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2.0 INTRODUCTION 

i n  July 1976, B.C. Hydro  and Power A u t h o r i t y  awarded the Land  Resources Sub- 

group o f  the  Deta i led  Envi ronmenta l   Studies  o f   the H a t  Creek P r o j e c t  t o  The 

TERA Environmental  Resource  AnElyst  Limited. The Land  Resources  Subgroup was 

d i v ided   i n to   f i ve   append ices .  Each appendix i s  t h e   r e s p o n s i b i l i t y  o f  i n d i v i d u a l  

consu l t ing  f i r m s  under   the  admin is t ra t ion of  The TERA Environmental  Resource 

A n a l y s t  L imi ted .  

Q 

L 

I 

For Appendix AI, Physical   Habi t ,at  and Range Vegetation,  two f i r m s  tconducted the 

study: The TERA Environmental   Resource  Analyst   L imited  ( responsible  for   land- 

form, geology, f o r e s t  s o i l s  and na t i ve   vege ta t i on )  and Canadian Bio  Resources 

C o n s t i l t a n t s   L t d .   ( r e s p o n s i b l e   f o r   a g r i c u l t u r a l   s o i l s  and range  vegetat ion).  
A b iophys ica l   ana lys is  o f  the  area of i n f l u e n c e   e s t a b l i s h e d   t h e   r e l a t i o n s h i p   o f  

the  tsiological  systems t o  t he   phys i ca l   hab i ta t .  

The ceta i led  env i ronmenta l   s tud ies  are t o  assess  the  impact o f  a 2000 MW 

thermal   p lant  and associated  mine in   the   upper   Hat  Creek Va l ley ,  N.icola - 
Thompson Region, B.C. 

2-1 



2.1  PHYSICAL WBITAT 

1 

1 

-. 

r. 

a 

( a )  Terms of  Reference 

As per  the  terms o f  reference o f  the  Detailed Environmental Studies  dated 
March 1977, the  Physical  Habitat p o r t i o n  of the study i s  required t o :  

11 2. - inventory soils a d  l d f o n n s  

2 .  DescYLbe climate b? ;vecipitation,  temperature,  hlmridi3 d 
growing season, in co-operation w i t h  the measurement prcpamne 

of the Air &Uality IiFact Study." 

( b )  Scope and Purpose 

The ~hys ica l   habi ta t   sec t ion  0.' this  report describes and maps geology, 
1andFot-m  and soils. As i n  the remainder o f  the study,  the  scope o f  t h i s  under- 
takillg i s   t a i l o r e d   t o  deal  with  the regional inventory a t  a sca le  o f  1:250,000. 
the  'local  study  area a t  1:50,000, and f i n a l l y ,  the detailed  study  area t o  
1:24,000. The regional  study  area (see Map 2-1) i s  defined by a western 
boundary approximately 20 km (1.2.5 mi.)  west of Lytton, a northern boundary 
approximately 20 km (12.5 mi.) north of 100 Mile House, an eastern boundary 
approximately 25 km (15  mi.) e t s t  o f  Kamloops, and a southern boundary 
approximately 10 km (12.5 mi.) south o f  Merritt. The t o t a l  area for   the 
regional study  i s  31,500 krn (12,304 sq. m i . ) .  2 

For the  local  study  area mapped a t  1:50,000 scale,  the  study  boundaries were 
defired 8 krn (5 mi . )   east  of Li l iooet ,  5 km ( 3  mi.) south o f  Oregon Jack Creek, 
3 km ( 2  m i .  ) e a s t  of  Ashcroft, and 10 km ( . 6  m i .  ) north o f  Carquile. The 
detailed  study  area a t  1:24,000 was defined to   inc lude  an area  extending 
6 km (4  m i . )  west o f  Hat Creek, 3 km 12 m i . )  south o f  Blue Earth Creek, 
5 km ( 3  mi.) e a s t  of Hat Creek, and 1 km ( .6  mi.) north of the junction  of 
Highhay 12 and the  Upper Hat Creek Road. The Harry Lake v ic in i ty   i s   ind ica ted  
on the 1:24,000 map including  tne Harry Lake plant s i t e  and imedicte   corr idors  

2-2 
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fron, kshcroft t o  Harry Lake, up  Cornwall Creek and a corridor due eas t  t o  the  
Thoapson River for  the  water  intake  pipe. 

The description and  mapping  of a l l  above-mentioned features  permits  the  assess- 
ment of  the  environmental impact  of both the mine in  the  valley and  the thermal 
g e n e r a t i n g  p l a n t  a t  Harry  Lake, inc luding   a l l   o f   i t s   l inkages .  The progression 
front regional  inventory, t o  local  inventory, t o  detailed  si te  inventory  allows 
an increasing  focus on environmental  features and examination of  physical  impacts 
i d e r t i f i e d .  The physical  habitat  impact  assessment  permits a detailed  descrip- 
t i o r !  o f  m i t i g a t i o n  and  compensation opt ions  for   those  faci l i t ies  w i t h  adverse 
envl ronmental consequence. These physical  mitigation recomnendat'ions w i l l  be 

included i n  guidelines  for  the  construction and operation of a l l   f a c i l i t i e s .  

Climate was derived from three sources and compiled in   th i s  and the agri- 
cultural  report.  Information from Environmental  Research & Technology,  Inc. 
was special ly  condensed t o  form a n a r r a t i v e   f o r   t h i s   t e x t .  However, c l imat ic  
information from the  provincial d a t a  2J needed analysis   for  climiite capabi l i ty  
for agricul ture .  

01 

( c )  Acknowledgements 

The primary d a t a  base for the  physical  habitat o f  the  regional and  s i t e - spec i f i c  
Hat Creek study  areas was derived from the B . C .  Ministry of the Environment, 
Resource  Analysis Branch. We would l i k e  t o  extend  special  thanks t o  Gavin  Young 
f o r  his  h e l p  i n  making the  preliminary l andfo rm and soils maps a v a i l a b l e ,  as 
wel: as  his  untiring  support in discussing  his  preliminary  findings  prior t o  
Dub ' i ca t ion  of his work. 

The climate  capabili ty for agr,iculture was suppl ied as  well by t h o  B . C .  
Min-stry o f  the Environment,  Resource Analysis Branch. 
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2.2 VEGETATION 

1 

c 

il- 

( a )  T e n s  of Reference 

As p e r   t h e   t e n s  of  r e f e r e n c e  of the de ta i l ed   env i ronmen ta l   s tud ie s  d a t e d  
kugust 1 9 7 7 , t h e   v e g e t a t i o n   p o r i o n  o f  t h e   s t u d y   i s   r e q u i r e d  t o :  

"1. MU? and qurr.tijy pre:;ent and climas p1w.t c o m m i t i e s ,  

indicat ing  increaser  and decreaser  species; 

2 .  Provi& a p l a t  spec::es check l i s t  s h i n g   t h e  

re lc t ionship  and ianportmlce t o  wii ldzi fe ,   l ivestock,  mm, or 
other  organisms. Also, Gient i fy   rare  or endwagered plunt 
species or comnunities; 

3. Prior t o  deirelopment, e s t a b l i s h  permanent  vegetation p b t s  
t o  moni tor   the   e f fec t s  01' the   operat im,  from t h e   s t a d p o i n t  17f 

gaseous,   particulate mad heat emissions." 

The fo l lowing   i t ems   l i s t ed   i n   t he   t e rms   o f   r e f e rence  have been re-ass igned  
t o  the Agr icu l tu re   Repor t .  

" I .  Assess   forage  product iv i ty ,   present  wd po ten t ia l  

carrying  capacity and present  cad i t iom of rmge  areas 
linctude Zimd cwab i t i t y  for grazing); 

1 

2. Study r e l a t i v e   u t i Z i z a t i o n  of r a g e  by l i ve s tock  rmd 
w i l d l i f e  and r e l a t e  t o  product iv i ty ;  

3. I d s n t i f y   s e n s i t i v i t y   D f r a n g e  components to   cons truc t ion  

and operat ion   ac t iv i t ies .   V iere   poss ib le ,   inc lude   quant i ta t i . ve  
-%acts.  Note m a i m  -Tosure l imits ,   regulatory  requirements  

m d  sens i t i ve   spec ie s  ( l i8zison required  wi th   air  progmnrme t c  
ident i fy   sens i t ive   areas) . ;  

2-4 
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4. Identifs potextiaZZg  irrigabZe lands which couM serve 
as possible compensatim, measures ad estabZ-fsh their feasiXZity, 
pnxiuctiuity, m d  costs.  Identify specific;rtions for Water pal- 
ity fo r  i r r i g a t i o n  water u i5h  view t o  using plunt wclsze Water.” 

