thaw sets i n .  The ice   roads  appear   to  be l e a s t  damaging, 
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s ince  the method o f  construction  preserves  the  microtopography  in 

hummocky t e r r a i n  A l l  methods of construction may cause damage 

because of the  re tarded growth of   species  under packed snow o r  i c e .  

On the   o ther  hand, shrubs  appear  to be much more sub jec t   t o   s eve re  
damage in  winter  because of t h e i r   b r i t t l e   n a t u r e  when frozen,  In 
t h e   h i g h   a r c t i c   a t  least, there  i s  evidence  that summer use of 

vehicles  on the  upland  shrub-tundra i s  not   des t ruc t ive ,  as the  

shrubs  are   very  res i l ient  

Question 6: Are some vegetation  types more sens i t i ve  t o  disturbance 

than  others? 

Generally  speaking,  shrub and l ichen communities are  more 
sens i t ive   to   d i s turbance  than grass and sedge communities i f  

recovery  ra te  i s  ind ica t ive   o f   s ens i t i v i ty .  The former  communities 

have  very  slow  growth r a t e s  and are therefore  slower than  grasses 

and sedges to   recover .  However, t he   s eve r i ty  and season of the  
damage are  usually more important  in  determining  the rate of 
recovery  than  the  vegetation type. 

Question 7: How can an adequate  insulating mat of vegetation  be  pre- 
served  during  construction, or, i f  disturbed,  replaced  following con- 

s t ruc t ion?  

In  general, a gravel  pad  over the insu la t ing  unbroken  vege- 
t a t i o n  mat appears   the   bes t   p r inc ip le .   Fa i l ing   th i s ,   win ter   ac t iv i -  
t ies are generally less harmful than summer ones - though t h i s  does 
not   necessar i ly   apply  in   areas  of wel l -drained  soi ls   wi th  a deep 
permafrost   table,  Adequate precautions  should  be  taken  with  tracked 

vehicles:  they  should not climb s l o p e s   a t  a steep  angle,   preferably 

they  should not use grouser bars  which can be  very damaging,  and 
the  loads  should be careful ly   calculated f o r  the   type  o f  t e r r a i n  

over which they  are  crossing.  Suggestions  have  been made t h a t  tem- 
porary  winter roads should  only  be  used one (or  two) seasons and 
that   every  following  season a new parallel   road  be  used - the  reason: 

less harm will occur   to  any particular  r ight-of-way if i t  is only 
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used one season, However, t he re  is always the   c r i t i c i sm  tha t  
ae s the t i c  problems are created even  though  recovery  and  regrowth 

of  the  vegetation is rap id ,  This i s  a matter of scale!   In   cer ta in  

types of t e r r a i n ,  some evidence is accumulating  that   corridors  only 

should be used, without  construction  of a road. 
In  answering  the  question on  how to   r ep lace  a vegetation 

mat following  construction,  several  ideas  have  been  put  forward 
(see also Question 5 ) .  As yet  there  has  not  been very much experi-  

mentation,  but  pressed  peat mats, wood chips,  fibre and bark may be 

used as insu la t ing   mater ia l  and may have  considerable merit espe- 
c i a l l y  as a root ing medium. A l l  of  these  have a good water holding 

capac i ty ,   bu t   a r id i ty  may s t i l l  be a problem  over a buried  hot  pipe- 
l i n e .  Another  solution may be  the use of bitumen o r  polystyrene 

under  pressure t o  obtain  temporary or semipermanent s t a b i l i z a t i o n .  
The use of r iprap  and wire grids may be  the  only  solution  under some 
circumstances, 

Question 8: O f  what inf luence is the   w i ld l i f e  on the a r c t i c   h a b i t a t  and 
t o  what  degree will p ipe l ine   cons t ruc t ion   d i s tu rb   t he i r   ac t iv i t i e s?  

The native  animal  populations  of  the  arctic and suba rc t i c  

may have  considerable  influence on the  vegetation and land. The 
a c t i v i t i e s  of  microt ine  rodents   are   vi ta l  for the   hea l th  of the 
tundra.  l l e i r  four-year  cycles  allow a buildup and u t i l i z a t i o n   o f  

v i t a l   s o i l   n u t r i e n t s .  The l a rge r  animals do not  have a very  great  
e f f e c t  on the  tundra,   except where they  have  been  herded  together 

under   s i tuat ions  control led by man. Caribou trails cr i sscross   the  
tundra  but   these  apparent ly  cause no  extensive damage, Certain 
water fowl and the  caribou can congregate a t  the  edge of  water 
bodies and do local,  perhaps  temporary damage t o  the  vegetation. 
How impor tan t   th i s  is i n   t h e   t o t a l   p i c t u r e  is uncertain,   but  i t  does 

not  appear t o  be  very  great.  Burrowing and den-producing  animals 

choose  well-drained  si tes and have  considerable   effect   in   fur ther  
lowering  the  permafrost   table and allowing  abundant growth of 

species   of ten rare in  the  adjacent  tundra.   There  appears  to  be more 
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information on this sub jec t   i n  USSR l i t e r a t u r e   t h a n   i n  North 

American. The pingos and palsas  in t h e  tundra can be  important 
denning si tes of  fox or  mink, observation  posts fo r  b i rds ,  and a l so  

t h e   h a b i t a t  far a pa r t i cu la r   spec ie s  of vole.  Evidence of the d i s -  

rupt ion o f  caribou  migration trails by p ipe l ine ,   s e i smic   l i nes ,  
power l ine  r ights-of-way,  etc.   does  not  appear  to  be  accumulating. 
In fact ,  t he re  i s  some evidence  that   the  caribou w i l l  use r igh t s -  
of-way where poss ib le  i n  the i r   migra t ion  and some companies appear 

more concerned  about damage tha t   the   car ibou  may do t o  the   p ipe l ine ,  

rather  than  problems  the  pipeline may cause the  caribou. 

I t  will probably be  necessary  to  impose s t r i c t   r e g u l a t i o n s  
fo r   t he   con t ro l  o f  fire arms and thus of hunt ing   in   the  Far North 

since  the  populations o f  large mammals will become  more and more 

vulnerable   to  human in te r fe rence .  

Studies which  should  provide more complete  answers t o  many of  
the  foregoing  questions  are  currently  under way i n   t h e  North and are the  
par t icular   concern of both   the  ALUR programme and the  Environmental  Pro- 

t ec t ion  Board. Time is required  before  more de f in i t i ve  answers can be 

found for revegetation  problems  because  of  the slow growth of northern 
species ,   but   temporary  solut ions  are   being  tes ted which may provide  the 

necessary stop gap. 
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"ANNOTATED BIBLIOGRAPHY ALPHABETICALLY  BY AUIHOR 

1. ADAMS, R.S. and R .  ELLIS. 1960. Some physical and  chemical  changes 

in   the   so i l   b rought   about  by sa tura t ion   wi th  natural gas. S o i l  
Sci  Am. Proc.  24:41-44. 

From author 's   abstract :   Tevere  chemical  and physical 

changes may occuf in   so i l s   s a tu ra t ed   w i th   na tu ra l  gas. Plant 
growth may be  retarded  or  completely  eliminated." 

Four gas - sa tu ra t ed   f i e ld   s i t e s  and the  adjacent  normal 

s o i l s  were s tud ied   phys ica l ly  and chemically. 

"Physical  determinations a t  t he  two most severely 
a f fec ted  si tes revealed some increase   in   water   re ten t ion  and 

to t a l   po ros i ty   w i th  a corresponding  decrease  in  bulk  density. 
. . .The dis turbed Fe-Mn [both  increased]  relationships may be 
one of the  major  factors  accounting f o r  the  frequently  observed 

detrimental   influence of gas-sa tura ted   so i l s  on vegetat ive 
growth. The change in   water   re ten t ion  was not  considered  in- 
jurious t o   p l a n t s  .It 

2 .  ALEXANDROVA, Vera D .  1958. Some r e g u l a r i t i e s   i n   t h e   d i s t r i b u t i o n  
of the   vege ta t ion   in   the   a rc t ic   tundra .  Problems of the  North 
1:189-204.  (Transl.  from  Russian by Nat. Res. Counc. Can. 
1960.)  (This  paper i s  a r e p r i n t  of the t r a n s l a t i o n  of t h i s  
a r t ic le   appear ing  i n  Arctic 13:147-162, 1960 by permission.) 

The zonation of vege ta t ion   i n   t he   i s l ands  of Novaya 
Zemlya are described and de ta i l ed  comparisons are given  between 
these   i s lands  and o ther   a reas  of  t he   a r c t i c   Sov ie t  Union. 

The author   quotes   an  ar t ic le  by Gorodkov  (1916) con- 
cerning  the  arctic  tundra  sub-zone and with which  she  agrees. 

The f ea tu res   a r e  as follows:  "(1)  absence of shrub communities 
due to   the   sever i ty   o f   the   c l imate ,   the   shor t  growing per iod,  

and the  extreme  variation i n  the  depth  of  the snow cover; 

(2) the  occurrence of Dryas-moss communities on t h e   s u f f i c i e n t l y -  
dra ined   c layey   so i l s ,  which are, however, replaced  over   large 
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areas by barren  polygon  tundra,   especially  in  si tuations  exposed 

to   in tense  wind ac t ion  and  with  consequently  very  thin snow 

cover; (3) the  occupation of a l a rge   pa r t  of t he  area by a r c t i c  
bogs,   chiefly sedge-moss  marshes; (4) the  small d i f fe rences  

between  the  vegetation of the  uplands and t h a t  of r i v e r   v a l l e y s ,  

due to   t he   sho r t   pe r iods  of inundat ion   in   the   l a t te r   and   the  
shallowness of the  act ive  layer ."  

3, ALEXANDROVA, Vera D. 1970. The vegetation of the  tundra zones i n  
the  U.S.S.R. and  data  about i t s  product ivi ty .   Product ivi ty  

and  Conservation  in  Northern  Circumpolar Lands. W.A. Ful l e r  
and P.G. Kevan, ed. I n t .  Union Conserv. Nature (IUCN) Publ. 

n o s .  16:93-114. 
The zonal  subdivision  in  the  tundra  regions of the  

U.S.S.R. is described and data  given on  whole plant biomass as 

well as on aerial and underground par t s   fo r   each  zone. 

4, ALLINGTON, Kathleen R,  1961. The bogs of central  Labrador - 
Ungava; an  examination  of their phys ica l   charac te r i s t ics .  

Geogr. Ann. 43:401-417. 
This  paper i s  concerned  with  the  recognition (from 

aerial   photographs) of bogs by their   physiographic  properties.  

Four main types are recognized: 

1. s t r i n g  bogs; la .  string bogs with trees; 
2. c losed   s t r ing  bogs; 2a. c losed   s t r ing  bogs with trees; 

3.  sedge meadow; 
4. bog f o r e s t ;  4a. black spruce muskeg; 4b.  tamarack 

swamp (fen) . 
There i s  a long discussion on  bog formation,  climax 

and s t r i n g  bog formation.  There is no permafrost  in  bogs of 

this  a rea .  

5 .  ANDREEV, V.N.  1954. The advance of t r ee   vege ta t ion   i n to   t he  
tundra in   connect ion  with  the  protect ive  propert ies  of tree 
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p l a n t a t i o n   i n  the North. (.T.ransl. Russian T i t l e . )  Bot. Zh. 
39 (1) : 28-47, 

Arctic  Bibliography 33265: Yonta ins  a study  of  melior- 

a t ion  of tundra by the introduct ion of woody vegetat ion,   wi th  

his tor ical   remarks,  notes on the  causes of the absence of f o r e s t s  
and des t ruc t ion  of trees in   tundra.  The p o s s i b i l i t y  of woody 

vegetation  expanding  northward is discussed  and  observations 
of fe red  on the  growth of trees in   tundra ,   the  method of protec- 
t i v e   f o r e s t   b e l t s  and the i r   i n f luence  on the  soil and  climate 

of northern  regions.  The study is based on experiments  carried 

ou t   i n  Kola Peninsula,  Arkhangel'sk  province  and i n  northern 
Siberia:  Igarka,  Berezovo, Taymyr Peninsula and the Tiks i  
region  in  Yakutia.  

6 .  ANDREEV, V.N.  1954. The growth of forage  l ichens and t he  methods 

f o r  t he i r   r egu la t ion .  Akad.  Nauk. SSSR. Bot. I n s t .  Trudy 

Ser ies  111, Geobot. 9: l l -74.  
Arctic Bibliography 33264: Wontains a study of growth 

increase of common arc t ic   l i chens ,   mos t ly   spec ies  of CZadonia, 
i n  consideration of t h e i r   n u t r i t i o n a l   v a l u e   f o r   r e i n d e e r .  
Topics  discussed  include  history of t he  problem; c h a r a c t e r i s t i c s  

of podetial  growth;  methodics of study of growth  and  renewal; 
effect of environment on growth, means of regulating  and  speed- 
ing up growth, e t c . "  

7 .  ANNERSTEN, L.J. 1964,  Investigations of permafros t   in   the   v ic in i ty  
of Knob Lake, 1961-62, Permafrost s tud ie s  i n  Central  Labrador 
- Ungava. I.B. Bird, ed.  McGill  Subarctic Res. Pap.  16:51-137. 

A basic  reference  paper on  permafrost   studies.  

"It is concluded  that   the snow cover must be a perma- 

f ros t - con t ro l l i ng  factor i n   t h e  area. Variat ions  in  snow cover 

cause   t empera ture   var ia t ions   in   the   so i l  far greater   than  those 

r e s u l t i n g  from vegetation  cover.   Provisionally,  it is estab-  
l i shed   t ha t  a snow depth of 40 cm o r  less is cr i t ical  for 
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maintaining  permafrost   conditions, . ,I t  is concluded that t he  
effect of exposure upon the  thermal  regime of the ground is of 
great importance,  but i t  must be one of the  most d i f f i c u l t   t o  

estimate qua l i t a t ive ly .  The d i rec t ion  of the  exposure  has 

c e r t a i n l y   a   d i r e c t   e f f e c t  upon the  ground surface mean tempera- 
tu re ,   bu t   there  is no ev idence   tha t   th i s  would a f f e c t   t h i s  
temperature by more than  about O,S°C. Where the  permafrost is 
a marginal   feature ,   th is  i s ,  however, of importance  for  the 

permafrost   distribution. 

"The secondary  effects of the  exposure must be regarded 

as more important  for  the  thermal regime, mainly  because of 
the i r   dec is ive   in f luence  upon t h e  snow cover. 

"Very  exposed areas have  block fields or rock deser t s  
which are due probably  to  extreme  winter  ground  temperatures. 

Pat terned  ground,   referred  to  as sorted and non-sorted  stone 

circles by Washburn (1950), is suggested  to be  an ind i r ec t  

evidence of the  presence of permafrost. For l imi ted   a reas ,  

determinations of t h e   c r i t i c a l   h e i g h t  of l o c a l   r e l i e f  as a 
measure of t he  amount of exposure  are  valuable  in  permafrost 
s tud ies .  If 

8. ANNERSTEN, L . J .  1964. Background f o r  t he  Knob Lake permafrost 

s tudies .   Permafrost   s tudies   in   Central   Labrador  - Ungava. 

J.B. Bird,  ed. McGill Subarct ic  Res. Pap. 16. 2 p .  
A generalized  l i terature  review  of  permafrost  and a l so  

of vegetation  around Knob Lake. A useful map of vegetation 

zones is included. 
"A charac te r i s t ic   fea ture   in   the   vege ta t ion   cover  is  

the  high  percentage of burnt   areas  and  according t o  Fraser 

(1956) about 35 t o  40 per  cent of t h e   f o r e s t  has been burn t   in  

i n   t h e  last 40 years.  Due t o  shor t  growing  seasons  the  regenera- 

t i on  o f  the   a reas  is very slow and a recovery t o  a new Lichen 

Woodland Forest might not be es t ab l i shed   un t i l  after 90 t o  100 
years [Fraser , 1956). 

1' 
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9,  ANONYMOUS. 1970. Arct ic   p ipe l in ing  fo r  16,000  miles a t  $750,000 

a mile. Eng, Contract Rec. July,  1970. 83(7):34-36.  

From: U, S. Amy Cold  Regions Res Eng Lab. (CRREL) 

Rep, 1 2 .  25 (1)  1971. CRREL 25-585 llPermafrost  Distribution, 

Ecology,  Cold  Weather  Construction  Drilling, Canada - NWT - 
Mackenzie River ,   Pipel ines ,  Economics.t1 

i n t o  a p l a n t ,   t h e   o i l  may t r ave l   i n   t he   i n t e rce l lu l a r   spaces  

and possibly  also  in  the  vascular  system.  Cell  membranes a r e  

damaged by penetrat ion of hydrocarbon  molecules,  leading t o  

leakage of ce l l   con ten t s ,  and o i l  may enter  the cells.  Oils 

reduce  t ranspirat ion  ra te ,   probably by blocking  stomata  and 
in te rce l lu la r   spaces .  This may also be  the  reason f o r  the  

reduction of  photosynthesis which occurs,  though  there  are 
other   possible   explanat ions of t h i s  - such as disrupt ion of  
chloroplast  membranes and inhibi t ion  caused by accumulation of 
end-products. The e f f e c t s  of o i l s  on r e sp i r a t ion   a r e   va r i ab le ,  

but   an  increase  of   respirat ion  ra te   of ten  occurs ,   possibly due 
t o  mitochondrial damage r e su l t i ng  i n  an  ttuncouplingll  effect. 
Oils inhib i t   t rans loca t ion   probably  by physical   in terference.  
The seve r i ty  of the  above  effects  depends on the   cons t i tuents  
and amount of t h e   o i l ,  on the  environmental  conditions, and on 
the species of  p lan t  involved." 

11. BAKER, Jenni fe r  M. 1971.  Seasonal  effects of o i l   p o l l u t i o n  on 
sa l t  marsh vegetat ion.  Oikos  22:106-110. 

Author ' s  abstract :   "Sal t  marsh t ransects   near  Pembroke, 

S.W. Wales,  were  experimentally  sprayed w i t h  f r e sh  Kuwait crude 



1 2 .  

- 16 - 

o i l  at  different   t imes of year  and  recovery  measured.. . . 
There was l i t t l e  long  term  vegetative damage [although  oiled 

leaves  die]  t o  most perennial  species . I Flower  density  measure- 

ments...  showed marked reduction of flowering  can  occur i f  
p l a n t s   a r e   o i l e d  when flower buds are developing.  Flowers, i f  
o i led   ra re ly   p roduce   seeds .   Oi l ing  of seeds  during  winter may 

reduce  germination  in  spring II 

BALDWIN, W . K . W .  1953. List of p lan ts   co l lec ted  on Prince  Charles 
and Air Force  Is lands  in  Foxe Basin, N.W.T. Nat. Mus. Can, 
Bull .  128:143-153. 

Descriptions of the   i s lands  as well  as the  species  
l ists  are presented,  

IIAlthough the   i s lands  were generally  well   covered  with 
vege ta t ion ,   ch i e f ly   cha rac t e r i s t i c  wet meadows of grass and 

sedge, there  was l i t t l e  var ie ty   o f   habi ta t . "  

13. BALDWIN, W . K . W .  1953. Botanical   invest igat ions  in   the  Reindeer-  
Nueltin Lakes area,  Manitoba. Nat. Mus. Can. Bull.  128:llO- 

1 4 2 .  

This  paper  contains a complete  catalogue o f  col lec t ions  
i n  the  area. Brief descr ip t ions  of the  major  communities are 
given,  General  character - Canadian Shield - Precambrian  rocks, 
Much  swamp and muskeg and many inland  lakes  with no apparent 
ou t l e t s   a r e   p re sen t .  

Major P l a n t  Communities : Forest  - mixed black  spruce, 

b i r ch  and jack  pine,   evidence of f i r e  and jack  pine  regenera- 
t i o n .  White spruce,  aspen and balsam pop la r   r a r e ly  and widely 
sca t t e red .  

Muskegs - Common between marsh and b lack   spruce   fores t  
and in  "dreary level s t r e t ches  of country". 

Mention is  a l s o  made of marshes, aquat ic   vegetat ion,  

vegetat ion of r i v e r  and lake  shores  and  rock c l i f f s .  
In  southern  Nueltin Lake v i c i n i t y ,  the t rees  a re  
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mainly on s ides  of  e ske r s ,   e t c .  

14. BANFIELD, A.W.F. 1960.  Distribution of the  barren ground gr izz ly  

bear   in   northern Canada. Contrib.  Zool.,  1958. Nat. Mus. 
Can. Bull,  166, p .  47-59. 

A chronologica l   l i s t ing  of s ight ings of the  barren 
ground g r i z z l y ,  together  with  location and other  information. 

Maps are   included.  
Data, with  reference  to   total   range and prefer red  

foods are discussed. 

15. BARANOV, I .  Ya. 1959. Geographical  distribution of seasonally 
frozen  ground  and  permafrost.  Principles of Geocryology. 

Part I:193-219.  (Transl. from Russian by Nat. Res. Counc, Can., 

Tech. Transl. 1121 .  1964.) 

Discusses  the  world-wide  distribution of frozen  ground. 

Contains  an  extensive  bibliography of Russian  papers  and a few 
European and North American papers.  

16. BARASHKOVA, E.A.  1963.  Accelerated  restoration of fodder  l ichen 

resources   with  the  a id  of growth  st imulators.  Problems of the  

North 7:149-160. (Transl. from Russian by Nat. Res. Counc. 

Can. 1964.) 
The r e s u l t s  of various  treatments of CZadonCa species 

of  lichen  with  various  growth  substances  are  reported. Sub- 
stances were used  singly and in  combination. “On the   bas i s  of 
our  data,  it can  be  concluded tha t   t he re  i s  a d i rec t   r e l a t ion -  

ship  between  growth  increment  and  the  area  occupied by the  
algae component, In  those  experiments where considerable  growth 
increment was observed,  the area occupied by the   a lgae component 

increased  correspondingly.”  Substances  used  included  thiamine, 
2,4-D,  g ibbe r i l l i c   ac id   p lus   va r ious  other chemicals. 

17,  BARASHKOVA, E.A.  1970.  Photosynthesis i n   f ru t i cose   l i chens  

CZadonia aZpestris ( L . )  Rabh. and C, rangifeKna (L .) Web. in  
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t he  Taimyr Peninsula. Bot. Zh, 55(2):284-292. 
Biological  Abstracts 1971.  83331: "Photosynthesis 

of CZadonia aZpestris and C. rangifehna was studied  under  the 
arct ic  conditions  of  the Taimyr National District on t h e  water- 

shed   p la teau   in   the  dwarf birch-lichen  tundra.  Data on the  

i n t e n s i t y  of photosynthesis  obtained  monthly by use of  radio- 

active carbon in   Ju ly   (po lar  day) August (white  night) and 

September ( tw i l igh t   n igh t )  showed t h a t   i n  the morning  and 
evening  hours it was more intense  than  during  the  day. Both 
species  photosynthesized  during  night  hours of the   po lar  day 
period. In C. aZpsstris the   in tens i ty   reached  i t s  highest 

d a i l y   l e v e l   i n   J u l y  a t  3:OO a.m. The i n t e n s i t y  depends on air  
temperature  and  moisture. With r e l a t i v e l y  low air temperature 

and lichen  moisture  content C02 uptake speeds up.  Drying  of 

the l ichens is r e l a t ed   w i th   i nc reases   i n   l i gh t .  The reason 
for high COz uptake  in  the  dark i s  s t i l l  not   c lear .   Possibly 
a t  high  concentrations  of C02 the   revers ible   process  of C02 

exchange i n   p l a n t s  i s  increased. I t  is undoubtedly  connected 

with  the  symbiotic  nature of t he  plant.  To determine  seasonal 

changes i n  photosynthesis   the  intensi ty  was s tud ied   i n  C, 

rangiferina in  Norilske  during May (polar  day), March (day  and 

n ight )  and August ( twi l igh t   n ights )  f o r  s ix   concentrat ions  of  
CO,, 0.05 - 2 per   cen t .   Di f fe rences   in   in tens i ty  of  assimula- 
t i o n  and  proportion of  absorption i n  the  dark and l i g h t  were 

noted 

18. BAY, C.E., G.W. WLJNNECKE and O.E.  HAYS. 1952.  Frost  penetration 
i n t o   s o i l s  as influenced by depth of snow, vege ta t ive  cover, 
and a i r  temperature. h e r .  Geophys. Union Trans .  33:541-546. 

Concerns  experiments on c u l t i v a t e d   s o i l s  a t  Madison, 

Wisconsin I 

19. BECKEL, Dorothy K.B. 1958. A p i lo t   s tudy  of caribou s m e r  range 

(calving  ground),  Kaminuriak, N.W.T.  by means of a i r  photo 
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i n t e rp re t a t ion  and ana lys i s .  Can. Dep. N. Affairs Nat. Res. 
13 p .  ( typescr ip t ) .  

The vegetation i s  desc r ibed   i n   r e l a t ion   t o  soil drain- 

age  and four  general   vegetation  groups  are  delineated. Trees 
are very rare or   absent ,  and  dwarf b i rch  is the  largest   shrub.  

20. 

21.  

22. 

Lichen  cover -is extensive on well-drained  uplands. 

BECKEL, Dorothy K.B. 1958. A p i lo t   s tudy  of caribou  winter  range, 
Brochet,  Manitoba,  by means of a i r  photo  analysis  and  inter- 
p re ta t ion .  Can. Dep. N. Affairs Nat. Res. 41 p.   ( typescr ipt) .  

By means of a e r i a l  photography  and  analysis  with 
ground  checks,  the  vegetation of Brochet is described. Much 

emphasis is put  on recognition  of  burns  and  determination of 
the  ages of the  burns. Information is also  included on the  
park- 1 i k e  areas. 

BENNINGHOFF , W. S. 1950. Use of aer ia l   photographs   in  mapping 

vegeta t ion   and   sur f ic ia l   geology  in   subarc t ic   reg ions .  

Photogram. Eng. 16:428-429. 
!'It is common knowledge now tha t   t he   r ecen t  o r  present  

occurrence of permafrost ... is manifested by polygonal  patterns 

i n  s o i l s  and  vegetation  and by sink holes. . . in  unconsolidated 
materials. More subtle  permafrost   indicators on aerial photo- 

graphs are t he  trees of "drunken forests" .   Fal len  t rees   and 
f r e sh ly   cu t   ve r t i ca l  banks of lake  shores  indicate  the  pro- 

gressive  thawing of permanently  frozen  ground a t  the  margins. 
In areas with  permafrost   cover,   the  vegetative  cover,   acting 
as an i n su la to r ,  i s  as important as the   so i l   t ype  and drainage 
in  determining the depth of the  seasonal ly  thawed layer  above 
the  permafrost 

BENNINGHOPF, W.S. 1952. In te rac t ion   of   vege ta t ion   and   so i l   f ros t  

phenomena, Arctic 5 : 34-44. 
A general   discussion of the  reciprocal   re la t ionships  
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between vegetation and s o i l   f r o s t ,  
Influence of s o i l   f r o s t  on p lan ts :  1) Depth of root ing 

is  shallow and species  are  often  subject  to  windthrow. 2)  Soil 
drainage is a l t e r e d  by the  presence of frost by (a) i nh ib i t i ng  

l a t e r a l  movement of s o i l  water and downward percolat ion;  
(b) release  of  water  by  thawing may produce  water-logged  condi- 
tions;  (c)  thawing may provide  water   in   re la t ively  dry  areas;  
(d) p lan t s  may be  subjected  to  severe  water  loss when the   roo t s  
are  encased  in  frozen  ground. 3) Soi 1 sur faces   a re   o f ten   no t  

colonized  because of s e v e r e   s o i l   s t i r r i n g . ,   e t c .  by f ros t   ac t ion .  

4) Thawing o f  ground  containing  unevenly  distributed  ice  bodies 
r e s u l t s   i n   d i f f e r e n t i a l   s e t t l i n g  of  the  surface.  This  changes 
the minor r e l i e f  forms  and  thus  changes  the  physical  environ- 
ment for the   vege ta t ion  of t h e  s i t e .  Elsewhere, s i t e s  f o r  

vegetation  are  destroyed  by  progressive  thawing of permafrost. 
5) Lake margins i n   a r e a s  of high  permafrost   tables  are  particu- 

lar ly   subject   to   caving  and  destruct ion of the  bank vegetat ion.  

I t  has been  calculated  that   the  mean r a t e  of shore   re t rea t  i s  

from 2 . 3  t o  7.5 in   per   year  i n  r i v e r   v a l l e y s  of  eas te rn  Alaska. 
There seems t o  be a c y c l i c a l   f i l l i n g  and  draining of these 
lakes.  

“A11 of these   f ros t   p rocesses  i n  the   so i l s   demonst ra te  

fundamental  features of the  severe  frost  climate  environment: 
i n s t a b i l i t y  of  the  surface  and  consequent  transcience of s i t e  

conditions 
Inf luence  of   plants  on s o i l   f r o s t :  1) t tP lan ts   a f fec t  

s o i l  f r o s t  phenomena most signif icant ly   through  control  of the 
thermal  regime  of  the  soils ... Erosion  and  thawing  by a meander- 

ing stream cause   the   permafros t   t ab le   to   re t rea t  fax below the 

stream bottom l eve l ,   bu t  it rises under deposits on the   s l i p -o f f  

side (PBwB 1947). The permafros t   t ab le   r i ses   severa l   fee t  more 

in   t he  new alluvium  during  maturation of t h e   i n i t i a l  balsam 

poplar   fores t  and rises s t i l l  more as t h a t   f o r e s t  i s  replaced 
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by a dense  stand of white spruce.11 2)  “Vegetation  shields  the 

s o i l  from maximum penetrat ion of heat  by shading,  by  decreasing 
a i r  c i r cu la t ion ,  ,by retaining  moisture   in   and  just  above t he  
s o i l ,  and  by intercept ing  ra in ,   and  perhaps from evaporation of 

moisture on plant   surfaces .  . Mosses [are most important  here, 

they]  have a low thermal  conductivity,   especially when dry,   but 
a l so  have a high  water-holding  capacity  and are strongly  hydro- 

scopic.l l  3) The r a t e  of thawing of frozen ground is g rea t ly  

increased by removal of moss carpets, thick t u r f  and surface 
peat .  Sumgin (1937) , reported “that accumulations of vegetable 

matter are e f fec t ive   i n su la to r s   i n   pe r iods  of thaw and good con- 

ductors when they are f rozen   in  t h e  water-saturated  condition.. .  

I’During periods of thaw a grea te r  amount of  heat i s  
transferred  through  water-saturated  peat  into  the  underlying 

soil   than  through  dry  peat.   Furthermore,  when water-saturated 
peat is frozen,  heat is t ransfer red  from the  s o i l  i n t o   t h e  a i r  
in   quant i t ies   four  times as grea t  as i n  thaw periods.  Essen- 

t i a l l y  similar proper t ies  are recognized  in  l iving  and dead moss 
carpets  and  other  accumulations of vegetable matter, although 
cer ta in   fac tors ,   such  as water-absorbing  capacity,  vary  with 
d i f f e ren t  component mater ia l s  ... 

”Although vegetation  dominantly  favours  the  accumulation 
of cold  reserve  in  the  ground, it a lso   cont r ibu tes   to   the  oppo- 
site effect.. ,  Twnel (1940),  recognized  the  effect of vegetation 

impeding  ground  cooling  during  the  night when air  temperatures 
are lower. The r e t en t ion  of snow by  vegetation i s  important as 

the  thermal conduct ivi ty  of snow is  very low, usual ly  lower than 

tha t  of  dry  peat,  and  the snow cover   therefore   exer ts   great  
inf luence on t h e   i n t e n s i t y  and  depth of seasonal  freezing of 
ground. 

“Plant   roots  and underground stems. . .serve as organs 
binding  and  anchoring the t u r f  and  upper s o i l   l a y e r s  and may 

show remarkable   res i l ience   aga ins t   f ros t   ac t ion .  [They] hold 
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the  tu r f  wall together  on the   f ront   scarp  of turf-banked 

terraces,   and  anchoring  roots  hold back grea t  heavy mats of   tu r f  
and  sod on s lopes  with  unstable   soi ls ,  Hopkins and  Sigafoos 

(1951) observed on the  Seward Peninsula  that  the anchoring 
e f f e c t  of roots, a long   wi th   the   insu la t ing   e f fec ts   o f   p lan ts  

and t h e i r  dead par ts ,   decreased  f rost   d is turbance  in   tundra,"  
Thaw sinks can  be i n i t i a t e d  by uprooting  and  disturbances of 

roo ts  of larger   plants   over  a high  permafrost  table. 
I1Frost i n   t h e   s o i l  and the  associated  vegetation  cover 

thus   exer t s  dynamic influence upon each  other.  In many s i tua -  

t ions  this   interact ion  engenders   cycl ic   changes,   especial ly  

prominent  in  vegetation-permafrost   relations. .  . 
"Clearing of land has a beneficial   inf luence on the 

thermal  regime of the  upper  layers of soil during the warm 
months o f  the   year .  However, changes i n  the  water   re la t ions 
may r e s u l t ,  and  should  be  anticipated.. . After [clearing and] 

one or two years of cu l t i va t ion ,  both dele te r ious  and benef ic ia l  

effects of permafrost on the  growth of annual  plants become 
negl igible ,   because  the  permafrost   table   re t reats  beyond the  
reach of the  roots of most annual  plants,   Nevertheless,   the 
e f f e c t s  of permafrost on drainage and subsidence of ground per- 
sist  as long as permafrost i s  present  within a few tens of f e e t  

of the  surface , I 1  

I t  should be  recognized  that  "in  places  the  influence 
of frost a c t i v i t y  on vegetation is so  strong that d i s t i n c t   p l a n t  
communities are regular ly   associated  with a par t icu lar   type  of  
f r o s t   f e a t u r e ,  P lan t  communities i n  such  places, must be  des- 
cr ibed,  mapped and managed  on the   bas i s  of the i r   phys ica l  

environment ... 
I'Plant succession  in   temperate   regions  tends  to   es tab-  

l i s h  more mesophytic  conditions  in which dra inage   re la t ions  are 

l e s s  extreme. But i n   r eg ions  of severe  f rost   c l imate ,   p lants  

commonly generate  conditions o f  extreme  lack  of  drainage  and 
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g r e a t l y   i n t e n s i f i e d   s o i l   f r o s t ;   i n   s h o r t ,  t h e  p lan ts   f requent ly  

destroy  the  very  environmental  conditions tha t  favour their  
growth.  Disturbances t o  vegetation  such as burning and c lear ing  
i n   s e v e r e   f r o s t  climate regions do much more t h a n   i n i t i a t e   p l a n t  

succession  that  will culmina te   in   the   re turn  of t he   o r ig ina l  

type of stand. Because o f  s o i l   f r o s t  changes  following  distur- 

bance,   the   affected  surface and the  loca l  environment may be so 
great ly   modif ied  that   ent i re ly   different :  communities  occupy the  

s i t e  f o r  unknown periods of time.It 

23. BENNINGHOFP, W. S. 1965 , Relationships  between  vegetation  and  frost  

i n  soi ls .   Permafrost   Int .  Conf. Proc. 1963. Nat. Acad. Sc i . -  

Nat. Res. Counc. Wash. Publ.  1287:9-13. 

The vegetat ion-soi l  thermal regime is redefined and 

some approaches are suggested  that  may assist in understanding 
the  processes  that   couple  these phenomena. 

"Where the surface mean annual  temperature is not more 

than 2' or 3OC below O°C, the  kind and condition of the  vegeta- 
t ion  cover  will be cr i t ical  t o  the development and duration of 
permafrost,  but where the   sur face  mean annual  temperature is 
more than  several  degrees below O'C, the  vegetation  cover  exer- 
cises l i t t l e   con t ro l .   Vege ta t ion  does  exert  an  influence, how- 

ever ,  on the  occurrence,   extent and e f f e c t s  of seasonal   f rost  

in   the  upper   layers  of s o i l ,  wherever  the climate will produce 

such  freezing. 

24.  BENSON, C.S. 1969. The r o l e  of a i r  p o l l u t i o n   i n  arctic planning 
and  development, The Polar Rec . 14: 783-790. 

A discussion  of the vu lne rab i l i t y  t o  pol lu t ion  of t he  

except iona l ly   s tab le  air masses of the arct ic ,  especial ly   over  

valley  bottoms, from coal smoke and  gases ,   spec i f ic   tox icants ,  

smog, or i ce   fog  (which occurs whenever a i r  a t  -35OC or   co lder  

i s  calm and accompanied  by a continuing  source of water vapour). 

An underestimate of water vapour  production  in  Fairbanks is 
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more than 4000 tons/day of which most  comes from  power plant  

cooling waters (64%) and coal  (power p lan t s )  (19%). In  the 
north , ice   fog is the  most important form of a i r  pol lu t ion .  

25.  BERGERUD, A.T. 1971. The r o l e  of  t he  environment in  the  aggrega- 

t i o n ,  movement and.disturbance  behaviour  of  caribou.  Int .  Symp. 

Ungulate  Behaviour November, 1971.  Calgary,  Alta. 

26, BESCHEL, R.E. 1961.  Botany;  and some remarks on the h i s to ry  of 

Vegetation  and  glacierization.  Jacobsen-McGill Arctic Research 

Expedition t o  Axel Heiberg  Island. B.S. MGller, ed. McGill 

Univ.,  Montreal.  Prelim. Rep. 1959-1960. p ,  179-199. 
A list of p lan ts   co l lec ted  from Axel Heiberg  Island, 

vegetat ion  pat tern  descr ipt ions,  some so i l   in format ion ,  and 
preliminary  vegetation  history  and  l ichen  dating  are  included 
i n  th i s   paper .  

27. BESCHEL, R.E. 1963. Observations on the  time f a c t o r   i n   i n t e r -  

ac t ions  of permafrost and vegetat ion.  First Can. Conf. Perma- 
frost Proc. Nat. Res. Counc. Can., Ass. Corn. S o i l  Snow Me&. 

Tech. Memo. 76:43-56. 
Evidence for t h e   g r e a t e r   r e l i a b i l i t y  of rock-colonizing 

l ichens for dat ing  ice-free  surfaces   over   species  of o ther  

p lan ts   co loniz ing   so i l  i s  discussed. 

From summary: IIFrequently,  vegetation  provides  useful 

t ime  indicat ions and can  be  used  through  dendrochonology o r  
lichenometry f o r  a better  understanding of the  processes .  Rock 
surfaces  are colonized  very  slowly  but  the  succession on s o i l  
is a much l e s s   r e l i a b l e  time indica tor  as grea t  changes in   t he  

t o t a l  cover of   plants  can  occur  within a few years,   while  the 

same pat te rns  of incomplete  cover may last for  centuries  under 
the  l imit ing  condi t ions of the  arctic  environment.   Local  dif-  
ferences of the  environment persist over  long  periods  and  the 

vegetat ion i s  n o t   a b l e   t o  change  the  environment  towards more 
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mesic  conditions.   Contrarily,   differences  in  the  environment 

may be  accentuated  through  the  vegetation.  Trends  towards a 
climax cannot  be  observed  in  regions  with  permafrost.I1 

28. BESCHEL, R.E. 1965. Hummocks and the i r   vege ta t ion   i n   t he  high 
k c t i c .  Permafrost  Int.  Conf. Proc. 1963. Nat. Acad. S C i .  - 
Nat. Res. Counc. Wash. Publ.  1287:13-19. 

The o r ig ins  of hummocks are  described as well  as t h e i r  

associated  vegetat ion  types on Axel  Heiberg  and  Ellesmere 

1 sl ands . 

29. BILLINGS, W.D. and H.A. MOONEY. 1968. The ecology of arct ic  and 
a lp ine   p lan ts ,   Bio l  Rev. 43:481-529. 

A comprehensive  review of the  current   information on 

adaptation of p l an t s  t o  t h e  low temperatures and o ther  stresses 
of a r c t i c  and  alpine  environments.  Reference is made t o  the  

importance of vege ta t ive   reproduct ion   in   the  arctic. 
An extensive  bibliography is included. 

30. BLACK, R.F and W. L. BARKSDALE. 1949. Oriented  lakes  of  northern 
Alaska. 3 .  Geol. 57:lOS-118. 

This  paper is l a rge ly   theore t ica l ,   concern ing   or ig ins  

of  Alaskan  oriented lakes and  comparisons  with  other similar 
systems, but contains   the  fol lowing  infomation:  

Vegetation: T h e  entire coas ta l  p la in  is t r e e l e s s ,  
p ra i r ie - l ike   tundra   reg ion ,   charac te r i s t ic  of  the arctic and 

sub-arctic  zones.  I t  i s  covered  with a th ick  mat of vegetat ion 

composed of a mixture of l ichens,   mosses,   grasses,   sedges,  
shrubs,  and other  plants.   Small   prostrate  shrubs are rare along 
the  coast ,  but are more abundant  inland. Willows are par t icu-  

larly common along the  protected  banks  of   the  largest   s t reams,  

though  they  rarely grow as high as 10 feet .  Evergreen or l a rge  
deciduous  trees  are  absent. .  . 

I I A l l  surficial deposi ts  and the bedrock t o  a depth of  
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several  hundred feet  under   the  arct ic   s lope are permanently 

frozen. , . 
“ A l l  the   or iented  lakes  are being  modified by wind, 

vegetat ion,  and  permaProst ... 
“In   cont ras t   to   the   en la rg ing   e f fec ts  of thawing of 

permafrost  and  subsequent wave erosion,  vegetation, (commonly 

CoZediwn fUZvwn),  in   shal low  par ts  of the  lakes t ends   to   reduce  

and f i n a l l y   t o   e l i m i n a t e  wave eros ion ,   to  f i l l  i n  p a r t s  of the 

lake  with  plant  material ,  t o  i n su la t e  and protect  permafrost  

from  thawing  and  caving,  and t o  aid in  the  building-up of perma- 

f r o s t .  I I  

BLACK, R . F .  1952. Polygonal  patterns and  ground conditions from 

aerial photographs.  Photogram. Eng. 8:123-134. 

This paper is a summary of  the   theor ies  on polygons 

up t o  t h i s  da te .  
Conclusion:  Wonsiderable  caution must be exercised 

to   avoid  over-general izat ions  in   interpret ing  polygons.  Only 
when t h e i r   o r i g i n  i s  c l e a r l y  understood i n  any p a r t i c u l a r  

l o c a l i t y  can they be use fu l   i n   co r rec t ly   i n t e rp re t ing   p re sen t  

and pas t  earth conditions and in  properly  evaluating  land f o r  
agr icul ture ,   engineer ing  projects   and  other   purposes . t f  An 

extensive  bibliography on polygons is included  in t h i s  paper. 

32. BLACK, R . F .  1954. Permafrost. A Review. Geol. SOC. h e r .  Bull. 
65 : 839-856. 

This paper  discusses  various  aspects of genesis and 

degradation of permafrost   and  the  effects of such phenomena on 

s o i l .  Its biological   s ignif icance is not  well  covered  but  “the 

widespread  distribution of the  frog i n  the discontinuous  and 

sporadic  zones  of  permafrost  demonstrates  that low ground tem- 
peratures, except  perhaps  locally, do not  necessarily  follow 

periods of low air temperatures,  because the frog does  not 

survive body temperatures  below  about -SoC (Robert Hamilton, 
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1949, oral comnica-tCon ,) t 1  

An extensive  bibliography up t o  1954 i s  included. 

From author,'s abstract:   t tPermafrost  is as much as 

2,000 f ee t   t h i ck   i n   S ibe r i a  and  1,300 f ee t   t h i ck  i n  Alaska, 
where i t s  minimum temperature i s  -12OC and - 1 O O C  respec t ive ly . .  . 

"Permafrost  results when the  net   heat  balance of the  

surface of the earth  over a period of several  years  produces a 

temperature  continuously below O O C . .  . Freezing of the  mantle 
completely  eliminates  ground  water movement, preserves  organic 
remains  indefinitely,   reduces or prevents mass movements within 
the  f rozen  mater ia l ,  and promotes f ros t   ac t ion  i n  the  overlying 
ac t ive   l aye r ,  

Genesis: IIAlthough the  general   thesis  [of the  genesis  

of permafrost ,   whether  fossil  or formed recent ly , ]  is r e l a t i v e l y  

simple, it is extremely complex i n   d e t a i l .  Some of the  primary 
f ac to r s   i n   t he   hea t  exchange a r e  1) c l imat ic  - so la r   r ad ia t ion ,  

atmospheric  radiation,  counter-radiation, a i r  temperatures, 

wind,  humidity,  cloudiness and p rec ip i t a t ion ;  2) chemical  and 
phys ica l   charac te r i s t ics  of  the  ground - d i s t r ibu t ion ,   t ypes ,  

and tex tures  of  mater ia l ,   heat   capaci t ies ,   thermal   conduct ivi-  
t i e s ,   t h e r m a l   d i f f u s i v i t i e s ,  and  horizontal   and  vertical   thermal 
gradients ;  and 3) the  changing  interface  between  the  ground  and 
atmosphere - the   ac t ive   l ayer ,   sur face   water ,  snow, vegetat ion,  
and t h e i r   a l b e d o   ( r e f l e c t i v i t y ) ,  The f a c t o r s   i n  (3) commonly 

are more important   than  in   the  others   in   the heat exchange ... 
Areas i n  which the  average  annual a i r  temperature is several  
degrees below O°C may be f r e e  of  permafrost;  conversely,  areas 
with  average  annual air  temperatures  above O°C may contain 

sporadic permafrost   in  equilibrium  with  the  climate  (Muller,  
1952). These conditions may be  brought  about by t h e   f a c t   t h a t  
a thick,   dry  act ive  layer   covered  with  dry mosses  and  very 

t h i c k ,   l i g h t  snow provides  excellent  insulation;  conversely,  a 
t h i n ,   w e t ,   a c t i v e   l a y e r   w i t h   l i t t l e  or no vegetation and  with 
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thin,  dense snow, freezes  quickly  and becomes an  excel lent  con- 
ductor .  The in t e r f ace  changes  markedly from low t o  high a l t i -  

tudes  and  lati tudes and so  do the   win ter   c l imat ic   fac tors  ... 
Areas subject  t o  per iodic   winter  thaws may have  lower  ground 

temperatures  than areas of continuous  cold  because  the  insulat-  

i ng   e f f ec t  of snow i s  lo s t  on melting  and  re-freezing ... 
Geologic  Significance: “...The ac t ive   l aye r  is  commonly 

supersaturated,  so  t h a t  mass movements, f ros t   heaving ,   f ros t  
t h rus t ing ,  frost s t i r r i n g  and f r o s t   s p l i t t i n g   a r e  commonplace. 
Patterned  ground,  involutions,   solifluction phenomena, block 

f i e l d s  and o ther   micro- fea tures   resu l t . .  , 

“Thawing of  permafrost  containing much i c e  commonly 

r e s u l t s   i n   p i t s ,   p o n d s ,  and lakes on level  ground and  slumps 

and earthflows on sloping  ground.  Pressures up t o  30,000 l b  per 
sq i n  may be   a t ta ined   in   f reez ing  of i c e ,  and hydrostatic pres- 

sure  may be  transmitted  long  distances.   Injection of sa tura ted  
soils in to   c racks  of frozen  ground o r  i n t o  thawed  ground,  forma- 

t i o n  of i c e   l a c c o l i t h s  and  other small mounds, and surface  ic ings 

commonly r e s u l t  from hydrostatic  pressure  produced by freezing 
of water  trapped between permafrost  and the downward freezing 

ac t ive   l ayer   ( the  cryustatic process of  Washburn, 1950).  Pingos 
a r e   l a r g e  mounds r e su l t i ng  from hydrostat ic   pressure  during 

regrowth of permafrost   into thawed basins  i n  permafrost under 
drained  lakes I I1 

33. BLISS, L . C .  and J . E .  CANTLON. 1957. Succession on r iver   a l luv ium 
in   nor thern  Alaska. Am. Midland Natur. 58:452-469. 

The apparent   successional   re la t ionships  of the  vegeta- 
t ion   a long   r ivers  on the  Arctic  slope  of  Alaska  are  described 

wi th   pa r t i cu la r   r e f e rence   t o   t he   Co lv i l l e   R ive r  near Umiat. 

Four stages   are   recognized:   1)  Pioneer (perennial   herb),  
2) Vigorous  willow, 3) Deteriorating  willow, 4) Alder-willow- 

heath. 
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Later  these  types  give  way t o  one of the  several  tundra 
types  which  are  not  dependent on the river.  Continuous  perma- 
frost  underlies  this  part of Alaska. 

34. BLISS, L.C. 1970. Oil and  the  ecology of the  Arctic.  Trans.  Roy. 
SOC. Can. Ser. 4 ,  8:361-372. 

A general  paper  which  points out and  discusses  problems 
associated  with  oil  exploration,  production and delivery  in  and 
from  the  Arctic,  particularly  in  relation to vegetation,  perma- 
frost,  wildlife,  transport, o i l  and  air  pollution. The author 
is  optimistic  that  co-operation  among  industry,  university  and 
government  agencies is occurring  while  there  is  still  time. 

35. BLISS, L.C. 1970.  Primary  production  within  arctic  tundra  eco- 
systems.  Productivity  and  Conservation  in  Northern  Circumpolar 
Lands,  W.A.  Fuller  and P.G. Kevan, ed. I n t  . Union  Conserv. 
Nature (IUCN) Pub1 , n.s .  16 :77-85. 

A review  paper,  but  presents  some  results  from  current 
studies in.Alaska and the Yukon. Refers to some  problems of 
revegetation  following  fire  or  other  disturbances. 

36. BLISS, L.C. 1971.  Devon  Island,  Canada,  High-Arctic  Ecosystem. 
Biol.  Conserv. 2:229-231. 

An  outline of studies  under  investigation  on  Devon 
Island together  with the names of the  chief  investigators. No 
results  are  included. 

37. BLISS, L.C. and J.A. TEERI.  1971.  Devon Island Programs, 1970. 
Arctic 24:65-68, 

The  Truelove  Lowland is described  to  provide  background 
information on the habitat  and an outline of the  types of in- 
vestigations on plants,  animals,  soils,  and  microorganisms,  as 
well as  their  interrelationships  and  reactions to human  manipu- 
lation of their  environment is presented. 
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38. BLISS, L.C.  and R.W. WEIN. 1971.  Changes t o  the ac t ive   l ayer  

caused by surface  disturbance.  Permafrost  - Active Layer 
Seminar  Proc . , Vancouver. R J .E. Brown, ed . Nat , Res. Counc 

C a n .  ( i n  press). 

39. BLISS, L.C.  and R . W .  WEIN. 1972.  Plant community responses t o  

disturbances i n  the  Western  Canadian Arc t ic .  Can. 3 .  Bot. 
50:1097-1109. 

Tundra F i res :  "Two forest- tundra and two tundra  burns 
[ 2  and 3 years  old]  have  been  studied i n  Alaska and  the  Inuvik 
a rea .  A t  a l l  4 s i t e s ,   f i r e  removed a l l  of the l i t t e r ,  some 
of the peat, but only charred  the EKophomun vaginatwn subsp. 

spissum tussocks.  A l l  woody species and l ichens were consumed 

while most  mosses were scorched and k i l l e d ,  Plant recovery 
data  expressed as percent  plant  cover showed t h a t  most o r ig ina l  

woody species were  recovering from l a t e n t  stem  and  rhizome 
buds, While seedl ings of Er iophom vaginatum subsp. spisswn 
were common t h e  first one o r  two years ,   survival  [of the seed- 

l ings]  was extremely low. Species showing the  most regrowth 

the first year  included E. vaginatwn subsp. spissum and Ledwn 
palustre subsp. & d e n s .  O f  t he  cryptogams  only P o l y t r i c h  
j u n i p e r h m  regrew a f t e r   t h e   f i r e  though Mmchartia poZymorpha 
w a s  an impor tan t   so i l   co lonizer   in  some loca l ized  wet a reas .  

"Plant  production i n  the  tundra s i t e  burned one year 
e a r l i e r  was 75% of t h a t  on the   con t ro l   p lo t s .  In  one of the 

s i t e s  burned two years earlier annual  plant  production was 
greater   than t h e  cont ro ls  due to   the  high  product ion of Arcta- 
grost$s 2aatifo Zia var  . Zatifo Zia and Cu Zmagrostis canadensis ; 
minor species i n  adjacent  unburned  areas. 

"This rapid  regrowth of plant  cover  and'annual produc- 
t i on  is re lated  to   changes  in   the  thermal  and nutr ient   budgets  

fo l lowing   f i re . .  , 
"Further  studies will be  needed t o  determine  whether 

t he   pa t t e rn  of  regrowth is similar in   o the r   t undra   p l an t  
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communities. If it is then   f i r e s  may have a rejuvenating 

e f f e c t   i n   a r c t i c   v e g e t a t i o n  as they do in  other  temperate  region 
biomes. 

Crude O i l !  % r u d e   o i l   s p i l l s  were i n i t i a t e d   i n  1970 
on rep l ica ted   [ th ree ,  4 x 4m] p l o t s  a t  the  3 main study sites 

using Norman Wells crude ... O i l  was poured  direct ly  on the  vege- 

t a t i o n   i n   r e l a t i v e l y  f l a t  a reas   bu t   on ly   in   in te r -boi l   a reas  

(to simulate a moving o i l  mass) where r a i s e d   f r o s t   b o i l s  were 
prevalent ,  

"As expected,  within  hours of appl ica t ion ,   l iv ing   t i s sue  

had a water-soaked  appearance and a f t e r  a few days, a l l  leaf  
t i s s u e  was dry.  By August E. uaginatm subsp. spisswn, Ledum 
palustre subsp. deewnbens and Carex b i g e l m i i  showed some re-  
growth in   those   p lo ts   t rea ted   in   June .  No regrowth was evident 

i n  the   Ju ly- t rea ted  p lo ts  i n  fa l l .  In  late June 1971, p lan t  
regrowth was evident   in  a l l  p lo ts   bu t   the   da ta   ind ica ted   tha t  
o i l   s p i l l e d  on wet sedge and cottongrass  tussock  communities 

was more detrimental  than  in  those  dominated by  low shrubs. 

There  has  been no regrowth of l ichens and  mosses i n  any of t he  

treatments.  There was l i t t l e  evidence of plant  regrowth  in 
those   p lo ts   t rea ted   in   October  (20 cm snow present)  as opposed 

t o  June and July  treatment  (ca.  1-396 vs .  10-20%) , It  No c l e a r  
pa t t e rn  of  changes i n  act ive  layer   depths  has emerged. Studies 

of mic rob ia l   ac t iv i t i e s   i n   o i l   v s .   un t r ea t ed   so i l   co res   i nd ica t e  
1 O X  increase a t  3-5OC i n   t he   l abo ra to ry  and the re fo re   t ha t  
na t ive   bac t e r i a  and fung i   can   u t i l i ze   o i l  as an  energy  source. 

Surface  Disturbance,  Seismic  Lines: The h is tory   o f  
the  improvement of seismic  technology  in  preventing  vegetation 
damage is out l ined.   In  1970 r ep l i ca t ed  samples  were  taken on 
pa ra l l e l   und i s tu rbed   t e r r a in  and disturbed  (varying  dates 

s t a r t i n g   i n  1965) t e r r a i n .  
"In  dwarf,  shrub-sedge-heath hummock communities t h a t  

dominate much of the  Tuktoyaktuk  Peninsular,  plant  cover, 
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including  attached  standing dead was only 36% (mostly grasses) 
and the   ac t ive   l aye r  was 153% grea te r  on the  summer bulldozed 

1965 l i n e s  compared with  controls.   Other  sections of t h i s  and 

other   seismic  l ines   in   the same plan t  communities  have a p lan t  
cover  of 30-50%. On winter   cut   l ines  of 1967 through  the same 
conmunities,  plant  cover  averaged 57% and the   ac t ive   l aye r  was 

only 42% deeper  than  the  adjacent  control  l ine.  
!!Plants  and l i t t e r  provide  approximately  100%  cover on 

cont ro l   l ines . .  , .  

t lSeismic  l ines (1969) through Carex bCgeZowii and C. 

varifZora dominated  communities a t  Atkinson  Point showed no 
inc rease   i n  depth of the  act ive  layer   with a 5% increase   in   bare  

ground.  These are wetter  soils  than  those  near  Tuktoyakt uk... 
Where  seismic  lines  run  through open grown Pieea gZauca 

and Ahus crispa subsp. erispa or through SaZix gZauca subsp. 
acutifoZia,  S. p h y l i d f o 2 i a  subsp. plmzi fol ia ,  AZnus crispa 
subsp. crispa shrub  lands on the  Mackenzie River  Delta  bare 

soi l   predominates   the  f i rs t   year .   Plant   recovery will be more 

rapid  for  extensive  rhizomes  and  root  stalks  remain  in  the 

soil.. . 
"The da ta  t o  date  indicate  that   wherever  viable roo t s  

and  rhizomes of shrubs,  sedges  and  grasses  remain  in  the d i s -  

tu rbed   so i l ,  a 30-50% recovery  in   natural   p lant  cover w i l l  occur 

i n  3-5 years   with  subsidence  res t r ic ted t o  s i t e s  of h igh   ice  
content.  Where subsidence of 0.5-2m has occurred,   natural  or 
man-induced revegetat ion w i l l  take  place on the  new surface  but 
t o   d a t e   t h e r e  is l i t t l e  ind ica t ion   t ha t  immediate  reseeding  can 

prevent  ground  ice  melt  and  subsidence." 

Winter  Roads:  Wompacted snow roads   i n   t he   de l t a  do 
r e l a t i v e l y   l i t t l e  damage. In  upland areas where  dwarf sa l ix ,  
b i r ch  and heaths  predominate,  bare  soil  changes from 0% i n  

cont ro ls  t o  100% i n  road   cen t res .   L i t t l e  more s i te   degrada t ion  
occurred   a f te r  2 seasons  use  than one, except where mineral 
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s o i l  was exposed . I 1  

Seismic  Lines and Roads in   t he  High Arctic:  '%mmer 

seismic and haul  roads  rarely  cause damage on upland  f ine 

gravels,   sands and si l ts  except fo r  r u t t i n g  in June and e a r l y  
July  because  there  are so few p lan t  communities  but a t  lower 

elevat ions on d a r k   s i l t y   s o i l s   w i t h  wet land  peats and a com- 

plete  cover  of  mosses,  grasses,  sedges and fo rbs   e f f ec t s   a r e  

comparable to   e f f ec t s   i n   t he   De l t a .  These  communities  provide 

the food for  Peary  Caribou and Muskox herds 
"Active  layer  measurements  in  mid-July showed t h a t  i n  

sandy and gravelly  uplands l i t t l e  increase (0-5%) occurred  with 
surface  disturbance. In s i l t y   so i l s   w i th   s ca t t e r ed   he rbs  and 
l ichens and i n  lowland si tes with  grasses,  sedges  and  mosses, 

the   ac t ive   l ayer  was typ ica l ly  15-30%  deeper i n   r u t t e d   s i t e s .  

In  contrast   with  the  Delta and Alaska these   ru t s  seldom r e s u l t  

in  massive  ice  melt and surface  subsidence. .  Preliminary work 

i n  8 nor thern   Arc t ic   I s lands   ind ica tes   tha t   sur face   ru t t ing  and 
scraping  in  most areas is  less   detr imental   b iological ly   than 
i n  much of the  Low Arct ic  . I1 

Establishment of introduced  species for  s t a b i l i z a t i o n  

of berms e t c .   i nd ica t e s   t ha t  phosphorus  alone o r  with  nitrogen 
improves  growth  over  nitrogen  alone. I t  i s  noted  that  seeds 

must be sown on peat o r  mulches  added t o  counteract rapid drying 
of  minera l   so i l s   in  summer. 

40. BLISS, L.C.  and R.W. WEIN. 1972.  Ecological  problems  associated 
wi th   Arc t ic   o i l  and  gas  development.  Pap.  presented Can. 

Pipel ine Res Conf. Ottawa, ( in   p re s s ) .  m.s 30 p .  mimeo. 
Essent ia l ly  a review of t h e   r e s u l t s  of work done  by 

the  authors  and the i r   a s soc ia t e s  over the   pas t  few years   in   the  
Arct ic .  The implicat ions of t h i s   r e sea rch  as r e l a t e d   t o   d i f -  

f icu l t   engineer ing   pro jec ts  are discussed.   Greater   detai ls  are 
given i n  papers  presented  in  the  authors '  1971 ALUR repor t s .  
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41. BLISS, L.C. 1972.  Preliminary  report ,  Devon Island  Research 1971. 

13  p. mimeo. 
Research was concentrated on meadows and raised beach 

ridges.  I1Foliose and f ru t icose   l i chens   near ly   double   the   ra tes  
of evaporation compared with bare so i l   wh i l e   t he re  was l i t t l e  

difference  in   evaporat ion comparing a crustose  l ichen  surface 

with  bare  ground.  Evaporation rates from lichen  covers  are 

much greater   than  those  with  f lowering  plants .  A t  t he  meadow 

s i t e  evaporation from a moss surface was greater   than from open 
water.  In both sites it appears   that   l ichens and  mosses provide 
l i t t l e  i f  any   res i s tance   to  water loss   in   cont ras t   wi th   vascular  

p lan ts .  . 
"Sedges  and grasses a re   t he   p r inc ipa l   p l an t s   u t i l i zed  

by  muskox ... it appears  that   the  lowland  receives more in tens ive  

winter and spring  grazing when the  ground is snow covered  than 
it does i n  summer... 

''The manipulatory  studies show tha t   wi th   the   addi t ion  
of f e r t i l i z e r ,  some species  respond more rapidly  than  others  

(SaZix urctica, Alopecums alpinus, and Arotagrostis ZatifoZia) . . . 
"Depth of the   ac t ive   l aye r  measurements show tha t   wi th  

surface  dis turbance,   the   act ive  layer  seldom increases  more 

than 10 t o  15% and i n  many places ,  no s igni f icant   increase  

r e s u l t s .  With surface  scraping,  thaw of ice- r ich   l enses  is 
i n i t i a t e d   b u t   r e l a t i v e l y  few s i t e s  of slumpage or subsidence 

were observed i n  the  other   is lands. ' I  

Information on the  other   aspects  of t he   s tud ie s  (biomass 

production, soils, meteorology,   ni t rogen  f ixat ion,   inver tebrates ,  

and decomposition) are also given. 

42.  d C H E R ,  T.W. 1949, Climate, s o i l  and lakes   in   cont inental  west 

Greenland i n   r e l a t i o n   t o   p l a n t   l i f e .  Medd. om Grqhland. 

147(2).  61  p. 
Information on the  c l imate  and detailed physical  and 
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chemical  analyses of s o i l s  and  lakes  are  presented,  along  with 

descr ip t ions  of the  associated  vegetat ion.  Many of the  lakes 

and s o i l s   a r e   s a l i n e .  

43. d C H E R ,  T.W. 1954.  Oceanic  and  continental  vegetational complexes 
in  southwest  Greenland. Medd. om Grdnland.  148(1). 336 p .  

Detailed  information on the  two types of  vegetat ional  

complexes are  given.  Ecological  information on assoc ia t ions  

and individual   species   in   re la t ion  to   environmental   requirements  
a re   de t a i l ed .  The paper i s  p ro fuse ly   i l l u s t r a t ed  and  has  an 

extensive  bibliography. 

44.  BdCHER , T .W , K. HOLMEN and K. JAKOBSEN, 1968 The f l o r a  of 
Greenland. Haase and  Son.  Copenhagen. 312 p .  

45. BOGDANETS, Iu. I.  1970. Vegetat ion  effect  on thawing r a t e  of 

frozen  ground.  (Transl.   Russian  t i t le) .   Merzlotney  issled.  
10:  223-226. 

From: U.S. Army Cold  Regions Res. Eng.  Lab. [CRREL) 

Rep. 1 2 .  25(1)  1971. CRREL 25-3811, %now cover   e f fec t ,  

Permafrost  thickness, Thawing, Vegetation,  Active  layer  thickness." 

46. BONNLANDER, B. and G . M .  MAJOR-MOTHY. 1964.  Permafrost and ground 

temperature  observations,   1957.  Permafrost   studies  in  Central  
Labrador. J.B. Bird,  ed. McCill Subarct ic  Res. Pap. 16:33-SO. 

Five  cover  types  are  recognized: 
[a) s p r u c e   f o r e s t   ( l i t t l e  or no permafrost) ,  

(b) f o r e s t   t r a n s i t i o n  (some permafrost) ,  

(c) lichen  heath  tundra  (permafrost) , 
(d) lichen  heath  regeneration  (burned-over, now with 

l ichen  only,  l i t t l e  o r  no permafrost) ,  

(e) bog and swamp (no permafrost) .  
llPermafrost is more l i k e l y   t o  be found i n   t h e  exposed 

hi l l - r idges  with  shal low snow cover   than  in   the  val ley  s lopes 

or bottoms. 
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47,  BRASSARD, G , R .  1965.  Botany. In  Operation  Tanquary:  Prelim. Rep. 

1964.  p.  43-47. G. Hattersley-Smith, e t  aZ. Can.  Def.  Res. 

Bd. : Rep. D Phys. R (G) Hazen, 
An ou t l ine  of the  prel iminary  bryological  and vascular 

plant  survey  and some information on phenology a t  Tanquary  Ford, 

Ellesmere  Island. 

48. BRASSARD, G . R .  1968. The p lan t   habi ta t s  of the Tanquary Camp a rea ,  
Ellesmere  Island, N.W.T. Can. Dep. Nat. Def.,  Def.  Res. Bd. 

Oper.  Tanquary.  Geophys. Hazen 32. Ottawa. 11 p. 
Classif icat ion  of   the  plant   habi ta ts  (13) by wetness, 

s lope ,   overa l l   p lan t   cover ,   s ize  of subs t ra te   mater ia l ,  and 

s t a b i l i t y   i n   t h e   v i c i n i t y  of Tanquary Camp. Each hab i t a t  is  

descr ibed  in   detai l ,   wi th  comments on vege ta t ion ,   loca l   d i s t r i -  
bution  and  variability.  Photographs  of most h a b i t a t s   a r e   i n -  
cluded. 

49. BRASSARD, G . R .  and R.E .  LONGTON. 1969.  Botanical  studies  in 

Northern  Ellesmere  Island i n  1967: A prel iminary  report .  Can. 
Dep. Nat Def., Def, Res. Bd. Oper. Hazen, Geophys. 38. 9 p .  

An ou t l ine  of botanical  studies  (chiefly  taxonomic) 

in   th ree   loca l i t i es   in   nor thern   E l lesmere   I s land .  Notes on 

growth  and  reproduction  studies on mosses are   included.  

SO. BRITTON, M.E. 1957.  Vegetation of  the   a rc t ic   tundra .   Arc t ic  

Biology. H . P .  Hansen, ed.  18th  Colloq., Oregon Sta te   Col l .  

p .  67-130. 
A detailed  review of botanical   aspects  of t h e   a r c t i c ,  

( including  other   aspects  of the  environment) which a f f e c t   t h e  
development of  vegetat ion.  

Detai led  descr ipt ions  of   plant  communities o f  the  

various  physiographic  provinces,  based  primarily on Spetzman 

(1951)  and including  personal  observations from unpublished 

data  and  manuscripts,  are  given.  Polygonal  and  other  patterned 
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ground and vegetation  relationships  are  discussed  thoroughly,  

as well as succession on various  bare  surfaces  including  those 

caused by f ros t   ac t ion .  

An extensive  bibliography is included. 

51. BRITTON, M.E. (ed.)  1964. Arctic Biology.  Bioscience  14(5):9-51. 
A general  and somewhat abbreviated  review of t he  

research   in   the  American Arctic  undertaken by various  agencies 

up t o  1964. 

52, BROWN, J., W. RICKARD and D. VIETOR. 1969. The e f fec t  of d i s tu r -  
bance on permafrost   terrain.  U.S. Army Corps Eng,, Cold Regions 
Res. Eng. Lab. (CRREL) Spec. Rep. 138. 9 p .  

Conclusions: ' I , . .  Essentially,   any  disturbance which 
eliminates or greatly  reduces  plant  growth will r e s u l t   i n   a n   i n -  

creased  thaw. If the  vegetative  cover is physical ly  damaged and 
mineral   soi l  is exposed  the  increased thaw will be  accompanied 

by  erosion. A twofold  increase  in t h a w  after shearing the tundra 

vegetation was observed on careful ly   control led  experimental  
p l o t s .  The same increase was observed on mulched p l o t s .  Removal 

of vegetation by fire a l so   r e su l t s   i n   an   i nc reased  [up t o  <60%] 

thaw.  These  increases  are  caused by the  absorpt ion of more 

energy  into  the  soi l   through  the  darker   surface  cover .   Estab-  

lishment of new..,growth  following damage w i l l  undoubtedly  slow 
the  rate of permafrost  degradation ... It  is recommended t h a t  
a l l  vegetation or r e s to ra t ion   s tud ie s  of tundra  measure thaw 
penetration  under  revegetated  and  controlled  unvegetated sites 
to  determine  the  magnitude  of  these  differences.11 

53. BROWN, J. and W. R I C W D .  1969. The thawing of so i l s   a s soc ia t ed  
with Erio@orum tussocks. U.S. Amy Cold  Regions Res. Eng. Lab* 
(CRREL) In te rn .  Rep. 61. 94 p.  

54. BROWN, J .  1971. U.S. Tundra Biome Program: The  Barrow  word model. 
Tundra Biome Working Meeting on Analysis of Ecosystems, 
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Septembe:, 1970. p .  174-177. O.W. Heal,  ed.  Int.  Biol. 

Program (IBP) Tundra Biome Steer ing Corn., London, Engl. 

This ar t ic le   ou t l ines   the   e f fec ts   o f   the   3 - to-5-year  
large  amplitude  population  cycles of  the brown lemming and 

their   importance f o r  the  vegetat ion.  

"The most conspicuous  feature of the  consumer  compart- 

ment of the  ecosystem is the  3-to-5-year  population  cycles of 
large  amplitude  in  the brown lemming, (Lemnus tx4mueronutus), 
the  dominant herbivore.  Numbers of lemmings vary from about 
one t o  250 per  ha.   Insect  herbivores  are uncommon and other  
ver tebrate   herbivores  which may be  important a t  other   tundra 
s i t e s   a r e   h e r e  uncommon (other  species of microtine  rodent,  

caribou,  geese)  or  absent  (ground  squirrels) .   In  the  absence 
of   o ther   s ign i f icant   herb ivores ,   var ia t ion   in  lemming densi ty  

r e s u l t s   d i r e c t l y   i n   v a r i a t i o n   i n   t h e   g r a z i n g   p r o c e s s ,  When 

lemmings are scarce,  vegetation  accumulates as standing dead i n  
the  plant canopy. As t he  lemming populat ion  bui lds   in   the 

winter and spr ing  preceding  the  high,  much of the  vegetat ion i s  
cut. Only a r e l a t i v e l y  small amount i s  consumed;  most is con- 

v e r t e d   d i r e c t l y   t o   l i t t e r .  The l i t t e r  may be r e -d i s t r ibu ted  

during spring melt-off  being removed from r a i sed   a r eas  and 

concentrated  in  lower areas, ponds,  and  polygon  troughs.  This 
also  produces a pulse of  organic  matter  entering  the  saprovore- 
based  food  chain. When lemmings are  abundant, snowy owls  and 
pomarine  jaegers  breed  in  large numbers,  and l e a s t  weasels in-  

creased  markedly  in  abundance.  In  other  years  these  predators 
are scarce or absent.  Ermine  and  both a r c t i c  and red  foxes  are  

p r e s e n t ,   e s p e c i a l l y   i n  lemming-high years,  but  are  never  abun- 

dant . 
From another   par t  of the  paper - I1On a l l  t e r r e s t r i a l  

sites, b u t   p a r t i c u l a r l y   i n   t h e  wetter meso-sites,  production 

is directly  influenced  by  the  slow  decay o f  unclipped,  standing 

dead material. I t  is hypothes ized   tha t   the   ava i lab i l i ty  of 
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nu t r i en t s  t o  p l an t s  f o r  growth is modulated  by  the lemming popu- 

lation  through  accumulation  and  storage of certain  elements 
(nitrogen,  potassium,  phosphorus)  in,   and  their   ult imate  release 
from faeca l  and other  dead organic matter. The lemmings, by 
clipping  the  slowly decomposing standing  dead [material] hasten 
nu t r i en t   r e l ease  as the newly f a l l e n  l i t t e r  decomposes f a s t e r  

than  the  s tanhng  dead.  

55. BROWN, J., F.A. PITELKA and H.N. COULOMBE. 1970.  Structure  and 

function of the  Tundra  Ecosystem a t  Barrow, Alaska. Product ivi ty  
Conservation i n  Northern  Circumpolar  Lands. W.A. Fuller  and 
P .G . Kevan, ed.   Int  . Union Conserv.  Nature (IUCN) Pub1 . n. s . 16 : 
41-64. 

An outline  of  the  Tundra Biome Program a t  Barrow,  Alaska. 

A word  model of  the  ecosystem,  development of synthesis  and 
modelling,  and a descr ipt ion of vegetation,  geographic,   cl imatic 
and  thermal  regimes,  geomorphology,  and  surface  and  subsurface 

geology of the  Barrow region  are   presented.  

56 .  BROWN, R.J.E. and G.H. JOHNSTON. 1964. Permafrost and r e l a t ed  

engineering  problems Endeavour 23 (89) :66-72, 

The most important  features  of  permafrost  with  engineer- 
ing  construction  significance are given as: 

1. the  great   sensi t ivi ty   of   permafrost   to   thermal   changes,  
2 .  the   re la t ive  impermeabi l i ty  of permafrost t o  moisture, 
3 .  the  high  ice  content of  f ine-grained  and  organic  soils 

containing  permafrost. 

Various  suggestions are given for  conserving  the  frozen 
condition. 

!'The thickness of permafrost..  .is de.termined by the  

close  and complex in t e rac t ion  of a l a rge  number of climatic and 

t e r r a i n   f a c t o r s ,   t h e  most important of which a r e  a i r  temperature, 

r e l i e f   ( s l o p e  and aspect) ,   vegetat ion,   drainage,  snow cover and 
soil type.!' The f ac to r s  which affect   permafrost   also  determine 
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the   thickness  of the   ac t ive   l ayer .  
There is  a re la t ionship  between mean annual a i r  and 

mean annual  ground  temperatures,  with mean annual a i r  tempera- 
ture   being  about  2 t o  5'C less than  the mean annual  ground 
temperature  and  averaging  about 3OC l e s s .  E.g Resolute N.W.T. 
(continuous  zone) mean annual a i r  temperature is -16 . l 0 C  and 

mean annual  ground  temperature is -12.8OC;  Thompson, Manitoba 

(discontinuous  zone) mean annual a i r  temperature is -4OC and 

mean annual  ground  temperature is 0.5'C. 
l1Over a long  period of time a change i n  mean annual 

air temperature can r e s u l t   i n  a s ign i f i can t  change in   t he   ex ten t  
and  thickness o f  permafrost.  Geothermal  gradients from about 

l 0 C  pe r  20 m t o  l0C per  60 m - depending t o  some degree on the 

type of so i l   o r   rock  - have  been  observed. A change of l 0 C  i n  
mean annual a i r  temperature  could  result ,   over a long  period 

of time, i n  a change  of l 0 C  i n   t h e  mean annual  ground  tempera- 
t u r e .  This would cause a change in  permafrost  thickness of 

approximately 20 t o  160 m e f f  

Relief:  In  the  discontinuous  zone,  south-facing  slopes 
usually  have no permafrost  while it is present on north-facing 

s lopes;   in   the  cont inuous zone it appears   th icker   and   the   ac t ive  
layer   thinner  on north-facing  slopes.  

Vegetation  provides  l lresistance to heat  flow by  conduc- 
t i on .  By t r ansp i r a t ion ,  it draws water from t h e   s o i l ,  which 

is thus  depleted of heat   held by water.  Furthermore,  the  pro- 

cess of   evaporat ion  ( including  that  due to   t r ansp i r a t ion )   w i th -  
draws hea t  from the  surrounding  atmosphere  and from incident  

solar rad ia t ion .   In  the present   context ,  mosses and  lichens 

a r e   p a r t i c u l a r l y   s i g n i f i c a n t .  Mosses are  strongly  hygroscopic,  

but  can  lose  moisture  rapidly and in   large  quant i t ies .   Lichens,  

however,  have very  dry  surfaces a t  a l l  times,  even when the 

lower  layers   near   the  soi l  are very wet; possibly  they  protect  
t he   so i l   aga ins t   hea t   ga in  more by an  insulating  process  than 
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by one of evaporative  cooling. I t  i s  possible ,  however, that 

rapid  evaporation or diffusion exchange of water  vapor from the 
wet basal   layer   to   the  a tmosphere above the   l i chen  may cont r i -  

bu te   to  low soi l   temperatures  and a high  permafrost   table.  The 
underlying  peat formed from the  accumulation of decomposed vege- 
t a t ion ,   a l so   i n f luences  the hea t   t r ans fe r  between  the  atmosphere 

and the   so i l   benea th .  

"Snow cover  influences heat transfer between the  a i r  
and the  ground and hence  affects  the d i s t r ibu t ion  of permafrost. 
The snow-fall  regime and the time t h a t  snow l i e s  on the ground 

are c r i t i c a l   f a c t o r s ,  A heavy f a l l  of snow i n  autumn and ea r ly  
winter will inh ib i t   w in te r   f ro s t   pene t r a t ion  and the  formation 

of permafrost. On the other  hand, a th i ck  snow cover   that   per-  

sists on the ground in   spr ing  will delay  thawing of the under- 
lying  frozen ground.I1 Talik  (unfrozen zone) almost  always 

exis ts   beneath  lakes  and other  bodies of water  which do not 
f reeze t o  the  bottom  in  winter.  

"Bare rock and s o i l  have  considerable  influence on the 

temperature of the  ground  because of t h e i r   a b i l i t y  t o  reflect 
solar r ad ia t ion .   Re f l ec t iv i ty   va lues   i n   t he  range of 1 2  t o  15 

per   cent   for   rock and 15 t o  XI per   cent  for t i l l e d   s o i l  have 
been  observed. There will a l s o  be different   evaporat ion rates 
and intakes of  p rec ip i t a t ion .  

"In  the  southern  fringe most permafrost is confined 
t o   p e a t  bogs. The thermal  properties of t h e   p e a t   a r e   t o  a 
great extent   responsible   for  i t s  fo rma t ion   i n   t h i s  type of 
t e r r a i n  and changes  in  the  extent of permafrost i s  a l so   l a rge ly  
dependent on changes i n  the thermal proper t ies  of the pea t .  

The mechanisms  which caused the   formation  of   penafrost  i n  these 
bogs are assoc ia ted   wi th   var ia t ions   in  the heat  exchange at the  
sur face  of the moss and  peat. When dry,   peat  has a low thermal 

conduct iv i ty   equal   to   tha t  of snow (i .e. about  0.00017 cal/cm°C/ 

sec ) .  Peat can absorb l a rge   quant i t ies   o f  water; when wet, i t s  
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thermal  conductivity i s  greatly  increased.  Unsaturated  peat 

has a conductivity  of  about 0.0007 cal/cm°C/sec. .. When frozen, 
i t s  thermal  conductivity i s  many times tha t   o f   d ry   pea t  and 
approaches  the  value for i ce ;   sa tura ted   f rozen   pea t   has  a con- 
duc t iv i ty  of about 0.0056 cal/cm°C/sec.  During  the summer, a 
thin  surfa(e  layer  of  dry  peat  having a low thermal  conductivity 

prevents warming of the  underlying  soil .   During  the  cold  part  
of the   year r   the   pea t  i s  sa tu ra t ed  from the  surface,   and when it 

freezes ,  i ts thermal  conductivity  greatly  increases.  Because of 
t h i s ,   t h e  amount of hea t   t ransfer red   in   win ter  from the  ground 
t o  the  atmosphere  through  the  frozen  ice-saturated  peat is 
greater   than  the amount t ransmi t ted   in   the   oppos i te   d i rec t ion  
i n  summer through  the  layer  of  dry  peat and underlying wet pea t .  

A considerable   quant i ty  of  heat is also  used  during  the warm 
pe r iod   t o  melt t h e   i c e  and t o  warm and evaporate  the water. The 
n e t   r e s u l t  is  a loss   of   heat ,  and conditions  conducive t o   t h e  

formation of permafrost. 

"This  thermal mechanism does  not  cause  the  permafrost 

to   increase   in   th ickness   indef in i te ly .   Rather ,  a quasi-  
equilibrium is reached whereby the  downward f ros t   pene t r a t ion  
i s  balanced by heat  transfer from the  unfrozen  ground  below, 
The the rma l   s ens i t i v i ty  of this   permafrost  i s  v iv id ly  demon- 

s t r a t e d  by i ts  rapid  thawing when the  overlying moss and peat  
layers  are removed 

This   appl ies   to   the  southern  f r inge.   l lFurther   north 
the thermal  properties of pea t  and o t h e r   t e r r a i n  feature assume 
a r e l a t i v e l y  minor r o l e  and the  thermal  properties of t he  ground 
as a whole, together   with  c l imate ,  become dominant.  Variations 

in  thermal  properties  such as conduct iv i ty ,   d i f fus iv i ty ,  and 
spec i f i c   hea t   a f f ec t   t he  rate of permafrost accumulation. For 
example, the  thermal  conductivity of s i l t  i s  about  one-half  that 

of  coarse-grained  soi ls  and several  times t h a t  of rock. Varia- 
t ion  in   thermal   propert ies   a lone w i l l  not ,  however, necessar i ly  
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r e s u l t   i n   d i f f e r e n c e s  i n  permafrost  thickness  within a p a r t i c u l a r  
area.  . . 

T h r e e   f e a t u r e s  of  permafrost are s i g n i f i c a n t   i n  
engineering  construction: -1) Permafrost is par t i cu la r ly   s ens i -  
t ive  to  thermal  change. Any na tura l  or man-made change i n   t h e  

environmental  conditions, however s l i g h t ,  will g rea t ly  affect 
the  delicate  natural   thermal  equilibrium. 2) Permafrost i s  
r e l a t i v e l y  impermeable to  moisture.  Drainage is v i t a l ,   t h e r e -  

fo re ,   because   a l l  mvement of water  occurs  above  the  permafrost, 
in   northern  areas ,   surface water i s  conspicuous  despite the 
general ly  low p rec ip i t a t ion .  I f  natural   drainage is impeded or 
proper  drainage  structures  not  provided,  construction  operations 

can be seriously  complicated by in tens i f ied   f ros t   ac t ion   dur ing  

the  winter  and accelerated thawing  during  the summer. 3) The 
ice content of the  frozen ground is a most important  considera- 
t ion.   Sol id   rock,   gravel  and sand, usual ly   contain l i t t l e  or 
no ice  a t  temperatures below O°C and few d i f f i c u l t i e s   a r e  
encountered  in  building on these   mater ia l s .  Most problems arise 
with  f ine-grained materials and organic  materials  such as peat ,  

which usua l ly  have  extremely  high ice contents and are   suscept-  
i b l e  t o  f ros t   ac t ion .  As long as water remains  frozen  in  such 

s o i l s ,   t h e  ice b inds   the   ind iv idua l   par t ic les   toge ther   to   p ro-  
duce a mater ia l  of considerable  strength; when thawed,  however, 

t h e s e   s o i l s  change t o  a so f t   s lu r ry   w i th  l i t t l e  or  no s t rength .  

A l l  forms of ice   l ayers  o r  lenses,  ranging from h a i r l i n e  sizes 
to   s eve ra l  meters in   th ickness  - can occur  within  the same 

mater ia l .  In s i l t y  soils,  fo r  example, the  volume of ice may 
be as much a s   s i x  times t h a t  of s o i l .  .. 

Engineering  Considerations : "Perennial  freezing  can 
be neglected when engineering works are s i t e d  on well-drained, 

coarse-grained  soi ls  o r  bedrock.. .   In  the zone of continuous 
permafros t ,   par t icu lar ly  where f ine-grained  soi ls   wi th   high ice 
content  are  encountered,  every  effort  must be made to   p reserve  
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the   f rozen  condi t ion.  In  the  discontinuous  zone,. , . frozen 

mater ia l  [may be removed  and replaced]  with  well-drained material, 
not   suscept ible  t o  f ros t   ac t ion . "  

\ Vent i la t ion  or insu la t ion  is needed to   p reserve   the  

frozen condition on the f ine-grained  ice-r ich  mater ia ls .  On 

s u i t a b l e   s i t e s ,   b u i l d i n g s  may be put on st i l ts  t o  give  s u f f i -  

c i en t   ven t i l a t ion .  Normally  highways, a i r s t r i p s  and railways 

need  insulation.  ttNormally f i l l  methods are used  throughout and 
disturbance  of  the  surface  cover is kept   to  a minimum. Cuts 

through h i l l s  are avoided where possible.   Proper  drainage must 
be  provided to  prevent  accumulation of water." 

BROWN, R . J . E .  1965. Some observations on the  inf luence of c l imat ic  

and t e r r a in   f ea tu re s  on permafrost at  Norman Wells, N.W.T., 
Canada. Can. J. Earth Sc i .  2:15-31. 

Results of meteorological  studies from instrumentation 
under  and  over  five  types of vegetation growing in   t he  Norman 
Wells region  are  described. "The depth of thaw under moss and 

l ichen was less   than   in  areas supporting  other  types of p lan t  

growth. Ground temperatures i n  the thawed l aye r  and i n   t h e  
permafrost showed the  same cha rac t e r i s t i c s ,   be ing  lower i n   t h e  
moss and l ichen  areas ."  

58. BROWN, R.J.E. 1965.  Influence of vegetation on permafrost. Perma- 

f r o s t   I n t  Conf,  Proc.  1963. Nat. Acad. Sc i .  - Nat. Res. Counc. 

Wash. Publ.  1287:20-25. 

tlIn the   northern part of the   tundra   the   vege ta t ion  has 
l i t t l e  influence on permafrost  because it is sparse  and  the 

vegetat ive  per iod lasts -less than two months, It  causes  local 

var ia t ions   in   depth  of  thaw  and helps impede erosion.  The 
destruct ion of the  vegetat ion  accelerates   thawing  only  s l ight ly .  

"In  the  southern  part o f  the  tundra,   vegetat ion becomes 

more abundant,  peat  mantles part of the  surface and attains 
thicknesses of severa l  feet  i n  some basins .  The  main influence 
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of the  vegetat ion is on the  depth  of thaw. If vegetation is 
removed, the  depth of thaw will increase;  erosion will increase 

and thermokarst w i l l  develop i f  thawing  proceeds a t  d i f f e ren t  

ra tes   over   an area o r  if there  are loca l   d i f fe rences   in   the  ice 
content of the  frozen  ground. 

"In  forest   tundra,   vegetation mass is grea ter   than   in  

the  tundra,  and t h e   r a t e  of accumulation of organic matter is 
higher.  Extensive  peat bogs form and  water  basins  are  encroached 
by vegetation and  permafrost  forms. Woody and brush  vegetation 
grow which  accumulate snow, leading t o  higher  permafrost  tempera- 
tures   than  in   the  tundra.  If the  vegetat ion is removed, the  

depth  of thaw increases  and t h i s  is counteracted  to  some extent  

by lower snow accumulation  and a decrease i n  permafrost  tempera- 

t u re s .  

The maximum development of vegetation  occurs  in  the 
t a i g a .  Here vegetation  has i t s  greatest   inf luence on permafrost 
even in  very  small   localized areas, caus ing   var ia t ions   in  its 
extent,  depth  of thaw and ground temperatures.  Frequent  forest 

fires cause   var ia t ions   in  the occurrence and thickness of perma- 

f ros t   over   shor t   d i s tances   in   the   t a iga .  

IMass, densi ty ,   height  and influence of vegetat ion,  and 

rate of  accumulation of organic  matter are less in   the   s teppe  

than i n  the   t a iga ,   bu t   depth  of permafrost is greater ."  
The author  concludes  that l%ome mechanisms add h e a t   t o  

the   g round,   o thers   fac i l i t a te   hea t   loss . . .  Some add heat a t  one 

time and contr ibute   to   heat  loss a t  another  time.  Influences 

of  vegetation  are  almost a l l  reversible  depending on the  condi- 
tions  under which they  occur.11 The prec ise  measurement of t he  
fac tors  is probably  impossible and probably a l l  f ac to r s   a r e   no t  

known so tha t   p red ic t ion  of effects by  changing var ious  factors  
i s  impossible .   T 'he  best   solut ion  appears   to  be t o  measure 

obvious effects of vegetation,  such as depth of thaw,  tempera- 
tu res ,   ex ten t  of thickness of permafrost which are manifestations 
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of  net   heat  gains  and  heat  losses  to  the  ground, and r e l a t e  

these   to   var ia t ions   in   envi ronmenta l  components. The same perma- 

f ros t   condi t ions  may occur i n  two adjacent   areas ,   but   the  com- 
binat ion of vegetation and other  factors  producing two similar 
sets   of   permafrost   condi t ions may be   qu i t e   d i f f e ren t .  

59. BROWN, R. J .E. 1965. Relation between mean annual a i r  and  ground 
I 

temperatures  in  the  permafrost  region of Canada.  Permafrost 
I n t .  Conf. Pmc. 1963. Nat. Acad. Sc i .  - Nat. Res. Counc. Wash. 
Pub1 , 1287:  241-246. 

A discussion of mean annual air and  ground  temperature 
re la t ionships  which may be  used in   p red ic t ing   permafros t ,   bu t  
which a r e   n o t   y e t   e n t i r e l y   r e l i a b l e  due t o  the  inf luence of 
o ther   c l imat ic  and t e r r a i n   f a c t o r s .  

Influence of t e r r a i n  and o the r   c l ima t i c   f ac to r s ,  "The 

difference  between mean annual a i r  and ground  temperatures, and 
v a r i a t i o n s   i n   t h i s   d i f f e r e n c e  from place   to   p lace  are caused by 
cl imat ic   factors   other   than air temperature  in  combination  with 

surface and  sub-surface  terrain  factors .  The complex energy 
exchange  regime of the  ground  surface, which i s  influenced by 
these   f ac to r s ,  is such  that   the  mean annual  ground  temperature 

is several  degrees warmer than  the mean annual a i r  temperature. 
Factors  which seem p a r t i c u l a r l y   i n f l u e n t i a l   a r e   n e t   r a d i a t i o n ,  
vegetat ion,  snow cover,  and  ground  thermal  properties,  that 
vary  with  t ime;   other   factors   include  re l ief ,   s lope and or ien ta-  

t i on  and surface and sub-surface  drainage. 

T h e  difference  between mean annual a i r  and  ground 
temperatures  can be expla ined   in   par t  by t h e   f a c t   t h a t   t h e  

ground surface is heated  by  solar   radiat ion  during  the  day  to  
a much higher  temperature  than  the a i r  above.  This  excess  heat- 
ing more than  balances  the  cooling of the  ground surface by 

radiat ion  during  the  night .  Snow cover con t r ibu te s   t o   t h i s  

s i t u a t i o n  by i n s u l a t i n g   t h e   s o i l  from the  cold a i r  above. 
"It is suggested  that   the   difference between mean 
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annual a i r  and  ground  temperatures would be g r e a t e r   i n   i n t e r i o r ,  

cont inenta l   loca l i t i es ,   than  i n  maritime locations  because of 
the  greater  snowfall  and  accumulation in  the  former  areas.  

“Variat ions  in   net-radiat ion,   vegetat ion,  snow cover, 

and o ther   fac tors   cont r ibu te   to   observed   d i f fe rences   in   the  
thickness and  temperature of permafrost  in  neighbouring areas of 

the  continuous zone having similar mean annual a i r  temperatures; 

they  also  help  explain  the patchy occurrence of permafrost a t  a 

par t icu lar   loca t ion   in   the   southern   f r inge  of the  permafrost  
region.,  II 

Relation between a i r  and  ground  temperatures: T h e  
question arises again as t o  what is the maximum mean annual a i r  

temperature a t  which permafrost can exist .  Permafrost ,   a lbei t  

only a few fee t   t h i ck ,  is found a t  Keg River,   Alberta,  which 
has  a mean annual a i r  temperature of 31°F, I t  does  not  occur 

in t h e   v i c i n i t y  of Fort  Vermilion,  Alberta (28.2’P) nor at  Fort 

Smith, N.W.T. (26.2’F), nor even a t  the  experimental  farm a t  
Fort  Simpson, N.W.T. (25.0’F) Clearly,   vegetation  plays a 
dominant r o l e  i n  th i s   s i tua t ion .   Permafros t   a t  Keg River is 
confined t o  a few small   scattered spruce-sphagnum peat bogs. 
No such  bogs  occur i n   t h e  Fort Vermilion  area.  Permafrost 

e x i s t s   a l s o   i n  similar bogs i n  the  Fort  Smith  and Fort  Simpson 

areas 
T h e   o r i g i n  of permafrost   in   these  bogs,   par t icular ly  

i n  Keg River,  could be a t t r i b u t e d   t o  one or  more of the  following 

causes: (a) I t  could be a remnant from the  cooler  climatic 
regime of the  Pleistocene; @) It could  be  short-l ived perma- 

f r o s t  of perhaps  several  decades’  duration which  formed as  a 

r e s u l t   o f   s l i g h t l y  lower air temperatures  than  those  prevail ing 
a t   p r e s e n t ;  and (c) I t  could be short- l ived,  as i n   t h e  second 

case,   but formed as t h e   r e s u l t  of terrain  changes,   such as snow 

cover o r  drainage  which  were  conducive t o   i n i t i a t i o n   o f  perma- 
frost   wi thout  ‘ a  change i n  mean annual a i r  temperature. 
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"In a l l  three  cases  the  permafrost  is  protected by moss and 

peat cover; it would probably  disappear and not  re-form i f  t h i s  

cover  were removed. 

60. BROWN, R.J.E. 1966.  Permafrost,  climafrost  and  the muskeg H f ac to r .  

Eleventh Muskeg Res. Conf. Proc. Nat. Res. Counc. Can.,  Assoc. 

Corn. Geotech. Res. Tech. Memo 87:159-178. 

This paper is a cr i t ic i sm  of  th'e use  of  the  Radforth 

term llclimafrostl l  and the   use of the  muskeg H f ac to r  (25 per  

cent  cover by l ichens on muskeg) as an ind ica tor  of the  southern 
limit of permafrost. 

Brown disputes   the  Use of  both  terms,  considers 30°F 

mean annual a i r  temperature  isotherm a bet ter   index.  He has 

seen a l l  combinations of  l ichens,   permafrost  and muskeg. He 

poin ts  out that   "plant  species may be  excluded which i n   f a c t  
a r e   s ign i f i can t   i nd ica to r s  of ground  thermal  conditions". For 

example,  there are bogs with  l ichen  but  no permafrost;   the 

moisture  content  of  the  peat is s u f f i c i e n t l y  low t o  allow  l ichen 

growth but  too high  for  permafrost. The ground  cover  includes 
remnants  of  pool  vegetation - grasses  and  marsh sedges  -which 

predominated  before  the  encroachment of  sphagnum and  lichen. 

These  remnants  survive  because  the s i t e  is s t i l l  s u f f i c i e n t l y  
moist; it is too  moist   for   permafrost   but   suff ic ient ly   dry  for  
l ichen.  The grass  and  sedge  comprise  less  than 25 per   cent  of 
the   to ta l   cover  and thus  are  excluded from the  Radforth muskeg 
c l a s s i f i ca t ion .   In   t hese   s i t ua t ions ,  however,  these  plants are 
the  key  indicators of the  permafrost  conditons. .. 

"Permafrost w i l l  form  and p e r s i s t   i n  a peat  bog regard- 

less   of   the   presence  of   l ichen as long as the  moss and  peat are 
not  disturbed. The l ichen may be  burned  off  and  regenerated 
several times during  the  duration of the  permafrost. A t  Chesel 

Lake,  Manitoba, a f ire i n  a peat bog burned  the  lichen  and 

charred  the  top one  inch of sphagnum.  The underlying sphagnum 
and peat  were not   dis turbed,  and the  depth of the  permafrost 
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table remained  unchanged. A t  Inuvik, N.W.T. the remoral of 

trees and  brush  did  not a l t e r  the  depth of the  permafrost  table 

as long as t he  moss and peat  were not  disturbed  (Pihlainen, 
1962). The permafrost  and its environment  are  both dynamic 

systems  but we r a re ly   s ee   t he  changes with t ime  except   in   the 

case of f i r e  , I 1  

61. BROWN, R . J . E .  1968.  Occurrence of permafrost   in Canadian peatlands 
Int .   Peat  Congr. Proc. Quebec, Can. p .  18-23. 

This paper discusses   the   d i s t r ibu t ion  of peatlands and 
i ts  r e l a t ionsh ip  with permafrost   in Canada. T n   t h e   s o u t h e r n  

f r inge  of  t he  discontinuous  zone,  permafrost  occurs i n  s ca t t e r ed  

i s lands  a few square  metres t o   s e v e r a l   h e c t a r e s   i n  size and is  
confined  mainly to   pea t lands .   In   the   nor thern   par t   o f   the  dis-  

continuous  zone, and i n  the continuous  zone,  permafrost i s  
found in   o ther   types  of te r ra in   bu t   pea t  is an  important  factor 

in  determining  the  thickness of the ac t ive   l ayer .  t t  Most of the 

information  concerns  peatlands  in  the  discontinuous zone because 

the  highest   concentration of peatlands  occurs  in  the  discontin- 

uous zone and "the  occurrence of permafrost   in the discontinuous 
zone is  complicated by i t s  pa tchy   d i s t r ibu t ion , ,  .'I. 

Air photo  interpretat ion of permafrost   in   peat lands:  

"The recogni t ion on aerial  photographs of permafrost  occurrences 

in   pea t lands  is poss ib le  where d i s t inc t ive   pa t t e rns  exist. The 
l a rges t  and most dis t inct ive  permafrost   features   in   the  southern 
f r inge  of the  discontinuous zone are peat   plateaus and pa lsas  ... 
Where peat   micro-rel ief   features  are absent ,   the   exis tence of 
permafros t   can   on ly   be   in fer red   in   re la t ion   to   v i s ib le   t e r ra in  
factors  such as drainage.  These  terrain  relationships  have t o  
be considered  in the broad framework of climate and locat ion 

of   the  area  in   the  permafrost   region.  For example, it is very 
unlikely  that   permafrost  will be  found i n  wet pea t lands   in   the  

southern  f r inge of  t he  discontinuous  zone. Its occurrence is 
qui te   p robable   in  similar te r ra in   condi t ions   in  the northern 
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port ion of the  discontinuous  zone,  and  in  the  continuous perma- 
f r o s t  zone it w i l l  invar iab ly   ex is t  . I 1  

The author  then  goes on to   descr ibe  the origin  and 
development of peat   p la teaus  and  palsas ,  and v a r i a t i o n s   i n   t h e  

concentration of pea t lands   in   the  Canadian  physiographic  regions. 

62. BROWN, R . J . E .  1968.  Permafrost  investigations  in  Northern  Ontario 

and N.E.  Manitoba. Nat. Res. Counc.  Can. 10465.  Div.  Build. 

Res,  Tech, Pap. 291. 39 p .  plus  appendices. 
A detai led  survey of permafrost  occurrence i n  the 

del ineated area was done t o  map the  areas  of permafrost  and 

relate i t s  d i s t r i b u t i o n  t o  the  various  enviranmental   factors.  
Plan$  species  were  not  found  satisfactory as permafrost  indica- 
tors.  Permafrost is not  found where water l ies  a t  o r  near  the 
ground  surface,  but i s  found in   d r i e r   p l a t eaus  and  palsas of 

bogs of  the Hudson Bay Lowland and  Precambrian  Shield. I t  was 
not  found  in  high  areas.  

63.  BROWN, R . J . E .  1968.  Permafrost   investigations  in  Brit ish Columbia 
and Yukon Terr i tory .  Nat. Res. Counc. 9762. Div.  Build.  Res. 
Tech. Pap. 253. 55 p .  plus  appendices, 

A detailed  survey of permafrost   in  the  delineated area 
was done t o  map the   a reas  of permafrost   and  relate i ts  d i s t r i -  

but ion t o  various  environmental  factors.  In  general  "south of  
the 30°F isotherm  permafrost  occurrence is r a r e ,  between 30°-2S0F 
isotherms,  permafrost is patchy  and  res t r ic ted [ to  patches  in  
peat bogs, heavily  shaded areas and i n  some north  facing  slopes].  

North of t he  2SoF isotherm  permafrost is widespread.  In moun- 
tainous  regions  the same changes  occur  with  increase  in  eleva- 
t i on .  

64. BROWN, R . J . E .  1969. Factors  influencing  discontinuous  permafrost  
i n  Canada. The Per ig lac ia l  Environment :+ Past and  present,  
T.L. PbwB, ed. McGill - Queen's University  Press,  Montreal. 

p.  11-53. 
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Most of t h i s  material is contained  in  Brown's book 

Permafrost i n  Canada.  1970. 

65 .  BROWN, R.J.E. 1970.  Permafrost i n  Canada.  Univ.  Toronto Press. 
234 p.  

This review of permafrost  in  Canada,  concerns  primarily 

the effects   of   permafrost  on present and future  northern  develop- 

ment. Much of t h e  information  has  already  been  published as 
individual  papers by Brown. 

In   the   sec t ion  on the nature  of permafrost and the  sub- 

sec t ion  on sur face   fea tures ,  Brown ind ica tes  t h a t  polygons occur 
i n  many forms and s izes   furn ish ing  a p a t t e r n   t h a t  is widespread 

throughout  the  cold  regions.  'The  existence of permafrost i s  
no t   e s sen t i a l   fo r  t h e i r  formation,  but the largest   ones are 
found in   the  permafrost   region.  They are p a r t i c u l a r l y  well 
developed i n  the continuous zone  where  ice-wedge tundra  polygons, 
both  raised-centre  and  depressed-centre, are widespread. " 

Circles, both  sor ted and non-sorted, form above  permafrost  but 

permafrost is no t   e s sen t i a l .  

l tSo l i f luc t ion   s t r ip s ,   l obes  and scars can be noted 
where s o i l  i s  moving slowly  downslope  under  the combined forces  

of f r o s t   a c t i o n ,   g r a v i t y ,  and f lu id   f low.   Fros t   bo i l s  are also 
a common pat tern  caused by i n t e n s e   f r o s t   a c t i o n   i n   t h e   a c t i v e  

l aye r  which br ing  f ine-grained  soi l   to   the  surface  in   concen-  

t r a t ed   c i r cu la r   depos i t s  . I 1  

Pingos are the  most spectacular  landforms  associated 

with permafrost ,  Two types   c lass i f ied   accord ing   to   o r ig in   have  

been  described.  In the continuous zone on f l a t ,  poorly-drained 
te r ra in   such  as old lake bottoms or  r i v e r   d e l t a s ,  where water 
in   the  underlying thaw basins i s  forced  towards the sur face  by 
the  surrounding  aggrading  permafrost,  closed-system  pingos 

occur. Open-system pingos  occur  in  the  discontinuous zone  where 

ground water i n  unfrozen  zones  between  permafrost  layers is 
forced  to   the  surface  and  an  ice  mass accumulates, 
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"Surface  features  associated  with  permafrost   in the  
discontinuous zone are less numerous and d i s t i n c t i v e   t h a n   i n  

the  continuous  zone. Low h i l l s  o r  knol l s  of perennially  frozen 

peat,  about  10 feet or  less i n  height,   designated by the  Swedish 

term llpalsal',  occur as permafrost   islands  in  peat  lands  and  peat 

bogs. They form by t he  combined ac t ion  of peat  accumulation  and 

ice   segregat ion  in   the  underlying  mineral   soi l .  These mounds 
grow and  coalesce  to form ridges  and  plateaus which form dis- 
t i n c t i v e  ground  surface  patterns  particularly  widespread  in  the 

northern  par t  of the  discontinuous  zone...  
"The thawing of permafrost   also forms d is t inc t ive   l and  

forms,  both in   the   d i scont inuous  and continuous  zones, Thermo- 
karst" is the  term  used  for  uneven  land  subsidence  caused by 
the  melting  of  ground  ice ... Beaded streams a r e   p a r t i c u l a r l y  

prevalent   in   the  cont inuous zone  where  blocks of massive  ground 
i c e  melt   in   the stream bed  forming  enlargements  along i t s  course. 

The thawing of  i c e  wedges of polygonal  ground  gives a d i s t inc -  

t i v e   p a t t e r n  of regular   h i l locks  termed  "baydzhesakhil'  (cemetary 
mounds) i n   t h e  USSR. Massive  slumps may occur on t h e   h i l l s i d e s  

where la rge  masses of ground i c e   a r e  exposed to   mel t ing  by the  
disturbance of the  surface  vegetat ion.   Disturbance  of   the sur- 
face vegetat ion by man in   a reas  of ground ice   concentrat ion  can 

also  cause  slumping on f l a t  t e r r a in . "  

Climate: llPresent knowledge of  the  southern limit of 
permafrost   indicates   that  it coincides  roughly  with  the 30°F 

mean annual a i r  isotherm. Southward [of the 30°F] permafrost 
occurrences are r a r e  and small in   s ize   because  the  c l imate  is 
too  warm. Between the  30°F and 25'F mean annual a i r  isotherms, 
permafrost is res t r ic ted   main ly  t o  the   d r ie r   por t ions  of peat-  
lands  and  peat bogs because of the   spec ia l   insu la t ing   proper t ies  

of peat.   Scattered  bodies of permafrost may also  occur  on  some 
north-facing  slopes and i n  some heavily  shaded areas." (As an 
average  there is a value of 6'F between the mean annual  ground 
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temperature  and the mean annual a i r  temperature.) 

Ter ra in :   The   broad   pa t te rn  of permafrost   d is t r ibut ion 
is  determined by cl imate   but   terrain  condi t ions  are   responsible  
f o r  local   var ia t ions.   In   the  discont inuous zone v a r i a t i o n s   i n  

terrain  condi t ions  are   responsible  for patchy  occurrence of 
permafrost, s i z e  of permafrost   islands,   depth  to  the  permafrost  
t a b l e  and thickness of permafrost In the  continuous  zone,  the 

thermal  properties of the  peat  and o the r   t e r r a in   f ac to r s  assume 

a r e l a t i v e l y  minor role  and the  thermal  properties of the ground 
as a whole, together  with the  c l imate ,  become dominant.  Terrain 

f ac to r s   t ha t   a f f ec t   pe rmaf ros t   cond i t ions   i nc lude   r e l i e f ,  vege- 

ta t ion  drainage,  snow cover, f i re ,  s o i l  and rock type,  and 
g l a c i e r  ice. In i t s  turn,   permafrost   influences the terrain" .  

(Each of  these conditions are then  discussed i n  turn.)  

Vegetation: T h e  most obvious  effect  of vegetation is  
its r o l e  of sh ie ld ing  the permafrost from solar heat .  This 

protec t ion  is  provided  mainly by t he   i n su la t ing   p rope r t i e s  of 
the widespread moss and peat  cover. Removal o r  even  disturbance 

of this  surface  cover  causes  degradation of the  underlying 
permafrost.  In  the  discontinuous zone t h i s  may r e s u l t  i n  the 

disappearance  of  bodies of permafrost.  In  the  continuous zone 
the permafrost   table will be lowered. The predominance of moss 

and  peat in   protect ing  the  permafrost  from atmospheric heat is 
demonstrated by the  fact t h a t  l i t t l e  change occurs i n  the  depth 
of permafrost  table when t r e e s  and brush are removed provided 

the  moss and peat  are not  disturbed. A fire may burn trees, 
brush, and even the  surface of t h e  moss, without   a l te r ing   the  

underlying  permafrost." The usefulness of wood chips as insul- 
a t ing   mater ia l  is mentioned. 

"The occurrence  of  permafrost   in  peatlands  in  the 

southern part of the  discontinuous zone appears t o  be r e l a t ed  
t o  changes i n  the thermal  conductivity of the  peat  through  the 

p a x .   S i n g l e  trees or f o r e s t s  may a l s o  affect permafrost 
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dist r ibut ion  because of shading and reducing  the snow cover  in 
winter.  

"Permafrost  also  forms  an  impermeable  layer which i m -  
# 

pedes downward drainage  leading  to a dec l ine   i n   ae ra t ion  and 

impoverishment of nutr i t ive  substances  because of the weakening 

of t h e   a c t i v i t y  of micro-organisms." 

Drainage: "In the  discontinuous  zone,  the  existence  of 
permafrost i s  inhibi ted  in   poorly-drained  areas ."  

- Snow:  Snow in  the  discont inuous zone  can c rea t e   t he  
d i f fe rence  between the   ex is tence  and  absence of permafrost. 

"Studies a t  Schef ferv i l le ,  Quebec, ind ica ted   tha t  snow cover i s  
a dominant fac tor   in   cont ro l l ing   permafros t   d i s t r ibu t ion  a t  t h a t  
s i t e .  (Annersten,  1964).  Variations  in snow cover  caused tem- 
pera ture   var ia t ions  greater than   those   resu l t ing  from the  vege- 
ta t ion  cover .  I t  was pos tu la ted   tha t   the  snow depth of about 

16 i n  could  be  regarded as t h e   c r i t i c a l  snow depth for perma- 

f r o s t   t o   s u r v i v e .  Beneath a grea te r   depth   e i ther  no permafrost 

ex is ted  or a degrading  condition  prevailed.11 

- F i r e :   T h e  degree of influence of  a f i r e  on the  perma- 
frost depends on the  condi t ion of the  vegetat ion and t h e   r a t e  
of  burning. A f i r e  may  move rapidly  through  an area burning 

trees but only char r ing   the  top surface of t h e  ground vegetat ion.  

Palsas and peat   plateaus have  been  observed i n   t h e  Hudson Bay 

Lowland and  Northwestern  Manitoba  where t h e   t r e e s  have  been 
burned and the   sur face  of the moss and l ichen  charred by f i r e .  

Below a depth of one inch   th i s   vege ta t ion   layer  was untouched, 

i ts insu la t ing   e f f ec t  on the  underlying permafrost unaltered 

from nearby  unaffected areas which did  not   catch f i re .  .. 
"If dry  conditions have prevai led  in  an area f o r  some 

t ime   p r io r   t o  a f i re ,   cons iderable  change in   the  permafrost  may 

occur. For example, a f i r e  began on August 11, 1968 i n   t h e  

v i c i n i t y  of Inuvik, N.W.T., located  in   the  forested  par t  of the  

continuous  permar'rost  zone. Summer r a i n f a l l  had  been  unusually 



- 55 - 

l i g h t  and  even the  normally  moist moss cover was dry. The f i r e  

swept through  the  f la t   lands and hi l ls ides   with  such  intensi ty  

t h a t  even frost mounds, which occur  extensively  throughout  the 

a rea ,  were denuded of a l l   v e g e t a t i o n .  The removal of the   insu l -  

a t ing  surface  cover  exposed the  ice- laden,   perennial ly   f rozen 

so i l s   t o   t hawing ,  Water from melting  ground ice on t h e   f i r e -  
bared  hil lsides  northeast   of  Inuvik were r e l eased   i n   su f f i c i en t  

quant i t ies   to   cause  considerable   thermal   erosion  during  the 
remainder of the  thawing  season t o  mid-September. Fire  breaks 

were  bulldozed to   the   permafros t   t ab le .   In   l ess   than  one  month, 

water  courses  several   feet  wide  had eroded 18 i n   i n t o   t h e  ice- 
laden  permafrost.  In  the  following summers deeper  thawing and 
thermal  erosion of  the  permafrost will continue,  because  of  the 
absence of the  surface  vegetat ion.  The permafrost  table will 

eventua l ly   s tab i l ize   as  a new thermal  equilibrium is reached 
and the  vegetat ion  gradual ly   regenerates   but   the   effects  of the  

f i r e  will be f e l t  f o r  many years.  .. 
l'Permafrost  occurs in   the   f ive   phys iographic   reg ions ,  

the  Canadian Shield,  Hudson Bay Lowland, In t e r io r   P l a ins ,  
Western Cordi l lera  and Arctic  Archipelago."  There  follows  here 
a br ief   descr ipt ion of t h e   s o i l s  and permafrost   character is t ics  

as well as re lated  engineer ing  considerat ions.  

In  the  chapters on engineering,  buildings,   services 
and so on,   are   descr ipt ions of works which  have  succeeded i n  
t h e i r   o b j e c t  and a l so  of works t h a t  have  not  succeeded  and  where 
permafrost  has thawed  and karst  topography  has  developed. 

Transportation:  Pipelines - “One consideration is t h e  

distribution  of  permafrost .   In  the  discontinuous  zone, perma- 

f r o s t  i s  patchy  and its temperature is close t o  32'F. In the  
continuous  zone,  permafrost occurs everywhere  beneath  the  ground 

surface and i ts  temperature is several  degrees below 32'F. 
Deta i led   s i te   inves t iga t ions  w i l l  be  required  along  the  proposed 

p ipe l ine   rou te  t o  a s s e s s   t h e   s o i l s  and permafrost  conditions. 
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This i s  pa r t i cu la r ly   v i t a l   i n   t he   d i scon t inuous  zone where the  

p ipe l ine  will pass  through  both  permafrost  and  non-permafrost 

areas. Here, it will be necessary  to   design f o r  the   p roper t ies  
of t h e   s o i l s   i n   t h e   f r o z e n   s t a t e  and a l s o   i n   t h e  thawed s t a t e ,  

where permafrost  does  not  occur o r  where it may thaw as a r e s u l t  

of construct ion and operat ion of the  l ine."  
Notes  from the   r e s t   o f   t he   s ec t ion :  A pipel ine  buried 

i n   t h e  ground  has  an  annual  temperature  range of about 40°F, 
above  ground a range  of  about 1SO'F. Under such  f luctuat ions 

there  can be l a rge  volume changes in   t he   p ipe  as well as visco- 
s i t y  changes i n   t h e   o i l .  If a pipe were bu r i ed   i n   t he   ac t ive  
layer  it would be  subjected  to  annual  freezing and  thawing and 
severe   f ros t   heaving   in   f ine-gra ined   so i l s .  If a pipe were 
la id   in   the  permafrost ,   then  the problem o f  excavation becomes 

major as well as t h e   p o s s i b i l i t y  of considerable  sett lement 

should  the  permafrost  thaw,  particularly  in  areas of high  ice  
concentrations.  "One proposed  method,  which is receiving  favour- 
able   considerat ion,  i s  t o   b u i l d  a road,   a long  the  pipel ine 

r o u t e ,  A second  nearby embankment p a r a l l e l   t o   t h e   r o a d  would 

carry  the  pipe and be s u f f i c i e n t l y  wide t o  accommodate construc- 

t i on  and  maintenance  equipment. The pipe would be  placed  along 

one s ide  of t he  embankment and  gravel banked up around it .  The 
permafrost   table would r ise i n t o   t h e  embankment making it s t a b l e  
and the  gravel  would p ro tec t  the pipe from the  large  annual 
f l u c t u a t i o n s   i n  a i r  temperature. One problem  with t h i s  method 
is t o   l o c a t e   t h e  tremendous quan t i t i e s  of gravel  and other  
borrow  material   required  to  build  the  road and pipe embankment. 

The t h i r d  method, t h a t  of suspending it above  ground,  involves 

the   cons t ruc t ion   of   t res t le - l ike   s t ruc tures   to   suppor t   the   l ine .  
This arrangement would  accommodate movements of the  pipe  caused 

by expansion and contraction  through  the  year. I t  would a l s o  
eliminate  the  problems  caused by ground volume changes  due t o  

frost   heaving,  but  the  large  temperature  f luctuations would 
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impose t h e  problems  caused by v i scos i ty  of o i l   a t  low tempera- 

tu res .   Ef fec t ive   insu la t ion  of the  suspended  line would  be d i f -  
f i cu l t .   Th i s  method would eliminate  the  problems  caused by 
ground volume changes  due t o   f r o s t   a c t i o n .  However, the  support-  

ing   s t ruc tures  would have t o  be very  s table ,   perhaps  instal led 

on p i l e s  embedded in  the  permafrost ,  and  spaced t o   c a r r y   t h e  
heavy large  diameter pipe.!'  

1I1c Roads - The most d i f f i cu l t   cons t ruc t ion  problems  caused 
by permafrost were encountered  northwest of Whitehorse.  During 
the   i n i t i a l   cons t ruc t ion   eng inee r s   w i th  no previous  experience 

in   permafrost   areas   t r ied t o  d i tch  a considerable   s t re tch of t he  

highway and  encountered  difficult ies.   In some places   the road 
sank 10 t o  15 f e e t  as the  permafrost was thawed  by heat  penetra- 

t ion  through  the  ditches.  The permafrost   table  lay  only one t o  
two feet   beneath  the ground surface  in  the  undisturbed areas and 
the  right-of-way was easy t o  clear because  of  the  shallow  tree 

roots .   Af te r   c lear ing ,   the   topsoi l  was s t r ipped  and  attempts 

were made t o  grade  the road. As fast  as the  insulat ing  vegeta-  

t ion  cover was removed, the  ground  thawed, c rea t ing  a morass 
t h a t  became worse t h e  more it was worked. As a remedy, t he  

vegetation was l e f t  i n   p l a c e  and a  layer of brush and timbers 
4 t o  5 feet th ick  was added.  Gravel fi l l  was then  placed on 
top by  end dumping. It 

Air f i e l d s  - "In  the  late  1940's  an  attempt was made 

to   cons t ruc t  a s t r i p   a t  Aklavik in   t he  Mackenzie River Delta, 
where adverse s o i l s  and permafrost   conditions  exist .  A bu l l -  

dozer was used to   s t r i p   t he   vege ta t ion  and thaw s o i l  down t o  
the  permafrost   table ,   In  a very  short  time, the  perennial ly  

frozen,  ice-laden s i l ts  thawed, tu rn ing   the   s t r ipped   a rea   in to  

a quagmire.,. This area was never  used as an a i r f i e l d  and the 

i n i t i a l   m i s t a k e  of stripping the  surface  could  only  have  been 
r e c t i f i e d  by placing a tremendous quant i ty  of coarse-grained 

so i l   ove r   t he  area and  allowing  the  permafrost  regime t o  be 
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re-establ ished. .  . 
I ' A t  the  town of Inuvik .. .a   special   design was used f o r  

t h e   a i r   s t r i p . .  . The t r e e s  were cut  by hand and l a i d  on the  
ground a f t e r  which a minimum of e igh t   f ee t  of crushed  dolomitic 

limestone fill  from  a nearby  quarry was placed on the  undis- 

turbed  ground  surface.  Temperature measurements i n  and beneath 

the  fill  ten  years  after  construction  reveal  that   the  permafrost  

was aggraded t o  the   o r ig ina l  ground surface and  even i n t o   t h e  
f i l l .  No di f f icu l t ies   a t t r ibu tab le   to   permafros t  or any other 

cause have been  encountered  and  the a i r   s t r i p   h a s  performed  and 

i s  in   excel lent   condi t ion.11 

Pipel ines  - IIImperial O i l  constructed an experimental 
four - inch   p ipe l ine   a t   Inuvik   ad jacent   to   the  main access  road 
between the  town and the   a i rpo r t .  Right-of-way  clearing  in 

August  1967 began  with hand brushing  of  the  trees  followed by 

s t r ipping  of   the  surface by bulldozer down to   the   permafros t .  
The trees were p i l ed  and many years  later  put  through a chipper 

for use as sur face   insu la t ing   mater ia l .  Working conditions 
were muddy during  line  laying  because of thawing of the  perma- 

frost. Surface  vegetation removed by s t r ipp ing  was pushed  back 
over t h e   l i n e   i n   i r r e g u l a r   p i l e s  by bulldozer  following  instal-  
l a t i on  of the  pipe.  

llSurface  canditions were invest igated one year l a t e r  

t o  assess the  disturbance  to  the  permafrost   caused by i n s t a l l a -  

t i o n  of  the  l ine.   Disturbance of the  working surface on e i t h e r  

s ide  of  the  l ine  caused ground sett lements of one t o  one  and 
one-half   feet  and the  underlying  permafrost   table dropped two 
t o  th ree  feet below i ts  or ig ina l   pos i t ion .  A considerable 
amount of water  collected i n  these  areas  from melting of the  

la rge   quant i t ies  of ice   in   the   top   l ayers  of the  permafrost. 

Much less degradation of the  permafrost  had  occurred  beneath 
t h e   l i n e  i t se l f ,  particularly  sections  covered  with wood chips.  

These preliminary  observations  indicate  the  large-scale  thermal 
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erosion which  can r e s u l t  from disturbing  permafrost  containing 

l a rge   quan t i t i e s  of ground i c e ,  and the   e f fec t iveness  of insu la-  
tion  such as wood chips ,   in   protect ing  the  permafrost .   Future  
experiments  include pumping o i l   t h rough   t he   l i ne  t o  test  i ts  
performance and the   e f f ec t s  of an  operat ing  l ine on the  parma- 

f r o s t  . " 
Potential   developments:   Northwest  Terri tories  oil  - 

"Another c r i t i c a l  problem i n   o i l   e x p l o r a t i o n ,  which w i l l  require  

careful   considerat ion as it  inc reases   i n   t he   Arc t i c ,  is the  
thermal  erosion of seismograph  lines  bulldozed  across  the  tundra 

through  areas of high  ground ice content.  Such d i f f i c u l t i e s  

have ar isen  in   the  Tuktoyaktuk and Fort  McPherson areas (Watmore, 

1969).   In  the.former  area  surface  vegetation  and  soils were 

peeled  back by bulldozer  in  October,  1965 t o  a width  of more 
than 14 f e e t  and a depth  of  approximately 10 in   l eav ing  a r e l a -  
t i v e l y  smooth firm surface  near   the  permafrost   table  on which 
geophones  could  be  placed.  Three  years  later,  thawing and 
set t lement  of the  exposed  permafrost  produced a lengthy  di tch-  

l ike  depression  exceeding a depth of 6 feet in   p l aces  where 
ground ice   conten t  was pa r t i cu la r ly   h igh .  On the  Peel   Plateau 

near Fort McPherson a gulley  developed  along a c u t l i n e  which 
reached a width of 23 feet and a depth of 8 feet on one locat ion 

in   four  years. This  gulley  extended up a 3 per   cent   s lope.  

Snow accumulation  in  the  gulley  accentuated  spring runoff, which 

hastened  erosion,  and a steady  flaw  of water from melting  ground 

ice  occurred  even  during dry per iods   in  

Agricul ture:   In   the Canadian n o r t h   v e r y   l i t t l e   a g r i c u l -  
t u r e  has been  carried out. Some experiments  have shown t h a t  

with  cont inual   cul t ivat ion  over  a number of years ,   the  perma- 
f ros t   t ab l e   r ecedes .  Some crops  have  been  quite  successful on 

a limited  garden  basis.  In  Alaska  and  in  the USSR widespread 
agriculture  has  been hampered t o  some exten t  by t he  development 

of  thermokarst   features.  Much more work is sti l l  needed  before 
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s a t i s f a c t o r y   a g r i c u l t u r e  i s  ca r r i ed   ou t   i n   t he  Canadian Arc t ic .  

66. BROWN, R.J.E. 1970.  Permafrost as an ecologica l   fac tor   in   the  

subarc t ic .  Ecology of the  Subarctic  Regions: 1. Ecology  and 

Conservation.  Helsinki Symp. Proc.  1966, UNESCO. p.  129-140 

This paper   e laborates   fur ther  on the   i n t e r r e l a t ionsh ips  

of permafrost  and  vegetation  and  the  effects of o ther   fac tors  - 
f i re ,  succession,  water  basin  encroachment,  drainage,  snowfall 
regime, snow accumulation - may have on these   i n t e r r e l a t ionsh ips .  

Drainage: "Water grea t ly   in f luences   the   d i s t r ibu t ion  

and thermal  regime  of  permafrost.  In  the  discontinuous  zone, 

the   ex is tence  of permafrost is inhibited  in  poorly-drained  areas.  
Precipi ta t ion  inf luences  the  depth  of   soi l  and soi l   temperatures  

(Shvetsov  and  Zaporozhtseva,  1963). First, the  amount of mois- 
t u r e   i n   t h e   s o i l  immediately  before it f reezes   in   the  autumn 
determines  the  ice  content and depth  of  soil   the  following 

summer. Second, the  moisture  content of the  s o i l  surface  and 

t h e   i n f i l t r a t i o n  of atmospheric water inf luence  the  heat   t rans-  
f e r   t o   t h e   f r o z e n   s o i l   d u r i n g   t h e  thaw period.  Moving water is  

an e f fec t ive   e ros ive   agent  of perennial ly   f rozen  soi ls .   There 
is almost  always a n  unfrozen zone beneath  water  bodies  that  does 
not   f reeze  to   the  bot tom. The extent  of th i s  thawed  zone var ies  

with a la rge  number of f ac to r s  - area and depth of water  body, 

water temperature,  thickness of win ter   i ce  and snow cover, 

general  hydrology,  and  composition  and  history  of  accumulation 

of bottom  sediments."  Permafrost is thinner  a t  the  shore  than 
inland as a r e s u l t  of the  thermal  influence  of  the  ocean. 

Snow cover: "Snow cover  influences  the  heat  transfer 

between the  a i r  and the  ground and hence a f f e c t s   t h e   d i s t r i b u -  

t i o n  of  permafrost. The snowfall  regime  and  the  length of  time 
the snow l ies on the  ground a r e   c r i t i c a l   f a c t o r s .  A heavy f a l l  
of snow i n   t h e  autumn and ear ly   win ter   inh ib i t s   win ter   f ros t  

penetrat ion.  On the  other  hand, a th ick  snow cover   that  per- 
sists on the  ground  in  the  spring  delays  thawing of the  
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underlying  ground. The r e l a t i o n  between  these two s i t u a t i o n s  
determines  the  net   affect  of snow cover on the ground  thermal 

regime.  In  the  discontinuous  zone,  particularly  in  the  southern 

f r inge ,  it can  be a c r i t i ca l   f ac to r   i n   t he   fo rma t ion  and ex is -  
tence of permafrost.  In  both  Western and Eastern  hemispheres , 
the   thickest   permafrost   in   the  southern  f r inge of the  permafrost 
region  occurs   in   palsas  on which snow cover is thin,   because of 
the i r   exposure   to   wind . . .  In the  discontinuous  zone, snow cover 
inf luences   the   th ickness  of the   ac t ive   l ayer . "  

The ground  thermal  regime  can be influenced by snow 

cover as has  been  demonstrated a t  She f fe rv i l l e  and a l s o  a t  
Norilsk,  USSR. A t  Norilsk,   with a mean annual a i r  temperature 

of - 8 . 4  C ,  air  temperature  influence on heat  emission  from  the 

ground  can  be  prevented by a snow cover  of  1.5  meters. 

0 

Conclusion:  "...Changes in  vegetation  caused by f i r e ,  
cl imatic  succession,  encroachment  in water basins  , or by the  

permafros t   i t se l f  a l l  have  pronounced l o c a l   e f f e c t .  The regime 

of  the f a l l  and accumulation of snow inf luences  the ground 

thermal  regime. The geothermal  gradient  also affects t h e  ground 
thermal  regime. I t  v a r i e s   i n   d i f f e r e n t   t y p e s  of s o i l  and rock, 

with  changes  in  geological  structure and  with  time. 

Thus  the  environment   in  which  permafrost  exists i s  a 

complex  dynamic system,  the  product of  pas t  and present   c l imate  

and t e r r a i n   f e a t u r e s ,  which are in   t u rn   i n f luenced  by the  perma- 

f r o s t .  The thermal   sens i t iv i ty  of permafrost is such t h a t  even 
small changes in   c l imate   and/or   t e r ra in  w i l l  produce  changes  in 
the   ex ten t ,   th ickness ,  and temperature of the  permafrost .  The 
interactions  of  permafrost  and  other  factors  in  the  Sub-arctic 

are var ied and very complex. Even a s l i g h t  change i n  one f ac to r  

produces a change i n  one o r  severa l   o ther   fac tors .11  

67. BROWN, R . J . E .  1972.  Characterist ics of t h e   a c t i v e   l a y e r   i n  perma- 

f ros t   reg ions  of  Canada.  Permafrost  -Active  Layer  Seminar  Proc. 
Vancouver. R.J.E. B r o w n ,  ed. Nat. Res. Counc. Can. ( in   p ress ) .  
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6 8 .  BROWN, R.J.E. 1972.  Permafrost   investigations  in Quebec and 

Labrador. Nat , Res. Counc. Can,, Div Build. Res. Tech.  Pap, 

Ser. ( in  p re s s ) .  

70. BROWN, R . J . E .  1972.  Permafrost i n   t h e  Canadian Arctic  Archipelago. 
Ann.  Geomorph. Special  issue  sponsored by the   Pe r ig l ac i a l  

Committee of t h e   I n t .  Geogr. Union. 
This is a compilation of a l l  present ly  known informa- 

t i o n  on permafrost   of  the Canadian Arctic  Archipelago. More 
information was available  than  expected,  but a l l  of it was very 
sca t t e red .  

71. BROWN, R . J . E .  and G.P. WILLIAMS. 1972. The f reez ing  of peatland. 

Nat. Res. Counc. Can., Div. Build. Res. Tech.  Pap.  Ser. ( i n  
p r e s s ) ,  

Concerns the   pa t t e rns  of seasonal  freezing  in  peatlands 

in  temperate and  permafrost  regions (Mer Bleu, Ottawa and 
Thompson, Manitoba). 

72. BROWN, R . J . E .  1973. Effects   of   c l imate   and  terrain on permafrost. 
Proc. 2nd Int.  Permafrost Conf. Yakusk 1973. ( in   preparat ion)  

Concerns: Ground temperature measurements i n  similar 

types o f   t e r r a i n   i n  3 di f fe ren t   p laces :  Thompson, Yellowknife 
and Devon Is., t h e   d i s t r i b u t i o n  of permafrost and the   d i f f e rences  
i n  permafrost  temperatures. 

73. BROWN, W.G., G.H. JOHNSON and R.J.E.  BROWN. 1964.  Comparison of 

observed  and  calculated  ground  temperatures  with  permafrost 

dis t r ibut ion  under  a northern lake. Can. Geotech. J. 1:147-154. 
Author 's   abstract :  'Making use of l imi ted  ground 

temperature  measurements i n   t h e  neighbourhood of a small, shallow 
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[900 feet   d iameter ,  6 f e e t  deep]  lake  near  Inuvik, N.W.T., it 

was possible   with  the  help  of  an e lec t ron ic  computer to   es t imate  
the  entire  thermal  regime  under and about  the  lake. The r e s u l t s  
indicated a completely  unfrozen zone of roughly  hourglass  shape 

d i r e c t l y  under t he  lake. Field  borings under the  lake [240 f ee t ]  

and ad jacen t   t o  it supported  this   theoret ical   f inding."  

74. BRYAN, K. 1946.  Cryopedology - t h e   s t u d y  of frozen  ground  and  in- 
tens ive  frost action  with  suggestions on nomenclature. Am, J.  

Sc i .  244:622-642. 
A review of the  var ious  processes  and phenomena of cryo- 

pedology and the   current   terminology,   par t icular ly  as used i n  

Europe.  Suggestions  are made fo r   t he   u se  of terms  derived from 
Lat in  and Greek and a list is given of the  suggested new terms 

wi th   def in i t ions  (and equivalents)  

75 BUDEL, J .  1970.  Denudation  and r i v e r   e r o s i o n   i n   t h e  'Izone of  pro- 

nounced valley  formationf1 on south-east   Spitsbergen. Ecology 

of the  Subarctic  Regions: I .  Ecology  and  Conservation.  Helsinki 

S p p .  P~oc. 1966. UNESCO. p .  115-117. 
This paper discusses   the  geomorphic r o l e  of r i v e r s .  

Erosion: "The g r e a t e r  part of the   i s land  of s o u t h e a s t  
Spitsbergen consists of ice-free,   almost  vegetationless  plateaus,  
250 t o  400 meters  above sea level.  The steeper  par 'cs of the  

slopes  of  these  plateaus  have  gradients of 30 t o  35'; channel 

wash predominates  here.  Erosion works by a combination of sheet 
wash and s o l i f l u c t i o n  on the   r a the r   gen t l e ,  convex  upper  slopes 

and t h e   a l s o   g e n t l e ,  concave  lower  slopes. The  two processes 
take  place  within  the  uppermost 20 t o  30 an., where the  ground 
freezes   only  seasonal ly;  400 m of permafros t   l i e  below t h a t  
l eve l .  

'The  surface of the  seasonally  frozen  ground shows f r o s t  

s t r u c t u r e s   i n   t h e  form of s t r i p e d  ground.  These are t h e   r e s u l t  
of a combination of s ix teen   d i f fe ren t   p rocesses .  Even with  the 
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same bed-rock  and  gradient,  there may occur  different  kinds of 
s t r i p e d  ground  according to   t he   pos i t i on  on the convex  upper 

slopes o r  the  concave  lower  slopes,  respectively. This is  
because  sheet wash dominates  over  solifluction on the  upper 

slopes,   whereas  the  effect  of t h e   s o l i f l u c t i o n  is predominant 
on the  lower  slopes. The annual  speed o f  s o l i f l u c t i o n  was 
accurately measured on slopes  with a l l  gradients ,  During the 
15,000  years of the   pos tg lac ia l   per iod ,  6 m of ground  have  been 
removed by al l   these  denudat ion  processes  on upper  slopes  with 
a gradient  of 6'; steep  s lopes of more than 35' have r e t r ea t ed  

15 m a t  most. The same occurred on the  concave lower slopes 
although  here it is  the   r e su l t  of pronounced  down-cutting of 

t h e   r i v e r s .  These r e s u l t s  of measurement allow us to   e s t ima te  

more accura te ly   the  amount of debr i s   en te r ing   the   r ivers   in  

e a r l y  summer every  year. 
Lateral   erosion:  "The r i v e r s  of the  sub-polar zone a r e  

ab le   t o   t r anspor t   t he   en t i r e   l oad  even when p rec ip i t a t ion  i s  
small. This takes  place  during  the  f lood  period o f  spring thaw. 

Almost t h e   e n t i r e  amount of winter   precipi ta t ion  mel ts  a t  the 
same time  and  runs off i n   t he  form of a high  f lood, which lasts 
several  weeks. Loss by evaporation is ex t raord inar i ly  small 
A complete  cover of vegetation  with  high water consumption is 
almost  absent.  Striped  ground and rills on the  slopes  feed t h e  

melt   water   s t ra ight  down in to   the   va l leys   and ,  what i s  more 
i ,mportant,  there is no seepage as permafrost l ies  below. Thus 
the  r ivers   and  the  extraordinary  run-off   coeff ic ient  is necessary 

to   t r anspor t   t he   en t i r e   l oad ,   t o   cause   i n t ense  lateral  erosion,  
and t o  form t h e  wide valley  bottoms. I t  of ten   occurs   tha t  river 
beds a re   a l ready  60-150 m wide a f t e r  a course of only  6-10 km, 

Down-cutting and  headward erosion:   "In  t ropical  and 

sub- t ropica l   c l imates   r iver   e ros ion   has  two effects: (a) it  

loosens  the  sol id  rock and d i s in t eg ra t e s  it into  such small 
pieces   that   these  can be ca r r i ed  away,  and (b) it slowly  abrades 

t h e   s o l i d  rock below  using  the  course  material as too l s .  This 
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i s  an extremely slow process ,  because each outcrop of hard  rock 
i s  an element of r e s i s t ance .  A l l  these phenomena r e s u l t   i n  

l o n g i t u d i n a l  profiles with many kickpoints often even with water 
f a l l s ,   e spec ia l ly   ou tc rops  of res i s tan t   rock   caus ing  a kickpoint .  

"In  the  sub-arctic  region  the  permafrost  is  not  even 

interrupted  beneath  the  r ivers .  The e n t i r e  upper  layers  consist  
of parts of ground ice;  t he   so l id  rock i n  and  between these 

par t s  is  a l ready  completely  shat tered.  The 0.5  t o  1 m t h i ck  
upper zone o f  the  permafrost  i s  the  so-cal led  ' l ice   r ind" (German 

- Eisrinde) .  I n   t h i s  uppermost zone of the  permafrost   the tem- 

perature change from summer t o  w in te r   r e su l t s   i n  a great change 

in volume. The ice  contract ,s  and thus   d i s in tegra tes  the s o l i d  

rock ,  when temperatures  are low in   w in te r .  The r e su l t i ng  fis- 
sures  become f i l l e d   w i t h  ice ,  which  expands i n  summer with the 

temperatures rising t o  almost 0 C .  The sol id   rock  beneath  the 
ice rind  consequently i s  completely  dis integrated and r e a d y   t o  

be ca r r i ed  away. The r i v e r ' s  task is  only t o  melt t h e  ground 

and add t h e   d e b r i s   t o  its load.  I t  i s  t h e r e f o r e   a b l e   t o   c a r r y  
i t  away immediately. This mean5 t h a t   t h e  most d i f f i c u l t   r o l e  

of r iver   erosion  has   a l ready  taken  place  within  the ice r ind."  

0 

7 6 .  BURNS, J.J. 1964. Pingos i n   t h e  Yukon-Kuskokwim Delta, Alaska; 

Their   p lant   succession and use by  mink. Arct ic  1 7 :  203-210. 

Pingos are described together  wi th  t he i r   vege ta t ion  

and succession. CaZmagrostfs canadensis i s  a very  important 

co loniser ,   wi th  Spixaea beauverdiana becoming an  important 

species  af ter  the  s t a b i l i t y  of the  pingo increases  and a higher 
amount of organic  matter is inco rpora t ed   i n to   t he   so i l ,  The 

eventual  succession is  to   t undra  on the  more s t a b l e  and protected 
areas, but  the  grass  remains dominant i n   t h o s e  areas subjec t  t o  

disturbance.  Notes are included on mink den sites on pingos. 

77, BURT, G.A.  1971.  Travel on thawed tundra.  Symposium on  Cold 

Regions Eng. Proc.  College Univ. Alaska. p .  296-319. 
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F r o m :  U.S. Army Cold  Regions Res. Eng. Lab (CRREL) 

Rep. 1 2 .  25[1]. 1971. CRREL 25-4162. I'Human Factors,  Tundra 
S o i l s ,   T r a f f i c a b i l i t y ,  Thaw Depth, Motor Vehicles,  Active  Layer, 

Tundra Vegetation." 

78. CARTHY, J . D .  and D.R. ARTHUR. 1968. The b io log ica l   e f f ec t s  of o i l  

po l lu t ion  on l i t t o r a l  communities.  Field  Studies,  Suppl.  Vol. 2. 

198  p. 
This volume contains  the  proceedings of a symposium 

he ld   i n  Wales and  covers a very wide  range of aspects  of  the 

sub jec t ,  Most of the  papers  concern  the  littoral  communities 

around  the  British  Isles  and none concern  the Arctic d i r ec t ly .  

A very  extensive  bibliography i s  included. 

79. CHERNOV, Yu. I .  1964.  Relation  between  the  soil   fauna and  sod  and 

vegeta t ion   in   cer ta in   types  of tundra.  Problems of the  North 
8:273-286. (Transl. from Russian by Nat. Res.  Counc., Can. 

1964). 
These s tudies  were conducted  in  the  true  tundra zone 

of Andreev.  Several  different community types were invest igated.  
A t  the   s i tes   s tud ied ,   the   format ion  and  succession of the  animal 
popula t ions   in   the   tundra   so i l s  were attempted.  Descriptions 
of the s o i l s ,  the plants   associated  with them, as well as the  
invertebrates   are   included.  

80. CHURCHILL, E.D. 1955.  Phytosociological  and  environmental  character- 
i s t i c s  of some p lan t  communities i n   t he  Umiat region of Alaska. 

Emlogy 36 :606-627. 
Invest igat ions of p l an t  communities i n   t h e  Umiat a rea  

of Alaska  are  reported.  Eighty  stands  were  analyzed  and  after 

ana lys i s   f i ve  types of communities  were  recognized: 9 )  Dwarf 
shrub  heath; 2) Frost-scar   col lect ive  type;  3) SaZicc type; 
4)  AZnus orispa type, and 5) Cmex aquatit is-marsh  type." 

In  the  Umiat area '!between the Brooks Range and  Barrow, 
Alaska, .   . . the . .   .gent ly   rol l ing  hi l ls   [are   covered]   with a dense 
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vegetat ion,   general ly  6 to 1 2  inches  high  consisting of dwarf 

heath  shrubs,  dwarf birches and  willow,  intermingled  with  herba- 

ceous  species   and,   in   places ,   a lders  and willow from 3 t o  8 f e e t  
high ... Permanently  frozen  ground  underlies  the  area a t  usual ly  
shal  low depths. 

I'Aerial photographs  were  found t o  be use fu l   i n   d i f f e r -  
en t ia t ing ,   de l inea t ing ,  and se lec t ing   s tands  for detai led  analy-  

sis, s ince   d i f fe rences  were more readi ly   de tec ted  on aerial 
photographs  than on the  ground.11 

81. CHURCHILL, E.D. and H.C. HANSON. 1958. The concept of  climax i n  
a r c t i c  and a lp ine   vege ta t ion .  Bot. Rev. 24:127-191. 

Plant  communities i n   r e l a t i o n s h i p   t o   h a b i t a t s  and 
environmental  gradients are discussed. Examples of similar 
communities of widespread  distribution  through  the arct ic  are 
given. Types  and rates of community changes are discussed i n  
reviewing  concepts of llclimaxtl and %uccessionll. 

The authors   prefer   the  idea of widespread climax with 

in t e rna l ,   u sua l ly   cyc l i c ,   va r i a t ion .  
A very  large  bibliography of arctic and alpine  vegeta- 

t i o n   s t u d i e s  i s  presented. 

82. CISLER, W.L. and S.B. BECHTEL. 1970.  Russian  Trip. Mimeo. 

This  contains a descr ip t ion  of p ipe l ine  and  road  build- 
ing methods  and  problems  around  Yakutsk, Vil iusk and  Lena. No 
information i s  given on p l a n t s   o r  on vegetat ion.  

83. COCHRANE, G . R .  and J.S. ROWE. 1969. Fire in   the   tundra  a t  Rankin 

I n l e t ,  N.W.T.  Annu. Tall Timbers Fire Ecol.  Conf. Proc. Apri l  
10-11. pa 61-74. 

Summarv: Fi re s  do occur  in  the  Canadian  tundra and 

t h e i r   t r a c e s  were  observed on a v a r i e t y  of topographic sites. 
They burn   readi ly  downwind but  are e a s i l y   h a l t e d  by physical 

obs tac les   in   an  upwind d i r ec t ion .  

llBurning is se l ec t ive ,   r e f l ec t ing   fue l   d i f f e rences   i n  
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the  vegetation and h a b i t a t  moistness, AZeatoria I.ichen communi- 
ties burn r ead i ly  and evenly.  Cetrwria l ichen communities  burn 
l e s s   e a s i l y  , while mixed lichen-and-heath  communities  burn 

i r regular ly   according t o  type and quant i ty  of fuel.  Apparently 
Labrador t e a  and ground birch art? pa r t i cu la r ly  flammable  and 

burn f i e r c e l y  [and deeply]. 

"Growth and regeneration of lichens  and  heaths fol low- 

ing f i r e  seems t o  be  slow. Jfierochloe aZpina i s  an important 

ear ly   colonizer  o f  d r y ,  sandy and stony burned a r e a s .   I t s  

dominance in a loca l i t y ,   e spec ia l ly  i f  banded a l te rna te ly   wi th  

sparsely  vegetated moss-peat areas,  s t rongly suggests e a r l i e r  
f i r e  influences , 

Other Notes: The depths  t o  which mosses burn depend 
on the s i re   moisture   content  a t  the  time of  the  burn,  Burning 

d i d  not appear t o  occur i n   t i g h t l y  packed, turf-forming Dryas 
communities o r  on solifluction slopes.   "Field  observations 
suggest t h a t   t h e  f i r e s  moved downwind eas i ly   bu t  back f i res  were 
stopped by minor obs tac les .  Low embankments, f r o s t   f i s s u r e s ,  
rock outcrops and even gaps in  the  vegetation  cover  provided 

e f f ec t ive   ba r r i e r s  t o  t he  advance of f i r e   i n  an upwind direction. ' I  

84.  CODY, W.J, 1965,  Plants o f  t he  Mackenzie River Delta and reindeer  

grazing  preserve.  Can. Dep. A g r . ,  Plant Res, I n s t .  56 p .  

A brief account of  the   h i s tory  of p l a n t  co l lec t ing  in 
the  Mackenzie a rea  is presented as well as a d e s c r i p t i o n  of  the 

physical geography  and vegetat ion.  An account of  succession 

a f t e r  a f i r e  a t  Burnt Lake i s  de t a i l ed  as  follows: 

"On 18 Ju ly ,  1957, obscrvations were made at, Burnt Lake, 
4 8 % 2 ' N ,  3Oo05'W, an area'which was burned in 1954. On a s lope  

leading down t o  the  lake,  t h e  sca t te red  trccs of Ficea mariana, 
s i x  t o  c.i.ght feet  apart  were a l l  o r  near ly  a l l  dead. Shrubs 

w e r e  killed t o  ground l e v e l ,  but apparently most of  t he  r o o t s  

survived as TWW growth was observed a t  the  surface of  the ground. 

The l ichens and mossus had been  completely o r  almost  completely 



- 69 - 

burned away.  With the removal of the   p ro tec t ive   l ayer  of humus, 
the  permafrost had receded t o  a depth of s ix teen  o r  more inches 

i n  some hollows. The recession of t he   i ce  of the  permafrost 
under  the parts where there  was l i t t l e  o r  no insu la t ing  humus 
had caused  the  ground t o  s ink  in   those spots so tha t   t he  whole 

t e r r a i n  had become very hummocky. 
"New growth  from t h e   l i v e  roots of shrubs was as 

follows : 

SaZix sp .  Up t o  3 feet ,   but   most ly  18 inches   i . e .  still below 
the  old  growth limit. 

Betula gZanduZosa Up t o  15 i n , ,  somewhat spreading  ( the o ld  
branches  were  burned off t o   4 - in .  dead stubs .) 

Rosa bourgsauiana 6 i n .  
Ledwn paZustre VBT. decwnbens To 4 i n .  
VaccCn$wn v i t i s - idaea  var .  minus One t o  14 inches.  

The following  plants had invaded  the  area: 

CaZmagrostis sp.  This  species had grown up a l l  over  the  burnt 
a r ea ,  and i n  some places  formed quite  dense  stands.  

Equisetum wvense Scattered  throughout  the area. 
EpCZobiwn angustif0Z.i.m An occasional  patch of  fireweed, mea- 

sur ing up t o  a square  yard was noted. 

"In  crevices and on s ides  of the  hollows some mosses 

and hepat ics  had returned. The most not iceable  of these Bryo- 
phytes was Mmchantia polymorpha. Only one l ichen ,  Cetraria 
niua l i s ,  a small %broad-leaved1' yellowish  species,  was noted  as 
having  returned. 

"This a rea  was v i s i t e d  on 8 Ju ly ,  1963. A t  a dis tance ,  

the  slopes leading down to  the  lake  appeared  qui te   green from 

a mixture of vegetat ion,  Ledwn palustre var. deownbsns was very 

common and up to   e ight   inches   in   he ight ,  Betula gZanduZosa was 
frequent and up t o  two feet   h igh.  Rosa bourgeauiana had grown 

up t o  one foo t   i n   he igh t .  SaZix gZauoa had many lower shoots t o  
eighteen  inches,   but showed some winter k i l l .  Vacciniwn vitis- 
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idaea var .  minus was a very common p ros t r a t e   p l an t .  anpetrum 
nigmun var  h e m a p h r o d i t i m  occurred  frequently . Petasites 
frigidus, Equisetum mvense, Eriophorwn vuginatm, Elpi lobfwn 
angustifiliwn, CaZmagrostis s p . ,  Arctostaphylos rubra, 
PediauZuris Zabdor ioa  and Rubus cFrxmaemorus appeared  occasion- 

a l ly .   S t i cks  of Picea mriana t o   s i x  feet i n  height  were  scat- 
tered;  a few of them had  green  tops  and  were  producing  cones, 

which appeared t o  have good seed. The  hummocks throughout  this 

a r ea  were very  hard  and  dry.  There was some very  short   green 

moss i n  the  hollows, a few patches  of a very dry,  unhealthy- 

looking  reindeer  l ichen, and a t race  of  Cetruria on the hummocks. 
In  spite  of  the  green  appearance  of  the  area,   there were s t i l l  
large  hard  black  spaces on the ground  between the  shrubs and 
o ther   p lan ts .  

I 

Wine years after the   f i re   the   shrubs ,   g rasses ,   sedges  

and o the r  forms seemed t o  be r e tu rn ing   f a i r ly   we l l ,  The recovery 

of the  cryptoganic   f lora  was almost  negligible.   Since  thc 
re indeer   subs is t  f o r  t he  most p a r t  on l ichens  during  the  winter 

months it is apparent   that  it w i l l  be many years  before  these 

burnt  regions w i l l  have a l i chen   f l o ra   su f f i c i en t  t o  provide 
them with food. I' 

A discussion i s  presented on reindeer  grazing  with a 

descr ip t ion  of overgrazed  terrain on Summer Island. "The main 

herd of several   thousand  reindeer was confined t o  t h i s   i s l a n d  

f o r  a number of  years ... Satix glauca shrubs  had  been  browsed 
back  badly and many were  dead or nearly so; shrubs  that  had  been 
a foo t  high  had  only two o r  three  inches of new growth  from the  

base  and  bore  no  signs of the  previous  year's  growth.  Steeper 

slopes were dominated  by Dryas CntegrifoZia and CassCope 
tetz-agona, ne i the r  of which i s  pa la t ab le   t o   r e indee r .  Here the 

effects   of   the   sharp  cut t ing  hoofs  of the  re indeer  were r ead i ly  

observed. Low areas  and meadows were almost  entirely  lacking 
in ErCophorwn vaginatwn, a major p a r t  of the   re indeer ' s  summer 
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d i e t .  There  were large  areas  where old  tussocks of th is  plant  
were qui te  numerous, but  these mounds had  been  taken over by 

small Sal* sp. , Cassiope tetragrona, CaZmagrost<s sp,  , Carex 

Zugens, Dryas Cntegr<foZ<a and other  small  forms to   t he   nea r  

exclusion of the  Er&$zorwn, Overgrazing in   t h i s   a r ea   has  cer- 
t a i n l y  changed the composition of the   f l o ra  and it may be many 

years before  the  former  balance of species  is regained." 

The author  notes  that   grasses,   sedges and  willows  re- 

cover f a i r l y   q u i c k l y  from grazing  (not  overgrazing) and t h a t  
mushrooms and Ped<cuZaris Zmzata, though  not common, are avidly 
eaten by reindeer .  

An annotated list of species is included. 

85. CODY, W.J. 1971. A phytogeographical  study of  t h e   f l o r a s  of the  

cont inental  Northwest Te r r i t o r i e s  and Yukon. Nature Can, 98:145- 
158. 

Author 's   abstract:  "The vascular   f lo ra  of the  Contin- 
e n t a l  Northwest T e r r i t o r i e s  and Yukon are analysed; 11.2 % of 
the  Continental  N.W.T. f l o r a  is considered  to  be endemic t o  

boreal and a r c t i c  N.A. as compared t o  about 9% f o r   t h e  Yukon. 
These  endemic species   are  examined f o r  r e l a t ionsh ips  i n  distri- 
butions.   Botanical   s tudies   in   the  region are considered t o  be 

s t i l l  in   their   beginnings.11 

86.  CORDONE, A.J. and D. KELLEY. 1961. The influence  of  inorganic 

sediment on the aquat ic  l i f e  of streams. Cal i f .   Fish Game 

47 (2)  : 189-228. 

Most of this  extensive  review  concerns work done  on 
salmon and trout  streams. While adul t   f ish  can  apparent ly  
survive  high  concentrations  of s i l t ,  "deposition  of  sediments 

on the  bottom of  the  stream w i l l  reduce  survival of  eggs and 

alevins,   reduce  aquatic  insect  fauna, and destroy needed s h e l t e r .  

There  can scarcely  be  any  doubt  that  prolonged  turbidity  of  any 

great  degree is a l so  harmful  Probably  erosion is of   greater  
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importance  in  increasing s i l t  deposit ion  than  spectacular dis- 
charges from gravel-washing o r  mining operat ions.  

8 7 .  CRUM, H. and P, KALLIO. 1966.  Bryophytes of  Labrador  and Ungava. 

Cont r ib .   to  Botany IV, p.  87-101, Nat . Mus.  Can Bull ,  216.. 

A repor t  on 27 l iverworts ,  1 4  Sphagna and 144 mosses 

ch ie f ly   co l l ec t ed  from Goose  Bay, She f fe rv i l l e ,  and Churchill  

Falls a reas ,  

88. DADYKIN,  V.P. 1950. Water regime  and n u t r i t i o n  of p l an t s  on cold 

s o i l s .  [Transl. of R u s s i a n   t i t l e . )  Dokl. Akad. Nauk. SSSR. 

70 (6) : 1073-1076. 
Trans la t ion   ava i lab le  from: 

Senior  Information  Officer CSIRO. 
314 Albert St 
East Melbourne Australia,  Ref. 1517. 

Arctic  Bibliography 28653: "Contains summary of  r e s u l t s  

of experimental  study of t r ansp i r a t ion  and n u t r i t i o n :   t h e  

t r ansp i r a t ion  of  t he   p l an t s  under  changing soi l   temperature  i s  
indicated.  ,.; the   inf luence of  low temperature   of   the   nutr i t ive 
so lu t ion  on t h e  growth of bar ley and oa t  sprouts is a l so  shown... 

I t  is concluded t h a t  low temperature  causes  poor  assimilation 

of  ni t rogen by p l an t s  and the   r e t a rda t ion  of t h e i r  growth." 

89. DADYKIN,  V . P .  1950. On the   b io log ica l   pecu l i a r i t i e s  of t h e  p l an t s  
of co ld   so i l s .   (Trans l .  of Russian t i t l e . )  Priroda  5:21-29. 

Arctic Bibliography 28651: llThree types of plants 
growing i n  permafrost   regions  are  differentiated  according t o  
so i l   pene t r a t ion  of the roo t  systems.  Field  experiments  in 
permafrost were made (in 1947  and 1948) a t  67'27IN with eleven 
wild-growing (trees,  shrubs,   herbs)  and  cult ivated  (oats,   barley,  

potatoes)   plants .  The ac t ive   l aye r  measured 2-3m. The tempera- 

t u r e s   i n   t h e   h i g h e r  soil horizons were -0.5' t o  - O . B 0 C ,  seldom 

lower  than -1.5'. Roots of cloudberry,  sedge  and  horsetail 

were found t o   p e n e t r a t e   i n t o   t h e  frozen ground t o  a depth of 
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90 cm and  remain v i ab le ,  These t e s t s   t e n d   t o   i n d i c a t e   t h a t  

various p lan ts   in   permafros t   reg ions   u t i l i zed   d i f fe ren t  ways of 
adaptat ion t o  low so i l   t empera tures ,  The r e s u l t  of  soot pene- 

t r a t i o n  of oats and potatoes in  frozen  ground  and  harvest   yields 
a re   t abula ted .   Tes ts  showed tha t   the   va lue  of t r ansp i r a t ion  
decreased  under low temperatures and  osmosis  increased.  Results 

of similar laboratory  s tudies  are given,Il 

90. D A D Y K I N ,  V . P .  1952.   Pecul ia r i t i es  of  p lan t   behaviour   in   co ld   so i l s .  

(Transl. o f  Russian t i t l e . )  Akad. Nauk. SSSR. Inst .   Merzlotoved. 

279 p .  
Arctic  Bibliography 28654:  !!Basic work  on the   r e l a t ion -  

sh ip  of pe rmaf ros t   t o   ag r i cu l tu re   i n   a r c t i c   r eg ions .  The bio- 

logical  importance of permanently  frozen  ground and t he   h i s to ry  

of the  agrobiological  study of permafrost are outlined.  Agri-  

cu l ture  is claimed  to  have  expanded  northward  during  the  Soviet 

regime from 63-65'N t o  69'N i n  European USSR and t o  71'N i n  

S iber ia .   Sa l ien t   fac tors  o f  p l an t  development i n   c o l d   s o i l s  
are  discussed,  such as loss  of sun  heat for melting of the  ground 

ice ,   excessive  humidi ty   in   the  sect ion af s o i l  overlying perma- 
f r o s t ,  low n i t r i f i c a t i o n  of cold soils, e t c .  The root  systems 
of wild-growing  and  cul t ivated  plants   ( t rees ,   shrubs,   vegetables ,  
grain  crops,   grasses  etc.)   water  regime of p l an t s ,   pecu l i a r  

f ea tu re s  of root  function  and  growth,  and  plant  development are 
deal t   wi th .  The ch ief   fac tor  i n  the  slow  development of such 

p l an t s  is not  the  "physiological  dryness!'  o f  such   so i l s ,   bu t  

d i f f i c u l t i e s   i n   t h e   a s s i m i l a t i o n  of nitrogen.  This can  be  re- 
l ieved by the  spraying of plants   with a nitrogen-containing 

so lu t ion  , I t  

91. DADYKIN,  V . P .  1958.  Plant  physiological  research  problems  in  the 

extreme  north. Problems of the  North 1. p.  205-216 (Transl.  
from Russian by Nat. Res. Counc. Can. 1960).  

A review of physiological  aspects of cold on the  growth 
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of  plants.  Evidence is p resen ted   t ha t   t he   r a t e  of syn the t i c  
processes   in   the   roo ts  i s  slowed  by co ld ,   ra ther   than   the   ra te  
of  supply  of  nqtrients  to  the  roots.   Preliminary  experiments 

have- shown t h a t  massive  doses of nutrients  (nitrogen,  phosphorus 
and potassium)  to   the  soi l   can overcome adverse  effects  of cold 

and that  perhaps  increased  dosages of trace  elements may a l so  

be   e f fec t ive .  

C r i t i c a l  work performed by th i s   au thor   has   ind ica ted  
the   i nva l id i ty  of the  theory of  phys io logica l   a r id i ty  of  cold 

s o i l s .  Part of the  experimental method was to  use  wheat,   oats 
and bar ley  and t r ans fe r   t he   p l an t s  from warm condi t ions  into a 
temperature of  about S0C and  back,  meanwhile  measuring the  
i n t e n s i t y  of t r ansp i r a t ion ,  These  experiments  with  periodical 

cooling of the  roots   did  not  show any a l t e r a t i o n   i n   t r a n s p i r a -  

t i o n   i n t e n s i t y .  
"Since the  retarded  growth of plants   under   cold  soi l  

conditions  cannot  be  explained by the  Schimper theory  of  physio- 
l o g i c a l   a r i d i t y ,  it was necessary  to  look for other  causes 

inh ib i t i ng   p l an t  growth  under  these  conditions.  Experiments 
ca r r i ed   ou t   i n   t he   a r t i f i c i a l ly   c r ea t ed   cond i t ions  of a con- 

trolled  temperature  growth  installation,.   . .which made it pos- 
s i b l e  t o  sus t a in  a low temperature  in  the  soil   while  maintain- 
ing a normal  temperature  above i t ,  and  applying  the method of 

f f isolated  temperatures" ,   enabled  us   to   ascer ta in   that   the   effect  

of low temperature of t h e   s o i l  on ass imi la t ion  by the  plant   of  

var ious  nutr ients   differs ,   depending on the   nu t r ien t .   P lan t  
growth is re ta rded  most with  the  supply of nitrogen coming from 

the  cold  environment . .[We were  forced] to   confine  ourselves  

to   shor t - te rm,  (12 t o  14-day)  experiments. Under the  condi t ions 
of the  short-term  experiments  with  seedlings it has  been  found 

tha t   t he   a s s imi l a t ion  of  phosphorus  and  potassium from cold 
solut ions  has  l i t t l e  re la t ionship  t o  the  temperature. The 

isolated  temperature method has   l a t e ly  been somewhat improved. 
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Instead of the  small-capacity  containers,   square  glass con- 
t a i n e r s  of 3 - l i t r e   c a p a c i t y   i n s t a l l e d   s i d e  by side are  used. 

One of them is immersed i n  a cooling  tank, and the  other  remains 
outs ide   the   t ank .  The seedling i s  secured  in  a curved  glass 

tube.  This  arrangement of containers  makes the  changing of 
nu t r i en t   so lu t ions   poss ib l e  and  permits  the  experiments t o  be 

car r ied   th rough  un t i l   the   p lan ts  mature. The growing of the  
plants  t o  maturity  has  revealed a d i f f e rence   i n   t he   a s s imi l a t ion  

of phosphorus  and  potassium  from a cold  solut ion ... Plants 
receiving  "coldtt  phosphorus  began  in  the  second  half of the  

growth stage  to   lag  considerably  behind  those  plants  which were 
receiving  t lcoldl '   postassium.,  . 

!'The chemical  analyses of p l an t s  grown under  various 
thermal  conditions of the   roo t  zone have shown t h a t  low tempera- 

ture   does  not  so much hinder  the  supply of  n i t rogen   t o   t he   roo t s  

as it influences  the  synthetic  processes  taking  place  in  them.. .  
"Experience  has shown tha t   vege ta t ion   in   the   nor th  

develops  considerably  bet ter  i f  the  soi l   contains   an overdose 
of n u t r i e n t s .  Our preliminary  experiments  in  plant growth have 
shown t h a t  a t  low soil   temperatures  (about 1 t o  2OC) t h e  optimum 

is something  about f ive  times  the  usual  concentration of Knop 
so lu t ion . .  . 

I t I t  is s t a t e d  i n  an  announcement  by A.I. Korovin  (1954) 

tha t   the   au thor   has  found that   increasing  the  dosage of phos- 

phorus by 2 t o  3 times i n  comparison  with  the  nitrogen  dosage 
is advantageous  for the purpose of overcoming the  detr imental  
inf luence of co ld   so i l s  on p l an t s ,   s ince  it shortens  the  dura-  

t i o n  of the  per iod of  growth of cerea ls  by 7 t o  10 days  and 
increases   the   y ie ld  of gra in .  

"A. I Korovin has  determined  empirically  that   the 
greatest   reduct ion of the  per iod of growth and t he   g rea t e s t  

increase of g ra in   y i e ld  is a t t a ined  when the  respective  propor- 
t i ons  of nitrogen,  phosphorus and potassium are 1 :3:;  The 
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author   has   termed  this   ra t io  of nu t r i en t  components the 

"northern dosage. . , 
"Another way of overcoming the  negative  influence of 

low soi l   temperature  must be looked f o r  i n  t h e  appl ica t ion  o f  

t r a c e  f e r t i l i z e r s ,  which a c t  as c a t a l y s t s   i n  f a c i l i . t a t i n g  the  

ass imi la t ion  of t he  basic  nut r ien ts   o f  c o l d   s o i l s .  The poss i -  

b i l i t y  of  inf luencing  plant  growth i.n t h i s  manner was  demon- 

s t r a t e d  by us i n   p r i n c i p l e  i n  1952." 
I t  i s  sugges ted   tha t   fo l ia r   feed ing  o f  ni t rogen i s  a l so  

a method of overcoming the  problem of ni t rogen i n  co ld  so i l s .  

Already some highly  encouraging  results have been obtained. 
Tyrtikov (1951 and 1954) has 'ks tab l i shed  a close 

connection  between  the  intensity of growth of the  surface  roots  

of larch,   spruce,   pine  and  birch  with  the  temperature of a i r  
and s o i l ,  The most in tense  growth of roots  occurred  during  the 
warmest weeks. During  dry  periods of  the summer, however, a 

part of roots slows down or   s tops  growing i n   t h e  midst of t h e  

growing period and  resumes  growth  only a f te r  p rec ip i t a t ion  and 
adequate  moistening of  the   so i l . t t   Fur ther ,   Tyr t ikov   has  shown 

experimentally that Itthe  deeper  the r o o t s  were located  [ in  the 
cold so i l ]   the   s lower   they  grew, showing less accret ion and 

less ramif ica t ion .  [The conclusion is] t h a t  t h e  p r inc ip l e  

factor   determining  root  growth  and ramif icat ion is the  tempera- 
t u r e  regime o f   t h e   s o i l . t t  Thus, roo t  growth inh ib i t i on   i n  Ita 

low soil temperature  reduces  the  development of the  underground 
organs as a whole, , . .exerting  an  injurious  influence on t h e  

development of  treesq'  and t h i s  i s ,  presumably, one of the  most 

important  reasons f o r  t r ee l e s sness  i n  the  tundra.  

92,  DAHL, E. 1950.'   Studies i n  the  macrolichen  f lora of South West 
Greenland. Medd. am Grdnland. Bd. 150 Nr 2 .  176 p .  

Descr ip t ions ,   d i s t r ibu t ions  and chemical  reactions of  
198 macrolichens are presented, 
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93. DAHL, E .  1956.  Mountain vege ta t ion   in   south  Norway and i t s  re la-  
t ion  to   the  environment .  Norske vindenskapes-acad. i Oslo. 

1. Math-Natur, K 1 .  Skr.  3:l-374. 
This  very  detailed  paper  describes  the  vegetation  pat-  

t e r n s  of Rondane, a group of mountains in   sou the rn  Norway. Snow 

cover,  depth  and  duration  appear t o  be of  primary  importance i n  

community dis t r ibut ion.   Succession is discussed,  and it appears,  
that   wi th   the  possible   except ion of some communities on dry  
habi ta t s   cyc l ic   success ions  are a general   feature   of   the  area. 
The last  sec t ion  of the  paper l ists  the  species   with remarks on 

t h e i r   d i s t r i b u t i o n  and  ecology. Some very  interest ing  observa-  

t i o n s  are included. 
In   the   sec t ion  on the   eco logy   of   the   vege ta t ion   in  

Rondane, the  author  says  "the main r e s u l t s  of the   inves t iga t ions  
may be summarized thus:  (1) d i f f e r e n c e s   i n  amount of snow cover 
in   w in te r  and durat ion of snow cover   in   spr ing  and summer are 
most important i n   t h e   v e g e t a t i o n   i n  Rondane. Zonations  due t o  
d i f f e rences   i n  amount and durat ion  of  snow cover are summarized. 
(2) The pa t t e rn  of snow accumulation is very  constant from year 

t o  year. I t  is shown i n  communities t h a t  are r e s t r i c t e d  t o  
l oca l i t i e s   w i th  l i t t l e  snow cover i n  winter  and a l s o  t o  communi- 

t i es  requi r ing  good snow cover   in   win ter  and there are s p e c i f i c  
d i f fe rences  between t h e   d i f f e r e n t  communities. The low-alpine 

be l t ,   ano the r  community type, grows i n  l o c a l i t i e s   w i t h  late 
snow cover. (3) Meteorological  measurements show t h a t  a cover 
of snow is an   e f f i c i en t   p ro t ec t ion   aga ins t  severe f r o s t s   i n  
winter .  (4)  The meteorological  observations show t h a t   t h e  soil 
temperatures are much influenced by snow cover,  exposure,  and 
vegetation  cover.  Widely different   microcl imates   occur   within 

shor t   d i s tances .  The so i l   sur face   t empera tures  are on  an  aver- 
age  higher  than  those o f  the  free atmosphere  due t o  t he  effect  
of snow cover  and  possibly the rad ia t ion- insu la t ion   ba lance   in  
alpine  communities, 
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Sol i f luc t ion :  Measurements of s o l i f l u c t i o n  were 
carried  out  over a number of years .   Resul ts   indicate   that   those 

loca l i t i e s   w i th  a marked s o i l   p r o f i l e ,   e . g .  a podzol   prof i le ,  

apparently do not have ac t ive   so l i f luc t ion   because  (a) the  
p r o f i l e  takes a considerable  t ime  to  develop, and (b)  the pro- 
f i l e  is destroyed, by a c t i v e   s o l i f l u c t i o n .  

"Sol i f luct ion  occurs   in  some years ,   whi le   the  soi ls  
are apparent ly   s tab le   in   o ther   years . ! !   In   ac t ive   so l i f luc t ion  

areas  buried humus i s  commonly found.  Fluid mass movement of 
s o i l  may be common i n  some areas .  

Crude measurements  of s o l i f l u c t i o n  were  taken and 

there  were ind ica t ions   tha t   cer ta in   g roups  of  species   are  more 

to l e ran t   o f   so l i f luc t ion   t han   o the r s .  
"In loca l i t i e s   w i th   ac t ive   so l i f luc t ion  a growth of 

hepat ics  is  commonly found  covering  the  soil   l ike a blanket .  

When the   under ly ing   so i l  i s  moving the  blanket is  folded  in  a 
c h a r a c t e r i s t i c   p a t t e r n ,  forming  ridges or elongated hummocks 

or ien ted   t ransverse ly   to   the   d i rec t ion   of   the   f low.  Where s o l i -  

f l uc t ion  i s  more ac t ive ,   the  mat of hepat ics  i s  broken and the  
vegetation becomes patchy,  with much bare soil. In s t i l l  more 
active  areas  the  vegetation  cover may be  completely  destroyed." 

A list of species  considered  indicator  species i n  re -  

l a t i o n  t o  s o l i f l u c t i o n  is given. I t  should  be  noted  that many 

of these  species are common i n  Canada. 
IITwo main types of s o l i f l u c t i o n  are recognized,  the 

amorphous  and the   s t ruc tu red   so l i f luc t ion .  The former is always 

associated  with deep snow and the  areas   are   not  exposed t o  
severe  winter   f rosts ,   whi le   the  la t ter  depends upon the  absence 

of snow cover .11  (Structured  sol i f luct ion is  associated  with 

polygons o r  wi th   s tony   ear th   c i rc les . )  

When solifluction  takes  place  minerals  are  brought 

from underground t o   t h e   s u r f a c e   o f   t h e   s o i l .  The r e s u l t  is  a 

f lush   ac t ion .  The importance of t h i s  may be c lear ly   seen   in  
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Abisko. In   t he   b i r ch   fo re s t s ,  a podzol  profile which c a r r i e s  

a meagre type of vegetation  with Vaooiniwn myrtiZZus and 

DeschmpsCa flexuosa i s  commonly found.  In  open areas of t h e  
b i r c h   f o r e s t ,  polygon  formation  takes  place, and in   these   p laces  

a very  r ich  calcicolous  vegetat ion  with Rhododendron Zqponicwn, 
Carex mioroglochin, Chaeorchis  aZpina, Ast~agalus frigidus, 
etc.  is f0und.l' 

In   the  sect ion on drainage, a grea t   dea l  of information 

is presented showing the  reasons f o r  the   pa t te rn ing  of vegeta- 
t i o n   i n   r e l a t i o n   t o  water and i ts  states  during  both summer and 
winter.   Detailed work i s  also presented on t h e   d i s t r i b u t i o n  
o f   p l an t s   i n   r e l a t ion  t o  parent  rock and t o   t h e  pH preference 

of the   spec ies .  Then the  species   groupings  are   discussed  in  

r e l a t i o n s h i p   t o   s o i l   t y p e .  
A discussion on succession is prefaced by a discussion 

of the  various  schools of ecological  thought.  D a h l  points   out  

that   the  importance of unequal snow cover  in  winter is a funda- 
mental   ecological  factor.  l ' 1 t  is an  every-day fact t h a t   i n  

areas   with a considerable snow cover  the snow-beds a r e   s t a b l e  

from yea r   t o   yea r .  Though communities on dry land  are  very 

stable  under  present  conditions,  and successional  concepts are 
of l imited  value,  mire vegetation is  d i f f e ren t .  [Mire i n   t h i s  
terminology refers pr imar i ly   to   pea t lands  and the   o r ig in  of 
the  water   in   those  peat lands.  ] The accumulation of peat  through 
plant  activity  changes  the  environment and r e su l t s   i n   au togen ic  
successions.  That such  successions  have  taken  place and s t i l l  

take  place has been amply demonstrated  by  the  presence of buried 

peat  not now growing on the  surface."  In Finland a comparison 
of maps taken a t  d i f f e r e n t  times (Cajander,  1913) shows t h a t  
mires have  expanded recent ly  a t  the  expense  of  dry  land  (paludi- 

f i c a t i o n ) .  Dahl gives  a hypothet ical   general ized scheme of 
succession  in   the poor fen and r ich   fen  series but  points  out 

t h a t  he  can  give  no  indication of speed of the  successions or 
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whether  the  trend is  progressive o r  regressive o r  cyc l ic .  The 

last sec t ion  of th i s   paper  l ists  the  species  with remarks on 

t h e i r   d i s t r i b u t i o n  and  ecology. 

94. DANILOV, D . N .  1958. Den s i t e s  of t h e   a r c t i c  fox (AZopex lagupus) 
i n   t he   ea s t  par t  of Bollshezemellskaya  tundra.  Problems of 
the  North 2: 223-229. (Transl. from Russian by Nat . Res. Counc, 

Can. 1961. ) 
Detai led  descr ipt ions of t h e   s i t e s  of dens of the  

Arc t ic  fox are  given. Changes in   vege ta t ion  which occur as a 

r e s u l t  o f  fox  act ivi ty   axe  descr ibed,  and it i s  noted  that  den 

s i t e s  can  usually  be  located from the  a i r ,  
The region  under  study l ies a t  69'N and 64'40 'E, about 

40 to 60 km. from the  Kara Sea. 

llGeomorphologically, t h i s   t e r r i t o r y  i s  a r o l l i n g  till 
p l a i n   i n  which is  encised  the  broad  valley of t he   r i ve r s  Kara 
and  Sibircha-Yakha. The  mean monthly air temperature  in July, 
1956 was 4.5OC.  The f ros t - f r ee   pe r iod   r a re ly  lasts as long as 
60 days. The high  permafrost  level  has a strong  influence on 

the  thermal  regime of the  s o i l  and on vegetation.  Scrub and 

moss tundra is prevalent on wel l -drained  sectors ,   whi le   the 
depressions  are  covered  by  sedge  and moss bogs.  Forty-one 
a r c t i c  fox dens were invest igated."  

The phys ica l   cha rac t e r i s t i c s  of t he  den si tes were 

s tudied ,  and on Vegetation on t he  den s i t e s ,   t h e  author had 
t h i s  t o  say:  "In  old  dens  with a l a rge  number of burrows,  the 
arct ic  fox renews  and clears  annually  only some of t h e   e x i t s ,  

near which small mounds of f r e sh ly  thrown-up earth  accumulate. 
The ground  around  the  other ex i t s ,  which the  animal  does  not 
use,   usual ly  becomes th i ck ly  overgrown with  herbacious  vegeta- 
t i o n . .  . The dark green of t h i s  t a l l  and  dense  growth  stands 

out  sharply  against  the  greyish-brown  background of the   tundra,  

In many instances ,   dens  that  are occupied  can  be  recognized a t  
a grea t   d i s tance  from the  general   character  of the  vegetat ion 
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and the  presence of yellow  patches of sand  thrown up by the  

foxes. .  . A t a l l ,  herbacious  growth,  dist inct   in  colour  against  

the  surrounding  background,  does not develop a t  every  den.. . 
One more character is t ic   feature   should  be  ment ioned:   dens are 
usua l ly   s i t ua t ed   i n   t he   imed ia t e   p rox imi ty  of willow  thickets.  

A willow  thicket  provides good cover   for   the young, she l t e r ing  
them both from predators  and from bad weather, which i s  p a r t i -  
cularly  important  during  the first days they   a re  on t h e i r  own. 

According to  the  measurements. . . the  velocity of the wind i n  a 

dense  willow  thicket i s  20 t imes  less  than what it is i n  open 

places .  These th i cke t s   a l so  have a bird  fauna. .. An increased 

dens i ty  of microtine  rodents is  not iceable  a t  t h e  edge of  the  
th i cke t s .  The presence of willow  shrubbery  nearby  increases 
the  avai lable   supply of food a t  a den site." 

Other   in te res t ing   aspec ts  of den s i te  locat ion  indicate  

t h a t   t h e  dens  were usua l ly   s i t ua t ed  on slopes 2 /3  of the  way up 

and  facing  towards  water. 

95. DANSEREAU, P. and F .  SEGADAS-VIANNA. 1952.  Ecological  study of 
the  peat  bogs of  eastern  North America. 1. Structure  and  evolu- 
t i o n  of  vegetat ion,  Can. J. Bot.  30:490-520. 

The r e s u l t s  of ve ry   fu l l   i nves t iga t ions  of bogs i n   t h e  

Laurentian  region of Quebec and  Ontario are presented.  These 

are bogs  which  have  been  developed  within  the  Boreal  forest  zone. 
Thus,  permafrost is  not  considered nor discussed. Details axe 
given of a l l  t he  bog communities and the  successional   pat terns .  

96. DANSEREAU, P. 1954.  Studies on central   Baffin  Island. 1. Bray 

Island.  Vegetatio.  5:329-339. 

The vegetation and f l o r a  of Bray Is land ,  a low-lying 

i s land  of low ridges,   fresh-water  lakes and  marshland,  are 

described  and  catalogued.  Ecological  information i s  included. 

97. DAVIDSSON, I. 1944 Notes on the  vegetat ion of Arsk&sstrdnd, 
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North  Iceland.  Acta  Natur.  Islandica l ( 4 ) .  20 p.  

The vegetation  types of Arsk igss t rhd   a re   descr ibed  

and compared with  those of Mirdalur i n  the  south.  

98. DAY, J.H. and A.  LEAHEY. 1957. Reconnaissance so i l   su rvey  of the 

Slave  River  lowland  in  the N.W.T. o f  Canada.  Can. Dep. Agr. 
Ottawa. 44 p. 

I 

Mineral   soi ls   in   the  permafrost  zone tend  to  have a 
more dense  and  luxurious  ground  vegetation  and a th icker  moss 

cover  than  the  lowland  soils  free of permafrost The depth t o  
permafrost i s  s i x  inches   t o  two f e e t ,  and i s  influenced by the 
depth of  moss cover ,   soi l   texture ,   topographic   posi t ion  and 
summer precipitation.  In  burned-over areas the  permafrost   dis-  
appears   and  the  soi l   surface becomes i r r e g u l a r  or humpy due t o  

subsidence  caused by melting  of  buried  ice  blocks,  Two ind i -  

cators  of  permafrost are cons idered   fa i r ly   re l iab le :   sca l loped  

appearance of slumped r i v e r  banks on aerial   photographs and the  

absence of PopuZue tremuZoides, which is  abundant i n   t h e  non- 
permafrost  areas. 

Very general   vegetat ion  descr ipt ions  are   given.  

Detai led  descr ipt ions of s o i l   p r o f i l e s  are presented. 

99. DAY, J . H .  1962.  Reconnaissance so i l  survey of the  Takhini  and 

Dezadeash Valleys,  Yukon Terr i to ry .  Can. Dep. Agr. Res. Br. 
78 p .  

This report   deals   with soils i n   va l l eys   i n   t he   sou th -  

western  corner of the  Yukon Terr i tory.   Brief   descr ipt ions of 
the  vegetat ion is presented, and  within each soil type a b r i e f  

indicat ion of  the predominant  vegetation  type is given. 

100. DAY, J.H. 1964. Charac te r i s t ics  of s o i l s  of the Hazen Camp a rea ,  

northern  Ellesmere  Island, N.W.T. Can. Dep. Nat. Def., Def. 
Res. Bd. Operat. Hazen D Phys. R(G) Hazen 24. Ottawa. 1 4  p.  

This paper records  morphological   character is t ics ,  some 
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chemical   character is t ics  and the c l a s s i f i c a t i o n  of s o i l s  a t  a 
number of sites i n  the Lake  Hazen campsite area. Dominant p l an t  
species  and vegetation  cover  are  recorded  for  each  si te.   Photo- 

graphs  of   the  s i tes   and  soi l   prof i les  are included. 

101. DAY, J.H. and H.M. RICE. 1964. The cha rac t e r i s t i c s   o f  some perma- 

f r o s t   s o i l s   i n   t h e  Mackenzie  Valley, N.W.T. Arctic 17:223-236. 
'This  study was undertaken to   inves t iga te   the   charac-  

t e r i s t i c s   o f   s o i l s   i n  a permafrost   region  under  different  types 
of  vegetation. The  Lower Mackenzie River  Valley is wi th in   the  

area of continuous  permafrost  and both tundra  and  boreal  forest  

reg ions   a re   read i ly   access ib le  from the   r i ve r .  This paper  des- 
c r i b e s   s o i l s  i n  three   loca l i t i es ,   each   wi th  a d i f fe ren t   vege ta-  

tion,  the  morphological,  chemical,  physical and mineralogical 
c h a r a c t e r i s t i c s  of a number of  s o i l   p r o f i l e s ,  and t h e  effect 
of permafrost  and  vegetation on s o i l  development. The tundra 
l o c a l i t y  a t  Reindeer Depot is s i t u a t e d  on the  east channel of 
the  Mackenzie  Delta a t  68'42IN, 134°07tW; the  tundra-boreal 

fo re s t  transition l o c a l i t y  a t  Inuvik i s  a l s o  on the  east   channel,  
about 30 miles  south o f  Reindeer Depot at 68'211N,  133'41 'W, 
and t h e   b o r e a l   f o r e s t   l o c a l i t y  a t  Norman Wells on the  Mackenzie 
River l ies about 280 miles southeast  of Inuvik a t  66'42IN, 
126°51'W. Only s l ight   dif ferences  in   c l imate   between them were 

found. 
Reindeer  Depot. 1. Vegetation: 'The Reindeer Depot 

area has been  assigned to   t he   fo re s t - tundra   s ec t ion   bu t   t he  

sites sampled a r e  more representa t ive  of the  tundra.  The vege- 
t a t i o n  forms a nearly  continuous mat. Only an occasional 
willow, 1 t o  2 fee t   h igh  is present;   along  water  courses,  and 

i n  basins protected from t h e  wind a lde r ,  6 t o  8 f e e t  t a l l  forms 
f a i r ly   dense   s t ands . . .  The vegetat ion is  low and  sparse  on top 
of each  knoll  and some are bare.   In  the  troughs  the  vegetation 

is higher  and  denser;  there  the main species  are mosses  and 
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labrador tea.  In  the  peat  polygon  areas,   labrador  tea is  

dominant,  with  reindeer moss,  mountain cranberry,  and dwarf 

b i rch  on the   ra i sed   cen t re  and grasses  in  the  troughs.11 

2 ,  Surficial   geology and permafrost: "Fine-textured 

g l a c i a l  till covers  the area t o  depths of  t h ree   t o   fou r   f ee t . .  
The ac t ive   l ayer  i s  th in  [6 in]  under  the  troughs  and  thick 

[24 in]   under   the  knol ls ,  so t h a t  i t s  basal   face i s  a mirror 

image of the  ground  surface." 

Inuvik, 1. Vegeta t ion :   The   fores t - tundra   t rans i t ion  
i s  a continuous  cover formed by various  species  including  black 

spruce ,   b i rch ,   a lder .  The continuous  ground  cover  includes 

Vacciniwn vCt<s-idaea, Ledwn pa Zustris, Hy Zocm<um splendens, 
etc.  The ground  cover is low and  sparse on the  top  of  each 

knol l ,   h igher  and denser  in  the  troughs .I7 (The microtopography 
a t  Inuvik is r a the r  similar t o   t h a t  a t  Reindeer  Depot,  but less 
rough ) 

2 .  S u r f i c i a l  rreolorry and  permafrost:  Again,  fine- 

tex tured   g lac ia l  till is present  a t  Inuvik. A radio  carbon  date 

of 8000-plus  years for peat   near   the  present   r iver   level  a t  

Inuvik shows t h a t   t h e  sea l eve l  was not  higher  than a t  present .  
l11n l a t e  August the  depth of thaw ranged from 18 t o  30 i n  for 

c layey  mineral   soi ls   wi th   peaty  cover   to  51 i n  fo r  gravel ly  

soi l   wi th   peaty  cover .11 
Norman Wells, 1. Vegetation: "The vegetation i s  

typ ica l  of boreal  regions (Rowe 1959) , I 1  

2 .  Surficial   geology and  permafrost: "The ground was 
frozen  [July 271 at  depths of 2 f e e t  under   organic   soi ls ,  3 

feet  under  mineral   soils on inland sites with  tree-moss  cover, 

and a t  more than 4 feet  on the  terrace  adjacent  t o  the   r i ve r  
bank under   t rees  and sparse  ground  cover." 

There i s  no extensive  discussion  of   the  effects  of 
permafrost on t h e   s o i l  o r  on the  vegetation. The s o i l s   t h a t  

were sampled  have  been  assigned t o  var ious  soi l   types   both i n  
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the  Canadian  system of c l a s s i f i c a t i o n ,  and  the  seventh  approxi- 

mation ( U . S . D . A . ,  1960). 

102. DAY, J . H .  1966.  Reconnaissance so i l   survey  of the  Liard  River 
Valley, N.W.T. Can, Dep. Agr.,  Res. Br, 71 p .  

A br i e f   desc r ip t ion  of the  vegetat ion  of   the  area is 
given  and a table   with  the  vegetat ion types in   t he   r ecen t   f l ood  

p l a ins  is also  given,  including  species  of  the tree l aye r ,  

underwood layer ,   shrub  layer ,  and herb  layer.  

103. DAY, J.H. 1968. So i l s  a t  the Upper  Mackenzie River area, N.W.T. 
Can. Dep. A g r .  Res. B r .  77 p.  

This  report   includes  "the  lands west of Hay River   in  

a wide  band  around the  west end of Great  Slave Lake and down 

the Mackenzie River   to  Green Is land.  The a rea  is p a r t  of t he  
Great Slave Lake Pla in t t .  The area is fores ted .  A brief des- 

c r ip t ion  of the  vegetat ion is given as well as a map of  f o r e s t  
types of the   a rea ,  Brown wooded so i l s   cover  30,386 of  the area, 
Organic   soi ls  24.386, Gleysols  21.5%  while a l l  o ther  types cover 

less   than 10%. About 47% of t h e   s o i l s  are poorly  drained. 

104. DENNIS, T.G. and P.L.  JOHNSON, 1970.  Shoot  and  rhizome-root  stand- 
ing  crops  of  tundra  vegetation a t  Barrow, Alaska.  Arctic  Alpine 
Res. 2 : 253-266, 

This  paper  provides  evidence  that  growth of above- 
ground p lan t   pa r t s  is more severely  reduced  than  that  of below- 

ground p a r t s ,  hence  confirming USSR studies   that   permafrost   does  

not  appear  to  be  the  primary  factor  l imiting  growth, 

105. DOBBS, C.E.  1939. The vegetation of Cape Napier,  Spitzbergen. 
3 .  Ecol.  27:126-148. 

Detailed  information is presented on the  following 
communities: 

1. Dzyas ltfjaeldmarktl on shingle  
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2 .  saltmarsh on t i d a l  mud f l a t s  
3. wet tundra on s i l t e d   a r e a s  above t i d a l  limits. 

There  are no extensive  barrens  a t  Cape Napier, 

106. DOROGOSTAISKAIA, E . V .  1959. The a lga l   f l o ra   i n   t he   %po t t ed  

tundras" of the  faT  north of t he  USSR. (Transl   Russian  t i t le)  

Bot. Zh. 44(3) :312-321. 

Arctic  Bibliography 57722: "Contains some notes on 
methods of study, and a systematic  annotated list of t e r r e s t r i a l  
a lgae   co l lec ted   in   the   spot ted  tundra s o i l s  around T i k s i  i n  
Yakutia. A discussion of this a l g a l   f l o r a ,  as t o  its taxonomic 
composi t ion,   d is t r ibut ion and  abundance, r e l a t i o n  t o  similar 
vegetat ion  in   other   regions,   e tc .   fol lows."  

107. DOROGOSTAISKAIA, E.V.  1959. On the  succession of the  vegetat ion 

i n   r e l a t i o n  t o  t h e m k a r s t   i n   n o r t h e r n  Yakutsk.  (Transl . 
Russian t i t l e ) .   I z v .   S i b .  Otd. AN S.S.S.R. (Bull .   Siberian 
Div. Acad. Sc i .  S.S.S.R.), Novosibirsk.  12:91-100. 

Arctic  Bibliography 57723: l lPresents   the  author 's  

obsemations  in   the  tundra of Bykovskiy Peninsula (7S0N.129'E.) 
i n   t h e  Lena Delta. The upper s t ra ta  a r e  formed of frozen 

a l luv ia l   depos i t s  mixed with  blocks and v e r t i c a l  wedges of 
f o s s i l  ice, a l l  covered  with a th in   l aye r  of peat.  Melting of 
f o s s i l   i c e ,  due t o  a warming t rend  in   c l imate ,   leaves mounds of 
a l l u v i a l   d e p o s i t s   c a l l e d   i n  Yakut I1baidzharakhit1,  each  separated 

from the o thers  by sink  holes,   Five  stages  of  formation 

followed by a period of degradation,  are  dist inguished, and 
pa t t e rns  of each  stage were observed  in a val ley  of  the  penin- 
su l a .  The plant  succession  ( l ichens,  moss and grass)  with 
change of distribution,  temperature,   humidity and physical 
p roper t ies  of s o i l  were s tudied;   observat ional   resul ts   are  

r epor t ed   i n   de t a i l  and discussed. The mound formation is s a i d  

to   r equ i r e  two to  three  decades;  degradation by weathering and 

s o l i f l u c t i o n  is more rapid.I1 



- 87 - 

1 108. DOROGOSTAISKAYI, E.V.  1963. A t en t a t ive   cha rac t e r i za t ion  of the 

ruderal  and weed p l an t s  of the Town of Vorkuta  and its environs. 

(Trans l ,   Russ ian   t i t l e . )  Bot. Zh. 48(7):1015-1021. 

Arctic  Bibliography 78346: llDiscusses  the  general 
charac te r  of the  ambient  vegetation  and its dominant species;  

changes i n  it produced by  man: plants  in  over-moist  and  moist 
l o c a l i t i e s ;  forms on vacant  levels  alongside roadsides, and 
railways and  on dunghi l ls ;  plants  i n   c u l t i v a t e d   s o i l s .  A f i n a l  
sect ion  deals   with  introduced  plants ,   over  one  hundred.11 

109. DOROGOSTAISKAIA, E.V.  and I.V. IGNATENKA. 1964. Symposium on t h e  

forest   tundra.   (Transl .   Russian  t i t le) .   Geograf .  0-vo SSSR. 

IZV. 96 (5) : 445-448. 
Arctic  Bibliography 86606: Reviews this symposium of 

9-15 Dec. 1963 in  Leningrad.  English  translation  available as 
TT 65-64602  from National  Technical  Information  Service,  Opera- 

t ions  Divis ion,   Springfield,   Virginia  22151. 

110. DOROGOSTAISKAIA, E .V.  and L . N .  NOVICHKOVA-IVANOVA. 1967. Changes 
i n   a l g a l   f l o r a  of t undra   so i l s   r e su l t i ng  from the i r   rec lamat ion .  

(Trans l .   Russ ian   t i t l e ) ,  Bot. Zh. 52:461-468.  (English summary 

given) . 
Arctic  Bibliography 94948: Studies of v i rg in  and 

cu l t i va t ed   so i l s   o f   t he   v i c in i ty  of Vorkuta. From the  former, 
23 species  o f  a lgae are recorded with Protococcaceae and 
Volvocaceae  prevailing.  Cultivated s o i l s  contained 45 species  
with  prevalence  of  filamentous  chlorophyceae. 

111. DOUGLAS, L.A. and J.C.F. TEDROW. 1959.  Organic matter decomposi- 
t i o n   r a t e s   i n   A r c t i c   s o i l s .   S o i l   S c i .  88:305-312. 

So i l s   s tud ied   i n  1957  were Arc t ic  brown, upland  tuildra, 

half-bog  under a very wet environment,  and  comparatively well- 

drained  organic  matter from the top  of a peaty,   high-centre 

polygon,  using  the Warburg microrespirometer  in the laboratory 
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and  evolved-C0  techniques i n   t h e   f i e l d ,  A decomposition rate 

of 1050 lbs .   organic   mat ter lacrelyear   in   the 1-0 inch  layer of 
the  Arct ic  Brown s o i l  was estimated  %ut,  due t o  the  discon- 

t inuous  nature o f  the  organic mat, t he  amount  decomposed on an 
acre  basis probably  approximated  half of th i s   va lue ."  The r a t e  

of  decomposition of organic matter in   the   Arc t ic  Brown s o i l  
mineral  horizon (0-4 in   depth)  was ca, 300 lbs . /acre /year ;   in  

the  upland  tundra  ca 840 lbs/acre/year ;   the   half  bog ca 1700 

lbs/acre/year and the  high-centre  peaty  polygon  ca 600 lbs/acre/  

year.  

2 

DOWNES, J . A .  1964. Arctic in sec t s  and their  environment. Can. 
Entomol.  96:279-307. 

A discussion on the   cha rac t e r i s t i c s  of t h e   a r c t i c  

environment  and the i r   i n f luence  on insects .   tThe most important 

f ea tu re s   a r e   t he  low temperature,   the low annual  heat  budget, 

the  severe  and  often  variable  weather and  continuous  daylight 
of the  growing  season." The  most numerous group i s  the  Diptera ,  
e spec ia l ly   t he  Chironomidae. O f  i n t e r e s t  is t h a t   t h e  main 
groups of insects   present   in   the  Arct ic   pass   the  predominant  
p a r t  of t h e i r   l i f e   c y c l e   i n   s o i l ,   w a t e r  o r  as ex te rna l   pa ra s i t e s  

of warm-blooded mammals. Aspects of l i f e - cyc le ,   nu t r i t i on  and 

reasons for lack of  d ive r s i ty  of insect   species   are   discussed.  

113. DREW, J . V . ,  J.C.F. TEDROW, R.E.  SHANKS and J.J. KORANDA. 1958. 
Rate and depth of thaw i n   a r c t i c   s o i l s .  Amer. Geophys. Union 
Trans 39 : 69 7-701 

Author Is abs t r ac t  : "Measurements a t  Point Barrow, 

Alaska, i n d i c a t e   t h a t   r a t e  and  depth of thaw i n   a r c t i c   s o i l s  

a r e   h i g h l y   r e l a t e d   t o   s o i l  type. Arct ic  brown s o i l  thawed 

e a r l i e r   i n   t h e   s p r i n g ,  thawed t o  a greater   depth,  and f roze  

e a r l i e r   i n   t h e  f a l l  than  did  the  adjacent,  poorly-drained  areas. 
During  1956, a r c t i c  brown s o i l  thawed t o  a maximum depth of 

40 in,   while  the  depth of thaw in   the   nearby   tundra   so i l  
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approximated 18 in.  Diurnal  near-surface  temperature  amplitude 

was g r e a t e r   i n   t h e   a r c t i c  brown than  the  adjacent,   poorly- 
drained areas. The willow-lichen-moss  complex was the  dominant 

vegetat ion  with  the  arct ic  brown s o i l ,   w h i l e   i n   t h e   t u n d r a   s o i l ,  
it consisted  mainly  of Dupontia-Carex-Eriophorum scheuchaeri. 
Other   vege ta t ion   un i t s   in   re la t ion   to   so i l s   a re   g iven ."  The 

work was done on a t r ansec t   bas i s .  