( b )  Scope  and Purpose 

The study o f  the  vegetation  for  the Hat Creek development was i n i t i a t e d  t o  
f u 1 f i : l  the term  cf  reference  stated  insection 2 . 2 ( a ) ,  a n d  provide a basis 
fo r  assessing  the  effects a thermal  generating  station may have on the 
S u r r J u n d i n g  vegetation comnuni.ties and t h e i r  use. 

I n  o-der t o  study  the  vegetation,  three  levels of  mapping a n d  descr ipt ion 
were defined (Map 2-1).  A regional  investigation a t  a scale  of 1::250,000 
whicli delineated  the  biogeoclinatic  zones  within an area bounded approxi- 
mate’ly by 100 Mile House, Kamlclops, Merrit t  and Seton Lake; a scale  of 
1:50,.000 (local  study area) permitted  investigation of  the  vegetation 
associations  within  the Hat Creek watershed and  Thompson - Bonaparte River 
valleys  eight  kilometres  (f ive miles) east of  Ashcroft; and a sca le  of 1:24,000 
(Hat Creek s i t e )  was used for   areas   affected by the mine, p l an t   s i r e  and 
o f f - s i t e   f a c i l i t i e s .  These studies took place  in  the  t?me interva’l from 
August 1, 1976 t o  May 31, 1977. 

( c )  Acknowledgements 

The aithor  wishes  to  thank the .’c ~llowing i n d i v i d u a  11s and government a gencies 
f o r   t l e i r   a s s i s t a n c e  i n  the development and interpretations  of  the  vegetation 
of  thc Hat Creek area: 

Dr. A. Maclean, Canada 0epr.rtment of Agriculture, Kamloops; 
Dr. V.C.  B r i n k ,  Department  of P l a n t  Science,  University of  Bri1:ish 
(:ol umbia; 
F l r .  J.  White, Range Divisicn, B . C .  Forest  Service, Kamloops; 
Pr. Gavin  Young, B . C .  Ministry of Agriculture, Kelowna; and 
Mr. G .  Parks,  local  resident, Hat Creek Valley. 
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3.0 RESOURCE  INVENTORY METHODOLOGY 

3.1 PHYSICAL  HABITAT 

I 

1 

" 

I 

1 

1 

( a )  S tudy  Personnel 

Project management for  the  Phj,sical  Habitat and  Range Vegetation Report was 
prosrided by Helmut J .  Urhahn.  The tasks were shared by personnel o f  The 
TEN\ Environmental  Resource Aralyst  Limited and  Canadian Bio Resources Con- 
sul.:ants Ltd.  For analysis of '  climate, Helmut Urhahn and Ross Hu!;don shared 
the  tasks and  emphasized their ,   respective  areas,  such as t h e  biophysical 
description by The TERA Envircnmental  Resource  Analyst  Limited and  the  agr i -  
cultural   cl imate  capabili ty by Canadian  Bio Resources  Consultants Ltd.  

The inventory  of the  physical  habitat  consisted of landform,  geology and s o i l s .  
The landform,  topography and geology were conducted on t h e  basis  of  published 
1itc.ratut-e and a brief  field  reconnaissance by Helmut Urhahn. So.ils,  for b o t h  
the  regional and  si te-specific  study  aspects were conducted by Stephan House- 
knecht and Jock Forster ,  w i t h  the l a t t e r  emphasizing  agricultural and 
improvable s o i l s .  Grazing capabi l i ty  and  range conditions were inventoried by 
Jock Forster and  Ross Husdon. 

( b )  Climate 

Environmental  Research  and  Technology,  Inc. (ERT)  has provided a detai led 
analysis of the  climate in the  regional  study area".  This  report. is  n o t  in- 
tended t o  duplicate t h a t  e f f o r t  nor t o  simply reiterate  information  presented 
by ERT. Rather,  the  present  climate  discussion  contained i n  the  inventory 
sect ion  is  a brief  synopsis,  designed t o  enhance the investigation o f  the 
physical  habitat and vegetation w i t h i n  the Hat Creek region. 

The climate  inventory i n  this  "eport was prepared by ERT a t  the request of 
The TERA Environmental  Resource  Analyst  Limited. T h i s  provided an  accurate 
a n d  reliable  cl imate  description. The description  discusses the climate  in 

d 3- 1 
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c 
II 
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I 

Q 

a retlional  sense w i t h  special emphasis on the  Hat Creek area.  The re la t ion-  
ship of  this  information t o  the  physical and biological  resources has been 
cmp'leted  using  the  biogeoclimatic  approach. With respect t o  the  c l imat ic  
influence on ag r i cu l tu re ,   t h i s   w i l l  be handled by Canadian Bio Resource 
Cons111 tan ts  L td .  in  the  Agriculture  Report. 

( c )  Landforms 

This  section was primarily based on published reports o f  the  area 
07, 12J 13.  Tne s o i l s  mapping of  the B . C .  Ministry of the 
Environment,  Resource  Analysis  Branch, was used in  conjunction  with  airphoto 
in te rpre ta t ion  t o  determine  physiographic  regions and spec i f i c  larldform cate- 
goriss .  A b r i e f   a i r  and ground reconnaissance of  one  day each was conducted 
t o  cieck  the  physiography and 'to r e l a t e  other physical and biological  para- 
meters t o  landform. 

04,  05, 06, 

( d )  Terrain 

The .:errain inventory  emphasized  bedrock and s u r f i c i a l  geology.  This was 
based on pub1 ished  information 1'4> Os, 06, 07, 08, 11, 12, 13, and subsequent 
a i rphoto  interpretat ion.  Broad geological  provinces were mapped a t  a scale  
of 1:250,000. More specific  irlformation  as  regards  bedrock and su r f i c i a l  
geology was incorporated  into t.he biophysical  analysis from the .above data 
base. Bedrock and su r f i c i a l  geology were incorporated  in  the 1:50,000 bio- 
physical maps and their   importcnt  l imitations and  p o t e n t i a l  re la t ionships  t o  
physical  disturbance and  plant  air  emissions  discussed.  Important  character- 
i s t i c s  of  the terrain i n  the  reoional and local sense have been included i n  
the l a n d  system  analysis (1:25C.000) and the  biophysical  analysis (1:50,000). 
A terrain analysis  (1:24,000) h i l l  be provided by the geotechnical  consultant 
and  a s i te -spec i f ic   descr ip t ion  o f  the bedrock geology and su r f i c i a l  geology 
i s  discussed by Or. P.T. McCullough o f  B . C .  Hydro  and Power Authority13. 

io 

* 
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( e )  Soils 

The ssils   inventory can be comp.iled a t  various  levels  of mapping de ta i l  
depenjing upon the  degree of in:erpretation or analysis  required. The 
inven:ory for  the  local  study area was compiled from three sources: 

1) Soil  Association  MappirqJ5  available  for  the  entire  local  study  area 

2) Soil  Series  Mappin26 -. avai lable  for a r e l a t ive ly  small area 
wi th in   the   s i te   spec i f ic  s tudy  area of the  Thompson and  Bonaparte 
River Val 1 eys 

3 )  Modified Soil  Series Mapping - mapped  by Canadian Bio Reso'rces 
Consultants L td .  t h a t  covers the  lower  elevation  lands of .the 
Ha t  Creek Valley and  those uplands where detai led  soi l   analysis  
was required. 

Regiorally,   the  soils were mapped and br ie f ly  described a t  t he  order  level 
o f  t h e  Canadian So i l   C la s s i f i ca t ion   Sy~ tem '~ .  The mapping was completed  using 
existing  information a t  the   soi l   associat ion level provided by the  Resource 
Analysis Branch and Canada Department  of  Agriculture . This  information 
appears on the Land System Map  (Map 4-2) a t  a scale of 1:250,000. 