114. DREW, J . V .  and J.C.F. TEDROW. 1962 .   Arc t i c   so i l   c l a s s i f i ca t ion  

and  patterned  ground.  Arctic  15 : 109-116 

This  paper  gives a t a b l e  of the   re la t ionships   o f   pa t -  
terned  ground  to  the  major  genetic  soils of northern Alaska. 
Some expected  vegetat ion  pat terns  are also  included. 

115. DREW, J . V .  and R . E ,  SHANKS. 1965.  Landscape  relationships of 
s o i l s  and vegetat ion  in   the  forest- tundra  ecotone,  Upper F i r t h  
River  Valley,  Alaska-Canada . Ecol . Monogr . 35 : 285-306. 

This  paper  contains a very   fu l l   descr ip t ion  o f  p l an t  
communities i n   t h e  Upper Firth  River  Valley,  which contains 

o u t l i e r s  o f  white  spruce.  Diagrams  and descr ipt ions of the  

plant  communities  of  this  Valley  in  the  area of the  United 

States-Canada  border   are   given  in   detai l .  

"Essent ia l ly ,  a l l  of the   count ry   rock   in   the   v ic in i ty  
cons is t s  of l imes tones .   Soi l s   in   the   va l ley   bas in  are commonly 

a lka l ine  and are formed largely  in  residuum  derived from lime- 
s tone on  mountain  summits or   s lopes,   and  in   a l luvium  der ived 

from limestone on va l ley   t e r races .   S t rongly   ac id   so i l s   occur ,  

however, i n  ce r t a in  bog meadow areas  and on the  bedrock  terraces.  

A frozen  layer  occurs  within two feet of   the   sur face   in  most 
of  the  poorly-drained  soils. t1 The areas  which  had  permafrost 
include  the  peaty,   high-centre  polygons,  which  had a frozen 

layer  a t  a depth of  2 1  i n ,  upland  tussock  tundra,  which  had a 
frozen  layer a t  20 in ,   the   sedge meadow t e r r ace ,  which  had a 
frozen  layer  a t  20 in ,   the   ca lcar ious  bog meadow area ,  which 
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had a frozen  layer a t  25 i n ,  and  the  non-calcarious bog meadow 

and  strangmoor,  which  had a frozen  layer a t  2 1  i n .  The a lp ine  

tundra  did  not show any  freezing down t o  a depth of 20 in ,   bu t  
excavation  below  this was impossible. A fu l l   d i scuss ion  of 
the   re la t ionships  of s o i l  and  tundra  vegetat ion  in   the  Fir th  

River Basgn is given. The authors summarize:  "In general ,  

t he   d i s t r ibu t ion  of  tundra  vegetation on the  major  landscape 

u n i t s  of the  Firth  River  Basin is associated  with  gradients  in 

the  land  surface,   age,   soi l   drainage,  snow cover ,   and  soi l  
I reaction,  although  vegetation  mosaics  frequently  occur  in  the 

poorly  drained  uni ts   in   associat ion  with  micro-rel ief . l l  

116. DRURY, W.H., Jr. 1956. Bog f la t s  and  physiographic  processes  in 
t he  Upper  Kuskokwin River  region,  Alaska.  Harvard Univ. 

Contrib Gray Herb 178 130 p. 
Detailed  information is presented on the  bogs and re- 

la ted  vegetat ion  in   the  upper  Kuskokwim River   region  in  Alaska. 

In  the  discussions it becomes qui te   c lear   that   the   author   does 

not   th ink   in  terms of succession,   but   ra ther   in   terms  of   cycles  

in   expla in ing   the  bog to   whi te   spruce   to   b lack   spruce   to  bog 

communities. He does not  see  any  evidence of climax  in  the 

accepted  sense. 
Summary: "The present  cl imate and vegetation  produce 

a water-logged  condition on the   f ine-gra ined ,   a l luv ia l   a reas  

of the  Upper Kuskokwim River  region of Alaska. Under  sphagnum- 

black  spruce  vegetation,  peat  accumulates on the  surface,   and 
the underlying  ground becomes frozen and  remains so for a number 

of years.  Quaking bogs form by colonization of ponds, by 
swamping the low areas, [ i n   t h i s   i n s t a n c e ,  %wampingfl and 
"paludificationV1 are equivalent  terms], or by thawing  into  the 

frozen  groundf1 (The thaw may be s t a r t e d  by a break  in  the 
moss cover, e .g. %an  be caused by a fire, a t r e e  blow-down, 

the  burst ing of a f r o s t - b u i l t  hummock or pingo, a well-used 
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game t r a i l ,  o r  bear ' s  meat cache,  the bank of a small brook, 
or  the  water t h a t   c o l l e c t s   i n  sphagnum mosses invading  the 

f o r e s t  by the  swamping process . I 1 )  'They  expand  by  thawing i n  
many cases  and  coalesce,  leaving  islands  covered  with sphagnum- 

black  spruce  forest .  The building-up  of  peat  and  the  appear- 

ance of  the  perennially  frozen  ground set the   s tage  for t h e  
lowering of the  surface by thawing a t  the  margins  of  the 
advancing  quaking  bogs. The antagonis t ic   processes  of thawing 

and of rebuilding  of  peat combine i n t o  a physiographic  process 

molding  the  terrain of the  a l luvial   lowlands.  The cycle of 
the  replacement of fo re s t  by bogs,  and  subsequent  reforestation 

is  now going on and  can  have  gone on in   the  past   wi thout  change 
in   c l imate .   Cycles  of bog formation and reforestat ion  during 
a period of stream  aggradation  of  fine-grained  materials or of 
loess   deposi t ion are adequate to   explain  the  formation  of  muck. .. 
The s tudies   ind ica te   bo th   the   pers i s tance  of bogs  during  periods 

of climatic change  and the  continuation of change i n  bog-to- 

forest   re la t ions  in   the  lowlands  under   constant   c l imat ic  con- 

d i t i ons .  The formation of peat  bogs as described  depends upon 
the  luxuriant  growth of sphagnum moss, which is much more 
abundant   in   forested  than  in   tundra  regions."  

.. 

A useful   glossary is included  with European  and  North 

American equiva len ts   for   cer ta in   types  of marsh  and bog struc- 
tu re s .  A long  bibliography is included. 

117. DRURY, W.H. Jr. 1962. Patterned  ground  and  vegetation on southern 
Bylot  Island, N.W.T., Canada.  Harvard  Univ.  Contrib.  Gray  Herb. 

190. 111 p.  
A very  detailed  account of vegetation  and  geological 

processes  producing  patterned  ground on th i s   no r the rn   i s l and .  

Primary  factors  controll ing  vegetation  are  discussed. 

118. DUNBAR, M. J.  1968.  Ecological  development in   po lar   reg ions  : A 
study  in   evolut ion.   Prent ice  Hall, Inc. ,  Englewood Cliffs, N.J. 
119 p.  



- 9 2  - 

Discusses  changes  since th.e l a t e   P l iocene ,  which  have 

affected arct ic  and antarct ic   ecosystems.   Points   out   that  

temperature  adaptation is not   the  basic  problem - more l i k e l y  

h ighly   osc i l la t ing   nu t r ien t   supply   for   p lan ts  and  food f o r  
animals, Concerned  mainly with  marine  environments. 

119. DUNBAR, M.J. 1970. The scient i f ic   importance of the  circumpolar 

region  and i t s  f l o r a  and  fauna.  Productivity and Conservation 

i n  Northern  Circumpolar  Lands. W.A. Fu l l e r  and P.C. Kevan, ed. 
I n t .  Union Conserv.  Nature (IUCN) Publ.  n.s.  16:71-77. 

Discusses  whether a r c t i c  ecosystems are climax o r  suc- 

cessional .  The author  contends  they  are  successional.  Util izes 

marine  biota  and  differences between the  A x c t i c  and  Antarctic 

as evidence. 

120.  DURNO, S.E. 1961.  Evidence  regarding  the ra te  of   peat  growth. 
J. Ecol . 49: 347-351 

Work done in   Scot land:   dat ing by pol len   ana lys i s  was 
used  and rates of growth of peat  was expressed i n  cm/100 yrs .  

121 .  ELLIS, D.V.  1962.  Observation on t h e   d i s t r i b u t i o n  and  ecology of 

some a rc t i c  f i s h .  Arctic 15:179-189. 
An annotated l ist  of f i s h   c o l l e c t e d  from areas extend- 

ing from Coppermine to   Frobisher  Bay. Some information on 
environmental  conditions are given. Both marine  and  freshwater 
species  were co l l ec t ed ,  

122. ELLIS, R . ,  Jr. and R.S. ADAMS, Jr. 1961.  Contamination of s o i l s  

by petroleum hydrocarbons. Advan. Agron. 13:192-216. 
Among the   a spec t s  discussed are: 

1. Enhancement of m i c r o b i o l o g i c a l   a c t i v i t y   i n   t h e   s o i l  

following  contamination  with  oil .  
2 .  Loss of s t ruc ture ,   def loccula t ion ,  and  consequent 

increased  erosion  potential   occurring i n  severely 
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contaminated  soils.   'The  large  increase  in  organic 
matter increases  the  water-holding  capacity of con- 

taminated  soi ls .  If 

3.  Elimination of p lan t  growth f o r  a period i s  usual on 
severely  contaminated  soils as a result   of  "reducing 

conditions and increase of exchangeable Mn. t o   t o x i c  

levels  during  the  decomposition and ass imi la t ion  pro- 
cesses," as well  as displacement of s o i l  a i r  by na tu ra l  

gas, Cult ivat ion and aera t ion  can a id   i n   r e tu rn ing  

t h e   s o i l   t o  i ts  normal ox ida t ion   s t a t e ,  

4. After  a period of time  soils  contaminated  with oil 
often  produce  better  growth  than  neighbouring uncon- 

taminated  soi ls .  The reasons f o r  t h i s  are not t o t a l l y  

c lear   yet ,   but   increased  ni t rogen and water could  be 

par t ly   respons ib le .  

ERIKSSON, 0. 1970.  Current  investigations  into  reindeer  grazing 
in   nor thern  Sweden. Product ivi ty  and Conservation  in  Northern 

Circumpolar  Lands. W.A. Ful l e r  and P.G. Kevan, ed.   Int .  Union 

Conserv.  Nature (IUCN) Pub1 n . s .  16:155-159. 

This   paper   discusses   areas   of   confl ic t  between re in-  

deer  breeders and others   in   the  course of herding  reindeer.  
Areas of par t icular   concern  are   forest   regenerat ion,   burning,  
road  bui lding,   lake  level   regulat ion and  tourism. 

Research is being  conducted on lichen  growth rates. 
Increases   in  StewocauZon sp. are   be l ieved   to   ind ica te   over -  
grazing. 

"The reindeer  breeding  region  in Sweden covers an a rea  

of about 165,000 sq. km. (not  counting the large  lakes)  and 
cons is t s  of bare  mountains  and  subalpine  birch woodland  and 
coniferous  forest   land from about   l a t i tude  69'N  down t o   l a t i t u d e  

62'N. . . 
"In the   p ine   fo re s t s ,  which form t h e  most important 
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winter   grazing  grounds,   there   are   occasional   confl ic ts  between 
t h e   i n t e r e s t s  of reindeer  breeding  and  those  of  forestry. The 

reindeer  i s  believed  to  cause damage to   s eed l ings ,  when digging 

i n t o  snow i n   o r d e r   t o   g e t  a t  ground vegetation. The stems  and 
twigs of small, frozen  pine  saplings may then  be  accidentally 

snapped o f f .  On the   o ther  hand, the  reindeer  breeders  maintain 

tha t   t he   l a rge   c l ea r ings  produced in   northern  forestry  opera-  

t i o n s   r e s u l t   i n   d r i f t i n g  snow producing  hard,  wind-packed 

d r i f t s  which make it more or less impossible for r e i n d e e r   t o  

dig down t o  the  ground.  Ice  crusts (Sw. skme) a r e   a l s o  con- 
s ide red   t o  form on the  snow surface more in   c l ea r ings   t han   i n  

the forest 
"Opinions are   divided as t o   t he   va lue  of control led 

burning of  the   c lear ings ,  which is car r ied   ou t   per iodica l ly .  
The Lapps maintain  that  it damages the   l i chens   for  a long time 
afterwards,   while  the  forestry  people  consider  that   the  in- 

creased  growth of grass a f t e r  burning  probably  compensates  for 

t h i s   l o s s ,  The regulat ion o f  l eve l s  of lakes,   the  expansion 
of  tourism and the  building of roads  are  examples  of  other 
a c t i v i t i e s  which  sometime r e s u l t   i n   c o n s i d e r a b l e   d i f f i c u l t i e s  

f o r  the  re indeer   breeder  . l l  

Growth  and succession  studies on l i chens   i n  test  areas  
where reindeer  were excluded,  were  constructed  within  appro- 

pr ia te   g raz ing  areas. I1In these   t es t   a reas   exper iments   a re  

being made to  determine  the growth rate of CZadonia species  as 

well as t h a t  of d i f f e ren t  Stereocaulon species .  [ I t  i s  believed 

tha t   increases   in   th i s   spec ies   ind ica tes   overgraz ing , ]  The 
growth in   l ength  is determined by photographing marked ind iv i -  
dual  l ichens a t  c lose   quar te rs  a t  regular  intervals  of  t ime. 

Spec ia l   a t ten t ion  i s  being  devoted  to  the  effect  of the  inten-  

s i t y  of grazing on the  growth r a t e .  Attempts  are  being made 
to  simulate  grazing by cut t ing   o f f   por t ions  of individual  

l ichens , . 
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"In a couple of  a r e a s   i n  which the  l ichen  cover is 
somewhat t h i c k e r ,   p a r t s  of the  l ichen  cover have  been  loosened 
and  placed i n  low, perforated  plast ic   boxes,   wi th   an area of 
about 600 sq. cm., which makes it possible   to   s tudy  the  annual  
growth i n  weight. The l ichens   a re   sa tura ted   wi th   d i s t i l l ed  

water before  each  weighingmtl 

124. EINARSSON, E .  1970. Plant ecology and succession  in  some nunataks 

in   the   Vatna jgkul i   g lac ie r   in   south-eas t   Ice land .  Ecology of 
the  Subarct ic   regions:  1. Ecology  and  Conservation.  Helsinki 

Symp. Proc.  1966. UNESCO. p .  247-256. 

This paper  discusses  the  succession on nunataks  which 

became f r e e  of i c e   i n   t h e  1930's and la ter .  The plant  coloniza- 

t i o n  of these   a reas  seems t o  start within two y e a r s   a f t e r   t h e  

melting of the   i ce .   This  seems t o  be  about a year later than 
observed i n  other   areas  of Iceland  and  in  northern Sweden.  The 
nunataks  however,  are  isolated by the  surrounding  ice from 

areas with  vegetation,  whereas  the areas in   Ice land  and northern 
Sweden are moraines i n   f r o n t  of r e t r e a t i n g   g l a c i e r s .  The dis -  

tance from one  nunatak t o  t he  mountains i n   t h e  east is  9 km, 
and t he   d i s t ance   t o   t he  mountains i n   t h e  west is 8 km. The 
distance between the  nunatak and the  edge of t he   g l ac i e r  is 
about 5 km and the  distance  between  the two nunataks  studied 

i s  only 1 km. Therefore,   there seem t o  be many opportuni t ies  
f o r  p lan t   d i spersa l  from these  areas   to   the  recent   nunataks.  

The author i s  of the opinion  the  diaspores are probably wind- 

born o r  blown along  the  surface of the  ice t o   t h e  new nunataks. 

Even whole plant  specimens,  mostly  grasses, w i t h  roo t s  and 

leaves,  have  been  found  lying on the  surface of  the  ice f a r  

from the  nunataks  and  the  edges of t he   g l ac i e r .  Grass species  

seem t o  be the  pioneer   plants  i n  such areas accompanied  by ' 

some few species  of mosses.  Lichens  and  fungi seem t o  invade 

a t  a l a te r  s tage .  Exposure t o  wind, snow cover, and r ad ia t ion  
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of  the  sun seems to  inf luence  great ly   the  es tabl ishment  of 
vegetation  cover.   In  the  established  vegetation,  the  pioneer 
vascular   plants  do not  play any  important  role. I t  i s  worthy 
of  note  that  the  nunataks  are  almost  entirely  covered by  mor- 
a ines  and i n  most p a r t s   t h e   s o i l  is very  sparse,  mostly  coarse 

s o i l  with some clay found  between the  boulders.  

125. EMBLETON, C.  and C.A.M. KING.  1968. Glacial  and pe r ig l ac i a l  geo- 

morphology. E. Arnold  (publ.)  Ltd.  Engl. 608 p ,  
This book contains a two-chapter  review of frozen and 

pat terned ground phenomena. 

126. PEUSTEL, I.C., A. DUTILLY and M.S. ANDERSON, 1939. Propert ies  of 
s o i l s  from North American Arctic regions.   Soi l  Sci. 48:183-199. 

This paper  contains a t ab le  of s o i l  sample locat ions 
and also  mentions  the  species  or  plant  groups  at   the sample 

si tes.  So i l s  were mainly  regosols  or  l i thosols  without  horizon 
development,  although some peats  were  sampled.  Analyses in-  
cluded: pH, mechanical  analyses,   total   ash,  N, organic C ,  

analysis  on ash from ign i t ion  and co l lo ids   ana lys i s .  Not a l l  

analyses were carr ied  out  on a l l  samples. 

127. FINNIE, R. 1947. The epic  of  Canol. Can. Geogr. J. 34:136-138. 
Popular  account  of  the  building of  t h e  Canol p ipe l ine  

and road. 

128. FORMOZOV, A.N. 1946. The snow cover i n  t h e   l i f e  of  mammals and 

b i rds  of t he  USSR. Mosk, obshchest ,   i spyt .   pr i rody.  Mater, 
K. poznaniu fauny i f l o r y  SSSR Otdel. 2001. n.s.  S(20).  141 p.  

Arctic Bibliography 21870: The physical   propert ies  

and biological   inf luences of snow cover  are  discussed.  Data 

are  presented on the  depth and duration of the  snow cover i n  
tundra,  forest steppe,  desert  and  mountain areas of the  USSR. 
The effect of snow cover on the   hab i t s  of mammals and b i rds  is 
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analysed  in an  attempt to   app ly   t he   da t a  for the  improvement 

of  l iv ing   condi t ions   for  man i n   t h e   f a r  northl'-SIPRE. The 
animals '   mobili ty,   hunt for food, h ibe rna t ion   a r e   dea l t   w i th ,  
as well  as d i s t r i b u t i o n  and migration of ce r t a in  mammals in-  

c luding  re indeer ,   and  the  role  of snow cover   in   the   h i s tory  
of development  of  Quaternary  fauna. 

129. FRASER, M . E .  1956. The l ichen woodlands of the Knob Lake a rea  of 

Quebec-Labrador. McGill Subarctic  Res.  Pap. 1. Montreal. 
28 p.  

Descriptions of the  communities are given. They a r e  

considered  ecotonal  between  tundra and boreal  forest .   Succes- 
s ion  af ter  f i r e  is described, 

130. FRASER, J.K. 1959.  Freeze-thaw  frequencies and 

ing   in  Canada. Arctic  12:40-53. 
mechanical  weather- 

The importance of th i s   paper  i s  t h a t  it shows t h a t  

mechanical  weathering of rocks is not   pr imari ly  a r e s u l t  of the  

lower  temperatures or the  freeze-thaw  frequency  but  the  result 

of the  "absence of a concealing and insulating  mantle of snow 
and vegeta t ion   in   the   nor th ,  and is therefore  a secondary 

e f f e c t  of t he   c l ima t i c   f ac to r s  of low p rec ip i t a t ion  and low 
mean annual  temperatures." 

131. FROST, R.E.  1950.  Permafrost. Eng. Bull.  Purdue  Univ.  Ser. 
71 101-111. 

This  short  paper is mainly  concerned  with  engineering 

aspects  of  permafrost   in  the  Arctic.  
"Three types of f r o z e n   s o i l s   e x i s t   i n   t h e   a r c t i c  and 

subarct ic :   the   upper   soi ls ,   the   act ive  layers ,  which represent  
mater ia ls  which go through  annual  cycles  of  freezing  and thaw- 

ing;   the  subsoi ls ,   dry  f rozen,   in  which the  s o i l  mass contains 

no ice   bu t  is rendered  consolidated  merely  because  the  tempera- 
t u r e  is below freezing;  and the  subsoi ls ,   detr imental ly   f rozen,  



i n  which t h e  material contains a large  percentage of ice i n   t h e  

forms of lenses ,  wedges, ve ins ,  o r  la rge  masses of ground i c e  ... 
"A del ica te   ba lance   ex is t s  between  permafrost,  soil,  

and the   p ro t ec t ive   i n su la t ion .  Once the   p ro t ec t ive   i n su la t ion  

has been  destroyed  or  even  sl ightly  disturbed  the  sun's  heat 

pene t ra tes  and thaw r e s u l t s .  To i l lustrate the  del icacy of 
this  balance,   the  Constant use of a game t r a i l  by r a b b i t s  is 

s u f f i c i e n t   t o  produce a thaw. One f i e ld   i nves t iga t ion  of such 
a t r a i l  showed t h a t   t h e   s o i l s   i n   t h e  t ra i l  had thawed t o  36 i n  

while   three  feet  on e i t h e r   s i d e  of the  t r a i l  (in  the  undisturbed 
area) the  normal  thaw was 18   in .  The root  systems of t h e   t r e e s  

cannot   penetrate   the  f rozen  soi ls  and the   d i f fe rences   in   depth  
of thaw had a f f ec t ed   t he   roo t  system  and t h e   t r e e s  were pul led  

inward  towards  the thaw area . . .  

I 1 A l l  soi ls   are   not   f rozen  detr imental ly;   those which 
are   f rozen,   vary  in   the  degree and type of  permafrost. Those 
soils which are   wel l -dra ined   in te rna l ly  and are   e leva ted  topo- 
graphical ly   are   rarely  f rozen.   Gravels ,   sands,  and some sand 

and gravel  mixtures may be  dry  frozen.  Fine-textured  soils 
such as s i l ts  and s i l ty   c lays   a re   de t r imenta l ly   f rozen .   In  

freezing,  these  soils  permit  the  accumulation of i c e   c r y s t a l s .  
This is  accompanied  by a l a rge  volume change.,.When  such s o i l s  
thaw because of t he  removal of t he   i n su la t ing  moss, o r  the   hea t  

of a building, or  the  construct ion of a runway, t h e   s o i l - i c e  
mixture  decreases  in volume and the  supporting power is l o s t . .  . 

"Although the  complete de ta i l s   o f   permafros t   pa t te rns  

have not  been worked o u t ,   s u f f i c i e n t   d a t a  is ava i l ab le  a t  pre- 

sen t   to   ind ica te   tha t   the   ex t remely   poor   so i l  areas and t h e  

very good [ so i l )  areas  can be i d e n t i f i e d  by means of aerial  
photographs.  Extensive  field work with air photos  in hand is 
showing t h a t   a r e a s  of detrimental  and non-detrimental perma- 
f r o s t  can  be i d e n t i f i e d  from the  aer ia l   photographs and t h a t  
s o i l  t ex tu res  can  be predicted." 
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132. FROST, R . E . ,  J.H. McLERRAN and R.D. LEIGHTY. 1965.  Photo i n t e r -  
p r e t a t i o n   i n   t h e  Arctic and  Sub-Arctic.  Permafrost  Intl.  Conf. 
Proc.  1963. Nat , Acad. Sci Nat Res. Counc. Wash.  Pub1 , 1287: 
343-348. 

This  paper  concerns  the use of   aer ia l   photos   in   in te r -  

p re t a t ion  of land form and s u i t a b i l i t y  f o r  engineer ing  projects .  

To give  information to   the   engineer .  ."The following 
bas ic   p r inc ip les   a re   necessary  for successfu l   ana lys i s  of a i r  
photos: Air photos  record  landscape  patterns which show the  
r e s u l t s  of r e l a t ionsh ips  between  the  origin,  composition, 

dynamic f ac to r s  of physical  development  and  land use. 

ltAir photo  pat terns  are r e p e t i t i v e  and  the  information 

content  can  be  extended from area t o  area  only i f  t he   o r ig in ,  

composition,  and  dynamic  landscape  development are r e p e t i t i v e .  
The elements of the  natural   landscape  pat tern are landform, 

drainage,  erosion,  tones,   vegetation,  land  use,  and fea tures  
indigenous t o   t h e   a r e a ,  

'The elements of t he   pa t t e rn  of cu l tu ra l  development 

of the  landscape are r e l a t e d   t o  such  basic  urban or rural   func-  

t ions  or both,  as res ident ia l ,   indus t r ia l ,   governmenta l ,   ins t i -  
tu t iona l ,   recrea t iona l ,   munic ipa l   se rv ices ,   and   fac i l i t i es ,  and 

the  transportation-communication  net  which  binds them together." 

133. GAS ARCTIC SYSTEMS STUDY GROUP, Sponsor,  1971.  Field Programmes, 
1971.  Environ.  Prot. Bd. n.p. 

Th i s   ou t l i nes   t he   p ro j ec t s   i n   w i ld l i f e  and waterfowl, 
f i shery ,   vege ta t ion  and revegeta t ion   s tud ies   a t tempted   in   the  
summer of 1971. 

134. GAS ARCTIC SYSTEMS. 1971. Gas p ipe l ine   research   in   the  arctic 
environment. Gas Arctic Syst.  Study Group. 20 p .  

A brochure  with  excellent  photographs  describing  the 

test  fac i l i t i es  a t  Prudhoe Bay, Norman Wells, and Nordegg and 
the  Channel study. 
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135, 

Delta,  NWT 

Dep.  Geog. 

136. GILL, D. 1971 

137. 

GILL, D. 1971.  Vegetation  and  environment i n   t h e  Mackenzie River 

- A study  in  subarctic  ecology. Ph.D. d i s se r t a t ion ,  
Univ, B.C. 

. Damming the  Mackenzie: a theoretical   assessment 

of the  long-term  influence of r i v e r  impoundment on the  ecology 

of the  Mackenzie River  Delta.  Peace-Athabaska  Delta Symp. Proc. 
Univ. Alberta, Edmonton. p .  204-222. 

Basic   resul ts   of  damming would be t o  control  flow  and 
accelerate  succession  to  peatland  communities. 

GLADKOV, N.A. 1958. The b i rds  of a r c t i c  Yukutia  (Tiksi Bay). 

Problems  of the  North.  2:177-202.  (Transl. from Russian by 

Nat. Res. Counc. Can. 1961.) 
The importance of a town dumpsite in   p rovid ing   su i tab le  

n e s t i n g   s i t e s  f o r  b i rds  and  mice otherwise unknown i n  the  tundra 

i s  described. Mention is a l so  made of unfavourable  effects  of 
man on the  nest ing  habi ts  of such  species as ptarmigan,  geese 

and  ducks. 
This dump cons is t s  of 'Idiscarded wooden shipping con- 

ta iners ,   such  as b a r r e l s  and especially  boxes and c r a t e s ,   t i n  
cans  and  broken  glassware,  coils of towing cable,  fragments  of 
boa t s ,   b r i cks ,   e t c . ,  which a r e  dumped i n   t h i s   p l a c e  ,If The  dump 
has a higher  than normal concentration  of  nesting  species,   and 
a few species  not known elsewhere  in  the  nearby  tundra. 

'!The fac t   sugges ts   tha t  a spec i f ic   fauna  of t h e   s e t t l e -  
ment landscape,  one  that  has a clearly  defined  zonal  character,  

is gradual ly   evolving  in   the  tundra.   In   the  tundra,  as i n   t h e  
r igorous  deser t   condi t ions of  Soviet  Central Asia, man i s  c rea t -  

ing  biotopes more favourable fo r  b i rd  l i f e ,  and is thus  enrich- 

ing  fauna. . , 
"As far as mammals are  concerned, we  may mention  the 

invasion  of  the  settlement by the  domestic mouse, an  immigrant 

tha t   has  become an  integral  part of the  fauna of t h e   s e t t l e d  
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landscape  in many geographical  zones of th i s   reg ion .   Unt i l  

recently  the  domestic mouse was unknown anywhere in   the   S iber ian  

northland, from the  Yenisei  River t o  the  Chukchi Peninsula, 
while a t   t h e  present:  time, as we found out ,  it is common both 
i n   T i k s i   i t s e l f ,  and  on the  dump. Since we observed mice even 

before  the  navigation  season,  they must have  wintered  safely 
in   t hese   pa r t s .  

When speaking of the  favourable  influence of man on 

bird  fauna  of  the  tundra,   one must not  forget  also  the  adverse 
influence,  which is ra ther   sharp ly  reflected in   the   d i rec t   des-  

t ruc t ion  by man of some bird  species .  I t  is quite  probable 
t h a t  on the  sites invest igated by us the  ptarmigan  did  not  nest 

owing to  the  dense human population of the  bay, and the   l a rge  

number of hunters   there .   Perhaps  this   a lso is p a r t  of t he  

reason why neither  geese  nor ducks nes t   in   these   par t s . "  

138. GORODKOV, B.N. 1935.  Vegetation of the  tundra zone i n   t h e  USSR. 

(Transl .   Russian  t i t le) .   Izd-vo Akad. Nauk. SSSR. 141  p.  

Arctic Bibliography 5993: "Contains  notes on extent  

and climate of the  tundra zone; a detai led  descr ipt ion of p lan t  
assoc ia t ions  and o ther   charac te r i s t ics  of the various types of 
tundras;  an  index t o  plant  species  discussed in  the text, and 
a bib1  iography . l 1  

139. GORODKOV, B.N. 1944.  Tundras of the Ob-Yenisei  Watershed.  (Transl. 

Russian t i t l e ) .  Sovet. Bot. 3:3-20; 4-5:20-31. 
Arctic Bibliography 5995: "Contains results of the 

study of tundras of Gydan Peninsula  between  Yenisei  and ObI-Taz 

Bays ... car r ied   ou t  by G y d a n  Expedition ... i n  1927. Special  
Attention is given to   succession of tundra plant assoc ia t ions  
and  analyses of various zones of tundra ~ e g e t a t i o n , ~ ~  

140. GRAVE, N.A. and I.A. NEKRASOV, 1961. Some obsemations on thermo- 

karst i n  t ,he   v ic in i ty  of the  sett lement of Anadyr, Problems 
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of the  North  4:165-172.  (Transl. from Russian by Nat. Res. 
Counc. Can. 1962.) 

This  paper  describes  changes  in  the  tundra as a r e s u l t  
of human a c t i v i t y  between  1935  and  1953.  Diagrams are given 
of  the s i te  i n  1936 and 1953, showing the  degradation  that   has 

taken   p lace   a f te r   ex tens ive   t rac tor  movement  on p a r t  of t he  

experimental area.# Adjacent  tundra, undamaged by vehic les ,  
has  remained  unchanged.  Beneath  the  tundra which is r a the r  

wet, there  are la rge  ice lenses  which  have known or ien ta t ion .  

In  the  badly damaged area  not  only was the  vegetation  cover 

completely  destroyed  but  the  peat  layer was badly damaged and 

it is  here  that   thermokarst  began t o  develop  rapidly. "This 

process was especial ly   vigorous  in   sect ions where  deep t racks 
served as channels f o r  numerous small creeks,  

f fDuring  the  re la t ively  dry summer per iods,   the  newly 

formed s h a l l o w   g u l l i e s   a r e   p a r t l y   f i l l e d  by s o i l   c r e e p  from 

the  surrounding  slopes.  During  the  rainy  periods,  however, 

they become deeper  again  and  the  melting of t h e   i c e   s e t s   i n ,  

As a resu l t ,   the   tundra  becomes almost  completely  covered by 
gu l l i e s ,   ho le s  and lakes . ,  .Comparison of [the two sketch] maps 
shows t h a t  a well-defined  gully  has  been formed in   recent   years  
i n   t h e   c e n t r a l   p a r t  of t h e   s i t e ,  on the   t e r r ace  of  the  l e f t  
bank of Malk i i  Creek.  In 1946 ins tead  of  a gul ly   there  was a 

deep rut   a long which  water  flowed  during  the warm seasons.  In 
1951, when the   gu l ly  became much deeper,  the  creek  uncovered 
some ground i c e ,  From t h a t  time on ,   the   ra te  of the  develop- 

ment of  the   gu l ly  became much f a s t e r  ... 
"At p resent ,  a small creek  flows  along  the  gully on t h e  

experimental s i t e  during  the  ent i re  summer; it i s  fed by surface 

waters.  During the  ra iny  season  the water l eve l  of  the  creek 

r ises   sharply.   In   addi t ion t o  t h i s   g u l l y ,  a whole system  of 
small lakes i s  being formed here   in   recent   years .  The l a rges t  

. . .reaches  60 cm [in  depth] i n  places .  I t s  bottom  almost 

'\ 
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everywhere  consists of a thin,   peaty mass. A leg will s ink 
i n t o  it t o  a depth of 25 t o  30 cm, where it encounters  the 
frozen  layer,   Slope of the  lakeshore is gradually becoming 
more gent le .  As a r u l e ,  smaller l akes   i n   t h i s   r eg ion   d ry  up 

during  the  dry summer period. 

"A sec t ion  of tundra  devoid of vegetation  cover 
s t re tches   eas t . . . and  west...of the   gu l ly .  The sub-layer  of 

peat  in  this  section  has  been  completely  destroyed. The sur-  
face  here  has  been plowed up by t r a c t o r s  - deep r u t s ,   s i n k  
holes  and numerous small lakes up t o  15 sq m i n  area may be 
seen  everywhere 

"In  the  meantime,  the  adjoining  section of the  tundra,  

which is hardly  ever  disturbed by t r ac to r s ,   has  remained  un- 

damaged. The surface  has  retained  the  appearance  of hummocky 
tundra and the re  are no s ink   ho les ,   gu l l ies ,  or lakes.  

"As a r e s u l t  of the  dis turbed  condi t ions on the  experi-  
mental s i te ,  the  depth of summer thaw and the  temperature  regime 

in   the  upper   rock strata have  been a l t e r e d . . .  

"The data  given show c l e a r l y   t h a t   i n   t h i s   r e g i o n  

thermokarst is developing not: on ly   in   p laces  where the  cover 

of moss and cotton  grass  has  been  badly  disturbed,  but  also 
where the  peat  layer  has  been damaged, r e s u l t i n g   i n   t h e  forma- 
t i o n  of sink  holes and  deep ruts with  temporary water streams. 

A t  present ,   such  dis turbances  to   the  natural   condi t ions are 
due e n t i r e l y   t o  human a c t i v i t i e s . "  

141. GREEN, G . W . ,  A.H. LACHENBRUCH and M.C. BREWER. 1960. Some thermal 
e f fec ts   o f  a roadway  on permafrost. U.S. Geol.  Surv. Prof .  
Pap. 400-B. p. B141-Bl44. 

The effects of a roadway on the  thermal  regime  of  the 

ground are described. The depth of thaw under  the  road is 
much greater  than  neighbouring  undisturbed  si tes.   In summer, 
roadways are general ly  warmer and in   winter   cooler   than  the 
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surrounding  ground. Roadways are   highly  sensi t ive  to   changes 
in  a i r  temperature.  Reduction of moisture   content   resul ts   in  

l e s s  time t o  thaw t o  a given  depth  and  hence i n  anomalously 

warm seasons  the  deep thaw is accentuated. 

142. GRICGS, R . F .  1954. The problems of  Arct ic   vegetat ion.  J. Wash. 
Acad. Sci, 24:153-175, 

This i s  a theoret ical   paper  on the  problems of defin- 
ing  plant  communities i n   t h e  arctic. The plant  groupings are 
considered as merely  an  admixture of whatever  arrives.  No des- 

c r ip t ions  are given of  vege ta t ion   - the   au thor   be l ieves   tha t  
f ros t   ac t ion  i s  t h e  main cause of  the  problems. 

143. GRODZINSKI, W. 1971. Food consumption of  small mammals i n   t h e  
Alaskan t a i g a   f o r e s t .  Ann. Zool.  Fenn.  8:133-136. 

From the  author 's   abstract :   "In a white   spruce  forest  

(Picea gZauaa) both  primary  and  net  production and the  numbers 
of small mammals were est imated. . . In   different   years  small 
mammals may consume 3 t o  47% of their   potent ia l   food  supply  in  

t h e   t a i g a   f o r e s t ,  which is proport ionately  higher   than  in   other  
woodlands. 

144. HANNA, G . D .  1963. O i l  seepages on the  Arctic Coastal P la in ,  
Alaska, Occas pap. , San Francisco, Calif Acad. Sci . NO. 38. 

18 p.  
A review of the  information  available on the   h i s to ry ,  

pos i t ion ,  human use  and  bones of trapped  animals, a t  o i l  seep- 

ages on the  Arct ic   Slope.  

145. HANSEN, H.P. 1952.   Postglacial   forests   in   the Grande Prairie- 
Lesser Slave Lake region of  Alberta,  Canada.  Ecology  33:31-40, 

Concerns  the  use of po l l en   p ro f i l e s   i n   r econs t ruc t ing  

forest   types .  
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146. HANSEN, H . P .  1953. Pos tg l ac i a l   fo re s t s   i n   t he  Yukon Terr i to ry  
and  Alaska. Am. J. S c i .  251:505-542. 

Postglacial  forests as revealed by pol len  analysis  of 

peats from the  Yukon and  Alaska are  described.  Distribution 

of various  species i s  discussed. 

147. HANSON, H.C. 1950, Vegetation and so i l  p r o f i l e s   i n  some so l i f luc -  
t i o n  and mound areas   in   Alaska,  Ecology  31:606-630. 

Detailed  analyses  are  given of vegetation and s o i l  

p r o f i l e s  on seve ra l   so l i f luc t ion  and mound  (hummock) areas i n  

Alaska. The vegeta t ion   in   these  areas w a s  dense  and  consisted 

mostly of sedges  with  the most important  species  being Carex 

EgeZowii and other  important  sedges were Eriophom uaginatm, 
E. ~ g U ~ * ~ f o z ~ ~ ,  plus several   o ther   species  of Carex, mosses, 

p a r t i c u l a r l y  Hypnaoeae and  sometimes Sphagnwn. Species of 
SaZix, Vaooin<m and L e d m  were common. In   the  areas   s tudied 

the  invasion of p lan ts   in to   bare  areas caused by various denuder- 
tion processes  appeared  rapid, by vegetat ive means rather   than 

by seeds. 
l lFactors   inf luencing  sol i f luct ion and mound formation 

and mound  movement are degree of s lope ,   d i rec t ion  of slope, 
abundance of water, a t  least during  part  of the  year,  upper 
ground  horizons  saturated  with water, a f i n e  s i l t  or   c lay 

horizon below the   sa tura ted   l ayer  which has flow q u a l i t i e s ,  
forces a r i s i n g  from freezing and  thawing, an underlying  layer 

of frozen ground o r  other   hard  mater ia l ,  and the  presence of 
obstacles,  such as boulders ,   r idges,   or   vegetat ion."  

148. HANSON, H.C. 1951. Charac te r i s t ics  of some grassland,  marsh  and 

other  plant cornuni t ies   in   western Alaska, Ecol . Monogr 21: 

317-378. 

Detailed lists of species and so i l   desc r ip t ions   a r e  

given fo r  various communities from Kodiac I s l and   no r th   t o  
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Kotzebue  and Big Delta,  and  comparisons are made with  areas i n  
Norway and elsewhere.  Permafrost  occurrences  are  mentioned. 

The dwarf heath-lichen  communities  with  general  occurrence on 

gravel ly   or   s tony  land is important  for  winter  caribou and 

reindeer  fodder. 

149. NANSON, H.C. 1953. Vegetation  types i n  northwestern  Alaska and 

comparisons  with  communities i n   o t h e r   a r c t i c   r e g i o n s .  Ecology 

34:  111-140. 

Information on the  revegetat ion of denuded a reas  

(usually  produced by f r o s t   a c t i o n )  by spec ies  from the  surround- 
ing  vegetat ion is included. The author   notes   that   such  infor-  
mation is very  scarce.  

From t h e  summary: "A pre l iminary   c lass i f ica t ion  of 

the  vegetat ion of northwestern Alaska is presented. It  con- 

tains s i x  major  physiognomic c l a s ses  and 22 types..,The types 
occupying the   l a rges t   l and  areas are the  cottongrass-sedge- 

dwarf shrub-heath  complex,  sedge  marshes,  alpine DryaB, dwarf 

shrub,  willow shrub, birch  shrub,  and white  spruce-shrubs. 
"The important  factors  influencing  the  development, 

maintenance o r  changes in  the  species  composition  within  the 

types are soi l   moisture ,   mineral  and organic  composition of 
t h e   s o i l ,   s o i l   t e x t u r e ,   s o i l   r e a c t i o n ,   d e p t h   t o  which t h e   s o i l  
thaws  during  the summer, freezing and  thawing  processes i n   t h e  
so i l ,   (congel i turba t ion)  , drainage  conditions,  depth and dura- 

t i o n  of snow cover,  exposure t o  wind, biot ic   inf luences  such 
as grazing  and  trampling  by  reindeer and other  animals,   rodent 

act ivi t ies ,  plant  competit ion,  and  various man-caused influences 

such as burning,  drainage,  flooding,  earth-moving, e tc . . .  
This c l a s s i f i c a t i o n   h a s  been found use fu l   i n  making 

aerial surveys of l ichen  range  sui table   for   grazing  during  the 
winter by re indeer .  The various  types are va luable   in   ind ica t -  

ing  soi l   condi t ions  such as depth to   pe renn ia l  frost, kind of  
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surface and subsurface  materials,  and  moisture and drainage 
conditions.  As a r e s u l t ,   t h e   c l a s s i f i c a t i o n  is of value when 

surveys are made for  locating  roadways, camp s i t e s ,   l and ing  
f ie  Ids ,  etk , lt 

150. HARE, F.K. 1968. The Arct ic .  Quart. J .  Roy. Meteorol.  Soc. 94: 

439-459. 

A review  paper of the  climatology of t h e   a r c t i c  and 

i t s  inf luence on vegetation  zones,   land  ice  and  the  relation- 

sh ips   o f   the   Arc t ic   seas   to   the   energy   ba lance .  

151. HARE, F.K. 1970. The tundra  environment. Roy. SOC. Can. Trans. 
Ser .  4 . ,  8:393-399. 

The climate of the  tundra is descr ibed  in   thermal  
terms as one  "where the  annual   net   radiat ion income is between 

0 and  15  Kly,  and  where mid-summer  means d a i l y  a i r  temperatures 
are  roughly ... 3 - 10°C ... 

llPowerful  inversions  cover  the  tundra and borea l   fores t  
most of  the  winter and some of t he  summer. , [Whatever t h e i r  

na ture]   the   a rc t ic   a i r s t reams have a much lower  capacity t o  
remove atmospheric  contaminants by turbulent   dif fusion  than do 
most airstreams. They are   hence  vulnerable   to   pol lut ion by 
smoke sources.  

'The bes t  known examples..  .are  the ice fogs of  winter 
i n   t h e  towns of t h e  Northwest ... other   towns.   . .bui l t   in   these 
a reas . .  .will be prone to   th i s   hazard .1f  e . g .  Fairbanks is Itone 
of the  most pol luted  places  on ea r th . . .  

"This inabi l i ty   o f   the   win ter   a tmosphere   to   d i sperse  

po l lu t an t s  is more than simply a nuisance t o  town dwellers.  

There i s  a l so   t he   ques t ion  of f a l l -ou t .  Evidence is  accumulat- 
ing  that   effluent  substances,   and  such  poisons as lead and 

arsenic ,   tend t o  be p rec ip i t a t ed  o r  depos i ted   c lose   in   to   the  

e m i t t i n g   s i t e ,  so  one v isua l izes  a s o r t  of metamorphic  aureole 
of  contaminated  soil ,   vegetation and surface water gradually 
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152. 

r ing ing   nor thern   toms , I 1  Speculations on poss ib le  

e f f e c t s  are also  presented.  

long  range 

HARINGTON, C . R . ,  A.H. MacPHERSON and J.P. KELSALL. 1962. The 

barren  ground  grizzly  bear  in  Northern Canada. A r c t i c  15: 

294-298. 
An out l ine   o f   the   d i s t r ibu t ion  of the  barren ground 

gr i zz ly   bea r  and other notes from records  concerning  the  animal. 

153. HARPER, F. 1963.  Caribou  and  eskimos. I n t .  Union Conserv.  Nature 

(IUCN) Bull.  1:6-7, 

Contains  information on ST.'' f a l l o u t .  

154. HARWOOD, T.A. 1965. Dew l i n e   s i t e   s e l e c t i o n  and  exploration, 

Permafrost   Intl  . Conf.  Proc.  1963. Nat Acad. Sci  . - Nat , Res, 
Counc. Wash. Publ. 1287:359-363. 

This  paper  records  that  few problems  were  experienced 
(except  for some f ros t   ac t ion  damage) a t  the  DEW Line  s ta t ions.  

Bad permafrost areas were ident i f ied   us ing  a i r  photos  and 
avoided  during  construction. 

Conclusions: "The DEW l i n e  was b u i l t   i n   h a s t e  and 

with  great  urgency;  therefore it was considered by the  con- 
t r a c t o r s  and engineers   acceptable   to  take r i s k s .  With t h i s   i n  

mind, possible  permafrost  problems became rather  secondary 
considerations,   the  primary  consideration  being  location of 

bui ldings  and,   in   par t icular ,   towers   with  regard t o  the   overa l l  

requirements of t h e   l i n e ,  and  the  alignment and approaches t o  

a i r s t r i p s .  

"Study of a i r  photos showed where  bad  permafrost  con- 
d i t i ons  might  be  expected  and  avoided;  but  generally  the in-  
s t ruc t ions  were to   d i s regard   so i l   condi t ions ,   accept ing   the  

p r inc ip l e   t ha t  if problems d id   a r i se   they   could   be   rec t i f ied  
after the  Line was in   opera t ion .  The f a c t s   s u p p a r t   t h i s  pro- 
cedure,   for so far as is known, only one station  experienced 
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damage from frost   act ion  (not   permafrost) ,   whi le  on one o r  two 
a i r s t r i p s  some slump later occurred,  and  this was quickly  cor- 

rected.   Special   procedures were taken i n  designing tower 
foundations t o  prevent  misalignment,  and  again, so far as i s  

known, no  problems  followed. 
'The s i t i n g  of these  s ta t ions  could,   therefore ,   be  

ca l l ed  a purely  pragmatic  approach t o  permafrost ,  I t  was the re ,  
i t  had t o  be deal t   wi th ,  and it was d e a l t   w i t h   i n   t h e   c l a s s i c  

manner -by  using  thick  gravel   pads  or  p i les .  One thing is 
certain:  Permafrost  did  not  slow up s i t e   su rveys  or construc- 

t i on .  
l lI t  must  be r ea l i zed ,  however, t h a t ,   i n  a l l  cases ,  

bu i ld ing   t r a ins  were l i g h t ,  and for the   remain ing   fac i l i t i es  

t he re  were very few u n i t s   t h a t  were heated o r  had  foundation 

problems that   could  not  be r e c t i f i e d  by adding more gravel." 

155. HARWOOD, T.A. 1969. Some possible  problems  with  pipelines  in 

permafrost  regions.  Third Can. Conf. Permafrost  Proc. Nat. 

Res. Counc. Can., Ass. Comm. Geotech. Res., Tech. Memo. 96: 

79-84. 
A summary of  the effects of  the  3 poss ib le   so lu t ions  

to   bu i ld ing  a pipel ine  in   permafrost  areas are   presented:  

1. a road  with  the  pipeline  along  one  side  covered with 
f i l l  and  appropriate  insulation; 

2.  lay  the  pipe  in  a t r ench   i n   t he   ac t ive   l aye r  o r  i n  
permafrost; 

3.  l ay   the   p ipe l ine  on p i l e s  and in su la t e  i t .  

O f  ;he th ree ,   t he  first is considered most feas ib le   bu t  much 

work s t i l l  remains t o  be done b e f o r e   f e a s i b i l i t y  i s  proven. 

1S6. HEAL, O.W. ed.  1971.  International  Biological Programme, Tundra 

Biome Working meeting on analyses  of  ecosystems Kevo , Finland. 
September  1970.  Tundra Biome Steer ing Comm., ,London, EngL 

297 p .  
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Background information on the I . B . P .  tundra   p ro jec ts  
i s  presented.  Contains a t a b l e  of s tud ies  of  human 

manipulation of the  tundra,  Canadian s tudies   inc lude   e f fec ts  

o f :   f e r t i l i z ing ;   p l an t  and s o i l  removal;  crude o i l   i n  

forest ,   heath- tussock and  sedge  communities; f i r e   i n   t u s s o c k  
communities, No r e s u l t s  are presented  here.  

I 

HEILMAN, P.E. 1966. Change i n   d i s t r i b u t i o n  and a v a i l a b i l i t y  of 

ni t rogen  with  forest   succession on nor th   s lopes   in   In te r ior  

Alaska.  Ecology  47:825-831, 
Evidence is presented of increasing  nitrogen 

def ic iency   in   t rees   assoc ia ted   wi th  sphagnum build-up on the  

forest   f loor,   the  decreasing  depth  to  the  permafrost   table 
and the  bulk of the   so i l   n i t rogen   be ing   in   the   lowes t ,  

coldest   layers.   Soils  under  colonizing  birch have nitrogen 
in   the   upper ,  warmer layers  and the  suggestion is made t h a t  
f i r e  may i n i t i a t e  changes i n   n i t r o g e n   d i s t r i b u t i o n  i n  the  
s o i l .  

Author 's   abstract:   "Forest   succession on north 
slopes i n  i n t e r i o r  Alaska  results  in  the  development of 
sphagnum bogs on sites  formerly  occupied by productive 

forest .   This   process  i s  one of gradual   deter iorat ion of s i t e  
associated  with  the  accumulation of  moss l ayers  on the   fo re s t  

f l oo r .  Advancing succession is  accompanied  by  an increasing 
ni t rogen  def ic iency  in   black  spruce trees. Black spruce 
growing on the  sphagnum bogs are extremely  nitrogen 

de f i c i en t .  As the  moss l ayers   th icken ,   the   so i l s  become 
increas ingly   co ld   wi th   permafros t   r i s ing   to   wi th in  as l i t t l e  

as 15 i n .  of the surface of the sphagnum s o i l s .  Examination 
of the   depth   d i s t r ibu t ion  of ni t rogen  revealed  very small 
quan t i t i e s  of ni t rogen  in   the  upper  and warmer port ions of 
these  prof i les ,   wi th   the  bulk of the   n i t rogen   loca ted   in   the  
very  cold and latest  t o  thaw, lower  layers. 
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Y n   c o n t r a s t ,   i n   t h e   s o i l s  under  birch [B. papyrcfera 
colonizing  burned  areas - almost no organic   surface  layer]  most 

of the  ni t rogen was loca ted   in   the  warmest upper  layers.  
Under these  conditions,  much higher rates of mineralization 

of so i l   n i t rogen  must be obtained. These r e s u l t s  show  why 

burning,  although  changing many factors   including 
v o l a t i l i z a t i o n  of an  undetermined amount of ni t rogen,  may 
lead t o  a large increase  in  available  nitrogen  because of the  

change in   dep th   d i s t r ibu t ion  of t he   n i t rogen   i n   t he   so i l . "  

158. HEILMAN, P.E. 1968. Relationship of a v a i l a b i l i t y  of  phosphorus 

and ca t ions   to   fores t   success ion  and  bog formation i n   i n t e r i o r  

Alaska.  Ecology 49: 331-336. 
Author I s  abs t r ac t  : "Concentrations  of  phosphorus, 

potassium,  calcium, magnesium,  manganese,  and zinc  in   black 

spruce  foliage were  examined i n   r e l a t i o n  t o  forest   succession 
on north  s lopes  in   inter ior   Alaska.   Decl ine  in   levels  of 
phosphorus  and  potassium in  the  fol iage  corresponds  with 

rap id   dec l ine   in   fores t   p roduct iv i ty .  Levels of phosphorus 
and, t o  a lesser extent,   potassium  in  foliage  appear t o  be 
de f i c i en t  on sphagnum s o i l s .  Magnesium leve ls  show a s l i g h t  

decrease,  but do n o t   f a l l  below def ic iency   s ta tus  even on 

deeper sphagnum s o i l s .  Calcium, manganese and zinc show no 
r e l a t ionsh ip   t o  forest succession and are   a t   adequate   l eve ls  
i n  a l l  stages.  Concentrations of available  phosphorus  and 
exchangeable  cations  in  the  soils show no differences 
between so i l s   cor responding   to   those  found i n   n u t r i e n t   l e v e l s  

i n  the  fo l iage .  However, t o t a l   q u a n t i t i e s  of phosphorus, 

potassium,  and magnesium, in   ava i l ab le  and  exchangeable forms 
are   cons is ten t ly  lower i n  sphagnum s o i l s .  Also,  the  depth 
d i s t r ibu t ion  of these   nu t r ien ts  on a volume b a s i s   d i f f e r s  

among s o i l s :   i n  sphagnum they are located a t  deeper  depths, 

while on mineral   soils  they  are  concentrated  in  surface 
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l ayers .  This dis t r ibu t ion   d i f fe rence  and the  increasing 

coldness of t h e   s o i l  as moss accumulates  appear t o  be 
su f f i c i en t   t o   r educe   t he   ava i l ab i l i t y  of  these   nu t r ien ts .  

"Radio-carbon da tes  showed t h a t  18-28 i n  (41-71 

cm) of  sphagnum peat,  weighing 270,000-510,000 Kg/ha had 
accumulated in   l e s s   t han  185 years .  The average  annual 
increase of 1,500-2,800 Kg/ha i n d i c a t e s   t h a t ,   i n   s p i t e  of 
low growth of t r e e s  on  sphagnum s o i l s ,   t o t a l   p r o d u c t i v i t y  i n  
dry  weight is appreciab1e.II 

Conclusions:  "Results from t h i s   i nves t iga t ion  
ind ica t e   t ha t   dec l in ing   ava i l ab i l i t y  of nu t r i en t s  is a 
primary factor in   reducing  product ivi ty  of fores t s   wi th  
advancing  succession on north  s lopes of inter ior   Alaska.  The 

s ign i f i can t   d rop   t o   de f i c i ency   s t a t e s  of  nitrogen,  phosphorus 

and potassium  in   the  fol iage of black  spruce  even  before 
sphagnum mosses  have become es tab l i shed ,  testif ies t o   t h e  
importance of this dec l in ing   ava i l ab i l i t y  even i n  the   ea r ly  

s tages  of succession ... I t  

159. HENSHAW, J. 1968. The a c t i v i t i e s  of the  wintering  caribou 
i n  Northwestern Alaska i n   r e l a t i o n   t o   w e a t h e r  and snow 

condi t ions.   Int .  J. Biometeorol.  12:21-27. 

Describes i n   d e t a i l   t h e   h a b i t s  of wintering  caribou 
and the i r   behavioura l   charac te r i s t ics .  Snow morphology plays 
a s t rong   ro l e   i n   con t ro l l i ng   t he i r   behav iour .  

Migrations of caribou (R. tarandus) from winter 

range  along  the Kobuk River to the  summer range  north of t he  

Brooks Range water sheds  las ted from A p r i l   t o  June, and 

reverse   migra t ions   s ta r ted   in  la te  August and were f in i shed  

by late November. 
Caribou  general ly   preferred open (i .e.   non-forested) 

sites where snow was shallower and  hence food e a s i e r  t o  
obtain.  !'The animals  conserved  energy by occupying  wind- 
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shadowed locations  during storms [lying dom] and by changing 
t e r r i t o r i e s  and feeding  intensively  during calm periods.  It 

is pos tu l a t ed   t ha t  numbers of caribou may be cont ro l led  by 
t he  morphology  of the  snow cover  since  they  exhibited  strong 
se lec t ion   aga ins t  snow c r i t e r i a   i n a p p r o p r i a t e   t o   s p e c i f i c  
a c t i v i t i e s   e s s e n t i a l  t o  t h e i r   v i a b i l i t y  ... would not   d ig   for  
food where snow cover was more than 70 cm t h i ck  .If 

They change  behavioural  patterns  in  winter - do not 

range  in a random fashion as i n  summer, but  "displayed 

consistant  responses t o  var iab les  of the  physical  environment." 

160. HILL,  R.M. 1971. The Arctic environment  and  petroleum  pipelines. 

The Musk-ox. Publ.  9:35-41. 

A general  account of  t he  Arctic environment,  per- 

mafros t ,   f lo ra  and fauna. An ou t l ine  of the  various  changes 

t o  be  expected from t he   p ipe l ines  is given, as well as t h e  

environmental  challenges  to  be met when they are b u i l t .  

161. HIRVONEN, R.  P, 1968 Report on the   fo re s t   cond i t ions   i n   t he  
Lower Liard  River  Basin, Yukon/NWT. Can. Dep. For. Rural 
Develop., For. Manage. I n s t . ,  N. Sum. Rep. 3 .  14 p.   p lus  
appendices. 

This repor t   g ives  a general   descr ipt ion of t he  
f o r e s t s  of the  Lower Liard  River  Basin, which are pre- 

dominantly  white  spruce o r  spruce mixedwood composition. 
Forest  inventory maps are   included f o r  t he   a r ea  which was 
surveyed. Much o f  the  area  has  been  burned. 

162. HOCK, R . J .  1956.  Alaskan  zoogeography and Alaskan  amphibia. 

Fourth  Alaskan  Sci.  Cont.  Proc.  p. 201-206. 
Quoted by Pew6 (1957) concerning  the  dis t r ibut ion 

of frogs. 

163. H O K ,  J . R .  1969. A reconnaissance of t r a c t o r  trails and 

r e l a t ed  phenomena on the  North Slope of Alaska. U.S. Dep. 
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I n t  . , Bur, Land  Manage. 66 p ,  76 photographs. 

A descr ipt ion of damage and   progress   in   res tab i l iza t ion  

of tundra,   disturbed by t racked  vehicle  trails  of known 
h i s to ry  i s  presented. 

I t  soon became apparent  that  although  "weasels"  and 
%bombardiers" were  used in   o i l   explora t ion ,   ex t reme  scarc i ty  
of their   recognizable   t racks  indicates   that   they  do  not  
generally  cause  long-lasting  disturbances Caterpi l lar- type 

t ractors   of ten  cause marked changes i n  t he  ground  surface. 
T h e   s i n g l e  most important  variable  in  determining what 

changes will occur ... is  the  season  during which the 
operation was conducted . . . [ in  summer] degree of  blading, 
substrate  water  content and  degree of s lope   i n t e rac t   t o   such  
a degree  that  it is d i f f i c u l t   t o   d i s c u s s  one  without 
discussing  the  others .   This   c lose  re la t ionship i s  evident 

when one cons iders   tha t   the   degree   to  which the  surface is 
disrupted  determines  the  change  in  heat  balance  between a i r  

and subs t ra te ;   the   subs t ra te   in  turn responds  according  to 

i t s  composition u n t i l  a new equilibrium is a t ta ined;   bu t  i f  
slope  permits  the  products of the  thawing  process  to be 

cont inua l ly   car r ied  away, exposing new frozen  mater ia l ,  no 
new balance  can  be  established.11 Example of trails  
crossing  poorly  drained  areas show banks s t i l l  slumping 7-10 
years a f t e r   i n i t i a l   d i s t u r b a n c e   w i t h  no s ign of s t a b i l i z a t i o n .  
Photographs  are  presented  i l lustrating  various  combinations 
of the  above f ac to r s .  

"Trails which  were made during  winter,   while  the 

ground was frozen,  pose a d i f f e r e n t  problem  than  those  which 
were created  by summer t r a v e l .  Changes along  winter  haul 

routes,   al though more subt le   than   the   e f fec ts  of running a 
tractor across  semi-solid  ground, were nonetheless  evident ... 
Probably two major  methods of  construction f o r  winter  haul 
roads  should  be  considered: 
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1. those   i n  which snow and s u r f a c e   i r r e g u l a r i t i e s  are 
bladed away for  use by heavy t rucks;  

2 .  those   in  which snow is  packed  and  smoothed for use 

by  tractor-drawn  sleds. 

'When observed  during  the summer, t h i s  type of road 
[constructed by the  f irst  method] general ly   consis ted of a 
main t rack  of black soggy,  exposed  peat from  which l i v ing  
vegetation  has  been worn away. A margin of dead vegetation 
extended some 10. t o  20 f e e t  on e i t h e r   s i d e  of the  main t r ack .  

Old Navy trails  [made prior t o  19531 made of packed snow 
general ly  did not break the   tundra  surface.  These t r a i l s  
almost  invariably  followed  the most gently  contoured course 
which was ava i lab le  ... The vegeta t ion   in   these   win ter  sled 

t ra i ls  was not scraped or worn away, but was k i l l e d  and  had 
not   ful ly   recovered by the  time of observation ... 

"It is in t e re s t ing  t o  r?.ote , . , [on a bladed  winter 

t ra i l ]  tha t   the   a reas   immedia te ly   ad jacent   to   the  actual road- 
bed,  presumably  where snow was heaped  and  packed  while  keeping 

t h e  road open,  have  the same appearance as the  snow-packed 
t r a i l  beds. The cause .., i s  probably a combination of 
mechanical  pressure  and  shortened  growing  season [due t o  late 
melting of t he  packed areas) .. , 

'The most ce r t a in  means for  l imi t ing  damage t o  North 

Slope  environment seems t o  be  prevention  rather than r e h a b i l i t -  
ation. In  conclusion it may be said t h a t  once a decis ion is 
reached  to  proceed  with  surface movement of heavy  equipment, 
one thing  should  be  recognized:  any  marks,  once made, w i l l  

probably last  f o r  an  indeterminate  period  of time; the  nature  

and extent  of  these marks will depend upon the  manner i n  which 

the  operat ion is planned  and  carried  out." 

164. kDLLOWAY, C.W. 1970.  Threatened  Vertebrates i n  northern 

circumpolar  regions.   Productivity and  conservation  in 



- 116 - 

Northern  Circumpolar  Lands. W.A. Fu l le r  and P.G. Kevan, ed 

I n t ,  Union Conserv.  Nature (IUCN) Publ. n.s.  16:175-192. 

This paper   discusses   the  threatened  ver tebrates  of  
the  Arct ic   and  postulates   that  two  main fac tors   cont ro l   the  

survival   of   the   species:  1) overexploi ta t ion of the  species  
and 2)  modification of the  environment. Of these ,   the  f irst  
is by far the  most important. However, discussion on the 

modification of the  species  environment  indicates  the  following. 
V i b e  ... is of the  opinion  that   c l imzrt ic   f luctuat ions have 

exercised a g rea t e r   e f f ec t  on Arct ic   wildl i fe   populat ions  than 
is general ly   appreciated.   In   par t icular ,   he   suggests   that  

deplet ion of many of t he  marine mammals during  the  present 
century may have resu l ted ,  not from over-exploi ta t ion,   but  

from the   dec l ine  i n  the  production of  plankton,  following 

r e t r e a t   o f  the s e a  i ce .11  
Human modification of  the  environment is l i k e l y   t o  

be more r ap id   i n   t he   fu tu re  as Arctic  resources are 
developed. 

l”l’hreatened Arc t ic   ver tebra tes  have  undoubtedly  been 
a f f ec t ed  by manls  modification of their   environment   but ,   for  
t he  most p a r t ,   t h e  changes  have  occurred  outside  the  Arctic. 
Migratory  routes and wintering  grounds of most Arc t ic  

breeding  birds  have  been  affected by land  development  and, 
in   the  northern zones  of  the  boreal  forest ,   Caribou  wintering 
grounds  have  been  destroyed by f ire.” On the  subject  of t he  

introduct ion of Reindeer,  the  author  goes on t o  say: 
“Largely as a r e s u l t  of poor management, domestic  Reindeer 

have  caused  overgrazing  both  in  Alaska  and in Scandinavia . . . 
I t  would be  unreasonable t o  condemn a l l  domestications  of 

wild animals and t h e i r  husbandry in   the  Arct ic .   Nevertheless ,  
the tundra is a ve ry   f r ag i l e  environment  and,  under some 

cond i t ions ,   i n t e l l i gen t  management of wild  herbivores  without 

domestication  might  produce  an  equally  satisfactory  return 
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from a wider  variety of sources,  and would c e r t a i n l y   c r e a t e  
fewer problems fo r  the  conservation of the   hab i t a t  .. 

" In   t he   fu tu re   t he   g rea t e s t   t h rea t s   t o  the Arct ic  

environment  are  likely t o  arise from la rge   sca le  development 

associated  with  hydro-electric schemes and mineral 

exploitation.  Exploration and d r i l l i n g  for o i l  will probably 
have the  widest  impact.  Sedimentary  rock  formations, which 
are po ten t i a l  sites for the  discovery of petroleum,  occur 

over much of the  Soviet  Arctic, the  western  third of the 
American mainland Arctic and the  northwestern  region of the  

Canadian  Archipelago.  In  July  1968,  the  discovery of an o i l  

f i e l d ,  which may be one of the  world 's   largest ,  a t  Prudhoe 

Bay, Alaska, was announced. The speed  with which o i l  and 

gas  exploration  has  since  spread  across  the Mackenzie River 
Delta and i n t o   t h e  Canadian  Archipelago  has  been  phenomenal. 

T h e   v a r i e t y  and  magnitude of the  problems  posed by 
o i l  booms i n   t h e  Arctic f o r  the  conservation of species are 
equal ly   s taggering,  Human disturbance, damage t o  s o i l  and 

vegetation by t raff ic  and fire hazards w i l l  be  increased. 
Construction of  road  and r a i l  r o u t e s   f o r   o i l  will make 
ex t rac t ion  of  other  resources  economically feasible. Pipe 

l ines   s te tching  over   vast   d is tances   could  obstruct   wi ldl i fe  
migration  routes.  O i l  pollution,  both on land  and a t  sea 

may create  special   problems  in  the Arctic. Low temperature 

of the  sea might i n h i b i t  breakdown of o i l  by micro- 
organisms  and  proximity of ice packs t o  the  shore  could 
reduce i t s  dispersal ."  

Three  basic  needs must be met: 
''1) Survey  and  reservation of representa t ive  

samples of biotopes,  

2) Continued  and  expanded  ecological  research, 

3) Co-ordination of research and management 

e f f o r t  . . , I 1  
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165. HOLMES, G .W. , Helen L.  FOSTER and D .M. HOPKINS. 1965. 
Dis t r ibu t ion  and age of pingos of inter ior   Alaska.  Per- 
mafrost   Int .  Conf. Proc.  1963. Nat. Acad. Sci-Nat.  Res. 

Counc. Wash. p.  88-93. 

Class i f i ca t ion ,   d i s t r ibu t ion ,   o r ig in ,  development 
and degeneration of pingos  are   descr ibed  in   this   paper .  

A symmetrical pingo  in  the  upper Tanana a rea  (63 
5 5 '  N ,  144'33' W) i n   t h e  zone of discontinuous  permafrost 
i n  Alaska was “covered by a mature  stand  of  aspen,  birch 

and  spruce  and  surrounded by scrubby muskeg vegetat ion.  "A 

cratered  pingo a t  63'45 N ,  144'12 W ,  has “a mature birch 

f o r e s t  on i t s  f lanks ,  a c i r cu la r  pond i n   t he   c r a t e r  and 
muskeg vegetat ion  in   the  val ley  f loor   around it ... 
“McKinley Creek  (65’09’ N ,  150’2O’ W) pingo i s  an  unusually 
broad, low  mound, with  vegetation  concentrically zoned, 

grading inward  from  wet-ground plants  around i t s  margin t o  a 
birch-willow-heath  assemblage on i ts  well-drained summit ... 

“No pingos were reported from upland  tundra on h i l  1 

or  mountain summits here,   but many ex i s t  on muskegs and  bogs 
wi th in   the   borea l   fores t .  O f  170 pingos whose vegetat ional  
environment i s  known, 61% are i n  forested areas, 34% i n  a reas  

of shrubby muskeg vegetation and 5% i n  t ree less   bogs .”  

0 

Conclusions : “Closed-system pingos have  not  been 

recognized   in   in te r ior  Alaska and  probably  are  not  present 
there .  Thus far they  have  been  reported  only from areas  of  
continuous  permafrost  having mean annual a i r  temperatures of 
12' t o  22' P .  Within  these areas, they  are  confined 
s p e c i f i c a l l y  by certain  hydrological  and  edaphic  conditions,  
as shown by Muller;   these  conditions  are  mostly commonly  met 

in   shal low or drained  lake  basins.  

“Open-system pingos  are  abundant  in  the  discontinuous 

permafrost zone of interior Alaska i n  areas having mean annual 
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a i r  temperatures of 22' t o  28' F; they are rare i n   t h e  
continuous  permafrost  zone,  but  have  been  reported  in East 
Greenland  where t h e  mean annual a i r  temperature is about  14 F. 

Within interior  Alaska,  open-system  pingos are confined  to  

a reas  where the  following  hydrologic and edaphic  conditions 

e x i s t :  a) a th i ck   l aye r  of unconsolidated  sediments  mantling 

a s loping  surface;  ground perennially  frozen  to  depths of t he  
order  of 100 feet;  b)  an  aquifer  present  beneath  the 

perennially  frozen  sediments  through which ground water flows 

to  the  pingo site. 

0 

"Open-system pingos of central   Alaska are of diverse  
ages; new ones have formed continuously  during  the last  
several  thousand  years.  Thus,  they did no t   r e su l t  from any 
known s ingle   recent   c l imat ic   f luc tua t ion   in   cen t ra l   Alaska .  

"Although  no pingos of Pleistocene  age are known, 

they  could  have formed i n   p e r i g l a c i a l   i n t e r i o r  Alaska. Open- 

system  pingos, and possibly  also  closed-system  pingos,   pass 

through a sequence of developmental  and  degenerative  stages, 

eventual ly  becoming lakes  with  uneven,  raised  shores. Possibly 
some of the  hundreds of small l akes   i n   t he   va l l eys  of the  
Yukon-Tanana upland,  sometimes  regarded as thaw lakes,  may be 
very  old  pingo  craters .” 

166 HOLOWAYCHUK, N . ,  J.H. PETRO, H.R. FINNEY, R.S. FARNHAM and P. L. 
GERSPER. 1966. So i l s  of the  Ogotoruk  Creek  Watershed. 

Environment of t he  Cape  Thompson Region,  Alaska. N.J. 

Wilimovsky  and J . N .  Wolfe, ed,  p.  221-273. U.S. Atomic 
Energy Comm., Div.  Tech. Inf .  

Morphology, physical  and  chemical  properties of the  

so i l s   a r e   desc r ibed  and discussed. The s o i l s   a r e   c l a s s i f i e d  

i n t o  19  taxonomic classes. A t a b l e  of equivalents  of  Great 
So i l  Groups  and Great Groups and Subgroups is presented. The 

most ex tens ive   so i l s   a re   der ived  from or  influenced by mud- 
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stone and  graywacke mater ia l s  and are s t rongly  o r  very 

s t r o n g l y   a c i d   s o i l s  

167 HOPKINS, D.M. 1949. Thaw lakes  and thaw s inks   i n   t he  Imuruk  Lake 

area, Seward Peninsula, Alaska. J. Geol.  57:119-131. 

Certain  lakes and depressions  in   the Imuruk  Lake area, 
are ascribed  to  subsidence  following  the  thawing of 
perennially  frozen  ground. The mechanisms  of  formation  are 

described . 
"Some of the most spectacular  examples of subsidence 

due t o  excessive thaw r e s u l t  from the  disrupt ion  of   the  tundra 
mat by human a c t i v i t i e s ,  During  1945, a g e n t l e ,   h i l l   s l o p e  had 

been  crossed  repeatedly by a C a t e r p i l l a r   t r a c t o r .  When first 
examined i n  1948, the   rou te  of t he   t r ac to r  was marked by 

long, swampy furrows,  indented 3 t o  1 2  i n  i n  the  tundra.  

Later i n   t h e  summer, a s e r i e s  of s ink  holes ,  3 t o  5 f ee t  deep, 
connected by subterranean  water  courses, was discovered  beneath 

the   t r acks   i n  areas where t h e   t r a c t o r  had t r a v e l l e d   d i r e c t l y  
upslope. S t i l l  la ter ,  the  routes  of  the  connecting  caverns 
had collapsed,  and  the  course of t h e   t r a c t o r  was marked  by 

narrow g u l l i e s  3 t o  4 feet   deep." 

It should be noted  that  the s o i l s   i n   t h i s  area are 
composed of 5 t o  20 feet of  uniform,  fine-grained  residuum, 
scat tered  boulders   lying on the   so i l   su r f ace ,  and increasing 
in  abundance a t  depth. 'Masses of  c l ea r  ice cons t i t u t e  a 
major component of areas of peat  and frozen,  f ine-grained 
soils i n   t h e  Imuruk Lake region." Most of the  ice occurs as 
hor izonta l   l enses   o r   ver t ica l  wedges.  "Areas  mantled  with 

deep  res idual   soi l  commonly are  covered  with a dense mat of 
peat-forming  tundra  vegetation,  including Eriophorum vaginatum, 
various  shrubs  and  heaths,  and Sphagnum mosses. The dense, 

inter locking mat of l i v i n g  and  dead vegeta t ion   cons t i tu tes  
an ef fec t ive   insu la tor ,   benea th  which summer thaw penetrates  
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only 1 t o  3 feet .  Beneath areas  of ba re   so i l ,  however, 

seasonal thaw extends  to  depths  ranging from 3 t o  10 feet.' '  
Thaw lakes:  "In  the Imuruk Lake area, thaw lakes 

o r ig ina t e   i n   a r eas  of l oca l ly  deep  thaw,  which  can  be 

i n i t i a t e d   i n  any of the  following ways: 1 )  by disrupt ion of 
the  vegetal   cover by frost heaving. Some of t he   r e su l t i ng ,  

ba re   so i l   a r eas   subs ide   su f f i c i en t ly  upon thawing t o   c o l l e c t  
small  pools of water beneath which  thawing is fur ther  

accelerated.  (2) By accelerated thaw beneath  pools  occupying 
in t e r sec t ions  of ice-wedge  polygons. These polygons i n   t h e  

s o i l   a r e   r e f l e c t e d  a t  the   sur face  by shallow, swampy trenches.  

The in t e r sec t ions  of the  trenches commonly a r e  marked by 

shallow  pools of standing  water. (3) By accelerated thaw 
beneath  pools  in small streams. The smaller  streams  flow  in 
indistinct,   vegetation-choked  channels.   Obstruction of t h e  

channels by especial ly   luxurient   vegetat ion or by small mounds 

ra i sed  by different ia l   f rost-heaving dams small pools beneath 
which rapid  thawing  and  subsidence  takes  place. 

"The recognition of thaw f e a t u r e s   i n   t h e   f i e l d  and 
on a e r i a l  photographs i s  useful   in   engineer ing and in  water- 

supply  studies.  Considerable  subsidence  can  be  expected  in 
a reas   i n  which  thaw lakes,   s inks,  or depressions are present  

i f  the  surface  vegetal  mat is disturbed or i f  the  ground is 
heated  beneath  poorly  insulated  buildings. Thaw sinks 
indicate   the  presence of thawed  zones i n  a permeable  sub- 

stratum i n  which some supply of ground  water  can  be 
expected “ 

168. HOPKINS, D.M. and R.S. SIGAFOOS. 1951. Frost  act ion and 

vegetat ion  pat terns  on Seward Peninsula,  Alaska. U.S. Geol. 
Surv.  Bull. 974-C. 100 p.  

Cryopedologic  terrain  features are descr ibed  in  
de t a i l   t oge the r  with the i r   p robable   re la t ionship  t o  
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vegetat ion,  methods of o r i g i n  and course of development. 

These fea tures   a re  found on various  poorly  drained  areas 

and  where perennial ly   f rozen ground is  present  at  3 f e e t  o r  
less. A l l  s tar t  from f r o s t  scars which may be i n i t i a t e d   i n  

several  ways including  burrowing  animals and grazing  re indeer .  
This  paper  is   considered by some t o  be the   de f in i t i ve  work on 

caespitose  tussocks.  

Author ‘s abstract :   “Cottongrass   tussocks,   f rost  

scars ,   peat   r ings,   tussock  r ings and groups, and tussock-birch- 
heath polygons i n  the  Imuruk Lake area ,  Seward Peninsula, 

Alaska,  are  products of t he   i n t e rac t ion  of congel i turbat ion 

(frost  churning) and vegetation  development. These 
cryopedologic  features  are found on poorly  drained  areas on 
summits, slopes  of less than 10’, and lowlands  where s i l t y  

mineral   soi l  is present  beneath a cover of peat  or turf less 
than 3 feet   th ick.   Perennial ly   f rozen ground is  present  at  

depths  of 3 f e e t  or less. 

“The tussock is a b a l l - l i k e   t u f t e d   p l a n t  form 
charac te r i s t ic   o f   cer ta in   g rasses  and sedges  found  in swampy 
areas. Dif fe ren t i a l  frost heaving  increases  the  height of 
tussocks  of  cottongrass (Eriophorum vaginatum subsp. spissum) 
by lifting t he   p l an t  above the  soil surface  during  the autumn 
f reezing  cycle .   Frost   scars   are   areas  of b a r e   s o i l   r e s u l t i n g  
from disrupt ion of the  vegetative  cover by loca l   in tense  

frost   heaving.  
"Peat r ings ,   tussock   r ings ,  and tussock groups 

consis t   of   vegetat ion  pat terns   associated  with  widely  spaced 

mounds of mineral   soil   projecting  through  otherwise  continuous 

layers  of peat o r  turf.  Tussock-birch-heat polygons cons is t  

of   c losely spaced mounds of   mineral   soi l   separated by  channels 
f i l l ed   w i th   pea t .  The peat   r ings,   tussock  r ings,   tussock 
groups, and vegetation  polygons  represent  stages  in  several  
developmental  series, a l l  of which start wi th   f ros t   scars  as 
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the i n i t i a l  form. The f ina l   f ea tu re s  of these  developmental 

series a r e   t h e   r e s u l t  of congel i turbat ion,  a process which i s  
effective chief ly   during  the f a l l  f reezing  cycle  and which is 
modified by the development of the vegetat ion .. 

"The concept of a “climax” vegetation must  be 
modified when appl ied  to   tundra  vegetat ion.   Disturbance of  
the  substratum  occurs  repeatedly,  and a l l  s tages   of   plant  
succession exist on unstable   surfaces .  The vegetation ... 
represents  an equilibrium  assemblage  adjusted  to  the  climate 

i n  which it ex i s t s   bu t   d i f f e r s  from a “climax” assemblage 

in   t ha t   ba re   a r eas  and areas  covered by pioneer   plants  are 
int imately mixed among areas covered by assemblages  representing 
the  highest   s tage  in   the  succession ... 

'Recognition on aerial   photographs of the  cryopedologic 
features described above will assist i n   t h e   i n t e r p r e t a t i o n  of 
te r ra in   condi t ions  “ 

In  the main  body of  the  paper  discussion on perennial  

frozen  ground and f r o s t   a c t i o n  and congel i turbat ion and 

i n s t a b i l i t y  of t he   so i l   su r f ace  i s  well  covered.  In  the 
sec t ion  on vegetat ion  the wet tundra is organized  into 
several   vegetat ion  pat terns:   tussock-birch-heath  vegetat ion,  
with or without a sedge  sod, and willow  and b i r ch   t h i cke t s .  

"These plant  communities  are  clear-cut and  can  be 

def ined  in   space  and  correlated  with  factors   in   the 
environment. The th ree   f ac to r s  most c losely  correlated  with 
the   d i s t r ibu t ion  of the  communities are drainage  conditions,  
depth  to  perennially  frozen  ground, and the   i n t ens i ty  and 
character  of congel i turbat ion.  These i n   t u r n  are determined, 
i n   p a r t ,  by topography,  type of s o i l ,  and the   charac te r  of 
the  vegetat ion.  Each type of vegetat ion,  however, is found 

loca l ly   wi th in   the  area dominated by another  type." 

Cryopedologic   features   are   discussed  in   detai l .   In  

the   f ros t - sca r s   s ec t ion  it is  no ted   t ha t   t he i r  areas o r ig ina t e  
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i n  a var i e ty  of ways. “Burrowing mammals can  destroy the 

stems and roo t s  of p l an t s  and  probably are e f f e c t i v e   i n  
i n i t i a t i n g  a b reak   i n  the t u r f ,  which  can  be  enlarged by 
congeliturbation.  Close  grazing by reindeer  is an important 

f ac to r   i n   b reak ing   t u r f   i n  some l o c a l i t i e s  .., From the a i r ,  
reindeer  corrals  near  Teller,   Alaska,   can  be  dist inguished 
from the  surrounding  tundra by the  presence of closely  spaced 
f r o s t   s c a r s   i n   t h e   c o r r a l s  as contrasted  with  their   absence 
o r  re la t ive  scarci ty   in   adjoining  ungrazed  tundra.   Cot ton-  

grass tussocks  overturned by frost   heaving  are  found 
loca l ly ;   t he   a r ea  can become the  nucleus of a growing frost 
sca r .  In areas  mantled  with a continuous  layer of pea t   o r  
turf, the  surface  cover  can  be  broken  during  the autumn 
freezing  cycle  by in t ense   d i l a t ion  of the  underlying  mineral 

s o i l  in spots  where the   pea t  i s  r e l a t i v e l y   t h i n ,  in 
exceptionally wet spots ,  o r  i n  spo t s  swept  bare  of snow by 

the wind following an ear ly   snowfal l  ... 
“Once formed, f ros t   s ca r s   t end  t o  be s e l f  

perpetuating."  Discussion  then  follows on succession of  
vegetation on the   s ca r s .  As a general   rule ,   colonizat ion 
occurs by the   spec ies  which surround  the scar. Colonization 
of  t he   s ca r s  is a slow process .   Shi f t s   in   the   ba lance  of 

p lan t  growth versus  congel i turbat ion  resul t   in   advances or net 
losses  in the  progress o f  colonization.  “Variations from year 
t o   yea r   i n   t he  number and  sharpness of diurnal  freeze-thaw 
cycles   probably  are   ref lected by general   regional growth o r  
decay of f r o s t  scars ... In summary, colonization of frost 
sca r s  by vegetation  appears  favoured by an   ear ly  sudden 
freeze-up with previous  nocturnal   f rosts  and  by  an e a r l y  

snowfal l ,   especial ly  i f  it occurs   before   f inal   f reeze-up."  
Discussion  continues on the  formation  of  tussocks, 

pea t   r ings ,   r idges  and  tussock  rings  and  tussock  groups, as 
well  as tussock-birch-heath  polygons. 
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“Recognition of the  cryopedologic  features  described 

here is useful t o  the photo  interpreter  in predict ing 

t r a f f i c a b i l i t y  and  foundation  problems ... Peat r ings ,  

tussock  r ings,  and  tussock  groups  generally  cannot be 

distinguished from  one another ... but   these  three  features  
can  be distinguished from tussock-birch-heath  polygons  or 
s t r i p e s .  [That i s  on a e r i a l  photographs  with a sca l e  of 
1 :10 ,000 or larger] ,  The presence of any of these   fea tures  
indicates  the  probable  presence of f ine-grained  soi l  i n  
which perennial ly   f rozen ground is p r e s e n t   a t  a shallow 

depth. The thickness of peat at the   sur face  and the  moisture 
conditions of the  surface  can  be  estimated i f  t he  polygons 

can  be distinguished from the   r ings .  M a x i m u m  degree of slope 

can  be  estimated from the  degree of elongation of the  
fea tures .  “ 

169. HOPKINS, D.M. ,  T . N . V .  KARLSTROM and OTHERS. 1955.  Permafrost 

and  ground  water i n  Alaska. U. S. Geol . Surv. Prof. Pap. 

264-F.  146 p .  
A summary a t  the  present knowledge of permafrost 

and  ground  water  conditions  in  representative  areas a t  
Alaska. 

"Assessment of permafrost  conditions is aided by 
recognition on a e r i a l  photographs  of  positive  and  negative 
indicators  such as cer tain  plant   associat ions,   polygonal  
micro-relief  patterns,   surface  features  produced by loca l  
thawing of  permafrost,  pingos,  and  hydrologic phenomena such 

as  f lood-plain  icings.   Individual  indicators  are found t o  be 
ambiguous to   varying  extents  ... With rare  exceptions,  no 

s ingle   feature   recognizable  on aerial photographs  can  be 
taken as an i n f a l l i b l e   i n d i c a t i o n  of the presence o r  absence 

of permafrost ... 
'The following  tabulation  indicated  the minimum depth 
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depth  to  permafrost ,  if it is present,   beneath some Vegetation 

assemblages that are widespread in Alaska." 

Tall willows on f lood  plains  8 f ee t  

Pure s tands of  mature  aspen or  white b i r ch  4 f e e t  
Mixed willow,  alder and white birch 3-4 feet  
Pure  stands  of  balsam  poplar 3-4 f ee t  
Mixed white  spruce and  balsam  poplar 3 feet  
Pure  stands of  white  spruce 2-3  f e e t  

Mixed stands  of  white  birch and white  spruce 2-3 f e e t  
Mixed white  and  black spruce 1-2 f e e t  
Black spruce  in  wet tundra or muskeg 1 foot  

HULTEN, E. 1958. The amphi-atlantic  plants  and  their   phyto- 

geographical  connections. Kungl. Svenska  Vetenskapsakadem. 

Handl. Fjarde.   Ser ien.  Band 7 ,  Nr.1. Almqvist and Wiksell, 

Stockholm. 340 p .  

This work concerns  the  distribution of those  plant  

species which  occur on both  s ides  of the   At lan t ic  Ocean but  

are  absent from the   Pac i f ic   a rea ,   Dis t r ibu t ion  maps are 
given for each  species.  

171 HULTEN, E. 1962. The Circumpolar  Plants I .  Vascular  cryptogams, 

conifers,  monocotyledons.  Almqvist and Wiksell,  Stockholm. 
Each plant   species  is mapped and  taxonomic  and 

d is t r ibu t iona l   no tes  accompany it. There are no keys. 

172 .  HULTEN, E. 1968.  Flora of Alaska and ne ighbour ing   te r r i to r ies .  
Stanford Univ. Press,   Stanford,  Calif 1008 p ,  

This is a manual of the   vascular   p lan ts  of the  

region,   containing  keys,   d is t r ibut ion maps and notes on 

h a b i t a t s ,  The introduction  discusses  general   ecology, 

geology,  history of p lan t   co l lec t ion  and  taxonomic  aspects 
of the area .  
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173. HULTEN, E. 1970. The Circumpolar  Plants 11. Dicotyledons. 

Kung1 . Svenska  Vetenskapsakadem. Hand1 . F j arde  Serien . Band 

13. Nr.1. Almqvist and  Wiksell,  Stockholm.  463 p .  
This work is a continuation of the  author’s  1962 

work. 

174. HURD, L.G.  1971. Pipelines,   people and pingos.  Paper  presented 

t o  t he  Canadian Gas Association Annual  Meeting in   J a spe r .  
Mimeo 16 p.  

The research and f e a s i b i l i t y   s t u d i e s  of the  North- 

west Study Group are out l ined  and include  pipeline  design 
s tudies  and ecologica l   s tud ies  among o the r s .  

“[The Arct ic]   Test   Faci l i ty ,   located on the  west 
bank of the Mackenzie River  between  Fort Good Hope and Norman 
Wells i s  a $3.5 million  undertaking. In operat ion  s ince 
e a r l y  March [1971] it cons i s t s  of 2,500 feet of 48-in 

diameter  pipe  through which  compressed a i r ,  used to   s imula te  
na tura l   gas ,  i s  c i r cu la t ed  a t  varying  controlled  temperatures.  

I t  is primarily  intended  to  evaluate  the  concept of pipe- 

l in ing   re f r igera ted   gas ,  and w i l l  provide  valuable  data on 
s t a b i l i t y  of gas  pipelines  in  permafrost  ... s t a b i l i t y  on 
different   types of foundations ... e f f e c t s  of a p ipe l ine  

on various forms of surface  cover;  e t c .  
"Wild l i fe   s tud ies   a re   in tended   to   def ine   poss ib le  

e f f e c t s  of construct ion and operat ion of a gas p ipe l ine  upon 
wi ld l i f e  and the  means of  avoiding o r  minimizing  any  problems. 

!Major w i l d l i f e  programs  include  our  study of  the 
Porcupine  caribou  herd  in  the  northern Yukon and a study of 
fur-bearers   a long  var ious  a l ternat ive  routes  ... 

“We have  found ... that the  Porcupine  herd i s  near ly  
twice as la rge  as previously  estimated ... between 60,000 and 

65,000 [ t h i s  number has  since  been  revised and the population 

is considered t o  be in   the   ne ighbourbod of 70,000 (Northwest 
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Project  Study Group Summary Status  Report  July 30, 1971)] 

animals, compared with previous estimates of  35,000 ... 
"Caribou made considerable use of winter  roads  and 

seismic l ines   en   rou te  t o  the   nor th   s lope  and  favouring  the 

easier  walking  provided by cut - l ines .  Herds  sometimes moved 

west  along a se i smic   l ine  f o r  a few miles  before  they  turned 

northward  again. Wolves followed  the  Caribou  herds  closely- 

preying on  them throughout  the  migration. 

"Five  Barren Ground grizzly  bear  dens  have  been  dis- 

covered ... t h e  f irst  time  dens  have  been  recorded." 
Among the  conclusions  the  author   s ta tes :  "Our 

studies  to  date  provide  continuing  confirmation  that   the  pipe- 
l ine  can  be  bui l t   and  operated  with ample pro tec t ion   to   sa fe-  

guard  the  northern  ecology and wi ld l i fe . "  

175. HUSSEY, K.M. and R.W. MICHELSON. 1966.  Tundra r e l i e f   f e a t u r e s  

near  Point Barrow, Alaska.  Arctic  19:  162-184. 
Author 's   abstract :  "The d i s t r ibu t ion  of minor tundra 

r e l i e f   p a t t e r n s  shows that  topography  plays a leading  par t  
i n   t h e i r  development.  In  extensive  areas of very low r e l i e f ,  

local  expression may well  exceed  the  regional  range.  Aside 

from t h e   i n i t i a l  re l ief ,  the  greatest   deviat ions from a f l a t  

surface i n  the  Barrow area a r e   r e l a t e d  t o  the  growth or thaw 
of ground *ice. This leads   to   such   fea tures  as high-  and low- 

centred  polygons,  ice-wedge  troughs,  ice-cored mounds and 
thaw basins   of  a l l  s i z e s .  The genesis of  most of these 
fea tures  has been  determined. However, i t  has  been 

questioned  that  the  basins  could  have  been formed by thaw. 

Specimens of the  frozen ground  were co l lec ted  and  analyzed 

to   determine their r e l a t ive   i ce   con ten t .  The values were 
extrapolated,  and it was found t h a t  even the   l a rges t   bas ins  

can  be true  thermokarst   features .” 
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176. HUSTICH, I. 1951. The Lichen  woodlands i n  Labrador  and their 
importance as winter   pastures  for  domesticated  reindeer. 

Acta Geogr. 12(1) 48 p.  
A survey of the  l ichen woodlands of Labrador with 

comparisons of s imi l a r   t ypes   i n   o the r   pa r t s  of the  world. 

Included are discussions on the ecology of l ichen woodlands 

and l ichen  regeneration. 

177. HUSTICH, I. 1953. The boreal limits of conifers .  Arctic 6:149- 

162. 
This  paper is a theo re t i ca l  paper on t h e   t r e e  limit 

in   the   Arc t ic   reg ions  of the  world. The discussion  concerns 

the   ampl i tude  of the coniferous species   as  well as   ra i s ing  
the   ques t ion   a s   t o  why cer ta in   coniferous species are a t  the  
t r e e  limit i n   c e r t a i n   p a r t s  of t he  Arctic and other   species  

in   o the r   pa r t s .  

178. HUSTICH, I .  1970. On the study of the  ecology  of  subarctic 
vegetat ion.  Ecology of the  Subarctic  Regions: 1 Ecology and 
Conservation  Helsinki Symp. Proc.  1966. UNESCO. p.  235-240. 

Not an appl icable   paper:   ra ises  a number of  general 

theore t ica l   ques t ions .  

179 IVANOVSKI, A . I .  1963. Transformation of nature and ways of 

developing  agriculture i n  the  Far North. Problems of the  

North. 7: l -19.  (Trans1. from Russian by Nat. Res. Counc. 
Can. 1964). 

Contains  information on crops and c rop   f i e lds   i n  

t he  far north,  methods of transformation of A r c t i c   s o i l s   f o r  
agr icul tural   crops and suggested  crops for various areas. 

T h e  harmful  effects of permafrost on the  growth  and 

development of p l an t s  can  be  combatted  by  thermal improvement 

methods. The p r inc ipa l  ones a r e  as follows:  holding  back 
snow i n  autumn with removal of snow in spring;  development of 
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p r o t e c t i v e   s t r i p s  of f o r e s t  and hush;  steaming of f i e l d s ;  

harrowing of f i e l d s ;  sowing of winter  crops;  t imely 

mulching,  ridging and rowing of crops  e tc .” .  

Information is  also  presented on the  production of  
f i e l d s  and meadows in   t he   t undra  which d i f f e r   l i t t l e  from 
those of more southern  zones. 

180. JAHN, A.  1970. Soil'movements  under the  inf luence of f reezing.  

Ecology of the  Subarctic  Regions: 1 Ecology  and  Conservation. 
Helsinki Symp. Proc.  1966. UNESCO. p .  119-123. 

This  paper  describes  the movements of  s o i l  due t o  
ver t ical   water   migrat ion and i t s  freezing t o  form segregation 
ice i n   t h e  upper so i l   hor izons  and the   e f f ec t s  of  these 

movements on p l a n t s ,   p a r t i c u l a r l y   p l a n t   r o o t s .  

"The s o i l  movement we are discussing i s  due t o  a 
ver t ica l   migra t ion  of water and i t s  f reez ing   in   the  form of 

segregat ion  ice   in   the  upper   soi l   hor izons.  We are  faced  here 

with one type of soil movement. I t  i s  of supreme importance 

from the  ecological   s tandpoint   s ince it produces  major 
changes i n   t h e   s o i l   s t r u c t u r e .  Thus i n   t h e   s o i l ,  a whole net-  
work is developed of th in   hor izonta l  and v e r t i c a l   f i s s u r e s  

which a re   subsequent ly   f i l l ed   wi th   i ce   ( ice   l ayers  and i c e  

lenses) .  The formation of  these   s t ruc tures  i s  most 
de t r imenta l   to   p lan t   roo ts .  The so r t ing  out of materials is 
a simultaneous  concomitant  of  the  soil movement. This process 
is a l s o   h a r m f u l   t o   s o i l   s t a b i l i t y .  The upfreezing  causes 
stones  to  break  through a f ine-gra ined   so i l  mass. The 
s h i f t i n g  o f  materials i n   t h e   s o i l  makes it d i f f i c u l t  f o r  
plants t o   t a k e   r o o t .  We can e a s i l y   f i n d   t h e   p l a c e s  where 

the processes of s o i l  movement and sor t ing  out  are a l i v e .  In 
such  places   the  soi l   surface  presents   bare   spots   completely 

s t r ipped  of vegetation  cover. 
"As soon as the  processes of s o i l  movement and 
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sort ing  out   decl ine,   there   fol lows a rapid  succession of 
p l an t  growth.  Patterned  ground is soon furnished  with  the 

uniform  vegetation  cover. 
"Apparently  there  exists  an  interdependence  between 

the s o i l  movement due t o   f r o s t  and the  absence of vegetat ion 
cover. I t  is no t   on ly   t ha t   so i l  movement prevents the 

growth of  vegetation:  conversely,  a f u l l y  developed 
vegetation  cover  can  successfully  protect  the s o i l   a g a i n s t  

the   ac t ion  of f r o s t  That is why in   p l aces  where there  
occurs a cover of t u r f  and peat ,   only  non-sorted  f issure  

forms (tundra  polygons)  are  found  in  the  absence of pat terned 
ground  (sor ted  c i rc les) .  

“Another type of so i l   swe l l ing ,   t hose   r e l a t ed   t o  so- 

ca l l ed   i n j ec t ion  ice, are formed here ,   Cont rary   to  the s o i l  

movements described  above,  injection ice causes an abrupt 
r i s e  of a s o i l  hummock. In t h i s  way are formed such forms as 

bugors  with ice cores ,  and forms known i n  Canada  and Alaska 
as pingos, while in   S ibe r i a   t hey  are called bulkhunyakhy. An 
ice lens  under  turf ,   mostly a t  t he  f i s s u r e   o u t l e t ,  l i f ts  

upwards the  surface s o i l  horizon. This is a s ing le  movement, 

unlike the movements connected with segregat ion  ice .  The 

melting of an ice  lens  causes a negative movement, i .e. the  

s inking of the s o i l   s u r f a c e .  A sink  hole  form t hen   r e su l t s  ... 
The ... types of s o i l  movement i n  the Arctic and 

Subarctic  conditions may f u r t h e r  be c lass i f ied   accord ing   to  
t he i r  impact on vegetation cover. Without  doubt,  rhythmical 

seasonal movements t h a t  i s  annual  up-heaving  and  sinking of 
t h e   s o i l  surface, appear  to  be most detr imental .  They are 
des t ruc t ive   to   vege ta t ion   because   they   cons tan t ly   loosen  
(d i s jo in t )  the s o i l  and produce cracks, i n   a d d i t i o n   t o   t h e  

process of upfreezing of stones  (mechanical  sorting).  In 

places  where violent  rhythmical movements occur there  is no 
vegetat ion  cover   or   e lse   the  exis t ing  cover  fa i ls  t o  produce 
cer ta in   spec ies .  
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"In p r inc ipa l ,   s ing le  movements are  not  noxious t o  
vegetation.  Luxuriantly overgrown h i l locks  of palsen and 

pingos are of common occurrence. S t i l l ,  these movements 

weaken the   so i l   ( c r acks )  and frequently  leave it unprotected 
t o  des t ruc t ive   ac t ion  of other  factors  such as, for example, 

wind and  water  operating on exposed  hillocks." 

181. JEFFREY, W.W.  1961.  Notes on plant  occurrence  along Lower Liard 

River,  N.W.T. Contri .   to  Bot.  1959. Nat Mus. Can.,  Bull, 
171:32-115. 

The a r e a  i s  segregated  into 4 topographic  divisions 
and the   vege ta t ion   in to  13 fores t   types  and 6 brule  and shrub 
types. Each vegetation type is  descr ibed   in   de ta i l .   Spec ies  

invading a s e i s m i c   l i n e   a r e   l i s t e d  and the  author  suggests 

that   these  and/or  those  invading  brule  can  be  expected on 
dis turbed sites i n   t h e  Lower Mackenzie . 

From au thor ' s   abs t r ac t :  "Theme of the  paper i s  p lan t  
occurrence.   Brief  at tention is given t o  the  physiography of 
the   s tudy   a rea ,  which is segregated  into 4 topographic 

d iv is ions :  (1) Mackenzie mountains, (2) Mackenzie lowlands, 

(3) Older flood p la ins  and t e r r aces ,  and (4) recent   f lood 

p l a i n s .  The vegetation is subdivided  into a t o t a l   o f  24 

vegetation  types,  of which 1 3   a r e   f o r e s t s  and 6 are brule 
and  shrub  types. 

Fire is considered  to  have  been  exceedingly  important 

i n   t h e  development of the  vegetat ion.  The term  “brule” 

app l i e s   t o  areas burned-over  within  approximately 30 years 
p r i o r  t o  inves t iga t ion ,  whose vegetation has not   yet  

a t t a ined   po le   s i ze .  
Notes from t he  various s o r t s  of brule:  “All brule 

examined i n   t he  Mackenzie  lowlands  were on upland s o i l s .  
F lo r i s t i ca l ly ,   t hese   s t a t ions   appea red   t o  be d i s t i n c t  from 
those of brule i n  flood p la ins  and terraces. The primary 
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Species i s  Popu lus tremuloides . “ 
On the   o lder   f lood   p la ins  and te r races ,   b ru le  

appeared t o  be d i v i s i b l e   i n t o  2 classes,   based upon the  
dominance of e i t h e r  Calamagrostis canadensis o r  Equisetum 
pratense i n   t he   he rb   l aye r .  Populus tremuloides, two 
species of Salix and Betula papyrifera were the  primary 
spec ies   in   the  main s torey  inhabi t ing  the  brule .  

'The brule of the  recent   f lood  plains  are 
i n t e re s t ing  i n  tha t   the i r   f lo ra   d i f fe rs   cons iderably  from 

t h a t  of  other  areas.  Notably,  they  contain  species which 
are most abundant  and  vigorous i n  the   fo re s t  and shrub types 

of this  topographic  division,  and,  in  addition,  the 

proportion of Populus tremuloides is much reduced i n  comparison 
t o  the  other   land  types.”  The primary  species  appear t o  be 

Populus balsamifera, Salix bebbiana, Betula papyrifera, 
Alnus incana. 

A long list of species is also  given from a seismic 
l ine  near  Fort   Liard.  

182. JEFFREY, W.W. 1961.  Origin and structure of some white  spruce 

stands on t h e  Lower Peace River Can. Dep . For. , For, Res. 

Br. Tech. Note 103. 20 p.  
This paper  largely is composed of summaries of o ther  

work done i n   t h e   a r e a .  The spruce fo res t  is bel ieved  largely 

t o  have arisen fol lowing  f i re ,   wi th   wind-fal l  and vegetat ional  
change as other  modes of or ig in .  A high  proportion  of  stands,  
present ly  immature, have a f i r e  history.   Undisturbed 

vegetat ional  change  (primary  succession)  has  possibly  been of 
re la t ively  greater   importance i n  older   s tands.  The f o r e s t  is 
composed pr imari ly  of regular ,  even-aged stands,  though i n  
places  some degree of i r r e g u l a r i t y  does exist." 

183. JEFFREY, W.W. 1964.  Forest types along  the Lower Liard  River, 

N.W.T. Can.  Dep. For. P u b l .  1035. 103 p .  
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Thir ty-e ight   fores t ,  6 bru le  and 3 shrub  vegetation 
types  are  described i n  d e t a i l  and another 8 are  mentioned. 

The vegetation of  the   b ru les ,   occur rence   o f   so i l   f ros t  and the 
behaviour of tree species are discussed. 

From au thor ' s   abs t r ac t :  "Main purpose is  

preparat ion  of  a forest   typology  for   the Lower Liard  River 

area. Units  segregated are abstractions  based upon the  

recurrence of similar combinations of environment  (essential1 

topography  and s o i l ) ,  and  vegetation  (forest  cover and lesser 
vegetat ion) .  The bases of the  typology are discussed and a 
t o t a l  of 47 types (38 fores t   types ,  6 brule  types and 3 shrub 

types)   are   given  t reatment   in   detai l .   Another  8 types  receive 

mention  only . . 
“Following the  descr ipt ion of the  ecosystem-types, 

processes of physiographic-vegetational  change  in  the  recent 
f lood   p la in   a re   d i scussed .  The u t i l i t y  of  plant  species as 

ind ica tors  of ecosystem  types, use of the   typology  in   fores t  
management, vegetat ion  of   brules ,   occurrence  of   soi l  frost and 
the  behaviour of tree species   a lso  receive  discussion."  

184. JOHNSON, A.W. 1965.  Plant  ecology  in permafrost areas, Perma- 
f r o s t  In t .  Conf. Proc.  1963. Nat. Acad. Sci-Nat. Res. Counc. 
Wash. Publ . 1287: 25-30. 

An out l ine  of   permafrost-vegetat ion  interrelat ionships  

i s  given  and the  vegetation  types,   mostly low Arc t ic ,  a t  
Ogotoruk Creek Valley  described.  Details  of permafrost   effects 

on the  plant  ecology of the  Val ley  are   given.  The most 
important of the  vegetat ion  types  descr ibes   are   the Dryas mats, 
sedge-meadow tussock and Carex, 

185. JOHNSON, A.W., L.A. VIERECK, R.E. JOHNSON and H. MELCHIOR. 1966. 

Vegetation and f l o r a .  Environment of  the  Cape Thompson 
Region,  Alaska. N.J. Wilimovsky  and J.N. Wolfe,  ed. p .  277- 

354. U.S. Atomic Energy Comm., Div.  Tech. Inf. 
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Eight  vegetation types are recognized: Eriophorum 
tussock; Dryas f e l l - f i e l d ;  Eriophorum-Carex wet meadow; 
Eriophorum-Carex sol i f luct ion  s lope;   er icaceous.  shrub 
polygon; Dryas s t ep  and s t r i p e ;  Carex bigelowii high-centre 

polygon;  and s a l i n e  meadow. Other  highly  variable and 

diverse   plant  communities were also  recognized,  but  could 

not  be  aggregated  into  types.  Descriptions of each type a r e  

presented  together  with  associated  species,  soils ,  s lope ,  
e t c .  I t  was noted   tha t   the   a rc t ic  ground squ i r r e l  produced 

not iceable   e f fec ts  on the   vege ta t ion ,   espec ia l ly   loca l ly   in  
spr ing and f a l l  when searching for roots  of Dryas octopetala. 
Soil   erosion is l ike ly   to   fo l low.  The squ i r r e l s   a r e  most 

ac t ive   in   " the  Dryas f e l l - f i e l d ,  Dryas s t e p  and s t r ipe   t ype  

and ecotone  communities  along  stream  banks ... Studies 
suggest  that   vegetation  changes  result   primarily from burrow 

construct ion and feeding   ac t iv i t ies .  The a c t i v i t i e s   o f   t h e  
squirrel   associated  with  the  formation and use of the burrow 

af fec t   p lan t   d i s t r ibu t ion   in   the   fo l lowing  ways: t h e   s o i l -  
deposit  p i l e s  t h a t   r e s u l t  from burrow construction  cover 
ex is t ing   vege ta t ion ,  and s q u i r r e l  excrement mixed with  the 

newly  exposed so i l   p rovides  an i d e a l   s i t u a t i o n  for 
germination and growth of many spec ies ,   espec ia l ly   g rasses ,  
sedges, and rushes.  Because these   p lan ts  do  not  ordinarily 
occur  in  the  undisturbed  vegetation  surrounding  the  burrow, 

they   a re  highly conspicuous as they grow densely on t h e  

burrow  excavation  piles. With time and  continued use, willows 
and other  shrubs may grow densely on t h e  burrow  system,  the 

important  species  here  being Salix pulchra and S. glauca. Once 
establ ished  these  plants  may persist ... for long  periods of 
time  even i f  t he  ground s q u i r r e l s  abandon t h e  site. ' '  An 

annotated l ist  of the  vascular   plants  is included as well as 

a list of collected  bryophytes and l ichens.  
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186. JOHNSON, F.  and H.M. RAUP. 1964.  Investigations i n  Southwest 

Yukon. Papers a t  the Robert S. Peabody  Foundation f o r  

Archeology  6, (1) 488 p .  
Within this book a re   s ec t ions  with generalized 

descr ipt ions of t he  vegetation - fores t s ,   g rass lands  and 

mountain  tundra - i n   t h e  Dezadeash  and Shakwak Valleys. 

187. JOHNSON, P.L. and T.C. VOGEL. 1966.  Vegetation of the Yukon 

Flats Region, Alaska. U.S. Amy,  Corps Eng. Cold Reg. Res. 
Eng. Lab. (CRREL) Res Rep. 209. 5 1  p . 

Arctic Bibliography 96479: "Reports a 1963-65 study 
of the  vegetat ion and  ecology  of  this  region by aer ia l   photo-  

graphy and selected  ground  data from 43  sample s i t e s .  The 

method of sample  analyses i s  explained and t h e   r e s u l t s  
tabulated and discussed. The volumes of standing  crop  and 

t r ee   p ro f i l e s   fo r   va r ious   spec ie s  and s i t e s   a r e   g i v e n .  

Mosaics of various  imagery  (panchromatic,  radar,  thermal)  and 

t ransects   are   analysed.   Detai ls  of r i pa r i an  and bog succession 

are   discussed.  A t  p resent   the   fores t s  of t h i s   r eg ion   a r e  of 
l i t t l e  economic value,   but   this  may change  with  rapidly 
expanding  need for wood pulp,   f ibre  and  chips.   Three  kinds 
of vegetation  type maps are presented and  appendices l ist  
t r e e s  by species  and s o i l  sample  data." 

188. JOHNSON, P.L. 1970.  Arctic  plants,   ecosystems  and  strategies.  

Arct ic  22 : 341-355. 

Succession: T h e  phenomenon [of succession] i s  
poorly  understood for tundra  ecosystems.  Fragmentary 
evidence is accumulating that succession does occur as new 
hab i t a t s  are colonized . . [Bliss and  Cantlon, 1957; 

Bri t ton 1957; Vierick 1966) or  i n  response t o  freeze-thaw 

a c t i v i t y   i n   t u n d r a   t e r r a i n  [Benninghoff  1952; Hopkins and 
Sigafoos  1951; Sigafoos 1952;  Johnson  and  Billings 1962; 
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Proll   1958).  We know l i t t l e  about the rates  of vegeta t ive  
recovery o r  succession in  various types of tundra.  There 
are  observations a t  Barrow that suggest  re-invasion of some 
upland  vehicle t r a i l s  wi th in   f ive  years. There are other  

examples of i r r eve r s ib l e   des t ruc t ion  of tundra   in  which 

albedo is  lowered  from  an  average of 20% t o  10% o r  lower, 

and the   hea t   coef f ic ien t  is a l t e r e d  so t h a t  thermokarst 

processes are ac t iva t ed  and shallow ponds rep lace  meadows.” 
( I t  is  unfortunate that  there are no references t o  these 
la t te r   s tud ies   g iven   in   the   paper . )  

Arrays in  space-vegetation assemblages: “Studies 

a t  Cape Thompson e t  a l .  1966, showed the   r e l a t ions   o f  the 

p r inc ip l e   p l an t  communities t o   r e l i e f ,  soil type  and  per- 

mafros t .  

"Attempts s t a t i s t i c a l l y  to corre la te   vege ta t ion  
type  with  parameters  of  the  atmosphere or l i t hosphe re   i n  

l oca l  areas general ly   produce  posi t ive  correlat ions  with thaw 
depth and so i l   mo i s tu re   bu t   i ncons i s t en t   r e su l t s   w i th   o the r  

variables.   Recent  studies  have  attempted t o  examine 

c o n f l i c t s   i n   r e l a t i o n s h i p s  . . but  simple  relationships  do 

not   ye t   ex is t  .” 

A t a b l e  of physiographic   habi ta ts  and ecological  
communities  of t he  Arctic coas ta l   p la in   tundra   in   Alaska  

is given. 

189. JOHNSON, P.L. 1970. Remote sensing as an  ecological  tool.  

Ecology of the  Subarctic  Regions 1. Ecology and 
Conservation  Helsinki Symp. Proc. 1966. UNESCO p.  169-187. 

This paper  concerns  use of remote sensing 
techniques fo r  obtaining  vegetation  information,  but  contains 

the  following : Sub-Arctic  Vegetation  Patterns : "In i n t e r i o r  

Alaska an extreme  continental   cl imate  prevails in the   northern 

tension zone of tree growth. A very  complicated  vegetation 
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mosaic  is  the  result  of  a  long  history of fire  super- 
imposed  on  alluvium  deposited  by  ancient:  and  recent  river 
meanders.  The  present  vegetation  pattern  is  a  mixture  of 
forest,  shrub,  and  herbaceous  stands  in  various  stages of 
plant  succession.  The  stability of the  pattern  appears 
proportional  to  the  interaction  between:  a)  The  stability 
of  the  frost  table  and  the  resulting  drainage  condition; 
b)  The  elapsed  time  since  the  last  fire or flood  disturbance 
and  the  intensity of the  burn or duration  of  the  flood;  c) 
The  age  of  the  organic  or  mineral  substrate  which is usually 
a  function  of  topographic  position.” 

190. JOHNSTON, G . H . ,  R.J.E.  BROWN  and D . N .  PICKERSGILL. 1963. 

Permafrost  investigations  at  Thompson,  Manitoba.  Nat.  Res. 
Counc.  Ottawa,  Can.  Div.  Building  Res.  Terrain  Stud.  Tech. 
Pap. 158.  51  p. 

This  paper  deals  with  the  occurrence  and  distribution 
of permafrost at  the  town of Thompson,  which is near  the 
southern  boundary of discontinuous  permafrost.  Generally 
“the  permafrost,  which  is  only  a  few  feet  thick  and  has 
temperatures  close  to 32' F, frequently  contains  a 
considerable  quantity of moisture  in  the form of ice  and  may, 
upon  thawing,  lose  much of its  supporting  strength,  resulting 
in  large  settlements  and  even  failure  of  various  structures 
erected  upon  it ... 

"Given  a  particular  climatic  regime  that  is 
conducive  to  the  existence  of  permafrost, ... it is  the 
thermal  characteristics or properties of the  various  surface 
and  sub-surface  terrain  features  operating  singly  and  in 
combination  that  control  the  local  variation  in  permafrost 
conditions.  Surface  features  include  snow  cover,  relief, 
surface  drainage  and  vegetation;  sub-surface  features 
include  soil  and  sub-surface  drainage ... 

It  is  apparent ... that  most of the  permafrost 
encountered  at  Thompson  occurs  in  the  sloping  transition 
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zones  between the  areas  of re la t ive ly   h igh   e leva t ions  and 

good drainage, and the  areas of r e l a t i v e l y  low e leva t ion  and 
poor drainage.  This  includes  the  narrow  transit ion zone a t  
the  edge of the   spruce "islands" within  the low areas. 

Examples of permafrost  located  between  the  high and low areas  
are numerous . .. 

“From information  obtained, . . . it appears  that   the 

occurrence of permafrost at Thompson may be a rb i t r a r i l y   d iv ided  
i n t o  two categories  based on the  thickness  of  the  permafrost 
bodies - those  less   than 15 feet and those   g rea te r  ... There 

is no apparent  relation  between  permafrost  thickness and 
ex is t ing   t e r ra in   fea tures .   This   sugges ts   tha t   the   var ia t ions  

are a r e f l e c t i o n  of previous  environmental  conditions  not 

evident a t  present .  The heavier  concentrations of i c e  were 
noted  to  occur at the   g rea t e r  depths ,” 

The e f f e c t  of va r ious   t e r r a in   f ea tu re s  on permafrost 

occurrence  follow: 
Snow cover: . . “The snowfall  regime and durat ion 

of snow  on the  ground  are  both c r i t i ca l  aspects  ... a heavy 
f a l l  of  snow i n   t h e  f a l l  and ear ly   winter  will inh ib i t   w in te r  
f ros t   pene t r a t ion  and the  formation of permafrost. On t he  
other  hand, a th ick  snow cove r   t ha t   pe r s i s t s  on t h e  ground 
i n  spring will delay  the  thawing  of  the  underlying  frozen 

ground ... There may be   s ign i f i can t   d i f f e rences   i n  snow cover 
between  the  densely  forested areas and t he  more sparse ly  
t r eed   a r eas ,  which cont r ibu te   to   the   var iab le   occur rence   o f  

permafrost. Many addi t ional  and systematic  observations of 
snow cover  properties and depths  through  the  winter are 
required a t  Thompson, however, before any s p e c i f i c   r e l a t i o n -  

sh ips  can be establ ished  between  this   feature  and the  
d i s t r ibu t ion  of individual  permafrost  islands. 

Relief: 'The re l ie f   appears   to   be  a s i g n i f i c a n t  

f ea tu re   a f f ec t ing   t he   d i s t r ibu t ion  of permaforst. Most of 
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the   permafros t   bodies   a re   loca ted   e i ther   in   b road ,   gent ly  
s lop ing   t r ans i t i on  zones  between  high  and low areas  or i n  

narrow, more s teeply   s lop ing   t rans i t ion  zones  around 

spruce  “islands"  within  the low areas.  In  keeping  with  the 
general   inf luence of r e l i e f  on surface and sub-surface 
drainage, i t  appears   that   the   t ransi t ion zones  have 

su f f i c i en t   s lope  f o r  moderate  drainage  of  water. Lack of 
such  drainage,  e,g.  ponding of water, would r e s u l t   i n   t h e  

thawing of the  underlying  permafrost, On the  other  hand, 

the   s lopes   a re   no t   too   s teep   to   be   excess ive ly   d ra ined  and 
therefore  have  sufficient  water f o r  the  growth  of sphagnum 

moss , which  appears t o  be an important  feature  associated 

with the  presence of permafrost   (and  also  ice  lensing) .” 

There is a l so  a discussion  here on the  importance of  slope 
o r i en ta t ion ,  i .e north  vs . south.  

“Variations i n  e levat ion of even a few f e e t  may 

cause  minute   but   suff ic ient   di f ferences  in  a i r  temperature 

which  would a f f ec t   t he  ground  temperature  regime. A i r  

movement between high  and low areas,  such as the  drainage of  
cold a i r  a t  night  from a high  area downslope t o  a low area ,  
is a micro-cl imat ic   feature   associated  with  re l ief  which may 

be s ign i f i can t  ... 
Drainage: T h e  occurrence and movement of surface 

and  sub-subsurface  water  exerts an important  influence on the  
thermal  regime of the  ground and i s  conditioned  by  the 
r e l i e f ,   vege ta t ion  and soil. Because of the   hea t   s torage  
capacity  of  water,  i t s  movement from one area   to   another  
s ignif ies   the  t ransfer   of   thermal   energy from one point  t o  
another,  and the   exis tence of water a t  any given  location 
ind ica tes  an  excess of thermal  energy  there.  Moving or 
standing  water  such as occurs   in   the  low areas  below the  

t r a n s i t i o n  zones, inhibi ts   the   formation and preservat ion of 
permafrost. It  is probable   that  i n  t h i s   f r i n g e  area a change 
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in   d ra inage   condi t ions   in  a permafrost area producing  an 
increase  of  water  would,  in time, no doubt r e s u l t   i n  thawing 

of the  permafrost .  Water movement  may be af fec ted   a l so  by 

the  sphagnum moss. I t  i s  suspected  that   the  sphagnum  moss 
i s  a b l e   t o  wick moisture  upslope  from  the low areas and the  

upper limit of the  moss on t h e   t r a n s i t i o n  zones may mark 
the  uppermost e levat ion t o  which water can be t ranspor ted   in  

t h i s  manner 

Soils:  "The r o l e  of t h e   s o i l ,   p a r t i c u l a r l y   w i t h  

r e s p e c t   t o  i t s  e f f e c t  on moisture movement, is not well 

understood . 
Vegetation: "The vegetation is undoubtedly  an 

ex t remely   s ign i f icant   fea ture   a f fec t ing   the   d i s t r ibu t ion  of  
permafrost and i t s  cha rac t e r i s t i c s   a r e   g rea t ly   i n f luenced  
by r e l i e f ,   d ra inage  and s o i l s .  A permafrost or non-permafrost 

condition may r e s u l t  from the   in te rac t ion   of   vege ta t ion ,  

r e l i e f ,  and drainage components of t h e   t e r r a i n ,  which  produce 
a c e r t a i n  ground  thermal  si tuation. 

"At Thompson 2 types of vegetation  can  generally  be 
used as f a i r l y   r e l i a b l e   i n d i c a t o r s  of a permafrost   condition. 
The presence of sphagnum  moss and/or   s tunted,   sparse   to  

moderately  dense  spruce  growth  has  been  found t o  be near ly  

always  associated  with  permafrost - provided that  reasonably 
well-drained conditions exis t .  This qua l i f i ca t ion  is most 
important,  The converse is no t   t rue ,  however,  because  per- 
mafrost is a l s o  found  under other types of moss and t r e e  
cover 

"The dens i ty  and height of t r e e s  are important 

aspects  of  the  vegetation  influencing  the  near  ground  surface 
wind v e l o c i t i e s .  Wind speeds  are  much lower in   a r eas  of  
dense  growth  than i n  areas having   s tun ted ,   sca t te red   t rees  
or no trees, The movement of a i r  r ep resen t s   t he   t r ans fe r  of 
heat  from  one area to   another .   In   the  high areas, tree 
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growth is high and f a i r l y  dense and probably   resu l t s   in  low 

wind v e l o c i t i e s .  In  the low areas  and t ransi t ion  zones,   the  

t r e e s   a r e   s h o r t e r  and sca t t e red  and there   a re  numerous  open 
areas which  permit  higher wind speeds  and  thus  the movement 
of more heat  away from these  areas  per un i t  time than from 
the  high areas. Therefore ,   the   poss ib i l i ty  of s l i g h t l y  
lower a i r  temperatures  and  ground  temperatures,  because of 

higher wind speeds,  is greater   than  in   the  high  areas .  

"The i n t e r r e l a t i o n  of vegetat ion and permafrost  can 

be summed  up br ief ly   in   a   s ta tement   for   each  type of area. 
In   the  high  areas ,   there  i s  no  sphagnum  moss because of  the  

good drainage which allows  the growth  of  birch,  poplar,  jack 

pine and large  spruce,  and there  i s  no permafrost.  In  the 
low a reas ,   t he re  is th ick  sphagnum  moss and stunted  spruce 

because of the  poor drainage,   but   there  i s  no  permafrost 

because of the  excess  water.   In  the  transit ion  zones: 

sphagnum  moss grows because  there is  enough water t o  support 
i t ;  spruce is the  main t ree   spec ies   bu t  is stunted  because 

drainage is only  moderate; and permafrost  can  exist  because 
the re  is not   too much water t o  thaw it .  The spruce  " is lands” 
a re   t oo  wet for birch,  poplar  and  jack  pine,   but  not as wet 

as the low a reas   r e su l t i ng  i n  dense  but  stunted  spruce 

growth and permafrost  around  their  edges .” 

Anomalous permafrost  occurrences:  There  appears 
t o  be at Thompson cer ta in   loca t ions  where  permafrost is 

present  but  does  not f i t  in to   the   genera l   pa t te rn ,   tha t  is , 
does  not  occur  in  transition  zones. “It appears  that   the 

permafrost   in  these areas may be  associated  with  certain 

t r a n s i t i o n  zone cha rac t e r i s t i c s ,   s lope   o r i en ta t ion ,  moss 

type,   s lope and drainage .” 

Conclusion:  "Permafrost may e x i s t   i n  one p a r t i c u l a r  
area  because of an  insulating  cover of sphagnum moss, i n  

another  because of c e r t a i n   s o i l  and  moisture  conditions,  and 
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in  another  because it is located on a north.-facing  slope. 

In a l l  of these  cases ,   the   exis tence of permafrost i s  very 

precarious as evidenced by the  proximity of i t s  temperature 

t o  32' F. Over a s u f f i c i e n t l y  long  period of t ime, even 

a very small change i n  any one t e r r a i n   f e a t u r e   a f f e c t i n g  

the  occurrence of permafrost can appreciably a l ter  t h e  
thermal  regime and therefore  the  permafrost   conditions." 

191. JONES, Mary Jane.  ed.  1969. Mackenzie  Delta  Bibliography. Can. 
Dep. Indian A f f .  N .  Develop., N. Sci .  Res, Group. Ottawa. 
119 p.  

An annotated  bibliography,  largely drawn  from 
Arctic  Bibliography,  but  containing  information from other  

sources.  Covers  information on a l l  aspects  of the  Mackenzie 
River Delta. 478 items. 

192. KACHURIN, S.P. 1962. Is the  development o f  thermokarst  always 
indicat ive  of  a recession of the  permafrost   table? Data 
on the  Principles  of  the  Study  of  Frozen Zones in   the   Ear th  
Crust.  Issue II. Trans1. from Russian by Nat. Res. Counc. 

Can.,  Tech.  Trans1.  1006:25-32. 
The author  says  no. He poin ts   ou t   tha t  "one of  t he  

basic   condi t ions for t he  development of thermokarst   features 
i s  the presence of ground ice layers ,   l enses  or inclusions 

in  the  upper  permafrost  s t ra ta ,  preserved  under  the 

inf luence of the  vegetation  cover,  the  topography  and  other 

local   condi t ions ... While thermokarst   features  develop  in 
the  northern  par t  of the  permafrost  zone,  permafrost is a l s o  
forming   there   in   so i l s   tha t  are no  longer  under water (for 
instance  in  newly  formed  sandbanks  and i s l ands ) ,  and i n   t h i s  
case  thermal  conditions  in  the  subsoils do not cont r ibu te  t o  
t h e  development of thermokarst  features , which r e s u l t  from 
other   causes ,  such as frost f i s su res ,   e ros ion ,   so l i f luc t ion ,  

etc . In   the  southern  areas  of the  permafrost  zone,  in  which 
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thermokarst   features  are  widespread  there is no new 
development of permafrost  [with  rare  exceptions). The 

cen t r a l  areas of the  permafrost zone  occupy the medium 

p o s i t i o n   i n   t h i s   r e s p e c t .  

"In most i n s t a n c e s   t h e   i n i t i a l  development of ther -  
mokarst is due t o   t h e   a c t i v i t i e s  of man (ploughing  and f i r e  

e t c . )  I t  is also poss ib le   for  ground i c e   t o   m e l t   i n  

natural   conditions,   causing ground settlement  without a 
recession of permafrost, f o r  instance when the  depth  of 

[seasonal]   thawing  increases ,   This   la t ter   effect   takes  
place when the  cont inental i ty   of   c l imate  becomes more 
marked .” 

Thus "The fact  that  thermokarst   features  are 
p re sen t   i n  a given  topography  cannot  serve as a r e l i a b l e  and 

suf f ic ien t   ind ica t ion   tha t   permafros t   recess ion  i s  taking 

place  in   present   day  c l imat ic   condi t ions.  In add i t ion   t o   t he  

presence of themnokarst  features it is e s s e n t i a l   t o  have 
o ther   da ta  on hand in  order  to  determine  whether  permafrost  
recession is i n  progress. Among the  most important  data 

required  are   those on the  thermal  regime  in  subsoils  within 
and beyond the  immediate area of  development  of  thermokarst 

features ,   information on the  influence  of man, etc.  

"Only when seve ra l   f ac to r s   po in t  t o  a change  of 
thermal  conditions  in  the  subsoil  towards a temperature 

increase i s  it  possible  t o  conclude  that a natural   permafrost  
recession i s  taking  place,  and t h a t   t h i s  phenomenon is not due 
t o   t h e   i n t e r f e r e n c e  of man, which of ten  serves  as the  first 
j o l t   i n   t h e   i n i t i a l   s t a g e  of the  process." 

193. KARAVAYEVA, N.A., I . A .  SOKOLOV, T.A. SOKOLOVA and V.O. TARGUL'YAN. 

1965. Pecu l i a r i t i e s  of soi l   formation  in   the  tundra  ta iga 

frozen  regions  of  Eastern  Siberia  and  the Far East. Soviet 
Soi 1 Sci 7 : 756- 766. 
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This  paper is concerned, i n  part with  whether,  cold, 

of i t s e l f ,  is important  in  pedologic  processes  and  concludes 
that   the   depth  to   the  permafrost   table   during  the warm 
period (which i tself  is dependent on climatic  conditions  and 

the   l i t ho log ica l  and  geomorphological  order)  has  the most 
influence on soi l   formation,  

Conclusions:  “1)  Permafrost  has a considerable 

influence on soi l   formation,   pr incipal ly   in   the  excessively 
wet so i l s   o f   c l ay  loam (and f iner - tex tured)   par t ic le -s ize  

composition. The f ac to r  which has  the  greatest   influence on 

so i l   fo rmat ion   wi th in   th i s  group of s o i l s  is the  depth of 
occurrence  of  the  permafrost   table  during  the warm period 

depending  both upon causes of a l i t ho log ica l  and geomor- 
phological  order and upon cl imat ic   condi t ions.  These s o i l s  

with  specif ic   f rozen  propert ies   are   zonal ,   genet ical ly  

independent. 2) Under t h e  conditions  of a cold,   excessively 

moist climate, but on easily  water-permeable  materials we 
a re   unab le   t o   e s t ab l i sh   i n   t he   so i l s  any specif ic   f rozen 
proper t ies .  Their features  are  determined by the  charac- 

t e r i s t i c s  of t he  warm period and  have much i n  common with 
the   f ea tu re s  of s o i l s  on s imi l a r  materials of non-permafrost 
taiga-tundra  regions.  3) Podzol ic   soi ls  and so i l s   w i th  a 

brown non-different ia ted  prof i le   are   dis t inguished  within  the 

s o i l  group  without  any  specific  influence of permafrost. 4) 

Podzol ic   so i l s  have severa l   spec i f ic   p roper t ies   assoc ia ted  
with  their   formation on massive-crystall ine and coarse 
textured  parent   mater ia ls .  5 )  The non-podzolization of s o i l s  
with a brown non-d i f fe ren t ia ted   p rof i le  is associated  with 

the  extreme  attenuation of podzol  forming  process fox a number 

of reasons. 6) Soils with a podzolic and brown non- 

d i f fe ren t ia ted   p rof i le   toge ther  with the  supra  permafrost  gley 

s o i  ls are zonal,  genetically  independent soi ls. 
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194. KATZ, N . J .  1926. Sphagnum bogs a t  Central  Russia: phytosociology, 
ecology and succession. J. Ecol.  14:  177-202. 

This  paper  gives a very f u l l   d e s c r i p t i o n  of the 

ecology  of  species  and  communities of sphagnum bogs, and 
transit ion  bogs.   Further  information is given on the 

vegetation of  sphagnum and t r a n s i t i o n  bogs i n   r e l a t i o n   t o  

drainage,   extract ion of pea t ,   and   f i res .   Apparent ly   in   th i s  
a r ea   t he re  is no permafrost, as there  is no  mention of 
it in   the   paper .  The bibliography  has 16 items. 

195. KAY, K. 1968. A look a t  the   fu ture  of hazardous  contaminants of 
the  circumpolar  environment.  Arch.  Environ.  Health  17:653- 
661, 

Potent ia l  and actual  health  problems  in  circumpolar 
regions from bio logica l  (sewage)  chemical  (domestic, 

ag r i cu l tu ra l  and i n d u s t r i a l )  and radionuclide  wastes are 
discussed  with  examples.  Meteorological  problems with  the 
attendant  hazard of l oca l   f a l l -ou t  of ae r i a l   po l lu t an t s  a t  
toxic  concentrations,   and/or  their   long-distance  transport  
are presented.  Antagonistic or potent ia t ing  react ions  of  
certain  chemicals with one another,  which may be increased 

by increased  exposure t o  low temperatures ,   are   a lso  discussed,  

196. KAYLL, A . J .  1968. The r o l e  of f i r e   i n   t h e   b o r e a l   f o r e s t  of 
Canada. Can. Dep. For. Rural  Develop., Petawawa For. E x p .  
Sta.  Inform. Rep. PS-X-7. 15 p.  

A general   discussion of the   bene f i c i a l   e f f ec t s  of 
fire i n   t h e  boreal forest .   Includes an extensive  bibliography. 

197. KELLOG, C.E.  and I.J. NYGARD. 1951.  Exploratory  study of the 

pr inc ipa l  soil groups of Alaska. U.S. Dep. Agr., Agr. 

Monogr. 7. 138 p.  
In  the sec t ion  on permafrost,  the  importance  of  the 

insu la t ing   proper t ies  of vegetation  are  emphasized.  Other 
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aspects  of permafrost are discussed,  thawing of  ground ice,  
c lear ing  for   agr icul ture ,   depth of active layer etc. 

“Near the southern  margin of permafrost  areas 

important   local   var ia t ions  are   re la ted  to   cover  and aspect .  
South-facing  slopes, for  example, may not  have  permafrost, 

or  under them it may l i e   a t   f a r   g r e a t e r   d e p t h s   t h a n  on nearby 
north-facing  slopes.  A cover of th in   fores t ,   shrubs ,   o r  

mosses protects   the  land,   insulates  i t ,  and a s  a r e s u l t   t h e  
upper  part  of t h e   s o i l   t h a t  thaws i n  summer is shallower 
than on s imilar   places   barren of vegetation. Even packing  of 

t he  moss i n  animal trails or roadways reduces  the  insulation 

of the  organic  covering and causes  deeper  thawing. Commonly, 
in  the fo res t s ,   t r ee s   l ean  toward  roadways , t ra i ls  and the  

water of thaw lakes  because of the  greater   mel t ing and 

s e t t l i n g  under  the less protected  surfaces ... 
“Some smooth slopes  with  permafrost  beneath have 

become choppy  and h i l l y  - too  rough  for   cul t ivat ion - a 
decade or  so a f t e r   c l ea r ing .  Without the  protect ive  cover  

of the  shrubs and  mosses, t he  uneven  permafrost  gradually 

melted,  along  with huge lenses of ice t h a t  developed  during 
the  f reezing process. On some slopes, breaks  or  sinkholes 
have  developed  that have grown in to   gu l l i e s .   Supe r f i c i a l ly ,  
these look like  ordinary  erosion-produced gullies, except 

t h a t  l i t t l e  or  no sediment  flows from them . . 
'The depth t o  which a soi l   over   permafrost  thaws i n  

summer depends upon the  cover and the  physical  characteristics 
of t h e  material, as well as upon the  c l imate .  Trees, shrubs 
and espec ia l ly  mosses protect  the  soil   against   thawing.  Other 

t h ings   be ing   equa l ,   so i l s   r i ch   i n  clay are thawed less   deeply 
than  sandy  soils .” 

198. KELSALL, J .P.  1968. The migratory  barren-ground  Caribou of 
Canada.  Can. Dep. Indian Aff .  N. Develop., Can. Wild. Serve 
340 p.  
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T h i s  book concerns  the  ecology of the  barren-ground 
caribou.  Various aspects of  the  vegetation of i ts  ranges  are 

throughly  discussed  and  information on f i re ,   overgrazing,  

migration t ra i ls ,  preferred  food  species ,   nutr i t ion  values  of 
these  species ,   revegetat ion and succession is included. 

From Chapter VI11 Range  Management: "The Canadian 
tundra i s  not   subject   to   extensive damage  by f i r e  - t he  major 
damaging factor i s  on winter  ranges.  Although  dry,  lichen- 
covered  tundra will burn  readily,  the  heterogeneous  nature 

of the  vegetation  prevents  widespread fires .,. 
"Overgrazing of  tundra i s  frequent ly   noted  in  small 

areas p a r t i c u l a r l y  where caribou  congregate  frequently, such 
as r iver   crossings  and  the  shores  of lakes t h a t   l i e  on regular  
migration  routes.  The damage done t o  vegetation  often  appears 
t o  be due as much t o  trampling as t o  overgrazing. The 

vegetation on a few tundra  areas i s  probably  permanently 

depressed  because of the  frequent  presence  of  caribou ,.. 
"Deeply worn trails and  sand  blow-outs a t  some 

points along the north shore of Aberdeen Lake are caused  by 

c a r i k u  , . 
Tt has  frequently  been  observed  that   for  every 

square mile o f  caribou-damaged  tundra  there  are  tens o f  
thousands of square miles which show l i t t l e   o r  no evidence of 
use. During t h e  summer, ca r ibou   u t i l i ze   t he  fresh annual 
growth of grasses,   sedges  and  shrubs  in  preference t o  the  
slow-growing lichens  which form the i r   win ter   d ie t . .  Even 

superficial   examination of such  heavily  used summer ranges 
as the Thelon  River  valley and the   Bathurs t   In le t   coas ta l  

p l a ins  shows that favoured  food  plants are abundant  and 

th r iv ing  even a t  po in ts  of heaviest  use ... 
"If the  condi t ion of tundra  ranges  causes no 

concern, the condition of the  forested  ranges provides the 

reverse   s i tua t ion .  [Damage by f i re  to   fo re s t ed   w in te r  
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ranges i s  discussed  fully].  The prevalence  and  continued 

increase i n  size of fires has worried a l l  who have  studied 

caribou. The preferred  winter  range of barren-ground  caribou 
is  the   l i chen-r ich   por t ions  of the northern  boreal   forests .  

The spruce-lichen and jack  pine-lichen forest assoc ia t ions   a re  

t h e  most imflammable of a l l .  Huge blocks of such fo re s t  have 
never  been  afforded any pro tec t ion  from f i r e .  Fires a r e  

except ional ly  damaging i n  many places  because  there  has  been 
a minimum of s o i l  development  over a rocky  substrate .   In  many 

places an i n t e n s e   f i r e  removes s o i l  as well as t r e e s ,  undoing 

i n  a few minutes  thousands of years of vegetative  development. 

In   other   areas ,  where modi f ied   so i l s   remain   a f te r   f i re ,  re- 
establishment of  l ichen growth  adequate for  winter  grazing 

requires  from 20 to over 120 years While f o r e s t - f i r e  damage 

may or  may not  have  contributed  substantially t o  the caribou 
decl ine,   there  is no doubt that an  increasing population Mould 
be seve re ly   r e s t r i c t ed  by damaged winter   habi ta t ."  

199. KERFOOT, D.E. 1969. Geomorphology  and permafrost  conditions of 
Garry Island, N.W.T. Ph.D. Thesis, Dep.  Geog. Univ. B.C. 308 p .  

200. KERSHAW, K.A. 1962. Quant i ta t ive  ecological   s tudies  from 
Landmannahellir , Iceland.  I.  Eriophorum a n p s t i f o l i m .  J . 
Ecol 50 : 163-169 

Summary: 1. ''Circular patches of Eriophrum 
angustifoZiwn invading a Carex rariflora association  have 
been investigated  with  reference  to  the  well-marked  'advancing 

front  ' and 'hinterland'   th.at  w a s  present ,  2) Performance  data 
[leaf length,  leaf wid th ,   t ip   l ength ,   l eaf   l ength / t ip   ra t io)  

are  given for a transect  running across t h s  circle of 
Eriophomun. 31 The dens i ty  of associated  species  has been 
invest igated and it is shown that there  is an inverse 

r e l a t ionsh ip  between the   dens i ty  of Sal ix  herbaaaea and 
the densi ty  and  performance (leaf length) of Eriophomsm. 4) It  
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is concluded that  not  only  does  performance  vary  with age but 
t h a t  an individual  with a high  level of  performance also has 
a grea te r   compet i t ive   ab i l i ty .  Such a va r i a t ion  of competitive 

a b i l i t y  will impose a pa t t e rn  on some a t  least ,  of the 

associated  species .  

201. KERSHAW, K.A. 1962r Quant i ta t ive  ecological   s tudies  from Land- 
mannahellir,  Iceland. 11. The rhizome  behaviour of  Carex 

b<gelatii and CaZmagrostis neglects. J. Ecol.  50:171-179. 
F r o m  t he  Summary: 2 .  "There is a marked clumping 

of  t i l l e r s  i n  both  species,  rhizomes  running f o r  some 

dis tance  before   turning up c lose ly   ad jacent   to   p rev ious ly  
es tab l i shed  t i l lers and producing aerial  shoots which 

contr ibute  t o  the  enlargement of the  clump. 3 .  Several  areas 
of CaZwnagmstis are  described  and  in a l l  cases  the  behavior 

i s  cons is ten t ,   the  clumps often  being  only  1.5 cm in  diameter.  
4. The mechanism of  t h i s  phenomenon is obscure, a ' nu t r i t i ona l  

gradient '   theory  being as l i k e l y  as a 'chemical   a t t ract ion '  

theory.  5 .  The r e s u l t s   a r e   d i s c u s s e d   i n   r e l a t i o n   t o   c y c l i c  
phases and vegeta t iona l   pa t te rn  . l l  

202,  KILBURN, P .D. 1965. Floras of the  tundras. Natur , Hist. 
August-September. p.  54-59. 

Concerns t h e   f l o r a s  of alpine  tundras of the  Colorado 
Rockies. 

203. KIL'DWSHEVSKII, I .D.  1964. On the  ecology of mosses - dominants 
of the   p lan t   cover   in   the   nor th .  Problems of the  North 8:85-89. 

(Transl. from Russian by Nat I Res. Counc. Can. 1965) 
This short  paper  gives a l i t t l e   i n f o r m a t i o n  on the 

ecology of the more dominant species of mosses i n  the   nor th .  

I t  i s ,  however, ra ther   sketchy.  

204. KLEIN, D . R .  1970.  Tundra  Ranges north a t  the   borea l   fores t .  J. 

Range  Manage. 23: 8-14. 
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Information on l ichens,   their   ecology and value as 

re la ted   to   car ibou  and reindeer  ranges is presented. Fire 
damage to   t he   r anges  is seen as a major   factor   in   the 

reduction of caribou  populations  in  Alaska  and Canada. 
"Fire  has  been a fac tor   in   the   des t ruc t ion  of large 

expanses of caribou  winter  range  in Canada and  Alaska  and 
has  been  associated  with  the  alarming  reductions of caribou 

i n  Canada in   the  1950's  and previously  in  Alaska ... 
"Lichens grow notoriously  slow and recovery from 

grazing  or from range   f i res  is ,  therefore ,  much longer  than 
it is for sedges o r  other  tundra  plants.   Since re- 
establishment of l ichens  takes   place from the   l i v ing  parts of 
the   p lan ts   tha t   remain ,   f i re  can be par t i cu la r ly   des t ruc t ive  
to   l i chen  range i f  a l l   l i v i n g   p a r t s  of the  l ichen  are  burned ... 
Virgin  lichen  range can y ie ld  as much as 3000 lbs .  per  acre  of 
forage i f  complete  cropping  of  the  lichens i s  allowed,  but 
under  such  grazing  practices 30-50 years is required  for  

recovery  before  the  areas can  be  regrazed. If only top 
cropping is permitted,  approximately 45% of the   l iv ing   por t ion  

of the   l i chens  can  be  removed  and the  rotation  cycle  can  be 
reduced t o  3-5 years . . 

"Lichens form  a major  portion of the  wi.nter forage 
for caribou  and  reindeer  and  have  characterist is   quite  unlike 
more conventional  forage  species, They are of high  energy 

value  [especial ly   s tarch  but  low i n   p r o t e i n ]  and the   na t ive  
grazers are   spec ia l ly   adapted   phys io logica l ly   to  use them. 

But lichens  are  extremely  slow  growing,  subject  to damage 

from trampling and readily  destroyed by fire.I1 

205. KLEIN, D . R .  1970. The impact of o i l  development in  Alaska.  (A 

photo  essay.)  Productivity  and  Conservation  in  Northern 
Circumpolar  Lands. W.A. Ful l e r  and P.G. Kevan, ed.   Int .  
Union Conserv.  Nature (IUCN) Publ. n.s.  16:209-243. 
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This  paper is a c t u a l l y  a s e r i e s  of photographs  taken 

mainly  during  July and August 1969 t o  show c h a r a c t e r i s t i c s  
of t h e   t e r r a i n  of the   nor th   s lope ,   ac t iv i t ies   assoc ia ted   wi th  

o i l  development, and environmental  problems  resulting from 
man's a c t i v i t i e s   i n   t h e   n o r t h .  Among the  photographs  of man- 

made  damage are   the  fol lowing:  Tundra vegetat ion damage 

caused by tracked  or wheeled vehicles  used  during  spring and 

summer which induced  permafrost  thaw,  soil  erosion  and  permanent 
scars ;   tundra  scarr ing  adjacent  t o  a dr i l l ing  operat ion  with 
eroding,  bulldozed  ditches  carrying  si l t- laden  waters  into 

adjacent  clear  streams;  improper  road  construction  with 

permafrost  thawing  inducing  slumping  and  caving  of  the  road 

and adjacent tundra. 
Numerous photographs show various forms of waste on 

land and water. 

It i s  noted  that   pingos  are  often  used as an  elevated 
platform for seismic survey work. This  concentration of human 
a c t i v i t y  may se r ious ly  affect t h e   a r c t i c  fox which  shows a 

preference  for  pingos as den s i t e s .  

The giant  f lying  crane  and  hovercraft  may be 
sat isfactory  t ravel   a l ternat ives   over   tundra  under   condi t ions 
when vegetation  disturbance can  occur. 

A i r  pollution  can become a problem at  Fairbanks from 

ref inery   opera t ions .  

Photographs are also  presented showing r e s u l t s  of 
using  winter   haul   roads  af ter   the   spr ing thaw has set  i n .  

Rutted  appearances and associated  thawing of the  underlying 

permafrost i s  t h e   r e s u l t  of such  practices.  When th i s   occu r s  
ex tens ive   repa i r  is required  before  the  road  can  again  be  put 

i n t o  use (winter  use) and it is expected  degradation of the 

permafrost w i l l  occur   in   the   fu ture .  

Problems of this  s o r t  can be avoided by timely 
closing of the  road t o  t r a f f i c   be fo re   sp r ing  thaw begins. 
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206. KLEIN, D.R. 1971.  Reaction of re indeer   to   obs t ruc t ions  and 

disturbances.  Science 17:  393-395 

The Scandinavian  experience may aid i n   a n t i c i p a t i n g  

problems  with  caribou. I t  has  been  demonstrated  that  railways 

and  highways may disrupt   migrat ion  pat terns ,   but   there  i s  
evidence  that   the  physical   condition of wild  and  domesticated 
re indeer   de te rmines   the i r   ab i l i ty  t o  adapt t o  changes i n   t h e i r  

environment  and to   ad jus t   t o   d i s tu rbances .  When the  animals 

a r e   i n  a poor  physical  condition,  seasonal  migrations  are 
eas i ly   d i s rupted  and t rad i t iona l   ranges  may be  abandoned. 

On the  other  hand, ranges  normally  avoided may be  used  in  such 

circumstances.  Alteration of l ight ,   moisture  and wind 

conditions of the  forest ,   such  as   occurs  by clearing  powerline 
rights-of-way is a de te r ren t   to   re indeer  movement. 

The trucking  of  thousands of re indeer  from summer t o  
winter ranges  because of lack of grazing  along  migration  routes 

has disrupted  the normal  migration  behaviour  pattern, and 

increased  the number of animals   fa i l ing t o  follow  the  spring 

migrat ions  to  summer ranges. I t  is suggested  that   the  problem 

is caused by the  disrupt ion of t he   soc i a l   s t ruc tu re  of re indeer  

populations,  

207 I KLWKIN, N . K .  1963. Quest ions  re la ted  to   ameliorat ing  the climate 
by  influencing  the snow cover, Problems of   the North 7:67-90. 

(Transl, from Russian by Nat . Res, Counc.  Can., 1964). 

This  paper  has a large  bibliography on aspects  of 
snow. Methods for   ear ly   evaporat ion of snow i n   c e r t a i n  areas 
t o  decrease  soi l   moisture ,   the   re tent ion of snow in   o the r  
areas  t o  increase   so i l   mois ture ,  and t h e  methods  most l i k e l y  
t o  be e f f ec t ive  are discussed. 

From the  Summary: "In order t o  improve the  moisture  

regime in   t he   s a tu ra t ed  and boggy soils of regions of heavy 

snow it is p o s s i b l e   t o   u t i l i z e  snow amelioration  measures 
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directed  towards  intensifying  the  evaporation of the snow 
cover,  mainly by breaking it up and blackening i ts  surface.  
This   resu l t s  i n  a severa l  times higher ra te  of evaporation. 

With a considerable  increase i n  the  evaporation of the  snow, 
up t o  15-25% of the  total   annual   precipi ta t ion  can  be  with-  
drawn  from the  moisture  balance  sheet  of  the  soil .   In 
a d d i t i o n   t o   t h i s ,  more moisture can  be  withdrawn  from the  

s o i l  by intensfve  evaporation from i t s  surface  in   spr ing  (given 
the  early  disappearance of  the  snow cover) and  by not 

permitt ing  the  seepage of the moisture  that  condenses i n  the  

snow cover  during  the  late  spring , . . 
T h i s  method i s  especial ly   sui table   under   condi t ions 

of f l a t  r e l i e f  and poor  drainage,  where  drying i s  extremely 

d i f f i c u l t ,   p a r t i c u l a r l y   i n   t h e  West Siber ian  Plain ... 
ItA subs t an t i a l   r educ t ion   i n   t he   i n t ake  of moisture  in 

sa tura ted  and boggy ground  over  considerable  areas will help 

t o  expand the  areas  covered  by  productive  forests, where timber 

growth will be  4-5 t imes  greater   than  in  bog f o r e s t s ,  will 

convert  the  bogging  process  into a grassing  one,  and will 

enable new acreages of land   to  be  put   into  agr icul tural  
production. The growth of thick  timber  and  herbaceous 
vege ta t ion   in   p lace   o f   s tun ted   t ree   s tands  and  mosses,  and 

t h e   a g r i c u l t u r a l  development of the  land w i l l  i n  turn increase 

evaporat ion  and  maintain  the  effect   resul t ing from the  snow 

amelioration, 
llFurthermore,  the recommended snow amelioration 

measures  indicated will considerably  lengthen  the  snow-free 
period and enhance  the  heat  supply t o   t h e   s o i l .  This w i l l  

r esu l t   in   degrada t ion  of  the  permafrost  over wide areas   of  

the  North,  which will i n   t u r n  improve the  c l imate ."  

208. KOROVIN, A . I . ,  Z.F. SYCHEVA, and Z.A.  BYSTROVA. 1963. The e f f e c t  

of so i l  temperature on t h e  amount of various forms of  phosphorus 
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in   plants .   Sovi .e t   Plant   Physiol .   10:  109-112. 

From the  summary: "A drop in  the  temperature of 
plant  roots  (potato and wheat),   particularly  during  the 

i n i t i a l   p e r i o d  of ontogenesis, i s  accompanied  by suppression 

of phosphorus  absorption and incorporat ion  into  organic  

compounds, primarily  into  the  nucleoprotein  fractions.   There 

is a lso  a decrease  in   the amount of organic forms of 
phosphorus in   the  leaves.  During t h e   i n i t i a l   p e r i o d  of onto- 
genesis,   there is a decrease  in  phosphatides and organic,  
acid-soluble  phosphorus i n  the  leaves.  

209. KORPIJAAKKO, E. and N.W. RADFORTH. 1965. Aerial photographic 

in t e rp re t a t ion  of muskeg conditions of the  southern limit of 
permafrost.  Eleventh Muskeg Res. Conf. Pmc., Nat.  Res. Counc. 
Can., Ass. Corn. Geotech. Res., Tech. Memo. 87:142-151. 

E f fo r t s   i n   t he  development of aer ia l   photographic  

in te rpre ta t ion   to   p red ic t   subsur face  ice condi t ions   in  muskeg 
are   presented.  llOne such  indicator [in the   p red ic t ion  of the  

southern limit of  permafrost)-may  be  the muskeg I1H-factort1, 
although  any  direct   correlation i s  d i f f i c u l t   t o  make a t  the  
present   s tage of the   i nves t iga t ionmf l  

210. KOSHELEVA, I .T.  and L.N. NOVICHKOVA. 1958. The "spotted  tundras1' 

of  Western S iber ia  and t h e i r   a l g a l  flora, Bot. Zh. 43(10): 

14 78- 1485 
Arctic  Bibliography 52422: "Lists 22 s a i l  algae of 

t he  Yamal and Gydan Peninsulas,   with  data on the  chemistry of 
the i r   subs t ra tes :   spot ted  and polygonal  tundras. The algae 
a r e  analysed f o r  their  calcium  content  and  grouped  according 

t o   s t a b i l i t y  and ecologica l   charac te r i s t ics .  If t h e  soil has 
a s l i g h t l y   a c i d   r e a c t i o n  on the  spotted  tundras,  yellow-green 

(Xanthophyta)  and  green  (Chlorococcales)  algae  predominate, 

but  on s l i g h t l y   a l k a l i n e  s o i l ,  the  blue-green  algae  (Cyanophyta) 
take  the  lead 
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211.  KRAUSE, H.H., S. RIEGER and S.A.  WI.LDE. 1959. So i l s  and fo res t  
growth on d i f f e ren t  aspects i n   t h e  Tanana watershed of 
Interior  Alaska.  Ecology  40:492-495. 

This short   paper  describes  the  differences i n  
Vegetation and s o i l  on north and south-facing  slopes on the  

Tanana  watershed.  These  slopes  have similar parent   mater ia l  

i n   t he   so i l s   bu t   t he re   a r e   r ad ica l   d i f f e rences   i n   t he   gene t i c  
nature  of t h e  soil and of  the  vegetation cover. 

212. KRINSLEY, D.B., W.E. DAVIES, J. RACHLIN and E.G. NEWTON. 1971. 

Existing  environment of na tura l  corridors from Pmdhoe Bay, 
Alaska t o  Edmonton, Canada. U.S.  Dep. Int . ,   Geol.   Surv.  

(Prelim. Rep .) Wash. 104 p .  

The information on the   var ious   a l te rna t ive   p ipe l ine  
routes  has  been  compiled from t h e   l i t e r a t u r e  and an extensive 

bib 1 iography is appended. 

The proposed  corridors  are:  

Corridor A: A submarine  route  from  Prudhoe Bay t o  
the  Mackenzie Bay t o   j o i n  Corridor B. 

Corridor B: An onshore  coastal   route t o  the  mouth of 
the Mackenzie  River  from  Pmdhoe Bay then  south on the  west 

s i d e  of the  Del ta  t o  j o i n  Corridor C along  the upper Porcupine 
River 

Corridor C:  An inland  route   southeast   through  Phi l ip  
Smith Mts, Old Crow Flats,  Richardson Mts, t o  south of Fort  

McPherson . 
Corridor D: Fort McPhesson t o  Edmonton by the most 

d i r ec t   na tu ra l   rou te .  

Corridor E:  Big Delta t o  Edmonton, general ly  
p a r a l l e l  t o  the  Alaska Highway. 

Conclusions: "The conclusions  presented  here are 
based so le ly  upon consideration of those  elements of the 
natural  environment  described  in t h i s  r epor t .  
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"If a hot -o i l   p ipe l ine  is considered,  Corridor C ,  

the   inland route from  Prudhoe Bay t o   F o r t  McPherson, has 
natural ly   occurrfng physical advantages  over the northern 

coastal   Corridors A and B as the  environment most favourable 
for construction. For road or r a i l road   t r anspor t ,  however, 

the onshore  coastal   Corridor B has  advantages  over  Corridor C ,  

and  the  offshore  Corridor A is  obviously  unsuitable.  
"In  Corridor A ,  a submarine  pipeline would be 

sub jec t   t o   i ce   s cour  and probably t o  foundation  problems 
re la ted   to   permafras t .  The mountains  of  Corridor C would be 
a severe  hindrance  to   construct ion of a road  or   ra i l road  but  

the  rugged  terrain would be l e s s  of a de t r iment   to  

emplacement of a pipeline  than  the  foundation  problems, 
associated  with  permafrost ,   in  Corridor B. 

'Corridor B, together  with Corridor D ,  which extends 

on from  McPherson t o  Edmonton, does not  encounter  any major 
topographic  obstacle  nor pass through  an  area of s i g n i f i c a n t  
seismic r i s k .  This combined Corridor B-D has  drainage and 

foundation  problems  related t o  unstable  slopes  in  Corridor B 
i n  t he   v i c in i ty  of the  Mackenzie Delta,  troublesome  clayey 
s o i l   i n   C o r r i d o r  D t o  the south,  and extensive  permafrost 

!'Siting of the  f inal   a l inement   within  Corr idor  D 

would be  constrained by the   t ranspor ta t ion  mode. To avoid 
ground i c e ,  a hot-oi l   p ipel ine  should occupy the  higher ,  
bet ter   drained,   but   discont inuous  terraces .  Abrupt  changes 
in   s lope  would not   be   c r i t i ca l  for t h i s  mode. A road or  ra i l -  
road  however, would more l i k e l y  be aligned  along  continuous 

low grades  without abrupt slope  charges ,   in   spi te  of more 

ground ice 
''Choice of mode is less cr i t ica l   wi th in   Corr idor  E ,  

from Big Delta t o  Edmonton, because of the  absence of 
serious  topographic  obstacles or extensive  areas  of ground 

i c e  
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Worridor  B-D for a road or r a i l r o a d  and C-D for a 

pipe l ine  have natural  advantages  over Corridor E.  Although 
Corridor E has considerahly less ground i c e  and less   severe  

drainage and foundation  problems  than  either  Corridor B-D or 
C-D, major  problems would be  encountered  along  any  corridor 
between  Prudhoe Bag and Big Delta. These include  the 

topographic  obstacle o f  the  Brooks Range, extensive  permafrost ,  

a major  crossing a t  the Yukon River,  and r e l a t ive ly   h igh  seismic 
r i s k   i n  the Fairbanks area. 

213. KROE, HILDUR. 1968. The macrolichens of  Alaska. Norsk Pola r ins t .  

Skr. Nr. 144:lSO p.  
Contains  keys,   distributions,  and comments  on chemical 

properties of 326 species  of Alaskan  lichens (no crustose 

species   are   included) .  

214. KRWCHKOV, V.V. 1963. The p o s s i b i l i t i e s  of a f fo re s t a t ion   i n   t he  

southern  t reed  tundras .  Problems of the North  7:97-113. 

(Transl. from Russian by Nat. Res. Counc. Can, 1964). 
Theories for t r ee l e s sness  o f  the   nor th  are discussed. 

The conclusion  reached is that  “bogging" is t he  main probable 
cause. 

I'F. I. Yatchenko 11955, 1956) ,   in   h i s   s tud ies   devoted  
t o   t h e   c r e a t i o n  of p ro tec t ive   fo re s t  strips in t h e  tundra 

along  the  Pechora  railroad, writes that   the   propagat ion of 
the   fo re s t   i n   t he   t undra  is prevented by'a th ick  moss cover 
which hinders  germination of seeds of  arboreal  and  shrub 

species and re ta rds   the   hea t ing  of the s o i l  and a i r .  F . I .  

Yatchenko states that  repeated  experiments  have shown t h a t  

it is s u f f i c i e n t  t o  remove t h e  moss cover  and  expose, or so 
t o  speak g a s h ,   t h e   s o i l   t o  make grass grow and  even willow 
t r ees ,   b i r ches  and  spruces (1955). The sa tu ra t ion  and bogging 

of the s o i l s ,  which prevents the germination o f  tree seeds and 
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seve re ly   i nh ib i t s   t r ee  growth,  can  be  counteracted by 
improvement with the   a id  of t rac tors .   'P lan t ing  i s  ca r r i ed  

out in   depressions,   in   furrows made with the  P.L.-70 plow. 
This r ids   t he   p l an ted  area of excess  moisture, and assures  

be t te r   d ra inage  and warming of  the  furrows  (1955, p .  53). 
These  measures made it possible  t o  develop s t r i p s  of 
p ro tec t ive   fo re s t  i n  bogged tundra  along  the  Pechora 
r a i l r o a d  . . 

''The moss cover  not  only  plays  an  important  part 
on the  bogging  of  the  tundra,  but is a l so  an extremely 

unfavourable  substrate  for  the  germination of seeds and the  

development of young shoots of arboreal   p lants .  A study 

by B.A. Tikhomirov (1952) is devoted to   the   in f luence  of t he  
moss cover on p lan t  l i f e  under  conditions of t he  Far North ... 

''One of the  principal  conclusions  reached is t h a t   t h e  

moss cover,  while  hindering  the  germination of seeds,  never- 

theless   provides  a cer ta in   p ro tec t ion  from f r o s t  and  sudden 

changes in   the  weather .  As a consequence B.A. Tikhomirov 
sugges ts   ' tha t   in   the   cu l t iva t ion   of   fores t s   in   the   southern  

part of the   t undra ,   a r t i f i c i a l   r egu la t ion  of  the moss cover 
should  be  applied' . . 

'We sha l l  not dwell on the  so-cal led  theory of 
physiological  barrenness of the   co ld   tundra   so i l   s ince  we share  

the  view ... of   the   un tenabi l i ty  of th i s   theory .   Inc identa l ly ,  
we do not  share  the  opinion of those  authors who th ink   tha t  

the  geological  barrenness of cold s o i l  (.moisture  cannot  be 
absorbed  because  of  the low so i l   t empera tures)  and the   win ter  

drying of trees i n   t h e  Far North (when the   so i l s   a re   f rozen  
and there is a negative  temperature)  are one and t he  same 

thing.  

It is noted  that   If the  actual  boundaries of the forest 
f a l l  shor t  of their thermal limits by 3 t o  4' C." 

I . .. . .. . 
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215. KRWCHKOV, V.V. 1968. Soi l s  of the Far North  should be 
conserved.  Priroda 12:72-74 (Transl. by G .  Belkov  and added 

as  an  appendix (p. 11-13) t o  Brown J. e t  al., 1969). 
The author   cons iders   tha t   f i re   in   nor thern   fores t s ,  

contrary t o  the  usual opinion,  causes a decrease  in   the 

ac t ive   l aye r   a f t e r   t he  first season  i .e .  after f i r e  (which 
because of the  wet organic matter does not  expose  mineral 

so i l ) ,   increased  thaw OCCUTS which together  with  rain  causes 
super-saturat ion of the s o i l .  The following  year  invasion by 
hygrophytic  cotton grasses r e t a rds  thawing  and  subsequent 

replacement by tussock-forming  cotton grass continues  the  trend. 

Tree  seeds do not  germinate  in  these wet co ld   so i l s ,  and hence 
the   t ree l ine   recedes  and the  once forested area i s  now a 

pyrogenic  tundra, 

216. LACATE, D.S., K . W .  HORTON and A.W. BLYTH. 1965.  Forest  conditions 

on the Lower Peace  River. Can. Dep. For. Pub1 1094 53 p .  
This  paper  contains  extensive  information on the  Peace 

River Lowlands of Wood Buffalo  National  Park  near  the  border 
of Alberta and t h e  Northwest Te r r i t o r i e s .  The information was 

col lected  in   July,   1957,  The forest   types  on high  terrace 
land,  middle  terrace  land and al luvial   land  are   descr ibed,  

Fire has  been  important i n   t he   fo re s t   h i s to ry  of this area.  

Distr ibut ion of frozen  ground is discussed  as well as 

i t s  r e l a t i o n   t o  moss cover.  Destruction of the moss cover is 
considered  important t o  ensure  thawing of the  ground  and the  

re-establishment af a new stand  af ter   logging.  
"The influence of the  vegetat ion on t he   d i s t r ibu t ion  

of s o i l   f r o s t  is more obvious in  the  reconnaissance  area  than 
is the  inf luence of s o i l   f r o s t  on the  vegetat ion.  In the  

recent   deposi ts  of alluvium  the  frozen ground t ab le  is very 

deep - i f  present a t  a l l  - under  stands of balsam poplar. No 
moss cover is present  under  these  stands.  Frozen  ground  table 



- 161 - 

217. 

seems t o  r i s e   g radua l ly  from these younger areas  of the  point  

ba r   depos i t s   t o   t he   o lde r  and higher   par ts  where white  spruce 
s tands   a re  well es tab l i shed .  Here the  mosses form a 
r e l a t ive ly   t h i ck   l aye r  which protects   the  underlying ground 

during  the summer thaw period. As spruce  stands  develop on 
t h e   a l l u v i a l  f la ts ,  a moss carpet  develops  under it and the  

frozen  ground  table rises too,  o r  is maintained  near  the 

sur face .  A mature  stand of white   spruce  that   present ly   has  

only  one  or two f e e t  of unfrozen  ground i n  which t o   r o o t ,   d i d  
not  develop  under such conditions.  These conditions  have 

progressed as the  stand  developed. 
I t  During  logging  the moss mat under  the  mature  spruce 

stands  should  be removed o r  grea t ly   d i s turbed ,   no t   on ly   to  

a id   in   the  re-establ ishment  of a new stand,   but ,   mainly  to  

ensure  the  thawing of  the  frozen  ground  that  is present .  

'!In t h e  Peace River  area,   the  frozen  ground  layer is 
not  extremely  thick.  Hence,  removal of the  moss l a y e r   a f t e r  
cutt ing  could !!burn out"  the  frozen ground  completely  over a 
period of several   years  

LACHENBRUCH, A . H .  1970. Some estimates of  the  thermal effects of 
a heated  pipeline  in  permafrost.  Geol.  Surv. Circ. 632. 
23 p. 

The computat ions  contained  in   this   c i rcular  are 
approximate  but  the  following  quotation  indicates some of 
t h e   e f f e c t s   t o  be  expected. 

"A &foot pipel ine  buried 6 f e e t   i n  permafrost and 
heated   to  80' C (176' F )  w i l l  thaw a cyl indr ica l   reg ion  20 t o  

30 f ee t   i n   d i ame te r   i n  a few years   in   typical   permafrost  
mater ia l s .  A t  the  end of the  second  decade of operat ion,  
t yp ica l  thawing  depths would be 40 t o  SO feet near  the  southern 

limit of permafrost  and 35 t o  40 feet in   nor thern  Alaska where 

permafrost is colder.  Except for  spec ia l  materials near   the 
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northern  end,  equilibrium  conditions w i l l  not be reached and 

thawing will continue  throughout  the l i f e  of t he   p ipe l ine ,  
but a t  a progressively  decreasing  ra te .  If the  thawed mater ia l  
or  water  within it flows,  these amounts of thawing  can  be 
increased  several   fold.  If the  pipeline  temperature were 

only 30' C ,  the'depth of thawing would probably  be  reduced 

by only 30 or 40 percent .  The p r inc ipa l   e f f ec t  of insu la t ing  

the  pipe would be t o   i nc rease  o i l  temperatures  rather  than t o  
decrease  thawing. l 1  

Many engineer ing  aspects   inferred above are discussed 
i n   g r e a t e r   d e t a i l  i n  the  paper.  The computations are only f o r  
p ipe l ines   bur ied   in   permafros t .  

218. LAMBERT, J . D  . H .  1968.  Ecology  and successional  trends of tundra 

p l an t  communities i n   t h e  low arc t ic   suba lp ine  zone of  the 
Richardson  and  British  Mountains of the Canadian  Western 

Arctic. Ph.D. Thesis,  Dep. Bot., h i v .  B.C. 164 p.  
The vegetation and s o i l s  of t he  low Arctic  Subalpine/ 

Footh i l l  Zone are   descr ibed   in   de ta i l  and  an  attempt  has  been 

made t o  determine  major  environmental  factors  which  control 
t h e i r   d i s t r i b u t i o n  and  development. The work was done i n   t h e  

area surrounding Canoe and Trout Lakes in  the  Richardson 
Mountains N.W.T., and British  Mountains, Yukon, respect ively.  

Two major  vegetation  types  were  distinguished on the   bas i s  

of snow cover, 1) chionophilous (on east-south  facing 

shel tered  s lopes with considerable snow accumulation) and 2)  

chionophobous  (dominating r idges ,   s lopes  and  wetland  habitats 
w i t h   l i t t l e  or no  snow accumulation), 

219. LARSEN, J . A .  1965. The vegetation of the Ennadai Lake a rea ,  
N . W . T . :  Studies   in   subarc t ic  and arctic bioclimatology. 
Ecol . Monogr. 35 :437-459. 

The communities  discussed and described i n  t h i s  
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paper are: low Carex meadow, tussock muskeg, black  spruce, 

rock f i e l d ,  and esker  (white  spruce)  communities. These 
communities s t r e t c h  from the   we t t e s t ,   t ha t  is, the  low 
carex meadows, through  communities on in t e rmed ia t e   s i t e s   t o  

the   rock   f ie ld  and esker communities  which are  upland. 

l10f a l l   t h e  communities a t  Ennadai the  tussock 

muskeg seems t o  be  the most subjec t   to   des t ruc t ive   ac t ion  

by f r o s t  . I t  Frost  action and  permafrost  are  discussed  and an 
example of ice thrusting  described  in  an  area  without  such 
f ros t   ac t ion  when first examined. 

l lSuscept ib i l i ty  t o  f ros t   ac t ion   appears   to  depend 

upon the  presence of col lected water a t  the   i n t e r f ace  of t h e  

vegetat ive mat and the  substratum of sand or g l a c i a l  till, or 
perhaps on the  upper  surface of the  permafrost. The formation 
of ice 1en.ses a t   t h i s   i n t e r f a c e   i n   t h e  f a l l  o f t e n   r e s u l t s   i n  

an  upheaval of the   vege ta t ive  mat and destruct ion of the   p lan t  
community; exposure of sand or   bare   peat   renders   the area 
ava i lab le   for   reco loniza t ion .  Where the   vege ta t ive  mat is 
qui te   th in ,   the   under ly ing   mater ia l  is often  exposed,  and 

where the  peat  is of considerable  depth, a large area of 
bare  peat  remains  exposed by the   fo l lowing   f ros t   ac t iv i ty  ... 

lThe  colonizing  species [on the  bare peat ]   cons t i tu te  
the  tussock muskeg community.. .ll (e .g Lsdwn deuwnbens, B e t u k  
gZanduZosa, Rubus c h a e m o z w ,  Kzccinittm uliginosm, V. v<tis- 
idaea,  and  procumbent SaZix spec ies ) ,  There is no information 
on changes i n  community s t ructure   over  an extended  period of 

time s o  successional   re la t ionships  have  not  been worked out .  

However, i f  such  re la t ionships   exis t  i n  the  usual  sense,  ' l i t  

i s  apparent  that  the  tussock muskeg community is s u b j e c t   t o  
repeated  disturbance by f r o s t  and t h i s  community might be one 

of the  more productive sources of information on p lan t  

succession  in  the Arctic Although  not named it should  be 

noted that moss and lichen  species  have  very  high  frequencies 

i n   t h i s  community 
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'The term tussock is not used  here  in i t s  most 

precise   sense (a t u f t  of  grass  or Cmez) s ince   the  most heavy 
representat ion  of  mosses  would make the term hummock equal ly  

s u i t a b l e .  The formation  consis ts   essent ia l ly  of hummocks 

underlying  tussocks of sedges  and  grasses, so admixed as t o  
be inseparable .  The surface of the Sphagnum i s  bu t   s l i gh t ly  

r a i sed  above the   l eve l  of the  intervening lower a reas  ... 
Carex species and Erbplaorum spisswn a r e  found most f requent ly  
between hummocks. II 

The  low Carex meadow community very  frequently 

grades  "percept ibly  into  the  tussock muskeg  community and 

the re  is a t empta t ion   t o   i n t e rp re t   t h i s   g rad ien t  as a very 

slow  progression from Carex meadow into  tussock muskeg. The 

inference seems reasonable  but  additional  evidence m u s t  be 
obtained  before  the  conclusion is f ina l ly   acceptab le .  Hummocks 
of Sphagnum are found i n   t h e  Carex meadows , which would a l s o  

tend  to  support   this  successional  view.  In  any  case,   rapid 

succession is no doubt  prevented by sur face   i ce   ac t ion  and by 
t he  slow rate of peat  accumulation,  the l a t te r  process  being 
necessary   to  raise the   sur face  of the   vege ta t ive  mat 
su f f i c i en t ly   h igh  above the  water level to   permit   invasion by 
charac te r i s t ic   tussock  muskeg species." Lichen spec ies   a re  
only  occasionally  present on the  tops of some of the hummocks. 

The summit of eskers  has a vegetation V.omposed 

l a rge ly  of species  adapted  to  pioneering on sandy areas under 

the  most adverse  environmental  conditions. On t h e s e   s i t e s ,  

the most vis ible   physical   process  a t  work is wind erosion,  
and many examples exis t  of ac t ive  removal of sand  from 

beneath  the mat of pioneer   species ,  Empetrum nigrwn, Arctous 
a Zpina, Saxifraga trimspidata, LusuZa confusa, Hierocbe 
aZpim,  and small xerophytic Carex species  ... Lichen 
associates   col lected  in   the  pioneering mat on the  esker  summit 
include  [several   species  of  Ctadonia, Stereocauhn, Cg tPcu l ia ,  



- 165 - 

pe Ztigera e t c  . 1 . 
There are  four  major  spruce  communities  in  the 

Ennadai Lake a rea  occupying a v a r i e t y   o f   s i t e s ,  “Both 

black and white  spruce are present and each is the   a rborea l  
dominant on an  upland  and a lowland s i t e .  1) The upland 

black  spruce community appears   in   c lose  associat ion  with 

t r a n s i t i o n  zones  between  tussock muskeg and  rock f i e l d  
communities. 2)  The lowland  black  spruce community occurs 

where water accumulates t o  some depth a t  l ea s t   i n   sp r ing .  

3) White spruce makes up p a r t  of the   esker  summit community 

a t  the  north end of the   lake and a closed  white  spruce 
community on the  esker  a t  the  south end of the  lake. 4) A 

ravine  white  spruce community is found a t  the  north end of 
the  lake where  a small stream runs through  and  over  boulders.” 

I t  is considered  that   black  spruce  reproduction on the  upland 

areas at  the   nor th  end of the   l ake  must be  sporadic.  Evidence 
e x i s t s  of layering  being  the  chief method of  reproduction. 

“The presence of the   f ros t   l ens  in accumulated  peat 

beneath  the  act ively growing mosses of the  spruce clumps 

cons t i tu tes  a problem.  That  these  frost  lenses  represent 
not  an  amelioration of the  environment,  but  quite the 
opposite,  is the   conclusion  that  must be  drawn.  Benninghoff, 

1952,   suggests   that   in   these sites spruce  actual ly   destroys 

the  environmental   conditions  that   init ially  permit  growth. 

The re la t ionship  of spruce  to  environment a t  Ennadai is 
fur ther   e luc ida ted  by observations made i n  an a r e a  where a 

clump had  been  cut ... some years  previously.   In  these  cut 
a reas ,  no frost l ens   ex is ted ,  a t  a time when the  upper 

surface of  the   l ens  was encountered a t  shallow  levels i n  
spruce clumps elsewhere. In t h i s  area, no evidence  exists 

that spruce is becoming re-establ ished.  This corroborates 
other   observat ions  near   t reel ine  fur ther  t o  t h e  east where 

an  isolated  s tand of spruce  destroyed by f i r e  has  not 
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regenerated  (Ritchie , 1959). Thus it  appears  that   spruce 

clumps tend   to   c rea te  an  environment  which i s  in imica l   to  
optimum phys io logica l   ac t iv i ty  and  growth,  although  obviously 

not t o  continued  survival ... 
"A second  topographic  formation  affording  suitable 

environmental  conditions for black  spruce is character ized by 

broad  saucer-like  depressions  found  in a few a reas   ad j acen t   t o  

lakes or streams . . These areas  are  underlain  primarily  by 

sand  and a r e  submerged o r  sa tura ted   to   the   sur face   dur ing  
most of the  warm season   a f te r   permafros t   has   re t rea ted .  

Clumps of spruce  occupy hummocks which are r a the r   r egu la r ly  
d is t r ibu ted   over   the   a rea  ... and r e t a i n   i c e   i n   t h e   c e n t r a l  
port ions a t  least u n t i l  mid Ju ly  . [In  these  areas]  spruce 

apparently  reproduces  by  both  layering  and by seedl ings,  

although  the  seedlings are found  only  rarely and u s u a l l y   i n  
s i tes   that   appear   unfavourable  for prolonged  survival." 
White spruce i n  the  area generally  appears t o  be a t  the  edge 
of i t s  range. 

Frost ac t ion  and  Permafrost: "An area  of  tussock 

muskeg with no evidence of f r o s t   a c t i o n   i n  1959 had become 

severely  dissected by the   spr ing  of 1961  and  contained  one 

unusually  large ice lens  and numbers of smaller ones. The 
area was t h e   s i t e  of   t ransect  number 117 made during 1960, when 

there  was some evidence of  having due t o  f r o s t  ... 
"The lens  and i t s  covering layer of  peat and tussock 

muskeg vegetation  extended  in  1961 some 7 t o  8 f ee t   i n   he igh t  

above the   l eve l  of the  surrounding  vegetational mat and was 

cracked down the   center   permit t ing  inspect ion of the ice core. 
This was composed e n t i r e l y  of c l e a r   i c e ,  unmixed w i t h   s o i l  

or vegetat ive material, r e s t ing  on the  sand  substratum  and 
supporting on i ts  surface  the  layer  of peat,   mosses,   herbs,  
and  herbs  that  comprise  the  tussock muskeg mat, Hopkins  and 

Sigafoos (1950) make note of similar fea tures ,  and point   out  
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that such  ice  thrusting  occurs where a r e l a t i v e l y   t h i n   l a y e r  

of pea t   over l ies  a sand  substratum.'' 
Permafrost  temperatures were taken  throughout  the 

summer of 1961 i n   t h e  major plant  community types  maintained 

over  permafrost These data  reveal  rather  uniform  differences 
between the  various  communities. The tussock muskeg had t h e  
shallowest  active  layer  followed by the  low Carex meadow, 
followed by the   rock   f i e ld  and the  dry  esker  slope had the  
deepest   act ive  layer .  

220. LARSEN, J . A ,  1967. Ecotonal  plant  communities  north of t h e  
forest   border ,  Keewatin, N.W.T., Central  Canada Stud. Sub- 

a r c t i c  and Arctic.   Bioclimatol.  111. Tech.  Rep. 32. Univ. 
Madison, Wis. 16 p .  

This paper is concerned  with  defining  the forest- 
tundra   t rans i t iona l  zone i n   t h e  Keewatin District by t h e  use 

of the  numbers of species.   In a northward  direction  the 
number of fores t   spec ies   dec l ines  and fur ther   nor th   the  

number of   northern  species ,   that  is, a r c t i c   s p e c i e s ,  
increase.  In between there  is a zone with very few northern 

or  southern  species.  This is considered t o  be t he   fo re s t -  
tundra  transit ional  zone. 

221. LAWRENCE, D.B. 1958. Glaciers and vegetat ion  in   southeastern 
Alaska. Am. Sci .  46:89-122. 

Discusses  glaciers  and  describes  the  successional 
pa t t e rns   i n   G lac i e r  Bay a f t e r   g l a c i a l   r e c e s s i o n .  

222. LAWRENCE, R.D. and J . A .  PIHLAINEN. 1963.  Permafrost  and t e r r a i n  

f a c t o r s   i n  a tundra mine f e a s i b i l i t y   s t u d y .  First Can. Conf. 
Permafrost  Proc. Nat. Res. Counc. Can., Ass,  Corn. S o i l  Snow 

Mech. Tech. Memo 76:207-214. 
Consideration is given to   t he   va r ious   f ac to r s  

affecting  engineering  design. The authors  say: "Although 
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vegetative  changes (.in species,  growth o r  densi ty)   are   not  

normal ly   u t i l i zed   in   cons t ruc t ion   pro jec ts ,   th i s   type  of 
observation  can  be  of  invaluable  help  during  construction ... 
For example very  frequently  the  natural   drainageways may have 
d i f f e r e n t  o r  a more dense  plant  growth ... Such indica tors  
should  not   be  overlooked,   especial ly   in   the  instal la t ion  of  
cu lve r t s .  In  addition, low woody shrubs,  willows or ground 

b i rch ,  may ind ica t e  a r e l a t i v e l y  deep snow cover. The absence 

of  vegetation may suggest  snow-free,  windswept  areas and 

po ten t i a l ly   i n t ense  frost act ion."  

223. LEGGET, R.F .  and R . J . E .  BROWN. 1956. Rapid  desintegration  of 

a l luvial-fan  mater ia l   near   Aklavik,  N.W.T. Geol.  Soc. Am. 
Bull.  67:1715. 

This is taken from an abs t r ac t  o f  the  paper  presented 
a t  meetings i n  Minneapolis,  1956. 

Test d r i l l i n g   i n  an a l l u v i a l  fan inval idated 
sur f ic ia l   ev idence  when a t  l e a s t  40 fee t   o f   o rganic  s i l t  and 
no sand or  gravel were  found.  Expected were sandstones and 

shales  of Cretaceous age from adjacent  slopes of the  Richardson 
Mts. It was infer red   tha t   in tense   f ros t   ac t ion ,   toge ther  

with  turbulent  stream  flow  and fast annual  growth of grasses  

on the   sur face  of the  stream  meanders,  accelerated  the 
weathering  process. "The shor t  growing  season  leads t o   r a p i d  
decay of this-   grass   cover ,  which,  with  the  annual layers of  
stream-bed material, results i n   t he   o rgan ic  s i l t  ins tead  of 
t he  more usual muskeg of  the  North." 

224. LEGGET, R.F.,  H . B .  DICKENS and R. J .E .  BROWN. 1961.  Permafrost 

i nves t iga t ions   i n  Canada.  Geology of  the   Arc t ic  2:956-969. 

This  paper  discusses  the  regulation of t h e  ground 
thermal  regime  in  permafrost areas and cons iders   tha t  

vegetat ion,  snow cover, water (such as lakes o r  r ivers )   bare  
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s o i l  and rock a re   t he  main types of s u r f a c e s   t h a t   a f f e c t  i t .  

On vege ta t ion   e f f ec t s   t he   au tho r s   s ay :   The   en t i r e  

vegetat ive complex exer t s  an influence  but it i s  t h e   e f f e c t  

of plant  cover  such as mosses and l ichen  that   appears  t o  be 
paramount. The influence of a vegetative  cover is not 
clearly  understood but the   suggest ion  that  i t  provides 

r e s i s t ance  t o  heat flow by conduction  only is almost 
c e r t a i n l y  too simple a view.  Vegetation  contributes  to 

evapo-transpiration and thus a considerable  proportion of t he  
so la r   rad ia t ion   rece ived  can be r e j e c t e d   i n   t h i s  way without 
the soil beneath  being  affected.  Mosses are strongly  hygroscopic 

and are  capable of losing  moisture  rapidly and i n  la rge  

quant i t ies ,   Lichens,  however  have  been  found t o  have 

extremely  dry  surfaces a t  times, even when lower  layers  near 
the  s o i l  are  very  wet.  I t  may be   tha t   they  are a b l e   t o  

pro tec t   the   so i l   aga ins t   hea t   ga in  more by an in su la t ing  
ra ther   than  an evaporative  cooling effect ,  although some 
investigations  have  suggested  that  low soi l   temperatures  and 
a high  permafrost table are maintained by rapid  evaporation a t  
the wet basa l   l aye r s ,  

"The e f f ec t s  of rivers are d i f f i c u l t   t o  assess but  
it has  been shown that  the  moderating  influence of r i v e r s  on 

permafrost  extended a distance  of 100 m from t h e   r i v e r  bank. 
Thawed zones  generally  take  the form of an  extended  trough, 
the  width of which is propor t iona l   to   the   wid th  of the   r iver .1 '  

225. LEWIS, F . J .  and E.S. DOWING. 1926. The vegetat ion and 

retrogressive  changes of pea t  areas (muskegs) i n   c e n t r a l  

Alberta.  J. Ecol.  14:317-341. 

Although this paper  concerns areas near Edmonton and 
therefore   south of the  Mackenzie Basin,   there   are   par t icular  
i n t e r e s t s   i n   t h e  muskegs s tudied.  For example, there   appears  

t o  be permanently  frozen ground 18 inches below the surface 
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in  June or Ju ly ,  and  "in many of t h e  muskegs i n  which the re  

is  l i t t l e  or no c i r c u l a t i o n  of water ,   the   layers  two f e e t  
below the   su r f ace  remain  permanently  frozen.1' 

Summary: Y )  The vegeta t ion ,   h i s tory  and r e t rog res s ive  
changes of muskeg5 in   t he   pop la r   pa rk land   d i s t r i c t  of 
Edmonton are  described. 2)  Sphagnum is tending  to   disappear  

and be  replaced by vegetation  indicating  drier  conditions  and 
a cessa t ion  of  peat-formation. 3) These muskegs are formed on 
f i n e   g l a c i a l   c l a y   i n  small basins  in  moranic  regions ... 4) 
Retrogressions due t o  fire, dess ica t ion  and the  inflow of 
springs  highly  charged  with  mineral  matter,  causing  the 

formation of a calcar ious  lake  in  a peat   basin,  are 

des  cxibed . 
226. LIVEROVSKAYA-KOSHELEVA, I.T. 1964. The problem of thixotropy of 

s o i l s   i n   t h e   t u n d r a  zone.  Problems of t h e  North  8:241-255. 
(Transl. from Russian by Nat. Res. Counc. Can. 1965). 

This  rather  extensive  paper  concerns  the  problem of 
t h ixo t ropy   i n   so i l s  of the  tundra zone.  This phenomenon is a 
so l -ge l   re la t ionship  where  flow is followed  by fast spontaneous 

hardening of s o i l .  Both iron  hydroxide films and co l lo ida l  
s i l i c a  have  been  implicated  in  the phenomena. Results o f  
var ious  invest igat ions are repor ted   in   th i s   paper .  
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or  t a i g a ,  I t  is bounded on the  west by  the Mackenzie River 

and on the  east by Hudson  Bay.  The Arc t ic  Ocean forms the  
northern  boundary,  while  the  southern limit includes  the 

northern  portions of the   th ree  Prairie provinces. The range 

extends  through 15 degrees of l a t i t u d e ,  from 55' N t o  70' N 

and through a longitudinal  range from 82' W t o  130' W. From 
the  Mackenzie River  Delta  in  the  northwest  to  the  south- 

eastern  range  extremity  near God's  Lake,  Manitoba, i s  a 
dis tance of 1,500  miles ... 

"Almost a l l  of  the  tundra and much of the   t a iga  

Caribou Range is underlain  by  Precambrian  granitic  bedrock. 

It is a country  characterized by low r e l i e f  and r o l l i n g  
p l a ins .  The western  and  southeastern parts of the  winter  

range are underlain by more recent  Palaeozoic  sedimentary 

rocks. Annual p rec ip i t a t ion  is light,   not  exceeding  14 i n  

anywhere on the  range. However, perennially  frozen  ground, 

surface  bedrock,  and  poorly  developed  drainage  contribute 
t o  the  accumulation of la rge  amounts of surface  water.  
This   surface  water   var ies  from  temporary  melt water tundra 

pools t o  g r e a t   r i v e r  and lake  systems.  Surface  waters 

cons t i t u t e  30 percent of the  area of the  car ibou  range.   Soi l  

formation  and  plant  growth are slow ... 
"The barren-ground  caribou of the   cen t r a l  mainland 

are  both  migratory and  nomadic. Between the   t a iga   win ter  
range  and  tundra  calving  grounds  they make long,  uninterrupted 
and d i r ec t iona l ly   o r i en ta t ed  movements twice  each  year. These 
migratory  per iods  total  3 t o  4  months of  the  year and may 
cover  as much as 400 miles. During the  remainder of t he  

year   the  car ibou are nomadic, constant ly  on t h e  move, and 
of ten  change direct ion  unpredictably  in   response  to   local  
environmental  factors 

"[Although] car ibou  are  seldom evenly  dis t r ibuted 

on the  ta iga  winter   range  [ they do] p re fe r   spec i f i c   ca lv ing  
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grounds. Year a f t e r  year they   r e tu rn   t o   ce r t a in   l oca t ions  

on the central-northern  tundra.  The calving  areas  have common 
character is t ics   in   that   they  are   high,   dry,   and  possess  a more 
rugged relief  than  the  surrounding  country.   In  the  central  
tundra  four major calving  grounds  are known - the  Coppermine 
Mountains,  the coastal range of h i l ls  on e i t h e r   s i d e  of 

Bathurst   Inlet ,   the   e levated  plateaus  north  and  south of 
Beverly Lake,  and the   rugged   gran i te   h i l l s  of Central  
Keewatin south of  Ches te r f ie ld   In le t  ... 

"The spring  migration  normally  begins  in mid-March ... 
[and] depending on the  snow conditions  the  animals may remain 
n e a r   t r e e   l i n e  from  mid-April t o  mid-May.  Bands of 20-200 

animals   leave  the  t ree   l ine and  head for  the   d i s tan t   ca lv ing  

grounds 200-300 miles away. Typically,   the  bands  travel 

i n  s ing le  f i l e  following  the  course of least res i s tance   across  
chains of  frozen, snow covered  lakes,  eskers or g l a c i a l  
ridges ... Par tu r i t i on  starts by the  f irst  o f  June  and  ends 
i n  l a t e  June  but most (about 70 percent) of the   ca lves   a re  
born  between 9 and  15 June, A t  that   t ime from  10,000 t o  

50,000 cows are  assembled i n  each of the  4 major  calving 
grounds.I1 I t  should be noted   tha t   the   bu l l s  and  non-breeding 

animals do no t   l eave   t he   fo re s t   un t i l  sometime a f t e r   t h e  cows 
have l e f t .  

The foods and feeding  behaviour of caribou  and 
reindeer   appear   to   be similar throughout   the  holarct ic  

ranges. The summer of tundra  range  in  northern Canada i s  
apparently more than  adequate  to  support  the  present  caribou 

population. However, the  Eorests on the   t a iga  o r  winter 

range have  been so badly damaged by f i re  as t o  limit a major 
increase i n  caribou numbers. 

"On summer tundra  ranges  caribou move constantly ... 
On the  calving  grounds  the  pregnant  females and those  with 
young calves  frequent  th.e  higher  and  drier  ground.  Their 
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d i e t  is more r e s t r i c t ed   t o   l i chens   t han  is t h a t  of the  males 

and non-breeding  animals, which seek  out  lower  and  greener 
pas tures .  These  animals  feed on the new growth  of  green 

grasses  and  sedges. The phenological  progress of prefer red  

foods is as follows : green  shoots  of  cotton  grass ( E r i o p h o m  sp) , 
mid-June; other  sedges and grasses,  and new leaves of glandular 

b i r ch  (BetuZa glandulosa), 1-10 July;   then ground willows 
[SaZix sp  ) from 10 July.  Throughout the  summer, l ichens  of 
the  genera CZadonCa, Cetraria and StereocauZon are   ea ten  as 
are   the  leaves o f  many  woody perennials  such as ArctoetaphyZos, 
Rccinim,  Ledwn, lhphwn, and Rhocibdendmn. Fungi a re   h ighly  
favoured and are   ac t ive ly   sought  ... 

"The winter  feeding  behaviour  of  caribou is adapted 

t o  obtaining  food  under snow, A t  that time most caribou are 
wi th in   the   t a iga .  When  snow depth i s  not   great   car ibou  feed 

on exposed  vegetation pawing w i t h   t h e i r   f o r e f e e t   t o  expose 
addi t ional   vegetat ion.  As snow depths  increase a c h a r a c t e r i s t i c  
feeding  behaviour i s  fol lowed,   in  which the  caribou,  using 

t h e i r   f o r e l e g s   a l t e r n a t e l y ,  paw c ra t e r - l i ke  p i t s  through  the 

snow. The animal  feeds on the  exposed  vegetation ... then 

moves on , , and digs  another   [pi t ] .  

''In t h e   t a i g a ,  snow depth,   density,   hardness,  and 

granulation  increase  during  winter.  When c r i t i ca l  levels o r  
thresholds   a re   reached   in  an area ,   car ibou   e i ther  move on i n  
search of more favourable  areas or feed on arboreal   l ichens 
[ m a  sp. and AZectorCa sp) , They may even move prematurely 

on to   t he   t undra  ... 
"Caribou  generally  feed  only  once or twice over a 

section  of  range  each  winter ... The above  cycle of feeding 

a c t i v i t y  promotes a r o t a t i o n  of winter   pastures  and ensures 
t h a t  an area of winter  range is not overgrazed,  an  important 
behaviourable   pat tern  in  view of the animals'  dependence on 

slow  growing  lichens for food. 
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“Terres t r ia l   l i chens  form the  most important 

component of  the  winter food of  caribou,  amounting t o  
approximately SO% of t h e i r   d i e t  ,.. Fructicose  l ichens of 
t he  genus CZadonia are the  most important.  Other  genera 
include Cetrmia, StereocauZon and PeZtigera. The arboreal  

l ichens Usnea and AZ&toria are taken  occasionally. A large 
v a r i e t y  of woody plants ,   g rasses ,  and  sedges are a lso   ea ten  
in   winter .  These include  plants  of the  genera Vaccilziwn, 
Empetmun, Ledwn, Arotostqhylos, BetuZa, Salix,  Pioea, Pinus 
and Ahus .  Grasses  eaten  include  the  genera Deschmpsia, 
Bstuca, CaZmagrostis and Poa and  sedge  genera Carex and 
Eriophorum. Horsetai l  (Equisetum sp) is a highly  preferred 

winter food. The stems of these  plants   of ten  protrude above 

the  frozen  surface of shallow  lakes Caribou paw through 

snow t o  reach  them,  often  completely  cleaning  out a bed of 

Equisetum. This i s  in marked cont ras t   to   the   usua l  more 

random feeding  behaviour . 
Scot te r ,  1964 has IIdocumented t h e   e f f e c t  of fo re s t  

fires on reducing  both  quantity  and  quality of  forage  in 

fo re s t s  of various  age  classes [on caribou  winter range] . . 
He demonstrated  that   the   effect  of f i r e  destruct ion of winter 
range   in   the  last  15  years  has  increased 3.1 times  over the 

1840 t o  1884 period.  Although  forests  have  always  been 
subjec t   to   des t ruc t ion  by f i re ,   ch ie f ly   caused  by l ightning,  
i nc reases   i n  the rate of f i r e   d e s t r u c t i o n  can be a t t r i b u t e d  

to   increased  human a c t i v i t y   r e s u l t i n g  from  mining  and 

set t lement  .‘I 

228. LUNDQVIST, J. 1962. Patterned ground  and r e l a t ed   f ros t  
phenomena i n  Sweden.  Sweden. Sver.  Geol.  Unders.  Publ.  Ser. 
C ,  NO. 583. Avhandl.  och uppsatser.  Arsbok 55 (1961) No. 7. 
101 p .  
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229. 

Author 's   abstract :  ''The paper  presents a systematic 

treatment of  the   d i f fe ren t   types   o f   pa t te rned   ground  and   the i r  

d i s t r ibu t ion   i n  Sweden. Information is der ived   par t ly  from 

published  papers  and  partly from new observations.  The types 
of patterns  discussed  are  apparent from the  l i s t  of contents  

[sor ted and  non-sorted  nets,   circles,   polygons,   steps,  

s t r i pes ,   c r acks ,   f i e lds ,   t a lu s ,   l ands l ides  and mudflows, 

e tc . ] .   Thei r   reg iona l  and v e r t i c a l   d i s t r i b u t i o n  is, when 

possible   s tudied by means of maps and p ro f i l e s   and   t he i r  

d i f f e r e n t  modes o f  formation  discussed.  In  combination with 
climatic maps t h e   d i s t r i b u t i o n  and poss ib le  modes of formation 

indicate   that   the   c l imat ic   condi t ions  a l low  the  formation of 
most types of pat terned ground i n  most of Sweden.  The 

l imitations  are  mainly  caused by edaphic   factors .  Only i n  a 
few cases  (non-sorted  polygons,  palsas,  boulder  depressions 
and poss ib ly   sor ted  and  non-sorted  steps)  are  the limits of 

a c l imat ic   na ture  .I1 

An extensive  bibliography is included. 

LUNDQVIST, J. 1966.  Patterned  ground i n  Sweden. Permafrost 

I n t .  Conf. Proc. Nat. Acad. Sci.-Nat. Res. Counc. Wash. 