15 

The soil   association  level of mapping was available  in  only  provisional f o r m  
a t  the  beginn'ing of this s t u d y .  T h i s  provisional  mapping' was based primarily 
on a i r  p h o t o  interpretat ion o f  1:95,040 s c a l e   a i r  photos and a minimum of 
field  investigation.  This  provi!;ional  information was modified d u r i n g  the 
study through refinements  conducred by the Resource Analysis  BrancHusing more 
detail1.d 1:63,360 scale  air   photographs.  

* Resource  Analysis Branch, Bri1:ish Columbia Ministry o f  the Environment 
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The physiographic units ident i - ' ied  a t   th is   soi l   associat ion  level   of  mapping 
refl l tct  major changes i n  landform,  parent material, vegetation, soil develop- 
m e n t .  topography and drainage. Most units ident i f ied  contain two or more 
independent  soil  developments  defined by the System of Soi l   Classif icat ion  for  
Canada" a t  the   so i l  subgroup  ;eve1 of in te rpre ta t ion .  While th i s   l eve l  of 
m a p p ' n g  provides v a l u a b l e  information  about  the  physical  properties of the 
parent  materials on which the  soil  developed and the  biophysical  environment 
i n  which they e x i s t ,   i t  provides l i t t l e   o r  no  information  pertaining t o  the 
phys'cal o r  chemical a l terat ior ts  t h a t  exis t   near   the  soi l   surface or within 
the  ;:one of so i l  development a p a r t  from the  generic name. Any chelnical in- 
terpretat ions  associated w i t h  t h i s   l e v e l  of mapping r e f l e c t  modal so i l  
cond-tions and a re   o f   res t r ic ted   va lue   in ' re la t ing  t o  a spec i f i c  u n i t  ident i f ied  
by ttle soil associat ion mappins. I t  i s ,  therefore,   not  possible to use the 
information  from a soils  association  level  of mapping t o  determine  agricultural 
paranleters such as: productivity,  irrigation  requirements and f e r t i l i t y .  

The so i l s   s e r i e s  mapping i s   t he  most detai led form of so i l  mapping used i n  
taxonomic soil  assessments  for Canada . For this   level   of  mapping, detai led 17 

in te rpre ta t ions   a re  made from 1:15,840 s c a l e   a i r  photos based on extensive 
f ie ld   inves t iga t ions .  The physiographic  units  identified  reflect  major  changes 
i n  landform,  parent  materials,   vegetation,  soil  development,  depth of topsoi l ,  
textures,  topography, and drainage.  A t  th is   level   of  mapping, detailed  in- 
formation i s  provided on physical and chemical properties  within  the zone of 
soi l  development and  a full  taxmomic  description  based  both on f i e ld   i nves t i -  
g a t i o n  and a subsequent s a m p l i n g  and laboratory  analysis  is   provided  for each 
so i l   se r ies .  From t h i s  d a t a ,  i',lterpretations re la t ing  t o  t h e   s u i t a b i l i t y  of 
the s3il s e r i e s   fo r  a g r i c u l t u r a l  use,   suscept ibi l i ty   to   erosion,  water require- 
ment ~r water h o l d i n g  capacity ,lnd general   soi l   fer t i l i ty   are   avai lable .  

For t , le  modified s o i l   s e r i e s  mapping,  i n i t i a l   a i r  pho to  interpretat ion was 
conducted from 1:15,840 scale  a, ir  photos within  the  major  physiographic  units 
i den t ' f i ed  a n d  mapped. Field  checking was then in i t ia ted   us ing   th i s   in for -  
mation as a g u i d e  t o  determine  the  general number and  placement of  soi l  
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inspection  locations which, in t u r n ,  were used t o  c l a s s i fy  the  so.ils and 
ident i fy  any further refinements and a l terat ions  required t o  the  ident i f ied 
physiographic  units. 

Field  inspection  included two or three random profi le   inspect ions per map uni t  
depending on s i z e  and s o i l   v a r i a b i l i t y  noted within  the  unit .  These in- 
spections  generally  included  identification of the   so i l  development from 
visual   ident i f icat ion and soi l   colour   char t   ver i f icat ion,   soi l   texture  as 
a n a l y z e d  t h r o u g h  hand texturing  techniques,   drainage  characterist ics as noted 
i n  v i s u a l  inspection,  slopes as  recorded w i t h  a suunto  clinometer!,  free 
carbmates  as evident from visual   inspect ion,   sa l ini ty   as   evident  from 
presmce of s a l t   c r y s t a l s ,  and stoniness  as noted from f ie ld   inspect ion.  
For those parameters such as  c3lcareous  nature and s o i l   a l k a l i n i t y ,   s o i l   t e s t s  
were made of cha rac t e r i s t i c   so i l   p ro f i l e s ,   u s ing   f i e ld   ac id   t e s t s  and pH t e s t  
k i t  3nalysis which gave r e l a t i v e  values for   these items. 

Maps a t  the   soi l   associat ion  lcvel   are  compiled for  the  local s tudy a rea   a t  
a s m l e  of 1:50,000. For la& a t  the lower elevations  in  the Hat Creek 
vall1.y and  for other   areas  whe,-e detai led  soi ls   information  is   required,  maps 
are  compiled using  e i ther  the !soil ser ies   or   modif ied  soi l   ser ies   information 
a t  a sca le  of 1:24,000. 

( f )  Land System Mapping 

A l a n d  system mapping  approach  has been app l i ed  t o  the  regional  study  area, 
mapptld a t  a scale o f  1:250,000. I t s   l eve l  of generalization i s  based and 
designed t o  f a c i l i t a t e  a quick  overview of physical and  biological  systems 
present w i t h i n  the  regional  study  area.  Specific  physical and  biological 
aspec:ts i n c l u d e d  in  the mappin!) are  geology,  slope and landform, s o i l s  and 
biogeoclimatic  zones of the  regional  vegetation. The basis  for  using  this 
m a p p i n g  approach i s   t h a t  it sunmarizes all  the  physical  aspects  into one map 
rather  t h a n  many, as  well as exhibit ing  the  relationship between the various 
physical and biological  resourc:es. Only t h i s  map will  be referred t o  when 
describing  the  physical  resourc:es of the  regional s tudy  area. 
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3.2 VEGETATION 

( a )  Study  Personnel 

Stephan  Houseknecht  of The TERA Environmental  Resource  Analyst  Limited con- 
ducted  the  vegetation  inventory. George Otto, a l ichenologist ,  compiled a 
l i terature   survey  of   plants   sensi t ive  to   a i r   emissions.  James Pojrr  aided i n  
the iden t i f i ca t ion  of grasses, nosses and lichen species. Dr. V . C .  Runeckles, 
Department  of Plant  Science,  University of British Columbia  and Dr. H .  Bunce 
of Reid,  Collins and Associates Limited completed the  assessment  of  air  
emission e f f ec t s  on the  vegetation. 

II 

a 

( b )  Concept 

The concept u t i l i zed  i n  th i s  study t o   c l a s s i f y  t h e  vegetation o f  the Hat Creek 
area was developed by Krajina 02' O3 and i.s a h i e r a r c h 4  one using several 
levels  of  integration,  each one yielding  additional  information on vegetation, 
s o i l s ,  and other  environmental  Darameters. In this sense, Krajina's  approach 
i s  ecosystematic  because b o t h  vzgetation and  environmental  parameters are used 
to   c l a s s i fy  a particular  "association".  

Three levels   of   integrat ion wer? used to   descr ibe the vegetation of the . 

Hat  Creek area;  namely the  biogeoclimatic zones, the  association, and the 
forest   type.  A biogeoclimatic zone i s  a geographic  area  that i s  predominantly 
contr3lled by the same macro-climte and characterized by the same zonal s o i l s  
and the same zonal (climatic  climax) vegetation". A biogeoclimatic zone, 
therefore ,  can be considered a regional  ecosystem  containing many smaller 
ecosystems. Topography i s  one ,of the  major too ls  used in the mapping of t h e  
biogeJclimatic  zones,  since i t  integrates many parameters o f  climate  as  well 
as  vegetation and soils. 

The association  concept  within  ,the  structure  of  each  biogeoclimatic zone 
classifies  the  vegetation  in a more detai led manner. An association has a 
de f in i t e  uniform  vegetation  com;oosition and  physiogomy, and is  associated  with 
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a cer ta in   se t  of environmental and physical  factors. Each vegetation  associa- 
t ion   i s  named using the dominant overstory and understory  species in the  
c l i m t i c  climax s t a t e .   I t  should be emphasized t h a t ,  because of abundant f i r e s ,  
insec:t   infestations and logginq t h r o u g h o u t  the area ,  most associat ions  exis t  
i n  a seral   condition. When f i r e  or logging remves the ex is t ing  climax vege- 
t a t i c t n  and invader  species mix with the climax  type, t he  vegetatioq  associations 
are r o t  easily  determined from the fo res t  tree layer .  Although the  overstory 
may t,e  completely removed or  altered in   se ra l   s ta te ,  the  understory  species 
usual ly   pers is t  a n d  are  very important  indicators o f  the  association  types. 
Becatse of the  seral   nature of most o f  the fo re s t s  of the  study a rea ,  t h e  fo re s t  
types were grouped and mapped within  each  vegetation  association. A fo re s t  
type  is  defined by its  overstory  composition. In order t o  be l is ted  within a 
forest   type,  a t ree species must make u p  a t   l e a s t  10 percent of the canopy 
coverage.  Generally,  the f i r s t   s p e c i e s   l i s t e d  i s  the  dominant one, while any 
further  species  vary  in  their   contribution t o  the overall canopy coverage. 

( c )  Sampling Scheme 
" 

* 

d 

I 

(i) Regional  Survey 

The biogeoclimatic  zones were mapped within  the  regional  study  area from the 
Biogeoclimatic Zones of  Brit ish Columbia Map compiled by the  Ecological 
Reser,/es  Comittee and from field  observations mainly  within t h e  Hat Creek 
watersshed. The observations of Brayshaw': Arlidge'b: McLean , and B e l l  , who 
studied  the  interior  of  Brit ish Columbia, were also  consulted. 

54 

07 . .08 

( i i )   D e t a i l e d  Survey 

The f i e l d  programne consisted 01' a reconnaissance and  sampling  phase. The 
reconraissance  phase i s  used t o  famil iar ize   the observer w i t h  the a"ea a n d  i t s  
vegetztion  patterns. The better,  the  reconnaissance  phase,  the  easier a n d  more 
e f f i c i en t ly   t he  sampling  phase c a n  be carr ied o u t .  In t h e  sampling  phase, the 
obserker  subjectively  chooses a "homogeneous" s t and  t h a t  represents a v is ib le  
vegetation segment a n d  continues  until a l l  the  vegetation segments have been 
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sampled. The number of  repl-icatzs used largely depends on the  complexity  of 
the  vegetation and  degree  of   s t r3t i f icat ion  desired  within the time  constraints. 
Tnis  type of subjective  sampling has been used by many phyto-sociologists  in 
the  Pacific Northwest. I t  has been found t o  be accurate and  f l ex ib l e ,  and 
eliminates much repeated  sampling comnon in objective approaches t h a t  use 
random or  systematic  sampling schemes . 09 

After a sample stand had been c h x e n ,  a 10 x 10 m p l o t  was la id  o u t .  Physical 
d a t a  were collected as indicated on the  physical d a t a  form (Appendix A ) .  Slope, 
elevation and aspect were determined  using  the  appropriate hand held instru-  
ments. The remaining  parameters were determined  visually or from already 
existing  information  (soils  data).   Vegetation d a t a  were s t r a t i f i e d  by layer 
( i . e .  t ree ,   shrub,  herb and moss). C r i t e r i a   f o r   t h i s   s t r a t i f i c a t i o n  i s  con- 
tained i n  Appendix C.  Visual  cover  estimates were made on a l l  species  within 
each l?,yer, as well as the  total  layer  coverage. In addition, one increment 
core from each t ree   species   present  was taken and  i t s  diameter and  height 
were rxorded .  The presence of ;any diseases was also noted. Replicate  plots 
f o r  eazh vegetation  association were  compared and synthesized t o  y ie ld  a f ina l  
s e t  o f  vegetation  associations a:; well as  descriptions.  These were mapped a t  
a scalm? of 1:50,000. 

A t o t a l  of  78 plots  were located  throughout the  loca l  study area. The locations 
o f  the  vegetation p l o t s  a r e  found on the 1:50,000 vegetation  association map 
(Map 4-15). Most of t h i s  work was completed between September 20 and 
Octobe" 31, 1976 (66 p l o t s ) .  Because of the  la te   date  t h a t  f i e l d  work began, 
additional work was carr ied o u t  ' in  the  spring o f  1977 (May 20 t o  May 2 6 ,  1977). 
T h i s  w o r k  entailed  the  establishment  of 12 additional  plots and field-checking 
of already  established p lo ts  t o  ,include  spring  flowering p l a n t  species which 
were  m.issed during  the  fall  survey. 

( ( I )  Data Analysis - Detailed Survey 

The anitlysis was carr ied o u t  usirlg the  phyto-sociological  techniques of the 
Zurich-Montpellier School as  adacted by Krajina". The s imi l a r i t y  o f  
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v e g e t a t i o n  and e n v i r o n m e n t a l   f a c t o r s  were p r o g r e s s i v e l y   s t r a t i f i e d   v i s u a l l y  i n  

a tabu la r   fo rmat ,   and  p resence  and mean spec ies   cove r   used   as   t he   ma jo r  

c r i t e r i a  f o r  d e s c r i b i n g   a n d   d i f f e r e n t i a t i n g   t h e   a s s o c i a t i o n s .  A technique  de-  

ve loped   by   K l i nka ”  was used t o   s t r a t i f y   t h e   v e g e t a t i o n  a n d   e n v i r o n r n e n t a l   f a c t o r s  

i n t o   a s s o c i a t i o n s .  The p l a n t   s p e c i e s   w e r e   g r o u p e d  on e a c h   t a b l e   a c c o r d i n g   t o  

t h e   f c l l o w i n g   c r i t e r i a :  

- v e g e t a t i o n   s t r a t a ,  

- h i g t e s t  presence,  and 

- h i g t e s t  mean cover .  

T h i s  i s  e s s e n t i a l l y  a p r o g r e s s i v e ,   s y n t h e s i z i n g   p r o c e d u r e   w h e r e   e n v i r o n m e n t  - 
v e g e t z t i o n   r e l a t i o n s h i p s   a r e  coarpared f o r   s i m i l a r i t i e s   o f   d i f f e r e n c e s   a n d   t h e  

p l o t s   g r o u p e d  and r e g r o u p e d   u n t i l   t h e  maximum d e g r e e   o f   c o n s i s t e n c y  i s  ach ieved 

be tween  the   vegeta t ion   and  env i ronmenta l   components .  

The f i n a l   e n v i r o n m e n t  - v e g e t a t i o n   t a b l e s   d e r i v e d   f r o m   t h i s   p r o c e s s   a r e  

p r e s e r t e d  i n  Appendix C a l o n g   w i t h   d e s c r i p t i o n   o f   t h e   p a r a m e t e r s   u s a d   a n d  how 

they  were  determined.  

( e )  B i o p h y s i c a l   A n a l y s i s  

The b i o p h y s i c a l   a n a l y s i s  was o r i g i n a t e d  i n  Canada by  Lacate12 t o  se rve   as   t he  

b a s i s   t o   d i f f e r e n t i a t e  and c l a s s i f y   e c o l o g i c a l l y   s i g n i f i c a n t  segments o f   t h e  
l a n d  s u r f a c e .   T h e   b i o p h y s i c a l   m e t h o d   a l l o w s   t h e   m a p p i n g   a n d   i n t e r p r e t a t i o n  

o f  t h e   p h y s i c a l  and b i o l o g i c a l   f e a t u r e s   o f   t h e   l a n d s c a p e s   t o   t a k e  p’lace i n  a 

h o l o c c e n o t i c   a p p r o a c h   t h a t   i n t e s r a t e s   c l i m a t e ,   g e o l o g y ,   l a n d f o r m .   s o i l s   a n d  

v e g e t z t i o n   i n  homogeneous u n i t s .   T h e r e f o r e ,   i n s t e a d   o f   i d e n t i f y i n g   e a c h  com- 

ponent o f  t h e   e n v i r o n m e n t   a s   a n   i n d i v i d u a l   e n t i t y ,   b i o p h y s i c a l   a p p r o a c h   t r e a t s  

them c s  i n t e g r a t e d   b o d i e s .  