Publ.  1287:  146-149. 
"This paper   re la tes   hor izonta l  and v e r t i c a l  

d i s t r i b u t i o n  of d i f f e r e n t  types of pat terned  ground  to  
climate and o the r   f ac to r s   a f f ec t ing   f ros t   ac t ion   i n   t he  

ground. 

The author  gives  the  diagnosis of the  various types 
of patterned  ground  found  in Sweden. 

Fac tors   cont ro l l ing   d i s t r ibu t ion:  "Some types 
(Earth hummocks, mud c i r c l e s ,   s tone   p i t s ,   so r t ed   and  non- 

s o r t e d   s t e p s ) ,  seem t o  require   vegetat ion.  If t h i s  i s  
absent ,   o ther   types  are  formed  under  otherwise similar 
conditions.   Solifluction  steps  and earth hummocks requi re  
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some vegetation or stone  mantle  to keep the soil col lec ted  

in  t e r r aces  or hummocks and preserve  the  forms. Some types,  
such as mud c i r c l e s ,  depend e n t i r e l y  on the   ve t e t a t ion   i n  

scars where they form . . 
"The c lose   r e l a t ion  between patterned  ground  and 

vegetation is especial ly   evident  in t he  lower par t  of the  

Caledonides. Herbs  and shrubs there are ra ther   th ick ,  so 

pa t t e rns  formed by sor t ing   p rocesses   a re  found  mainly i n  
shallow  depressions which are  usually  covered by water. 
Autumn is almost  the  only time they   a re  dry ... 

'The water   table   affects   pat tern  formation  in  two 
ways: a) a shallow  depth to  the  water  keeps  the  soil   moist  

and fac i l i t a tes   format ion  of pa t te rns   requi r ing  movements 

of f i n e s   i n   t h e   s o i l .  b) I f  the  water   table  emerges a t  the  

surface most of the  year it also  prevents  t h e  growth of 

thick  vegetat ion and thus  faci l i ta tes   formation  of   pat terns  

requiring  absence of  vegetat ion.  This is t r u e   c h i e f l y   f o r  
the  area above the  t imber   l ine,  where fen  growth is very 

weak. In low and sometimes in   high  regions,  bogs  develop 

i n  similar pos i t ions ,  and pat terned ground  does  not form ... 
Vegetat ive  protect ion  does  not   consis t  of  p l an t s  

alone. The roots   probably  contr ibute   to  ground s t a b i l i t y ;  

and the   vege ta t ive  cover t r aps  snow, thus making a th icker  

snow cover on the  ground ... 
"The above conditions were observed  and  used  in 

classifying  patterned  ground. They probably   resu l t   in  
zonation of the  patterned  ground, which i s  of ten  found i n  

Alpine  and  Sub-Alpine  regions. 

ItPattern types that  develop  in  the  absence of th ick  

vegetat ion  are  found a t  the  highest   elevation where s o i l  

exists. In  favourable  posit ions,   such as lakeshores,  boulder 
f i e l d s ,  and the  like, they may develop  even  below the  timber- 

l i n e .  
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ItPattern  types  that   develop  in a coherent  vegetation 

cover are absent a t  high  levels  because  thinning of the  

vegetat ion  creates  a dist inct   upper  limit. A t  low l eve l s ,  on 
the  other  hand,  thicker  vegetation  protects  the  ground  against  

frost ac t ion ,   thus   se t t ing  a lower limit ... 
IIExcept f o r   f o s s i l   p a t t e r n e d  ground in   southern 

Sweden, a l l  pa t te rn   types  can probably  be formed under  present 

c l imat ic   condi t ions where they are found - even i f ,  i n  

cer ta in   ins tances ,   they   a re   foss i l .  
"The Falun, 200 Km northwest of Stockholm suppl ies  a 

good example.  Factory smoke has kil led  vegetat ion  over  a 
l imited area. Not only  boulder  depressions  but  also  sorted 
polygons  and s t r i p e s  have  formed. This region i s  s i t u a t e d  far 

from the  Caledonides and a t  a r e l a t i v e l y  low l eve l  where such 

pa t t e rns  are not formed generally,   except on lakeshores  and 
the  like. 

230. LUTZ, H.J. 1960. Fire as an ecologica l   fac tor   in   the   borea l  

f o r e s t  a t  Alaska. J .  For. 58:454-460. 

A general  account on the   re la t ionship  of Alaska 

t r ee   spec ie s  t o  f i r e  as well as ef fec ts   o f  f i re  on s o i l .  

231. LUTZ, H.J .  1956.  Ecological  effects of f o r e s t   f i r e s   i n   t h e  

i n t e r i o r  of Alaska. U.S. Dep. Agr. Tech. Bull .  1133. 121  p.  
This  paper is a very detai led  discussion of the 

e f f e c t s  of f o r e s t   f i r e s   i n  Alaska and includes a l l  aspects  
of f o r e s t   f i r e s ,   t h e   h i s t o r y  of t h e  area, t h e   h i s t o r y  of  
fo re s t  fires i n   i n t e r i o r  Alaska, effects on trees, succession, 
soi ls ,   hydrology,  game, and on economic  development. A 

long  bibliography is included. 

232.  LYNGE, B, and P.F SCHOLANDER. 1932. 1940. Lichens  from North 
East Greenland. 1 and 11. Skr.  om Svalbard og ishavel  Nr. 
41. 116 p.  Nr. 81. 143 p .  (bound as a s ing le  volume). 



These  papers  include  keys and d i s t r ibu t ions  of both 

macro- and microlichens as well as descr ip t ions  of  new 

species .  Comparisons are made with  the  l ichen  f loras  of 
Spitsbergen, Novaya  Zemlya and  Eastern  Siberia. 

233. MACKAY, J.R. 1963. Notes on the  shorel ine  recession  a long  the 
coast  of t he  Yukon Terr i to ry .   Arc t ic  16:195-197. 

Comparisons  using h i s t o r i c a l  and  geomorphological 

evidence  with  the  present form of the  coast  between  Herschel 
Island and the  Mackenzie  Delta  indicates  that  recession of 
r e l a t i v e l y  great magnitude  (exceeding 1 m/year) has taken 
p lace   in  low b l u f f s  of fine-grained  sediments  with  high ice 
content ,  Sand and gravel   bluffs   tend t o  recede more slowly. 

In  these areas no bedrock is present .  

234. MACKAY, J . R .  1963. Origin of the  pingos of the  Pleis tocene 
Mackenzie Delta area. First C a n .  Conf. Permafrost  Proc. Nat. 
Res. Counc. Can., Ass. Comm. So i l  Snow Mech. Tech. Memo 74: 
79-83. 

The author  suggests  that   draining  lakes may i n i t i a t e  

pingo  formation  and  also  suggests some pingos now e x i s t  which 

did  not a t  t he  time of Franklin 's   expeditions.  

235. MACKAY, J.R. 1963. The Mackenzie Delta  area,  N.W.T. Can. Dep. 
Mines Tech.  Surv. , Geogr . Br . Memo 8 .  202 p 

This paper  presents a very   fu l l   descr ip t ion  of the  

Delta (,map sheet  107 SW National  Topographic  Series,  Port 

Brabant,  scale 8 miles   to   the   inch) .  Emphasis i s  on the  

physical  geography.  Terrain  features,  developed as a r e s u l t  
of the   c l imate ,  as well as the  regional  physical  geography, 

are discussed a t  length.  There are shor t   sec t ions  on cl imate ,  

break-up and freeze-up and vegetation 
Vegetation: "The northern  portion of t h e  Mackenzie 

Delta area i.s i n  the tundra,   the   southern  port ion  in   the 
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borea l   fores t .  The boundary zone between  tundra  and  treed 

areas  may be ei ther   sharp o r  t rans i t iona l .   In   genera l ,   the  
sequence from north  to   south is: tundra;  tundra  with  scrub 

willow and ground birch;  scrub  willow  and ground b i rch ;  wood- 
land and tundra  with much scrub  willow  and  ground  birch; open 

woodland;  and continuous woodland." (A map showing the  
vegetation  regions i s  included.)  

Open Woodland: "Fires  have  burned  over  hundreds of 

square  miles of open woodland, woodland tundra and scrub 

vegetation. Large burnt  over  areas  occur between the  Caribou 
Hills and  Kugaluk River. Old and young burnt areas are e a s i l y  

recognizable on a i r  photographs by tona l  and t ex tu ra l  
cont ras t s  and straight-l ined  vegetation  boundaries.  Most of 
the  burnt  over areas trend  northwest-southeast  and  have 

apparently  burnt  to  the  southeast ,   being  fanned by northwest 
winds. Fires appear t o  have burnt most o f t en   i n   t r eed  areas 
with  thick  peat .  The disruption  of  the  surface  cover  causes 

local   thickening  of   the  act ive  layer ,   mel t ing of ground ice,  
and topsy-turvy  blackened  trees  precariously  balanced  in a 
morass of collapsed hummocks." 

- Peat:  "In  the  tundra,  peat  deposits are usua l ly  

associated  with  tundra  polygons .., Thick  peat  beds  comprise 

the  surface  mat ter  of high-centred  polygons. The peat may 
contain  logs and branches of spruce,  willow, and a l d e r   i n t e r -  
s t ra t i f ied   wi th   o ther   o rganic   mat te r .  As an  impression, 
t r e e  and  shrub  remains are most  numerous near  the  bottoms 

of the  peat  bogs .I1 
White spruce i s  the  most abundant tree i n   t h e  

Mackenzie Delta,  black  spruce is l e s s  common. 
T h e  d i s t r ibu t ion  of white spruce is c lose ly  

associated  with  f lood  conditions.  Along any  given  channel 
cross-section,  the  lowest  al t i tude of spruce on both  banks 

is nea r ly   t he  same, being  usually  within a few inches. The 
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seaward limit of spruce corresponds t o  a levee  height of 
about 10 f e e t  above sea   l eve l .  The prec ise  limit is believed 
due more t o  edaphic and geomorphic fac tors   o f   so i l ,   d ra inage  
and flooding,  than  to  micro-climatic  factors.   Exposures  in 

cut banks show t h a t  some spruce  Save  survived, by sending  out 
f resh  roots ,   dur ing  the  t ime when s i x  o r  more feet of sediment 

were deposited and the  permafrost surface rose  accordingly.  

If sedimentation is too  rapid,   the   spruce  t rees   die ,   topple  

over,  and  break  near ground l e v e l .  The stumps may, in   t ime,  
become concentrated  near low water   level  by bank erosion and 
give  the  erroneous  impression of the exhumation of  a buried 

f o r e s t .  'I 

236. MACKAY, J . R .  1966.  Segregated  epigenetic  ice and slumps i n  
permafrost, Mackenzie Delta area, N.W.T. Geogr. Bull. Can. 
8 :59-80 

Author's abstract: '!A c l a s s i f i c a t i o n  of ground ice 
appl icable  t o  t h e  Mackenzie Delta [with a map] is  given, 

followed by a more detai led  discussion of the   o r ig in  and 
d i s t r i b u t i o n  of segregated ice with  emphasis on epigenet ic  

ice ,  The re la t ionships  among the  age of sediments, 

sedimentation, and grain s ize  d i s t r i b u t i o n  of soils are 
considered. Slump exposures of epigenet ic   segregated  ice ,  

mechanism of slumping, water [ice)  content of the soil, 
polycycle  slumps and two contrast ing slump types  are  
discussed i n  some de ta i l ,   Theor ies  f o r  the   o r ig in  of 
epigenet ic   segregated  ice  are suggested." 

237. MACKAY, J . R .  1966.  Tundra  and taiga.  Future  Environments  of 

North  America. F. Darling  and J . P .  Milton,  ed.  Natural 
History Press, New York, p .  156-171.  (Reprinted  in: 
Vegetation,  Soils  and  Wildlife  1969. J.G. Nelson 6 M.J. 
Chambers, ed. Process and Method in Canadian  Geography. 

Methuen,  Toronto .) 
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The problems of themnokarst  subsidence  caused  by 

removal or breaks  in   protect ive  vegetat ion by bul ldozers ,  
animals,   footpaths,   logging,  f ire,  etc.  are  described. 
Much of the  information is taken from ea r l i e r   pub l i ca t ions  

and  thus  this  paper is a good review of information up t o  
t h i s   d a t e .  

"The ice-wedges  are  particularly  subject  to  thermal 

erosion and upon melt ing,   conical   h i l locks - the  baidzharakhi 
of Yakutia - a r e  l e f t  protruding, Streams which follow  an 
ice-wedge  network may become beaded;  coasts  cut  into ice- 
wedge t e r r a i n  may have  long g u l l i e s  which work headward  by 

thermal  erosion  along  the wedges; and so fo r th .  Thus, ice- 
wedge t e r r a i n  is part icular ly   suscept ible   to   change,   whether  

na tu ra l ly  or a r t i f i c i a l l y  induced.  Disturbances  are  also 

cr i t ical  in   t h i ck   s ec t ions  of f ine-gra ined   so i l s  with 
horizontal   or  irregularly  shaped  ice  masses,  The ice content 

Qercentage of i c e  t o  dry s o i l  on a weight  basis) may average 
100 t o  300% for the  upper few tens of f e e t  of permafrost   in 

fine-grained  sediments. A n a t u r a l   o r   a r t i f i c i a l   r u p t u r e  of  
the  surface cover may t h e r e f o r e   i n i t i a t e  ground ice slumps 

which r e t r e a t  headward,  mainly  by  melting.  Coastal 

recession and gullying are rapid  in   such areas. A break  in  
the  vegetation  cover or  a blockage i n  drainage may be 

s u f f i c i e n t   t o   c r e a t e  a thaw (themnokarst)  topography with 

depressions  and  cave-in  lakes .,, In   the   t a iga ,  Raup, 1951, 

has poin ted   ou t   tha t   fores t s  on ac t ive ly  moving slopes are 
more or  less unstable,  root  systems may be torn loose from 
the i r   in t imate  s o i l  contac t ,  and mor ta l i ty  i s  high. Such 
forests   are   prone  to   dis turbances,   both  natural  and 

a r t i f i c i a l .  The frequent   s ight  of t i l t e d  or  drunken trees 
is  near ly  a sure  sign of such a disturbance ... 

"Man's a c t i v i t i e s   c a n  and do al ter  t h e   i n t e r -  

related  elements of soi l -pat terned ground - microrelief. 
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The establishment of a summer campsite  for  one or more 
seasons  leaves i t s  mark by disturbed  vegetation, which i n  

abandoned  eskimo sites is  usually  recognizable  by a more 
luxuriant  growth  than i n  nearby  tundra  areas (Wiggins  and 

Thomas, 1962).  F requen t   veh icu la r   t r a f f i c ,   i f   unconf ined   t o  

a road, may s l i c e  up the  tundra  with  remarkable  rapidity,  

espec ia l ly  where t rack  or wheel  furrows  concentrate  drainage 

into flow  channels A footpath,  used for only one season, 

may p e r s i s t   v i r t u a l l y  unchanged f o r  decades. Regrowth of 
vegetat ion is so gradual   that  a disturbance,  such as f o r e s t  
cu t t i ng ,  may be perpetuated  nearly unchanged for a century. 

For ins tance ,   the  Hudson's Bay Company establ ished  Fort  

Anderson [on the Anderson River,  150 miles eas t  of Inuvik, 
N.W.T.) i n  1861  and  abandoned it only f i v e   y e a r s   l a t e r   i n  
1866. In  the  intervening  century,   revegetation  has  been 

minimal, most of the   vegetat ion is s t i l l  composed of  grasses 
with a few willows. The fores t   c lear ing  s t i l l  preserves   the 

o r ig ina l   ou t l i nes  of the  stockade . I 1  

- Fires:  l 'Forest f ires,  whether  ignited by l igh tn ing  

or by man, have  devastated  thousands  of  square miles. Even 
the treeless tundra has not  escaped from fires; some peaty 

t e r r a i n  has burned or smoldered f o r  months ... In  1954 an 
area  of 820 sq m i  of  the  reindeer  winter  range area, east   of 
the Mackenzie Delta, was 70-809s burned and  rendered  useless 

f o r  grazing (Cody, 1964; Mackay, 1963). Ten yea r s   l a t e r ,   t he  

l i chen   f l o ra  had not   recovered  suff ic ient ly   to   a l low  re indeer  

t o  graze ... The d i r e c t  consequences of  f i r e s   a r e   s e v e r a l .  
There i s ,  of course,   the  destruction of s tanding  vegetat ion,  

and thus  the immediate loss of  a resource which may not  be 

renewable for genera t ions ;   in   the  Mackenzie Delta area, 500- 

year old  spruce grew t o   t he   t r ee l ine .   F requen t ly  a fo re s t  

fire consumes organic mat te r   i n   t he  upper part of t h e   s o i l ,  

rendering it s t e r i l e  for revegetat ion.  A thickening of t he  
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ac t ive   l ayer  is usual as an  aftermath of a f i r e ,  and i f  t he  

ice   content  of t he  ground is  high,  thawing  tends t o  produce 

hummocks , drunken t r e e s  , miniature  thermokarst   features,   local 
ponding , and' gullying. 

238. MACKAY, J . R .  1967.  Permafrost  depths,  lower  Mackenzie  Valley, 
N.W.T. Arctic 2O:Zl-26. 

Author 's   abstract :  "Ground temperatures  in  the Lower 

Mackenzie Valley  have  been  obtained for seven sites i n   t h e  
1965 t o  1966 period by instal l ing  thermistor   cables   in   seismic 

shot   holes   dr i l led  for   the  purpose.  From t h e   i n i t i a l  

measurements,  permafrost  thickness is estimated a t  about 350 
f e e t  f o r  Arc t ic  Red River  and 400 feet f o r  a s i t e  14 miles 
west of Fort McPherson. In  the  south-central  part of  the 
MacKenzie Delta,   in  an  area of gradual ly   shif t ing  channels  

and in f i l l i ng   l akes ,   t he   dep th  is 350 f e e t  , or  possibly more. 

In   t he   d i s t a l   pa r t  of the  Delta,  where new islands are 
growing,  permafrost is aggrading downwards in   t he   s a tu ra t ed  

a l l u v i a l   s o i l s .  A t  four s i t e s   w i th in  two f e e t  of s ea   l eve l ,  
permafrost maybe only 60 t o  100 feet  deep. Here permafrost 

should  continue t o  aggrade  for many centur ies  more." 

239. MACKAY, J.R. 1970. Disturbances t o  the tundra  and  forest  tundra 
environment of the  western Arctic. Can. Geotech. J. 7:420- 
432, 

Author 's   abstract :  "The more important  physical 

disturbances  to  the  tundra  environment  are  discussed  with 

examples. Thermokarst  subsidence,  not  thermal  erosion, i s  

shown t o  be the  dominant r e s u l t  of man-induced disturbances,  

such  as  those  caused by bull-dozing of seismic l i n e s  and 

fire breaks , .. The typical surface  disturbance t o  the  
tundra   r e su l t s   i n  a deepening of the  active layer.   Therefore,  

foreknowledge of the e f f e c t  of a disturbance on deepening 
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the  active  layer,   together  with  information on the  ice 

content of the  permafrost   affected,  makes it possible  t o  
pred ic t   the  amount of themnokarst   subsidence  l ikely  to  take 
place.   Three  practical  examples of three  types  of  ground 
dis turbances  are   given:   f i re ,  ,.. vegetation  trampled and 

k i l l e d  by a dog,  and  seepage .., The e f f e c t s  .. are  

i l l u s t r a t e d  and  discussed.11 

240. MACKAY, J . R .  1971. Geomorphic processes, Mackenzie Valley, 
Arctic  Coast,  District of Mackenzie.  Report of A c t i v i t i e s ,  
Part A.  April  - October  1970.  Geol.  Surv. Can. pap. 71-1A: 

189-190. 

Work on pingos  has shown t h a t  young pingos a t  two 
s i t e s  have grown 4 and 8 inches   respec t ive ly   in   the   pas t  

year.  IIActively  growing  pingo  can  probably  be  recognized 

by tension  cracks,  resembling  ice-wedges,  which  cross  the 
pingo and continue  onto  the  exposed  lake  bottom.11  Local 

c o a s t a l   r e t r e a t ,  as determined by photograph  comparison of 
m r e  than  1,000 feet has  occurred  in some areas  since  1935. 

On t he  Mackenzie River, lfground  ice, some 20 feet 
th ick ,  and lying  beneath 5-15 f t .  of peat  and lake si l ts ,  was 

found about 20 miles downstream from Fort  Simpson. Many 
slumps in   sands and s i l t y   s ands ,   a long   t he   r i ve r ,  have 
probably  occurred as a r e s u l t  of permafrost thaw i n   t h e  
bare vegetation-free  banks ... The forest fires of 1968 

and  1969 summer seasons  have  caused  extensive  slumping  of 

the   ac t ive   l ayer  from mile 610 to   mi l e  900 along  the MacKenzie 

River.  Locally,  there is badland  topography.11 

241. MACKAY, J . R .  1971. The o r ig in  of massive i cy  beds in   permafrost ,  
Western Arctic  Coast,  Canada, Can. J. Earth  Sci.  8:397-422. 

Author 's   abstract :  IWassive  beds of ground i c e  [up 

t o  35 m thick] are shown t o  exist a long  the  Arct ic   coastal  
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p l a i n   e a s t  of t he  Alaska-Yukon boundary f o r  a d is tance  of a t  
least 500 Km ... A theory i s  presented which sugges ts   tha t :  
t h e   i c e  is of segregat ion  or igin;   the   source of excess water 
was from the  expulsion of ground water  during  the  freezing 
of sands; and the  high pore water   pressures ,   favourable   to  

ice  segregation,  developed  beneath  an  aggrading  impermeable 

permafrost  cover ... Simi lar i t i es   in   the   o r ig in   o f   p ingo  ice 
and massive ice   are   discussed."  

242. MACKENZIE VALLEY  PIPE  LINE RESEARCH. 1971.  Description of 
Research Project. 7 Dec. 1971. 4 p. mimeo 

Soi l s   research  and I n u v i k   t e s t   f a c i l i t y :  "Mackenzie 

Valley  Pipe  Line  Research  invested some 2 mil l ion   do l l a r s   i n  

the  construct ion and operation of an experimental  above- 

ground  pipe  loop a t  a s i t e  near  Inuvik, N.W.T. The s i t e  

chosen was representa t ive  of open tundra  found on the  North 
Slope, The top   ac t ive   l ayer   cons is t s   genera l ly   o f  a moss and 

grass blanket  approximately 8 inches  thick,   underlain by about 

one  foot of humus and sil t ,  This spongelike mass contains  

l a rge   quan t i t i e s  of water. Under this is a layer of  7 t o  10 
feet  of silt  mixed with ice in   t he  form of i ce   l enses ,  

c r y s t a l s ,  and masses of i r regular   shapes .  The ice content,  
based on the  dry  weight of s o i l ,   v a r i e s  from 80 t o  300 per- 
cent.  Underlying  the silt  is a layer  of par t ia l ly  consolidated 

gravel  and sand  with small boulders  and  an ice content of 
about 30% by  weight.  Prior t o  the  start of construct ion,  a 

l ayer  of gravel  ranging from 2 t o  5 f ee t   i n   t h i ckness  was 
p laced   d i rec t ly   over  the original  ground, t o  p ro tec t   t he  
s o i l  and i t s  cover from t ra f f ic  and cons t ruc t ion   ac t iv i ty .  

The t e s t   f a c i l i t y  is a closed  loop of 2,000 feet of 4811 

pipe,  one half  constructed  above-ground on p i l e s  and t he  

remainder   ins ta l led   in  a gravel  embankment or  berm above 
the   o r ig ina l   g rade .  The pipe in  the berm was insulated  with 
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2 inches of polyurethane  and  covered  with 2 f e e t  of grave l ,  
The pipe  exposed on t h e   p i l e s  had 4 inches of insulation  under 
a sheet  of aluminum wrapping. Crude o i l  at  16OU F i s  
circulated  continuously  through  the  pipe a t  a ra te   equiva len t  

t o  about 700,000 b a r r e l s  per day.  Extensive measurement 
programs  determine  the  physical movements of the t e s t  loop 
components a t  d i f fe ren t   o i l   t empera tures  and prevaling 
weather and so i l   condi t ions  ... 

"At the  conclusion of the  first summer's operat ion,  

thawing of the  permafrost  under  the  pile-supported  section 
was, i f  any th ing ,   l e s s   t han   t ha t   i n  normal  undisturbed 

t e r r a i n .  Under the  berm section  depths of melt Mere not 

s i g n i f i c a n t l y   d i f f e r e n t  from those  in  undisturbed  ground. 
Survey  measurements showed t h a t  the pile-supported section 
had not moved. A general   sett lement 3 t o  4 inches   in   the  
berm sec t ion  was observed. Most of t h i s   s e t t l emen t  was due 

to  melting  of snow and ice   entrapped  in   the  gravel   during 

construction,  compression of the  tundra and  normal  compaction. 

The mechanical  aspects of the  loop re la t ive   to   expans ion ,  
contract ion and v ibra t ion  were as predicted.  

"It was considered  desirable t o  accelerate   mel t ing 

of the  permafrost  t o  obtain  wider   var ia t ion of temperature 
changes i n  a shorter time to   co r re l a t e   w i th   p red ic t ions  from 

the  mathematical  model. It  was therefore  decided t o  remove 

the   insu la t ion  from a 400-foot port ion of the  pipe a t  the  
t h i n  end of  t he  berm and e s t ab l i sh   t h ree   add i t iona l  CFOSS 

sec t ions  f o r  temperature  monitoring  in  this  "modified"  section, 

allowing  continued  collection of da ta  from the   o r ig ina l  
configuration as well as from the  modified  section. With 

more rapid advance of the  thaw front ,   increased  set t lement  

of the  un-insulated  pipe  should  occur.  
T h e   i n s u l a t i o n  was removed from the  pipe and new 

ins t rumenta t ion   ins ta l led   in  early October,  1970. The 
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loca t ion  of the  thaw front   predicted by the  thermal simulation 

model was checked  with  the  actual  observed thaw f ron t   l oca t ion .  

As of September, 1971, the thaw front  had  advanced t o  about 9 
f e e t  below grade,  and a set t lement  of about  three  feet   had 
occurred  in  the  modified  section.  Sett lement of the   insu la ted  

sec t ion  had progressed t o  approximately 10 inches . . . t t  

243. MACPHERSON, A.H. 1965. The barren ground gr izzly  bear  and i t s  
survival   in   Northern Canada. Can. Audubon 27:2 -8 .  

A brief  account of t he   hab i t s  of the   g r izz ly   bear .  
A population of 500-1000 is  estimated for t he  N.W.T. Aspects 
of bear a t t acks  on humans are discussed, as wel l   as ' the   need  

fo r  pro tec t ion  of the  grizzly. The a r t i c l e   i nd ica t e s   l ack  of 
knowledge of the  bear .  

244.  MACPHERSON, A . H .  1969. The dynamics of Canadian Arc t i c  fox 
populations.  Can. Wildl.  Serv. Rep. Ser. 8. 5 2  p .  

Arct ic  fox populations of N.W.T. from  1958-1964 
were s tud ied   t o  attempt t o  elucidate  causes of population 

f luc tua t ions .  Lemmings accounted for  up t o  90% of t h e i r  

food intake and  never  less  than 50% and were important  both 
summer and  winter.   Carrion,  other  animals  and  plants a l l  
cont r ibu ted   to  their diet .  Years with low  lemming 

populations had low whelp surv iva l  and f igh t ing  among the  
whelps also  helped  reduce  survival.   t tSurvival of whelps i n  

the  first half   year ,   ra ther   than  the number of l i t ters 
produced i n  a given year, appeared t o  be the governing 

var iab le   in   popula t ion   f luc tua t ions .  t '  

Denning areas  %were most common in  sandy,  well-  
vegetated areas of gentle  slope.   Places where  numerous 
eskers overlooked  broad  valleys or r i v e r  f la t s  seemed b e s t  
occupied."   Surface  s tabi l i ty  seems important  in  location - 
areas wi th   so l i f luc t ion   fea tures   conta ined  few dens. No 
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dens  were  found on talus or boulder  fields.  Other  features 
appear to be  "small  accumulation of winter  snow,  good  exposure 
to  the  sun  in  spring,  protection from. severest  winter  winds, 
and  elevations  above  water  and  frost  line."  An  average life 
span f o r  a den  was  estimated t o  be 330 years.  Wolves  and 
grizzly  bear  may  occupy or  dig  out fox dens  and  render  them 
unsuitable  for fox habitation.  Ground  squirrels  may  also 
occupy  dens or parts of them.  Occupied  dens  were  never  closer 
than a mile  and  there  was  an  average  density  of 1 den  in 
about  14  square  miles. 

245. MAGNUSSON, A.H. 1951.  Lichens  from  Torne Lappmak. Archiv for 
Botanik. Bd 2 Nr, 2:45-249. 

Although  concerning  this  northern  territory of 
Sweden,  the keys cover  species  distributed  much  more  widely. 
Detailed  descriptions  accompany  most  species  along  with 
local  distribution  notes. 

246. MINI, J.S. 1966. Phytoecological  study of sylvotundra of Small 
Tree  Lake,  N.W.T.  Arctic 19:220-243. 

The  study  area  supports a closed Xcea marianu forest 
on  the  lakeshores  and  hill  bottoms  while  the  exposed  slopes 
are  treeless,  Between, a Picea marianu parkland  forms  the 
transition. The large  size of trees  in  the parkland, 
absence of krumholz  zone,  and  abrupt  timber-line  due  to 
topography  indicate a delicate  balance  between  the  vegetation 
types.  Very  general  information  is  included in soils  and 
climate. 

247. MAKHAEVA, L.V. 1959 Winter  pasture  management  in  reindeer farm- 
ing  in  Murmansk  Oblast.  Problems of the  North 3:65-76. 
(Transl.  from  Russian  by  Nat.  Res.  Counc.  Can.  1961.) 

This  paper  contains  information  on  the  results of 
grazing of reindeer on lichen  pastures.  Suggestions  are 
given  as  to  the  best  management  practices. 
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248. MANNING, T .H. ,  E.O.  dhN and A.H.  MACPHERSON. 1956. The b i r d s  of 
Banks Is land.  Nat. Mus. Can. Bull,  1943. 144 p .  

Observations on the   b i rds  of Banks I s l and   i n  1952 and 
1953 are herein  recorded. Very fu l l   no tes   a re   inc luded   in   the  
systematic list. 

249. MANTHEI, J. and K. VAN CLEVE. 1971. Revegetation of disturbed 

tundra  and  ta iga  surfaces .  22nd Alaska  Sci. Conf. College, 

Alaska, August  17-19 I 

250. MAYCOCK, P.F. and B. MATTHEWS. 1966. An arctic fo re s t   i n   t he   t undra  
of Northern Ungava,  Quebec. Arctic  19:114-144. 

A disjunct   wil low  thicket  community 32 miles  south- 
eas t  of Deception Bay i n  Northern Ungava is described. 

251. McGROGAN, J.F , A. C CONDO and J. NEUBAUER. 1971 Tundra r e s to ra -  

t i on :  Two-year response  study of gener ic   re la ted   g rass   types  

introduced onto disturbed Prudhoe Bay area tundra.  Southwest 
Alaska Section Regional Meeting,  Petroleum  Engineers of Aime 
Anchorage,  Alaska. Pap. No. SPE 3249. 5 p.  plus  appendices. 

From t he   abs t r ac t :  "A tundra  restoration  experiment 

was i n i t i a t e d  on dis turbed  tundra  in  May 1969 ... Evalua t ion   in  

l a te  summer 1970 showed red  top,   creeping  red  fescue, brome and 
Canada blue  grasses  as having  survived  the  severe  Arctic  winter 
and  growing well . I 1  

Although  attempts  were made to   use  seed of na t ive  

species ,   the   unpredictable   nature  of seed set and  maturation 

precluded i ts  use.   Thirteen  species of winter-hardy  grass 

s t r a i n s  were eventually  used.  Test   plots  covered  both  gravel 
and  undis turbed  tundra,   fer t i l ized  and  unfer t i l ized  areas .  
Ear ly   win ter   surv iva l   t es t s  were done by taking  cores from 
the  sample plots, embedding  them i n  wet sphagnum and placing 
them i n  a controlled  environment  in March. Results  obtained 

a t  this time were  confirmed by obse rva t ions   i n   t he   f i e ld  i n  
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August. G ibbe r i l l i c  Acid treatment of seeds was a l so   ca r r i ed  

out   and   resu l t s   ind ica te   tha t   in  most cases   there  was higher 
i n i t i a l  seed  germination,  better first year  growth and winter 
surv iva l  and  lower residual  seed  germination  in  the  following 

year 

252 MCKAY, G.A. ,  B.F. FINDLAY, and H.A. THOMPSON. 1970, A c l imat ic  

perspect ive 0% tundra  areas.   Productivity and  Conservation  in 
Northern  Circumpolar Lands Proc. W.A. Fu l l e r  and P.G. Kevan, 
ed.   Int ,  Union Conserv.  Nature (IUCN) Publ. n . s .  16:lO-33. 

A review  of  the  problems  caused by the  c l imate  of 
organisms  inhabiting  the  Arctic.  

From t h e  summary: "Both p lan t  and  animal l i f e  exist 
precariously,   in  the  tundra  mainly by taking  refuge  in  a par- 

t i cu la r   microc l imat ic   a rea  and thereby  escaping  the  r igors of 
the  general   c l imate .  The microcl imates   are   in  a d e l i c a t e  s ta te  
of  balance,   and  alteration of th i s   ba lance   e i ther   na tura l ly ,  

as i n  c l imat ic   deviat ion,   or   unnatural ly   such as through  vege- 

ta t ive   modi f ica t ion ,  may have  serious  consequences. For ex- 

ample,   the   a l terat ion of the  albedo  can  upset  the  energy 

balance of the   so i l   su r f ace  and resul t   in   thermokarst   condi t ions.  
The removal of t a l l  vegetat ion w i l l  r e su l t   i n   i nc reased  winds 
and in   shal lower snow cover,  which may s i g n i f i c a n t l y  change  the 

thermal  regime  near and i n   t h e  ground.I1 

253. McTAGGART-COWAN, I. 1948.  Waterfowl conditions on the  Mackenzie 

Delta.  1947,  Murrelet 29:21-26. 
Arctic  Bibliography 21297: Ifcounts of waterfowl made 

i n  1934 (by Porsi ld)  and June - August  1947 (by the  author) 
show only  about  half as many b i rds   in   the   recent  as i n   t h e  
e a r l i e r   y e a r .  Some f i e ld   no te s  on 17  species ,   descr ipt ion 

of   the  del ta  as hab i t a t  and discussion on the   dec l ine   i n  

waterfowl  are  presented 
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254. MERSHIN, A.P .  1970. Manual f o r  using aerial photographs i n  s o i l  
mapping U.S. Amy Materiel Commond. Foreign  Science  and 
Technology  Centre,  Tech.  Transl. FSTC-HT-23-732-68. 52 p.  
AD-708-787 

From: U . S .  A r m y  Cold Regions Eng. Lab. (CRREL) 
Rep. $2. 25(1)  1971. CRREL 25-2554. [Russian  entry  indexed 

under CRREL 23-1157). 
fDiscusses  the  use of aerial photography i n  the mapp- 

ing  of soils. Much a t t e n t i o n  is given   to   the  methods of i n t e r -  
p r e t i n g   s o i l s  by t h e i r   d i s t i n c t i v e   c h a r a c t e r i s t i c s   i n   v a r i o u s  
zones  and provinces,  The authors   a lso  point  out that t he  

appl ica t ion  of aeromethods  in  the  practice of large-scale  s o i l  
mapping i n  the Soviet  Union  and abroad  indicates  that the use 

of materials from aerial  survey  increases  considerably  the 

accuracy of soil mapping, reduces  the volume of t h e   f i e l d  

work, cu t s  down i ts  cost and increases   the   p rac t ica l   va lue  of 
s o i  1 maps. " 

255. MICHURIN, L . N .  1967. Wild reindeer  and the  economy of the far 
nor th .  Problems of the  North. 1l:lll-123. (Transl.  from 

Russian by Nat. Res. Counc. Can. 1968.) 
Discussion i n  t h i s  paper focuses on r e l a t ionsh ips  of 

wild  reindeer  with humans, domestic  lands,  wolves, methods of 
cap ture ,   e tc .  

256. MOSS, E.H. 1953. Marsh and bog vegeta t ion   in  N.W. Alberta.  Can 
J. Bot.  31~448-470. 

Author 's   abstract :  Vwamp, marsh, wet meadow, s a l i n e  

meadow, DrepmocZadus bog and Sphagnwn bog are character ized,  
and re la ted   aquat ic   vege ta t ion  is descr ibed   br ie f ly .  There is 
a succession from different   kinds of swamp and  marsh,  through 
wet meadow, t o  Agropyron-Carex grassland and to   var ious  wooded 
communities, and a l s o  of marsh,  through Drepanockdus-Carex 
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bog t o  hrix Zaricina assoc ia t ion .  The main bog sere of the  
region i s  i n i t i a t e d  by some kind  of  aquatic o r  marsh phase 

and passes  through Sphagnum bog s t a g e s   t o  bog f o r e s t  (Picea 
mariana) climax. Ecological  aspects  of Sphapwn species  are 
cons idered   in   re la t ion  t o  succession and a regeneration  cycle.  
Retrogression  caused by burning is described for marshes, bogs, 
and bog f o r e s t s .  Many bogs i n  the   nor thern   par t  of the  region 
have  large mounds and r idges   t ha t   r e t a in   f rozen   pea t  below 
the surface  mantle during t h e  summer. The s igni f icance  of 
these  permafrost   areas i s  discussed."  There is l i t t l e  or no 

information on so i l s   i nc luded   i n  t h i s  paper. 
T h e   r e l a t i v e   e f f e c t s  of burning per se, level  of 

water tab le ,   dess ica t ion   th rough  lack   of   t ree   cover ,   ava i l -  
a b i l i t y  of t r ee   s eed ,  e t c . ,  in   maintaining  this   kind of  open 

bog is  d i f f i c u l t  t o  determine.  Tree damage  by r abb i t s   a l so  
makes f o r   t h e  open  bog conditions.1t  

257. MONLUX, A.W., R.J. SCHOEPPEL, C.C.  PEARSON, and G.R. WALLER, 1971. 

The e f f e c t s  of o i l   f i e l d   p o l l u t a n t s  on vegetat ion and farm 
animals. J .  h e r .  Vet. Med. Ass.  158:1379-1390. 

Biological   abstracts  52:93326, 1971:  "Disease pro- 
blems in   l ives tock   exposed   to   o i l f ie ld   po l lu tan ts   a re   no t  
d i f f i c u l t  t o  de l inea te .   In  the  pas t ,   o i l f i e ld   p roduc t ion  
practices  generally  contaminated large surface areas; cur ren t  
methods  allow for  more e f f i c i e n t  management by concentrating 
v a r i o u s   o i l f i e l d   a c t i v i t i e s .  Though the   re lease  of water 
containing  moderately  high  concentrations  of  salt   onto  grazing 

lands  adjacent  to  production  causes  spectacular damage t o  
vegetat ion,   the  same water when ingested  by  l ivestock  usual ly  

will not  produce  clinical   disease.   Ingestion of c rude   o i l  
and lead   f requent ly   resu l t s   in   dea th .  The o r ig in  of crude 

o i l   p o l l u t i o n  is usua l ly   ea s i ly   e s t ab l i shed ,   bu t   d i f f i cu l ty  
may be  encountered in  f inding  an  exact  source of contamina- 
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t i o n  by lead.  Proper  precautions  can  be  taken t o  minimize 

the  l ikelihood of a l l   t ypes  of pol lut ion."  

258 .  MOZLEY, A.  1937.  Frozen  ground in   the   subarc t ic   reg ion  and its 
biological   s ignif icance.   Scot t ish Geogr. Mag. 53:266 

"Page 269- c i t e s  Gadow,  who belives  amphibians can- 
not   l ive   nor th  of the O°C of mean annual air  temperature 
because of underlying  permafrost" Quoted by PBwg C1957). 

259. MOZESON, D . L . ,  and N.A. UTENKOV. 1958. The extent  of our know- 
ledge of t he  physical  geography of the  northeastern USSR and 
the  problems of future   research.  Problems of  t h e  North 
2:89-1i5.  (Transl. from Russian by Nat. Res. Counc. Can. 
1961 .) 

The extent  of knowledge of the  area east of the 

Lena River is limited.  Information is presented on the  
c l imate ,   r ivers ,   so i l s ,   fauna  and flora. Much of the area  

is a vas t  lowland a l l   bu t   imposs ib le   in   the  summer. A 

large  bibliography is included. 

260. MULLER, S.W. 1947. Permafrost or permanently  frozen ground  and 
related  engineering  problems. J.W. Edwards, Inc. Ann Arbor, 

Michigan. 231 p ,  
A basic   reference f o r  engineers. 
On the  subject  of thermokarst  the  author  ,indicates: 

" the   r e l a t ive   i n t ens i ty  of its processes  depends on several  
fac tors  of which the  most important are:  

1)  Composition of t h e  ground. Ground tha t   conta ins  a consi- 
derable amount or   en t i re ly   cons is t s  of carbonate, gypsum, 
anhydri te ,   rocksal t ,  and i c e  is espec ia l ly   suscept ib le   to  
the  thermokarst  processes. 
2) St ruc tu ra l   r e l a t ions  of ground t h a t  is suscep t ib l e   t o  

the thermokarst  processes. 

3) Climatic factolis. 
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4) Hydrologic and hydrogeologic   factors   (c i rculat ion and 
regime of  surface and ground-waters and t h e i r  mutual r e l a t i o n s ) .  

5) Condition of t h e   s o i l .  
6) Geomorphic f a c t o r s .  
7) Human a c t i v i t y  I 

261. NATIONAL RESEARCH COUNCIL, Div.  Build. Res. September  1971. List 

of publ icat ions on Permafrost and Building  in  the  North memeo. 

n .   p .  

This  annotated l i s t  contains  t i t les  of  research and 
technical  papers and books as well as technica l   t rans la t ions .  

262. NEISHTADT, M.I. and M . N .  NIKONOV. 1958. The peat   deposi ts   of   the  

Yakut, ASSR. Problems of the  North 2:131-159. (Transl.  from 
Russian by Nat. Res. Counc. Can. 1961.) 

This  paper  gives a very  detai led  descr ipt ion  (vegeta-  
t i on ,   s t r a t i f i ca t ion ,   a sh   con ten t ,   e t c . )  of the  upland and 
lowland  peat  deposits  of  this area. The i n t e r e s t  is r e l a t e d  

mainly t o  the i r   po ten t i a l   u se  for  a g r i c u l t u r e   o r   f o r   f u e l .  

Two inferences are interesting:  1)  In  Central   Yakut,  ASSR, 

there   are   a lmost  no peat  bogs due,  apparently, t o  extreme 
dryness,   but %any boggy areas  are now being  formed,  apparent- 

l y  as a r e s u l t  of the  disappearance of permafrost   in  these 
regions."  2) In  an area on the  Ukulan-Aldan  highway, a bog 
has  apparently  been  recently  burned  over "as is indicated by 

presence of charred stumps ... and considerable   quant i t ies  
of Mmchantia potymrpha. 

263. NORTHWEST PROJECT STUDY GROUP. 1971. Description of A c t i v i t i e s  

Paper  prepared  for  the  meeting  between  government  representa- 

t i v e s  and  industry  study  groups. 
The vegeta t ion   res tora t ion  project is out l ined .  
The   vege ta t ion   research  program is being  viewed 

i n  two phases. The first phase is a temporary  vegetative 
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cover t o  r e t a i n   s u r f a c e   s t a b i l i t y  and retard  thermal  degrada- 

t i o n  due to   the  dis turbance  caused by pipel ine  construct ion 
a c t i v i t i e s .  The second  phase is the  re invasion  of   the  natur-  
a l ly   occur r ing   spec ies   to   re -es tab l i sh   the   former   p lan t  

community. Studies  have  been  completed  examining seismic l i n e s  
where t h e   w g e t a t i o n  was cleared some years  ago,  Observations 

were made of the  plants  belonging t o  the  former  black  spruce - 
muskeg community t h a t  have  survived  the  clearing of t h e   l i n e  

and the growth response of the  plants   recorded  in  the severely 
a l t e r e d   h a b i t a t .  A t  the  test  s i te ,  observations were made 

before and after construct ion of the  cold  and  cycling  loops 
t o  a sce r t a in   t he  amount of damage t o  the tundra  occasioned 
by construct ion on a winter road  surface.  

??Four of the   bur ied   p ipe l ine   sec t ions  at  the  Test 
F a c i l i t y  were seeded  with  eighteen  species of grasses .  Differ- 
e n t   f e r t i l i z e r  rates were app l i ed   i n   t he  test  p l o t s  and compar- 
a t i v e  measurements  have  been  recorded  during  the summer. Three 
of the  cr i t ical  areas being  invest igated are d ry   r i dges ,   r i ve r  
banks  and s ide   s lopes .  These p l an t s  are being  considered as 

i n i t i a l   b ind ing   agen t s .   Spec i f i c  cri t ical  areas have  been 

seeded  with  wil low  and  a lder   cut t ings  to   es tabl ish  shrub  cover  
to   bind  the  deeper   soi ls  on these cr i t ical  slopes.  Various 
types of native  grass  seeds  have  been  used  to  evaluate  the 
effect iveness  of these   spec ies ,  They are considered  to  be 
most va luable   in   tha t   they   requi re  less nu t r i en t s  and  have 
a natural persis tence.? '  

264. NORTHHfEST PROJECT STUDY GROUP. 1971. Arctic Test Facil i ty.  n.p. 

A brochur-utlines  the fac i l i t i es  of the  Arctic 
Test F a c i l i t y  a t  Mountain River and the  research  being con- 
ducted  there.  

265. NORTHWEST PROJECT STUDY GROUP. 1971.  Research  and  Feasibility 

Study Summary Status  Reports.  Dates issued March 1 April  30, 
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Ju ly  30, S e p t .  30. 

These r epor t s  are prepared  per iodical ly  t o  ind ica te  
t h e   s t a t u s  of the  research programmes. Outlines of proposed 
research,   and  inter im  resul ts   are   presented.  

The  Summary Status  Report of  September 30 contains 

some r e s u l t s  of the  summer f i e ld   i nves t iga t ions .  Under 
'Environmental  Studies  information is included on the  movements 
of the  Porcupine  Caribou  herd  during  northward  and  southward 
migrations,  and calving estimates (50 calves  per 100 cows) fo r  

1971.  Beaver and muskrat  populations as well as fox  denning 

sites, and g r i z z l y   b e a r   a c t i v i t i e s  were  surveyed. - "A much 
c lose r   r e l a t ionsh ip  between the  bears  and  caribou  than was 
previously assumed [is indicated],  Although  only two suspected 

g r i z z l y   k i l l s  have  been  observed,  the  bears  are  often  observed 
to   feed on wolf k i l l s  ... 

Tomparative  trapping of small animals on dis turbed 
and undisturbed sites has  been  cqnpleted.  This  survey,  to 

determine i f  there  was a s h i f t  i n  the  rodent  population and 
hence  food  supply of carnivorous fur bearers ,   indicated no 

s igni f icant .   d i f fe rence   in   popula t ion   d i s t r ibu t ion1 ' .  
Fish  populat ion  surveys,   wi th   par t icular   a t tent ion 

t o   t h e  Arctic grayl ing,  are endeavouring  l1to  determine  the 
seasonal   d i s t r ibu t ion  and population size as r e l a t e d   t o  
p ipe l ine   ac t iv i tyqq .  A similar survey of the  bird  populat ion,  

w i th   spec i f i c   r e f e rence   t o  the rap tor ia l   spec ies   has  been 

completed. 
In   the Summary Status   Report   for   July 30, The 

Vegetation  Restoration  project  was outl ined:  
!!Four of the  buried  pipel ine  s t ructures   the  [Arct ic]  

test  f a c i l i t y  were seeded  with  eighteen  species of grasses .  
A l l  species  germinated and s i x  t o  e ight  of the  species   appear  

t o  be doing  very  well.  Three of t he   c r i t i ca l   a r eas   be ing  
evaluated are d ry   r i dges ,   r i ve r  banks and s ide   s lopes .  These 
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p lan t s  are being  considered for  use as in i t i a l   b ind ing   agen t s .  
Work on the  seeding was performed by ARC0 chemicals of 
Fairbanks Alaska. Four more species   are   being  planted on 
inac t ive  test  sections,  seismic  washouts  and  other  problem 

areas  t o  de te rmine   the i r   va lue   in  the in i t ia l   germina t ion  

per iod.   Specif ic  cr i t ical  areas are being  prepared f a r  the  

plant ing of willow  and a lder   cu t t ings   to   es tab l i sh   shrub   cover  
t o  bind  deeper   soi ls  on these   c r i t i ca l   s lopes .   Var ious  

types of native  grass  seeds  have been  used to   eva lua te   the  
e f f e c t s  of these  species .  They are considered  to  be most 
va luable   in   tha t   they   requi re  less nu t r i en t s  and a l s o  have 
natural   persistanceI1.  

The September 30 Summary Status  Report,  mentions 
that l tevaluation of growth r a t e  and  response of grass species  

seeded on buried  pipel ine  sect ions at the Arctic Test S i t e  
has  been  completed ... Continuous  monitoring of t he  effect 
of the  introduct ion of exot ic   species   into  northern  plant  
communities is being  performed.t1 Work on the na t ive  

CaZmagrostis amadensis is also  being  done. 

266. PARMELEE, D. F., H.A. STEPHENS AND R . H .  SCHMIDT. 1967. The b i r d s  
of south-eastern  Victor ia   Is land and adjacent  small i s l ands .  
Nat. Mus, Can. Bull .  222.  229 p.  

A ful l   account  of t he   b i rd   co l l ec t ions  of the 1960 

and 1962 f ie ld   seasons  based at' Cambridge Bay and 1966 a t  
Jenny  Lind  Island. A general   introduction  includes  information 

on nes t ing   hab i t a t s  and climate.  

267. PALMER, L.J. and C.H. ROUSE. 1945.  Study of the  Alaska  tundra  with 
reference t o  its r eac t ions   t o   r e indee r  and other   grazing.  U.S. 

Fish. Wild, S e w .  Res. R e p .  10. 48 p.  
This is an  extensive  report ,   covering a period of up 

t o  14 years, on the recovery rates of various types of d i s t u r -  
bance in  tundra  in  Alaska.   These  types of disturbance were t o  



- 198 - 

simulate  reindeer  disturbance. Permanent  quadrats  were s e t  

up and r e s u l t s  were  always compared t o  untampered s i t e s  or  
na tura l  sites and  exclusion  quadrats. 

"In  the  tundra-lichen  types,  the  range is quick   to  

react t o  any  disturbance. The length of time  required for 
i ts  recovery is d i rec t ly   p ropor t iona l   to   the   degree  of 
disturbance.  Trampling  has a grea te r  damaging e f f ec t  upon 

lichens  than  has  grazing or even the  removal of the   p lan t  
cover.  Disturbance of the  l ichen  cover on a moist s i t e  is 
followed by an  almost  immediate  invasion of vascular   plants ,  

chief of which is  cotton-sedge ( E ~ 4 o p h o m ) .  The rate of 
invasion is i n   d i r e c t   p r o p o r t i o n   t o   t h e  amount of disturbance. 
On dry si tes,  the  reduction of  lichens  through  grazing is  
followed by an  accelerated  growth of shrubs. The recovery 

of l ichens is more rap id  on dry,  than on moist, s i t e s .  .. 
"In  the  tundra-sedge  type,  even  moderate  grazing 

tends t o  re ta rd   the   vege ta t ion  of denuded or  badly  depleted 
areas on t h e   d r i e r  si tes.  Summer grazing  reduces  the  quantity 

of sedges  and  permits  increased  growth of browse species .  On 

mois t   s i t e s ,  however, the  vegetat ion  readi ly   recovers  after 
denudation of an  area,  an  almost  pure  stand of Carex coming 
i n  first. Under protec t ion ,   the   dens i ty  of cover  increases 
and an  invasion of grasses  seems t o  follow. One season 

without  protection was s u f f i c i e n t   t o  undo the  progress of 
four years and render  the area subs t an t i a l ly  as it was when 

the   s tud ie s  were s t a r t e d  ... 
T h e  grass-browse  type w i l l  bear  heavy  grazing. 

Following  denudation of a p lo t   the   recovery   to   g rass  is 

rap id  . . 
'The heath  type i s  unstable.  After  denudation of 

an area t h e   i n i t i a l   i n v a d e r s  were mosses and Equisetum. 
Opening of the  stand  allows  an  increase  in weeds. The shrubs 

recover  slowly ... 



- 199 - 

"In  the  lichen browse type,  recovery i s  rapid  under 
a light  cropping  but  slow  under  heavy  grazing. On th i s   t ype  

open herding  should  be  practiced and the  range  should  not  be 

used  during  the summer and ea r ly  f a l l  when the  l ichens are 
dry  and b r i t t l e  and  thus  easily  destroyed by trampling ., , 

l'Opening of t he  woodland moss stand  allows  competi- 

t i o n  of the mosses  with  the  l ichens.   In  this  type,   recovery 

af ter   over-grazing i s  slow  but a recovered  stand  contains a 
large  proport ion of l i chens .  

"In the  alpine-dryas  type,   recovery  after  denudation 

of an area is slow.  Invasion is  by DryaB, weeds, Carex, blue- 

grass ,  and l ichens ... 
"On over-grazed  browse-lichen  tundra,  the  browse 

spec ies   a re   the  most aggressive  in  recovery,  followed by 
l ichens.  It  is indicated that complete  recovery would requi re  

probably 25 years o r  more,  Substantial  recovery was noted 
on over-grazed sedge-weed tundra  [moist s i te]  in   four   years .  

'Very  slow  recovery  occurred on denuded  browse-grass 

tundra  [dry  si te]  during a four-year  period.  Invasion  by 
grasses  and  sedges was most a c t i v e .  

"Further  study of the  complex nature  of the  Alaska 
tundra i s  needed. The climax  association of the  Arctic 
tundra,   ordinar i ly   given as CZadonia-Carex, is  not   read i ly  
ver i f iable ,   the   present   cover   being  unstable ,   a l though this 
may be  due,   in  part ,   to  grazing.  Disturbance by grazing and 

f i r e ,  accompanied  perhaps  by climatic changes,  has  resulted 
i n  a general   confusion  in  the  plant  mixture  and  occupation. 

The removal or   deplet ion of the  insulat ing  plant   cover   a l lows 

t h e   t o p s o i l   t o  t h a w  to   g rea te r   depths  and opens the surface 

to   drainage,   This ,  no doub t ,   con t r ibu te s   l a rge ly   t o   a l t e r a -  
t i o n  of s i t e  conditions and causes  further  vegetative  changes.  

The advance of tree growth on the  tundra  indicates  that t h e  
formation is as yet   uns tab i l ized .  
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T h e  wet tundra seems less s tab le   than  the dry 
tundra.  On both,   the  recovery of l ichens from grazing or 
f i re  in ju ry  i s  slow,  whereas  the  invasion and re-establ ish-  

ment of vascular   p lan ts   a re   rap id .  A depleted  lichen  range 
under  complete  protection  requires from 20 t o  40 years for 

r e s to ra t ion   t o   t he   o r ig ina l   dens i ty  and  height  growth. 
Moderate  grazing  by  open  herding  and  rotational  use,  however, 

will permit   sustained  ut i l izat ion of undamaged tundra  range , .. 
llThe vegetative  types  considered  are of beach-transi-  

t i o n ,  sand dune and sand s p i t ,  grass-browse, wet and  dry 

tundra  (including  sedge),  lichen,  heath,  woodland,  and 
a lp ine  ... Moderate u t i l i z a t i o n  of the  beach-transit ion,   sand 

dune,  and  coast-sand sp i t   types   t end  t o  s tab i l ize   the   cover  

t o  a composition of grasses  and  weeds.  Such  cover  produces 
more platable   spr ing  and summer forage than  do  the browse- 
l i chen  and browse-moss assoc ia t ions  of the  adjoining  tundra.  

Over-grazing  opens  the  stand t o  an  invasion of mosses, 

reduces  the  quant i ty  of forage,   and  exposes   the  soi l   to  

erosion by wind and r a in . "  

268. PEAKER, J.P. 1968. Report  on the   fo re s t   cond i t ions   i n   t he  Upper 

Liard  River area, Yukon Territory, Can. Dep. For. Rural 

Develop., For. Manage, Inst .   Surv.  Rep. 6 .  9 p.  plus  appendices. 
This report   contains  information on the   fo re s t  trees 

which are of possible  importance on the  Upper Liard  River. 
Most important is white  spruce,  Maps of the  forest   inventory 

are included. 

269. PEGAU, R . E .  1968. Growth r a t e s  of important  reindeer forage l i ch-  
ens on the Seward Peninsula,  Alaska. Arctic 21:255-259. 

Three species ,  CZadonia atpestris,  C. rungiferinu 
and C. sytuatica were investigated.  Their  average  growth 
r a t e s  were higher  than  in  Northern Canada and some areas  of 

the USSR. 
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Author 's   abstract :  "The average  annual  l inear 
r a t e s  of  growth of Cladonia alpestris.  C. rangiferian, and 
C. syZvatica on the Seward Peninsula , Alaska,  were  determined 

t o  be 5.0 ,  5.3, and 5.4 mm. respectively.  These  averages 
are   higher   than  those o f  northern Canada  and some areas i n  

the U&R. CZadonia rangiferina reaches  the  podetium  Ltfstalkf1] 
renewal  period  in 5.9 years which is almost half the  time 

required by the   o ther  two species." 

- Notes:  ''Since C. rangiferina matures ea r l i e r   t han  
the  other  two species  ... grazing on ranges  in  which it pre- 

dominates  should  be  rotated more o f t en   t o   ob ta in  maximum 
u t i l i z a t i o n ,  If a range  land  with  mature  lichens i s  not 
grazed,  the  production of  l ichens will accumulate as peat  
and i ts  potent ia l   use  as forage ... w i l l  be l o s t .  Andreev 
(1954), recommended proper  grazing of l ichen   pas tures   ra ther  
than  the  use of chemical  st imulants  to  get   the maximum 
growth. He suggests   rotat ing pastures so that reindeer   only 

graze the   top   th i rd  of the   l i chens ,  as complete  restoration 
of the  lichen  crop  under  these  conditions  occurs.  within 
3 - 5 years ,  

PEGAU, R . E .  1970.  Succession i n  two enclosures  near  Unalakleet 
Alaska, Can, Field.  Natur. 84:175-177. 

Author 's   abstract :  T w o  exclosures   es tabl ished 

during  the 1920's Iby Palmer and o thers ,  see #2671 .were 
re-examined i n  1965.  In  the dwarf shrub-lichen  type browse 

species  suppressed  recovery of l ichens.   Full   recovery of 

l ichens had not  occurred  within 33 years .   In   several   d is-  

turbed  quadrats  in  the Dryaa f j e l d  - f i e l d  type, recoverage 

a f t e r  36 years was pr imari ly  from p lan t s  that were already 

es tab l i shed   ra ther   than  from new plan ts . "  

271. P E I P E R ,   R . E .  1963.  Production  and  chemical  composition of Arct ic  
tundra  vegetation and t h e i r   r e l a t i o n   t o   t h e  lemming cycle .  
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Ph.D. d i s s e r t a t i o n ,  Univ. Calif . ,  Berkeley. 95 p .  

272. PERCIN, F. de.  1960.  Microclimatology of a Subarct ic   spruce  forest  

and a c lear ing  a t  Big Delta,  Alaska. U.S. Army, Quartermaster 
Res. Eng, Centre,  Environ.  Protect.  Res.  Div.  Natick, Mass. 

Tech. Rep. E.P.-130.  162 p.  
Two areas   adjacent  t o  each  other a t  Fort  Greely, 

Alaska,  were  instrumented t o  point  up differences  in   micro-  

climate between forested and cleared  areas   in   June and 

December 

273. PEREZ-LLANO, G.A. 1944.  Lichens, t he i r   b io log ica l  and  economic 
significance.   Bot.  Rev. 1O:l-65. 

An extensive  review on a l l  aspects  of  lichenology 
up t o  1942.  Contains a large  bibliography. 

274. PERSSON, 8. 1964 The vegetation a t  t he  margin of the  receding 

g lac ie r   Skaf ta fe l l s jokul l ,   Southeas te rn   Ice land .  Bot. Notiser.  
117~323-354. 

This paper gives an  out l ine of plant  succession over 
a period of about 60 years  following  glacier  recession.  There 
are comparisons  with similar work by other  Scandinavians  and 

Europeans.  Information i s  presented on t h e   r a t e  of coloni- 
zation  and  species lists are included.  Apparently  permafrost 

is absen t   i n   t h i s   a r ea .  

275. PEWE, T.L. 1948.  Terrain and permafrost,  Galena area, Alaska. 
U.S. Geol.  Sum. Permafrost Program Rep. 7. 

Contains a discussion  of  permafrost and vegetation 

on the  f lood  plain of t h e  Yukon River. 

276. PEWE, T . L .  1957.  Permafrost and i t s  effect on l i f e   i n   t h e   n o r t h .  

Arctic Biol. H.P. Hansen, ed.  18th  Biol.  Colloq., Oregon S t a t e  
Coll.  p.  12-25. 
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A general  account of permafrost   in   the  north,  
particularly  around  Fairbanks.   Includes  thermokarst   features.  
Extensive  bibliography. 

"A well-defined  boundary  between two vegetat ion 

types  general ly  l i es  near the boundary-between  slopes  underlain 

by permafrost and permafrost-free  slopes.  The boundary  between 

black  spruce  scrub  forest  on permafrost  areas and white  spruce- 
birch-aspen  forest  on permafrost   free  slopes i s  d i s t i n c t  and 
readily  recognized.  Generally,   permafrost ,  with or  without  ice 

masses,  extends a short   distance  upslope  past   the  l ine  marking 

the  border between these  two types of vegetat ion ... 
Wuch of the  f loodplain  vegetat ion is influenced by 

permafrost. Cottonwood, white  spruce,   birch and t a l l  willows 
grow  where depth  to  permafrost is 4 f e e t  or more e spec ia l ly  
on the s l ip -o f f   s ide  of streams  and on the bars of bar  and 
swale  topography.  Stunted  black  spruce  and  larch grow i n   p a r t s  
where depth  to  permafrost  is less   than 4 feet .  Where the  
permafrost is within  18  in .  of the surface,  the ground i s  wet 
and treeless, but  supports a shrub  growth of alder,  dwarf 

birch,  Labrador  tea,  blueberry,  cranberry and th i ck  moss and 
lichen  cover . . . 

The vegetation  cover is inst rumental   in   preserving 

permafrost;  removal of th i s   cover   permi ts   the   perennia l ly  

frozen ground t o  thaw and in  many instances ,   eventual ly  t o  
disappear ... 

llPermafrost may exer t  some d is t inc t   in f luence  upon 
t h e   d i s t r i b u t i o n  of amphibians. Mozley  (1937) cites Gadou who 

believes  amphibians  cannot  l ive  north of the O°C of mean 

annual a i r  temperature  because of the underlying  permafrost. 
Studies  i n  Alaska by Hoch (19561 show the frog i s  found i n  

many par t s  of  permafrost areas of cen t r a l  and southern Alaska, 
but is has not been reported  north of t he  Brooks Range." 
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277. PEW, T .L .  (ed.)  1969. The Periglacial  environment:  past and 
present,  Montreal,  McGill-Queen's Univ. Press .  487 p .  

Contains  papers on var ious  aspects  of processes and 

features  in  the  present  periglacial   environment as well  as 
l f f o s s i l l l  forms now found in  the  temperate  environment There 
is l i t t l e  information on vegetation as r e l a t e d   t o   t h e   f e a t u r e s .  

278. PEWE, T.L. 1970.  Permafrost and Vegetation on flood-plains of 
subarct ic   r ivers   (Alaska)  : a summary. Ecology  of  the  subarctic 
Regions : 1. Ecology and Conservation.  Helsinki Symp, Proc. 

1966. UNESCO. p .  141-142. 
Summary: "Flood plains   of  major r ive r s   i n   t he   sub -  

arctic can be divided in to  severa l   c lear ly  marked phases  based 
on drainage  pat terns  and d i s t r i b u t i o n  of  vegetat ion.  Each phase 
i s  a distinct  temporary  appearance  of  the  surface  features pro- 
duced by a meandering stream dur ing   la te ra l   p lan ta t ion  of the  

Val ley.  
vegetat ion i s  qu i t e   d i s t i nc t ive   i n   each   phase  of 

the  f lood  plain  because of d i f fe rences   in   d ra inage  - i n  a la rge  
part d ic t a t ed  by the presence of ,  and depth t o ,  t he  top of the  
permafrost. The permafrost   table   gradual ly   r ises   in   the  younger  

to   the  older   phases  of the  f lood  plain  because on the   o lder   sur -  

faces ,   the  mosses a re   be t t e r   e s t ab l i shed  and th i cke r ,  and act  as 

b e t t e r   i n s u l a t i o n ,  The oldest   f lood  plain  surfaces   have  the 
highest  permafrost  table  because of the   t h i ck ,   p ro t ec t ive  moss 
carpet  

I I A t  least four phases, can be recognized on major 

f lood   p la ins :  a) Linear   Phase  ( the  youngest) ,   d is t inct   l inear  
lakes, p a r a l l e l   t o   t h e   r i v e r ,  no integrat ion  of   drainage,  large 

deciduous  trees,  permafrost absent or  low,  no large  masses of 
ground i ce ;  b) Advanced Linear   Phase,   d is t inct   l inear   lakes ,  

some segmentation, large coni fe rous   t rees ,   s l igh t ly   h igher  

permafrost   table,  no large  masses of ground i c e ;  c) Coalescent 
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Phase,   coalescing  l inear lakes, general ly  at an  angle t o  t h e  

r ive r ,   con i f e rous   t r ee s ,  some tundra,   h igh  permafrost   table ,  

and  no la rge  masses of ground i c e ;  d) Scalloped  Phase  (the 
oldest) ,   i r regular ly   shaped  lakes   with  scal loped  borders ,  

in tegra ted   d ra inage ,   s tun ted   coni fe rous   t rees ,  much tundra,  
very  high  permafrost  table, and much ground ice". 
Note:  Drury  (1956) uses t h i s   c l a s s i f i c a t i o n .  

279. PIHLAINEN, J . A . ,  R . J . E .  BROWN and R.F. LEGGET. 1956.  Pingo i n  

the  Mackenzie Delta, N . W . T .  Geol. SOC,  Am. Bull.  67:119-1122. 

A general  reconnaissance  survey of a pingo is 
described. Two tes t  borings  were  dr i l led,  one i n   t h e   c r a t e r ,  
the   o ther  i n  the  outer  edge. The pingo was partly vegetated - 
p a r t i c u l a r l y   i n   t h e  four  guts - with a dense  thicket of willow 

and some a lde r  on t h e   e a s t   s i d e ;   t h i s   i n   c o n t r a s t   t o   t h e  

surrounding  vegetation of mosses and low grasses .  "Parts of 
a l l  slopes [of the  pingo]  especially a t  the  tops were devoid 
of vegetation". 

280. PIHLAINEN, J . A .  and G.H. JOHNSTON. 1963.  Guide t o  a f i e ld   desc r ip -  
of permafrost, Nat. Res. Counc. Can., Ass. Comm. So i l  Snow 
Mech. Tech. Memo. 79. 21 p. 

A guide f o r  engineers   to   the   descr ip t ion  of t he  ice 
phase  in   perennial ly   f rozen  mater ia ls .  

281. PITELKA, F.A.  1957. Some c h a r a c t e r i s t i c s  of microt ine  cycles   in  
the  Arctic.   Arctic  Biology H.P. Hansen,  ed.  18th  Biol.  Colloq. 
Oregon Sta te   Col l .  p .  153-184. 

A detai led  review of the  Alaska work on  lemming and 
o ther   micro t ine   cyc les   in   the  area. Detai ls  of microtine - 
vegetat ion - predator - large  grazing mammals - bird i n t e r r e -  
la t ionships  are given. 

"Evidence on va r i a t ion  and complexity of tundra 
p l an t  communities, and i n   p a r t i c u l a r  on the  gradient  of 
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change from the  Arctic  Coast  interiorward of i t s e l f   s u g g e s t s  

that   populat ional  phenonema easily  observed  near  the  coast  

may not  be  manifest on the  zonal  scale ... 
Yircumstances  in  northern  Alaska  along  the  coast 

proper which  promote a s t rong   cyc l ic   in te rac t ion  between 
herbivore and vegetation are the  fol lowing:   1)   the   prevai l -  

ing low f l a t  t e r r a i n  is a l s o   r e l a t i v e l y  f l a t  microtopographi- 
c a l l y  - i n   t h i s   r e s p e c t  it cont ras t s   wi th   in te r ior  tundra; 
2) the   vegetat ion  coastal ly  is shor t e r  and more herbaceous 

than it is in   t he   i n t e r io r ,   cons i s t ing   p r imar i ly  of  grasses  

and sedges; 3) only one species  of herbivore i s  important 
coas t a l ly  - the  brown lemming ,.. 

IITh.e cyc l i c  high i n  Lemmus near Barrow i n  1956 was 

found t o  extend  along  the  coast for about 200 miles and inland 
to   d i s t ances  of 15-50 miles.  There is no ind ica t ion  now t h a t  

a similar cycle  occurs  elsewhere on the  Arctic  Alaskan  slope.11 
The author   considers   that  where more than  one  species 

of herbivore  (microtine) is important  “competition may a c t   t o  
depress   their   respect ive  populat ions and  hence t o  depress   l ike-  

lihood of s t rong   f luc tua t ions .1f  

282, PITELKA, F.A.  1970.  Ecological  studies on the  Alaska  Arctic  slope.  
Arctic 22:  333-340 

This  paper  points  out many of the  areas  needing  study 
on the  Alaskan  Arctic  Slope. 

283. POLLAK, R. 1971. O i l  on i ce .  Sierra Club Bull.  56(1):14-19. 

From: U.S. Army Cold  Regions Res. Eng.  Lab. (CRREL) 

Rep. 1 2 .  25(1).  1971. CRREL 25-3502: ItArctic  environment, 

Pipel ines ,  Tundra Terrain,  Permafrost  Preservation.I' 

284. POLUNIN, N. 1934. The vegetation of Akpatok Is land.  Part 1. 

J. E C O l .  223337-395. 
The plant  communities and habi ta t s   a re   descr ibed .  
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Various  sorts of patterned ground are   present  on the  Island 
and are   descr ibed   in   de ta i l .  

285. POLUNIN, N .  1935. The vegetation of Akpatok Island.  Part  11. 

J. E C O l .  23:161-209. 

This  paper  continues a very   fu l l   descr ip t ion  of  the  
communities, hab i t a t s  and species  composition  and a discussion 

of probable  successional  relationships.  Sphagnwn is t o t a l l y  
absent from the   i s land  and there   a re  no r e a l  bogs. 

286. POLUNIN, N .  e t  aZ. 1948.  Botany a t   t h e  Canadian  Eastern Arctic. 
11. Thallophyta and Bryophyta. Nat , Mus. Can. Bull.  97.  573 p.  

A general   in t roduct ion and summary is  given by 
Polunin. The sec t ion  on the  algae  has been  done by R.N. 
Weldent, p.  13-137; on marine  phytoplankton by A ?  Seidenfaden. 

p.  138-177;  on freshwater Diatomeae  by R.  Ross. p. 178-233; 
on fungi by D.H. Linder. p .  234-297; on l ichens by B. Lynge. 
p .  298-369; on mosses  by W.C. S teere .  p.  370-409;  and hepat ics  
by N .  Polunin. p.  491-512. notes  are  presented on each o f  
the  species  recorded,  giving  information on co l l ec t ion ,  
d i s t r i b u t i o n ,  taxonomy, e t c .  

I. 

287. POLUNIN, N .  1948. Botany of the  Canadian  Eastern Arctic. 111. 
Nat. Mus. Can. Bull.  104. 303 p .  

This  paper  gives a very  ful l   account  of vegetation 
i n   t h e  eastern Canadian Arctic,   defined  as  Ellesmere  Island 

south  to  the  western  coast  of Hudson  Bay, northern Quebec and 

the t i p  of Labrador.  This  area i s  divided  into  ten  major 
d i s t r i c t s .  For  each of t h e   d i s t r i c t s   t h e   v e g e t a t i o n  is 
described,  both from information of early  observers and by 
information  obtained  as a r e s u l t  of inves t iga t ions  by t he  

author.  Most of these  observations are i n   t h e  form of 
descr ipt ions of loca l   habi ta t   ra ther  than of vegetation 
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types. Some attempt is made to   def ine   success ions .  No 
infromation is given on permafrost  depths  or on the r e s u l t s  
of s o i l   f r o s t  movements. 

288. POLUNIN, N.  1951. The rea l   a rc t ic :   sugges t ions  f o r  i t s  del imit-  

a t ion,   subdivis ion and charac te r iza t ion .  J. Ecol.  39:308-315. 
A theoretical   paper  concerning  the  subdivision  into 

sec to r s  of t h e   a r c t i c  as well as i n t o   a r c t i c   v e g e t a t i o n a l  

zones.   Characterist ic  species are l i s t e d ,  and c h a r a c t e r i s t i c  

t e r r a i n  is described  in  broad,  general  terms for   each  of the  
vegetational  zones.  

289. POLUNIN, N. 1955, Aspects of  arctic botany. Am. Sci .  43:307-322. 
A paper   deal ing  general ly   with  the  current   s ta tus  of 

a rc t ic   bo tany ,   espec ia l ly   theore t ica l   aspec ts ,  e.g. plant  

geography, taxonomy, f l o r i s t i c s ,  e t c .  

290 POLUNIN, N. 1959.  Circumpolar  Arctic  flora.  Clarendon  Press, 

Oxford. 514 p.  
A comprehensive f l o r a  of the  Arct ic  which contains 

geographical   d is t r ibut ions,   ranges of va r i a t ion ,   hab i t a t  

descr ip t ions  and at least one  drawing of  each  species. 

291. POLININ, N .  1960.  Introduction  to  plant  geography. McGraw-Hi11 
Book Co., Inc.  New York, Toronto, London. 640 p .  

Chapter 8 - Vegetational types of  polar  lands and high. 
a l t i t u d e s  (380-422): A summary of information  collected by 
Polunin  himself and o ther  writers, on the  vegetat ion of these 

areas is presented. He uses   the terms low-arctic,  middle- 

a r c t i c  and high-arctic  within  the  descriptions.   Various 
communities are described and typ ica l   spec ie s   l i s t ed .  Unfor- 

tuna te ly ,  no bibliography is  given. 

292. PORSILD, A.E.  1943.  Birds of t he  Mackenzie Delta. Can. F ie ld  

Natur. 57:19-35. 
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A record of observations on b i r d s  and breeding 

grounds made in various  years from 1927 t o  1935. 

293. PORSILD, A . E .  1943.  Materials for a f l o r a  of  the  cont inental  

N.W.T. of Canada. Sargentia  4:l-79. 
This i s  an  annotated l ist  of species  for p a r t  of 

the  Northwest  Terri tories,  

294. PORSILD, A . E .  1945. The a lp ine   f l o ra  of the   eas t   s lope  of Mackenzie 

Mountains, N.W.T. Nat. Mus. Can. Bull.  101.  Biol.  Ser. 30 .  

35 p. 
This   report   contains  a br i e f   desc r ip t ion  of areas 

adjacent   to   the  Canol pipel ine  over   the  eastern  par t  of the  
Canol Road from  MacMillan Pass t o  the  Mackenzie River.  Vegeta- 
t ion  types  are   descr ibed and an  annotated  species list is  
appended. 

295. PORSILD, A.E.  1951.  Botany of southeastern Yukon adjacent   to  
the  Canol Road. Nat. Mus. Can. Bull. 121 .  400 p.  

An extensive  descr ipt ion of p l an t  communities  and 

vegetation  types of the  Canol Road. Includes discussions 
on soi ls   permafrost   d is t r ibut ion,   succession af ter  f i r e ,  

e t c .  An extensive  annotated  catalogue of t h e   f l o r a  of t he  
Yukon is included. 

296. PORSILD, A.E. 1951.  Plant l i f e  i n   t h e  arctic.  Can. Geogr. J .  
42:121-145. 

A general   discussion of p l an t s  and  communities of 
t he  Arctic. This  paper  includes a c l a s s i f i c a t i o n  and descr ip-  

t i o n s  of the  plant  communities. A theore t ica l   d i scuss ion  o f  
the  problems of Arctic  botany is  presented - mainly  on  migra- 
t i on   pa t t e rns   s ince  Wisconsin g lac ia t ion ,   l ack  of endemism, 

e t c .  It is w e l l   i l l u s t r a t e d .  
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297. PORSILD, A.E.  1964. I l l u s t r a t e d   f l o r a  of the  Canadian Arctic 
Archipelago. 2nd ed.   revised,  Nat. Mus. Can. Bull. 146. 218 p. 

A manual of the  340 vascular   plant   species  as present ly  
horn .  from the  Canadian  Arctic  Archipelago,  Notes  and  distribu- 
t i o n  mpas are included. An introductory  section  covers  physio- 

graphy,   soi ls  and hab i t a t s .  

298. PORSILD, A.D. 1966. Contributions t o  the flora of southwestern 
Yukon Terr i tory.   Contr ib .  t o  Bot. 4:l-85. Nat. Mus. Can. 

Bull 216. 

This  paper is primari ly  a repor t  of s ign i f i can t  
additions  or  range  extensions t o  t he   vascu la r   f l o ra  a t  
S.W. Yukon, Ecological  notes and  taxonomic s t a t u s  of some 
c r i t i c a l  or l i t t le-known  species  are  included. 

299. PORSILD, A.E. and W.J. CODY. 1968,  Checklist of the   vascular   p lan ts  

of cont inental  N.W.T., Canada. Can. Dep. Agr.,  Plant Res. I n s t .  

Ottawa. 102 p. 
This checkl i s t  for t he  Northwest Te r r i t o r i e s   con ta ins  

information from a l l  pertinent  publications,  mainly  since  1947. 
I t  is  the   prel iminary step in   the   o rganiza t ion  of the  manual 

of  the vascular   f lo ra .  

300. POTZGER, J . E .  and A. COURTEMANCHE. 1955.  Permafrost  and some char- 
a c t e r i s t i c s  of  bogs and vegetat ion of northern Quebec. Rev. 
Can. Ggogr.  9:109-114. 

This paper  gives  an  abbreviated  description of 
vegetat ion from t h e  a i r  while   f lying a t ransect   through 

northern Quebec for the  purpose of locat ing bogs for pollen 
ana lys i s  

301. PRICE, L.W. 1969. The col lapse of s o l i f l u c t i o n  lobes as a fac to r  
in   vege ta t ing   b lockf ie lds .   Arc t ic  22:395-402. 

Author 's   abstract :  "The development of s o i l  and 



- 211 - 

vegetat ion  in   blockfields   through normal processes is very 

slow. I t  is su rp r i s ing ,   t he re fo re ,   t o   f i nd   i n   t he  Ruby 

Mountains of southwest Yukon Territory,   tongues and i s lands  

of  vegetation  occurring  amidst  certain  blockfields.  The 

col lapse of so l i f luc t ion   l obes  from upslope is suggested as 

the  mechanism responsible .  The lobes  pass from the  more 

gent le   so l i f luc t ion   s lope  of the   a lb   on to   the   s teeper   s lope  
of the   b lockf ie lds  and eventual ly  become unable  to  maintain 

themselves  because  of:  steeper  slope,  change  in  composition 

of  vegetation and deeper   act ive  layer .  Once the  lobes do 
col lapse ,   they  flow downslope carrying  with them  clumps 
of vegetat ion,  which may become es tab l i shed  somewhere along 
the  mud-flow channel o r  levee .   In   th i s  way, small outposts  
of vegetat ion are created and speed up a process  which would 
otherwise  take  indeterminately  longer. 

302. PRICE, L.W. 1971.  Vegetation,  microtopography  and  depth of a c t i v e  

layer  on d i f fe ren t   exposures   in   subarc t ic   a lp ine   tundra .  
Ecology 52:638-647, 

From the au tho r ' s   abs t r ac t :  "Pour s lopes of d i f f e r -  
ent  exposures ... but  with similar gradients ,   e levat ions  and 

rock  types were s tud ied   i n   t he  Yukon. h e s c r i p t i o n s  of p lan t  

communities are given.]  Vegetation was best developed on the 
southeast-facing  slope .,. and least on the  north-facing  s lope.  

Sol i f luc t ion   lobes  were present  .,. and t h e i r  development 

largely  followed  that  of 1 the] vegetat ion , . I l i kewise ,  the] 
depth of the  active  layer  generally  corresponded t o  the   p re-  

sence of vegetat ion and  microtopography. [It] was shallowest 

and most va r i ab le  on the  southeast-facing  s lope.   Plant   cover ,  

i n  general ,  was more important  than exposure in determining 
the   depth of thaw 

303. PRUITT, W.O., Jr. 1957.  Observations on the bioclimate of some 
t a i g a  mammals. Arctic. 10:131-138. 
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This paper   presents   the  resul ts  of an   e s sen t i a l ly  

continuous  record  over a two-year  period of the  thermal 

environment of t he   hab i t a t   a r ea  of small mammals i n   t h e  

t a iga .  The repor t   ind ica tes  how important snow is  i n  the  
survival  of these  organisms in   w in te r .  I t  a l so   ind ica tes  

the  importance  to  these mammals of  the  depth of snow and 
the changes of depth of snow outwards from the   bo le  of a 

t r e e .  

304. PRUITT, W.O., Jr. 1958. Qal i l  a t a i g a  snow formation of ecologi- 

cal importance.  Ecology  39:169-172. 
Snow bui ld-up  (qal i )   in   t rees   (white   spruce)   causes  

breakage  and  opening of a "forest  windowv1 s e t t i n g  a succes- 
s iona l  change i n  motion  allowing  the  regeneration of white 

spruce. In the   nor thern   t a iga ,   seedl ings  do not  surv ive   in  
carpets  of moss and thus   th i s   pos tu la t ion  of t he   cyc l i c  

phenomena ensuring  reproduction, 

305. PRUITT, W . O . ,  Jr. 1959, Snow as a factor   in   the  winter   ecology 

of the  barren-ground  caribou.  Arctic  12:159-179. 
S tudies   ind ica te   tha t  for survival  barren-ground 

caribou need  both  open  and  closed snow, The former  type, 

such as the snow on  lakes,  is used for r e s t i n g  and  escape 
while   the l a t te r ,  f o r e s t  snow, is necessary when digging 

fuding craters. 
"The areas of heavy  caribou  concentration were 

characterized  by snow cover   that  was qu i t e   so f t ,   l i . gh t ,  and 

t h i n  (hardness range of 6.5 t o  60 gm/sq cm for f o r e s t   s t a t i o n s ,  
and 50 t o  700 gm/sq cm-for lake   s ta t ions ;   dens i ty   range  of 
0.13 t o  0.20 fo r  f o r e s t   s t a t i o n s  and  0.13 t o  0.32 for lake 

s ta t ions,   th ickness   range of 19 t o  59 cm.) ... 
"Caribou  appear t o  have a threshold of s e n s i t i v i t y  

t o  the  hardness ,   densi ty  and thickness of snow cover. The 

threshold of hardness  sensit ivity  appears  to  be  approximately 
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50 gm/sq cm for  fo re s t  snow and 500 gm/sq cm for lake snow. 
The density  threshold  appears  to  be  approximately  0.19 o r  0.20 

for  f o r e s t  snow and 0.25 o r  0.30 f o r  lake snow.  The thickness 

threshold  appears  to  be  approximately 60 cm. When these   th res -  
holds are exceeded,  caribou react by  moving unt i l   they  encounter  

snow of smaller hardness,   density or  thicknesses.11 

306. PRUIIT, W.O., Jr. 1966. Ecology of  Terrestrial Mammals. Environ- 

ment of the  Cape Thompsom Region,  Alaska. N.J. Wilimovsky 
and J.N. Wolfe, ed. p.  519-564. U.S. Atomic Energy Corn., 
Div.  Tech. In f .  

Twenty-one species  of mammals a r e  known t o  be pre- 
s e n t ,  4 o thers   a re   cons idered   l ike ly  t o  occur  and 3 (0L)is daZZi, 
Ovibus moschatus and Lepus othus) have been ex t i rpa ted .  An 

annotated  species l ist  is presented. Summer and  winter  obser- 

vat ions were made. 

The food web of t h e   a r e a  is outlined.  Microtine 
r o d e n t s ,   a r c t i c  ground s q u i r r e l  and the barren-ground  caribou 
a r e   t h e  three main herbivores ,  and the basic support of this 
f r a g i l e  web. "The population  density and  biomass of the  

small mammals undergo marked changes that are be l ieved   par t s  
of cyc l i c   f l uc tua t ions   bu t  ... are not in  phase  with 
f luc tua t ions   i n   o the r   pa r t s  of Alaska,  and,  indeed,  changes 

between p a r t s  of the  study  region i tself  are not in phase ... 
Snow data  are r e l a t ed   t o   eco log ica l   d i s t r ibu t ion  and  popula- 

t i o n  dynamics of some of the  small mammals." 

307. PRUITT, W.O., Jr. 1970. Some aspects  of the in t e r r e l a t ionsh ips  of 
permafrost and tundra  biotic  communities.  Conference on  Produ- 

c t i v i t y  and  Conservation i n  Northern  Circumpolar Lands Proc. 
I n t .  Union Conserv. Natme (IUCN) Publ. n . s .  16:33-41. 

A review  paper on aspects  of permafrost-plant 
community relationships.  Thermokarst  subsidence as a result 
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of vehic le  movements is descr ibed  for   widely  separated  areas .  
The conclusions  by  Tyrtikov (1959) a r e   l i s t e d  in toto. 

"Permafrost  forms a complex,  dynamic  system  with 

c l imat ic   h i s tory ,   vege ta t iona l   h i s tory ,   recent   c l imate ,   p resent  
vegetation,  substratum,  topography,  solifluction and  animal 
a c t i v i t y ,  a l l  interact ing.   In   any one region  permafrost 

regime is the   Fesul t  of a dynamic balance  between  the  above 

fac tors  and perhaps  other,  as yei: unknown, f ac to r s .  If any 
one of the  factors  changes  the  permafrost   regime  shifts .  

Thus, a change in  vegetation  through  time or  a change i n  
substratum  through  space will undoubtedly r e s u l t   i n  some 

de tec tab le  change in  the  permafrost  regime ... 
"Permafrost  has a profound  effect on vegetat ion,  

par t icular ly   t ree- l ike  vegetat ion,   Consequent ly ,  most 

d i s t r i b u t i o n  maps o f  permafrost   are  actually  based  to a la rge  
extent  on p l an t   d i s t r ibu t ions  , . . 

"Next t o  annual mean a i r  temperature [ - l 0 C  mean 

annual a i r  isotherm  roughly is the   southern limit of perma- 

frostJ , snow cover i s  of most importance t o  permafrost, 
Annersten (-1964) has shown tha t   t he   c r i t i ca l   t h i ckness   o f  

snow cover for permafrost   to   survive is 40 cm ... 
"In  general ,   man's   act ivi t ies   in   regions  with  tundra 

and fores t   tundra   vege ta t ion   tend   to   l essen  its effect iveness  
as insu la t ion   of   the   subs t ra ta .  Thus,  man's a c t i v i t i e s   i n  

these  regions act almost  invariably  to  degrade  pemafrost .  
Over wide stretches of t h e  Arctic the permafrost i s  i n  such 
delicate  balance  that   even  apparently  minor  disturbances may 

have  profound,  even  disastrous,  consequences. For example, 
a t  Kilyivik on the  Baldwin Peninsula  in  western Alaska 

(66'47'N, 162°351W) a near ly   f la t   sedge  area near   the mouth 
of the  creek was d is turbed   in   win ter  o r  ear ly   spr ing of  1959 

by a large,  dual-wheeled  vehicle. By summer t h e   r u t s  were 
thawing, and by the  summer of 1960 were  deepening  because of 
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the  altered  thermal  regime of t h e   s o i l  I In the Ogotoruk 
Valley  in  northwestern  Alaska,  which was subjec ted   to   in ten-  

s i v e   t r a f f i c   i n   t h e   p e r i o d  1959-61 by llweaselsll and o ther  
re la t ive ly   l igh t ,   t rack- lay ing   vehic les   espec ia l ly   des igned  

for Arctic use,  some of t he   t r acks  have now thawed  and eroded 
10 f ee t   i n   dep th .  On the  Arct ic   s lope of Alaska trails made 
by t r ac to r   t r a ins   du r ing   t he   days  of the U.S. Navy o i l  explo- 

r a t ions   i n   t he   l a t e   1940 ' s  have  thawed,  eroded, and caused 
gul lys  20 or so f e e t  wide, 10 t o  15   fee t   in   depth ,  and many 
miles  long. The po ten t i a l   e f f ec t s  of continuous  thermal 

degradation of f rozen   subs t ra ta ,  as i n   t h e  case of a buried,  
heated  pipeline,   have  been  calculated and discussed by 
Lachenbruch (1970). 

"There i s  almost always- an  unfrozen zone under water 
bodies  that  themselves do not   f reeze  sol id   annual ly .  Thus, 
formation of a new water body or increase in size of an 
already-exls t ing water body, because of damming or flooding 

will r e s u l t  in degradation of exis t ing  permafrost .  The 
r e s u l t a n t   s e t t l i n g  and thermokarst may be of profound  ecologi- 

cal (and  economic)  importance . . . 
Wndoubtedly  the most d i r e c t  effect rof permafrost] 

is upon p lan t s  by c h i l l i n g   t h e  so i l  and retarding  general  
growth. Of course,   the  vegetation acts i n   t u r n ,   t o   c h i l l  
t he   so i l   by   sh i e ld ing  it  from incoming solar radiant   energy.  

Permafrost   prevents  deep  root  penetration, so that p lan ts  
growing  above a shallow  layer are r e l a t i v e l y   u n s t a b l e ,  On 
the  other  hand,  permafrost   acts as a r e se rvo i r  of considerable 
heat and t h u s   a c t s   t o  damp wide f luc tua t ions  of s o i l  tempera- 
t u r e .  

I t  should  be  noted that minera ls   in   the   ac t ive  

layer  may become exhausted,   par t icular ly  if t he   ac t ive   l aye r  
is t h i n  and no replacements are poss ib le  from the s t o r e  

immobilized  below. Thus, as Pruitt points out,   mineral  
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cycling i s  r e s t r i c t e d   t o   t h e   a c t i v e   l a y e r .  "Understanding of 
t h i s  problem i s  compounded by the   d i f f i cu l ty   o f   d i s t i ngu i sh ing  
between the   e f f ec t  of permafrost  and those of the  annual 
f reeze.  

"In our in i t i a l   s t a t emen t  we noted  that   permafrost  

i s  not  permanent.  Thus, i t s  upper  boundary is a sens i t i ve  
ind ica to r  of  ecological   var ia t ions and  moves upwards o r  
downward. Such pu l sa t ions   r e su l t   i n   w ide ly   va ry ing   s i t e  
cha rac t e r i s t i c s  of p l a n t s ,  When the   p l an t s ,   pa r t i cu la r ly  
t r e e s ,  have  varying  health they a re   sub jec t   t o  wind t ipping,  

q a l i   ( t h e  snow that  accumulates on branches of t r e e s ) ,  
breakage and varying  growth  rates.  Such va r i a t ions  combine 

t o  produce  twisted and s t a i r - s t e p  main stems or !'drunken 
forest".   Soil   heaving  related  to  annual  freezing is a l s o  an 
important  factor  here.  On i r r e g u l a r   t e r r a i n   p o l i f l u c t i o n  

and downslope mass movements may have s ign i f i can t   e f f ec t s  
on the   b io ta . "  

308. PRUITT, W.O., Jr. 1970,  Tundra  Animals: Nhat is t h e i r   f u t u r e ?  

Roy. SOC.  Can. Trans.  Ser. 4 . ,  8:373-385. 

A discussion of  the  requirements of some of the 
la rger  mammals and birds   inhabi t ing  the  tundra and a p l ea  
for the put t ing  into prac t i ce  of known information for the  

conservation of t he  environment of the  tundra.   Detai ls  of 

the   differences  in   populat ions of certain  animals from 
pre-European  contact t o  to-day are also  given.  

309. PRUITT, W.O., Jr. 1970. Some ecological  aspects of snow, Ecology 

of Subarctic  Regions: 1. Ecology  and  Conservation.  Helsinki 

Symp. Proc, UNESCO. p. 83-99. 

The author  discusses the problems of animals which 
inhabi t   the  snow regions  of   the  north  with  par t icular   refer-  
ence to   the   types  of snow found a t  vari.ous times of the  year 
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and t o  the  adaptat ions of the animals  inhabiting  the  regions 

a l l  year  round. 

310. P'YAVCHENKO, N.I. 1963, The drying of bogs as a means of t rans-  

forming  nature and developing  the  forest   resources of the  
Siber ian  north.  Problems of the North 7:57-66. (,Transl. 
from Russian  by Nat. R e s .  Counc. Can. 1964.1 

T h i s  theoret ical   paper  is based on r epor t s  of r e s u l t s  
of draining bogs i n  Scandanavian  countries and a t  a Siber ian 

research  centre  in  an  attempt to improve forest   growth. No 
bibliography is  included. 

311, RADFORTH,  N.W. 1963. The i .ce   fac tor   in  muskeg. First Can. Conf. 
Permafrost Nat, Res. Counc. Can., Ass.  Corn.  Sol'l, Snov Mech,, 
Tech. Memo, 76:57-78. 

Details of i c e  and a2r-form pattern are given, as 

well as some discussion on ice-form and vegetation cover. 
Photographs are included. 

312. RADFORTH, N , K .  1965, Origin and s igni f lcance  of organic terrain 
features.   Permafrost   Int ,  Conf. proc. 1963. Nat. Acad. Sc i .  
- Nat. Res. Counc. Wash. Publ. 1287, p.  38-43. 

Various  aspects of organic   terrain  formation are 
discussed. "Though climate above  and  below contrast  markedly, 

vegetal  succession for gi.ven  kinds of organic   terrain  remains 
v i r t u a l l y  the same; the re  has been no evolving t o  dominants 
in   the   course  of time, and vas t ly   d i f fe r ing   c l imates  are 
conducive t o  the  establishment of closely r e l a t e d  and enduring 
colonizers  growing more than 1500 miles apart , I 1  The import- 

ance of water (or i ce )  i n  the process is emphasized par t icu-  
larly as inf luencing  the  var ious plant  colonizers .  

313. RAMPTON, V.N. 1971.  Quarternary  geology, Mackenzie Delta and 
Arc t ic   coas ta l   p la in ,  Distri.ct of Mackenzie. Report of 
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Act iv i t i e s ,  Part A: April-October  197Q.  Geol.  Sum. Can. 

Pap. 71-1A: 173-177. 

"A preliminary  evaluation of data co l lec ted   [ in  
1970 and ip previous years] suggests  that   the  region  can be 
divided  into  13  areas,   each  having a unique  arrangement of 
su r f i c i a l   depos i t s  and near-surface  unconsolidated  sediments. 
In  many cases   these  areas   c losely  coincide with the  physio- 
graphic  regions of the Mackenzie Delta Area as described by 

Mackay 196 3. " 

The areas are described and out l ined on an accompany- 

ing map. 

314. RAMPTON, V . N .  and J . R .  MACKAY. 1971.  Massive ice and i cy  sediments 
throughout the Tuktoyaktuk  Peninsula,  Richard's Island, and 

nearby areas, D i s t r i c t  of Mackenzie. Geol. Sum. Can., Pap. 
71-21. 16 p.  

Some 5000 shot  hole  logs were  examined  and ind ica te  
t h a t  about 35% a t  a depth of 40 feet were i n   e i t h e r  massive 
ice or icy  sediments and that about 70% of the 264 d r i l l  
holes   penetrat ing massive i ce ,   d id  so a t  about 40 feet .  In 

more than 20% of the  cases,   massive  ice was st i l l  reported 

a t  100-150 feet. 
Pract ical   Considerat ions:  !'The presence of large 

bodies of massive  i.ce  and i cy  sediments  under much of t he  
a rea   ind ica tes   tha t   cons t ruc t ion  and development  should  be 
undertaken with caution ,.. Severe  disturbances of t he  ac t ive  
layer on h i l l s l o p e s   t h a t  are underlain by massive i c e  or  icy 
sediment may lead to  thermal  erosion which would be very 

d i f f i c u l t   t o   c o n t r o l  when the   i cy   mater ia l  became exposed. 
If thickening of the ac t ive  layer, even on leve l   a reas ,  or 
the   introduct ion of a subsurface  heat  source (e.g. hot 

p ipe l ine)  resulted i n  a thaw line intersect ing  massive  ice  
or i c y  sediments,  extensive t h a w  and  major  thermokarst 
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subsidence  could  result  unless  preventative  measures  were 
taken. In cases where the meltwater would p e r c o l a t e   t o  the 
surface  but  would be  local ly   confined,  a thermokarst  lake 
would form, If the  lake became deeper  than  winter  lake-ice 

thickness ,  it would perpetuate  melting and fur ther   increase  

the size of  the  depression. Where t h e   f r e e  water from melted 

icy sediments  could  not filter t o   t h e   s u r f a c e ,  a s l u r r y  would 
be  created which  could  provide no support   to   overlying  s t ruc-  
tu res .   In   the  case of masses of ice or icy  sediments 30 t o  

40 f e e t  below  ground surface,  some years would elapse  before  
melting commenced, but  melting would b e   d i f f i c u l t   t o  stop 
once it had s t a r t e d , "  

The authors  plead for sZm2lar s tud ie s  i n  a reas  

where a l t e r a t i o n s  t o  the  thermal  regime may r e s u l t  from 
man's a c t i v i t i e s  

315. RAND, A.L. 1946. List of Yukon b i rds  and those of the Canol Road. 
Nat. Mus. Can. Bull .  105. 76 p.  

A survey of published material and unpublished data 
o f  the  National Museum and Parks Branch  provided the informa- 
t i o n  i n  this l is t .  