Two l e , v e l s   o f   i n t e g r a t i o n   w e r e   L s e d ,   t h e   b i o p h y s i c a l   u n i t   a n d   t h e   b i o p h y s i c a l  
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s u b u l i i t .   T h e s e   u n i t s   c a n   b e   d e f i n e d   a s   f o l l o w s :  

B i o p h y s i c a l   U n i t :  

A complex o f   b i o p h y s i c a l   s u b u n i t s   t h a t   p o s s e s s   t h e  same landform,  

s o i l   g r e a t   g r o u p   a n d   o c c u r   i n   t h e  same b i o g e o c l i m a t i c   z o n e .   T h i s  

u n i t  i s  used fo r   t he   desc l ' i p t i ve   phase   and  i s  n o t  mapped ( r e f e r   t o  

Map 4-7a. 7b and  Appendix D). 

B i o p h y s c i a l   S u b u n i t :  

A d e t a i l e d   u n i t   u t i l i z i n g   l a n d f o r m ,   s o i l   g r e a t   g r o u p ,  and   vege ta t i on  

a s s o c i a t i o n s .   S o i l   g r e a t   g r o u p s   t h a t   e x h i b i t   l i m i t a t i o n s ,   s u c h  as 
e r o s i o n ,   h i g h   a l k a l i n i t y ,   a n d   f l o o d i n g  wen? a l s o   d e l i n e a t e d .   T h i s  

i s  a mapping u n i t  and i s   d e s c r i b e d   w i t h i n   t h e   c o n t e x t   o f   e a c h   b i o -  

p h y s i c a l   u n i t   ( r e f e r   t o  Map 4-7a. 7b,  and  Appendix D). 

The i l g g r e g a t i o n   o f   t h e   b i o p h y s ; c a l   s u b u n i t s   i n t o   b i o p h y s i c a l   u n i t s   f o r  

d e s c r i p t i v e   p u r p o s e s   e l   i m i n a t e t l  much o f  t h e   d e s c r i p t i v e   r e p e t i t i o n   i n h e r e n t  

i n   t h e   s u b u n i t s   b e c a u s e   o f   d i f f e r e n c e s   i n   v e g e t a t i o n   a s s o c i a t i o n s   . t h a t   c a n  

be a c c u r a t e l y   g r o u p e d   b y   b i o g e c l c l i m t i c   z o n e .  

In t t l e   mapp ing   phase ,   t he   b iophys i ca l   subun i t s   were   a r r i ved  a t  by dn  
u p o ~ t e r i o r i  i n t e g r a t i o n   o f  maps comple ted   dur ing   the   inventory   phase  and 

a l r e z d y   e x i s t i n g  maps. T h i s   t E c h n i q u e   p r o d u c e d   r e l a t i v e l y  homogeneous u n i t s  
i n  t e r m s  of c l ima te ,   l and fo rm,  s o i l s ,  and  vegeta t ion .  The b i o p h y s i c a l   s u b -  

un i t :   we re   t hen   g rouped   i n to   t he  same b i o g e o c l i m a t i c  zone t o   f o r m  il b i o -  

p h y s i c a l  u n i t  t h a t  was t h e n   c l a s s i f i e d   i n   t e r m s   o f  i t s  p h y s i c a l   a n d   b i o l o g i c a l  

c h a r a c t e r i s t i c s .   L i m i t a t i o n s  and i t s  r e s o u r c e   c a p a b i l i t i e s  were a l s o  a t tached .  

T h i s   i n f o r m a t i o n  was r e c o r d e d   i n  a t a b u l a r   f o r m a t   a n d   p r e s e n t e d   i n   t h e   i n v e n t o r y  

s e c t i o n .  

The v a l u e   o f   t h i s  system l i e s   i n  i t s  a p p l i c a b i l i t y   i n   d e f i n i n g  areas t h a t  have 

e n v i r o n m e n t a l   l i m i t a t i o n s .  For example,   s ince a b iophys i ca l   subun ' : t  i s  an 

i n t e g r a t i o n   o f   c l i m a t e ,   s o i l . ,   l a n d f o r m ,  and v e g e t a t i o n ,  one subunit:  may possess 

s teep   s lopes ,  a h i g h l y   e r o d a b l e   s o i l ,  and a s e n s i t i v e   v e g e t a t i o n   a s s o c i a t i o n .  

a 
\ -  
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All o f  these  factors can be l imi ta t ions  t o  development.  Therefore,  rather  than 
h a v i n g  a number o f  maps or desc'- iptions,  one subunit can handle a l l   i n t e r -  
pretations and  i s   s e n s i t i v e  t o  :synergis t ic   effects  between the  assclciated 
envirmrnental  parameters. In alldit ion,  the subuni ts   are   a lso  s i te-specif ic  
and  tne  observer can note where the mst environmentally  sensitive and l e a s t  
sensi t ive  areas   exis t .  

Folloding one t a b u l a r  l i s t i n g  o f  the  physical and biological  charac.terist ics 
of each uni t ,  an assessment of i t s   resource   capabi l i ty  was prepared by 
each  consultant  responsible  for  his  respective  discipline. 

The agricul tural  and grazing  ev831uation was prepared by Canadian Bio Resources 
Consultants  Limited;  the f o r e s t y   e v a l u a t i o n  was done by Reid,  Collins and 
Associates  Limited; and the  wildlife  assessment was completed j o i n t l y  by 
The TERA Environmental  Resource Analyst  Limited and L . R .  Erickson and Associates 
L t d .  The methodology for   ass igning  each  resource  capabi l i ty   is   d ixussed below 
by d isc ip l ine .  

Ac~-&clll ture  and Grazing 

The r2lative  value t o  agr icul ture   of  the lands  within  the  local  study area was 
based on agricultural   capabili ty  information presented in  the  Agriwlture  Report 
of t h ?  Hat Creek Detailed  Envirlmmental  Studies. For lands  within the s i t e -  
specific  study  area.  a more detailed  approach was used, based on the  assessment 
of  potent ia l   agr icul tural  use presented i n  the  Agriculture  Report c,f the Hat 
Creek Detailed  Environmental  StlJdieS. Both methods provide  comparable  values 
w i t h  the  information on the  s i t ]?-specif ic   s tudy area being more det.ailed and 
accur3te. 

Infornation on the  lands  in the local  study  area b u t  outside  the  boundaries  of 
the  s i te-specif ic   s tudy  area was subdivided i n t o  units  according t o  f ive   c lasses  
of a g r i c u l t u r a l  capabi l i ty  and  ,Five c lasses  o f  g r a z i n g  capability.  This  land 
c l a s s i f i ca t ion  had  been based 011 provincial  reports 13> and mappings IS, 16, 17,18 

pertaining t o  agr icu l tura l   capabi l i ty .  
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For the  purpose of the  biophysical  assessment,  land  units  with Cariada  Land 
Inverltory [CLI) agr icul tural   capabi l i ty   c lass  1 or 2 (land  with ncl or minor 
l imitat ions for the  production of a wide range of crops) were rated  as 
l a n d  w i t h  high agricultural  va'lue;  land  units  with CLI agricul tural  capa- 
b i l i t y   c l a s s  o f  3 or 4 (land w i t h  moderate r e s t r i c t ions  of so i l  and climate 
whic? l i m i t  the  range o f  agricultural   crops) were rated  as  land  with medium - 
h i g h  agricultural  value;  land  units  with CLI  agr icul tural   capabi l i ty  
c las ;  5 (land which i s  l imited t o  the  production of perennial  forage  crops 
o n l y )  were rated  as  land w i t h  ':he  medium agricultural   value; and land units 
w i t h  grazing  capabili ty  classes were rated  according t o  t h e i r  numerical 
grazing  class,   i .e. ,  1, 2 ,  3, 4, or 5 .  Grazing class 1 indicates  the  best 
g r a z i n g  land and class  5 ,  the  worst. Land with  grazing  class 4 or 5 would  be 
considered of  r e l a t ive ly  low viilue t o  agr icul ture .  For lands  within  the 
site-specific  study  area,  the  land was subdivided  into  units  according  to  its 
potential use for the  production of  key crop  types. The potential  uses had 
been assigned based on series  level  soils  information  (see  Section 4 . 1  ( d ) )  and 
provlncial mappings pertaining t o  s o i l s  and climate. 

W i t h ' n  the   s i te-specif ic   s tudy  area (1:24,000), a more detailed  investigation 
was available  as a r e s u l t  of t t ie  agricultural   studies completed by Canadian 
Bio 1:esources Consultants Ltd .  This  information was used fo r  land units  occurr- 
i n g  within  the  site-specific  study  area and is  defined below. 

For t.he  purpose o f  the  biophysical  assessment,  land  units w i t h  the  potential 
f o r  t.he p roduc t ion  o f  tomatoes and  corn were rated as  l and  w i t h  hi!gh agr icul tural  
v a l u e ;  l a n d  uni ts  w i t h  the  potential  for  the  production of  cabbage and hay were 
ratec  as l a n d  w i t h  medium high agricultural   value; and  land u n i t s  w i t h  the  poten- 
t i a l  fo r  improved pasture  use were rated  as  land  with medium agricultural  value. 
The biophysical  assessment of  grazing  lands o f  the  si te-specific  study  area was 
the same as  that  prepared f o r  the  local s tudy area. 

I 
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Forestry was rated  as good, modcrate,  poor, or non-productive basecl  upon the 
forest   productivity  rating  foun'j  on t h e   f o r e s t   s i t e  map prepared by Reid, 
Collins and  Associates  Limited. The biophysical map  was overlain  onto  the 
fores t ry   s i te  map and  the  uni ts  compared. A dot   ta l ly  was done t o  compare the 
degree of s imi la r i ty  between the  biophysical  subunits and f o r e s t   s i t e  mapping. 
The systems of  mapping were f o u i d  t o  be highly  related. Some of  the  relation- 
ships were f o u n d  t o  be borderline between medium and poor s i t e ,  anci were given 
a "poor t o  medium" resource  capabili ty.  In others ,  a s i t e   c l a s s  rz.nge  from good 
t o  non-productive was found bec$luse  of  small  micro-topographical  differences 
t h a t  Here n o t  mappable. Howeve?, these  types of differences were very seldom 
encountered. 

Wildlife 

The wildl i fe  component was handled by assigning a ranked score t o  the  bio- 
physical  subunits  corresponding t o  their   value t o  wildlife.  Eight  categories 
(waterfowl, b i g  game, gamebirds, non-game birds,   rare and endangered species,  
furbe3rers, small marmnals,  and , -ep t i les  and amphibians) were considered  for 
each 3iophysical s u b u n i t .  Each wildlife  category and  biophysical u n i t  combin- 
a t i o n  was assigned an importance  value  ranging between 1 (minimal) and 4 (maximal) 
indicating  the  relative  value o f  the  biophysical  unit t o  the  wildlife  resource 
i n  qwstion.  Occasionally, a  virlue of 0 was used to   indicate  an absolute  lack 
o f  resource  value. The vegetation  association component o f  the  biophysical 
c lass i f ica t ion  was re la ted   to   the   wi ld l i fe  sampling pmgramne and has  used as 
the ppimary determinant  of  wild'life resource importance va lue  (Table 3-1). 

" 

A weighting  factor was derived by ranking  the  eight  wildlife  categories,  also 
on a jcale of  1 t o  4 ,  according t o  the economic or ecological  value of  the  local 
resource in  comparison with  reg.iona1 and  provincial  resources. A value  of 4 i s  
assigned t o  waterfowl, a value of 3 i s  assigned t o  gamebirds and t o  non-gam 
bi rds ,  a value of  2 is  assigned t o  furbearers and t o  small mammals,  and a value 
of 1 . i s  assigned t o  r a re  and endangered  species and t o  r ep t i l e s  and amphibians. 
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WILDLIFE  RESOURCE  CAPABILITY  RANKING 
BY VEGETATION  ASSOCIATION  (BIOPHYSICAL) 



TABLE 3-1 (Cont inued) 
1 

TOTAL Y I L E l F E  
IMPORTANCE VALUE 



* 

I 

n 

I 

P r 

Rare and endangered  species art! assigned a minimal value  because r o s t  of those 
species  present i n  the  regiona'l  study  areawould  not  occur  in  the  local  study 
area Those rare or endangered  species which can occasionnally be found in 
the Hat Creek Valley  are  mostly  birds  associated  with  wetlands. Deer and  moose 
were given  values of  4 and 3 ,  respectively,  because of t h e i r  importance t o  local 
wild'iife  resource  users. A to,:al wi ldl i fe  rank score  for  the  vegetation 
asso1:iation component of each  biophysical u n i t  was obtained by  summing the 
prodllcts of the  weighting  factor and  the rank score  for each wildlife  category 
(Table 3-1). This  established a t o t a l  wildlife  value or capabi l i ty   for  each 
biopiiysical u n i t .  

AssilJning a rank score t o  the 1)iophysical  units  corresponding t o  their   value t o  
wate.-fowl is   s t ra ightforward.  Most of the biophysical  units  occur  in upland 
area!; which have e s sen t i a l ly  n o  value t o  waterfowl. Lakes and saline  depression- 
al  a!-eas have a h i g h  value t o  treeding,  nesting, and feeding  waterfowl. Bio- 
phys,ical  subunits  containing Bunchgrass - Kentucky Bluegrass/Saline  Depression 
vege.:ation  complexes were a l s o  ra ted  as  having a high  waterfowl  value  despite 
saline  depressions  accounting  for  less t h a n  five  percent  of  the  land  area  of 
thest? complexes because some 01: the best  waterfowl habitat  in  the  regional study 
area  occur i n  these  biophysica'  units. 

Other  wetlands have  a lesser   s 'gnif icance t o  waterfowl.  Biophysical  units 
containing  Riparian and Willow - Sedge Bog vegetation  are  considered t o  have 
a moderate  value t o  waterfowl,  as  these units provide  cover and feed t o  water- 
fowl and can be important  t o  b o t h  n e s t i n g  and m i g r a t i n g  b i r d s .  Riparian/open 
range  complexes and cult ivated  f ields  are  regarded  as having the potent ia l   for  
low value t o  waterfowl. 

I n  addi t ion ,   l imi ta t ions  t o  construction,  operation, and  decommissioning were 
attached t o  each u n i t  based on i t s  physical and biological   character is t ics ,  and 
assoc.iated  resource  capabili t ies.  These w i l l  be used extensively i n  the  assess- 
ment phase of  the study  in o r d w  t o  locate  environmentally  sensitive  areas and 
suggcmst mitigation and  compense tion  procedures. - 

I- 
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4.0 RIISOURCE INVENTORY 

4 . 1  P-IYSICAL HABITAT 

( a )  Climate 

( i )  Terrain Effects 

The climate of the regional  study area r e f l ec t s   t he  pronounced influence o f  
major mountain systems t o  the west (Coast Range) and to   the   eas t  (Rocky 
Mountains). In addition, weather a t  any specif ic   locat ion  within  this   inter-  
montare  area w i l l  reflect  local  topographical  features.  Despite  the  character- 
izat ion implied by i t s  name, the Thompson Pla teau   i t se l f   exhib i t s   s ign i f icant  
terrain variations due primarily  to  erosion by large rivers such as  the 
Fraser, and Thompson, and  smaller  ones  like Hat Creek. The i r r egu la r   t e r r a in  
i s  o f  primary  importance  in terns of  regional patterns of temperature. 
p rec ip i ta t ion ,  and wind  flow. 

The presence of the  Coast Range, r i s ing  t o  e levat ions of 3050 m (10,000 ft.) 
r e s t r c t s   t h e  region of mild anc humid maritime  climate t o  a narrow band along 
the  Pilcific Ocean. The cooling  experienced by t h i s  moist a i r   a s   i t   i s  forced 
by tht! prevai l ing  wester l ies  up the mountajn slopes  results  in  considerable 
prec ip i ta t ion .  The Coast Range is ,   therefore ,   responsible   for   the  dramatic  
difference between the damp coastal  climate and  the  relatively  dry  conditions 
preva.lent i n  the   southern  inter 'or  of  British Columbia.  The cont inental   a i r  
flow i n  t h e  i n t e r i o r   i s   s i m i l a r l y   l i f t e d  over the western slopes of the Rocky ' 

Mount,iins,  resulting a g a i n  i n  r t t la t ively h i g h  annual precipi ta t ion  ra tes .  The 
wide difference of temperature  patterns  within  the  study  region  is   also 
direc.:ly  related t o  var ia t ions , in  t e r r a i n .  