316. RANWELL, D.S.  1968.  Lichen  mortality  due t o  Torrey Canyon oil 
and  decontamination  measures.  Lichenologist. 3:55-56. 

This brief paper ind ica tes  that decontamination 

a c t i v i t i e s  on the   supra l i t to ra l   f r inge   ocean   shore   resu l ted  
i n  more ser ious  damage to   l i chens   t han  the o i l  i t se l f  (&ch 
caused  patchy  damage). "Symptoms of death as a r e s u l t  of 
o i l  and emulsifier  contamination  include  loss or  change i n  

colour in the t h a l l u s  and, i n  the case of crustose  species ,  
tendency for t h e   t h a l l u s   t o   c u r l  and eventual ly   break away 

from the  rock.11 

317. RAPP, A. 1970. Some geomorphological  processes i n  cold climates. 
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Ecology of Subarctic  Regions: 1. Ecology  and  Conservation, 
1966, Proc. Helsinki Symp, UNESCO, p .  105-113. 

Various  frozen  ground phenomena are  reviewed as 
well as other  geomorphological phenomena. A p lea  f o r  
continuous  observations  wi.th  the  use of  bench  marks,  painted 
l i n e s  and photographs i s  made. 

Sol i f luc t ion   s lopes   o f ten  have a close cover of 
grass which i s  not broken by a flow of 0-8 cm per year on 
gradients  10-30°. This flow  occurs  mainly i n  the  thaw 

period, spring t o  e a r l y  summer, and also  during  freeze-up 
i n  autumn. The author   s ta tes  that "most of the  ground above 
the forest limit i s  af fec ted  by  movements caused by f r o s t  ... 
[but]  below the fo res t  limit ac tua l   so l i f luc t ion  seems t o  be 
absent,  ,. except  on  open,  forest-free  patches  with  sloping 

ground, silty s o i l  and poor pro tec t ion  from snow and  vegeta- 
t ion.   Well-drained ground is not  affected hy f ros t   ac t ion  

t o  any  appreciable  extent above o r  below the   fo re s t  limittt. 

The hydrology of sub-arcti 'c   r&ers is mentioned. 
"Ice  breakup is of ten a r a t h e r  sudden and ca tas t rophic  
event,  The i c e  is then  pushed up i n  high  r idges which can 
cause damage and erosian on the  shores ( . ad   t he i r   vege ta t ion  

cover) as well as on the  ri.ver beds."  Effects of r i v e r  bank 

eroszon  vary from year t o  year, r e s u l t i n g   i n   r a t h e r   i n t e n s i v e  
erosion and sedimenta t ion   in   subarc t ic   r ivers   due   to   d i f fe r -  
ences i n  discharges and ice  breakup. 

318. RAUP, H.M. 1930-31. The vegetation of the Fort  Reliance  sand-plain. 

Ann. Carnegie Mus. 20:9-38. 

This  i s  a very   de ta i led   descr ip t ion  of the laying 
down of new t e r r i t o r y  and the succession on these new s i t e s .  

The types of vegetat ion and successions  described  are pro- 
grading  beach,  beach  lagoon,  stream margin and erosion 
t e r r ace .  There is no discussion of s o i l s ,  but it  seems 
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1i .kely  that   there  i.s very  li ' ttle development of a p r o f i l e .  

Most of the  parent   mater ia l  is sand.  Fire has not  been a 
factor during  the  past  62 years.  

319. RAUP, H.M. 1931, The formation of pea t   r idges  on the shores o f  

muskeg lakes  in  Northern  Alberta.  Rhodora  33:18-23. 

The phenomenon of peat  r idge  formation is considered 

t o  be r e l a t e d   t o  the lowering of lake  water  levels  following 
g lac ia t ion .  

320. RAUP, H.M. 1946.  Phytogeographic  studies in the Athabaska-Great 

Slave Lake region. 11. J.  Arnold  Arboretum  27:l-85. 

Much of this paper is concerned with. the vegetat ion 

r e l a t ionsh ips  of the  species   present  i n  the area and their 

respec t ive   o r ig ins  and rates of migration i n  r e l a t i . on   t o  
climates . 

Geological  formations are described and some 

general  information on s o l 1  is given.  Permafrost i s  present  

through much of the  area studied.  'fie vegetation types of 
the area include 1. f o r e s t s ,  of which bog f o r e s t s  are most 
abundant  ( ; the  forest   tree  specles  present are white  spruce, 
black  spruces jack plne,  balsam fijr and lodgepole plne]; 2.  

shore and muskeg vegetati.on; 3.  grassland; 4. lichen-peat 

and 5 .  dune-scrub . 
T h e r e  seems t o  he a r e l a t ionsh ip  between the 

ranges of certajn t r e e s  and the depth t o  wEdch the ground 
thaws during the  growing  season, Sandy soils t h a t  thaw 
deeply will support p lan t s  that require a deep tap root, 
while heavier  ~021s and  muskegs in  which frost   remains near 
the surface  throughout the par preclude the growth of  such. 

p l an t s  

321. RAUP, H.M. 1947. The botany of the southwestern  Mackenzie. 

Sargentia  6:l-275. 
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This is a most exhaustihe  dfscussion on the  

botan ica l   re la t ionships  of t he   f l o ra  of the  southwestern 
Mackenzie. The p lan t  communities are   descr ibed  in   general ,  

gnd mention  is,made of the presence of  f i r e   i n   t h e   w h i t e  

spruce  forests  of the   a reas .  The a reas   par t icu lar ly   s tud ied  

are around  Brintnell Lake and  Fort Simpson.  Only i n  one 
area is there   pos tu la t ion  of successions:   the   f lood  plain 
deposi ts  a t  the west  end of  Brintnel l  Lake. 

322. RAUP, H,M. 1951.  Vegetation  and  cryoplanation. Ohio J .  Sci.  

51:  105-116. 
A review  of  the  problems of  t he   i n t e rp re t a t ion  of 

vegetation  patterns  produced by t h e   i n s t a b i l i t y  of subs t r a t a  
r e su l t i ng  from frost ac t ion .  

323. RAUP, H.M. 1965. Turf hummocks in   the  Mesters  Vig District, 
Northeast  Greenland.  Permafrost  Int. Conf. Proc.  1963.  Nat, 
Acad. Sc i .  - Nat. Res. Counc. Wash. Publ.  1287:43-50. 

The o r ig in  and  development  [mainly by an  erosion 

process) of  t u r f  hummocks,  composed pr imari ly  of  mosses and 
formed by th in   r ad ia l   p ro l i f e ra t ion  from a c e n t r a l   s t a r t i n g  

point ,   are   discussed in d e t a i l .  These hummocks a r e  the only 

type  found  in  the Mesters Vig d i s t r i c t  and a r e  the mast 

common type i n  subpolar,  alpine  and  mainly  temperate  lands. 
The o the r   t rpe  i s  formed  by the p ro l i f e ra t ion  of a s ing le  

caesp i tose   p lan t ,   usua l ly  a g ra s s   o r  sedge, and is part icu-  
lar ly   wel l   developed  in   western  arct ic  Canada and  Alaska. 

324. REED, J .C .  1958. Exploration  of Naval  Petroleum  Reserve No. 4 
and adjacent  Areas of Northern  Alaska,  1944-53. U.S. Geol. 
Surv.  Prof. Pap. 301. 192 p .  

The dri l l ing  and  geological   explorat lons of "Pet 4" 

from 1944-1958 are described i n  d e t a i l  and inf0rmati.m is 
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provtded on the types of equipment  used,  routes,  cargo 

t ransported and periods of a c t i v i t y .  Thus it provides  the 

basic  information for HOK 1969 on the subject  of  vegetation 

damage: V e h i c l e   t r a c k s   a r e   l i k e l y  ' t o  remain   eas i ly   v i s ib le  

f o r  years  because of  slow  recovery of tundra  vegetation. 

Even winter   t racks may long  be  visible  because  the compacted 

snow af fec ts   the   fo l lowing  summer's growth." The problems 
of  summer f re ight ing  became increasingly  apparent   in  1944. 
"The profusion of lakes  and  streams made heavy hauling 

extremely  difficult ,   but  an  even greater problem was posed 
by the  surface  thawing of frozen  ground. The tundra  surface 

becomes an  untraversable  quagmire i f   t o r n  up by heavy 
motorized  equipment."  After that a l l  heavy  equipment was 
moved in   winter ,   preferably  over  sea ice,   but  bladed  tundra 
trails were  used. 

325.  REED, J . C .  1970. Effects of o i l  development i n   A r c t i c  America. 
Biol.  Conserv. 2:273-277.  

Biological  Abstracts 52:19693,  1971:  "Large  and 

important  discoveries of petroleum were made i n   no r the rn  
Alaska i n  1968. The reserves  were estimated  then t o  be per- 
haps as much as 10  thousand  million  barrels.  Subsequent 

e x p l o r a t i m  has shown the   resources   to   be much grea te r   than  

was es t imated   ear l ie r .  Many problems must be  solved  before 

petroleum from northern  Alaska  reaches  the  world's  markets. 
These problems a r e  of th ree   types :   those   re la ted   to   explor ing ,  
developing, and operating  under the physical  environment of 

the  region;  those  having  to do with  people - both the na t ive  

people and those  brought  in from lower   l a t i tudes ,  and those 
concerning  the  protection of the natural  environment. The 
problems are grea t ,   bu t  so a l so   a r e   t he   r e se rves  of petroleum. 

To the   ex ten t  that the  problems  are  not  solved, the cost of 
development of the   opera t ion  w i l l  be higher, the use of people 
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w i l l  be expensive and unsa t i s fac tory ,  and the   na tu ra l  

environments w i l l  be threatened. The whole effor t   could 

be jeopardized on those  grounds." 

326. REMPEL, A, 1970. Arctic t e r r a i n  and o i l   f i e l d  development. 

Product ivi ty  and Conservation i n  Northern  Circumpolar Lands 
W.A. Fu l le r  and P.G. Kevan, ed .   In t .  Union Consem.  Nature 
(IUCN) Publ .   n , s ,  16:243-251. 

This  paper  discusses  the  problems of o i l  develop- 

ment in   the   Arc t ic ,  
"Land port ions of the  sedimentary  basins  in Canada 

north  of   la t i tude 60 degrees  comprise  about 470,000 square 
miles.  I t  has  been  estimated that the  development of the 

o i l   r e s e r v e s   i n   t h i s   r e g i o n  will requi re   the   d i rec t   use  of  
1,350  square miles, or  not   qui te  0.3 per  cent of t h e   t o t a l .  

This includes seismic l ines ,   wel l   s i tes ,   roads ,   p ipe l ines ,  
campsites,  storage dumps and a i r f i e l d s .  About one-third of 
the  land  requirement is for  seismic work and wildcat   wel ls  

which i s  a temporary  use,  after  which a considerable por t ion  
will reve r t  t o  t he   o r ig ina l  state,  The e f f ec t  of t h i s  work 
on A r c t i c   t e r r a i n  w i l l  depend t o  a large  measure on the  

amount of ice in   the  permafrost   soi ls .   Fine-grained,   f rozen 
s o i l s  are  par t i cu la r ly   suscep t ib l e   t o   d i s tu rbance  by na tura l  

and ar t i f ic ia l  forces .. The  Norman K e l l s   o i l f i e l d ,  which 
l ies  near the southern limit of cantinuous  permafrost, i s  a 
good s t a r t i n g  point i n  a discussion of e f f e c t s  o f  o i l f i e l d  
development on Arctic t e r r a i n .  

''Despite the 50 years of a c t i v i t y   i n   t h e  Norman 

Wells area, including  the  major  wartime "crash" development 

programs of 1943 t o  1945, there is now l i t t l e  evidence of 
t e r r a in   deg rada t ion   i n  the field.   Flowline  r ights-of-way, 

well sites and seismi.c   l ines  have grown hack a second  cover 
and a r e t u r n   t o  stable condi t ions is quite   evrdent .  The 
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area  is st i l l  within  the  forested  region of  th.e north.  

Tundra t e r r a i n ,  on the  other  hand, may be more s e n s i t i v e  
t o  man's in t rus ion  .. 

"In most places ,  however, it is not so s e n s i t i v e  

that only one or two passes of a t racked  vehicle ,  even i n  
summer, w i l l  necessar i ly  marr the  landscape for many decades 

- unless one puts  a blade on the   f ron t  of t he   un i t  and s t r i p s  

away the  insulat ing  cover  of vegetat ion;  or a l t e r n a t i v e l y ,  
makes many passes  over the same trail.  A photograph of 

the  small amount of t e r r a i n   a l t e r a t i o n  which-has r e su l t ed  
from seismic  operations,  conducted with t rack   vehic les   over  
tundra  in   the summer of  1963 i s  presented The under-lying 

soils are i n  a ' Isensit ive"  area of generally  f ine-grained 

sediments  with a high  ice  content.  Another  IphotographJ  in 

which the surface was unbroken is Ia l soJ  shown. IBoth of  

these  photographs  indicate a small depression  developing  but 

both  depressions are ful ly   vegetated.)  During  an  inspection 
f l i g h t   i n  1968, a few thousand  feet over the area ,  many of the  
o l d  l i n e s  were no longer   v i s ib le  from the air. These  examples 

a r e  from areas  of low rel ief .  Negotiating  steep  slopes with 

t r acked   veh ic l e s   f i t t ed  with agressive  grouser  bars can  be 

somewhat  more damaging t o   t h e   t e r r a i n .  New concepts   in  
t r ack  design which show good drawbar c h a r a c t e r i s t i c s  with 
reduced  ground  dis turbance  are   current ly   under   tes t  ... Air 

cushion  vehicles  have  been  used with some success on f la t  

tundra  terrain.   Surface  dis turbances  are  slight. H i l l y  
t e r r a i n  and t ree   cover   preclude the use of this type of 
c ra f t   ove r  a considerable   port ion of the Canadian  Arctic 
mainland. 

'Winter  operations of course  cause  the least ground 
disturbance.  This i s  the period when heavy  loads  required 

for dr i l l i ng   ope ra t ions  are moved," Bulldozed  vtnter seismic 
l i n e s  may be hard t o  spot from the a i r  but "in some low 
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areas ,.. the  evidence of the  previous  winter ' s  work may 

p e r s i s t .  A small amount of subsidence may occur,   but 

general ly  a recovery  of  vegetation  has  been  found  to  be 
rap id .  [A further  photographic] example of  seismic work 
i n  which  tundra  vegetation was stripped from the  underlying 

permafrost by bulldozers  during  the summer of  1965 is [given, 
The 1965 bulldozed  l ine was inspected i n  1968 and again   in  

1969.3 I t  was apparent   that  most of  the  subsidence had 
taken  place  the f irst  year of exposure. By 1968 as shown 

[ in   an  accompanying  photograph], some natural   regenerat ion 
of vegetation was evident,   There was l i t t l e  evidence of 
erosion, even on the   h i l l s ides .   Consequent ly ,   s i l t a t ion  of 

streams should be s l i g h t . "  [The 1969 photograph  idicates 

complete  revegetation of t he   t r ack  line.) 
"Thennokarst i s  of spec ia l   s ign i f i cance   i n  th.e 

construct ion and operation of large  diameter   pipel ines   in  
Arc t i c   t e r r a in .  As a r e s u l t  of the   observat ion of bulldozed 
l i n e s  and cons t ruc t ion   p ra j ec t s   i n   t he  Arctic and discussions 

with numerous Arctic  experts,   Imperial  O i l  decided t o  
i n i t i a t e  a modest experimental   project  on s t a b i l i z a t i o n  and 
r e s to ra t ion  of disturbed ground in   Arc t ic   tundra ."  Summer 
bulldozed  lines  near  Tuktoyaktuk and at Inuvik,  have  been 
sown to   p lan ts   such  as Crested Wheat, Reed Canary Grass 

and some have  been  covered  with  two-inch  layers of  sawdust 

over a peat  mound. Generally  speaking, good growth has 
been  obtained from both  seed  sources. 

327. RIEGER, S. 1966. Dark well-drained  soi ls  of tundra   reg ions   in  
Western  Alaska. J .  Soi l  Sc i ,  17:264-273. 

Author 's   abstract :  "Four dark,  well-drained s o i l s  
in  tundra  areas  near  the  Bering Sea coast of Alaska have 

similar morphology, but physical and  chemical  propertres 

r e f l ec t   t hose  of the   parent  materials, Three of the s o i l s  
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are   extremely  acid and i.n high mountains a t  lower l a t i t u d e s ,  

are c l a s s i f i e d  as Crpmbrepts.  One, from basic   rock,   with 

s l i g h t   a c i d i t y  and fa i r ly   h igh   base-s ta tus  is c l a s s i f i e d  as 
a Cryoboroll.  These  soils  have some c h a r a c t e r i s t i c s  i n  

common with  Cryandepts and Cryorthods of ad jacent   a reas ,   bu t  

can  be readi ly   d i s t inguished  from them i n   t h e   f i e l d . "  

328. RIcC, c . B .  1940. The development of Sphagnum bogs i n  North  America. 

Bot. Rev. 6:666-693. 
A bas ic   re fe rence  on bogs up t o  1940. 

Information is presented on Sphagnum, bog p lan t s ,  
kinds of peat ,   types  of bogs and t h e i r  development. An 

extbnsive  bibliography i s  included. 

329. RIKHTER, G . D .  1963. Snow as an   eco logica l   fac tor   in   p lan t  and 
animal l i f e   i n   t h e   n o r t h .  Problems of t he  North 7:91-96. 
(Transl.  from Russian by Nat. Res. Counc. Can. 1964.) 

This paper presents  a good summary of the e f f e c t s  
of snow  on vegetation  and  individual species of p l an t s .  

Contrary t o  i t s  t i t l e ,   t h e r e  i s  no discussion on i t s  effects 
on animals. 

330. RITCHIE, J . C .  1957. The vegetat ion of northern  Manitoba. 11. 
A p r i s e r e  on the  Hudson Bay Lowlands.  Ecology  38:429-435. 

This short paper  gives a descr ip t ion  of  the  
succession  in   the Hudson Bay Lowlands. The succession goes 

from the  meadow phase (on f r e sh ly  exposed f l a t s )   t o  shrub 
phase t o  invading  forest  (Picea gZauca and Larix Zaricina] 
t o  c losed  forest  (.%@ea gZauca) t o   b l ack   sp ruce  (Picea 
mar<ana) open f o r e s t  [with mound-hollow topography]. 

Apparently the development of  organjic mat ter  such 
as peat under  the white spruce and l a r c h   f o r e s t  firstly 
i n su la t e s  the ground  and thus allow the development of 

permafrost  close t o  the   sur face ,  which, of course, Zmpedes 



drainage and allows  rapid  invasion  of  peat-formjng  species 
and,  secondly,  with  the  build-up of acid  condi t ions,  this 
al lows  the  entry of further  acid-lowing  plants  including 
black  spruce and  does  not  allow  the  regeneration of white 

spruce.  Once the  mounds have  been  produced,  black  spruce 

invades  the  higher ,   dr ier   sect ions and with an increase   in  

mound size,   the  white  spruce are l o s t ,  around  the  edges. 
The au tho r   r e f e r s   t o   t he   pape r  by Dmry TII 1956  and  considers 
the  phenomena described similar t o  those  described  for  the 
Hudson Bay Lowlands. 

331. RITCHIE, J,C. 1959. The vegetat ion of northern Man&toba. 111. 

Studies in the   subarc t ic ,   Arc t ic  Inst. N ,  Am, Tech. Pap. 
3 .  56 p.  

A deta i led   s tudy  of the   subarc t ic   vege ta t ion  of 

northern  Manitoba. The types  include: bogs, muskegs, f o r e s t s ,  
heaths,  etc. Succession  s tages   are   descr ibed.  Fire has 

played  an  important  role  in  forest   history.   Permafrost  i s  
present  under  certain community types.  Evidence of over- 
grazing  and  trampling by caribou is  indicated by t h e  

vigorous  growth of StereocuuZon sp.  and repression of 

CZadonia sp .   i n  local areas. 

"Permafrost  occurs i n   bou lde r  till subs t r a t a  a t  

1.5 t o  2 m .  i n  mid-summer and c lose r   t o   t he   su r f ace  i n  
peat  deposits; it was not   de tec ted   in  esker and f lood   p la in  
dep0si.ts.I' On boulder till permafrost  occurs at 1.5 m. below 

black  spruce-lichen  forest  communities on the slopes of d r i f t  

h i l l s .  Evidence is p resen t   i n  some heaths on ce r t a in   r i dges  
and low h i l l s  now devoid of t r ee   spec ie s  that previous   fores t  
was present Cold stumps and upturned roots,  ind ica t ing  

probable  destruction by f i r e ) .  On lower slopes of low hills 
the re  is some evidence of recolonization  by Picea marianu - 
ages up t o  28 years .  

1' 
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On muskeg and bog (muskeg has t rees ,   bogs  no trees) 

peat  is seldom  deeper  than 2 m. and usually  about 1 m.  In  

summer, the   ac t ive   l ayer   ex tends  1 t o   1 . 5  m. in depth.  Peat 
o v e r l i e s   t h e   d r i f t .  Ground vegetat ion i s  dominated by 

S p h a p w n  forming hummocks, p a r t i c u l a r l y  S. fuscwn and 
S .  warnoatorfianwn. Lichens  character is t ic  of t he   a r ea  

a r e  IunadophiZa ericetorwn - l lcolonizes  disturbed  peat on 
sphagnum  hunnnocksll - CZadonia mngiferina, C. subrangifomis 
and PeZtigeru aphosa a r e  common on moss hummocks and l a rge r  

t u f t s ,   I n  bogs, Sphagnum again forms l a rge  hummocb xmch 
are  colonized by various  ericaceous slirubs. Many t r a n s i t i o n s  

occur  between bog and muskeg. 

!'The i n s t a h i l i t y  of s o i l   s u r f a c e s  maintains a tree- 
less, poorly-developed community, which cons i s t s  of a mosaZc 
of  plant  assemblages showing var ious stages i n   t h e  process 
of colonizat ion of bare   a reas .  After a few ear ly  pioneer  

species  become es tab l i shed  on bare   areas ,  [Juncua albesoens 
and Onocophoms wahZenbergii) various herbs and  shrubs invade 

t o  form an open  community. In  the  absence of fur ther   d i s turb-  

ance a layer of humus o r  peat develops  and a d i s t i n c t  group 
of plants  dominates  the  vegetation of the surfaces .  Many 
in te rmedia te   s tages   ex is t  ... and it would appear that an 

i r r egu la r   cyc le  of colonizat ion and des t ruc t ion  is maintained 

by t h e   i n s t a b i l i t y  of the 
Peat deposi ts :  '?The surface of the heaths [no t r ees ]  

is marked by small mounds 0.5 t o  1 m. above the   sur face   l eve l  
and 1 t o  2 m. in  diameter.  T h e  cent re  of the mounds cons i s t s  

of disturbed  peat  lacking  vegetation,  being  colonlzed  locally 

l i ~  c e r t a i h   1 W e n s  - par t zcu la r ly  the crustose ImadophiZa 
ericetorwn. Throughout the deposi ts   the   lower  level   of   the  

a c t i v e   l a y e r   i n  l a te  summer is 30 t o  45 cm. below the  sur- 
face .  I t  is suggested  that   these mounds are t h e   r e s u l t  of 
f r o s t   a c t i o n ,  by which swelling and heaving  disturbs  and 
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local ly   erodes  the  peat   surface,   resul t ing i n  typical 

hummocked topography. 

"A second f r o s t  phenomenon i s  present on the  sur-  
face of  these  deposi ts  - large  polygonal  patterns.  These 
unsorted  polygons are four -   to   f ive-s ided ,  20 t o  30 m. i n  
breadth and bounded by f i s su res   i n   t he   pea t  which vary from 
50 cm. in   depth and 20 cm. in   wid th  t o  one meter in   depth  
and 60 cm. in  width.  The pear  surfaces of t he   f i s su re   a r e  

unstable,   being  colonized  only by cer ta in   pioneer   species ."  

Descriptions of colonizat ion  pat terns  on s t a b l e  
surfaces  of the  heath  type are givenlnainly  ericaceous  shrubs,  
l ichens and mosses a re   the   co lonizers .  

"Exposed  peat: surfaces  are colonized by various 
l ichens and mosses. Raw peat  on peat mounds a re  first 
colonized  by IcmadophiZa erYicetorum and var ious   f ru t icose  

species  [mainly Cladonia sp  .] appear  subsequently."  Black 

spruce is present  on peat  surfaces  only as stunted,  shrubby 
individuals .  "It i s  l ikely  that   the   high  permafrost   layer  
throughout the deposi ts ,  due to   the   insu la t ing   in f luence  of 
the  deep  blanket  of  drying  peat,  inhibits  tree  growth". 

Summary: In  this  area  "the  ground  cover i s  
dominated by Stereocaulon paschale ssp, evolutoides, while 
the chief  species of CZadonia nei ther  form continuous domin- 

ant  carpets  nor assume the t y p i c a l   s t a t u r e  and luxuriance 
found in   o ther   reg ions .  The probable  explanation of  t h i s  i s  
the  intensive  local   grazing and trampling by caribou  repress 
the  Cladonia and favour  the more vigorous Stereocaulon. The 

l a t t e r  grows  more rapidly  than  the  species  of CZadonia, and 

Hustich (1951) sugges ts   tha t   th i s   expla ins   the  more rap id  

invasion by Stereocaulon a f t e r   hab i t a t   d i s tu rbance .  The 

temporary  dominance of Stereocaulon i n   t he   l i chen   fo re s t s  of 
Finnish  Lapland is  a common phenomenon and . . [workers] 
account f o r  t h i s   i n  terms of intensive  grazing by re indeer .  
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It would appear ... that this phenomenon has not  been  reported 

previously  in  North Amerlca ... The area of t h i s   s tudy  l ies  
on the  present  migration  route of the  barren  ground  caribou, 
and large  herds  have  been  seen  passing  through  in  spring and 
autumn. It 

332. R I T C H I E ,   J . C .  1960. The vegetation of Northern  Manitoba. I V .  

The Caribou Lake Region. Can. J .  Bot.  37:185-197. 

Author 's   abstract :  "Based on the  f indings of one 

season o f  f i e l d  work,  an account i s  given of the  vegetat ion 
and f lora   (vascular   p lan ts )  of t h e   i m e d i a t e   v i c i n i t y  of 
Caribou Lake in   nor theas t  Manitoba. The plant  communities 
are grouped  according t o  physiographic   posi t ion.   Their  
chorology is  presented  in   the form  of a map which was compiled 

from i n t e rp re t a t ion  of ver t ica l   aer ia l   photographs  of the  
a rea .  The appearance of the  var ious  vegetat ion  types on the  
aerial photographs is described. 

'*The prevalent  vegetation of the  mesic s i t e s  i s  a 
tundra community dominated by ericoid  shrubs.   There i s  

strong  evidence  that  much of th i s   t ree less   vege ta t ion   occupies  
sites where trees  once grew; they have  been removed by fires. 
Recent  alluvium  bears  stands of Picea gZauca (white  spruce) 
which shows good growth.  Shallow,  wet  peats are covered by 

black  spruce  stands  with  shrubs and msses, ch ie f ly  Sphagnum. 
Deeper peats ,   usual ly  with shal low  act ive  layers ,   bear   heath 
of  sedge-cottongrass  tundra." 

333. RITCHIE,  J.C. 1962. A geobotanical  survey of northern  Manitoba, 
Arctic Inst. N. Am. Tech.  Pap. 9. 48 p.  

"The aim [of this   paper]  has been to depict:  with as 

much accuracy as possible ,   the   spat ia l   arrangements  of t he  

vegetat ional  and f l o r i s t i c   u n i t s  of one area.  The present  
account ... attempts this by a detailed,  uniformly  compiled 
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map of the  vegetat ion of northern  Manitoba,  together  with a 
summary of the  main fea tures  of t h e   f l o r i s t i c  geography." 

334. ROBINSON, J.M. 1965. Permafrost and f o r e s t r y ,  Nat. Res. Counc. 
Can. Tech. memo. 86:132-135. 

Arctic  Bibliography 91215:  "Describes how perma- 

f r o s t  i s  fos te red  i n  the  northern  Boreal  forest  by ac id  

l i t t e r  under  the  trees and subsequent moss; th i s   cover  f i l l s  

with snow and i c e   i n   e a r l y  autumn, conducts  ground  heat i n  
winter ,   then  dr ies  and insulates   the  underlying  mineral   soi l  
against   the  summer heat,   causing  permafrost   to  develop  in 
areas  south  of  the  recognized  penafrost   zone, and discourag- 
ing  plant  growth, Though most permafrost   areas  are  too  cold 

to   permi t   t ree  growth, exceptions  are  noted  in  the  lower 

Mackenzie  Valley  and  Delta, e . g .  a t  Fort MacPherson  where 
spruce grows i n  a  very  shallow  active  layer.  Use of f i r e  i n  
the  Scandinavian  cauntries  to  release  chemicals  in  the moss 

l aye r s  and thus  promote  tree growth is noted.  Generally, 
conditions  favouring  permafrost   lead  to  forest-si te  degenera- 
t i o n ,  even  where s o i l  and summer temperatures   are   sui table  
for tree growth.  In  such  areas, a layer  of  l i t t e r  must be 
developed t o  permit warming of  upper  soil   horizons,   but 
prevented from  becoming  an. insu la t ing   b lanket  and fos t e r ing  

permafrost ,  

335. ROBINSON, J.M. 1971. The de le te r ious   e f fec t  of muskeg  on the  
Canadian  North.  Unpubl. m s .  mimeo. 18 p .  

The problems of  f o r e s t  growth in   a reas  of "sheet 

muskeg" (formed under spruce t rees   in   co ld   c l imates ,   wi th  
low evapotranspirat ion)   are   discussed.  The au thor   c i tes  

examples,  with  photographs, of fores t s   wi th  and without 
muskeg on similar neighbouring sites i n  the   nor th .  He 

bel ieves   that   the   succession is f i r e - i n i t a t e d  on uplands 

and flood  induced on a l l u v i a l  f l a t s  and t h a t  on both s i t e  
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types,  if f i r e  i s  l i g h t ,  o r  f looding  very  rare ,  a sphagnum- 

ericaceous ground  cover  develops,  ensuring a high  permafrost 
t a b l e  and rapid  s tagnat ion of the  softwood  forest .  Under 

conditions of periodic   f looding o r  severe  burning,  the muskeg 

ground  cover  either  does  not  develop o r  i s  g rea t ly   r e t a rded ,  
the  permafrost  table  remains  deep, or at l e a s t  below the  top 

of   the  mineral   soi l ,  and a forest   product ive of bo th   t r ee s  

and wildl i fe   develops.  
The author   discusses   br ief ly   the  advantages of 

muskegs, par t icular ly   the  depression-f i l l ing  type,   producing 

bogs which  ensure  moisture  reservoirs and the  sheet   type 
developed  over  thin  soils or  bare  rock  providing an organic 
subs t r a t e  for ground  cover,  Draining of the  former is not 

f eas ib l e  and des t ruc t ion  of t h e   l a t t e r   d i s a s t r o u s .  
A p lea  is made for a method to   cont ro l   shee t  muskeg 

development  over  productive  forest s o i l s  without  relying on 
"nature ' s  disaster   approach.  

336. RglNNING, 0.1. 1969.  Features of the  ecology  of some arctic sval-  

bard  (Spitsbergen) p l an t  communities.  Arctic  Alpine  Res. 
1 : 29-44. 

Author 's   abstract :   "Invest igat ions were made i n t o  

the   eco logica l   fac tors   govern ing   the   d i s t r ibu t ion  of p l an t  
communities.  In  particular,  temperatures  were  studied  in 
the   roo t   l aye r s  of p lan t  communities and in  the  micro-environ- 
ment, The r e su l t s   a r e   r eco rded   fo r  day  and night  and under 

different   weather   condi t ions,  The r e l a t ionsh ip  between 

vegetation,  permafrost ,  and  chemical  composition of t h e   s o i l  

was also  investigated.   Permafrost  is found t o  be  the main 
fac tor   de te rmining   d i s t r ibu t ion  of p lan t  communities  through 

i ts  influence on drainage. The chemical  composition of soil 
is tabulated for two t e s t  areas and d i f f e r e n t  Dryas communities. 

A cor re l a t ion  between  vegetation an chemical  properties of 
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s o i l  has been  attempted,  but  the  need  for  further  investiga- 
t i ons  i s  emphasized 

337. ROUSSEAU, J .  1949.  Modifications  de la  surface  de l a  toundra sous 

l 'act ion  d 'agents   c l imat iques.  Rev. Can. GBogr. 3:43-51. 

Frost   act ion phenomena  Pound i n  Ungava during  botani- 

cal explora t ions   in  1947  and  1948 are described. 

338. ROUSSEAU, J. 1952 Les zones  biologique  de l a  pgninsule Qu6bec- 

Labrador e t  l 'H6miarctique. Can. J .  Bot., 30:436-474. 
Phytogeographic  zones of Ungava-Labrador are delimi- 

ted  and the  typical   p lant   assemblages  for   each zone are 

described, 

339. ROWE, J . S .  1959.  Forest  Regions of Canada. Can. Dep. N .  Affairs 
Nat. Res. Bull.  123. 71 p.  

The bas ic   re fe rence  for descr ipt ions of the Canadian 

forest   regions.  

340. ROWLAND, L. 1971. Gas Arc t ic   s t ress ing   research .  Oilweek Sept. 

6: 25-28 
The fac i l i t i es  and  research programmes a t  Prudhoe 

Bay and Norman Wells are described. The following  notes 

ind ica te  some of  t h e   f a c i l i t i e s  and research   pro jec ts .  
T h e  Prudhoe Bay f a c i l i t y   c o n s i s t s  of 2,000 feet of 

48-inch  pipe,   partly,buried i n  convent ional   pipel ine  di tch 

and p a r t l y   l a i d   i n  a shallow  ditch  with a berm over it. Its 

locat ion was se lec ted   for   the   wors t   poss ib le   condi t ions  in  
continuous  permafrost with ground  temperature  well below 32 

deg. F.  and much of ground consis t ing of almost  pure  ice. 
"Norman Wells is in  the  discontinuous  permafrost  

zone ... The. . . tes t  s i t e  i n s t a l l a t i o n   c o n s i s t s  of four  120-foot 

c i rcu la tory   sec t ions  of 48-inch  pipe  la id   in   100-foot   r ight-  

of-way,  and two s ta t ic  loops of 42-inch  pipe ... Its f a c i l i t y  
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is set up t o  test ground consis t ing  general ly  of ice- r ich  
c lay   c lose   to  32 deg. F . ,  the  most d i f f i cu l t   cond i t ions   i n  

the Mackenzie Valley. A f a c i l i t y   a t  Nordegg in   cen t r a l  
Alberta,  will test muskeg and wet c lay   typ ica l  of most of t he  

northern  Alberta  region  and  adjacent  portions  of  the  Northwest 

Te r r i t o r i e s  ... 
“A spec ia l   fea ture  of Prudhoe Bay has  been a con- 

s t ruc t ion   d i s turbance   t es t  which was conducted  before  the 
test loop went in to   opera t ion .  An area on one s i d e  of  the 
test sect ion was s e t  up with three concentric  ovals  for 

tracked  vehicle  runs  over  various  kinds  of  surface  preparation, 
from bare  tundra  to   gravel   pads,   to   tes t   the   effect  of t h e  
re la t ive   degrees  of impact on the  terrain. 

Tlarious b a c k f i l l  methods  were also  used for experi- 
mentation. These included a few short   sect ions where  sub- 
sidence  has  been  allowed  to  occur t o  check the   ex ten t   t o  

which partial   exposure of pipe can  cause  permafrost  degradation 
or regression.  The permafrost   in   this   region is 1,200 t o  

1,500 fee t   th ick .  
"At both Prudhoe Bay and Norman Wells there  is a 

s o i l s  program t o  tes t   for   moisture   content  and densi ty ,  

water pore pressure and o the r   da t a  which  have a bearing on 
the e f f e c t  of the  pipeline.   Meteorological  records are a l s o  

be ing   kept   to   re la te   so i l  t o  air temperature, . .  
T n   t h e   f i e l d  of ecology an  Environment Protect ion 

Board has been  formed, whose o b j e c t i v e s   a r e   t o  become 

familiar enough with  Arctic  ecological  systems  to  estimate 
the  biological   costs  or benef i t s  of construction and evaluate 
e f f ec t s  that might r e s u l t   i n  damage or disrupt ion t o  major 
ecologica.1  systems; t o  become fami l ia r  enough with  the  bio- 

log ica l  and physical  environments  that  pre-constrmcti.on 
findings  can be used as a bas i s  for  post-construction 

eva lua t ion ;   to  make recornmendations for m a x i m u m  b e n e f i t   i n  
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environmental  protection; and t o  make a v a i l a b l e   t h e   s c i e n t i f i c  
r e s u l t s  of i t s  s tud ie s  as a d i rec t   cont r ibu t ion  t o  Northern 

s c i e n t i f i c  development ... 
"Of p a r t i c u l a r   i n t e r e s t  t o  the  professional  

ecologis ts  on the   p ro jec t  is the  behavior o f  caribou. Many 
predict ions had  been made, without  benefit  o f  actual  obser- 

vat ion,   that   car ibou would not   cross  a p ipe l ine  berm. Within 

hours o f  completion of the bermed  segment of the  test  loop, 
the  caribou were  walking a l l  over it. S ince   t he   i n s t a l l a t ion  

of a number o f  test  g ra s s   p lo t s  on the  loop  area,  they  have 

a l so  been  nibbling  the new grass  and generally  displaying a 
cu r ios i ty  which indicates   they  have  accepted  the  instal la t ion 
as an in t e re s t ing  new f i x t u r e  on the  landscape. 

IIAlthough not  determined  conclusively  yet,  there is  

an  indication that the  caribou has tunnel  vision which de ters  

it from jumping  over a ve r t i ca l   obs t ac l e   w i th  a height above 

eye level ,   such as the test  fence  which  Atlantic  Richfield 
i n s t a l l e d ,   b u i l t  of snow fencing  reinforced  with  interwoven 
burlap  bags  to  simulate a so l i .d   bar r ie r .  A slope  appears t o  
o f f e r  no problem a t  a l l  to   car ibou  mobi1ity.I' 

341. RUSSEL, R.S, and P.S. WELLINGTON. 1940.  Physiological and eco- 

log ica l   s tud ies  on an Arct ic   vegetat ion.  I .  The vegetat ion 

of Jan Mayen Is land.  J. Ecol. 28:153-179. 
This  paper  discusses the vegetation of Jan Mayen 

Is land.  "The vascu la r   f l o ra . ,  .is small, comprising as far as 
i s  known only 58 species  of vascular   plants .  Over the   g rea t e s t  
pa r t  of the  Is land  the  vegetat ion was dominated by mosses or 
l ichens.   In  l imited areas, however, special ly   favourable  

conditions  permitted  the  development of closed  communities of 
vascular   plants .  

I ' I t  is concluded that the  degree of  exposure t o  wind, 

ni t rogen and water  supply and the  t ime of snow r e t r e a t   a r e   t h e  
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major f ac to r s  which  determine  the  distribution of the  var ious 
types of vegetation."  There  are 22 vegetation  types  defined. 

342. SALMI, M. 1970.  Investigations on palsas in  Finnish  Lapland. 
Ecology of the  Subarctic  Regions: 1. Ecology and Conservation. 
Helsinki Symp. Proc, 1966. UNESCO. p. 143-153. 

The o r ig in  and development of palsas is out l ined as 

well as the vegetation  covering the p a r t i c u l a r  palsas s tudied .  
In  the  discussion which  followed  the  presentation  of  the  paper, 

P r u i t t   s t a t e d :  "1 am happy t o   s e e   t h a t  a greater  understanding 
of palsas  has been  reached  since  these  are  of  biological as 
well as cryopedological   in terest .  They form an important 
pa r t  of the  biological  system  of  the  Subarctic.  Caribou  feed 
on the  palsa   l ichens  s ince  these  l ichens  are   usual ly   snow-free.  

In  North America a genus of voles ,   previously  bel ieved  to  be 

rare, have  been  found t o  be l imited  markedly  to   palsas ,  where 

they   a re   qu i te  common. Several   species of  b i rds   nes t  prim- 
a r i l y   i n   p a l s a   t r e e s ,   t h e   o n l y   t r e e s   i n  an expanse  of  mires. 

'’Palsas e leva te  a mass of peat  above the general  

water-soaked  level. Here the   pea t   d r ies  and the  organic  
mater ia l  i s  made a v a i l a b l e   t o   t h e  ecosystem where it supports 

a more varied  vegetation  than when water  soaked. The r e l ease  

of  the  previously  immobilized  energy is important for the  
b io logica l  community. Perhaps when we understand  the  genesis 
of palsas we could i n i t i a t e  their formation and thus  manipulate 

one  aspect of biological   product ivi ty   in   the  Subarct ic ."  

343, SAVILE, D.B.O.  1964.  General  ecology and vascular   p lan ts  of the  

Hazen Camp area. Arc t ic  17:237-256. 

The general  ecology of the   p r inc ipa l   habi tg ts   ( sand ,  
grave l ,   c lay   p la ins  and s lopes ,   sa l ine   c lay ,  Dryas hummocks, 

Dryas-Kobreeia tundra,  Dxyas-SalCx tundra,   del tas ,   boulder  
talus,   springy  slopes,   marshes and sedge meadows) are des- 

cr ibed.  The author comments  on the gene ra l   a r id i ty  of the  
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area i n  r e l a t l o n   t o  some of the   spec ies .  An annotated list 

of the  vascular   plants  i s  appended. 

344. SCHENK, E. 1966. Origin of st r ing  bogs.   Permafrost   Int l ,  Conf. 

Proc. Nat. Acad. S c i .  - Nat. Res, Counc. Wash. Publ.  1287: 
155-159, 

"String bogs a r e  muskegs with  undulating  surfaces.  

In  Europe they   a re   ca l led  Aapa-moor, s t rz lg-noor   ( s t r ing  bogs) 

and ringmoore  (ring moor). They are  widespread in   the  Boreal ,  

needle- t ree   forest  zone of the  hemisphere.  Their  topography 
is character ized by l e n t i c u l a r  hummocks and depressions, by 

long and low r idges,  and by  long and shallow  holes or  d i tches .  
Both features  are  covered  with  dist inct   plant  communities;  
each is s t r i c t l y   c o n f i n e d  t o  a de f in i t e   eco log ica l   s i t ua t ion  

t h a t  is control led by the  ground  water  level and water supply. 
Peat growth and moor s t r u c t u r e  is determined  mainly by the  

water  budget ... In  the undulating muskegs or Aapa-moors, t he  
d i f f e r e n t i a t i o n  of  xerophytic and hydrophytic  plant communi- 
ties is due t o   r i d g e s  and depressions,  The quest ion  s ince 

the end of the  last  centry has been: 'What causes  the  con- 

f igu ra t ions  of xerophytic  and  hydrophytic  plants  in  the 
moors, and what causes   these  s t range  pat terns   in   the same 

peat  land? 

345. SCHENK, E. 1970.  Permafrost and f r o s t   s t r u c t u r e s   i n   t h e  sub- 
a rc t i c   a r ea .  Ecology of the  Subarctic  Regions: 1. Ecology 
and Conservation,  Helsinki Symp. Proc. 1966. UNESCO. 

p.  155-158 I 
Aspects of the  formation of pat terned ground i n  the 

suba rc t i c  and i ts  relat ion  to   f reeze- thaw  cycle ,   pat tern  s ize ,  

length of f reezing  per iod,   temperatures ,   soi l ,  water, e t c .  

are  discussed. 
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346. SCHULTZ, A.M. 1964. The nutrient-recovery  hypothesis f o r  a r c t i c  
microtine  cycles 11. Ecosystem v a r i a b l e s   i n   r e l a t i o n   t o  

a rc t ic -micro t ine   cyc les .   Graz ing   in   t e r res t ia l  and  marine 

environments. D.J. Crisp,  ed. Oxford, Blackwell, p .  57-67. 

Author 's   abstract:   "Correlated  with  the lemming 
cycle  of  northern  Alaska,  which i s  one of the   bes t  and r ead i ly  

observable  features of the  tundra,  are f luctuat ions  in   pr imary 
production,  forage  quali ty,  and decomposition rates. Also, a 
number of s o i l   p r o p e r t i e s  show year-to-year  changes  that  appear 

t o  be linked  with the microtine  populations,  A four-year 
record of herbage  yields,  covering one complete lemming cycle,  

r e f l ec t s   t he   r ecove ry  of p lan t   v igor   tha t   t akes   p lace  from the 

type of overgrazing  during  the  peak  phase of the   cyc le   to   the  
last  year  of no grazing. 

'Themica1  composition of green  forage  involving 

calcium,  phosphorous, and pro te in   var ies   s ign i f icant ly   dur ing  
a lemming cycle.  The change is in   t he   d i r ec t ion  of improving 

qua l i ty  as the  peak  phase of the  cycle  approaches, and of a 
sharp   reduct ion   in   qua l i ty   dur ing  and following  the  decline 
phase. The va r i a t ion  may be  explained  partly by botanical  
composition changes r e su l t i ng  from se lec t ive   g raz ing  and 

p a r t l y  by changes in   t he   ava i l ab le   so i l   nu t r i en t   poo l .  
"In  the  soil  system,  important  directional  changes 

occur  which  can  be  attributed t o  two  lemming a c t i v i t i e s ,  
grazing and manuring.  Grazing  decreases  the  insulating 
a b i l i t y  of the  vegetat ive  cover;  two or three  years  of no 
grazing  a l lows  the  insulat ion to  bui ld  up again,   thus ,   there  
is a three-   to   four-year   cycle   in   depth of the a c t i v e   s o i l  

layer. Excreta  produced  during  the  Ifhigh"  years  add a 

sudden  dash of ava i lab le   nu t r ien ts  t o  t he   subs t r a t e  and 

perhaps  modify  the  decomposer  flora  quantitatively as well as 
q u a l i t a t i v e l y . ”  
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SCHULTZ, A.M. 1969. A study of an ecosystem:  the  arctic  tundra.  

The Ecosystem  Concept in  Natural  Resource Management. G.M. 

van Dyne, ed. Academic Press,  N.Y.  p.  77-93. 

This  paper is concerned  with  the  modelling  aspect of 

the arctic tundra  using  the  microtine  cycle (as out l ined   in  
the author 's  1964 paper).  The author  then  theorizes:  "Not 
until a nut r i t iona l   th reshold   has  been  reached  can a lemming 
population  build  up. But the  population  does not  keep ge t t i ng  
bigger and bigger.   This would be disas t rous   to   the   vege ta t ion .  

So a deferred-rotation  grazing scheme is bui l t   in to   the   sys tem.  
No grazing a t  a l l  would a l s o  be disas t rous   to   the   vege ta t ion  
and t o   t h e   s o i l  as well. Predators  play a ro l e  a t  the  time 
of herbivore  decline.  Indeed, a l l  p a r t s  of the  system  play a 

r o l e .  I t  is a homeostatically  controlled  system." 

348. SCHUSTER, R.M., W.C. STEERE, and J.W. THOMSOM. 1959. The t e r r e s -  

t r ia l  cryptogams  of  Northern  Ellesmere  Island. Nat. Mus. Can. 
Bull.  164. 132 p .  

An annotated li.st of the hepatics, mosses and l ichens 
from Ellesmere  Island.  Information on ecology,   dis t r ibut ion 

and ea r ly  work on crytogams is included. 

349. SCOTTER, G.W. 1963. Effects  of f o r e s t   f i r e s  on s o i l   p r o p e r t i e s  
i n  Northern  Saskatchewan, For, Chon.  39 :412-421. 

This  paper  records  certain s o i l  changes as t h e   r e s u l t  
of f i r e   i n   f o r e s t s ,   b u t  it has l i t t l e   t o   s a y  about  the  prob- 
lems of regeneration on the burned si tes,  The  work was 
undertaken as pa r t  of a much la rger   s tudy  on the  problems o f  

barren-ground  caribou. The questions of the  problem of 
l ichen  regeneration is ra i sed  and the  need for   fur ther   inves-  
t i g a t i o n  is emphasized. 

350. SCOTTER, G.W. 1963. Growth rates of  CZadonia aZpeatris, C. k t i s ,  

and C. rangiferina i n  the  Tolston  River  area, N.W.T. Can. J .  
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Bot. 41~1199-1202. 
Data is presented on growth rates of CZadonia 

alppestpis, C. mit<s and C, rangiferina and it is shown t h a t  
growth i s  slower  here  than  in  Russia,  Newfoundland or 
northern  Saskatchewan. 

I 

351. SCOTTER, G.W.  1964.  Effects of fores t   f i reson   the   win ter   range  
of barren-ground  caribou  in  Northern  Saskatchewan.  Wildl. 

Manage. Bull .   Ser,  1, No. 18. 111 p. 
Although this paper  deals  with  areas  south of the  

60th pa ra l l e l   t h . e re   a r e  some in te res t ing   observa t ions  on the 

e f f e c t s  of f i r e  on the f o r e s t s  of that a rea .  The major t r e e  
species  are  black  spruce,   jack  pine,   white  birch,   quaking 
aspen,  tamarack,  white  spruce,  and  balsam  poplar.  ''Burning 

of winter   range  resul ts   in   only a temporary  reduction i n  
range  productivity,   with  the  exception of high-value  "reindeer 

lichens".  In  northern  Saskatchewan a century or more is 
required for f i re-destroyed  "reindeer   l ichens" t o  r each   t he i r  
former  abundance. Annual growth rates of CZadon;a alpestris 
and C. raq i f e r ina  were  approximated a t  4.1 and 4.9 milli- 

metres, respec t ive ly .  The  two l ichens were found  infrequently 

i n   f o r e s t s  younger  than 30 years of  age ... Arboreal  l ichens 
may make subs t an t i a l   con t r ibu t ions   t o   t he   w in te r   d i e t  of 
barren-ground  caribou,  particularly  under  severe  weather 
conditions.  , .Alectoria jubata is thought  to be the  most 
important   arboreal   l ichen  in   the study area". 

Forest:  and  forage  yield  data were obtained from 
many of the areas studied.  Various  species of Equ<setwn 
appeared t o  be  highly  preferred  winter forage plants.  Barren- 
ground  caribou are pr imari ly   grazers ,  Itand, except for evex- 

green  species,  browse is of l imited  importance  in   their   winter  
d i e t .  Only an occasional  white  birch or willow  twig,  generally 
less than lf inches   in   l ength  and  3/16  of  an inch   in   d iameter ,  
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were  found i n  rumens of 7 barren-ground  caribou.., 

"Lichens are  regarded  generally as the   p r inc ipa l  
winter  food  of  caribou ... In  the   p resent   s tudy   f ru t icose  
lichens  such as Cladon<a alppestris, C. amaurocraea, C. mitis, 
C. wzdaZis, 5. rangiferina, were considered of high 

Forage  Production: I'Average a i r  dry  yield  ranged 

from 290 pounds per   acre   in   the  1 t o  10-year  class  to 942 

pounds per   acre   in  the oldest   class.   . .Total   average  produc- 

t i v i t y  was consis tent ly   higher   with  increased  age of t h e   t r e e  
class ... Yields of  l ichens  increased  consis tent ly  from 5 pounds 

per  acre t o  482 pounds per acre .  More important  than  the 
increase i n  t o t a l   l i c h e n  yield was the  increase of high  value '  

l i chens  [ i .e .  preferred  species] .  Average y i e ld  of high-value 

l ichens  var ied from 1 pound per  acre i n  the  1 t o  10-year  old 

f o r e s t   t o  an  average  yield of 264 pounds per  acre in   t he  class 
exceeding  120  years of age.  Moderate-value  lichens  reached 
their highest   y ie ld   during  the  51  to   75-year  age c l a s s ,  and 
low-value  lichens  obtained dominance i n   t h e  11 t o  30-year  age 
c l a s s .  Although  th.ere  were  variations  within  each  age  class, 

l ichen abundance was c l e a r l y   r e l a t e d  to  maturity of t he   fo r -  

e s t . .  , 
T h e   e f f e c t s  of  i nc reased   fo re s t   f i r e   des t ruc t ion   i n  

recent   years ,   cons idered   in   l igh t  of y ie ld   da ta ,  are obvious. 
Forage  available  to  barren-ground  caribou on the  winter  range 
is being  reduced,  both  in amount and qua l i ty ,  a t  t he  fastest 

rate within  approximately  the last 150 years ... Theoret ical ly ,  
the average  forage  yield on recent  burns was 290 pounds per  
acre, or  3,013  tons  on the 20,779 acres .  A mature  black 

spruce  forest,  assuming  an  average  production of  942 pounds 
per ac re ,  would produce 9,787 tons of forage on the  same 
acreage, On the  same acreage,  the  so-called  '*reindeer 

lichens1' o r  high-value  lichens would produce 2,743 tons of 
forage i n  the mature f o r e s t  and only 10 tons i n  the  1 t o  10- 
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year  old age class. 
An extensive  section is given on succession  following 

fo res t  fires bas i ca l ly   i n   s t ages   o f  1 t o  10 years ,  11 t o  50 

years,  50 t o  120 years, and 1201. years.  There is a l so  con- 
s iderable   discussion on the  effect of f i re  on s o i l  proper t ies .  
The main e f f e c t s  of f i re  seem t o  be a reduction of barren- 

ground  caribou and perhaps a s l igh t   i nc rease  of moose in  up- 
land  forests .  A moderate  increase  in  black  bear  populations 
is  found in  burnt-over  areas  because  of an excellent  source 

of berries.  Fur-bearing  animals  such as the   red   squi r re l  

have  been  eliminated  over much of  the area. l lSquirrel  popu- 
l a t i o n s  were generally  noted  only i n  forest   s tands  older   than 

50 years .   Since  squirrels  are an i tem  in   the  food chain of 
marten...and fisher, . . . p  opulations of both  have  been  adversely 
affected.   Forest  fires may also  destroy  marten  habi ta t .  . . A t  

l e a s t  one and possibly two fur-bearers,  snowshoe hare . .and 

beaver, [seem to   increase  after f ire] t1 

352. SCOTTER, G.W. 1970. Reindeer husbandry as a land  use i n  Northern 
Canada. Productivity and Conservation in  Northern  Circumpolar 
Lands. I n t .  Uni.on Conserv.  Nature. (IUCN) Publ.  n.s.  16:159- 
168 

A descr ipt ion of the location,  physiography and 

vegetation of the Reindeer  Preserve near Inuvik, N.W.T. is 
given. The j u s t i f i c a t i o n  of maintaining a reindeer  herd is 
questioned now that car ibou   a re   increas ing   in   the  area. 

353, SDOBNIKOV, V.M, 1971.  Causes for   breaks  in   breading of  Arct ic  
birds.   (Transl.  Russian t i t l e ) .  2001. Zh. 50(5):734-740. 

Biological  Abstracts 52:135797. 1971.  (Engl. Summ.): 
"Breaks in   breeding of birds   feeding on lennnings are re l a t ed  

t o  changes i n  the population  density of t he  la t ter .  Non- 

breeding  in  other b i r d s  is of ten  (but not  always) due t o  
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negative  climatic  anomalies which l e a d   t o  food  deficiency, 
i c e  and snow, and unfavourable  thermal  regimes.  During  short 

periods of time  such  breaks  in  breeding can hardly  be  periodic,  
whereas  during  longer  periods of t ime  dur ing   so la r   ac t iv i ty  

and  other  climatic  anomalies,  non-breeding may be  periodical." 

354. SEMENOV, L . P .  1963.  Heat ca lcu la t ion   for   an   o i l   p ipe   l a id   in  
seasonally  frozen  ground.  (Transl.   Russian  t i t le)  
Materialy K UcheniiQ o merzlykh zonakh zernno: koxy. 9:38-52 

(In  Russian). 
From Arctic  Bibliography 91571 : llDiscusses  the 

heat e f fec t  of p ipe l ines  on adjacent ground and methods of 
ca l cu la t ing   i t . . .Pe r t inen t   f ac to r s  such as the   coef f ic ien t  

of heat  conductivity of the  ground,  depth  of  the  pipe, i t s  
rad ius ,  snow cover, e t c  , are  considered, and  formulas  given 

for   ca lcu la t ing  them. These  formulas  enable one to  determine 

the  heat  regime of the o i l   p i p e  for each  season  and to   dec ide  
upon the optimal  depth f o r  laying  the pipe ."  

355. SHACKLETTE, H.F. 1963. Influences of t h e   s o i l  on boreal and 

a r c t i c   p l a n t  communities.  Unpubl. Ph.D, t h e s i s ,  Univ, Mich. 

356, SHELFORD, V . E .  1963. The ecology of North  America,  Univ. 
I l l i n o i s  Press, Urbana. 610 p.  

Chapter 7 -The  Tundra Biome: gives an ou t l ine  of 
the  ecology of the   a rc t ic   wi th   d i scuss ion  of c l imate ,   Soi ls ,  

permafrost ,   plant communities and animals.  Successions  are 
considered and special   aspects  of the  tundra  zones  discussed. 

A good introduct ion t o  the  area wi th   exce l l en t   i l l u s t r a t ions .  

357. SHTRAUSBERG, D.V.  1958. The assimilat ion  of   nutr i t ive  e lements  
by p l an t s  i n  the  polar  region  under  various  temperature  con- 
d i t ions .   P lan t  Phys.  5:226-232. 

Experiments on ass imi la t ion  of P, Ca and S i n  
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r e l a t i o n   t o   a i r  and soi l   temperatures  by oats ,   rye and cucum- 

bers are  described..  Reduction  of  soil  temperature  decreases 
P uptake in   roo t - f ed   roo t s  more than  the  reduct ion of a i r  
temperature.   Foliar  application of nu t r i en t s  seems more 
e f f ec t ive  than so i l   app l i ca t ion  a t  low temperatures. 

358. SHVARTS, S,  S 1967.  Biological basis of the  hunting and trapping 

indus t r i e s ,  Problems of  the  North 11 :1-17. (Transl.  from 
Russian by Nat. Res. Counc. Can. 1968.) 

This  paper is concerned  chiefly  with  population 

dynamics of economically  useful  wildlife  resources.  Some 
problems of over-hunting o r  i ndus t r i a l  changes a re   a l so  con- 
s idered.  

359. SHVETSOV, P.P. and I.V. ZAPOROZHTSEVA. 1963, The recurrent   nature  

and permafrost  engineering  significance of 2-3 yea r   so i l  tem- 
perature  increases i n  the   subarc t ic .  Problems of  the  Arctic. 
7:21-47. (Transl. from Russian by Nat. Res. Counc. Can. 1964.) 

Detailed  information is presented on temperature 

fluctuations  result ing  in  deepening of the   ac t ive  layer and 

consequent  failure of bui ldings,  etc. on permafrost, and 
reasons  for   the  f luctuat ions.  

"The settlement  of  rock and coal  dust and soot [from 
mining areas  and  from c i t i e s ]  on the   ea r th ' s  surface means a 
sharp  increase  in  the ash  content of the t undra   so i l .  As a 

r e s u l t ,  mosses are supplanted  in  the  tundra  plant  associations 
by other   p lan ts ,   f requent ly  cereals [grasses?], A moist moss 

cover, of course,  with its large evaporation surface, markedly 

reduces  the heat penetrat ion of the s o i l  by so lar   rays  and 
mean surf  ace air temperature 

360, SIGAFOOS, R.S. 1950. Some botanical   problems  in   the  interpreta-  

t i o n  of aerial  photographs of tundra areas. Photogramm. Eng. 
16~429-431. 
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"As an a id   i n   t he   s tudy  of perennially  frozen  ground 
in tundra  regions,   photographs  are of value  only so  far as the 
vegetation and micro-rel ief   features   indicate   the  nature  of  

the  f rozen  substrata ,  and to   the  extent   that   the   photographic  
representat ions  of   these  features   can  be  ident i f ied.  I t  cannot 

be s t ressed  too  s t rong ly   t ha t   i n   t he   i n t e rp re t a t ion  of  patterns.  
on aerial   photographs,  a thorough  appreciation and understand- 

ing  of  the  topography,  physiography and vegetation on the 
ground are  of first importance 

361. SIGAFOOS, R.S. 1951. So i l   i n s t ab i l i t y   i n   t undra   vege ta t ion .  

Ohio J.  Sc i .  51:282-298, 

Environmental d i s t r i b u t i o n  of e f f e c t s  of  congel i tur-  
bation:  "Peat  r ings,   tussock rings, tussock  groups,  peat 
mounds, pingos,  ground-ice mounds, swales, and some willow 
thickets  develop on the wet test ,   f ine-grained  soi ls   that   occur  

on broad,  poorly-drained  terraces  and  uplands,  gentle  slopes, 
and par t s  of r i ve r   f l ood   p l a ins .  Swales  and thickets   occur  

where surface  drainage  in  summer is concentrated. The 

remaining  features  characterize  nearly  horizontal   surfaces,  
where run-off is extremely  slow. 

"Tussock-birch-heath  polygons,  terrace forms, r idges 
and hollows,  and some willow  thickets  develop on bet ter-drained,  

fine-grained  soils.  Tussock-birch-heath  polygons form on 
be t te r -dra ined   in te r f luves  of gently  sloping  uplands  underlain 
with wet s i l t y   s o i l s ,  They are   assoc ia ted   wi th   the   fea tures  
that occur on the   we t t e s t   so i l s .   Te r race  forms  develop i n  
s h a l l o w   d e p o s i t s   o f   s i l t y   s o i l  and rock that   mant le   wel l -  
drained  slopes.  The s o i l s  are   general ly   dr ier   than  those  in  
which  tussock-birch-heath  polygons  develop,  but  are wet loca l ly  
during  part  of the thawing  season. Some willow  thickets grow 
on be t te r -dra ined ,   s teep   r iver  and lake banks  underlain by 

s i l t y   s o i l s .  Ridges and hollows form on bet ter-drained areas 
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of r iver   f lood  plains   adjacent   to  and within  willow  thickets 

that l ine  the  banks.  
"Turf-banked terraces and vegeta t ion   s t r ipes  form on 

the best-drained  slopes on h i l l s  where  bedrock is close t o  the  

surface and in   t e r r ace   g rave l s .  Turf-banked terraces form on 
the  more gent le   s lopes where some fine  material  has  accumulated, 
and where mov.ement of s o i l  is slow.  Vegetation  stripes  reach 
their  best  development on slopes of 30 degrees, upon which 

movement of platy  fragments is r ap id  and only small quan t i t i e s  
of  fines  have  accumulated. 

"Thaw lakes and  accompanying phenomena are abundant 

on lowlands  and  gently  rolling  uplands  underlain  by  thick, 
perennial ly   f rozen si l t .  

"An almost i n f i n i t e  number of   micro-rel ief   features  

formed by congel i turbat ion  occur   in   tundra  regions.  The 
e f fec t  of  unstable soils on vegetat ion  descr ibed is typical of 
much of the  tundra  vegetation of Seward Peninsula; a l l  hab i t a t s  
with  the  possible  exception of sand  dunes,  and  beaches,  exhibit 
evidence of s o i l  movement. Micro-relief  features  involving 
only  f ine and coarse  rock  materials  are  abundant.11  (Congeli- 

t u rba t ion   i nvo lves   t he   s t i r r ing  and  mixing of s o i l   s u r f a c e  

layers  i n  cold  climates where freeze and  thaw cycles  are 
in tense  ,) 

Vegetation  patterns  with dominant species  are des- 

cribed i n  de ta i l   fo r   each   micro- re l ie f   fea ture  and problems of  
succession and climax  are  discussed. 

362. SIGAFOOS, R.S. 1952. Fros t   ac t ion  as a primary  physical   factor 

i n  tundra  plant  communities.  Ecology. 33:480-487. 
The tundra  plant  communities are described and t h e i r  

development i n   r e l a t i o n   t o  frost act ion  discussed.  "Tundra 
p lan t  communities are be t t e r   co r re l a t ed   w i th   t he   i n t ens i ty  and 

character  of f ros t   ac t ion  than with the  age of the surface. . .  
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The ultimate limit of vegetation development is control led ... 
by the  length of time  during which environmental  factors do 
not   f luc tua te  beyond the  limits of the  ecological  amplitude 
of   the  species  ... The length  of  t ime  involved  in  the  destruction 

of  vegetation by f ros t   ac t ion  and i t s  subsequent  regeneration 
is considerably  shorter   than is the  time  involved for other  

environmental  changes,.. 

llContinuous  heath  and Dryas mats ... i n d i c a t e   f r o s t  
act ion of less   intensi ty   because  of   wel l -drained s o i l  and a r e  

not   charac te r i s t ic  of surfaces  of varying  age.  Discontinuous 
mats ind ica t e   i n t ense   f ros t   ac t ion  and they,  too,   are  not 
c h a r a c t e r i s t i c  of surfaces  of d i f f e ren t   ages . , .  

llWillow-birch-heath grows on frost-derived  rubbley 

soil, and wel l -drained  glacial   deposi ts  of both  glaciat ions.  

Frost   action is s l i g h t  at sites supporting  willow-birch-heath 
but is sti l l  more intense  than a t  s i t e s  where nearly  continuous 

heath and Dryas mats grow. Soils  supporting  willow-birch-heath 
are  well-drained,  f ine-grained  materials,  f ive  o r  more f e e t  

t h i c k . .  . 
ltCottongrass-tussock-birch-heath grows on poorly- 

d r a i n e d ,   s i l t y  soils of leve l  o r  gent ly   s loping  surfaces   that  
vary  in  age ... frost ac t ion  a t  s i t e s  of  t h i s  community is intense 
and periods of s o i l  movement occur  annually ... Sedge sod and 
willow  shrub grow on drainage  l ines  with  peat  underlying. 
Detailed  examination of t h i s   c o m u n i t y , . . f a i l e d   t o  reveal any 

characteristic form or any species  unique to  s tands on older  

or younger  surfaces, 

From the  summary: "Surfaces t h a t  have  been  exposed 

f o r  varying  periods of time - sur faces   recent ly  formed by 
water and g l ac i a l   i ce  - a r e  e s s e n t i a l l y  of the same age  because 

p e r i o d i c   s t i r r i n g  of the surface  layers  continually  exposes 

new surfaces t o   p l an t   co lon iza t ion .  
llFour distinct types of vegetation:  heath-Dryas mat, 
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willow-birch-heath,  cottongrass-tussock-birch-heath, and  sedge 
sod and  willow  shrub,  occur on three  surfaces  of varying  age 

bounger   glacial  t ill ,  o lde r   g l ac i a l  t ill ,  and unglaciated 
surfaces).  Willow-birch-heath  and  sedge  sod  and willow shrub 

a l s o  grow  on flood  plain  alluvium. The d i s t r ibu ton  of these 
types of vegetat ion  can  be  correlated  with  different   types  of  

micro-rel ief   features  that a r e  formed by frost act ion.   Their  
dis t r ibut ion  could  not   be  correlated with other  environmental 

f ac to r s   t ha t  were invest igated.11 

363. SJ6RS, H. 1959. Bogs and  fens  in  the Hudson Bay Lowlands. Arct ic ,  

12  : 3-19. 

Generalized  descriptions of the  bogs and fens of  t he  
Hudson Bay Lowlands are given, and some generalized  comparisons 

with  the same s o r t  of te r ra in   in   Scandinavia  and in  northwestern 

North America are made. O f  i n t e r e s t  i s  the   s imi l a r i t y  of form 
here i n  the  Hudson Bay Lowlands to   the  condi t ions  found by 
Drury i n  the  Upper Kuskoskwim River  in Alaska. Although  not 
spec i f ica l ly   d i scussed ,  it appears t h a t   t h e  same cyc l i c  
arrangement  occurs  here as i n   t h e  area Drury s tudied.  

364. SJCRS, H .  1961. Forest  and peat land a t  Hawley Lake,  Northern 

Ontario,  Contrib.  Bot.  1959, Nat. Mus. Can. Bull.  171:l-31. 

T h i s  paper  contains a deta i led   descr ip t ion  of the  
palsa bogs of the  Hawley Lake area   in   nor thern   Ontar io .  The 

probable  upbuilding and degrading of the   pa lsas  is discussed. 
Lists of species typ ica l  of the palsas and of the  wet areas 
between them are also  given.  It is to   be  noted that these 

palsas  are wooded palsas  and  although  containing sphagnum peat, 
do not  have  live Sphagnum. This  has become replaced by various 
l i chens ,   pa r t i cu la r ly  Cetmria nivaZis, "a plant c h a r a c t e r i s t i c  

of wind-swept places   with  def ic ient  snow cover   in   winter ."  
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365, SJORS, H. 1961 Surface patterns i n  boreal  peatland. Endeavour 

20 : 217-224, 
In   the  var ious  areas   of   the   boreal  zone, peatlands 

have par t icu lar   pa t te rns   bo th   ins ide  and outside  the  permafrost  
regions.  These pa t te rns  are described, The author  touches on 
the   idea  of succession  and  believes it does  not  lead t o   t h e  
formation  of a s table   c l imax  but   instead t o  continued  cyclic 

phenomena, 

366. SKAVEN-MUG, Sv. 1965.  Control  of  frost   penetration  in Norway. 
Permafrost  Int. Conf, Proc. Nat. Acad. Sc i .  - Nat. Res. Counc. 

Wash.  Pub1 , 1287 : 268-272, 

This  paper  discusses the methods of preventing des- 
t r u c t i v e   e f f e c t s  of f r o s t   p e n e t r a t i o n   i n   t h e   s o i l ,  e .g .  i n  
roads, ra i lways ,   e tc ,  Two bas i c  methods are   descr ibed:  1. 

by prevention of f ros t   pene t r a t ion   i n to   f ros t - suscep t ib l e  

sub-soi l ,  i .e .  by adding  layers of  f r o s t - r e s i s t a n t  materials, 
or replacement  of  frost-susceptible by f r o s t - r e s i s t a n t  

mater ia ls ;  2 .  a l te r ing   the   water   p roper t ies  of l o c a l   s o i l  by 
addition  of  chemicals or draining,   nei ther  of which is p r a c t i -  

cal a t  the  moment. The first a l t e r n a t i v e  is used  in Norway. 
Pressed  peat  blocks C1 m long x 0.5 m wide x 0.3 t o  0.5 m 

th ick) ,  as well as discarded  railway  sleepers  are  being  used 
by the  Norwegian S t a t e  Railway. The former  have  been  used  for 

over   th i r ty- f ive   years   wi thout   de te r iora t ion .  The discarded 
s leepers  have also  proved  sat isfactory as a base. 

More recent ly ,   spruce and pine  bark  have  been  used  in 

the same manner as peat  and  although  the  blocks  weigh more 

than the  peat  blocks when l a i d ,   t h e  bark blocks  are  substan- 

t i a l ly   cheape r ,   pa r t i cu la r ly  as bark i s  a waste product pro- 
duced in   very   l a rge   quant i t ies  so tha t   s torage   p laces   a re  
overflowing. In  the  author 's   opinion,  %ark i s  usefu l   for  
road  building i n  cold  regions.  Under a bearing  layer  of 
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mdera te   th ickness  0 . 2  t o  0.4  m of compressed  bark  provides a 
frost-proof  foundation and a l so   s e rves  as a ve ry   s a t i s f ac to ry  

f i l t e r   l ayer   aga ins t   under ly ing  silt. 'l 

367. SKOOG, R.O. 1968.  Ecology of the  caribou (Rangifer tarandus 
granti) in  Alaska,  Ph.D, t h e s i s ,  Univ. Calif . ,  Berkeley. 

699 p.  

368, SKROBOV, V.D.  and E . A .  SHIROKOVSKAYA. 1967. The r o l e  of the 

a r c t i c  fox i n  improving  the  vegetation  cover  of  the  tundra. 

Problems of the  North  11:123-128.  (Transl, from Russian by 
Nat. Res. Counc. Can, 1968.) 

The changes of vegetat ion which take  place  around 

a r c t i c  fox dens are descr ibed .   lover   a rc t ic  fox dens,  which 
form a complex  system of underground  patterns  constructed  and 

improved  under  permafrost  conditions  by many generations of 
the  animals,  a unique  patch of vege ta t ion   a r i ses  and develops, 
d i f fe r ing   sharp ly  from the  surrounding  tundra.I1 Twelve species 

of  plants ,   including three species  of grasses,   apparently make 

up the unique  vegetation of the  environs of the  dens.  I t  is 
noted  that  lithe soi ls   beneath  [ the  dens]  are devoid of even 
t h e   s l i g h t e s t  of bogging. This i s  par t ly   due,  of cour se ,   t o  

the improvement in   drainage.  In species  composition  and 

appearance,  the  vegetation of the  fox dens  resembles  the  tundra 
meadowlands.11  Because of the high proportion of fodder  grasses,  
meadow grass  and f o x t a i l  as well  as other   spec ies  of grass ,  
Itthe  environs  of  the fox dens   a re   in tens ive ly   u t i l i zed   for  
grazing by r e indee r   i n  summer and in  migrating  seasons  during 

autumn and spr ing ... 
"The luxuriance of the   vegetat ion  over   the arctic fox 

dens makes  them stand  out  sharply from a grea t   d i s tance . , . In-  
habited  dens are dis t inguished by the  yellow  patches  of  sand 
thrown up  when the  dens  are  cleaned. 
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Wetal   probe measurements made by u s  showed the  perma- 

f ros t   t ab le   wi th in   the   boundar ies  of the fox dens t o   l i e  a t  a 
depth of 180 cm, that is, a t  twice  the  depth  outside  these 
boundaries. The lowering of the  permafrost  table  beneath  the 
den is t h e   r e s u l t  of many yea r s '   a c t iv i ty  on the pa r t  of the 
animals. The thawing of the   subs t ra te  is associated  with  the 
improved ven t i l a t ion  and drainage, on the  one  hand,  and  with 

the large amount of  heat  produced,  especially when several  
l i t t e r s   a r e   r a i s e d   i n   t h e  den (as many as 18  cubs), on the 

o ther  . 
'!In addi t ion  to   loosening,  i.e., the  purely  mechanical 

e f f ec t  on t h e  soils, there is a l so  a gradual  change  in  their 
chemical  properties  and  consti tution, owing to  the  accumulation 

of excrements  and  food  remains ... 
"These two f a c t o r s ,  i n  combination,  also  cause  the 

formation and  development of a luxuriant  grass  cover  over  the 
den where otherwise  species  composition of the  tundra  vegeta- 

t i on  would be  impoverished. .. 
"The tundra meadowland is one of the  best   types  of  

pasture  for  re indeer ,  and i n  some areas  i s  an  ear ly   spr ing 

feeding  ground for geese. Even small areas of tundra meadow 

surrounded by areas  of impoverished summer  moss and l ichen 
fodder tundras are gladly  vis i ted  during  the  course  of   the  
summer  by reindeer.  According t o  OUT f igures ,   the   pas tur ing  
capacity of tundra meadow is up t o  20 re indeer  per hectare  per 
day, and that   wi th dwarf b i r ch  is only 4.5  re indeer   per   hectare  

per  day, i .e .  a l i t t l e  be t t e r   t han   one - f i f th  as large."  

369. SLAUGHTER, C . W . ,  R.J. BARNEY and G.M. HANSEN. 1971. F i re  i n  the 

I northern  environment - a symposium. Pac.  Northwest For. Range 
E x p .  S t a . ,  For. Serv. U.S.  Dep. Agr.,  Portland,  Oregon. 275 p .  

This symposium was received  too l a t e  for individual  

papers  to  be  annotated.  
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The papers  cover a wide range of topics   including:  

t h e   r o l e  of f ire  in  the  ecology  of  northern  plant  communities;  
t he   e f f ec t s  of f i r e  on fores t ry ,   wi ld l i fe ,   e ros ion ,   tour i sm,  

s o i l   p r o p e r t i e s  and wa te r   r e l a t ions ;   e f f ec t s  of v a r i o u s   f i r e  
control  methods  and  problems of f i re  predic t ion .  

370. SOPER, J.D. 1941.  History,  range  and home l i f e  of  the  northern 
Bison.  Ecol , Monogr , 11 : 349-4 12  

This  ecological  study of wood buffa lo ,  done i n  Wood 

Buffalo  National Park is concerned  mostly  with  the  habits of 
the  wood buffalo.  The author  considers that these  animals 

have l i t t l e   e f f e c t  on the t r e e s  or other   vege ta t ion .  

371. SPETZMAN, L.A. 1951. Plant  geography  and  ecology of t he   Arc t i c  
slopes of Alaska. M.S . t h e s i s ,  Univ, Minn. 

Basis of material   presented  in  Brit ton,   1957. 

372.  SPETZMAN, L.A. 1959.  Vegetation of the  Arctic Slope of Alaska. 
U.S. Geol,  Surv. Prof. Pap. 302-B. 58 p.  

The Arctic  Slope is described  physiographically,  and 

f o r  each of three  provinces,  topography,  rock  composition, 
so i l ,   vege ta t ion  and cl imate   are   considered.  The major p lan t  

communities  composing the  tundra are: 1. niggerhead meadows; 
2 .  wet sedge meaddows; 3.  dry  upland meadows; 4 .  flood-plain 

and cutbank; 5 .  outcrop  and  talus; 6 .  aquat ic .  Lists of 

species  are given and descr ipt ions  include some information 
on the   loca l   var ia t ions  o f  the  type.  Successional  changes, 
mainly for foo th i l l   vege ta t ion ,  are suggested.  There are 

good i l l u s t r a t i o n s .  

373.  STEERE, W.C. 1958,  Bryophyta of arctic America, 7:  A col lec t ion  
from the   de l ta   reg ion  of t h e  Mackenzie  River.  Bryologist  61: 
182-190. 

The r e s u l t s  of the study of a small co l l ec t ion  of 
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bryophytes by W.J. Cody i n   t h e  Delta region are deta i led .  

S i t e s  are given  and notes, mostly taxonomic, on some of the  

species   are   presented.  

374. STEVENS, W.E. 1953. The northwestern  muskrat of the Mackenzie 

Delta, N.W.T. 1947-48. Can. Dep. Res.  Dev., Can. Wildl.  Serv., 
Wildl. Manage. Bull .  Ser, I . ,  8, 40 p .  

The Inuskrat is economically the most important fur- 
bearing  animal  in  the Mackenzie Delta. The study was done on 

a year-round basis, and included two summers. Studies of l i f e  

his tory,   reproduct ion,   populat ion,   habi ta t ,   harvest ing,   e tc .  

were carried ou t ,  "Total depth of about 6 f e e t  was found t o  
be near ly  optimum for  year-long  survival [2 f e e t  of i c e  i n  
winter with 4 feet of water]. Where depths  were less, as i n  
the  lower  del ta  area, the re  was danger  of  lakes  freezing 

so l id   in   win ter .   In   depths  of 1 0   t o  14 f e e t ,   t h e r e  were not 
su f f i c i en t  food plants   to   suppor t  a normal winter  population 

of muskrats. The severi ty   of   the   c l imate  i s  one of the  chief  
f ac to r s   r e s t r i c t ing   t he   dens i ty  of muskrats i o  any  given 

l o c a l i t y  ... I t  not  only  governs  the amount and  kind of p lan t  
growth ava i lab le  for food,  but  also  causes  freezing-out  in 
otherwise  favourable  habitats . I 1  

375. STOECKLER, E.G. 1952.  Trees of In t e r io r   A laska ,   t he i r   s ign i f i -  
cance as s o i l  and permafrost   indicators .  U.S. Army Corps 
Eng.,  Permafrost  Div., St. Paul Dist. 25 p .  

"The purpose of t h i s   pape r  is to   a id   so i l   su rvey  

crews i n  the f i e l d . . , I d e n t i f i c a t i o n  of the   e ight  major species  

which a t ta in  tree s ize   in   the   permafros t  zone i n  Alaska is 
made easy by ac tua l   photographs   i l lus t ra t ing   t ree  form, 
branching  habi ts ,   bark,   t rees  and f r u i t ,  To a id   ae r i a l  ob- 

se rvers  and photo   in te rpre te rs ,  a low-alt i tude,   oblique and a 

s t e r e o  pair  of each  species are included,  along with a des- 
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c r i p t i o n  of the trees' sa l i en t   f ea tu re s  and a i r  photo pattern 
... A br ie f   d i scuss ion   of   the   re la t ive   va lue  of each of t he  
eight   species  as an i nd ica to r  of s o i l   t e x t u r e ,  ground  water, 
and permafrost  conditions i s  included.I1 

376. STORK, Adelaide. 1963. Plant  immigration  in  front of r e t r e a t i n g  

g lac ie rs ,   wi th  examples  from the  Kebnekajse  area,  North Sweden. 
Geogr. Ann. 45:l-22. 

This paper  concerns  plant  succession on rock i n   f r o n t  

o f   r e t r ea t ing   g l ac i e r s   i n  an area of Sweden at about 68 N 

lati tude.   Although no mention is made of  it, apparent ly   there  

is no permafrost   in this area .  It is obviously  well  drained, 
The first p lan t s   t o   co lon ize   t he  areas are mosses, p a r t i c u l a r l y  
species of PohZia and Brywn. Among the  pioneers  (higher  plants) 
are Trisetwn spicatwn, Poa aLppina, P. viv;para, Cardmine 
be Zlidifotia and Saxifraga oppositifoZia. !'Ten years after 

deglaciation  the  cryptogamic  under-story  covers  about  10 t o  
20 per cent of the  surface,  whereas  the phanerogamous part  is 
ra ther   cons tan t  [and small], By the  end of the  second  decade 

the  vegetation is sti l l  of an open character  but  about 40 per  
cent of the ground i.s covered. , ,[Again,  most of the  ground 
cover is made  up of cryptogams.]  After half a century  there  
is a complete  covering of mosses and l ichens.  A t  t h i s   po in t  

t h e   f l o r a  changes i t s  charac te r   in   tha t   f lower ing   p lan ts  i n -  

crease  very fast i n  numbers of ind iv idua ls .  After about 150 
t o  200 years   the  vegetat ion is closed. The  number of species  
increases  a t  a s teady   ra te ,   to ta l l ing   about  40." 

0 

377. SUMMERHAYES, V.S. and C.S .  ELTON. 1923. Contributions to  the  

ecology of Spitsbergen and Bear Island. J .  Ecol.  11:214-286. 
Contains  detailed  information on the   p l an t  communities 

and on the  associated  animals - but   the animals are not  l imited 

t o  any one p lan t  community. 
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378, SVATKOV, N.M.  1941.  Natural  features at  Wrangel Is land.  Problems 
of  the  North  4:l-24.  (Transl. from Russian by Nat. Res. Counc. 

Can. 1962). 
This i s land  is c l a s s i f i e d  as Arct ic   deser t ,  which 

supports mainly bushy  lichens,  mosses, and herbacious  species 

and has a desert-l ike  appearance,   Descriptions are given of 

the  vegetat ion,   the   soi ls  and soi l   formation as well as 
pat terned ground. Of i n t e r e s t   i n   t h i s  paper i s  the   repor t  of 

the   e f fec ts  of lemmings  on the  vegetat ion.  "By t h e i r   a c t i v i t y ,  
t he  lemmings considerably a l t e r  the appearance of the  tundra.  

They dig communal burrows i n   t h e   s o i l  and interconnect them 

with numerous passages ... On the surface of the  tundra  these 

areas  stand out c l ea r ly .  The usual  vegetation,  which  consists 
of mosses, a l imited number of  herbacious  varieties,   sedges and 
dwarf willows, does not normally form a continuous  layer of 
t u r f ;   t h e   p l a n t   l i f e  hugs the  ground and tu rns  brown i n  

August.  Areas with burrow holes, on the o the r  hand,  stand  out 

because  of  the  r ich  green of the  herbaceous  cover,  which  in- 
cludes many flowering plants ,  notably  forget-me-nots ,   arct ic  
poppies ... and various meadow grasses ,  and  form a continuous 
cover  almost  completely  absent of mosses  and shrubs. 

"The formation of  micro-depressions may be  explained 
i n  terms of the improved ae ra t ion  and  warming o f  s o i l s  due t o  

the  numerous lemming burrow holes .  The increased warming 
results in the  thawing of ground i c e ,  which leads   in   tu rn  t o  
s o i l  slumping. Burrow digging by arc t ic   foxes   in   the   d ry  
uplands along t h e   r i v e r  banks of the  Akademia tundra  region ... 
has l i t t l e  e f f e c t  on the  micro-relief and vegetation  cover.t1 

379. SVENSSON, H. 1962. Tundra polygons. Norges  Geol. Unders Arsbok. 
p. 298-327. 

Ident i f ica t ion   of   pa t te rned  ground from aer ia l   photos  
is discussed. Most of the   pa t te rns   a re   foss i l ,   Vegeta t ion  
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i s  not  discussed. 

380. SVENSSON, H. 1970.  Frozen  ground  morphology of northwesternmost 
Norway. Ecology of  the   subarc t ic   reg ions :  1. Ecology  and 
Conservation.  Helsinki Symp. Proc. 1966. UNESCO. p.  161-168, 

Contains a discussion of frozen  ground phenomena, but 
most of the  discussion  concerns a palsa, p a r t i c u l a r l y  i t s  

thermal   s t ructure .  

381. SWANSTON, D . N .  1970. Mechanics of debris avalanching  in  shallow 
till s o i l s  of southeastern  Alaska. U.S.  Dep. Agr., For. 
Serv.  Res,  Pap. PNW-102 17 p .  

From a summary of t he   Pac i f i c  Northwest  Forest  and 

Range Experimental  Station Annual Report  for  1970:  'IStudies 

ind ica te  a combination of to t a l   s a tu ra t ion ,   s lopes   w i th  

gradients  above the natural   angle  of s t ab i l i t y   (g rea t e r   t han  

34'), and loss  of s t a b i l i z i n g   e f f e c t s  of anchoring  t ree   roots  
a re   the   p r inc ip le   causes  of debris  avalanching  in till so i l s  
in  southeastern  Alaska.  

382. SYROECHKOVSKII, E.E.  and E.V.  ROGACHEVA. 1959. New da ta  on the  
d i s t r i b u t i o n  of b i rds   in   the   Yenise i  ta iga.  Problems of the  

North 3:  91-98.  [Transl. from Russian by Nat. Res. Cqunc. 
Can. 1961) 

This paper   g ives   the   d i s t r ibu t ion  of birds i n   t he  
Yenisei   ta iga,  The foll.owing  paragraphs  are  informative: 

llHuman a c t i v i t i e s  can  cause  extensive  changes  in.  the 

landscape, such as the  establishment of populated  centres 

with the consequent  cutting of c lear ings  i n  cont inuous  forests  
and the spread  of  open,  agricultural  landscape.  Large-scale 
de fo res t a t ion   i n   i ndus t r i a l  areas and f requent   fores t  fires 

on the banks of  t he   Yen i se i   r e su l t   i n  a considerable  "bright- 

ening" of the t a i g a ,  owing t o  the l a r g e r  areas of second-growth 

b i r ch  and  aspen. The northward  spread of  t h e   t r e e   p i p i t ,   j a y ,  



red- ta i led  shrike, long-tailed tit, wryneck and gray-headed 

woodpecker m y  be connected  with  these  changes  in  the  land- 
scape, 

The  spread of o ther   spec ies ,   the   typ ica l   habi ta t s  
of which  have  undergone no subs t an t i a l  change in   the  Yenisei  

region, may be due t o  the warming of the  c l imate  which has 
taken  place  in Eurasia i n   t h e  last  few decades, and the whole 

complex of e f f ec t s  of this phenomenon. The greenshank,,  black 
woodpecker, tree creeper,  whooper swan, common merganser, and 
possibly whimbrel belong t o   t h i s  category. I t  is possible  

that the  spread of the   spec ies   typ ica l  of the  more open 

f o r e s t s  is a l s o   l a r g e l y  due t o  climatic  changes." 

* 

383. SYROECHKOVSKII, E.E. and E.V. ROGACHEVA. 1961. The b i rd  and 
mammal fauna of the Yenisei forest tundra  and  the  effect  of 
human economic a c t i v i t y  on them. Problems of the  North 4: 

95-106,  (Transl. from Russian by Nat, Res. Counc. Can. 1962.) 
O f  i n t e r e s t  here are the  changes in  fauna of the  

forest   tundra  that   have  taken  place as a r e s u l t  of cu t t ing  of 
trees. Basical ly ,   there  has been  an  impoverishment of the  
bird  fauna.  The fo re s t  and bush  species have receded  while 
the tundra  species  have either been  slow i n  populating  the 
ava i lab le  areas, or have fa i led   to   f ind   sus tenance  on the dry 
hi l l s ides .   Defores ta t ion  has had l i t t l e  e f f ec t  on the small 

mammals. Only t h e i r  numbers have  been s l ight ly   reduced,  I t  

is poss ib le   tha t  in small, deforested areas where occasional 

trees and shrubs  have  survived,  the  animals have even  found 
somewhat be t t e r   l i v ing   cond i t ions ,  f o r  t h e   f o r e s t  has been 

replaced by many low bushes,  including  berry  producers, which 
were a1mos.t non-exis tent   in   the  forest ,  and the  food  base  for 

the  animals  has improved  somewhat. On the other  hand,  there 

i s  less cover f o r  them in   t he   c l ea r ings .  The animals are more 
access ib l e   t o   p reda to r s ,  primarily pigeon hawks, which  con- 
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gregate here in   considerably  greater  numbers than i n  ordinary 
tundra   d i s t r i c t s .  

Apparently  there is l i t t l e  disturbance of the  com- 

mercially-hunted  animals  in this area .  

384. TABER, S. 1943. Perennial  frozen  ground  in  Alaska: Its o r ig in  

and h i s to ry .  Ceol. SOC. h e r .  Bull. 54:1433-1548. 
Basic  reference paper. A shor t   sec t ion  is included 

on vegetation and climate, but  the  bulk of the paper is con- 

cerned with geology and geological   processes   in   cold  c l imates .  

Frozen  ground and ground ice are also  discussed. An extensive 
bibliography is included. 

I t  should be noted that Taber's hypothesis f o r  the  

growth of i c e  wedges is now no longer  considered  tenable.  

385. TAMM, C.O. 1954. Some observations on the   nu t r ien t   tu rnover   in  a 

bog community dominated by Eriophorwn vaginatm L. Oikos 5: 

189-194 
A bog was fer t i l ized  with  var ious  chemicals  and re- 

sponses measured by the responses of  E r i o p h o m  vaginatwn. 
Only phosphorus stimulated a strong response as indicated by 

increased  growth  and  flowering of E. vaginatwn and greener 

colour of both   f ie ld   vege ta t ion  and stunted  pines.  Analyses 
for  a l l  the nutr ients   used were run on vegetation  samples. 

386. TARNOCAI, C. 1970. Class i f ica t ion   of  peat landforms in Manitoba. 
Can. Dep. Agr. Res. S t a . ,  Pedology Unit. Winnipeg. 45 p. 

A c l a s s i f i c a t i o n  system of peat  landforms (bogs and 
fens) is presented.  There  are good photographs  i l lustrat ing 

the various types and subtypes. 

387. TEDROW, J.C.P., J.V.  DREW, D.E. HILL, and L.A. DOUGLAS. 1958. 

Major gene t i c   so i l s  of the  arct ic  slope of Alaska. J. So i l  

Sci .  9 : 33-45. 
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Summary: ‘tThe genet ic   so i . l s  of Arct ic  Alaska can  be 
arranged  in a drainage  catena. The mature s o i l s  on well-drained 
sites are Arc t ic  Brown and r e l a t e d   s o i l s .  The tundra   p rof i le  

is an imperfectly-to-poorly-drained  catena member. The Bogs, 
with  permafrost,  occupy many of t he  broad, f l a t ,  very wet areas. 
No evidence of a qualitative  soil-forming  process  unique t o  
the Arc t ic  areas i s  found.  Instead, the Arctic  tundra i s  
primarily a northern  extension of t h e  hydromorphic s o i l s  of 

the forested  regions,   whereas   the Arctic Brown and r e l a t e d  
so i l s   r ep resen t  the northern  extensions of the  podzolic  process.  
The term tundra, when used i n  connection  with  zonal  great  soil  
groups, along  with  Podzols, Chernozems, Laterites and r e l a t e d  

soils, is an erroneous one  and i ts  use, except f o r  a hydromor- 
phic   soi l ,   should be  discouraged. The podzolic process on the 

stable,   well-drained sites weakens northward,  resulting i n  t he  

successive  development of Podzols  [normally  with  forest  vegeta- 
t i on ) ,  Minimal Podzols [with e i t h e r   f o r e s t  o r  tundra  vegetation], 

Arctic Browns [normally with tundra  vegetat ion  but   forest  may 
be present   in  more southern  regions],   Arctic Browns, shallow 

phase  [tundra  vegetation), and f i n a l l y  no soi l   formation 
[l ichens are scattered  throughout].  

388. TEDROW, J.C.F. and H. HARRIES. 1960.  Tundra s o i l   i n   r e l a t i o n  t o  

vegetation,  permafrost  and  glaciation. Oikos  11:237-249. 
The discussion  indicates  that soi l   types   grade between 

fores ted  and tundra  areas and one cannot  use  vegetation t o  

deternine the Great’ Soil Group The d i s t r i b u t i o n  of species 

at tree l i n e  is described, as well as Arct ic   vegetat ion,  perma- 
f r o s t ,   g l a c i a t i o n ,  and soi l   processes .   Includes a good b i b l i -  

ography. 
Tundra  as a genet ic   soi l   cannot  be viewed as a c l ima t i c  

(zonal) s o i l  type nor as a r e s u l t  of a process  unique t o   t h e  

a rc t ic   reg ions  ... The dominant processes   operat ing  in  the tundra 
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s o i l s  can  be  considered as a type of gleyzation at  low temper- 

a tu re .  There is some leaching   in  the surface horizons  and 

sa tu ra t ion  of exchangeable  bases is usua l ly  below the  50 per 

cent   level .  Coupled with the  pedological  processes i s  a second 
s e t  of processes  associated  with frost displacement  in  the 
p r o f i l e .  I t  has been shown that these  cryopedologic  processes 
operate  but  the  magnitude  and rates remain somewhat i nde f in i t e . "  

389. TEDROW, J .C .F .  and J .  BROWN. 1962. Soils of the  Northern Brooks 
range,  Alaska.   Soil   Sci.  93:254:261. 

'The concept of the weakening  soil-forming  potential 
at  high Arctic a l t i t u d e s  and i t s  circumpolar  implications i s  

discussed.”   Various  soi ls   taken from s t a b l e  sites on transects 
from va l l eys   i n to   t he  higher a l t i t u d e s   o f   t h e  Brooks Range a r e  

described and used as a bas is   for   the   d i scuss ion .  

390. TEDROW, J.C.F. and L.A. DOUGLAS. 1964. Soi l   inves t iga t ions  on 

Banks Island. Soi l  Sc i .  98:53-65. 
Summary: t tSoi l s  of Bankls Is land,  N.W.T. are predom- 

inant ly   wel l -drained with many h i g h   a r c t i c   a f f i n i . t i e s .  Because 

of the  dry,   deser t - l ike  appearance of most soils, they are 
des igna ted   co l lec t ive ly  as polar desert ra ther   than  tundra. 
Many of the so i l s  have salts accumulated a t  the   sur face ,  and 
within the well-drained  soils  pedogenic  carbonate  accumulation 

within the solum is a usual occurrence.  Chemical,  physical  and 
minerological data are given.   Soi l  taxonomy at: both  the  great  
s o i l  group  and s o i l   s e r i e s  levels is discussed.”  

Some Vegetation  information is given:  'Vegetation is 
of low s t a t u r e ,  and on well-drained  and xeric s i t e s  is discon- 
t inuous ,   wi th   the   so i l   re ta in ing  a mineral   character at  t he  

surface.   In  poorly  drained sites vegetat ion exists as a t h i ck  
carpet  of low-growing p l an t s  
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391. TEDROW, J . C . F .  1965. Arct ic   Soi ls .   Permafrost   Int .  Conf. Proc. 
1963. Nat. Acad. Sci .  - Nat, Res. Counc. Wash. Publ.  1287: 

50-55. 

This  review  contains  an  outl ine of the h i s to ry  of s o i l  
science'   in  the  Arctic and presents  a brief descr ipt ion of the  
so i l   types   p resent  there: bog so i l s ,   wel l -dra ined   so i l s  and 

l i t h o s o l s ,  regosols and rockland,  shungite and rendzina   so i l s .  

Soi l   processes ,   c l imat ic   gradients ,   pat terned ground and s o i l  

maps are discussed and problems  needing  solution  l isted.  An 

extensive  bibliography is included. 