Orogr3phic  channeling and loca l   c i rcu la t ions   se t  up by rugged te r ra in   a re  a t  
least  as  important  as  large-scale  pressure  systems  in  determining  the  strength 
and directional  sense o f  the winds a t  many locations w i t h i n  this  region. Wind 
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rose!;  developed from observations i n  mountain val leys   invariably  ref lect  
prevail ing  f lows  parallel   to  valley  walls.  Wind speeds  are  greatest  when 
synoptic  scale winds reinforce  terrain-induced  circulations.  

( i i )  Seasonal  Influence 

Uppe,--level winds (e .g . ,   those a t  500 mb a t  Or a b o u t  1645 rn (5400 f t . )  above 
sea  ' level)  are  generally from rest  to   ea s t ,  b u t  are  modulated by meridional 
currents t h a t  a r i s e  from different ia l   heat ing between the  equator and pole. 
The implitude o f  the  north-south waves appearing  in  the  streamlines  aloft 
detelmines  the  potential  for storm ac t iv i ty   near   the  ground. These perturb- 
a t ions  are   par t icular ly   s t rong  a t   cer ta in   t imes of the year,  and t n i s   i s  
re f l tx ted   in   the  mean seasonal  paths of synoptic  scale  pressure syijtems. A t  
the ' at i tude o f  the Hat Creek Project  area,  the  passage o f  upper-a.ir waves 
i n  the sp r ing  and f a l l  tends t c l  increase  the  frequency  of such systems d u r i n g  
thest: seasons. In winter  the  's torm  track"  is   generally south of  .the study 
region; d u r i n g  the summer, cyclones  typically  pass t o  the north. Such 
seasonal s h i f t s   r e s u l t   p r i m r i l y  from the  migrations and re la t ive   pos i t ions  
of three  major  pressure  systems:  the semi-permanent h i g h  pressure region 
over the northern  Pacific  Ocear,  the  low-pressure  centre  over the Aleutians, 
and the  continental ridge of  h i g h  pressure  that   builds over Alaska d u r i n g  
w i n t w .  The following  sections  provide  basic  information  regarding  the geo- 
graphical and seasonal  distribution o f  specific  cl imatological  variables 
w i t h i n  the regional  study  area, 

( i i i )  Precipi ta t ion 

The effectiveness of  the  Coast Range in  blocking the intrusion of  maritime 
a i r  i n t o  the  southern  interior  of  the  Province  is  evidenced by the generally 
low t o t a l  precipitation  recorded  at  weather observation  stations or1 the   l ee  
side o f  these  mountains. Annual precipi ta t ion i n  the Coast Range st the 
headwaters of  the Stein  River  is  about 2000 (79 i n . ) .  Corresponding  values 
of  fran 240 mm (9 i n . )  a t  Ashcroft t o  400 nun (16 i n . )  a t  Williams Lak.e are  
recorded  further  east. The Ashcroft  area i s  one of the driest in  E,ri t ish 
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Columbia. I n  general ,   s ta t ions  a t   h igher   e levat ions  record  the  highest  pre- 
cipi ta t ion.   Total   precipi ta t ion i n  the Clear and Marble Ranges t o  'the west 
o f  the Hat Creek project   area  is  estimated a t  about 750 m (30 i n . ) ,  with up 
t o  lOC0 nun (39 i n . )  expected  in  the Adam Lake Plateau  northeast of Kamloops. 
Only l imited measurements are   avai lable   for   the Harry Lake s i t e .  However, i t s  
elevation and position  with  respect t o  surrounding  terrain  are  simi'lar t o  Dog 
Creek and Williams Lake. On the  basis  of  records  for these cl imate   s ta t ions 
and  d a t a  taken  in  the Hat Creek Valley (Lehman Ranch), to ta l   p rec ip i ta t ion  
near  harry Lake i s  expected t o  be in  the  range from 350 mn (14 i n . )  t o  400 mn 
(16  i n . )  per annum. Hat Creek Climate Station  data  are  representative of the 
proposed mine s i t e .  Annual average  precipitation  there  is   about 310 mn (12 i n . ) ,  

Annua l  snowfalls of 10 m ( 3 3   f t . )   o r  more are  found a t  Coast Range locations 
and  i n  the western  slopes of the Rocky Mountains. Snow d e p t h  measurements 
were taken a t  three locations  within the local  .study  area:  Pavilion Mountain, 
Harry Lake and Cornwall Hil l .  The Harry Lake Climate  Station i s   t h e   c l o s e s t  
t o  the  proposed  plant and  mine s i t e .  Average snow depths a t  Harry Lake during 
a period from January 1977 t o  December 1977 did  not  exceed 28 an (11 i n . ) ;  
however, i n  March of 1978 snow depths  reached 69 cm (27 i n . ) ,  indicat ing  that  
the 1976-1977 season was par t icu lar ly   l igh t .  Maximum average snow depths were 
recorded a t  Pavilion i n  February 1978 w i t h  64 cm (25  i n . )  and a t  Cornwall i n  
May 1978 w i t h  149 cm (59 i n . ) .  From the limited  sampling  period, Cclrnwall 
Hill  appears t o  receive  the most snowfall. On the  basis  of  elevation and 
re la t ive   loca t ion ,  an average  seasonal  snowfall  of  170 cm (67 i n . )  t:o 180 cm 
(71 i n . )  may be expected a t  the  zroposed power p l an t   s i t e .  The  Hat Creek 
Climate  Station i n  upper Hat Creek Valley  annually records an average o f  
133 cm ( 5 2  i n . ) .  The minimum s n ~ w f a l l  region  within  the  study  area  is  Ashcroft 
where the annual average i s  only  about 50 an (20 i n . ) .  

( i v )  Humidity 

The  hiN3hest mean r e l a t i v e  humidi,ty recorded at   c l imate   s ta t ions  within  the 
regiowl  study  area  occurs durin!g the  winter  season. F a l l  a lso  exhibi ts  
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r e l a t ive ly  high  humidity.  Spring and sumer   a re   the   d r ies t   seasons  in  terms 
of relative  humidity. These results apply to   s ta t ions  located  over  a wide 
range of e levat ions.  A t  Ashcro.Ft and Dog Creek. dewpoints a re   typ ica l ly  
lower  than a t  o ther  measurement locations,  although  relative  humidities  are 
a b o u t  the same. These areas  appear t o  be somewhat cooler and d r i e r  than 
Kamlolps, Kelowna, Lytton,  or  Pl?nticton. 

E i g h t  mechanical weather  stations have been ins ta l led  and  operated by 
B X .  iydro and Power Authority ' in  the Hat Creek region  s ince  la te  1974.  Data 
deriv?d from these measurements indicate t h a t  the  diurnal  range of r e l a t ive  
h u m i d i t y  i s  extremely  large  in ':he lower Hat Creek Valley  (approximately 40 per- 
cent !dur ing  spring and sumner). Relative humidity a t  the Harry Lake s i t e   i s  
s l ight ly   higher  t h a n  t h a t  a t  Karnloops d u r i n g  the day  and about  the same during 
the n i g h t ,  except d u r i n g  winter when average  nocturnal  values  are somewhat 
h i g h e - .  For reference,   seasona'   relative  humidities  at  Kamloops are:  winter 
( 7 9  pl?rcent) ,   spr ing  (58  percent) ,   sumer (54  percent) ,  and f a l l  (72  percent). 