392. TEDROW, J.C.F. 1966. Polar  Desert   Soils.   Soil   Sci.  SOC. Am. 
Proc 30 : 381-387. 

From the   au thor ' s   abs t rac t :   "Polar   deser t   so i l s   a re  

sparsely  colonized by vascular   p lan ts  and i n  many instances  the 

organic component scarcely  enters   the  soi l   system. Low tem- 
pe ra tu re ,   r e l a t ive ly   d ry   so i l   cond i t ions ,  a deser t  pavement, 
mi ld ly   ac id   t o   a lka l ine   r eac t ion ,  and sa l t  eff lorescences 
commonly charac te r ize  the Polar  Desert 

393. TEDROW, J.C.F. 1968.  Pedogenic  gradients of t he  polar  regions.  
J.  So i l  Sci. 19:197-204, 

The s o i l s  of the polar  regions a r e  zona l ly   c l a s s i f i ed  
as Arct ic  Brown, Polar  Desert  and Cold Desert. Vascular 

p lan t s  form a continuous mat i n  the   Arc t ic  Brown s o i l  zone but 
within  the  Polar  Desert s o i l  zone are   patchy or at  times com- 

pletely  lacking.   In   the  Polar   Deser t   soi ls ,   a lgae and  diatoms 
appear  to be the main cont r ibu tors  of so i l   o rganic   mat te r . . .  

Progressing from the  northern  f r inges of fo re s t ed   l and ,   t o  
colder   c l imates ,   precipi ta t ion  decreases ,   organic  matter 
content of the so i l   decreases ,   and   so i l  pH values t e n d   t o  in -  

crease ... Tundra  and Bog s o i l s  dominate a r e a l l y   i n   t h e  main 
tundra b e l t  but are   conf ined   to   the   loca l  swales and depressions 
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i n   t h e  high Arcti.c. Both Tundra  and Bog s o i l s   t e n d   t o  have 
higher pH values as one  progresses t o   c o l d e r ,   d r i e r  climates." 

394. TENER, J .S.  1965. Muskoxen i n  Canada. Can. Dep. N.  Affairs Nat. 
Res., Can. Wildl.  Serv. Monogr. Ser.  2.  133 p .  plus  appendices. 

A comprehensive  review of the   p resent   s ta tus  of the  

muskox. On th.e  subject of plant  species u t i l i z a t i o n :   W h i l e  
t h e  speci.es  prefers certain p l an t s  such. as willows  and grasses, 
it will a lso  eat sedges,  forbs  and woody species .  , It does  not 

assoc ia te   in   l a rge  nUmbers...Muskoxen forage  over a much smaller 
area  [than  caribou], do not   migrate   to   forested areas fo r   t he  

winter,  and occur in   widely-scat tered small herds.  Such 

behaviour   divers i f ies   range  ut i l izat ion 

395. THOMPSON, J.W., C.W. SCOTTER and T.  AHTI. 1969.  Lichens of the  
Great  Slave Lake Region. The Bryologist 72:137-177. 

Three  hundred  and  forty-three  species of l ichens 
are   reported f r o m  t h i s  area. Habitat lists and keys t o  ce r t a in  

loca l  species, as well as  some chemical notes,  are included. 

396. TIKHOMIROV, B.A. 1935.  Burning  and i ts  effect on the   na tu ra l  food 

p l an t s  of  the  Soviet Far East. (Transl.  Russian Ti t le . )  Akad. 
Nauk. SSSR. Dal'nevostochnyi  filial-Trudy  1:159-170. 

Arctic  Bibliography 48402: "Contains  information on 

the  widespread custom  of  burning the pastures   in   these  regions 

and i ts  ameliorat ing  value;   effect  on f o r e s t  fires and on t r e e  
vegetation;  adverse  effects on l ichens and reindeer   pasture .  

The soil   absorbed more heat from the sun after the  peat  cover 
was destroyed;  there was a decrease  in  moisture  content,  and 

the   ashes   ac ted   as  fer t i l izer .  Permafrost ,   located  usually 

about 50 cm from the s u r f a c e ,   r e t r e a t e d   t o  90 t o  100 cm. 'I 

397. TIKHOMIROV, B.A. 1937. On t h e  l i f e  conditions of earthworms i n  

tundra so i l s .  [Transl.  Russian Title.)  Priroda 5:52-58. 



- 264 - 

Arctic Bibliography 32476: "Contains- a study of the 

role of earthworms i n  soil formation  in the tundra zone a 

carr ied  out  i n  1935 on the  coast  of Tiks i  Bay (Laptev  Sea); 
with  analyses of t en  so i l  samples, their vegetative  cover and 

the  quant i ty  of earthworms  found; a t a b l e  of soi l   temperatures  

from var ious   a rc t ic   reg ions ;  and a t e x t  map showing the dis- 
t r i b u t i o n  of earthworms in  the  tundra  zones of the USSR." 

398. TIKHOMIROV, B.A. On the  geographic   dis t r ibut ion of pingos  ('bayd- 
zh.arakh") i n  northern  Eurasia.  (Transl . Russian Ti t le  .) Priroda 
1 : 51-53. 

Arc t ic  Bibliography 32472: "Deals with  geographic 

range of ic ing  mounds or pingos,   pecul iar   h i l locks  previously 
described from the   coas ts  of Laptev  and East Siberian  Seas.  
The author  found them a l s o  on Dikson Island,  in  northern  Yakutia 

and on Taimyr Peninsula,  where  he  observed  their  formation 
and development in   the   per iod  1937-1947, They occur  in  regions 
of  f o s s i l  ice and  permafrost. The increas ing   in tens i ty  of the 
process of a rc t i c   e ros ion  and the  recent  westward  expansion of 
i c ing  mounds is explained by des t ruc t ion  of plant  cover  (mosses) 
and denudation due t o  s o l i f l u c t i o n ,  snow e r o s i o n ,   a c t i v i t y  of 
animals, and man, and t o   t h e  warming up of  the  Arctic. The 

further  expansion of ic ing  mounds and their   occurrence i n  non- 

a r c t i c  mountainous  regions may be expected.ff 

399. TIKHOMIROV, B.A. 1951. On t h e   r o l e  of t he  wind i n  d i s t r ibu t ion  
o f  plants   in   the  extreme  north.   (Transl .   Russian  t i t le . )  
Priroda 40 (8) : 23-25. 

Arctic Bibliography 26705: '!From five  experimental  

p l o t s ,  each 100 m2,  a 5 cm layer of snow was removed and the 
contents examined for p l an t  residues. The s p e c i e s   t o  which 
belong the various  seeds,  leaves, stems, f r u i t s ,   e t c .   t h a t  
were found, are l i s t e d .  The evidence  indicates that t h e   f l o r a  
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character  of the far  no r th  is complemented by migrants from 

the  south with the   a id  of southerly  winds.  (Especi.ally s ign i f  - 
i can t  was the   f ind  of needles of Siberian  spruce (Pkea  obovata) 
450 t o  500 km north of this tree 's  northern limits. The r o l e  

of b i r d s  in  northern  dissemination is a lso   d i scussed . ) f1  

400, TIKHWIROV, B.A. 1952. The importance of moss cover   in   the 

vegetation of the far north,  Bot. Zh. 37:629-638. 
Arcti.c  Bibli,ography 48403: Y h a r a c t e r i s t i c s  of moss 

vegetat ion are d i scussed   t o  draw a t t e n t i o n   t o  i t s  importance 
in   tundra  l i fe .  Hi ther to  i t s  negative  aspects  have  been 
s t r e s sed :   t he  moss cover, a poor heat conductor,  worsens 
thermal condi t ions  in  summer; i t s  component p l a n t s  of low 
nu t r i t i ona l   va lue   a r e  a poor source of food for  such tundra 
animals. as re indeer ,  lemmings, some b i rds ,  etc. Mosses, however, 

have a pos i t i ve   ro l e   i n   vascu la r   p l an t  development in   t he  
tundra:  they  protect   plants  against   temperature  f luctuations 
in   spr ing  and s t a b i l i z e  ground  moisture.  Beneath  the snow 
cover,   the mosses create  hollow  spaces  with  temperature  higher 
than  outside,   Ihatural   hot-houses"  favourable t o  vascular 

plant  development.  These  protective and a s s i m i l a t i n g   a c t i v i t i e s  

of mosses are pos i t i ve   f ac to r s  in t he  l i f e  of tundra  vegetation, 
and require   fur ther   s tudy.11 

401. TIKH.WIROV, B.A. 1955. The influence of the  Ob' lemming (Lemnus 
obensis Brants) on the tundra 's   vegetat ive  cover .   (Transl .  

Russian t i t l e . )  Akad.  Nauk. SSSR. Doklady.  104(4):650-652. 

Arctic Bibliography 42823: T h e  l oca l  abundance of 
this rodent which l i v e s  on certain tundra   p lan ts ,   ch ie f ly  

Ey.iophorwn angustifoliwn and Carex stans, is a fac to r   a f f ec t ing  
the  vegetat ion of cen t r a l  and northern Taymyr Peninsula.  Also, 

lemming migration  destroys up t o  20 per  cent of the  moss cover, 
inducing  formation of a h i l l y  micro-rel ief ,  which leads  t o  
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less   act ive  mel t ing of snow." 

402. TIKHOMIROV, B.A.  1956. Some c h a r a c t e r i s t i c s  of the  snow cover of 
the  tundra  and its influence  on the existence of vegetation. 
CTransl.  Russian t i t l e . )  Akad,  Nauk. SSSR. I n s t .  geogr. Sneg 

i t a l y e  vody. p.  206-239. 
Arctic Bibliography 48400: !'Study of ecological 

e f f e c t s  of snow cover upon tundra  vegetation  based on obser- 
va t ions   i n   t he   Arc t i c ,   pa r t ly   i n   t he  Lake Taymyr area  during 
1947-48. The d i s t r i b u t i o n  and physical   propert ies  of snow a r e  
described  and its regulatory  inf luence on the  height of p lan ts  
noted. The corrosive  inf luence of hard snow  on p lan ts  is 
counterbalanced by i.ts p ro tec t ive   e f f ec t ,  when accumulated, 
against  extreme low temperatures  and  strong  winds. The melting 
of snow lowers the l eve l  of permafrost in the   spr ing and summer, 
and  deposits sane nutr i t ive  sediments .  The  snow- and moss- 

cover help the f lowering  plants   to   withstand  the rigors of 
a rc t ic   win ter  and t o  continue  their  biochemical and physio- 

logical  processes.  This is  p a r t l y  due to  formation of cav i t i e s  

around the plants  under  the snow, which serve as natura l  hot-  

houses. With the  advent of spr ing,   the   sun 's   rays   reach  these 
p lan ts  through t he  snow and . . . p  hotosynthesis starts e a r l i e r .  
The suggestion is made of a regulatory  funct ion of the  melting 

of snow, c rea t ing  optimum conditions f o r  t he  development of  
tundra  vegetation. 

403. TIKHWIROV, B.A. and E . V .  WROGOSTAISKAIA. 1957. Penetration of 
new p l a n t s   i n t o  the f l o r a  of t h e   A r c t i c   i n   r e l a t i o n   t o   t h e  
advancement of agriculture.   [Transl.   Russian t i t l e . )  Izv. AN 

SSSR. ser. b i o l  ./News Acad. Sci.  , Biol.   Ser.  5:601-610. 
Arctic  Bibliography 55438: Yonta ins  a study of 

introduct ion by man, of new plants i n t o  the Tiksi  Bay region 

(71' 41 IN , 129OW). Cl imatic   condi t ions,   precipi ta t ion , and 
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length of cul t i .vat ion of ag r i cu l tu ra l   p l an t s   a r e   d i scussed .  
Twenty-seven species   of   int roduced  plants ,   col lected i n  1955 

a t  the Tiks i   Agr icu l tura l   S ta t ion  are l i s t ed ,   w i th   da t a  on: 

b io logica l   type ,   loca l i ty ,   da te  of co l l ec t ion  and  phenophase, 
d i s t r ibu t ion   in   Yakut ia .   Spec ia l   a t ten t ion  is given  to  weeds. 

Successful   cul t ivat ion of cabbage,   radish,   le t tuce,   onions  in  

the open, and  cucumbers  and  tomatoes (in  hothouses) is claimed." 

404. TIKHOMIROV, B.A. 1957. Dynamic  phenomena in   t he   vege ta t ion  of 
spot ted  tundras  iil the   Arc t ic .   (Trans l .   Russ ian   t i t l e . )  Bot. 

Zh. 42 (11) : 1691-1717 
Arctic  Bibliography 55432:  "Study,  based ch ie f ly  on 

inves t iga t ions   in   the   Cent ra l  Taymyr Peninsula, of spot ted 

tundras as an  element  of  the  natural complex of a rc t ic   vege ta-  
t i o n ,  and of t h e i r   c h a r a c t e r i s t i c   s t r u c t u r a l   f e a t u r e s .  A t  

least 6 different  types  of  spotty  tundras  can be dis t inguished:  

Dryas punctata and Cuasipe tetragona and Carex hyperborea and 
miscellaneous  green  mosses; Carex hyperborea and Dryas punctata 
and miscellaneous  green  mosses;  etc.  Characteristics  of  the 
soil regimes of d i f fe ren t   par t s   o f   such   tundras  are given. 
The main types of spot ted  tundras  and fea tures   pecul ia r  t o  
their vegetation  are  discussed and f igured.  Wind and corrosion 
of the snow cover are the pr inc ipa l   fac tors   cont r ibu t ing   to  
tundra  denudation.  Regeneration of the  vegetat ion on bare 
spots  of spot ted  tundra is a slow  process,   in which  cryptogams 
and bac ter ia   p lay   the   l ead ing   par t .   Bac ter ia  come first, 
followed i n   t u r n  by algae  such as Stratonostoc c o m e ,  green 
mosses, l iverworts  and l i chens   ( l i s t ed ) ,  and (later) flowering 

p l an t s .  These two processes,   the  denudation of the  tundra 

and revegetation  of  bare  spots,   going on continuously and 
simultaneously, are the  most important phenomena of the  
dynamics of spot ted  tundra  vegetat ion."  
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405. TIKHOMIROV, B . A .  1959. Effect  of vegetation on the summer thawing 

of ground in  permafrost  regions.  [Transl. Russian t i t l e . )  

Mezhduved. soveshch.  merzlotoved. 1956. Mater. obshchemu 
merzlotoved.  . . .p ub. 1959.  p. 207-209. 

Arctiq  Bibliography 62086: "Reports on systematic 

measurements 1947-1949 of thawing  depth in   t he   t undra  of  
Central Taymyr, The r a t e  of thawing was i n s i g n i f i c a n t   u n t i l  

10-30  days af ter   snon-melt ing,  it increased by  mid-summer, and 
decreased  rapidly  toward  the end of the  season. An inverse  

re la t ionship  between micro-relief and thawing  depth was observed. 
Temperatures of  the vegetation  surface and a t  10-20 cm depth 
i n  the ground d i f fe red  as much as 20-25'C. ; some p lan t s  con- 

t inued growing  although part  of their   root  system  extended 

below the O°C l eve l .  Thawing depth  varied  with  types and 
species   of   vegetat ion;   the minimum depth was observed  under 

sphagnums , It 

406, TIKHOMIROV, B.A. 1959.  Relationship  of  the animal world and the 

plant  cover of the  tundra.   Bot.   Inst . ,  Acad. Sc i .  USSR. 

Moscow and  Leningrad.  Transl. from Russian by E .  Issakoff and 
T.W. Barry, #.A. Ful le r ,  ed.  83 p .  

T h i s  paper is a na tu ra l   h i s to ry  of the  tundra,  Re- 

l a t ionships  of  inver tebra tes ,   so i l   fauna ,   rodents   (par t icu lar ly  
l emings )  , bi rds ,   re indeer ,  and predators  with  vegetation  are 
recorded and the  a c t i v i t i e s  of  the  animals  discussed  in  terms 
o f  t h e i r   e f f e c t s  on vegetat ion.  

Petelka (1970) says   th i s   o f   the   paper :  "A general 
review. .on animal-vegetation  interactions. .  .[It] is  heavi ly  

desc r ip t ive   i n  i t s  content and preoccupied with the elementary 
fact   that :   p lants  and animals   interact ;   but  it is admirable  in 
i ts  wide sweep of the   top ic  and the  degree t o  which it raises 
questions and urges teamwork in  concentrated  study on par t icu-  

lar areas. 
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The bibli.ography i.s omi.tted from the t ranslat i .on and 

only some of the   f igures  are included. 

407. TIKHOMIROV,  B.A. 1960.  Plantgeographical  investigations of the  
tundra  vegetat ion  in   the  Soviet  Union. Can. J, Bot.  38:815-832. 

This i s  a general summary paper of i nves t iga t ions   i n  

the  Soviet   Arct ic ,  A very  extensive  bibliography of Russian 

l i t e r a t u r e  is included. The following  short   quotations  indi-  

cate   areas  of more recent   Russ ian   in te res t   in   the   Arc t ic .  
"Of great   importance, . . i s   the  work revea l ing   the  

pecu l i a r   i n t e r r e l a t ionsh ip  between different   biological   groups 
in   the   a rc t ic   p lan t   assoc ia t ions .   Espec ia l ly   impor tan t  for  

the  existence of vascular   plants  and l ichens i s  t h e   r o l e  of 

mosses,  (Tikhomirov,  1952). As a number of inves t iga t ions  

have shown, the re  is no  doubt  about t he  enormous role   played 
by algae  in  the  formation of vegetation  cover on the subs t r a t e ,  
p a r t i c u l a r l y  on the  barren  spots  s o  of ten  occurr ing  in   the 
tundra  (Kosheleva  and  Novichkova,  1958;  Dorogostayskaya,  1959; 

and  others).  . . 
"Now the main causes for the  absence of trees on the 

tundra  are known and on the   bas i s  of t h i s ,  methods- of affores-  

t a t i o n  have  been  suggested. We have also  revealed  the  present  
tendency of a northward and vert ical   expansion of the  vegeta- 
t ion . If 

408. TIKHOMIROV, B.A. 1960. The inf luence of the   long- ta i led   sus l ik  

CiteZZus unduZatus on t h e   f l o r a  and vegetat ion of the Chukchi 
t undra .   u rans l .  Russian t i t l e . )  Moskovskoe  0-vo i s p y t a t e l e i  

prirody.  Trudy. 3:277-290. 
Arctic  BiblioRraphy 92346: ffAccount of observations 

i n  the  Bering  Sea  coast  area. The burrowing a c t i v i t y  of t h i s  

ground squirrel   produces  changes  in   the  habi ta t ,  < . e ,  the 
drainage,   n i t r i f icat ion,   e tc .   This   leads  to   changes  in   the 
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dwarf shrub and mossy vegetat ion,   specif ied.  Around the  

burrows on the other  hand, there  develops a new vegetat ion 
with forms hi ther to   no t   p reva len t .  The penetrat ion o f  the  

animal into  the  north  has  apparently  conditioned  penetration 

of some more souther ly  p lan ts  . I 1  

409. TIKHOMIROV, B.A.  1962, The bas i c  changes i n  the development of 

the  vegetat ion of the USSR n o r t h   i n   r e l a t i o n  t o  climatic f luc-  

tua t ions  and t h e   a c t i v i t y  of man. Translat ions on Land  and 
Marine  Biology - USSR, 1963. p .  1-24. U.S. Dep. Com. O f f .  

Tech.  Serv.,  Joint  Publ. Res. Sew.  (JPRS 18517-OTS 63-21488). 

Describes  vegetation changes since  the  Tert iary  per iod 

i n   t h e  USSR north.  The varying  northern  forest  boundary is 
discussed 

"Thus, a l l  t he   i nves t iga to r s   r e f e r r ed   t o   a r e  i n  agree- 
ment on the  incursion of fo re s t s   i n to   t he   t undra   no t   on ly  f o r  

individual  regions,   but  everywhere  in  the  tundra zone of  the  

USSR, Scandinavia and North America. Delineation of the  present 

f o r e s t  boundary to   t he   no r th   i n   gene ra l  is determined by 

cooling  following after t h e  warm period i n  the  Holocene and by 
the  subsequent climatic f luc tua t ions ,  and a l so  by t h e   a c t i v i t y  

of  man, the  importance of which i n  modifying  the  biogeographi- 

cal f r o n t i e r s  of the  north  has   unt i l   recent ly   been far from 
adequately  taken  into  account,  Over a long period, measured 
i n   c e n t u r i e s ,  and probably  in  millenia,  man wiped out   the 

fo re s t   on ly   t o   h i s   no r th .   In   t he   i n t e r r e l a t ionsh ips   o f   fo re s t  

and tundra,  man has cont inua l ly  merged on the   s ide  of the  
tundra  against  the f o r e s t .  The unsys temat ic   fe l l ing   o f  forests 
along  the  northern limits of his advance,  together  with a 

feeble  attempt a t  r e fo res t a t ion ,   has   l ed   t o  the formation of 
fores t less ,   tundra- l ike ,  and low-productivity plant: communities 

[%nthropogenic  tundra") Especially  destructive  toward  the 

trees i n   t h e   f r o n t i e r   n o r t h e r n   f o r e s t  have  been  deer,  trampling 
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underfoot  the young undergrowth  during  their autumn feeding, 

"In  addition, it must be   no ted   tha t   in   the   cen tur ies -  

long  succession of  tundra  vegetat ion,   the   pastur ing  of   deer  

has played a very   essent ia l   ro le .  I t  has  been  noted  that   in 
places where deer  congregate and i n   l o c a l i t i e s  of intemperate 

pasturing  the  tundra  cover  has  been  replaced by  meadow-like 

groupings ... 
"The inves t iga t ions  of several  biogeographers of the  

USSR have  concluded tha t   t he   dec i s ive   f ac to r   i n   t he   fo re s t l e s s -  
ness of  the  tundra i s  the  shortage of seeds from t rees   inhabi t ing  
the  Far North, and t h e i r  low qual i ty ,   toge ther   wi th   the  un- 
favourable  conditions for their   propagation and for the  

development of young saplings  (frequent  spring  frosts,  low 
s o i l  temperatures,   high  level of summer thawing of the "eternal 
frost",  dense moss cove r ,   e t c . ) ,  From the  foregoing it i s  

c lear   tha t   the   fores t  limit can  be considerably  advanced  into 
the  tundra  zone.  This  requires a uniform  supply  of  the  forest- 
su i t ab le  areas with good qual i ty   seed of co ld - re s i s t an t   t r ee  

s t ra ins ,   the   car ry ing   ou t  of measures which promote the growth 
o f  t h e i r  young sapl ings ,  and a l s o  measures aimed a t  s e t t i n g  up 
favourable   t ree-p lan t ing   condi t ions   over   spec i f ic   t e r r i to r ies  

of the  southern limits of   the  tundra  adjoining  the  forest . . .  
"From the  observations of Tikhomirov  and  Dorogostayskaya 

(19573, over a short period of 15 t o  20 years   the   f lo ra  o f . . .  
Yakutia  has  been  supplemented  by ... 27 spec ie s . , . In   t he  Chukot- 
skiye  tundras,  over  approximately  the same in t e rva l  of time ... 
42 species have become entrenched,  through  the  aid  of m a n .  On 
the Kola peninsula,  due t o  the   in tens ive  development of  
agr icu l ture   over  the last  three  to   four   decades,   the  number of  

species of a l i e n  weed p lan ts  come to  142, and from the   loca l  
f l o r a  57 species  spread  into  the  planting  areas. , ,Around 
set t lements  and c i t i e s  of the north  cult ivated  landscapes have 
a r i s e n . ,  .[and] other  consti tuent  elements of the  biogeocenoses 
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have a l so  changed.  Here, f o r  example, we can  note  the  change 

both of ver tebra tes  - ornithofauna and mammals - as well  as 

inver tebra tes ,  
An extensive  bibliography is included. 

410. TIKHOMIROV, B.A. 1963. Essays  in  the  biology of a r c t i c   p l a n t s .  
[Trans l .   Russ ian   t i t l e . )  Akad. Nauk, SSSR. 154 p ,  

Arctic Bibliography 83538: "Deals with  the  physio- 

logical,  morphological  and  ecological  aspects of a r c t i c   p l a n t  
l i f e  from own long-time work and t h a t  of others,  mainly  Russian. 
Successive  chapters  deal  with  the  history of t h i s   l i n e  of 
research,  beginning  in  the  18th  Century;  climatic  factors  in 
t h e   l i f e  of a rc t ic   vege ta t ion ;   eco logica l  and so i l   condi t ions ;  

bas ic   l i fe   p rocesses  of  a rc t ic   p lan ts ;   the i r   morphologica l  
pecul iar i t ies   including  roots ;   thermal   factors ;   specif ic  t ra i ts  
i n  development;   reproduction;  coenotic  interrelationships of 

different   biological   groups,   e tc .  Forms of p l a n t   l i f e ,   i n -  
c luding  a lgae,   fungi ,   l ichens,  and mosses a re   ou t l i ned ,  and 
imminent  problems in   t he   s tudy  of  a rc t ic   p lan t   b io logy ,  con- 
s idered.  The importance o f  broad,  biogeocenotic  study i s  
emphasized i n  the  summary. Ca, 350 r e f s . "  

411. TUMEL', V.F. 1939. Some changes in   the   permafros t   resu l t ing  from 
the  burning  of  the  vegetation.  (Transl.   Russian t i t l e . )  Akad. 

Nauk. SSSR, Komitet PO vechnoi  merzlote.  Trudy. 8:3-80.  

Arctic  Bibliography  18084:  llContains  detailed  analyses 
of temperature change of frozen ground  due to   the   in f luence  o f  
f o r e s t  fires, which  produce  chemical  changes  and  subsequent 
changes in   the   vege ta t ion .  Data on geography,  geology and 
climate of the  Zeya val ley  are   given  with  descr ipt ions of 

c ross -sec t ions   in   t es t   p i t s   before  and a f t e r   con f l ag ra t ion .  
The most s ign i f i can t   e f f ec t  is t h a t  a new type of vegetation 

is produced  which influences  the  moisture  content and the  
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thermal  regime of the  ground.  Suggestions for t h e   a r t i f i c i a l  
use of f o r e s t   f i r e s  for amel iora t ion   of   so i l   a re   g iven .”  

412. TUSSING, A.R. ,  C.W. ROGEwand V. FISCHER. 1971.  Alaska  Pipeline 
Report (Advance copy of ms. ) Study  prepared for : U.S . Dep 

In te r ior ,   Ins t .   SOC.  Econ, Gov. Res., Univ. Alaska lSEGR Rep. 

31. 130 p .  mimeo. 
This report: deals  only  with  the  probable economic 

impact of the  pipel ine  ( including,  of course ,   o i l   wel l s  and 
gas   f ie lds)  on the  economy of Alaska. 

413. TYRTIKOV, A.P.  1956. The e f f e c t  of  vegetat ion on perennia l ly  
f rozen   so i l .  Data on the  pr inciples   of   the   s tudy of frozen 

zones in   the  earth's crust   Issue 111: 69-89. Acad. Sc i .  

USSR, V.A.  Obruche Inst.  Permafrost  Stud. Moscow. Transl ,  from 

Russian by G .  Belkov, M .  Howson, and Z .  Topchy. Nat. Res. 

Counc. Can. Tech. Transl.  1088. Ottawa, 1963. 
Conclusions: IIC.1) The e f f ec t  of  vegetat ion on the  

temperature and cer ta in   other   propert ies   of   permafrost  is 
highly  var ied and depends not  only on the  type  of  vegetation 

cover  but  also on the  general   c l imat ic   condi t ions.  (2) Any 

type of vegetat ion  cover   re tards   the  penetrat ion of hea t   i n to  
the   so i l   dur ing   the  summer. Under the  cover   the  vegetat ion  the 

average  monthly  temperature  of  the  soil a t  a depth of 15 t o  40 
cm is f requent ly  5' t o  15' C. lower, and the  depth  of  thawing 
is  l e s s  by a f ac to r  of  1.5 t o  3.0, o r  more than  in   areas  where 

vegetation has been removed  and  where the   o rganic   mat te r   in  

and on the   so i l   has  been  mineralized.  This  effect of  vegetation 
increases   with  the  bulk,   height  and densi ty  of the  vegetat ion 
cover and with  the amount of  organic  matter  deposited  in and 

on t h e   s o i l .  The pea t   l ayer  and the  surface  cover  of  vegetable 

res idue   f requent ly   re ta rd   the   pene t ra t ion  of heat  into the  
s o i l   t o  a much greater   extent   than  the  l iving  vegetat ion.  (3) 
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Any vegetation  reduces  the  heat loss from t h e   s o i l   i n   t h e  
winter.  The average  monthly  winter  temperature  of  the  soil 

under a vegetation  cover is as much as 17 C .  higher.  .than 
i n  areas where vegetation is  absent  and  the  soil   contains no 

organic deposits. (4) By reducing  the  loss of heat from the 
s o i l   i n   t h e   w i n t e r  and re ta rd ing   the   t ransfer  of hea t   in to   the  

soil i n   t he  summer, the vegetat ion  causes   e i ther  a decrease 
(by as much as 3' C) or, under  certain  conditions,  an increase 

(by as much as 2' C) in  the  (average  annual)  temperature  of 
the  upper  layers  of  permafrost. ( 5 )  By decreasing  the  depth 
of  thawing  and  preventing  the  erosion  of  soil,   the  vegetation 
prevents  the  thawing of i ce   i n   pe renn ia l ly   f rozen   so i l  and is 

thus  highly  conducive  to  the  preservation of f o s s i l   i c e ,  (6) 

The removal of the  vegetat ion  cover   resul ts   in   the  mel t ing of 
t he   i ce   depos i t s   i n   pe renn ia l ly   f rozen   s a i l ,  which is frequent ly  

followed by the  formation of extensive  depressions  of  the 
lake-bog  type (Alas), gul l ies ,   s ink   ho les ,  and other  thermokarst 

r e l i e f   f e a t u r e s .  ( 7 )  Choking the  lakes  and  covering  the 

previously  bare,  dry l and ,   vege ta t ion   fac i l i t a tes  the formation 
of permafrsot  in  areas where it d i d  not   previously  exis t .  ( 8 )  

'When lakes and  dry  land are covered by organic   deposi ts ,   pema- 
f r o s t  of organic  composition is  formed (in  the  upper  layers 
a t  any  ra te)   that   d i f fers   fundamental ly  from perennially  frozen 
mine ra l   s a i l s ,   e spec ia l ly  by i t s  la rge   i ce   conten t . "  

0 

Notes from the  body of the  paper: "The dry  surface 
organic  layer  and  peat are charac te r ized   a l so  by  low heat con- 
duc t iv i ty ,  which i n  dry  peat is approximately  the same as i n  
snow (Sumgin, 1937).  The thermal  conductivity of wet peat  i s  
eight  times grea te r   than   tha t  of dry  peat ,  and t h a t  of frozen 
peat  (containing  ice) is 33 t imes  greater  ... During  periods of 
drought a th in   sur face   l ayer  of dry  peat i s  formed  which, 

because of i t s  low heat  conductivity,   prevents  the  heating 
and the  drying of  lower  layers of s o i l .  Consequently, as the  
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layers  of peat   accumulate ,   the   soi l  becomes s t ead i ly   co lde r  

i n  summer and i ts  tendency t o  t u r n   i n t o  a bog increases . . .  
Various  types  of   plants  and  even var ious  plant  

communities within  the same temperal   vegetat ion  differ   with 
respect  to t h e   r a t e  of deposit ion  of  organic mattes i n   t h e  
s o i l  and  above i t ; . . . i n   f o r e s t s  where sphagnum  moss is present  

the  peat  layer  accumulates much more rapidly  than when the  

surface  cover is of  green moss, In  areas where l ichens  pre- 
dominate the  peat layer  becomes mineralized.  In bogs the  
accumulation of organic  matter i s  p a r t i c u l a r l y  rapid. The 
thickness of the  surface  organic   layer   (peat) ,  and  consequently 
the   e f f ec t  on the  temperature  regime of t he   t opso i l  and  under- 

lying strata,  var ies   g rea t ly ,   no t   on ly   wi th   var ious   types  of 
p lan t  l i f e  but even within  the same p lan t  community, depending 
on the   s tage  of i t s  development  and  usually  increasing  with 

age. ..Moss and lichen  covers  evaporate a la rge   quant i ty  of 
water  and  apparently  greatly  reduce  the  temperature of the 

l aye r  of a i r  above t h e  s o i l  
This  paper is f u l l  of references t o  data i l l u s t r a t i n g  

permafrost and vegeta t ion   in te r re la t ionships ,   bu t   records   the  

fact  tha t   da t a  even i n  i t s  general   aspect are very  scant .  

414. TYRTIKOV, A . P .  1957. Thermal conditions of t h e   s o i l   i n   v a r i o u s  
plant  associations  in  the  Igarka  region,  (Transl.   Russian 

t i t l e , )  Pochvovedenie 6:35-42. 

Arctic  Bibliography 55568:  "Reports r e s u l t s  of an 
invest igat ion  carr ied  out  by the author  in  1950. The t a i g a  

forest so i l  of the   s tud ied  area is character ized by low tem- 
pera ture  (1 .go - 4.6' C . )  during  the  vegetation  period  (June 10 

- September  10) as compared with  the  temperature of ploughed 
s o i l  (10.3'C) This is due t o   t h e   t h i c k  (10-20 cm.) peat  

horizon  covered  with  mosses  and  lichens. Removal of moss 

cover and acce lera t ion  of mineral izat ion of organic   res idues 
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(peat  horizon)  are  suggested as bas ic  means for  thermal 
ame l io ra t ion   o f   t he   so i l s   i n   t h i s   a r ea . "  

415. TYRTIKOV, A.P .  1959.  Perennially  frozen  ground  and  vegetation. 
Pr inciples  of Geocryology. Part I .  General  Geocryology.  p. 

399-421. Transl.  from Russian by R . J . E .  Brown, Nat. Res. 

Counc,  Can. Tech. Transl .  1163, 1964. 34 p .  
This  paper i s  considered by some t o  be the  best: 

ava i lab le  on the   subjec t .  Hence t h e   l i s t i n g  of the  conclusions 

i n   f u l l .  
Conclusions: "(1) The main influence of vegetation 

on the thermal  exchange  between  the  lithosphere  and  the atmo- 

sphere,  and consequently on the  permafrost ,  i s  determined by 
i t s  influence on the  moisture  regime  between  the  soil  and  the 
atmosphere. (2) The l i f e   a c t i v i t y  of plants  r e su l t i ng  in the  
accumulation of organic   mat ter   in   the  soi l   and on t h e   s o i l  
(forest l i t t e r ,  peaty  horizon,  peat)   leads t o  an increase in 
moisture  ( ice  content)   of  the  surface  horizons and i n   t h i s  

manner exer ts   considerable   inf luence on the  heat  exchange  be- 
tween the  l i thosphere and the  atmosphere, (3)  Organic  matter 
i n  t h e   s o i l  and  on t h e   s o i l  have l e s s   e f f e c t  on cooling of it 

in  winter  (freezing)  than on  warming (thawing) i n  summer. (4) , 

The vegetat ion  exer ts   considerable   inf luence on the  heat  
exchange  between the  l i thosphere and the  atmosphere  in  the 

following ways: by t r ansp i r a t ion ,  which d r i e s   t h e   s o i l  and 
reduces  the  temperature of t he  air  near  the  surface,  by 

reducing  evaporation from t he   so i l   su r f ace ,  by trapping  precip- 
i t a t i o n  on the  surface of t he   p l an t ,  and  by  condensing  moisture 

from the a i r .  ( 5 )  Under the  vegetat ion canopy the   i n t ens i ty  
of so l a r   r ad ia t ion  is  decreased  (sometimes by 100 o r  more 

t imes) ,   resu l t ing   in  less warming of t h e   s o i l .  (6) The 

vegetat ion  in  weakening the  force of the  wind con t r ibu te s   t o  
t he  deposit ion of snow i n  a porous  condition  and i n  some 
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regions  to  an accumulation of i t ,  which r e s u l t s   i n  a decrease 

of   heat   radiat ion by the  s o i l  and sub-so i l   in   win ter .  (7) 
The inf luence of the  vegetat ion on the  temperature  and  certain 
o ther   p roper t ies  of the  permafrost   takes on many forms and 
tendencies and va r i e s   no t   on ly   i n   r e l a t ion  t o  the   charac te r  

of the  vegetat ion  cover   but   a lso  to   the  general   c l imat ic  con- 

d i t i o n s   i n  which it develops. (8) Any vegeta t ive   cover   re ta rds  

the warming (thawing) of t h e   s o i l   i n  summer. Under the  
vegetative  cover  the  temperature of the  soil a t  a depth of 15 
t o  40 cm is usual ly  5 t o  15OC  (mean monthly)  lower  and  the 

depth o f  thaw is 1.5 t o  3 times less than  in   areas  from which 

vegetation  has  been removed and the  organic  matter i n  t h e   s o i l  

and on the   so i l   has  been  mineralized, This influence of the  
vegetation is the  more s ign i f i can t   t he   g rea t e r  the mass, height ,  
densi ty  and the  greater  the  accumulation of p lan t  matter i n  
t h e   s o i l  and on i t s  surface.  Dead p lan t  matter ( , l i t ter ,  peat)  

o f t en   r e t a rds   t he  warming ( thawing)   of   the   soi l  more than a 

l iving  vegetation  cover.  '1  

(The author i n  the  body of the  paper  pointed out  that 

among the  var ious  plant   species   which  cover  the so i l   su r f ace  
the   g rea tes t   in f luence  on the  thawing of the s o i l  is exerted 

by sphagnum moss. The so i l   under  Sphagnum moss, including 
p e a t   s o i l ,  thaws much  more slowly  than  under  green moss. Other 

types of mss and lichen  also  reduce  the  thawing of t h e   s o i l  
i n  comparison  with areas where so i l   cove r  i s  removed. The 
removal  of moss and l ichen  cover   resul ted in an  increase of 
the  depth of  thaw by 20 t o  SO per  cent i n  one area and a 2- t o  
3-fold  increase  in  thawing  in  another area. Observations  also 
indicated  that   peat   ly ing  under  mosses  and l ichens  of ten 
retards thawing of t h e   s o i l  more than  the moss and l ichen  cover 

i t s e l f  .) 

"(9) Any vegetat ion  cover   re tards   the  cool ing  ( f reezing)  
of the  s o i l  i n   w in te r .  Under a vegetation  cover  the  temperature 
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of the   so i l   i n   w in te r  i s  higher (.sometimes up t o  1 7 O C  for the  

mean monthly  temperature),  than  in  areas  where  the  vegetation 

is  absent  and  the soil does  not  contain  organic  matter.  (10) 
Vegetation, by impeding the  cool ing of t he   so i l   i n   w in te r  and 

the warming of t h e   s o i l   i n  summer, leads t o  a lowering (up t o  

3OC) or  i n  some conditions t o  an increase (up t o  2OC) of the  

temperature of the  upper  layers of  the  permafrost. (11) By 
decreasing  the  depth  of thaw and  retarding s o i l  erosion,   the  
vegetation impedes the  melting  of  ice  in  the  permafrost   and is  

therefore  a most important  conservation  agent of it. (12)  The 
destruction  of  the  vegetation  cover  causes  melting of t he   i ce  

in   the  permafrost ,  which  sometimes l eads ,   i n   t hese   a r eas ,   t o  

the  formation of vast  meadows (Alas) ,   gu l l ies ,   s ink   ho les ,  
hollows  and  other  thermokarst  forms of r e l i e f .  (,13) By f i l l i n g  
in lakes and  covering  dry  land,  vegetation  often  contributes 
t o  the formation of permafrost   in  areas where it was absent.  
(14)  In  the  growing over of lakes,  permafrost o f  organic com- 
pos i t ion  is formed (at leas t   in   the   upper   l ayers )  which d i f f e r s  

fundamentally from mineral   types  (particularly by having a high 

ice   conten t ) .  (15) The degree and heterogeneity of  the   in -  
f luence of vegetat ion on the  permafrost   increases  along a l i n e  
from the  north  of  the  tundra zone t o   t h e   t a i g a   i n  which the 
maximum is reached and then it decreases  in  the  steppe  zone. 

(16)  Permafrost weakens the  development  and l i f e   a c t i v i t y  of 
the  sub-surface and  above-ground  organs  of  the  plants  and 

s o i l  micro-organisms by contr ibut ing  to   the  lowering of the  
temperature,  swampiness,  the  impoverishment of aera t ion  and 

nutr i t ive  substances of the   so i l   (on ly   in   very   d ry   a reas  do 
they  create  favourable conditions o f  moistening of t h e   s o i l  
for   the growth of plants) ,   This   inf luence i s  the  more s ign i f -  

i can t   the   c loser   to   the   sur face   o f   the   so i l   the   permafros t  

is located and may have no effect when the  permafrost   table 
is deep,  (17) Where permafrost  occurs  near  the surface it 
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contr ibutes  t o  the  formation of shallow  root  systems  of 

p lan ts  and  reduces  the  s tabi l i ty  of t rees   aga ins t  the wind. 

(18) To a cer ta in   degree,  plants  are capable of  overcoming 
unfavourable  influences of permafrost by addi t iona l   roo ts  and 
developing a posit ive  thermotropism  of  the  roots,  i.e. the  
capac i ty   to  grow i n   t h e   d i r e c t i o n  of the warmest part of  the  

s o i l .  (19)  Permafrost  influences  the  vegetation  cover (by 
disturbing,  changing or  completely  destroying i t ) ,  by con- 
t r i b u t i n g   t o  the formation of various  forms of r e l i e f   ( s p o t  
medallions, mounds, thermokarst   re l ief  forms, l ands l ides ,  

na leds ,   l akes ,   e tc  .) . (.20) The unfavourable  influence of 
permafrost on the  development of vegetation  can  be  completely 

or  p a r t i a l l y  removed by thermomelioration. [The author des- 
c r ibes  removal  of t r e e s  and ploughing of forest s e c t i o n s   t o  

c rea t e  areas s u i t a b l e   f o r   c u l t i v a t i o n ,  o r  t o   c r e a t e  meadows 
in  the  tundra  zone. To improve the  growth of the fo res t  in 
cer ta in   reg ions ,   the   des t ruc t ion   of   the  moss cover i s  recom- 

mended  by the   appl ica t ion  of toxic  chemicals.  "This des t ruc t ion ,  
besides   increasing  the  soi l   temperature ,  also increases   the  

mineralization  of  the  peaty  horizon of the  soil and thus con- 

t r i b u t e s  t o  the  improved  nourishment of the   p lan ts . "   In  one 
region,  observations  give  evidence of t h e   f a c t   t h a t  i n  a reas  
where the re  is no  moss cover o r  peaty  horizon, the growth of 
t r ee s   i n   t he   fo re s t s  is 10 t o  100 times g rea t e r   t han   i n   a r eas  

where the re  is moss cover.] (21) Thermomelioratian of the  

soil can raise   considerably  the  natural   output  of  a g r i c u l t u r a l  
areas in  permafrost   areas and extend   agr icu l ture   fur ther   nor th  
in  the  permafrost  region. (22) Vegetation is an ind ica tor  of 
the  composition,  properties of permafrost  and  thickness  of 
the  seasonal ly  thawed layer  and can be  successively  used (and 
is pa r t i a l ly   u sed )  by the  compilation  of  large-scale  permafrost  
maps both from f ie ld   observat ions  and from aerial   photographs .I' 

This paper  gives a very f u l l  discussion of the   po in ts  
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raised  in  the  conclusions.   Tables are g i v e n   t o   i l l u s t r a t e  
some of the  resul ts   descr ibed  in   the  conclusions  and  an  exten-  

sive  bibliography i s  included. 

416. TYRTIKOV, A.P.  1963. Bog vegetat ion as an   ind ica tor  of unfrozen 

depos i t s   in   the   nor thern   t a iga ,   (Trans l ,   Russ ian   t i t l e . )  

Akad. Nauk. SSSR. Inst,  merzlotoved.  Mnogoletnemerzley 
gornye.. , :  62-70. 

Arctic  Bibliography 83728: ?'Analyzes heat exchange 
and  seasonal  freeze-thaw  in  marshland, as exemplif ied ' in   the 

Nadym, Igarka  and Khantayka regions.  Bogs with  water  cover 
( t o  50 cm) and  without it are compared. Presence o f  surface 

water has a pos i t i ve   e f f ec t  on so i l   hea t ing .  The input of 

heat is greater   and  losses   smaller  with, than  without  water 
cover.  Beneath bogs with surface  water,  permafrost is absent 
or much deeper. Such  bogs are  indicators  of  unfrozen  deposits 

throughout  the  northern  taiga of Western Siber ia ."  

417. TYRTIKOV, A.P .  1963.  Questions  concerning  the improvement of 

t r e e  growth conditions  in  Northwestern  Siberia.  Problems of  

the  North, 7:135-139 (Transl.  from Russian by. Nat. Res-. 
Counc. Can.  1964 .) 

“The des t ruc t ion  of the soil cover and pea t   l aye r   i n  
sparse ly  wooded forests r e s u l t s   i n  a soil   temperature  increase 
of 6 t o  8 . 5 O C  a t  a depth of 20 cm, compared with  natural  
conditions.  In  addi t ion,   the   depth of thawing is  increased 
2 t o  2.5 times, and  even i n  the f irst  year   af ter   the   destruc-  

t i on  of the  peat   layer ,  it reaches 120 t o  150 cm i n  loamy s o i l s .  
A gradual  thawing of the  permafrost  occurs  in  succeeding  years, 
s ince  winter   f reezing,  as a consequence of the considerable 
snow cover, is usual ly  less than summer thawing.  In  this way, 
s o i l   a e r a t i o n  i s  improved, t h e   a c t i v i t y  of  micro-organisms is 
in t ens i f i ed  and i n   c u l t i v a t e d   s o i l s  i t s  durat ion may be  ex- 

tended almost a month i n  comparison  with  virgin  soils,. .There 
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i s  a l so   an   increase   in  the volume of s o i l   a c c e s s i b l e   t o   t h e  

roots, which are now ab le  to draw nutr ient   substances from 
the  deeper   soi l   layers .  

"It follows that the   des t ruc t ion  of the  moss cover 
and peat   layer   leads t o  an  improvement i n   t h e   e n t i r e  complex 

of  soil   conditions  ( temperature,   water-air   regime,  nutrient 

q u a l i t i e s ,   e t c . )  The improvement of soil condi t ions ,   in  
tu rn ,   l eads   to  an in t ens i f i ca t ion   o f  tree growth.  There i s  
already a case on record where the  removal  of t he  moss cover 
around  the  trees  has  almost  doubled  the  trunk  diameter in  com- 
par ison  with  the  natural   condi t ions (Andreev,  1954).  After 

burning of f  a pea t   l ayes   in   the   Igarka   reg ion ,  the growth of 
young trees, both  in   height  and  width,  increased several 
times. 

fo l lowing   the   burn ing  of t he  peat layer  i n  forests 
and treeless areas   in   the  Igarka  region,  a grass.  cover 1 t o  2 

m in   he ight  is  developing, which cons i s t s  of.,.CaZamagrostie 
Zangsdorffii Tr in ,  I t  has been  shown...that a grass cover 

does not grea t ly   h inder   the  warming of the  soil 

418. TYRTIKOV, A.P. 1965,  Vegetation as an ind ica to r  of composition 

and proper t ies  of seasonal ly   f rozen ,   ac t ive  layer and perman- 

ently  frozen  ground,  Igarka District. Transl. publ.  in Int. 
Geol Rev. 7(2)  : 196-201. 

Trans la tor ' s   abs t rac t :  a review of f ros t   condi t ions  

under a s e r i e s  of p lan t   assoc ia t ions ,  which ranges from open- 
water swamp t o  dense f o r e s t  on hummocks presumably  generated 
by f ros t -heaving   in   the  past, revea ls  a continuous  sub-surface 

frost series. The frost series ranges from permafrost  without 
act ive  layer   beneath open swamp-water t o  a t o t a l   l a c k   o f  
permafrost   beneath  dense  conifer-birch  forests.  The runoff 
in  both  extreme  environments  consists of malted winter precip- 

i t a t i o n ;   t h i s  is augmented by an ac t ive   l aye r  of water i n  t he  
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intermediate  types of the  environment” 

This work was done  between  1957  and  1959, Soi l  
p ro f i l e s  were s t u d i e d   i n   d e t a i l ,  as well as annual  freeze-thaw 
cycles and the  associated  vegetat ion  types.  A comprehensive 

t a b l e  showing the   re la t ionships  is presented. 

419. TYRTIKOV, A.P. 1967. Dynamics of  vegetation  changes  and  develop- 
ment of permafrost of the  f lood  plains   in   the  northern  ta iga 
of Western Siberia.   (Transl.   Russian t i t l e . )  Moskva Univ, 
Vestnik 22,  ser. 6 ,  b i o l .  pochvoved No. 6:84-90, 

Arctic  Bibliography  100844:  "Reports  changes  in  plant 

composition  in  permafrost  zones, as well as dwarfism  and  other 

phys io logica l   a l te ra t ions   in   p lan ts ,   such  as pine,  produced 
by the  cold taiga  environment.” 

420. TWRDENEV, A . P .  and V . N .  ANDREEV, 1968. Basic t rends   in   the  
development of ag r i cu l tu re  and other  primary i ndus t r i e s   i n   t he  
Soviet   north.  Problems of the  North 13:5-52. (Transl. from 

Russian by Nat. Res. Counc, Can. 1970,) 
The advance of the  northern  boundary of ag r i cu l tu re  

i n t o  the nor thern   t a iga  and treed  tundra is described. "It 
has  been  advanced from 65 t o  66'N t o  68 t o  69'N [between  1926 
and  19641  and in   p l aces  to 70 to 72'N [ i so l a t ed   a r eas   i n  
northern  Siber ia]  

Figures for agr icu l tura l   y ie lds   a re   g iven .  

421. U,S,  ARMY CORPS OF ENGINEERS. Bibliography on cold  regions  science 
and technology  [continuation of the  Bibliography from Snow, 

Ice and Permafrost  Research  Establishment (SIPRE)]. Cold 
Regions Research  and  Engineering  Laboratory (CRREL) Report 12 
- a series, 1951 t o  present .  

Excellent  bibliography on a l l  aspects  of the cold 
regions.  Very  comprehensive  and  up-to-date. 



422. U.S. DEPARTMENT OF THE INTERIOR AND THE FEDERAL TASK FORCE ON 
ALASKAN OIL DEVELOPMENT. 1969.  Stipulation for the  Trans- 

Alaska  Pipeline  System. 34 p .  
"Environmental s t i p u l a t i o n s   t o  be  used  in  conjunction 

with  exis t ing laws and regulat ions for construct ion of the  48- 
i nch   o i l   p ipe l ine  and r e l a t e d   f a c i l i t i e s  from  Prudhoe Bay t o  
Valdez , Alaska. 

423. USPENSKI, S.M. 1970,  Problems  and forms of fauna  conservation 

in   t he   Sov ie t   a r c t i c  and sub-arct ic .   Product ivi ty  and Conser- 
vation  in  Northern  Circumpolar Lands. W.A. Ful le r  and P.G. 

Kevan, ed. In t .  Union Conserv.  Nature. (IUCN) Publ.  n.s.  16: 
199-207. 

A general  review of some of  t he   pos i t i ve  and negative 
effects   of  human a c t i v i t i e s  on the  fauna  in  the Soviet   north,  

as well as of the  problems of conservation. 

"Human a c t i v i t y   i n   t h e  arctic and sub-arc t ic . . .d i s -  

turbs   the  vegetat ion and soi l   covers   unusual ly  fast. Their  

ecosystems  have  an  increased  vulnerability,  which  can be ex- 
plained by t h e   s p e c i f i c i t y  of natural  environmental  conditions 
of  the  northern polar regions as well  as the   spec i f i c i ty  of 

the  inf luence on them of human economic a c t i v i t i e s  ... 
,''Gradually, as one moves nor thward ,   t e r res t r ia l  

vegetation becomes  more and more depressed,  biological  produc- 
t i v i t y  of the  land  decreases  and  l ife is or ien ted  toward water 
bodies  and,  in  the  extreme  north,  towards  the  sea...  

"The extreme  improverishment  of  the species composi- 
t i on  of the  fauna and f l o r a   r e s u l t s   i n  extreme  simplification 

of connect ions  and  re la t ions  in  the biocenoses of high 

l a t i t u d e s ,   i n   s h a r p  changes in   t he   p i c tu re  of an imal   l i fe ,  
and i n  sharp changes in  animal numbers within species and 

populations  during  different  years.  
"In evaluating  the  degree of human influence on 
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na tu re ,   pa r t i cu la r ly  on the  fauna of  the   a rc t ic   and   sub-arc t ic ,  

we must remember tha t   the   g rea t   major i ty  of spec ies   a re  nomadic 

or s t r ic t ly   migra tory   forms .  These  animals  consequently  are 
experiencing  constantly  increasing  sport  and professional  
hunting  pressure,   but f a l l  outside  the  regions where t h e i r  
reserves  can  be  maintained by breeding,  such as the  densely 
populated  temperate  regions  further  south.   Increasing  less 
sharply is an  indirect ,   mostly  unfavourable human influence 

in   the   reg ions  of the  migration  and  wintering  grounds of 

arctic  animals.   This is shown, f o r  example, by a l imi t a t ion  

of sui table   condi t ions  for   winter ing,  due t o  land  reclamation, 

po l lu t ion  of waters by o i l   p r o d u c t s ,   e t c . "  However, not a l l  

human a c t i v i t i e s  have  been  adverse i n  the  USSR a r c t i c  and  sub- 
a r c t i c .   I n  some instances ,  i n   s p i t e  of  rapid growth of 

industry and population,  natural   reserves  have  served as places 
f o r  the  enrichment  of  natural  resources  including game animals 

and these were s e t   a s i d e  o r  formed from the  beginning. The 

s i tuat ion  in   pr imeval   regions  of   the  Soviet   tundra where wild 
reindeer   l ive  can  serve as a c l ea r  example of t h i s .   I n   ve ry  
large areas, par t i cu la r ly   i n   no r theas t e rn   S ibe r i a   i n  1920, 

th i s   spec ies  was already  considered  ext inct .   Later ,  however, 

wi ld   re indeer   s ta r ted   to   appear   aga in  on abandoned pastures  
on the  Chukotskii  Peninsula, as well as in   several   o ther   regions 
(of course,   qui te  a s i g n i f i c a n t   r o l e  was played  there by general  
conservation  measures). . 

t h e   s p e c i f i c i t y  of  the   a rc t ic   ecosys tems,   the i r  
s impl ic i ty  and i n s t a b i l i t y ,   t h e i r  extreme  vulnerabi l i ty   to  

economic a c t i v i t i e s ,   t h e   p e c u l i a r i t i e s  of  the  geographical 

d i s t r ibu t ion  of i t s  mobile components na tu ra l ly  emphasize the  
necess i ty  o f  a much wider   prof i le  of the   in te rna t iona l - lega l  
protect ion of t he   en t i r e   na tu ra l  complex of t h e   a r c t i c ,  and 

especially  those  species  the  conservation of which  exceeds 
the  limit o f   a b i l i t y  of ind iv idua l   count r ies .”  
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424. V I B E ,  C. 1967. Arc t ic   an imals   in   re la t ion   to   c l imat ic   f luc tu-  

a t ions .  Medd, om Grdnland.  170(5). 227 p .  
Climatic  f luctuations  caused, by the  changes  in 

r e l a t ive   s t r eng ths  of the  Canadian, East Greenland and Irminger 
Currents and d r i f t - i c e   p a t t e r n s   i n   t h e  Davis S t r a i t  (changes 
which a re   r e l a t ed   t o   sun - spo t   ac t iv i ty )   a r e   s een  as having 
great   inf luence on the  populations of a r c t i c  mammals and sea  
birds .  Detai ls  of populat ion  f luctuat ions of such  animals as 
polar   bear ,  seal, arct ic   e ider ,   p tarmigan,   whale ,  fox, musk-ox, 

e t c .   i n   r e l a t i o n  t o  p rec ip i t a t ion  and d r i f t - i c e   p a t t e r n s  are 
presented. 

425. VIBE, C.  1970. The arctic ecosystem  influence by f luc tua t ion   i n  
sun spots and d r i f t   i c e  movement. Product ivi ty  and Conser- 

vation  in  Northern  Circumpolar  Lands. W.A. Fuller  and P.G. 
Kevan, ed ,   In t  . Union Conserv.  Nature (IUCN) Pub1 . n .s 16 : 
115-120. 

This paper i s  bas i ca l ly  a summary of the  author 's  
1967 publ icat ion on the  subject  of sun spots, current  changes 
with  concomitant  changes in   seasons (warm and dry 218. warm 
and wet o r  abundance and lack of ice)  and the i r   i n f luence  on 

a r c t i c  bird and mammal populat ion  f luctuat ions.  

426. VIERECK, L.A.  1965. Relationship of white  spruce t o  lenses of 
perennially  frozen  ground, Mount McKinley National  Park, 
Alaska, Arctic  18:262-267. 

The stand  investigated,   "in which the  perennial  

frozen  lenses  occur, is an  open  white  spruce - sphagnum type, 

with an appearance more typ ica l  of black  spruce  than  white 
spruce ... The ground surface i s  i r regular   with many mounds, 
especial ly   beneath  t rees .  On t h e   d r i e r   s i t e s   c r e a t e d  by 

these mounds is a th ick  moss mat,..a few sca t te red   l i chens  ... 
low shrubs of Labrador t e a . ,  .bog blueberry,  and low b i rch  
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shrub . 
"In the  depressions between the  trees is a t h i n  

cover of  mosses,.. .a few sca t t e red  willow  shrubs, and a large 
number of low shrubs and herbs ,   p lus  a few sedges.  Frost 
scars, often  with  standing water, are i n  a l l  s tages   of  re- 

vegetation by sedses and mosses... 
T h e   p a r e n t  material of the   s tand   cons is t s  of a t  

least 1.5 m of s i l t y   c l ay   ove r   r i ve r   g rave l  ... There is no   t rue  

development  of a s o i l   p r o f i l e   i n   t h e   s t a n d .  Because of the  
impervious  nature   of   the   s i l ty   c lay  substrata ,  water accumu- 

lates in   the   depress ions .  
" A l l  o f  the  mounds (containing  frozen  lenses) are 

covered  with a t h i ck  moss mat of  Hylocomiwn splendens and 

pleurozium schreberi through which are growing several ericaceous 

shrub  species and bog b i r c h  
Discussion: "Lenses o f  permafrost  appear t o  form 

because of some d i f fe rence   in   the  heat regime  of t he  s o i l  
under  the trees as compared wi th   t ha t  between the  t rees .  . .Less 

snow usually  accumulates  under  coniferous trees than in the  
adjacent area between the  t rees . . .The moss l aye r  is  th icker  
on the  mounds under  the trees than it is i n   t h e  area between 
the trees...A t h i ck  moss layer  i s  important  in  maintaining a 

permafrost   layer   c lose  to   the  surface  in  many areas of  the  
arctic and sub-arct ic ,  where disturbance o f  the  moss l aye r  
u s u a l l y   r e s u l t s   i n  a recession of the  f rozen ground  beneath 
the  dis turbed area, I t  

Summary: pe renn ia l ly   f rozen  mounds have  developed 
under  white  spruce  growing  in  si l ty  clay.  The frozen  lens  i s  
thought t o   r e s u l t  from the   insu la t ing  effect  in summer o f  a 
thickened moss mat and from so i l   coo l ing   i n   w in te r  as a 

r e s u l t  of a t h i n  snow layer  under the t rees .  The mound i s  

created  through  expansion of t he   s i l t y   c l ay   caused  by incor- 

porat ion of  water in to   t he   l ens  as th in   l aye r s  of clear i c e .  
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Disturbance of the  moss mat r e s u l t s   i n  a melting of t he   l ens ,  
a col lapse of the mound, and often  the  death of t he   t r ee .  As 

new trees   develop,  new  mounds and frozen  lenses  develop  in 
the   so i l   benea th  them." 

427 .  VIERECK, L . A .  1966. Plant  succession  and  soil  development on 
gravel  outwash of the Muldrow Glacier, Alaska,.  Ecol. Monogr, 
36:181-199. 

From the summary: IIPlant  succession and so i l   deve l -  

opment are  described for a s e r i e s  of f ive   s tands  on g l a c i a l  
outwash ad jacent   to   the  McKinley River   in  an alpine  tundra 
region of the Alaska Range i n  M t .  McKinley National Park." 

Estimated  ages of  the  s tands  are:  1) pioneer 25 t o  30 years 
s ince   ava i lab le   for   co loniza t ion ;  2) about a hundred y e a r s ;  

3) about 150 t o  200 years ;  4) 200 t o  300 years .  Based on the  
estimated  time  of  retreat of t he   i ce  a t  the  end of t h e   l a t e  
Wisconsin  Glaciation,  the age of the climax stand is estimated 
t o  be 5,000 t o  9,000 years .  "The vegetat ion development pro- 
gresses from t h a t  of s ca t t e r ed  mat plants   with  isolated  wil low 
and Shepherdia shrubs, t o  a closed, grassy meadow in te rspersed  
with small but  dense clumps of  willow  shrubs.  Birch  shrubs 

and a th ick  moss mat begin t o  form under  the  willow  shrubs 
and eventually  replace them. The  low shrub  birch forms a con- 

t inuous and even stratum underlain by a th ick  moss l ayer  of 
Hy Zocomium sp Zendens and PZeurosiwn e c h e b m i .  The f i n a l  
stage,   the  climax tundra, consists of low shrub  birch and 
ericaceous  shrubs  interspersed  with Eriaphomun vaginatwn 
tussocks growing  through Sphagnum and other  mosses. 

"The s o i l  undergoes  progressive  changes from the  

in i t i a l   coa r se   g rave l  outwash  through  the  four  successional 

stands t o  the  climax  condition.  Surface  soil  becomes s l i g h t l y  
f ine r   i n   t ex tu re   w i th  time, probably  through  the  addition of 
wind-blown material   rather  than  through  physical   weathering. 
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Organic material, mostly  in the form of decaying  mosses, i s  
added i n  a th ick   l ayer  a t  the  surface and small amounts are 

added t o  a depth o f  10 cm in   the   l a te r   success ion   s tages .  
Nitrogen is added to   the   so i l   p r imar i ly   th rough  n i t rogen-  

fixing  organisms  associated  with  legumes, Dryas and Shepherd;a. 
The pH is a l t e r ed  from 8.0 t o  8.4  of the   o r ig ina l  outwash t o  
4 . 4  in   the  c l imax  tundra  soi l .  

!'Due t o   t h e   i n s u l a t i n g   e f f e c t s  of the  vegetat ion,  
espec ia l ly   the   th ick  moss stratum, permafrost  has  developed 

o r  has  r isen  near  the  surface  in  the  climax  stand. The perma- 
f ros t   l ayer   p revents   the  downward loss  of  moisture  through 
the   so i l ,   c r ea t ing  a wet condi t ion  sui table  f o r  the development 
of Sphagnum mosses  and sedge tussocks.11 No permafrost was 
found in   the  successional   s tages .  

428. VIERECK, L . A ,  1970.  Forest  succession and s o i l  development 
adjacent t o  the Chena River   in   In te r ior  Alaska. Arctic Alpine 
Res. 2: l -26.  

Author 's   abstract:  "Four stands on varying-aged  r iver 
deposi ts  were  compared with a climax  stand on a higher and 

o l d e r   t e r r a c e   t o  show changes i n   s o i l  and vegetation  with  time 
on the  f lood  plain of the Chena River  near  Fairbanks,  Alaska. 
The stands were a 15-year-old  willow  stand on a newly-formed 

gravel   bar ,  a 50-year-old  balsam  poplar  stand, a 120-year-old 
white  spruce  stand, a 220-year-old  white  spruce/black  spruce 

s tand,  and a climax  black  spruce/sphagnum  stand. The vegeta- 
t i on   cha rac t e r i s t i c s  of each  stand  are  given. 

"Soil  temperature  and  moisture  measurements  were 
taken  to  depths of 150 cm i n  each of the  successional  stands 

f o r  a period of 2 years. In   the  ear ly   successional   s tands of 
willow  and  balsam poplar, the   so i l   f roze   qu icker  and deeper, 
and reached  lower  temperatures than i n  later successional 
stages, In  the  willow  stand,  thawing was completed by t he  
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end of May, whereas in   the  white   spruce/black  spruce  s tand,  
thawing  did  not  begin  until  the end of May and was never com- 

pleted - a continuously  frozen  layer  being  present a t  a depth 

of 40 t o  80 cm, The insu la t ing   e f f ec t s  of a th ick  moss l aye r  

under  the  spruce and the  deposi t  o f  f ine  r iver   a l luvium  during 
flooding  account  for  delayed  thawing and c o l d e r   s o i l  temper- 
a tures .  The soil  moisture  regime  changes from a x e r i c   s i t u -  
a t ion  on  the  gravel  bar  to a mesic  one in   the  poplar   and  white  

spruce  s tands  to  a hydric   s i tuat ion  in   the  c l imax  s tand."  

429. VIERECK, L . A .  1970.  Soil  temperatures i n  r i v e r  bottom  stands  in 
i n t e r i o r  Alaska. Ecology o f  the  Subarctic  Regions: 1. Ecology 
and Conservation.  Helsinki Symp. Proc.  1966. UNESCO. p .  223- 

233, 

,Soil  temperatures and depth of f reezing were  measured 

in   four   s tages  of  fbrest succession  adjacent   to   the Chena 
River.   Differences  in s o i l  temperature  regimes  were  related 

to   th ickness  or  organic  layers and tex tures  of the  parent 

material   (r iver  al luvium). 

430. WAGG, J.W. 1964.  White  spruce  regeneration on the  Peace  and 
Slave  River Lowlands.  Can. Dep. For, Publ . 1069. 35 p.  

This paper  discusses  the  problems of  white  spruce 
regeneration  in  the  Peace and  Slave  River  lowlands  and  indi- 

c a t e s   t h a t   f i r e   a l o n e  is  not  always  sufficient t o  provide a 

good seed  bed, Where f looding,   with  a l luvial   deposi t ion,  
follows fires much better  seed  beds  are  prepared.  Information 
is  also  given on the  behaviour of seedl ings on l i t t e r ,  raw 
humus, fea ther  moss,  decayed wood and  mineral   soil .  

431. WALKER, Jennifer.  1970. The inf luence of man on vegetat ion a t  
Churchi l l .   Product ivi ty  and  Conservation i n  Northern Circum- 

polar  Lands, W.A. Fuller  and P.G. Kevan, ed.   Int .  Union 

Conserv.  Nature (IUCN) Publ. n , s .  16:266-269. 
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The vegetation  types  around  Churchill   are  described. 

I t  is noted  that  f i re  has  devastating  consequences. A t  s i t e s  
disturbed by man but now abandoned,  adventive  species  are 

gradually  disappearing  and  being  replaced by nat ive  species .  
The r a t e s  of recolonizat ion of dis turbed sites (e.g.   track 
vehicle  trails)  a re   no t  known but  studies  have been i n i t i a t e d .  

432. WALLACE, R . E .  1948.  Cave-in lakes i n   t h e  Nebesna,  Chisana  and 

Tanana River  Valleys,  Eastern Alaska. J .  Geol.  56:171-181. 
From author ' s   abs t rac t :  "Cave-in lakes   resu l t ing  from 

ground  caving  following  the  thawing of permafrost  have  devel- 
oped in  areas  underlain by fine-grained  sediments  in...North- 
eas te rn  Alaska. I t  is suggested  that  vegetal  cover  has  an 
important  control  over  the  presence  of  permafrost  and  that a 
cave-in  lake is  i n i t i a t e d  by a break  in   this   cover . . . ' I  

433. WARD, W.H. and E . C .  SEWELL. 1950.  Protection of the  ground from 
thermal   effects  of i n d u s t r i a l   p l a n t .  Geotechnique  2:64-81. 

This  paper  concerns  problems i n  temperate   la t i tudes 
- par t i cu la r ly  problems  with  the  drying  effect of br ick   k i lns  
on the  underlying  ground  (clay) , 

434. WARREN-WILSON, J. 1952.   Vegetat ion  pat terns   associated  with  soi l  
movement  on Jan Mayen Is land.  J. Ecol. 42:249-264. 

Details  are  given  of  the  behaviour of f r o s t  phenomena 
and pat terning as well as the  importance of plants   (present  o r  

absent) on Jan Mayen Island (350 miles  north of Iceland) ,  "The 
vegetation  of  the  island consists for   the  most p a r t  of  a moss 
mat dominated by Rhacomitrium Zanuginosum and R. canescens i n  

which  occur  scattered  flowering  plants. In  some p laces   th i s  
moss mat covers  wide  areas  without  interruption,  but  frequently 
it is  broken up by areas  of bare  ground into  patches which 
form s t r ik ingly   regular   pa t te rns ,   based   espec ia l ly  on polygonal, 

terraced  and  s t r iped forms ... Such pat terning is  thus  encouraged 
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by imnature  topography, by frequent  freeze-thaw  activity,   and 

by poor  vegetation; a l l  fea tures  which a r e   c h a r a c t e r i s t i c  of  
Jan Mayen. 

435. WARREN-WILSON, J. 1957. Arctic  plant  growth. Adv. Sc i .  53:383-387. 

The author summarizes his   paper  as follows: !!The 
poverty of a rc t ic   vege ta t ion   resu l t s   p r imar i ly  from  an  extremely 
low  amount of annual  growth,  which i n   t u r n  is due both t o  

shortness of the growing  season  and also  the  slowness of 

p lan t  growth  even  during  the  brief summer. These low growth 

r a t e s   r e s u l t  from the  low temperatures - espec ia l ly  as aggra- 
vated by exposure of the   p lan ts  t o  cooling  winds  and, a t  least 

a t  Jan Mayen, from widespread  deficiency  of  nitrogen, which 
arises through  inhibit ion of s o i l  microbiological   act ivi ty  by 

low temperatures and the  poor  supply of organic  material ."  

436. WARREN-WILSON, J. 1959.  Notes  on wind and i ts  e f f e c t s   i n   a r c t i c -  

a lpine  vegetat ion.  J. Ecol. 47:415-425. 

Experiments  and  observations on the   e f f ec t s  of wind 

in   t he  Cairngorms i n  Scotland  are  reported.  it is concluded 
that   the   potent   effect   of  wind  on arct ic-alpine  vegetat ion is 
general ly  a r e su l t   no t  so much of  high wind speed as of  spec ia l  

s e n s i t i v i t y  of p lan t  growth t o  wind;  and t h a t   t h i s   s e n s i t i v i t y  
i s  due less to   d ry ing  and more to  cooling  under  temperate 

conditions.  . . 
"Excessive  transpiration may k i l l   p ro j ec t ing   shoo t s  

r a r e l y   i n  summer and more of ten  (at  least i n  the case of 
shrubs  and trees) in   win ter  when t h e   s o i l  i s  frozen;  but  the 

general  depression of growth-rates by  wind  seems not   pr imari ly  
a resu l t   o f   d ry ing ,   s ince   in  summer the   p l an t s  of  most - 
though  not a l l  - arc t ic -a lp ine   reg ions   have   h igh   water   s ta tus .  

'Wind coo l s   fo l i age ,   e spec ia l ly   i n  sunny  weather, 
and t h i s   e f f e c t  is  unusually marked in   arct ic-alpine  vegeta-  



- 292 - 

t i o n ;  it amounted up t o  7OC in   observat ions a t  Cornwallis 

Is land (75'N). Moreover, a t  low temperatures  plant growth 
becomes especial ly   sensi t ive  to   temperature   condi t ions."  

437. WASHBURN, A.L.  1950. Patterned  ground. Rev. C a n .  G6ogr. 4:l-59. 
A thorough  description of the  var ious types of 

patterned  ground,  followed by a discussion on the  var ious 

hypotheses  of  formation. I t  i s  sugges ted   tha t   severa l   d i f fe r -  

ent  phenomena may be  responsible.  Mention is  made of  presence 
o r  absence of vegetat ion on the  various  types of pat terned 

ground. 

438. WASHBURN, A.L .  1956, C las s i f i ca t ion  of pat terned ground  and 

review of suggested  origins.  Geol. S O C .  Am. Bull.  67:823-866. 

This  paper i s  an  extension of  Washburn, 1950,  and 
includes a review of the  suggested  origins of patterned  ground. 

A c l a s s i f i c a t i o n  is presented and descr ip t ions  of  the  var ious 
types o f  pat terned ground are included, The author   bel ieves  
that   the   var ious  types of  pat terned ground  have an uncertain 
origin, bu t   t ha t  it is  polygenetic.  He a l s o  makes the   p lea  
fo r  more research before   f ina l   ideas  can  be  formulated on 

patterned  ground. A most exhaustive  bibliography is  included. 

439. WATMORE, T.G. 1969. Thermal erosion problems i n  p ipe l in ing .  
Third Can. Conf.  Permafrost  Proc. Ass. Corn. Geotech. Res., 
Nat. Res. Counc. Can. p.  142-162. 

Surface damage caused by bulldozing  seismograph  cut- 

l i nes   p r io r   t o   f r eezeup  on the Peel Plateau  in  October  1964, 

and near  Tuktoyaktuk in  October, 1965 were inspec ted   in   ear ly  
August and  mid-September,  1968.  IIPhotographs taken a t  the  

loca t ions . , . i nd ica t e  that subsidence  through  thawing  of perma- 
frost  (thermokarst)  accounts  for more surface  disfigurement 
than  that   through  erosion from rain  run-off  and snow melt." 

Photographs i l l u s t r a t e   t h e   e x t e n t  of   thermokarst ,   s tabi l izat ion 
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and revegetat ion which has occurred  s ince  the  cut l ines  were 

produced. A t  Inuvik, a ground f i r e   o c c u r r e d   i n  August,  1968, 

which  destroyed  the  surface  cover. Marked changes in   t he  

topography  are  expected.  Subsidence and permafrost  degradation 

has  occurred  after  building of  the  experimental   pipeline a t  
Inuvik,  but where wood chips  provide  insulation, damage has 
been l e s s .  

440. WATSON, A , ,  N .  BAYFIELD and S.A.  MOYES. 1970.  Research on human 

pressures on Scottish  mountain  tundra.   Productivity  and Con- 
servation  in  Northern  Circumpolar  Lands. W.A. Fu l l e r  and 

P . G .  Kevan, ed.   Int .  Union Conserv.  Nature (IUCN) Publ.   n.s.  
16 : 256-266, 

Problems of d i s rupt ion  of tundra  vegetation and  con- 

sequent   soi l   erosion and other  problems  due t o  heavy, year- 
round human t r a f f i c  around s k i  tows are discussed.  Experiments 
with  various methods of s o i l   s t a b i l i z a t i o n   a r e   d e s c r i b e d ,  
including  spraying  bitumen  with  and  without  seeding,  sodding 
and f e r t i l i z a t i o n .  

441. WATSON, D . G . ,  J .J .  DAVIS and W.C. HANSON. 1966.   Terrestr ia l  

Inver tebra tes ,  Environment of t he  Cape Thompson Region, 

Alaska. N . J .  Wilimovsky and J.N. Wolfe, ed. U.S. Atomic 

Energy C a m . ,  Div.  Tech. In f .  p .  565-584. 

A species  l i s t  of t e r r e s t r i a l  and  freshwater  inverte- 
b ra t e s  is presented.  Limited  population  studies  indicated 
mites  and  collembolans  were  the most abundant  groups of 
arthropods. The former were most abundant  in  the  highly 
organic substrates   under  Eriophorm, Carex and S p h a p m  while 
the  lat ter were most abundant i n  the   r e l a t ive ly   l oose  well- 
drained  mineral  soils  under Dryas and l ichens.  

442. WEEDEN, R . B .  1970. Man in  Nature:  A s t r a t e g y   f o r  Alaskan  living. 
Product ivi ty  and Conservation  in  Northern  Circumpolar  Lands. 
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W.A. Fu l l e r  and P.G. Kevan, ed ,   In t .  Union Conserv.  Nature 
(IUCN) Publ.  n.s.  16:251-256. 

In  a sec t ion  headed  Petroleum i n   t h e  New Alaska, the  

problems are outlined:  t lExploration and  product ion  act ivi ty  
in   t he   i n l e t   ' t ha t  i s  Cook In l e t  and on the  Kenai Peninsula 

gave  Alaskans a f a i r l y  clear idea  of the sorts o f  problems o i l  

f i e l d  development br ings.  The network of thousands of miles 
o f  in te r - twin ing   t rac tor  t ra i l s  across  marshes,   forests and 
alpine  areas   jol ted  people   into  sharp  awareness   that  even 
looking  for   oi l   causes   problems.   Str ic t ly   enforced  regulat ions 
helped: anyone who compared the  seeded  roadsides  and  "healing 
cat" t ra i ls  on the Kenai National Moose  Range with the  debris  
and scar r ing  on s t a t e  lands   jus t   ou ts ide   the  Range could  see 

t h i s   r e a d i l y .  Air and water pol lu t ion  came, as inevi tab ly  

they will. A cloud of smoke is  sometimes v i s i b l e  for miles 
when wasted  natural gas is f l a r e d  from t h e   I n l e t ' s  wells. 
Hundreds  of o i l   s p i l l s  from tankers ,  wells, and pipes have 
been  recorded by government: agencies.  A few big  ones  have 
k i l l e d  ducks o r  befouled the ne t s  of fishermen (Cook I n l e t  

has an  important  commercial  and  recreational salmon f i she ry ) .  

Life i n  Anchorage has  changed,  too,  with  the  advent of  oilmen 
and  boomers. 

"But Anchorage  had i t s  growing pains  and  Kenai i t s  

l and   s ca r r ing   be fo re   o i l .  Petroleum  development  simply  inten- 
s i f i e d  and  added new facets t o   t h e  problem. I t  i s  i n   t h e  

arctic,  with i t s  v i rg ina l  and vulnerable  landscape,  that   the 

impact  of oil i s  most obvious. The gnawing scars from 
seemingly  harmless t ra i l s  of   construct ion  vehicles ,   the   puzzles  
of permafrost   engineer ing,   the   unsui tabi l i ty   of   ordinary  sani-  
t a t ion   t echniques ,   the   fan tas t ic   longevi ty  and v i s i b i l i t y   o f  
d e b r i s ,   t h e   o i l   s p i l l s ,  t he  huge demand for   g rave l  f o r  camps 

and a i r s t r i p s ,  the question  of  whether  caribou will be 
frightened and displaced by surface  feeder  pipes and t he  
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general   bust le  of o i l   f i e l d   o p e r a t i o n s  - these are now  common- 

place  topics  of conversation  in  the  north.  Part of the problem 

in  Alaska  today is secrecy of geophysical and other   technological  
da ta .  Should t h i s   h a s t e  and secrecy be eliminated  such  wasteful 

and destruct ive  dupl icat ion of se i smic   l ines ,   shot   ho les ,  camps, 
r o a d s ,   a i r s t r i p s ,  test wel ls  and g r a v e l   p i t s   i n   t h e   a r c t i c  

could be eliminated. 

443. WEIN, R.W. and L.C.  BLISS. 1970, The  low a r c t i c  environment  and 

primary  productivity,   Thirteenth Muskeg Res. Conf. Proc. Nat. 
Res. Counc. Can., Ass. Corn, Geotech.  Res.,  Tech. Memo. 99: 

109-117 6 

Data are  presented on the  product ivi ty  of various 

species of p lan ts  and a general   descr ipt ion of pos i t i ve  and 

negat ive  factors  which a c t  on a r c t i c   p l a n t s .  
The authors   point   out   that   " the  ra te  of plant  pro- 

duction will determine  the amount of biomoss that   the   eco-  
system will support and will determine the rate of r e t u r n   t o  
r e l a t i v e l y   s t a b l e   c o n d i t i o n s   a f t e r  man's disturbances.,  .[There- 
fore] can [plant   product ivi ty]   be  increased  to  speed the  

healing of dis turbances?. . .  
!'Low soi l   temperature  ... r e s t r i c t s   r o o t  growth, and, 

as a r e s u l t  of l.ow nu t r i en t  and water uptake,   net   product ivi ty  
will decrease. By lowering  the  albedo of t he   so i l   su r f ace  ... 
the   ac t ive   l ayer  will become deeper ,   [but]   thermokarst   act ivi ty  
i n  s o i l s  of high  ice  content  and  increased  evaporation  would, 
i n   t u rn ,  be unsatisfactory.  Another  point  against  lowering 

the   so i l   sur face   a lbedo  would be t h a t  warmer s o i l s  would be 

conducive to   o rgan ic  matter decomposition  and  the  insulating 
e f f e c t  of peat   layers  would become less ef fec t ive .11  

444. WEIN, R.W. and L . C .  BLISS. 1971.  Northern  ecosystems and northern 

development, Can, Mining Metall. Bull .  64:74-76. 
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An out l ine  of the work being done i n   t h e  Mackenzie 
Delta by the  authors and the i r   a s soc ia t e s .  Although  no r e s u l t s  

were presented  prel iminary  s tudies   indicated  that :  
1) low,  wet sedge  communities  on  the High Arct ic   Is lands are 
just as suscept ible  t o  damage as areas i n   t h e  Low Arct ic  and 

summer travel  should  therefore  be  regulated as i n   t h e  Low 

Arct ic ;  
2) thermal  subsidence is widespread  under summer t rave l   rou tes  
but   so i l   e ros ion  by running  water  negligible;  

3) technological improvement in   se i smic   l ine   cons t ruc t ion   has  
occurred  since 1965; 
4) winter  roads  should  not  be used t o o   e a r l y   i n  f a l l  or after 
thaw s t a r t s   i n   s p r i n g .  Lowland t r a v e l  i s  preferable   to   upland 
because  water-saturated  soi l   prof i les   f reeze and  compact l e s s  
than  those  where  mineral  soil  and  peat  predominate.  Sedges 

and  grasses  recover more quickly  than woody shrubs. 

445. WIGGINS, I.L. 1951. The d i s t r ibu t ion  of vascular   plants  on poly- 

gonal  ground  near  Point Barrow, Alaska. Dudley Herb. Contrib. 

4 :41-50, 

From the summary: "The vegetational  cover on four 
s i t e s   r ep resen t ing   d i f f e ren t   s t ages   i n   t he  development of 

llpolygonal groundt” i n  a permafrost   area, . .consis ts  of twenty- 
nine  species of f lowering  plants  and  several   species of mosses 
and l ichens ... Although r e l i e f  is low, ... examination  reveals. . .  

some spec ie s   con f ined   t o   f a in t ly   d r i e r   t ops  of hummocks and 
ridges,   while  others  occur  only  in  the  central   pans or i n   t h e  
di tches   separat ing  individual   polygons, . .o thers   are  predom- 

inantly  occupants of intermediate   s lopes. .  .The [plant]  assem- 
blages ... a r e   d i s t i n c t  enough to   permit   recogni t ion of the  
out l ines  of  each type of microhabitat  when  shown on a e r i a l  

photographs. , . I 1  
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446. WIGGINS, I.L. and J.H.  THOMAS. 1962. A f l o r a  of the  Alaskan 

Arct ic   Slope.   Arct ic   Inst .  N ,  Am. Spec,  Publ. 4 .  Univ. 

Toronto  Press, 425 p.  
In   the   in t roduct ion ,   habi ta t s  are described,  including 

man-made types: campsi tes ,   vehicle  t ra i l s ,  shot  holes  and 
drained  lakes. The authors   note   the  s lowness   with which 
disturbances are healed where the  growing  season is so shor t ,  

and  where r e l a t i v e l y   s l i g h t  changes in   drainage  pat tern  can 
have  profound  consequences. t 1  

On the  subject  of erosion  caused by vehic les ,   the  
authors  record llsome of t h e s e   a r t i f i c i a l   d i t c h e s  have  changed 
the  drainage  of   l imited  areas   qui te   drast ical ly ,  even bringing 
about a complete  emptying of ponds  and small lakes . . . In  1956 

weasel trails  not  used f o r  5 years were c lear ly   t raceable . ' '  

An estimate of severa l   cen tur ies  is given f o r  tundra  recovery 
around  disturbed  campsites. 

On the e f f e c t s  of animals on the  tundra,   the  following 
comments a r e  made: Snowy  owls select   several   observat ion 
perches on hummocks, r idges and small i r r e g u l a r i t i e s  on the  

tundra,  The excreta  on and  around such roosts add considerable 

nitrogenous waste t o  the   so i l . . .P l an t s  on t h e s e   f e r t i l i z e d  
hummocks are nearly  always  deeper  green  than  those on nearby 
but more s t e r i l e   s o i l . , , ”  

Moulting  waterfowl. .  .consume large quan t i t i e s  of 
grass and other   vegetat ion,  pack  denuded s o i l   t o  a remarkable 
degree, and add animal  wastes t o  t h e   s o i l . .  . 

' J aegers  ... tear up l a rge   quan t i t i t e s  of moss, l ichens 
and some of the  smaller f lower ing   p l an t s   i n   o rde r   t o   d ig  
lemmings  from their  shallow  burrows, The breaks (2 t o  3 yards) 

the  jaegers  make in   the   tundra   a re   no t   se r ious ly   de t r imenta l  
t o  the   p lan ts ,   bu t   they  are discernable  one to   t h ree   yea r s  

l a t e r ,  . . 
"Abandoned burrows [of the a r c t i c  ground squ i r r e l ]  
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are conspicuous for several   years  because  plants  colonized 
slowly ... Readily  observable  st imulation of growth  of  vegeta- 
t ion  occurs  a t  the  entrances t o  burrows. Both  improved aera t ion  

and  enrichment  of t he   so i l   occu r  a t  such s i t e s . , .  

Severe   loca l   e ros ion   can ,  and a t  many places  does, 
occur where the  caribou  have  broken  the  tundra  sod on banks 
above streams and lakes,   Their t r a i l s  cr iss-cross   the  tundra,  
and around many of the  shallower ponds  and lakes   the  t rampling 
done by a herd of caribou  destroys much vegetat ion.   In  some 
places   the  surface is  almost  devoid  of  plant  c0ver.I' 

447, WILDE, S.A.  and H.H. KRAUSE. 1960.  Soil-forest  types of t he  

Yukon and Tanana Valleys i n  Sub-arctic Alaska. J .  S o i l   S c i ,  

11:266-279. 

The va r ious   so i l s  found i n   t h i s  area of Alaska are 
described. They inc lude   ske le ta l ,   a l luv ia l ,   ha l f -bog ,  lowmoor 
peat,   tundra-forest   and  the two fo l lowing   so i l  types: 

Melanized raw-humus so i l s   ( sub -a rc t i c   fo re s t   so i l s ;  
incipient   podzols) .  I1The scarci ty   of   herbaceous  plants  and 
the  absence of natural   spruce  regenerat ion are c h a r a c t e r i s t i c  

of t h i s   so i l - fo re s t   t ype .  The poor  regeneration of white 
spruce on these moss-covered s o i l s  casts doubt on the  climax 

nature  of  this  species  in  the  sub-arctic  environment.  A wide 
opening of t he  canopy i s  l ike ly   to   cause   invas ion  by Sphagnum 
and black  spruce, an assoc ia t ion  which  would preclude  the re- 
generation  of  white  spruce.I1 

Highmoor peat  I11n the  environment  of  sub-arctic 
Alaska, highmoors are formed at a wide  range of a l t i t u d e s  and 
not  only on elevated  plateaus  and  gentle  slopes,   but  also on 

slopes  approaching 4S0,  espec ia l ly  of northern and eas te rn  
exposures.  There is evidence  that   the   invasion of Sphagnwn 

mosses often  follows removal o r  heavy thinning of f o r e s t  

s tands.  To prevent  the  conversion of productive  lands  into 
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highmoors  may  be  one of the  most  important  tasks of regional 
soil  conservation  and  forest  management." All the  forest 
soil  types  studied  here  are  underlain  by  permafrost.  Vegeta- 
tion  descriptions  accompany  the  discussion of each  soil  type. 

448. WILIMOVSKY, N .J . and J .N , WOLFE,  ed . 1966.  Environment of the 
Cape  Thompson  region,  Alaska, U.S. Atomic  Energy  Commission 
on Environmental  Studies  for  Project  Chariot.  Oak  Ridge, 
Tenn.  1250 p .  

This book is  available  as  PNE-481  from  Clearing  House 
for  Federal  Scientific  and  Technical  Information,  Springfield, 
Va.  22151. 

The  investigations  cover  aspects of the  land,  including 
geography,  geology,  permafrost,  hydrology,  seismic  activity, 
etc.,  the  land - biotic  systems  and  bioenvironment; it includes 
vegetation  and f lora ,  palynology,  limnology,  fauna,  human 
ecological  studies  and  radioactivity.  Individual  papers  are 
listed  separately  in this bibliography. 

449. WILLIAMS, P . J .  1961.  Climatic  factors  controlling  the  distribution 
of certain  frozen  ground  phenomena.  Geogr.  Ann.  433339-347. 

Conclusions: (1)  "The  development  of  patterned 
ground  and  solifluction  requiring  deep  annual frost  penetration 
depends  on  the  nearness of the mean annual  (ground)  temperature 
to O°C rather  than  on  the  intensity  of  winter  cold.  The  mean 
annual  air  temperature of +3OC is suggested as marking  the 
rough  limit of their  development. (2) Large-scale  solifluction 
requiring  a  deep-lying,  still-frozen  layer  in  the  spring,  is 
restricted  to  areas  with  somewhat  lower  mean  annual air tem- 
peratures; +l0C is  suggested an  an  approximate  limit.  If 
forest  is  present,  this  will  prevent its development  at  even 
lower  mean  annual  air  temperatures. (3) The  distribution  of 
stony  earth  circles, a form of patterned  ground  due  to  regel- 
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a t i o n  is not   c lose ly   re la ted   to   annual  frost penetrat ion.  The 
frequency of f luc tua t ion   of  a i r  temperatures  around O°C is 

generally  not a l imi t ing   fac tor ,  but the  absence of snow and 
of a thick  vegetation  cover are necessary. (4) Variat ions  in  

densi ty  of occurrence of fossil forms  of pat terned ground  and 

so l i f luc t ion  are t o  be r e l a t e d  t o  the  period of time  during 
which conditions  might  have  existed  for  the  essentially  slow 

movements of materials  involved." 

450. WILLIAMSON, F.S.L., M . C .  THOMPSON and J.Q. HINES. 1966,  Avifaunal 

inves t iga t ions .  Environment  of t he  Cape  Thompson Region, 

Alaska. N.J .  Wilimovsky and N.J, Wolfe,  ed. U . S .  Atomic 
Energy Comm., Div.  Tech. Inf .   p .  437-480. 

Species  composition,  ecological  distribution,  density, 

product ivi ty  and  seasonal movements of b i rd  populat ions  in   the 
Cape  Thompson area  are   presented  for   the  spr ing  and summer 
months. One hundred  and  twenty  species  were  recorded; for 6 5 ,  

evidence  of  breeding was obtained. '!The onset  of  nesting is 

r ap id ,  and  considerable  synchrony i s  manifest i n  the  breeding 
and  molt  programmes,'! Most densely  populated  areas  are  the 

riparian  willows  with 194 breeding  pairs  per 100 acres .  

451. YOUNG, S.B. 1971. The vascular   f lo ra  of Sa in t  Lawrence Island 
wi th   spec ia l   re fe rence   to   f lo r i s t ic   zona t ion   in   the   Arc t ic  

regions.  Contrib. Gray Herb.  Harvard  Univ.  201:ll-115. 
An annotated l is t  of 238 vascular   plants  known t o  

occur on o r  reported from S t .  Lawrence Is land i s  presented 

together  with  sections on permafros t ,   so i l s ,   vege ta t ion  and 
habitats. The general   vegetat ion i s  low and  generally  her- 
baceous. Salix puZchra i s  the  only common shrub,  generally 

less   than 1 foot  in  height.   Vegetation  varies from complete 

cover i n  wet areas t o   v i r t u a l l y  none (except   for   l ichens,   e tc . )  
on a lp ine  rock deser t s  and lava  flows. The  main vegetat ion 
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types  are:  bog and wet tundra;  alpine and fe l l - f ie ld ;   mes ic  
tundra;  and  aquatic. 

The paucity of species on Saint  Lawrence led  the 

author t o  propose a f lor i s t ic   zona t ion   based  on the  summer 
temperature  regime, The author  suggests  that  based on c l imat ic  

data, "accurate   predict ions  of   the   f lora  of an area  can  be 

made [and]   conversely,   f lor is t ic   data   can be used t o   i n d i c a t e  
the  probable summer climatic  regime of an  area." Anomalous 

s i t ua t ions  can also  be  explained. 

452.  YOUNGMAN, P.M. 1968,  Notes on mammals of the  Southeastern Yukon 
Territory and adjacent Mackenzie Di s t r i c t .   Con t r ib .   t o  2001. 
IV. Nat. Mus. Can, Bull .  223:70-86. 

An ecological ,   d is t r ibut ional   and taxonomic  study of 
the 41 species of mammals recorded from t h i s  area. Most of 

t h e   c o l l e c t i n g   s i t e s  were on the  South Nahanni River  and tri- 
butar ies .  

453. ZACH, L.W. 1950. A northern  climax  forest or muskeg? Ecology 

31:304-306. 
A note  concerning  southeastern Alaska and  the  inter-  

re la t ionships  between muskeg and f o r e s t .  

454. ZASADA, 3.C. and R . A .  GREGORY. 1969.  Regeneration of white 

spruce. U.S.  Dep. Agr. For. Serv. Res. Pap. PNW-79. Pac. 

N.W.  For. Range Exp. S t a . ,  I n s t .  N .  For. Juneau,  Alaska. 

This is  a l i terature   review with an   ex tens ive   b ib l i -  
ography. 

455. ZHURBITSKY, Z.I. and D . V .  SHTRAUSBERG. 1954. The e f f e c t  of  tem- 
perature  on the  absorbt ion of phosphorus  and  calcium by 
plants.   (Transl,   Russian t i t l e . )  Dokl. Nauk. Acad. SSSR, 

96:1065-1067. 
Abstract  from  Soils  and  Fertilizers  17:2528.1954. 
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"The d e c r e a s e   i n   t h e   a v a i l a b i l i t y  of P as the  temperature  of 
the   nu t r ien t   so lu t ion   decreases  i s  greater   than  the  decrease 

i n   t h e   a v a i l a b i l i t y  of Ca and less than   t he   dec rease   i n   t he  
a v a i l a b i l i t y  of N . I t  

456. ZOLTAI, S.C. and C.  TARNOCAI. 1971.  Properties of  a wooded pa lsa  
i n  Northern  Manitoba. Arctic Alpine Res. &:115-129. 

Detai led  external  and i n t e r n a l  morphology of  a wooded 
pa l sa  complex,  106 m in   diameter ,   wi th  a maximum height of 

224 cm above t h e  water t a b l e ,  is  described,  Permafrost was 

mapped i n   d e t a i l  - t h e   a c t i v e   l a y e r  is  shallowest  under  black 

sprmce i s lands  and deepest  in  openings,  while  cumulative  depth 

of snow is greatest   in  openings  and least i n  dense  stands. 
The basic physical ,  chemical c h a r a c t e r i s t i c s  of peat  and des- 

c r ip t ions  of the   vege ta t ion   pa t te rns  are included. 
The suggestion i s  made that   the   formation of t h i s  

type of palsa  (wooded) i s  d i f f e r e n t  from the  formation of t he  

non-wooded Scandinavian  palsas.  These l a t t e r  are present  
only  above  the  t ree   l ine.  

457. ZOLTAI, S.C, 1971.  Perennially  frozen  peat  plateaus  in  Central  
Manitoba  and  Saskatchewan,  Can, For. Serv. Dep. Environ., 

Edmonton. mimeo. 
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ARCTIC LAND USE RESEARCH (ALUR) 

REPORTS 1970-71 

458. BLISS, L .C .  and R.W. WEIN. 1970. A prel iminary  report  for 1970. 
Univ. of Alberta  Arctic  Disturbance  Studies.   n.p.  

This  report   contains recommendations t o  industry 

following  studies on r e h a b i l i t a t i o n  of winter roads and 

se ismic   l ines .  

In  frozen  water-saturated  soils  of  the  lowlands,  
compaction is less   than  where mineral   soils  predominate.  
Sedges of the  lowlands  recover more quickly  than  shrubs of 
the  uplands  because  their  underground parts o f t en  remain 

a1 ive 
Summer seismic  lines  completed  before 1965  have  been 

very  deleter ious t o  tundra  vegetation, may take many years 

before  revegetated and may be  invaded by spec ie s   d i f f e ren t  
from those  or iginal ly   present .   Revegetat ion of winter  seismic 

l ines   appears   to   be by those  species  formerly  present.  

459. CENTRE DE RECHERCHES SUR L'EAU.  1970. Water Quality,  Annual 

Report.  Universits  Laval, Quebec, Can. 43 p.  
Invest igat ion of environmental  impact of mining 

operat ions  in   the  North.  Two mines i n  Yellowknife - Con Mine, 
Giant  Yellowknife were invest igated.  

There i s  no evidence of any aquat ic   botanical  or 

zoological   s tudies  so far,  although  in  the  section  Future 

- Work: water q u a l i t y   c r i t e r i a  f o r  the   p ro tec t ion  of aquat ic  
species ,  i s  l i s t e d  as requir ing  s tudy.  

460, CENTRE DE RECHERCHES SUR L'EAU, 1971.  Ecological  zoning a t  t he  
eastern  port ion of Northwest T e r r i t o r i e s .  Can. Dep. Indian 

A f f .  N .  Develop N .  Econ. Develop Branch. 93 p .  plus 

appendices 
This   report  i s  i n  3 sections,   each one cons t i t u t ing  
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a volume. The first sec t ion  by A. Lafond, R .  Hikoux, and 

A ,  Soucy, deals  with  the  general  ecology of th.e 1 2  zones of t he  
a rea  and t h e i r  broad  delineation. I t  includes a general 
ind ica t ion  of the  vegetat ion and so i l   r e l a t ionsh ips   i n   each  

zone. The second  section by R.  H6roux deals  with geomorph- 

o logica l  and geologica l   charac te r i s t ics  of the  zones. The 
th i rd   s ec t ion  by A. Soucy deals.  with  the  hydrology. Each 

sec t ion  is profusely  i l lustrated  with  photographs.  Maps 
are a l so   inc luded .  

461. KERFOOT, D . E .  1970.  Thermokarst  features  associated  with  tundra 

dis turbances  resul t ing from o i l   e x p l o r a t i o n   a c t i v i t i e s   i n   t h e  

Mackenzie Delta  area,  N.W.T.  Prelim. Rep. Can, Dep. Indian 
A f f .  N. Develop. 13 p .  

This  preliminary  report   includes the following 
tentat ive  conclusions:  

"With .feu  exceptions,  the reports d e s c r i b i n g   h t e n -  

sive  degradation of the  tundra  landscape  in  the Mackenzie 

Delta a rea  are grossly  exaggerated.  Perhaps this can  largely 

be a t t r i b u t e d   t o   t h e   f a c t   t h a t  most disturbances  appear t o  be 

more severe  (pr imari ly  for  aes the t ic   reasons)  when viewed  from 
an aerial vantage  point,   than is demonstrated by corresponding 

ground  checks.  Another  contributory  factor may represent  an 
over-emphasis of the disturbances  associated  with 1965 summer 
se i smic   l ines  ... 

"The preliminary  analyses  provided a l imited basis 
for   the  fol lowing  tentat ive  conclusions:  (1) with the excep-, 
t i o n  of the  1965 summer seismic l i n e s ,   i n  which a subs t an t i a l  

por t ion  of t he   ac t ive  layer was removed during  seismic  opera- 
t ions ,   the   topographic   e f fec ts  of t he   l a t e ra l   r i dges  .,. and 
the  accompanying depression  factor ... are of only  minor 

s ign i f icance .  The adoption of a high-,blade  bulldozer  techni.- 
que i s  pr imari ly   responsible  fo r  the f a c t  that, in   genera l ,  the 
only  mater ia l  removed during  current  winter  vehicular  opera- 
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t i ons   cons i s t s  of individual  tussocks  and/or  the tops of ea r th  
hummocks so that n e i t h e r   r e l i e f  component is associated  with 

a topographic   effect  of  more than a few centimetres.  The 
major excep t ion   t o   t h i s   pa t t e rn   cons i s t s  of  patchy damage, 
which was found in   associat ion with a l l  types of  disturbance, 

i n  which there  is  s t i l l  a localized,  but  complete,  removal of 
t he   su r f i c i a l   o rgan ic   l aye r  and a resul tant   exposure of t he  

bare   mineral   soi l  t o  potential  thermokarst  development. (2) 

Thermokarst  subsidence ... is pr imari ly   responsible  for the  
accentuation  of  the  topographic  effects accompanying the  1945 
summer seismfc  l ines ,   and  the  effects  were most pronounced 

where the  surface  dis turbance has exposed  networks of i c e  
wedges. ...(, 3) Erosion due t o  t he   ac t ion  of running  water ... 
following  tundra  disturbances is seldom of more than minor 

s ign i f icance  ... Locally,  however, a combination of s teeper  
gradients,  complete  removal of the   ac t ive   l ayer ,  and the  
exposure of sands,  which  have  properties  akin t o  quicksand 

upon thawing,  has  led  to  the  erosion of g u l l i e s  which a r e  
several  metres  deep. (4) Tundra disturbances  associated  with 

winter  operations are l e s s  pronounced  than  those accompanying 

similar operations  conducted  during  the summer months. ( 5 )  

Damage t o  the  tundra  vegetation  cover i s  least severe ,   in  
t e rns  of per cent  reduction of cover and "permanence  in   areas  

of r e l a t i v e l y  flat, low-lying,  moist   terrain.  (.63 Damage t o  

the  tundra  vegetation  cover is most pronounced i n  a reas  where 
there  has  been a repeated movement of   vehicles   over   the  terrain 
( e . g .  winter  roads) . . . (7) In  general ,  it seems t h a t   t h e  
' ' sens i t iv i ty"  of the  tundra  environment,   particularly  with 
respect  t o  the  natural   regenerat ive powers of the  vegetati .on 
cover,  has  been  considerably  underestimated." 

- 

The author   considers   there  i s  a need t o   d i s t i n g u i s h  

between two basic  landscape  types - the  Delta proper and the 
adjacent   tundra  areas .  it appears  that  most of the  damage 
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that has occurred  in  the Delta   centres  primarily around 

aesthet ic   problems  s ince  the  terrain seems t o  be "less sensi- 
t ive"   than  the  adjacent   tundra  regions , I 1  The author   a lso 
notes that winter  roads  should be used for one season  only 

and that it is probably  more  desirable   to  create an e n t i r e l y  

new winter  road and thus a second aesthetic  problem,  than 

t o  risk i n t e n s i f i c a t i o n  of the damage tha t   occu r s   a f t e r  one 

season of use". I t  is  fu r the r   no ted   t ha t   i n t ens i ty  of tundra 
damage i s  g rea t e s t  where seismic l ines   cu t   ob l ique ly   across  a 
s lope I 

462. LAMBERT, J .D .H.  1970.  Preliminary  report on seismic and r e l a t ed  

d is turbances   in   the  Mackenzie Delta region. ALUR 2 .  Mimeo. 

6 P *  
l lPreliminary  f indings  suggest  that   surface  disturbance 

is minimal.  In areas with  accumulated  moisture  (drainage 
pathways , low-centered  polygons),  lines  were  obvious. However, 

vegetat ion  regenerat ion  in  a l l  but a few cases must  be consi-  

dered  good,  Sedges ... appeared t o  be  unaffected a t  t he  sub- 
sur face   ( root   l eve l )  and recovered  quickly. Willows show 
obvious  signs of damage - broken of f  a t  ground l e v e l .  In 90 

per  cent o f  t he  damaged willows  examined, leafy shoots and 
suckers   indicated  that   ful l   recovery was only a matter  of 

time, Only a few examples of  continued damage ( . la teral   eros-  

ion,  slumping,  etc,)  were  observed on se i smic   l ines .  Where 
such damage has and is occurr ing  fur ther   s tudies   should be 

undertaken ... 
"Preliminary  findings of the  studies  and tests under- 

taken  indicate  that while  seismic lines are obvious from the  
air and the I.O.L. 1965, summer opera t ions   aes the t ica l ly  

displeasing,   they  are   not  a l l  unvegetated,   eroding  strips ... 
Where minimal surface  disturbance has occurred,  revegetation 

is rapid  under  prevailing  environmental  conditions . Where 

surface  dis turbance is somewhat excessive  then  revegetation 

will b e   s l o w e r  
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463. MUSKEG RESEARCH INSTITUTE, University o f  New Brunswick. Tests t o  

def ine   l eve ls  of t e r r a i n  damage  by t racked  vehicles   operat ing 
on tundra.  Can. Dep. Indian A f f .  N.  Develop. 32 p .  IAND 

Publ. QS-1119-000-EE-A-10. 

This i.s a repor t  on work done mid-June t o  September. 

Various  types of vehicles  were used i n   t h e   t e s t  sites 
a t  Tuktoyaktuk  and Tununuk, i n  the Northwest T e r r i t o r i e s  and 

Shingle  Point,  Yukon Terr i to ry ,   inc luding  a l ight- t racked 
c a r r i e r ,  a l ight-medium  four-tracked  carrier,  a medium-tracked 

c a r r i e r ,  a medium-tracked bulldozer,  and a heavy four-tracked 
c a r r i e r .  For some of t h e   t e s t s   t h e  carriers were  loaded  with 
various  equipment.  Tests  were  run  over a pre-determined  line 
on the   va r ious   s i t e s  and up t o  100 passes  were made in  each 

tes t ,  A photographic  record was kept   af ter   each 20 passes.  

A supplement t o  the main  program was conducted in   nor thern  
Alaska  near Prudhoe Bay, where a four-tracked,  20-ton  carrier 

and a two-tracked,  8-ton  carrier  were  tested. As well, t e r r a i n  

disturbance was measured after movement around  turning  circles 

of 20, 40 and 60-foot diameters. 

"In  general ,   the  vehicle tracks would commence by 
breaking  branches on woody shrubs and knocking  leaves  off i f  

these were present .  The grouser  bars on the  t racks  then 

gradually chopped vegeta t ion ,   f la t ten ing  it i n t o  the ground 
surface, scuffed the tops of mounds exposing  mineral  soil,  

and  then  f la t tened  the mounds noticeably.  This was accompanied 
by  chopping  and sca t t e r ing  of vegetation,  displacement of s o i l  

by the  vehicle 's   weight ,  and was followed by the   grouser   bars  
picking up chunks of peat and sca t t e r ing  them. If t r a f f i c  
was cont inued,   ruts  formed along the   vehic le ' s   pa th  and  deep- 

ened u n t i l  the permafrost   table was reached, 

"The prevalent   terrain  condi t ions and the  character-  

i s t i c s  of the   par t icu lar   vehic le   involved   could   def in i te ly   be  
r e l a t e d  t o  the  response of the t e r r a i n  t o  t r a f f i c .  For t he  
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terrain,   the  moisture  content,   vegetation  composition, and 

depth t o  permafrost  appeared t o  be the  major  controll ing 
f a c t o r s ,  High moisture  content,   often accompanied by 

vegetation  consisting  mostly of  sedges  and  depth t o  perma- 

frost  exceeding 10 cm encouraged  rapid  rut  development, On 

the  other   hand,   dry  hi l ls ides  were commonly covered  with 
woody shrubs  having a rugged  root  structure and  although 
the  shrub  stems and branches  suffered  rapidly,   ruts  were 
s lower  to  form under  these  conditions. In very wet areas   the 
tracks  running i n  open  water  produced a washing ac t ion  which 

splashed  peat  outside  the immediate path  of  the  vehicle and 
onto  the  s ides  o r  b a n k s  of t h e   r u t s  , . 

"In responding t o  damage a t   the   t ime it is i n f l i c t e d ,  
rough, dry, shrub-covered  slopes  are  the least sens i t i ve ,  
followed by f la t ,  moist, shrub  and  sedge-covered  areas,  then 
sedge, moss, and lichen-covered  depressed  centre  polygons, 
and f i n a l l y   t h e  most sens i t ive   very  wet sedge-covered  areas 

ad jacent   to  small lakes .  It may prove  through  time that the  

wet a reas  w i l l  recover more quickly  than  the  dry  regions,  If 

t h i s  is so, it w i l l  have t o  be taken   in to   account   in   the   f ina l  
d e f i n i t i o n  of t u n d r a   s e n s i t i v i t y  

From conclusions:  "Traffic  should  be  avoided  in  areas 
where open water is v i s i b l e  on the  ground surface.  The most 
i n f l u e n t i a l   f a c t o r  of t racked   vehic le   des ign   a f fec t ing   te r ra in  
disturbance is weight. Flat tracks  having no d e t e n t   i n   t h e  
centre  are benef ic ia l  i n  reducing  terrain  dis turbance.  Based 
on the   t e r r a in   d i s tu rbance   c l a s s i f i ca t ion  system ... disturb-,  
ance  level 4 has   been  selected  tentat ively as a t o l e r a b l e  

maximum disturbance l e v e l .  Level 4 cons i s t s  of 10 per  cent 
damage t o  vegetation and scuff ing  and  f la t tening of mounds. 

The ef fec t   o f  Season on t e r r a in   s ens i t i v i ty   canno t  be neglected.  
S e n s i t i v i t y  appears t o  be d i r e c t l y   r e l a t e d  t o  proximity of 
f r o s t  t o  the ground  surface. A minimum turning radius of 60 
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st imulated  plant  growth mre than  phosphorus  alone and 
potassium had no e f f e c t .  There was a greater   than  addi t ive 
effect   in   using  the  three  e lements   together .  Removal of a l l  
p l a n t s   i n  a mesic  sedge meadow resulted  in  decreased  albedo, 

increased  long wave re rad ia t ion  and decreased  heat  loss by 

evapotranspiration and convection. The act ive  layer   increased 
by only,lO t o  15%. Where there  is l i t t l e   n a t u r a l   p l a n t   c o v e r ,  

the  act ive  layer   typical ly   increased 0 t o  15%  and  only 25 t o  
50% i n  wet sedge or grass lowlands  with maximum plant  cover.  

"In  sedge or grass meadows the  use of t rack  vehicles  
i n  summer is as detrimental  as i n   t h e  Low Arct ic .   In   the 

uplands  with  sandy  soils or fjaeldmark where there  is l i t t l e  

plant  cover (0 t o  5 % )  l i t t l e   b i o l o g i c a l  damage was done i n  
summer with  t rack  vehicles .  Where surface  disturbance  has 
occurred,  reinvasion of p lan ts  is very  slow  because  seedling 
establishment is a minor f a c t o r .  

"Recommendations: (1) The landscape  uni ts   ident i f ied 

show such a wide d ive r s i ty  of cha rac t e r i s t i c s   t ha t   t he   spac i -  

f i c  a rea  must be known t o   p r e d i c t  the response  to  a given 
disturbance. Land use   o f f icers  and future  researchers  should 
be aware of these  differences.  (2) In the  High Arctic the  

lowland areas   wi th   re la t ive ly   lush   vege ta t ion   a re  a r e l a t i v e l y  
small proportion of the landscape  but  are  extremely  important 
b io log ica l ly  and  should be protected whenever possible .  (3) 

Winter seismic operations  should  be  conducted using mushroom 
shoestt on the   c rawler   t rac tor   b lade   to   p revent   d i s rupt ing  

the  ground surface.  This r e s u l t s   i n  l i t t l e  modification of  
t he  plant surface and increased depth of the   ac t ive   l aye r ,  
(4) Extreme caution  should be exercised in the  use of Summer 
seismic  operations in  the  Low Arctic. In the High Arct ic   the 

polar   deser t s  once dr ied  out i n   t he  summer may permit opera- 
t i ons  with l i t t l e  biological  damage. (5) On winter  roads 
t r a v e l  i n  early f a l l  and late spring can be detrimental. 
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f e e t  f o r  f ive  passes  o f  any  tracked  vehicle of the  types 

t e s t ed   r e su l t s   i n   t e r r a in   su r f ace   d i s tu rbance   equa l   t o  or 

less   than  level  4 .  Even for  disturbance  exceeding  level 4 ,  

considerable  vegetative  regrowth o f  a l l  species   present  is 

possible  immediately  following  the  disturbance,  provided 

the   d i s turbance   occurs   ear ly   in   the  growing  season. Dis- 

turbance   occur r ing   dur ing   the   l a t te r   th i rd  of the  growing 
season   resu l t s   in  no significant  appearance of vegetat ive 
regeneration , I t  

464. MUSKEG RESEARCH INSTITUTE, University of New Brunswick.  1970. 
Rolligon  tundra  disturbance  tests,  Tuktoyaktuk,  August, 

1970. Rep. t o  Bechtel  Inc. 13 p.  

This  paper  gives  the  results of  vege ta t ion   d i s tur -  
bance a f t e r   u s i n g  a prototype of the  Albee  Rolligon on three  
test  sites and with heavy or l ight   loads  and making passes 

from once t o  100 times ove r   t he   s i t e .  Although  the  paper is 
mainly  concerned with the  performance of the  vehicle ,   indica-  

t i o n  is given that observations will be made during  the  next 
few years on vegetative  regrowth  and  erosion,  which may occur 
on the s i t e s .  

465. UNIVERSITY OF BRITISH COLUMBIA, Dept. o f  S o i l  Science. 1970, 

ALUR-LURE I .  Land use  research - Final Report. Dep. Indian 

Aff N, Develop.  116 p .  
Most of the  information  in  this  paper  concerns soil 

c l a s s i f i c a t i o n .  
"One of the  problems observed in   c lear-cut   logging 

operat ions is the  change in   thermal   condi t ions   in  the s o i l .  
Ground i c e   i n   t h e  soil a t  a depth of approximately 20 

inches was found commonly i n   t h e  logged  area a t  the beginning 

of the summer, as opposed t o  1 2  inches in t h e  unlogged  area. 

A t  t he  end of the summer, i c e  was not  found  in  the  unlogged 

area,   but  could s t i l l  be  found in   p laces   in   the   logged  area. 
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[This was in   t he   a r ea  of Watson  Lake.] This   re la t ionship  
was a l so  found i n  some of the  burned  areas  along the Liard 

River,  
"This may  mean that the  depth of f ros t   pene t ra t ion  

i s  grea ter   in   the   logged   a rea  due to   t he   l ack  of thermal 

insu la t ion   of fe red  by the  vegetat ive canopy i n  the unlogged 
area. This i ce   l ayer   could ,   i f   severe  enough, g rea t ly  

r e s t r i c t   d r a i n a g e  and  promote the  formation  of a w e t t e r   s o i l ,  
as well as affect   regenerat ion."  

Each of t he   so i l  series descr ip t ions  i.s accompanied 
by a br ief   vegetat ion  descr ipt ion.  The main species   present  

in   the  forest   are   lodgepole   pine,   whi te   spruce,   b lack  spruce,  

aspen,  balsam  poplar. As wel l ,   a lder ,  birch,  willow  and 
tamarack  are common. 

466. UNIVERSITY OF SASKATCHEWAN. 1970.  Arctic  land  use  research. 

LURE No. 1 Final  Report. Can. Dep. Indian Aff N. Develop, 

IAND Publ. NO. QS-1120-000-EE-A-10. 85 p ,  

Forest   s tudies:  The a rea  of s tudy   in  this r epor t  is 
a t  Watson  Lake i n  the  Yukon, with Some reconnaissance  study 
near  Fort   Liard  in  the  Northwest  Terri tories.  The ecological  
information  col lected  concerned  f lood  plain  forests  on the 

lowlands  and the  vegetat ion on the  uplands,  both on the  Upper 
Liard. Balsam poplar and white  spruce are present  on t h e  

lowlands  and  tend to  occur  in  pure  even-aged  stands. A brief 
l i t e ra ture   rev iew is included on the  regeneration of white 

spruce, and a comparison of the   fores t s  of the   f lood   p la ins  

of the  Peace,  Slave,  Liaxd,  Mackenzie, Peel, Yukon and  Tanana 
Rivers i s  included. A discussion  follows on the   o r ig in  of  
t he  stands  in  lowlands,  whether or not i t ' s  a matter of cyc l i ca l  

primary  succession or f i re .  Many authors are a t  a l o s s  t o  
explain how the  s tands came about.   Fire and flooding are both 

considered t o  be of importance in t h e   s t a r t i n g  of the primary 
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or secondary  successions.  Descriptions  axe  given of the 
sample p l o t s  on the  lowlands and on the  upland,  Tables of 
species  on the   fores t   f loor   a re   a l so   g iven .  Sample p l o t s  

were a l so  laid on unlogged  areas  and on burned areas, with 

comparisons made between these  and  unburned  areas  in  the 

neighbourhood, 
Surface  distuxbance  study: Oil-well s i t e s  - severa l  

s i t e s  of suspened  wells  were  visited,  In  most, a rectangular  
a r e a  had been  bulldozed and the moss cover  scraped away. On 
a l l  the   o lder   l eases  a good growth of f o x t a i l  and o the r  simi- 
lar grasses had occurred. 

I tGenerally,   the  older  leases were  found t o  be i n  
accep tab le   s t a t e .  The surface areas had been l eve l l ed ,   t he  
excavat ions   f i l l ed ,  and waste o i l  was not  encountered.  There 
was no obvious  evidence of any s i g n i f i c a n t   o i l   s p i l l a g e ,  Some 
debris had been l e f t   i n   t h e  form of d i sca rded   d r i l l i ng   b i t s ,  

casing and protectors ,   p ipe ,.. f u e l  drums and ... bags of 
o i l -wel l  cement .,. 

"The most r e c e n t   s i t e   v i s i t e d  , . was wet  [with]  the 

sur face   l ayer  mud, b u t   t h i s  is c h a r a c t e r i s t i c  of most new 
d r i l l i n g   s i t e s  and i n  view of the recent ,  heavy r a i n f a l l   n o t  

unusual. Parts of the  camp had not been removed a t   the   t ime 

of t h e   v i s i t  and the mud p i t s  had not been f i l l e d   i n ,  so it 
was assumed that clean-up  operations had not  yet  begun.” 

Seismic l i n e s  - "Limited  reconnaissance  of  seismic 
cu t s   i n   t he   a r ea   ea s t  of t h e  Lower Liard  River  did  not  indicate 
the   ex is tence  of any  obvious  land  use  problems .. , Herb  and 
shrub  regeneration had occurred on most of the l h e ,  which 
was about 3 years old .  Aerial reconnaissance  over a consi- 
derable number of se i smic   l i nes   i n   t he  same area  indicated 
t h a t  similar conditions  existed  throughout  the  area." 

467. UNIVERSITY OF ALBERTA, Dept. Civ i l  Eng. 1970. Land use  research 
ALUR-LURE 1. Verschuren, J.P. and R.H. Cooper. Final  Report. 
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Can. Dep. Indian Aff. N. Develop. IAND Publ. No. QS-1121- 

000-EE-A-11. 47 pa 

This  paper is chiefly  concerned  with a hydrologic 
c l a s s i f i c a t i o n  of t h e  Mackenzie  and Yukon Basins. The f i e ld  

work  was car r ied   ou t  on the   L iard   River   in   the   v ic in i ty  of 
Watson  Lake and  concerned r iver   engineer ing  aspects .  

' T h e   s t a b i l i t y  of the  Liard River  throughout  the 
s tudy  area  appears   to  be heavily  dependent on the  presence 
of timber and na tura l  ground  cover on the  adjacent  f lood 
plains.   This  vegetative  cover retards the  development of 
cut-off  channels,   protects  r iver  banks from erosion,  and 

inh ib i t s   sur face   e ros ion  on the   f lood   p la ins .  It a l so  

plays an impor tan t   ro le   in   the  ground frost   regime,  which 
may be  relevant t o  channel  bank s t a b i l i t y  and therefore  

bank erosion rates. 
In the  study  reach of the  Liard  River  an  absence 

of s i l ts  and c l ays   i n   t he  banks and f lood   p la ins  was noted. 

This makes t he  banks  and f lood  plains   extremely  suscept ible  
to   e ros ion ,  but it may be a local   condi t ion ... 

T h e   a n t i c i p a t e d  consequences of unres t r ic ted  
logging o r  other  land  use  practices  involving  the removal 
of  timber and  ground  cover on the   f lood   p la in  areas include: 
(1) Increased  frequency  of  channel  pattern  changes,   result ing 

from cut-off  development. (2) Increased rates of channel 
bank erosion.  (3) Erosion  and  gullying on the   f lood   p la in  
su r face ,   pa r t i cu la r ly  where  ground  cover is removed. (4) 

Probable  change in   r i ve r   w id ths  and type of channel  pattern.  
( 5 )  A change in  the  sediment  load of t h e   r i v e r ,   r e s u l t i n g  
i n  changes i n  r i v e r  regime ... 

. 

"In the  uplands  basin,  some of the  problems  that  

can be expected from land  use  operations were experienced 
du r ing   i n s t a l l a t ion  of the  discharge measurement flume. 
RePloval of vege ta t ion   for   the  access road r e s u l t e d   i n  drain- 
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age of the  adjacent muskeg areas. This change in ground 
moisture  condition  could  in turn be expected to have a 
pronounced ef fect  on the vegetation. Other anticipated 

e f f e c t s  of vegetation removal include changes in  time 
distribution and  volume of run-off,  surface  erosion, and 
gullying, 



- 315 - 

ARCTIC LAND USE RESEARCH 

REPORTS 1971-72 

468. BLISS, L . C .  and R , W .  WEIN,  ed.  1972.  Botanical  studi.es of na tura l  

and man modif ied  habi ta ts   in   the  eastern Mackenzie Delta  region 

and  the  Arctic0  Islands.  Report t o  ALUR of work done i n  1971. 

288 p .  
This  report   contains  papers by several   authors  who 

a re   l i s t ed   s epa ra t e ly ,   fo l lowing   t h i s   c i t a t ion .  
The following summary and  recommendations  were 

wr i t ten  by the   ed i to r s  and cover t h e  main conclusions of the  
separate   authors:  

Summary: "The data  presented show t h a t  one cannot 
genera l ize   for   the   Arc t ic  as a whole  regarding  the summer 
impact of seismic  act ivi ty ,   winter   roads,   natural  and a r t i f i -  
cial re-seeding  success, and the  impact of surface  disturbance 

on p lan t  cover and  depth of the act ive  layer .   Nei ther  can 

one  accurately  predict   in  advance  the  influence of surface 
disturbance,  seeding  response, and r e q u i r e d   f e r t i l i z e r   l e v e l s  
i n  upland  and  lowland s i t e s   w i th in  a few acres o r  hec tares .  

"Based upon aerial photographs,  the  lower and eas te rn  
Mackenzie Delta  Region  can  be  divided  into  five  major  plant 

community types.  [Most of these  types  are   not   unl ike  those 

described by Churchill  and by Hansen,  though the actual   species  
present  and t h e i r   r e l a t i v e  abundance are qui te   o f ten   d i . f fe ren t  .] 
The most extensive is Dwarf Shrub-Heath  which  occupi.es 75% of 

the  area i n  the Caribou Hills, 48% a t  Eskimo Lakes, 35% at  
Tuktoyaktuk,  and 30% a t  Tununuk. The next most important 
type i s  the  Herb-Dwarf Shrub Heath  which  comprises 23% and 
28% of the  land a t  Tununuk Point and Tuktoyaktuk  respectively, 

9% t o  10% at  Eskimo Lakes and the  Caribou Hills, and is  absent 
in  the  Atkinson  Point  areas.  The Medium Shrub-Heath type 

occupi.es  mid-slope  positions . . , The Herb type [includes]  sedge 
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and aquatic  communities  in  lowland wet s i t e s  . [and] lakes  
comprise  10% of the   a rea   in   the   Car ibou  Hills, 12% a t  Eskimo 

Lakes, 20% at  Tununuk Point,  32% a t  Tuktoyaktuk,  and 36% near 

Atkinson  Point. 
"Organic s o i l s   a r e  more prevalent  in  lowland  areas 

where low and raised  center  polygons  predominate.  Regosols 

are formed on newly deposited si tes  (sand  dunes,  receding 

lake  shores) as a t  Atkinson  Point,   Cleysolic soils predomin- 
a t e   i n   t he   up lands  of the  Caribou Hills and  Tuktoyaktuk a reas  

where Medium Shrub-Heath  and Herb-Dwarf Shrub  Heath  types 

predominate,  Brunisolic soils in   the  best   drained  uplands 
occur a t  Tununuk Point  and  the Eskimo Lakes areas  and are 
covered by Dwarf Shrub-Heath  communities. 

"Regeneration of  o lder  summer se i smic   l ines  will, 

take many years .  The pr incipal   species   that   natural ly   invade 

these  lines (Arctagrostis lati foZia,  Calmagrostis canadensis, 
Poa lunata, LuauZa confusa, and Senecio congestus) were only 
minor  components in   the   na t ive   undis turbed   vege ta t ion .   In  
wet ter  areas, ArctophiZa futva,  Eriophorum angust i fot im,  
and Carex aquatit is  predominate.   In  these  si tes and elsewhere 
where the  plant   cover  was removed, t he   ac t ive   l aye r  was gener- 

a l l y  60 t o  150%  deeper by August. With win ter   se i smic   ac t iv i ty  

and the   use of "mushroom shoes"  there was l i t t l e  surface 

modification (less than 10%) and the   ac t ive   l aye r  was general ly  
less   than 25% deeper by August. 

'Winter snow roads  destroy  near ly  a l l  of  the  above 
ground  plant  parts  in  upland  areas  dominated by shrubs.  
Resprouting from  underground p a r t s  occurs to   on ly  a l imited 

degree.  In  lowland areas where sedges  predominate  resprouting 

from underground parts i s  common and in  sumner show l i t t l e  

e f f e c t  of  the  winter   operat ion.  
"In  both the Low Arct ic  and  High Arc t ic ,  low s o i l  

temperatures  exert   the  major  l imitation on plant  growth. 
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Native  species   respond  very  s ignlf icant ly   to   the  addi t ion of 
ni t rogen on both  peat  and mineral soils. Available  nitrogen 
is normally low due t o  slow r e l e a s e ,   t h e   r e s u l t  of low s o i l  

temperatures which suppress  microbial  activity.  Phosphorus 

is q u i t e   r e a d i l y   a v a i l a b l e   i n   n a t i v e   s o i l s  so t h a t   t h e  

addi t ion of commercial f e r t i l i z e r  i s  less i n f l u e n t i a l .  

"In contrast ,   introduced  grasses  respond more r ead i ly  
t o  phosphorus  alone or i n  combination  with  nitrogen  than  to 
ni t rogen  a lone.  Similar r e s u l t s  have  been  presented for 

ce rea l s  when t e s t e d   i n   t h e   S i b e r i a n   a r c t i c .  Tests show t h a t  

a combination of 100 kg/ha each of nitrogen and phosphorus 

gives   the  best  results for these  introduced  grasses  on mineral 

s o i l s  and t h a t  phosphorus  alone is bes t  f o r  o rgan ic   so i l s .  
Seed  head  production  also  increased  with  application of 
nitrogen  and/or  phosphorus. 

''Of the  16 spec ies   t es ted   the  first year,   only 7 

were vigorous  the  second summer. O f  these,   t imothy, meadow 

f o x t a i l ,  and slender  wheatgrass  provided  the  best  height 

growth while  red  fescue, Kentucky bluegrass,  and Canada 
bluegrass  gave  the  best  ground  cover.  Preliminary  results 
ind ica te   tha t   seed  mixes may be  best   with  reed  canary  grass 
and orchard  grass  providing good nurse-crops  the first year 

when mixed with some of the above species. 
"In the  High Arctic  plant  growth i s  even  slower  and 

p lan t   cover   l ess   than   in   the  Low Arct ic .  Vast a reas   a r e  
e i ther   Polar   Deser t  or areas  of s ca t t e red  low herbs.   In a 

few areas, qui te   lush  meadows of sedges,  forbs,  and  mosses 
predominate and provide a food base f o r  large  herbivores.  

"High Arct ic   soi ls   are   most ly   Regosols .  The surface 
t y p i c a l l y   d r i e s   b u t   t h e   s o i l  a t  the  base of the   ac t ive   l aye r  

is moist and in   f ine-grained soils t h i s  promotes  surface 
in s t ab i l i t y .   Th i s  i s  espec ia l ly  common on scraped  runways. 

"Nitrogen fe r t i l i zer  appl ied  to   nat ive  vegetat i .on 
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stimulated  plant  growth mom than  phosphorus  alone  and 

potassium had no effect .   There was a greater   than  addi t ive 

e f f e c t  i n  using  the  three  elements  together.  Removal of  a l l  
p l an t s   i n  a mesic  sedge meadow resulted  in  decreased  albedo, 

increased  long wave re - rad ia t ion  and  decreased  heat  loss by 
evapotranspirat ion and convection. me   ac t ive   l aye r   i nc reased  

by only 10 t o  15%. Where there  is l i t t l e  natural   p lant   cover ,  
t h e  act ive  layer   typical ly   increased 0 t o  15% and only 25 t o  

50% i n  wet sedge or grass  lowlands  with maximum plant  cover.  

??In  sedge or grass  meadows the  use of t rack   vehic les  
i n  summer i s  as detrimental  as i n   t he  Low Arctic.   In t h e  

uplands  with  sandy  soils or fjaeldmark where there  i s  l i t t l e  
plant  cover (0 t o  5 % )  l i t t l e   b i o l o g i c a l  damage was done i n  
summer with  t rack  vehicles .  Where surface  disturbance  has 
occurred,  reinvasion of p l an t s  is  very  slow  because  seedling 

establishment i s  a minor f ac to r .  

?'Recommendations : (1) The landscape  uni ts   ident i f ied 
show such a wide d i v e r s i t y  of cha rac t e r i s t i c s   t ha t   t he   spec i -  
f i c   a r e a  must be known to   p red ic t   the   response   to  a given 
disturbance. Land use   o f f icers  and future   researchers   should 
be aware of these   d i f fe rences .  (2)  In the High Arct ic   the 

lowland areas with  re la t ively  lush  vegetat ion  are  a r e l a t i v e l y  

small proportion of the  landscape  but are extremely  important 
b io logica l ly  and should  be  protected whenever poss ib le .  (,3) 

Winter  seismic  operations  should be conducted  using "mushroom 
shoes" on the  crawler   t ractor   blade t o  prevent   disrupt ing 
the ground s u r f a c e .   T h i s   r e s u l t s   i n   l i t t l e   m o d i f i c a t i o n  of 
the   p lan t   sur face  and increased  depth of t he   ac t ive   l aye r .  
(4) Extreme caution  should  be  exercised  in  the  use of summer 

seismic opera t ions   in  the Low Arctic. In  the  High Arc t ic   the  

polar  deserts  once  dried  out  in  the summer may permit opera- 

t i ons  with l i t t l e   b i o l o g i c a l  damage. (5) On winter  roads 
t r a v e l   i n   e a r l y  f a l l  and l a t e   sp r ing  can  be  detrimental. 
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Fall  damage can  occur when the  surface  has  frozen  but a 

thawed layer  remains  below.  In  the Low Arctic,  keep t o  the  
lowland  communities and waterways  where possible.  Frozen 

sa tu ra t ed   so i l s   p ro t ec t  underground  plant  parts and provide 
a s o l i d  roadway  whereas  upland  shrubs  are  broken  back t o  
ground l e v e l .  ( 6 )  Choose win te r   road   rou te s ,   d r i l l   s i t e s  
and  landing  s t r ips   in  summer when it is possible  t o  loca te  
coarse  textured  materials and less sens i t i ve   a r eas .  Wherever 

possible  aerial   photographs  should be  used in   a id ing   these  
decis ions.  (7 )  Agronomic species  that   have shown promise for 

reseeding  are  timothy, meadow fox ta i l ,   r ed   f e scue ,  Kentucky 
bluegrass and Canada bluegrass .  (8) Seed  mixtures  containing 

both  species   that  show good growth t h e   f i r s t  year and  those 
tha t   a re   win ter   hard ly  will ensure a b e t t e r  ground  cover. 

(9) Seeding  should  be  conducted  immediately after the  
disturbance  has  occurred  and/or as e a r l y   i n   t h e   s p r i n g  as 
poss ib l e ,  (10) F e r t i l i t y  programs  should  include  both  nitro- 

gen  and  phosphorus f e r t i l i z e r  up t o   r a t e s ,  of 100 kg/ha  (100 
lbs /acre) .  (.11) Even though  reseeding of dis turbed areas is 

possible,  emphasis  should  be  place on preventing damage r a t h e r  
than on r e s t o r a t i o n   a f t e r  damage. (12) Based  upon present 
information,  reseeding of surface  dis turbed areas i n   t h e  
High Arc t i c   appea r s   t o   have   l i t t l e   po ten t i a l .  A nitrogen 
and  phosphorus f e r t i l i z e r  w i l l  s t imulate  plant  growth and 
may be  the  only  pract ical   approach  to   increasing p l an t  cover, 
provided some species  have  survived.I1 

469, BABB, T.A. 1972. High arc t ic   d i s turbance   s tud ies .   Botanica l  

. s t u d i e s  of na tu ra l  and man-modified h a b i t a t s   i n  the Eastern 
Mackenzie Delta  region and the   Arc t ic   i s lands .  L.C. Bliss ' 

and R.W. Wein, ed. p .  230-281. 
This   paper   contains   resul ts  of experiments on a 

wide va r i e ty  of s i t e s  and subjec ts .  
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Summary: 1. "High arct ic  s o i l s  are pr imari ly  
regosol ic ,   "polar   deser t   so i l s t1 .  During summer months moisture 

in   f ine-grained soils near  the  base of t he   ac t ive   l aye r  pro- 
motes s o i l   i n s t a b i l i t y ,   e s p e c i a l l y  when compaction or  removal 

of surface  layers   resul ts   in   increased thaw depth. 2 .  Sixty 

passes   in  a mesic meadow community with a l igh t   t racked   vehic le  
did  not   s ignif icant ly   disrupt   plant   cover  or  a f f ec t   t he   t h i ck -  
ness of t he   ac t ive   l aye r .  3. Movement of vehic les  and o ther  

a c t i v i t i e s  on High Arc t i c   t e r r a in  can reduce  plant  cover 50 

t o  100 pes   cent .   In   polar   deser t   areas ,   overal l   effect  i s  
small. In   p ro t ec t ed   s i t e s  where cover  approaches 100 per   cent ,  

dis turbance  has   effects  similar t o  those   i n   t he  Low Arct ic .  
4 ,  Removal of a l l  vegetat ion from a mesic meadow community 
altered  the  energy  budget of the   sur face .  Albedo decreased; 

long wave reradiat ion  increased,   and heat lo s s  by evapotranspir-  
a t i o n  and  convection  decreased. S o i l  heat   f lux  increased by 
a r e l a t i v e l y  small amount, and thickness of ac t ive   l ayer   sub-  

sequently  increased by 10 to   15   per   cen t .  5.  Thickness of t he  
ac t ive   l ayer   increases  0 t o  50 per  cent with sur face   d i s tur -  
bance of High Arctic s o i l s .  The smal les t   increases   a re  on 

sparsely  vegetated  xer ic   s i tes   and the g r e a t e s t   a r e   i n  low- 

lying meadows with 100 per  cent  plant  cover.   In  very few 
ins tances ,  if any, is  t h a w  depth  increased as much as i n  Low 
Arctic tundras.  6 .  Re-invasion of disturbed areas is r e l a t i v e l y  

slow. Efficient   seed or bulbil   producers are the  most rap id  
re-invaders on mesic or  dry s i t e s .  In meadow s i t e s ,   i nvas ion  

of higher   plants  is primari ly  lateral encroachment by rhizomes. 

There may be   phys io logica l   l imi ta t ions   to   the  l a t te r  mode of 

revegetat ion.  7. Plants  in  beach  r idge and  mesic meadow h a b i t a t s  
showed increased growth with addi t ion  of ni t rogen.  Phosphorous 

had a l e s s e r  effect, and  potassium  none. The three  elements 
combined appeared t o  have a g r e a t e r   a d d i t i v e   e f f e c t .  Because 
of varying  responses  by  different  species,  plant community 
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changes  can r e s u l t  from f e r t i l i z a t i o n .  8 .  Bi-weekly cl ipping 
of graminoids on  wet meadow plo t s  reduced  above-ground  dry 

matter y i e ld  by 25 per   cent .  I t  is  suspected  that   the  deple- 

t i o n  of overwintering  carbohydrate  reserves will r e s u l t   i n  a 
greater   reduct ion in subsequent  years. 9 .  Spi l led   d iese l   fue l  

on beach  ridge and  mesic meadow communities  reduced  vascular 

plant  cover  by as much as 50 per  cent.  Lichens on the  beach 
ridge appear  not  to  have  been  affected.II 

470. CORNS, I.G.W. 1972.  Plant  communities i n   t h e  Mackenzie Delta 
Region.  Botanical  studies of na tu ra l  and man modif ied  habi ta ts  
i n   t he   ea s t e rn  Mackenzie Delta Region  and the  Arctic Is lands.  
L . C .  Bliss and R.W. Mein, ed. p .  4-46. 

Summary: T h e  75 stands sampled i n  t h e  Mackenzie 
Delta Region  can be  divided into fire major types .  The most 
extensive,   the  Dwarf-Shrub Heath is characteristic of the 
d r i e r   h i l l t o p s  and gen t l e  slopes of Tunvnuk Point, Tuktoyaktuk, 
Caribou Hills and Southern Eskiw Lakes area. L% is absent 
on the  f lat  topography a t  Atkinson Point. 

#'The next moot extensive type, the Herb-lMhrf Shrub 

Heath is divided I n t o  Sedge Heath, Sedge Cotton-grass Heath, 
Raised  Center  Polygon,  Lichen Heath and Gravel Deposit Commun- 
i t y  subgroups. The Herb-Dwarf Shrub Heath Type is, with the  

exception of the  Gravel Deposit Community which occurs on 
well-drained  gravel hills, c h a r a c t e r i s t i c  of moderately 
drained f la t  t o  very gent ly   s loping areas usua l ly  below the  
Dwarf Shrub  Heath in   topographic   posi t ion.  The a r e a s   l i s t e d  
in   decreasing  extent  of Herb-Dwarf Shrub Heath are Tununuk 
Point (28.2%) , Tuktoyaktuk [22.9%), Eskimo Lakes (9,6%] and 
Caribou Hills (8.5%) 

l'The l ess   ex tens ive  Medtum shrub (42lzw) Heath Type 
generally  occupies a midslope  position  between the Dwarf Shrub 

Neath and brb-Dwarf/Shrub Heath Types. It is most abundant 
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at  Eskimo Lakes (26 -6%) followed by  Tununuk Point ( 1 3 . 6 % ) ,  

Caribou Hills and  Tuktoyaktuk ( 3 . 6 %  each) and Atkinson  Point 

(0%) ' 
!!The Herb Type encompassing the  Sedge,  Aquatic and 

Sage  subgroups, is less extensive  than  the Medium Shrub Type. 
a t  Tununuk Point (7.2%), Tuktoyaktuk (4.1%) , Caribou Hills 

and Eskimo Lakes (both  less  than 1%) but it i s  the  predominant 

type at  Atkinson  Point where it accounts f o r  greater   than 60% 

o f  the   sur face  area. The Sedge  and Aquatic  subgroups are the  
most extensive found i n  f l a t  low, very wet a reas .  The Sage 
subgroup is l imited t o  s t e e p   r i v e r  banks  and is  not  extensive. 

"The t a l l  Shrub-Herb Type is re s t r i c t ed   t o   depos i t ed  
sediments  along  the  r iver  channels,   to  stream  channels and 
to   l ake   shores .  I t  covers  approximately 3% of the   surface 
area a t  Eskimo Lakes and Caribou Hills, less   than  1% a t  
Tununuk Point and  Tuktoyaktuk  and is  absent a t  Atkinson 
Point .  

471. HAAG, R.W. 1972.  Limi ta t ions   to   p roduct ion   in   na t ive   p lan t  
communities i n  the Mackenzie Delta  region.  Botanical  studies 

of na tura l  and man modif ied  habi ta ts   in   the  eastern Mackenzie 

Delta region and the   Arc t ic  Islands. L.C.  Bliss and R.W. k i n ,  
ed. p .  69-142. 

Summary: "From t h e   r e s u l t s  of this study, water 
ava i lab i l i ty   does   no t   appear   to  be an important  l imiting 
f a c t o r  on production in t h i s   a r e a .  Poor internal   drainage,  
due to   presence of permafrost, and the  high water r e t e n t i v e  

capaci ty  of the  s o i l  combined with the  melting of the a c t i v e  

layer  during  the growing  season,  help  to  maintain a r e l a t i v e l y  
high l eve l  of a v a i l a b l e   s o i l  water. 

'!Directly or  i nd i r ec t ly ,  low soi l   temperature  act- 

ing on various components of the  ecosystem,  appears  to  exert  
t he  major l imi t a t ion  on plant  production. Response t o   n i t rogen  
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in   both communities  (wet  sedge meadow and  dwarf  shrub-heath) 

including  both  increased  protein  content and dry  weight  produc- 
t i on ,   i nd ica t e s   t ha t   t he   l imi t a t ion  on production by s o i l   n i t o -  
gen is not a d i r e c t   r e s u l t  of low temperature.   Rather,   this is 
t h e   i n d i r e c t   r e s u l t  of low so i l   t empera ture ,   ac t ing   to   inh ib i t  

decomposition and transformation by the  soi l   microbial   popula-  
t i o n .  

6 

"Changes i n  pigmentation, as well as increased pro- 
te in   content ,   demonstrate   that   n i t rogen,  i f  avai lable ,   can be 
rapidly  taken up and metabolized by the   p lan t .  The quant i ty  
of ava i l ab le   so i l   n i t rogen ,  however, i s  kept a t  a low leve l  
by low soi l   temperature .  

llPhosphorus  metabolism, on the  other  hand,  appears 
t o  be d i r ec t ly   l imi t ed  by low soi l   temperatures   in   both 
communities;  incorporation of phosphorus  into  organic com- 
pounds is l i m i t e d   i n   t h e   f i e l d .  The lack of response t o  

f e r t i l i ze r   add i t ion   i nd ica t e s   t ha t   t he   l eve l  of ava i l ab le  soil  

phosphorus  does  not limit growth  and  production ... 
"The high  organic  content of the   sur face   so i l   cons t i -  

t u t e s  an e f f i c i e n t  means for nutr ient   cycl ing.  The high  cation 

exchange capacity and water  absorbent  properties combine t o  

r e t a in   nu t r i en t s   i n   p rox imi ty   t o   t he  major  rooting mass, and 
combined with a shal low  act ive  layer ,  acts to  prevent  major 

1 eaching . 

472. HERNANDEZ, H. 1972. Sur f ic ia l   d i s turbance  and natural   recoloniza-  
t i o n  in   t he  Mackenzie Delta  Region.  Botanical  studies of 
na tu ra l  and man modif ied  habi ta ts   in   the  eastern Mackenzie 
Delta  region and the   Arc t ic   I s lands .  L.C. Bliss and R . W .  Wein, 
ed.  p.  143-174. 

Summary and  conclusions: ltl. Summer operat ions,  
espec ia l ly  summer seismic  l ines ,  are very   de l e t e r ious   t o  a l l  

tundra  communities  except f o r  sparsely vegetated,   gravel ly  
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areas such as eskers  and moraines. 2 .  Revegetation of summer 

dis turbed  areas   takes  many years and i n i t i a l l y  is not by the  
common species of adjacent ,   undis t rubed  areas ,  3 .  The grasses 
Arctagrostis ZatifoZia, Cahmagrostis canadensis, and Poa 
Lunata appear t o  be the  best   p ioneers  of t o t a l ly   d i s tu rbed  

moist t o  dryer  areas.  Also common are LuzuLa confuga, and 
Senecio congestus. 4 .  Winter  operations  lead  to much less 
damage than do  summer Operat ions,   especial ly   in  wet a reas  
where  sedges  predominate. 5 .  Unless  peat i s  removed, both 

wetland  communities  and  dry dwarf shrub heath  winter  disturbed 

areas regenerate  predominantly from undisturbed  roots and 

rhizomes. 6 .  Almost a l l  d i s tu rbances   r e su l t   i n  a deeper   act ive 
layer .  However,  where the   pea t   l ayer   remains   in tac t ,   th i s  
increase is minimal ( less   than 25%) , 1 1  

473. JANZ,  A. 1972.  Soil   survey  in  the Mackenzie Delta  region. 
Botanical  studies of na tura l  and man modif ied  habi ta ts   in   the 
eas te rn  Mackenzie Delta  region and the  Arct ic   Is lands.  L.C.  

Bliss and R.W. Wein, ed. p .  47-68. 

Summary: "In  the  survey  area [sites a t  Atkinson  Point, 
Tuktoyaktuk, Tununuk, Eskimo Lakes, Caribou Hills] some p lan t -  
s o i l   a s s o c i a t i o n s  have  been  defined.  Organic  soils  are  often 

associated  with low and raised  centre  polygon areas. They 
develop  in areas where accumulation of organic  matter  exceeds 
decomposition,  Regosolic  soils are found on recent ly   deposi ted 
or exposed  parent materials l ike  beach  sands o r  receding  lake 

edges.  Sedge-heath  and  sedge-cottongrass-heath  vegetation 
types are found on these new s o i l s .  Most of these   assoc ia t ions  
are found in  the  Atkinson  Point  area.  

"Gleysolic  soils  are  predominant  in  the  Caribou Hills 

and  Tuktoyaktuk  areas. They are   assoc ia ted   wi th   a lder ,   co t ton-  
grass, and sedge-heath  vegetation  types.  Birch  and  willow- 
heaths   are   usual ly   found  over   Brunisol ic   soi ls  which predominate 
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i n  the Tununk Point  and Eskimo Lakes areas. 
Y3everal weak podzols  are  present where s o i l  t ex tu re  

is coarse and drainage is not impeded and p rec ip i t a t ion  is 
su f f i c i en t   fo r   l each ing   t o   occu r .  

l lThis   general   c lass i f icat ion  appl ies   to   pat terns  
observed as influenced by  macrotopographic  variation,  and 
excludes  var ia t ion due t o  microtopography." 

474. YOUNKIN, W.E. 1972.  Revegetation  studies of d i s turbances   in   the  
Mackenzie  Delta  region.  Botanical  studies of na tu ra l  and man 
modi f ied   habi ta t s   in   the  eastern Mackenzie Delta region and 
the  Arctic Is lands.  L.C.  Bliss and R . W .  Wein, ed. p .  175-229. 

Reseeding  should  be done as e a r l y  as p o s s i b l e   i n  
spr ing,   pr ior   to   complete  snow melt, o r  perhaps about time of 
first snowfall. 

F e r t i l i z e r  trials on  16 introduced  grasses  indicated 

that only  phosphorus  gave good resul ts   a lone  while   both lime 
and  nitrogen  used  alone  reduced  production below cont ro ls .  
When used i n  Combination  with  phosphorus,  both lime and n i t r o -  

gen s t imulated good growth. Rates of appl ica t ion ,  1970;  100 
kg/ha  Phosphorus, or  100 kg/ha Nitrogen and  Phosphorus ( N , P ) .  

Phosphorus alone was bes t  on o rgan ic   so i l s ,  and  the combina- 
t i on   bes t  on mineral   soi ls .   1971 trials; 100 kg/ha Nitrogen 

p lus  200 kg/ha  Phosphorus @IlP2] proved best on both  mineral 
and  organic   soi ls ,   but   not  much be t te r   than  (NIP1) combina- 
t i o n .  Ferti l izer treatment also increased  seed  head  produc- 
t i o n ,   b u t   v i a b i l i t y  of this seed has not yet been  tested.  

If ground  cover the second year is used as an  indica- 

t o r  of success,   then  red  fescue, Kentucky bluegrass  and Canada 
bluegrass were the   bes t  species. Although  slow t o  provide 
cover  the first year, they overwinter well and  produce a dense, 
lush  cover.  Seed mixes would probably be most e f fec t ive ,  
provided a good !'nurse1' species is included,  because the 
range of microenvironments  can be u t i l i z e d  and a greater 
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number of f ls t rong  pointsff   in   the  species   selected  can be 
obtained. No information is  ye t   ava i lab le  on nat ive  species  

and  information is  needed,   par t icular ly  on Arctagrostis 
ZatifoZia and CaZamagrostis canadensis, both of which  invade 
disturbances and become dominants  very  quickly,  although 
they  are   not  dominant in   undis turbed  tundra.  

475. KERFOOT, D.E.  1972.  Tundra dis turbance  s tudies   in   the  western 

Canadian Arct ic .  1971. Final Rep. Arc t ic  Land Use Res.   for 
Dep. Indian  Aff.  and N .  Develop. 1 1 2  p ,  

From t h e  summary and recommendations: '!The inves t i -  
gat ions of t h e  si tes of winter  road  operations show that the  
des t ruc t ion  of the  vegetation  cover and surface  microrel ief  

forms has produced a p red ic t ab le   i nc rease   i n   t he  thaw depths 
and ground  temperatures  beneath  the  disturbed  areas as com- 

pared   to  the adjacent   undis turbed  terrain.   This   obl i terat ion 
of the  surface  microrel ief  has a l s o   l e d  t o  more uniformity 
i n   t h e  t h a w  penetrat ions i n  the  damaged areas ,,. The f i e l d  
observations suggest   that   the   ice   road method of construct ion 
is mch more ef fec t ive   than   the  snow packing  technique  in 

l imi t ing  the l eve l  of te r ra in   d i s turbance  ... Data from the  

quadrat   s tudies   in  the Shingle  Point area indica te  that, i n  

comparison to   the   undis turbed   te r ra in ,   the   re -use  of the  road 
produced a r e l a t ive   i nc rease   i n   t he   t h i ckness  of the a c t i v e  
layer  of almost 27%, which  compares with  an  increase of 
s l i g h t l y   l e s s   t h a n  21% in   the  winter   road which was used f o r  
only  one year's operations .,. In  terms of the  general  appear- 
ance of the  two winter roads a t  Shingle  Point,  however, t he re  

is no doubt that  these  access  routes  should  not  be  used  for 
more than 2 years1  operat ions.  The extreme form of damage 
exhibited by the  winter  road a t  S i t i d g i  Creek  demonstrates 
w h a t  can  happen when the  surface  organic   layer  is  f i n a l l y  
des t royed   to  a poin t  where  pronounced  thermokarst  subsidence 

is i n i t i a t e d  ... 

* 
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"The invest igat ions  of  summer se i smic   l ines ,  from 
one t o  nine  years  old,  and those made during  an actual summer 
seismic programme demonst ra te   conc lus ive ly   tha t ,   in   cer ta in  
areas a t   l e a s t  [e.g . Jimmy  Lake Area,  Parsons Lake a rea ,  

Richards  Island , Caribou Hills, e t c .  ] and  with  the  adoption 
of  su i tab le   opera t iona l   t echniques ,   the   t e r ra in   d i s turbances  
associated  with  these  operat ions need  not  result   in  any 

ser ious  damage to   the  tundra.   Indeed,   the   negl igible  amount 
of te r ra in   d i s turbance   revea led   in   the  1971  seismic  opera- 
t ions   sugges ts   tha t   there  are i n   f a c t   c e r t a i n  merits i n  
scheduling summer programmes. Most of the  disrupt ion of the  
ground surface was in f a c t  due t o  a compression of the  
organic   layer  and t h e   a b i l i t y  of the t e r r a i n  t o  undergo s l i g h t  
deformation  in  response  to  weight of the vehicles  may produce 

l e s s  damage than  the  abrasive  effects  of vehicles  on the  same 

t e r r a i n  when it i s  frozen so l id .  Similarly,   the  supple  nature 

o f  the  vegetat ive  cover ,  and the shrub layer i n   p a r t i c u l a r ,  
i n   t h e  summer allows it to  withstand  the  passages of vehicles  

with  fewer  adverse  effects  than  in  the  winter months. The 
on-site  investigations  also  confirmed that, for   the  most 

par t ,  t h e   r e a l  problem  with  respect t o  cross-tundra movement 

i n   t h e  summer t h a w  period is the  maximum number of   vehicle  

passes t ha t   t he  ground  surface  can  tolerate  before  the  degree 
of disturbance  begins  to  exceed  acceptable  levels ... 

"The te r ra in   d i s turbances   assoc ia ted   wi th  1970-71 
winter  seismic  operations of Gulf O i l  Exploration and Produc- 
t i o n  Canada Ltd.  and Deminex  CCanada) Ltd. , on  Banks Is land 

are negl ig ib le .  
The author  points  out  that   only  l imited  sample 

s i zes  were possible  and that pre-dis turbance  terrain  condi t ions 

were  impossible t o  e s t ab l i sh  with accuracy. Almost no infor -  
mation was available  regarding  operating  conditions  and  types 

of vehicles  involved in  the   d i s turbance   s tud ies .  
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The author sets forth t e n t a t i v e  recommendations f o r  
the  resource  explorat ion  operat ion  in   the  tundra  regions as 

derived from r e s u l t s  of h i s   r e sea rch ,  among which  he  suggests 

t h a t  no  summer seismic work should  be  permitted on recent ly  
burnt-over areas and t h a t  summer operations  should  probably 
be l imited t o  e a r l y  summer ce .g .   l a te   June  and J u l y )   t o  

facil i tate  vegetation  recovery.   Concentration  of  heavy 
t r a f f i c   i n  summer within a 33-foot  right-of-way  should  be 
avoided as t he   l eve l  of disturbance is in t imate ly   re la ted  
t o   t h e  number of  heavy vehicles  moving over t he  same route .  

476. LAMBERT, J.D.H. 1971.  Botanical  changes  and  terrain  modifications 

r e s u l t i n g  from seismic and d r i l l i ng   ope ra t ions ,  Mackenzie 

Delta, N.W.T. Prog. Rep. t o  ALUR. 8 p.  mimeo. 

From conclusions:  Extended  use of winter  roads 
appears  to  not  only  destroy  the  surface  vegetation  but also 
the   sub-aer ia l   p lant  stems and  rhizomes,  thus  greatly  retard- 

i ng   t he   r ehab i l i t a t ion  of a disturbed area. Species  propagated 
by  seeds  (grasses and annuals) compete successfu l ly  f o r  exposed 
s o i l  and or ig ina l   spec ies   a re   d i sp laced .  N o  data  are  included 

i n   t h i s   r e p o r t .  

477, LAMBERT, J . D . H .  1972,  Botanical  changes and t e r ra in   modi f ica t ions  

r e su l t i ng  from seismic and d r i l l i ng   ope ra t ions ,  Mackenzie 
Delta, N . W . T .  1971 Rep. Arct ic  Land  Use Res. for Pep.  Indian 
A f f .  N .  Develop. 51 p.  

The studies  concern  recovery  rates of vegetat ion 
damaged during both winter and summer seismic operations  and 

dr i l l ing   opera t ions .   Resul t s  are only   t en ta t ive   bu t   ind ica te  
that recovery is probably  rapid on l i g h t l y  damaged vegetation 
but  prolonged on severely damaged vegetat ion,  and almost 
imperceptible on heavily damaged shrub  communities. 

Studies of vegetation damage a f t e r  2-year  use of  

the Gulf O i l  winter ice road  in   the Jimmy  Lake a rea  t o  
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I t ranspor t   suppl ies  and move a d r i l l   r i g ,   i n d i c a t e d  that in 
l i g h t l y  damaged areas   p lan t   composi t ion   remained   9 i r tua l ly  

the same but  the  percent  cover was reducedf1. Traffic over 
the  winter  ice road  tended to   pu lve r i ze   t he  hummock tops  with 

the material remaining i n   p l a c e   u n t i l   t h e  t h a w .  Thus, s ince  

most of t h e   p l a n t s   a r e   r o o t e d   i n  the sides of   the hummocks 
and the re fo re   no t   pa r t i cu la r ly   sub jec t   t o  damage, i t  is  
be l ieved   tha t   i ce   road   cons t ruc t ion   g ives   p ro tec t ion   to  

vegetat ion.   Further ,   s ince the microtopography i s  preserved, 

recovery i s  expected t o  be rap id .  
Studi.es of bladed  l ines  at  the S i t i d g i  Creek ind ica t e  

that because  of  changes  in  drainage  patterns  recovery  to the 
or ig ina l   vege ta t ion  w i l l  be  very  long, i f  it ever  occurs.  

Meantime, a tussock community is expected t o  develop because 
of the  impeded drainage. 

478. LAVKULICH, L.M. 1971. Soils-vegetation-landforms of the Fort 
Simpson area ,  N.W.T. Rep. 1971 Land Use Res. t o  Dep. Indian. 
A f f .  N. Develop. - ALUR Programme.  272 p.  plus maps. 

The area s tudied was confined  to  the southwes t   d i s t r ic t  

of Mackenzie, west of the  s ixth  meridian.  

Soi l s  and organic  landforms of t h e   a r e a  are described 

and c l a s s i f i ed ,   t he  former using  the  Canadian  system, the 

l a t t e r   u s i n g   t h e   c l a s s i f i c a t i o n  of Tarnocai.  General  informa- 
t i o n  on associated  vegetat ion is given. 

Some re la t ionships  between soi ls ,   veRetat ion  and 
ground  f rost :  IfPatterns o r   d i s t r i b u t i o n  of vegetat ion commun- 

i t i e s  and ground f r o s t  of the Mackenzie  Lowlands are in t imate ly  
r e l a t e d   t o   t h e  water and temperature  regimes of the s o i l .  The 
f l o r a  of the region is typica l ly   Borea l   in  i ts  makeup and i n  

i t s  s impl ic i ty ,  and r e f l e c t s  the harsh macro-climate ...'' 
S o i l s  of well- to  rapidly-drained  sandy and g rave l ly  

materfals:  "These coarse materials are of g l ac io f luv ia l  or 
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f luv ia l   o r ig in  and associated  landforms  include  old  r iver 

t e r r aces ,   e ske r s ,   c r evasse   f i l l i ngs ,   p i t t ed  outwash  and 
beach  ridges. Degraded Dystric  Brunisols  predominate and 

are   character ized by low pH (4.5 t o  5.5 i n   t h e  A and B 
horizons) and low ca t ion  exchange capaci ty  and content  of 

exchangeable  cations, 

"These soils have a low inherent  water  holding 

capaci ty  ... will freeze  quickly and deep ly   i n   t he   f a l l   bu t  
will heat up just as quick ly   in   the   spr ing .  Ground f r o s t  was 
not  encountered  in  July ... 

"Forests on these sites consisted  of  jack or lodgepole 
pine or aspen,  depending on f o r e s t   f i r e   h i s t o r y .  An under- 

story of shrub  sized  white  spruce is often  observed and indica- 

t ive   o f   the   success iona l   t rend .  Under pines  the  shrub  and 

herb  layers   are   sparse  and include Rosa acicutmis, Skpherdia 
c a n d n s i s ,  Linnaea borealis, Cornus canadensis; the  moss layer  
is moderate,   consisting  primarily of PZewloxiwn sehreberi and 

Hyloeomim spZendms. A minor  but  notable  cover of l ichens 
[xerophytic) is present .  Under aspen  the  shrub cover is  
considerably  higher". 

So i l s  of moderately  well-drained  clayey t i l ls  and 

s i l t y   g l a c i o l a c u s t r i n e  materials: These   ma te r i a l s  are 
general ly   associated with a plain  landform. The glaciolacus- 
t r i n e   p l a i n s  are gen t ly   ro l l i ng ;  till p la ins   a r e  commonly 
either  drumlinized or f l u t e d .  

Whereas  the  difference i n  mater ia l s  is r e f l e c t e d   i n  
a d i f fe ren t ia l   occur rence  of ground frost and d i f fe r ing  

s o i l  temperatures,  vegetation  communities on the  two mater ia l s  
a r e   v i r t u a l l y   i d e n t i c a l . '  The s i l t y   l a c u s t r i n e   s o i l s  and 

mater ia l s  were general ly   colder  i n  Ju ly   than   the   f iner - tex tured  
t i l l s  and  ground f r o s t  was detected i n  two s i l t y  soils i n  
Ju ly  . . [while none] was encountered in  the  clayey till 

s o i l s  . . . 
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' l l lSir loint l  ice and the   p l a ty   s t ruc tu re  it generates 

was observed most st rongly i n  s i l t y   l a c u s t r i n e   m a t e r i a l s  ... 
The accumulation of s eg rega ted   i ce   l enses   i n   s i l t y   ma te r i a l  

may well  lead t o  increased  water  content (as ice)  and  subse- 
quently  to  slower  thawing and heating  during  the  following 
summer. , 

White   spruce,   aspen,   white   birch and mixtures of 

these  predominate on these soils, which were c l a s s i f i e d  as 
Gray Luvisols on the  till o r  Degraded Eutric  Brunisols on 
the   l acus t r ine ,  The high shrub component is v i r tua l ly   absen t  
under  spruce, but increases with an  increasing  deciduous 

component and i t s  dens i ty  is high under  aspen. The herb  layer 
is sparse.  The very  high  feathemoss  cover [HyZocomium 
spZendens) which is invariably found  under  pure  spruce is 
eliminated  under  pure  aspen,  presumably by the mechanical 
smothering  action of the l a r g e   a n n u a l   l i t t e r f a l l  of aspen, 

'The high natura l  f i re  frequency of the   region,  as 

r e f l ec t ed  in  the high incidence of young,  immature s tands,  
tends t o  maintain these  stands in re l a t ive ly   ea r ly   success iona l  
s tages .  However, the occasional  occurrence of more succession- 

a l l y  advanced  black  spruce  stands  indicates that black  spruce 

may well  be  the  stable  or  climax community on moderately 
well-drained sites.I1 

Imperfectly  drained till and g l ac io l acus t r ine   so i l s :  

l lImperfectly  drained  soils  are found in   water   receiving  areas  
such as the lower s ides  of drumlins o r  of undulat ions  in  the 

till or   g lac io lacus t r ine   p la ins .  Gleyed Orthfc Gray Luvisols 

occur on till but on s i l t y  geological  materials Gleyed  Degraded 

Brunisols  occur due t o  the  lack  of  clay  in  the  parent  mater- 
i a l  ... 

'Vegetation of these  imperfectly  drained sites is 
s imi l a r   t o   t ha t  of moderately  well-drained  si tes.   Horsetails  
[Equisetwn pratense and E. ScCrpoides) are   no tab le   addi t ions  
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t o  the  herb  layer .   In   addi t ion,   the   height  and product ivi ty  
of aspen  and  white  spruce is higher.  Apparently,  the  favour- 

able   water   supply  offsets   the  deleter ious  effects   of  growing 
season  length  resul t ing from colder  soil  temperatures.  Rela- 
t sve ly  good quality  black  spruce is commonly intermixed with 
the white spruce t o  varying  extents.  Balsam poplar,  on moder- 
a te ly   wel l -dra ined   s i tes ,  is sporadical ly   represented,"  

Moderately  poorly  drained  soils of till and g lac io la -  
custrine  materials:   * 'Moderately  poorly  drained  soils are 
found on f l a t  t o  gently  sloping  areas of the till and glaciola-  
cus t r ine   p la ins .  

"Peaty  phase  gleysols  predominate . Ground f r o s t  
was observed a t  50 cm at  a number of t h e   s i t e s  examined. 

"The vegetative community consistently  observed was 
of the  black  spruce-feathermoss  type. Poor qua l i ty ,  low 
density  black  spruce  stands  with a dense  feathermoss  cover of 
Hylocomiwn splendens, P t i  Zium crista-ca8trensis and some 
PZezcro2:iwtn schsbeA are cha rac t e r i s t i c .  High shrubs and 
herbs are minor; low shrubs have a moderately low cover and 

include Vacciniwn vitis-iduea, Under openings o r  more open 
parts of  the  stand,  lichens  including CZadonia alpestris,  
C. arbu8cuZa and C. rangiferina become establ ished among the 

feathermoss. 
*'Somewhat mre  poorly  drained soils of more depres- 

s iona l   a reas  of the   p la ins   a re   assoc ia ted  with e i t h e r  Peaty 
Gleysols  or  Turnic Mesisols. The ground water i s  minerotropic 
i n  th i s   type  of t r a n s i t i o n a l  bog. Tamarack  becomes a s i g n i f i -  

cant parr of the tree cover: Ledum groenlandicm, Betula g1mcb.l- 

losa and PotentiZZa Putioosa appear   in   the shrub l ayer :  Carex 

sp .  often  occur in the   herb  layer ,  and l ichens  are  denser than 

in   the  typical   b lack  spruce-feathemoss type due to   t he   h ighe r  
l igh t   in tens i t ies   under   these  more open s tands.  S p h a p m  s p .  
and Aulocomnium paZustre hwnmocks occur with Comptothteciwn 
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nitans mats i n  moister depressions.11 

Very  poorly and poorly drained  mesic and  humic organic 

s o i l s :  "These s o i l s  which ove r l i e  till and g lac io lacus t r ine  

materials a t  depth  are  composed of moderately t o  well-decom- 
posed  organic paterials which are sa tu ra t ed   t o  or  almost t o  
the  surface  throughout the year by minerotrophic  ground 
water. These fens may be  patterned (e ,g .  ne t - l i ke  or s t r i n g )  

with low r idges  of organic material as on very  gent le   s lopes 
and unpatterned on f l a t  areas or horizontal   fens .   Ei ther  

form may have numerous  ponds of open water. 
"The horizontal   fens  and f lanks of the  pat terned  fens  

support Carex - Drepanocladus communities. The r idges  of 
somewhat  more f ibr ic   organic   mater ia l   support  Betula gzandu- 
losa and s tunted  tamarack.   Sl ight ly   dr ier   fens  are hurmnocky 
due t o   t h e  growth of sphagnum hummock forms and in   add i t ion  t o  
Carex sp .  support Betula gla-ndutosa, Ledwn groenlandim,  
Myrica gale, PotentilZa fruticosa, Vaccinim uitia-iduea, 
V .  uZi~noswn and Oxycoecus sp.  

llAlthough  the  data  are  limited,  temperatures a t  20 

cm are somewhat higher   than  with  peaty  gleysols .  The lack 

of a forest cover may be  responsible .  However, a t  SO cm the  

July  temperatures were a t  o r  s l i g h t l y  above O°C. the sa tu r -  
a ted  condi t ion of the  organic  material and concurrent  high 
heat   capaci ty  i s  implicated.  The present  work did  not  al low 

conclusions t o  be made regarding  the  performance of ground 
i .ce   in   fens .  

Fibric organic   so i l s :   "F ibr ic   o rganic   so i l s   a re  
associated  with.  the llpeatlr plateau and 1Ipalsa" landforms 
which a r e   t y p i c a l l y  found i n   t h e  zone  of discontinuous 
permafrost. 

"In the Mackenzie  Lowlands these bog s o i l s  are under- 

l a i n  by permafrost. The act ive  layer   water   content  by volume 
is of the  order  of 5% while the  permanently frozen peat  has a 
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volumetric  water  content of the   order  of 80%. Thawing i s  
prevented by the   exce l len t   insu la t ing   proper t ies  of the  

ac t ive   l aye r  peat. 
"Growth of both  the sphagnum  moss and  the volume 

of ground i c e   l e a d s   t o  a r a i s i n g  of the  bog surface by 

s e v e r a l   f e e t .  This l eads   t o  improved drainage of t he  bog 

and rather  anomalously,   these  organic  soils by the i r   evolu-  
t i on  become bet ter   drained,   Dissolved oxygen content of t he  

bog water is high and the  redox  potent ia l   indicates   oxidizing 
condi t ions,  so t h a t   t h e   s o i l  is i n   r e a l i t y   i m p e r f e c t l y  

drained. The  sphagnum mosses'  requirements  for water are met 
by the  wick e f f ec t  of t h e i r  long  strands of dead t i s s u e .  

T n  addi t ion,   these bog s o i l s  are  ombrotrophic,  in 

that   base  cycl ing and content i s  low and pH average 3 . 8 .  

'Vegetation is typica l ly   s tun ted ,   very  open black 

spruce  forest   with Ledum groenlandicum and several   o ther  
ericaceous  shrubs  dominating  the  shrub  layer;  herbs  are 

v i r tua l ly   absen t ;  Sphagnm sp.  dominate  the moss layer  and 

CZadonia sp .  are well represented   in   the   o lder ,  more mature 

communities.   After  f ire,   along  with  the  black  spruce  seed- 

l ings,   jack o r  lodgepole  pine becomes es tab l i shed  f o r  the 

first 25 t o  35 years of the  succession  probably as a r e s u l t  
of temporarily more minerotrophic  conditions  due t o  ashing 
by t h e   f i r e  of the  old  vegetat ion and the  upper  peat." 

From a sec t ion  on soi l   temperatures:  t f . . .  ground 

water is an  important  factor  influencing  the  distribution of  

perennially  frozen  ground. Because of t h i s ,   t h e   q u a l i t y   o f  

the  water is af fec ted  by what happens t o   t h e  ground i ce .  
Since  permafrost is r e l a t i v e l y  impermeable to   mois ture ,  a l l  

movement of water takes   places  above and/or below the  perma- 
frost. As a resu l t ,   permafros t   a f fec ts   p lan t  growth from 

nut r ien t   cons idera t ions  as well as the e f f e c t s  of temperature. 

As was shown previously, the  type of material   par t ly   governs 
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the temperature of the  ground.  Therefore, some vegetat ion 

species will be more s u i t e d   t o  areas t h a t   a r e   a b l e   t o  thaw 

during  the summer months. For example,  outwash mater ia l   or  

r iver   f lood   p la ins  have  very l i t t l e  ice s ince   the   mater ia l  

is coarse-textured. On the   other   hand,   f ine-grained  soi ls  
and peat  have a high  content which  undoubtedly a f f ec t s   t he  
vegetation.  Also,  because  they  have a h igh   ice   conten t ,  

they   a re   suscept ib le   to   f ros t   ac t ion" .  
Vegetation  and  landscape - Fort Simpson: A discus- 

s ion  is presented on the  landforms and a s soc ia t ed   so i l s  and 
vegetat ion.  The o rgan ic   so i l s  are based on t h e  classifica- 
t i o n  of Tarnocai  with some modification. 

"Vegetation on var ious  drainage  divis ions  of   terrain 

types can  be  generalized  to show indicator   s ignif icance  of  

species  groups . , . [and] a number of re la t ionships  between * .  . 
st rata  of vegetat ion and sites. Mixed t ree   s tands   charac te r ize  
moderately  wel l   to   imperfect ly   drained  mineral   soi ls ,   whi le  
s ingle-species   s tands are more typical of the dry and wet 

extremes. Tall shrubs (, 2 m t a l l  and with leaves larger 
than 2 x 4 cm) a r e  uncommon. They a re   con f ined   t o   t he   be t t e r -  

drained  mineral   soils and are   absent  from o rgan ic   t e r r a in .  

Medium shrubs (1/2 t o  2 m t a l l  with  leaves smaller than 
2 x 4 cm) are only  absent from acid  peat  (bog) s o i l s ;   e l s e -  
where they are prominant on minera l   so i l s  and on t h e   r i c h e r  
(.fen) peats  Dwarf evergreen  shrubs less than 112 m t a l l ,  
ch i e f ly  members of the heath family,   character ize   organic  
t e r r a i n  and are  especially  conspicuous after f i re .  The t a l l  
herb  and  grass stratum common i n  southern Boreal f o r e s t s  is 
absent,  although  fireweed (Epi Zobium mgustifoZiwn] h o r s e t a i l  

(Equisetwn pratense) and Calamagrostis canadensis occur 
sporadical ly .  The typ ica l  ground cover  under  forests on 
mineral soils consists of low evergreen  species  such as 
PyroZa, Linnaea and Lycopod&mz i n  a mat of green  feathemosses.  

* 
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Dense lichen  cover  occurs on dry  mineral   soi l  and on convex 

(raised)   peat  bog sur faces .  The Sphagnum mosses are  confined 
t o  poorly  drained  organic  soilst1.  (A summary t a b l e  of vegeta- 

tion-mineral-organic s o i l  re la t ionships  is presented) ,  
Indicators  of  frozen  ground: ( A l l  J u l y  measurements). 

V o  ground f r o s t  was encountered under vegetation on well- 

drained and moderately  well-drained  si tes (i.e. convex,  water 
shedding  surfaces)  with one exception [on a l acus t r ine  s i l t ]  
under a stand of Picea gZauca/Rosa acicularis/Cornus canaden- 
sis/HyZocmiwn splendens. Further  evidence was found t h a t  
coniferous  forests  with  feathermoss  carpets (HyZocomium) over 

l acus t r ine  s i l t  are a p t   t o  be frozen la te  i n t o  summer, and 
perhaps perennial ly .  On less  well-drained  ( imperfectly and 

moderately poorly d r a i n e d )   s i l t y   l a c u s t r i n e   s o i l s ,  ground 
f r o s t  was encountered i n  a l l  areas examined ... I t  is probably 
safe   to   conclude that fo r   t he  Fort  Simpson area conifer-covered 
silt s o i l s  are a t  least   capable  of harbor ing   pers i s ten t  ground 
f r o s t .  On the  other  hand,  frozen ground was not  encountered 

(pr   only  rarely)  i n  other  mineral  materials over  the  range 

of drainage from imperfect t o  moderately  poorly  drained re- 
gardless  of vegetat ion.  One conclusion i s  that aspen  forests ,  
and probably mixed f o r e s t s   i n  which  aspen is a component, 
indicate  the  absence of perennially  frozen  ground. 

"In organic t e r r a i n ,  peat plateaus  covered with an 
open black  spruce-lichen woodland are always  frozen. When 
burned,  the  l ichen and Sphagnum at  the surface a r e   k i l l e d ,  

exposing  the  peat   to   weather ing,   but  s t i l l  the  f rozen stratum 
persists a t  shallow  depth. Only in  bog hollows does perma- 

f ros t   d i sappear ,  and as these  depressions f i l l  again  with 
peat   the   f rozen ground r e tu rns .  It seems t o  be a matter of  
moisture; wet (depressed)  areas are thawed,  dry  (elevated) 
a reas  are f r o z e n  

The disagreement  between  Korpijaakko  and  Radforth 
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and Brown on th.e  use of l i chens   to   ind ica te   the   p resence  of 

peatland from t he  air  shows the   necess i ty  of i n t e rp re t ing  
both vegetat ion and landform. "It can be s ta ted   ca tegor ica l ly  
tha t   in   the   For t  Simpson area  a reflectant  l ichen  cover  under 
sparse  black  spruce on peat   plateaus and slope bogs ind ica tes  

permafrFst. However, a lichen  cover  under  pine on  dune r idges  

ind ica tes  no permafrost I 
"In   fens ,   the   p ic ture  i s  a l i t t l e  l e s s   c l e a r  ... As 

a general izat ion,  a l l  convex or elevated forms on organic 

terrain  contain  permafrost   while concave or  depressional forms 
a r e  ice-free , 

Effect  of seismic l i n e s  on the  landscape: "Tree fe l l -  
ing and bulldozing  along  seismic  l ines on upland  mineral soils 
encourages  growth of CaZamagrost+iis canadensis and a var i e ty  of 
weedy herbs  with windblown seeds  such as species  of Sene&/ 
Amzicu/EpiZobiwn. Frozen  ground  recedes o r  disappears from 
imperfectly and moderately poorly drained sites when they are 
cleared 

I1On o rgan ic   t e r r a in   t he   e f f ec t s  of c lear ing   a re   qu i te  

s t r i k i n g  from the  a i r .  When the  surface  Vegetation is skinned 
from fens,   they  regenerate  t o  luxuriant  green  stands of sedge 

(ch ief ly  Carex aquatiZis), but convex bog surfaces  may remain 
r e l a t i v e l y  open  and unvegetated for  a t  l e a s t  a decade.  After 
15 years   o r  so, black spruce seedlings are re-establ ished on 
dry  peat mounds with  Labrador  tea,   hair  cap moss Polytrichum 
jun;perinwn) and scattered  herbs  such as fireweed CEpiZobiwn 
mguskifoliwn).  Permafrost   pers is ts  a t  about  the same depth 
under  the  disturbed peat as in   the   ad jacent   fores ted   pea t .  

Bulldozing of the  lower parts of mounds on peat  plateaus,  in- 
creases surface  wetness. Where much peat is gouged out,   pools 

of water form and  cottongrass eriophorum with aquat ic  
Sphagnums invade. Less wet a r e a s  commonly are colonized by 
Chmnaedaphne culyculata, Andromeda polifoZia and consolidating 
sphagnm mrbeZZunt. 
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479. LAVKULICH, L.M. 1971.  Physical  environmental  studies, Watson 
Lake v i c i n i t y ,  Yukon Territory.   Prelim. Rep. Land Use Res. 

t o  Dep. Indian A f f .  and N .  Develop. - ALUR Programme. 133 p .  
llFour  watersheds [Moore Creek, milepost 715 Alaska 

Highway; Spencer  Creek,  milepost 694, Alaska Highway; #13 

Creek,milepost 689, Alaska Highway,  and Tom Creek,  milepost 
25 Ross River Road] were mapped consis t ing of recognition and 

appra isa l  of geologic   mater ia ls ,   landforms,   soi is  and  vegeta- 
t ive  succession.11  Descriptions sf s o i l s  and associated 
vegetat ion are included, 

480. MURRAY, J.M., J.S.  ROWE, 0 . L .  SHAW AND D.  READ. 1971. University 

of  Saskatchewan,  Final  Report.  Arctic Land  Use Res. No. 1. 

Can. Pep. Indian A f f .  N. Develop. 129 p .  
The s tud ie s  were done i n  the  Watson Lake area of  the 

Upper Liard and  concerned  vegetation,  soil,  landform  surveys 
I1The e f f e c t  of fo re s t  removal on so i l   mois ture  con- 

t e n t  . . . [is to   increase]   the  so i l  moisture  content on the  

cleared areas .,. due t o  a reduced  evapotranspiration  rate." 
A l l  o rgan ic   so i l s  i n  the   a rea  have permafrost   with  an  active 
layer of 15 t o  24 inches.  A t  Watson  Lake "fire is one of the  

most important  determinants of vegetation  cover and loca l  
environment I I  

481. MUSKEG RESEARCH INSTITUTE. 1971.  Terrain  disturbances by off -  
road vehic les .  Rep, Can, Dep, Indian A f f .  N. Develop. 70 p .  
Summary and  Conclusions: 

Observations of 1970 Test S i t e :  "The resu l t s   revea led  

t o  da te  have been  regarded as inter im,  and the main purpose ... 
i s  to   provide a documented record of them. It is possible  a t  

this time,  however, t o  s t a t e  some tentat ive  conclusions  with 

r e s p e c t   t o  long-term e f fec t s  of vehic le   t ra f f ic   d i s turbance  

on tundra.  1. Multi-spectral   photo  analysis  enables  various 

features ,  of t e r r a in   d i s tu rbance   t o  be i den t i f i ed .  These 
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include  vegetation damage and recovery,  and  exposure of  min- 
e r a l   s o i l .  2 .  The degree of disturbance  can be described i n  
accordance  with  the  tundra  disturbance  classification  system 

developed i n  1970. 3 .  Any amount of t raff ic  by any  vehicle 
is l i k e l y  t o  r e su l t   i n   r eces s ion  of the  permafrost   table ,  

even  though  such  recession may be  only s l i g h t .  4 .  Chance of 
severe  thermokarst   result ing from the  type of t raff ic  used 

i n   t h e   t e s t s  is ... almost  negligible.  This conclusion 

should be checked  through  subsequent  measurements i n   f u t u r e  
years.  5 .  There is a d i r ec t   r e l a t ionsh ip  between vegetat ive 

recovery and the  season a t  which the t ra f f ic  is run. 6 .  Vegeta- 

t ive  recovery also depends on t h e  weight of the  vehicle  used 

in   the   opera t ion ,  7. Vegetative  recovery  rate  also  depends on 
t he  number of  passes  over the same piece of ground. 8 .  Forma- 
t i o n  of deep ru t s   e spec ia l ly  on slopes has t h e   e f f e c t  of con- 
cent ra t ing  melt water, which may encourage  thermokarst.lt 

Winter seismic operations and  tundra  disturbance: 

"1. In s p i t e  of the  use of shoes on dozer  blades,   the  majority 

of present  tundra  disturbance, if not a l l ,  is caused by dozer 
blades  scuff ing  the ground surface.  2 .  This  disturbance  might 

be reduced i f  the  blade shoes were ad jus ted   to   g ive  more c lear -  
ance  between the blade and  ground sur face ,   l eav ing   s ix   to   e ight  

inches  covering of snow on the  seismic l ines  and camp moving 

t ra i  1s 

Off-road  vehicle  operations  in  the  Arctic  Islands: 

"1. Summer traffic should  perhaps be avoided  in  low-lying, 
wet, vegetated  areas,  i f  severe  surface  disturbance is t o  be 
avoided. 2.  Ruts  formed i n  a majority of locat ions  within the 

area invest igated would l i k e l y   c o n s t i t u t e  permanent o r  a t  
least very  long-last ing  features  of the  topography.11 

Discussion of t e r ra in   d i s turbance  on seismic lines' 
in  forested areas: I l l .  Apart from removal of the tree cover, 
which i s  a necessary part of t h e  seismic operation i n  t h i s  
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type of countrr ,   there  is very l i t t l e  detri 'mental   effect  of 
t he  seismic operation on the  ground surface.  2 .  It could  also 
be  concluded  that   any  traffic on the  seismic  l ine  following 

thawing of t h i s  low cover   in   the  spr ing is l i k e l y   t o   d e s t r o y  
low vegetation  such as sedges and any low shrubs,  and if 

followed a t  any time during  the summer by heavy  precipi ta t ion,  
frequent cases of pronounced  thermokarst  erosion are l i k e l y  
t o  be  encountered, 

Vegetation  regeneration: "One area  near  Prudhoe Bay 

in  northern  Alaska had had almost a year f o r  recovery  follow- 
ing heavy t raff ic  amounting to 10 o r  20 passes of medium and 
heavy vehic les .  When viewed  from the  a i r ,  the   t racks  were 
v i s i b l e  ... Closer  inspection a t  ground leve l   revea led   tha t  

vege ta t ion   in   the   t racks  was not  only  darker  green  but also 
s l igh t ly   l a rge r   i n   s t a tu re   w i th  more plant   mater ia l  i n  a given 

area  than  in  adjacent,   undisturbed  areas.   There did not  appear 
t o  be  any  subsidence of the  permafrost  table  in  such  1ocations;Il 

A t  Tununuk,inspection  in August was made of a reas  

where mult i -pass   t es t s  were made in  June.  "Considerable  growth 
of vege ta t ion   i n   ru t s  i s  v i s i b l e  ... Sites a t  Tuktoyaktuk  where 
tests were performed at t he  end of August d i sp layed   v i r tua l ly  

no noticeable  regrowth by the  end of September. 
There was some recession of permafrost   table  but mea- 

surements showed the   recess ion  t o  be  highly  i r regular  and v a r i -  
able."  (Explanation  unsure  but  recession may have  been  incomplete 
a t  time of  measurement.) 
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ENVIRONMENTAL PROTECTION BOARD 

Interim  Reports No. 1 

482. ENVIRONMENTAL PROTECTION BOARD. 1971. Towards an  environmental 

impact  assessment of a gas  pipeline from Prudhoe Bay, Alaska 
t o  Alberta.  Interim Rep. No. 1. Sponsored by Gas Arctic 
Syst. 29 p.  

This  report  summarizes  and assesses the  mater ia l  
presented  in  the  appendices.   Potential   causes and effects of 
environmental damage on wi ld l i f e ,   p l an t s  and fish a r e   l i s t e d .  

" In i t i a l   app ra i sa l  of  t h e   e f f e c t s  on wi ld l i f e   i nd i -  
ca t e s   t he   poss ib i l i t y  of ser ious effects upon the caribou 

stocks and the   po ten t ia l   for  damage t o   o t h e r  species. Depend- 
ing upon the  route  followed by the p ipe l ine ,  damage can  pro- 
bably  be  held  to   acceptable   levels  if c lose   a t t en t ion  is paid 

t o   r e s t r a i n t s   t h a t  will be spec i f ied  i n  d e t a i l  after fu r the r  

study. The e f f ec t  on f i shes ,   t ha t  may arise through  pipeline 

crossings  through stream beds,  can  probably  be  maintained 
wi th in   to le rab le  limits. However, each stream is a separate  

problem and u n t i l   d e t a i l s  of how much gravel is wanted from 
individual stream beds i s  available,  the  magnitude of the 
po ten t i a l  effect  on the fish population  cannot  be  determined, 
nor  the  constraints  specified.   Revegetation of dlsturbed areas 
is possible  with  adequate plant food and a t t en t ion  t o  o ther  
s t r i c t u r e s  imposed by time and  edaphic  conditions.11 

483. CALEF, G.W. and G.M. LORTIE. 1971. Observations of the Porcupine 

caribou  herd:  April 1 - September 22,  1971. Rep. t o  Environ. 

Prot .  Bd. sponsored by Gas Arct ic  S y s t .  Study  Group. 45 p. plus  
Appendices. Appendix I. Wildlife.  

Observations on the   spr ing  t o  fa l l  behaviour of  the 
herd is followed  by  suggestions of possible  effects of pipe- 
l ine   cons t ruc t ion  on the  herd.  The most important are: 
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1. Destruction of c r i t i c a l   h a b i t a t :  I t  was noted 
t h a t  Skoog Is work of 1968 (and Kelsal l  1968) ind ica t e s   t ha t  

l tcar ibou  of ten  winter   successful ly   in  areas where l ichens are 
sca rce ,   e i t he r   na tu ra l ly  or  th rough  f i re  damage, even  though 

other  areas  containing  abundant  l ichens  are  available,  by ea t -  

ing  sedges o r  other  forage types which may be  highly  palatable 

foods.11 , 
2 .  Disturbances  to  animals on c r i t i ca l   r anges   (pa r t i -  

cular ly   calving  areas) :   Interference a t  calving  time  could 
have  ser ious  effects  on ca l f   su rv iva l .  "It is  e s s e n t i a l   t o  
avoid  major human a c t i v i t y  on the  calving  grounds a t  the time 
of calving, and to   avoid  a l ter ing  the  habi ta t   in   any way which 
might  frighten  the  caribou  into  abandoning  the  calving  ground 

or a1 ter ing  their   behaviour  . 
3 .  Interference  with  migrations:   Interference  with 

migrations is d i scussed   i n   de t a i l  and i n  summary, it i s  l i k e l y  

that a bermed or buried  pipel ine would be  crossed by caribou 

i n   t h e i r  normal migrations. The construction of an  exposed 
l tne   represent ing  a physical   barr ier   to   the  animals   should  be 
avoided ... Sound without accompanying v i sua l  o r  o l fac tory  
s t imuli   does   not  seem to   g rea t ly   f r igh ten   car ibou  

4 .  Increased  accessibi l i ty   to   car ibou by  humans w i l l  

occur and thus,   besides   increases   in   the  above  effects ,   there  

w i l l  also  be  increased  harvesting, 

Already  there is increased  hunting  pressure on the  

herd from the  Dempster  highway  and with i t s  completion  in 1974 

hunting  pressure will in t ens i fy .  It  is pointed out t h a t   t h e  
Dempster Highway w i l l  have a l l  t he   e f f ec t s  on wi ld l i f e  which 

have j u s t  been  described for the  pipeline."  Therefore,   the 

need for herd management da ta  under increased  hunting pressure 
must be  obtained and Itaccess for hunting  should  not  be  granted 

by p ipe l ine  companies until   an  adequate management  programme 
is i n s t iga t ed  , 
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484. CALEF, G.W. and G.M. LORTIE. 1971.  Waterfowl  surveys. Rep. t o  

Environ.  Prot. Bd. sponsored by Gas Arctic  Syst.   Study Group. 

19 p.  plus  appendices. Appendix I .  Wildl i fe .  

Aerial  surveys were car r ied   ou t   in   l i t t l e -surveyed  
areas ad jacent   to   the   p ipe l ine   cor r idor   over  f la t s ,  lakes and 

potholes.  A l l  areas supported  substantial   breeding  populations 
with scaup and scoters  comprising  over 50 per  cent of t h e  
t a l l i e s .  Canada geese  were  present on the  Ramparts  River f lats 
but  not  elsewhere.  Cranes  were  present  here  and  also west of 

the Arctic Red River. Swans were t h e  most abundant  species 
of waterfowl  along  the Arctic coast ;   they were absent from 
the  Ramparts Flats but   p resent   in  some o ther   a reas .  

Poss ib le   e f fec ts  of construct ion on wetlands  mainly 
concern the des t ruc t ion  of staging and nest ing areas which 

o f t en  are gravel and sandbars.  These  areas "must not  be 

%borrowed" for  berm f i l l ,  and they must be  avoided  during 

spr ing and  autumn migrations."  Drainage  patterns  in  the 

important  waterfowl  population  wetland areas should  be main- 
ta ined.  If these  precaut ions are taken   there   should   be   l i t t l e  
e f f e c t .  

Furbearers  have much the same problems as caribou  and 

waterfowl  except   that   f i re  is very   des t ruc t ive   to   the i r   popula-  

t i ons  

485. SHOTTON, R. 1971. The nature  and mechanisms of  problems that 
might arise t o  fish from p ipe l ine   cons t ruc t ion   ac t iv i t i e s .  
Rep. t o  Environ.  Prot. M. sponsored by Gas Arctic Syst.  Study 
Group. 251 p .  Appendix 11. F i s h .  

River bed  removal,   increased  si l tat ion or  t u r b i d i t y  
from erosion and runoff a re  the main factors expected t o   a f f e c t  

f i sh   popula t ions .  
Increased   s i l t a t ion  and t u r b i d i t y  smothers and f i l l s  

i n t e r s t i t i a l   s p a c e s   i n   r e d d s  and stream bed gravels,  reducing 



- 344 - 

oxygen supply  to  eggs and alevins,   covers food  organisms, 

and c l o g s   g i l l s  and opercular   cav i t ies  of o lder  f i s h .  
"Research on e f f e c t s  of  logging  indicates  that  

construction  of  access  roads and the   resu l t ing   changes   in  
drainage  they  cause are s i g n i f i c a n t   f a c t o r s   i n   f i s h   h a b i t a t  

de te r iora t ion .  Similar e f f e c t s  from pipel ine  construct ion 

would be  increased by the  slow rates of recovery of the  vegeta-  

t i on   i n   ce r t a in   a r eas  of the pipeline  route.I1 
Deta i l s  of l i f e   h i s t o r i e s  of fish of t he   Arc t i c   a r e  

presented   as   fa r   as  known, wi th   par t icu lar   re fe rence   to   the  
0 year   c lass(eggs,   a levins  and fingerlings), and mater ia l   re le -  

vant t o  the i r   su rv iva l  is reviewed. 

On the   subjec t  of removal of r i v e r  bed mater ia l s ,  the 
auth'or  has  not  been  able  to  obtain  publications which y i e ld  

quantitative  information on the  upstream effects of such 

removal,  Evidence  indicates  that  sediments w i l l  be  deposited 

at t h e  s i t e  of  removal,  scour w i l l  occur downstream  from the  
s i te  which !'will r e s u l t   i n  a lowering of t h e  bed p r o f i l e ,  
increasing  the  slope  and,  hence,  causing drawdown of sediments 

upstream of t h e  s i te  of t h e   i n i t i a l  removal. In t h i s  manner, 

scour of t h e   r i v e r  bed upstream of the  removal s i t e  will occur. 
Return t o  equilibrium  conditions will depend  on r a t e s  of 
sediment   t ransport   and  the  avai labi l i ty  of sediments upstream 
which  can replace  those removed.!' 

Effects of gravel removal w i l l  probably  be  of much 
greater   s ignif icance than the   t u rb id i ty  and s i l t a t i o n  caused 

by trenching of the r i v e r  f o r  ac tua l   p ipe l ine  laying, although 
this would not  be  true f o r  the smal le r   r ivers  and streams. 

The increase i n  s i l t a t i o n  and t u r b i d i t y   r e l a t i v e   t o  
the  time of year and  flow  rates  of  the  watercourses may reach 

cri t ical  l eve l s  for some fish. 
Habitat  damage caused by logging and access   ac t iv i t i e s  

i s  also  drscussed,   especial ly   increased  s i l ta t ion by runoff 



- 345 - 

from access   roads,   f la t tening of stream bank vegetat ion  into 
watercourses and r e s u l t s  of accumulation of s l a s h  and  debris 

i n  streams. 
An extensive  bibliography is included. 

486. WEIN, R.W. 1971.  Vegetation  survey  along  the  proposed gas pipe- 

l ine  route .   Peel   Plateau t o  Old Crow Mountains. Rep. t o  
Environ. Prot. Bd. sponsored by Gas Arctic  Syst.   Study Group. 
58 p.  Appendix 111. Vegetation. 

The survey ,   ch ie f ly   in   the   borea l   fores t  zone included 

gathering of information on speci.es  cover,  combustible  stand- 
ing  crop and ac t ive  layer depth and characteristics. Fire was 
noted as a major environmental  factor  throughout the area 
except on rocky summits and r ivers ide  comnunit ies .  Nine major 

p lan t  communities were recognized which appeared  c losely  re la ted 

to  the  moisture  regime. Native species  showed evidence of 
colonizing slumps, seismi.c  l ines,   winter  roads and  burned areas, 
but  the rates and species were  determined  by  pri.or  conditions, 

e.g.  degree of damage, moisture  regime, etc.  

487. WEIN, R.W. 1971.  Revegetation t r ia ls  r e l a t e d  t o  the  proposed Gas 
Arctic pipeline.   Prelim. Rep. t o  Environ. Pmt. Bd. sponsored 

by Gas Arct ic  Syst. Study Group. 49 p .  Appendix 111. Vegeta- 

t i o n .  
Revegetation  studies  using  agronomic  grasses were 

i n i t i a t e d  at Norman Wells, Inuvik and Prudbe Bay in 1971 t o  
t e s t :  (1) growth over  pipeline berms at  Norman Wells and 
Prudhoe Bay; (2) i f  winter surv iva l  is dependent on the  t h e  

of seeding ,   i . e .   l ength  of growing  season; (;3) t he   r e l a t ion -  

ship between fast-growing cereals and  perennial   grasses;  and 

(4) the reac t ion  of introduced species seeded  into  undisturbed 
p l an t  communities.   Results  indicate  that   the  annual cereal 
species  produced  ten times the biomass of perennial  species 
but were pa r t i cu la r ly   suscep t ib l e  t o  damage by hungry  rodents 
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and b i rds .  Even so, the  annual  cereals do have po ten t i a l  as 

s o i l   s t a b i l i z e r s   i n  the seeding  year. The agronomic species  
do germinate  in  the  undisturbed  plant communities but   survival  

and/or invasion  there  has  yet  t o  be observed.  Nevertheless, 
invasion by ce r t a in  weed species  has been  observed on newly 
d is turbed  sites, the species  being  determined by the nature  
of the  s i t e .  Certain  nat ive  species   a lso show natural   invasion 

in to   d i s turbed  sites 

The nature  of the  berms wi th   t he i r   d i f f e r ing   mic ros i t e s  
provide  niches  for  different:   plant  species and d i f f e r e n t i a l l y  
a f f e c t  the growth of individual   species .  
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