( v )  Temperature 

A higl i  degree of seasonal  temperature  variability  is  observed  within the 
regional  study  area. This i s   c h a r a c t e r i s t i c  o f  regions dominated b,y contin- 
ental climate. Mean seasonal  temperatures of Atmospheric Environment Service 
Stat ions range from about -7' t o  -3' C (19' t o  27OF) in  winter and  between 
15' and 20' (59' and 68OF) in stmer. Absolute maximum and minimum temperatures 
r e f l e c t  a much greater  variation. The maximum and minimum values r x o r d e d  a t  
Lytton over a p e r i o d  o f  40 year!; are  44.4OC ( 1 1 2 O F )  and -31.7'C (-25OF) .  

respectively.  Corresponding values fo r  Ashcroft are about 39OC' ( 10Z°F) and 
-37'C (-35OF).  The Hat Creek Climate  Station i n  the upper Hat Creek Valley 
has experienced an absolute maximum of 35.6OC (96OF)  and a minimum  ,of  -42.8OC 
(-45'1'). 

I t  i s  useful i n  the context of  this   s tudy t o  examine mean daily  temperatures 
f o r  Jitnuary and  July. W i t h i n  the  study  area mean daily  July  averages  range 
from rmre t h a n  20°C (68OF) a t  Kzmloops, Savona, and Lytton t o  l e s s  ,than 
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1 2 O C  :54OF) a t  Nicola  Plateau. A July mean of  about 15'C (59OF) i s  found a t  
the H i i t  Creek Climate  Station. Mean daily  temperatures  during the month of 
Janua,-y are  within  the  range  of -3OC  C27OF) a t  the lower elevations  (e.9.. 
Lytton and Ashcroft) t o  about -:.Z0C (lO°F) at   higher   locat ions  [e .g . ,  Dog 
Creek,  Williams Lake, and Hat  Creek). The January mean daily  temperature a t  
the H,lt Creek Climate S t a t i o n  i!, -U.O°C (12OF). 

Locations  with a mean t o t a l  of il00 or  more f ros t - f ree  days are found a t   t h e  
lower elevations  within  the  study  region  (e.g..  Ashcroft, Kamloops, Keloma, 
Lytto:l,  and Penticton).   Stations  located  in higher t e r r a i n ,  such as  Dog 
Creek and Williams Lake record  about 170  f ros t - f r ee  days. An annual mean of 
134 f , -ost-free  days is   reported  for   the Hat Creek Climate  Station. In regions 
above 1200 m (3950 f t . )  MSL, 50 t o  100 frost-free  days  are  recorded. A t  very 
h i g h  elevations i n  the  Nicola  Plateau and the  Coast Range, less  than 50 f r o s t -  
f ree  (days occur per annum. 

( v i )  Wind Conditions 

The f r ic t iona l  d r a g  of the  ear t t l ' s   surface tends t o  produce wind  speeds a t  the 
ground which a re  much lighter  than  those measured a l o f t .  In addition, the 
direcional   sense  of   surface winds a t  any p o i n t  w i t h i n  the  study  area  reflects 
the  influence of  topographic  feztures.  This i s  especial ly  true i n  regions 
characterized by deep r i v e r  valleys-;where.the-~prevalent wind direct ions  are  
nearly  always  along-valley.  Differential  heating of mountain slopes  produces 
small (meso-scale) wind c i rcu la t ions  which a re   qu i t e   d i s t i nc t  from the large- 
scale,  well-defined  pressure  syrtems. Such local   effects  may  be the  major 
determinants of t he  strength anc direction of the  wind. Aerodynamic downwash 
i n  t h t t  l ee  of s teep  bluffs  and ridges can a l so  produce  local  circulation 
patterns  during  moderate t o  strc,ng  synoptic wind conditions. 

Inspection of wind data compilec  from observations  taken a t  the B . C .  Hydro 
and Pclwer Authority  mechanical  weather  stations in the Hat Creek Va'lley r e f l ec t  
the  inlportance of the val ley  c i rculat ion.  During the  night and ear:y morning 
hours the re   i s  a pronounced tendency for flow w i t h  a southerly component 
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(down-vi;lley). By ;n.idd6y, an u2-va:~s.j .  . n 3 X x r ; g ;  csz?or.:nt o f  the   , r ind   i s  
usually  prevslent. Tnis  obc5rvaticn C?YO+ :e e x p l a i n e d  i n  terms o f  synoptic- 
scale w'nd patterns  alone.  Signii'icznt  channelins  alon?  the  valley f loor  i s  
apparent when  wind roses from cne s t a t ions  in  the  valley  are compared with 
those ai. the Harry Lake Stat ion s:imn 500 m (164C fT.1  higher i n  eleva:ion, 
a n d  tho!e a t  Cornwall  Msuntaln anc; Pavi'ion Flslintain both  located aboiJt 
1333 n ( 4 2 5 5  f t . )  ~ D c Y ~ '  Z t 1 5  ':Ei IC:.'. 1 2 e  %xini$,n hourly wind speed re::orded 
a t  the Harry Lake s i t e   du r ing  a period o f  nearly two years was 78 km/lir. 
(48 mph: ,  b u t  the  average i s  nezr 10 km/hr. ( 6  m p h ) .  Average and  peak values 
in  the t a t  Creek Valley  are  substantially  iower,  with  essentially calm con- 
ditions  occurring d u r i n g  30 - 50 percent o f  the  nighttime hours. 

. .  .~ 

( v i i )  Sunlight and V i s i b i l i t y  

No record  of solar   insolat ion  intensi ty   in   the  vicini ty   of  t he  proposed 
H a t  Creek project   i s   present ly   avai lable .  Annual average hours of  bvight 
sunshine  recorded a t   i y t t o n  and  Kamloops (1990 a n d  2032 hours,  respectively) 
are  assuwd t o  be fa i r ly   representa t ive  of conditions  near Hat Creek. Summer 
and spring  are  the  seasons  Corresponding t o  the  highest  number of sunshine 
hours.  Obscuration  due t o  clouds and fogging  reduces  the number o f  winter 
hours with  direct  s u n l i g h t  t o  less than 200. 

V i s ib i l i t y   i s   gene ra l ly  good i n  the  regional  study  area. A t  Kamloops, 
observations  of a v i s i b i l i t y  range less  than 8 km ( 5  mi.) were recorded  only 
about three  percent  of  the  annual hours,. The corresponding  value for Lytton 
i s  four  percent. For  each s ta t ion,   near ly   a l l   cases   of   res t r ic ted v i s i b i l i t y  

occurred during the winter mmths, December t h r o u g h  February. 

( b )  Landforms 

1 

( i )  Physiography 

The regional  study  area i s  located in the  Inter-Montane Belt sandwiched between 
the  Crystall ine  Belt  of the  Coast Range  and the  Omineca Belt  o f  the metamorphic 
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Ormirlecii B e l t .  The Cozst  i;ountains.,  in rhe ' , .?sterr  p o r t i o n  o f  the  s w d y  a r e a ,  
a r e   d i \ j i d e d   i n t o  the P a c i f i c  Ranges  and t h e   C h i l c o t i n  Range . The I n t e r  
i';onrant: E e l t   c o n s i s t s  c f  t n e   I n t c r i a r   P i a t e a i l  vihici; d i v i d e s   i n t o  the Fraser 
P la t eau  a n d  Thorzpsor P l a t e i u   w i t i i n   t h e  s tudy  a rea .  Only  a s m l l   p o r t i o n  
o f  t he  Okineca S e l t ,  tf1-rni.d the  S h u w a p  Eighiands ,   occurs  a t  t h e  eas te rn   margins  
o f  the  re:licv\al  study 21.~;: 

03 

&n pxaimple o f  t h e   p h y s i o g r a p h i c   s c b d i v i s i o n s   o f  t h a t  o u t l i n e d  by Hol'land'' 
occurs  below: 

P r  i ma ry_ -~ Secondary __ I e r t &  

Ctast   Mountains  P a c i f i c  ( L i l l o o e t  

- 
~~ ~ 

( C h i l c o t i n  

I r t e r i o r   P l a t e a u  Thompson P1 a teau  ( Nicola   P la teau  
( Tranqui l   P la teau  
( DOlJglaS P la t eau  
( Nicoamen P la t eau  

F r a s e r  ( Clea r  Range 
( Marble Range 

The Physiographic   Subdivis ion Map (Map 4-1) shows a l l   s p e c i f i c   p h y s i o g r a p h i c  
p r imary ,   s econda ry ,   and   t e r t i a ry   j ubd iv i s ions .   D i scuss ions  of spec i f i c   phys io -  
y r a p h i c   a s p e c t s   w i l l  be d e a l t  w i t ?  on a t e r t i a r y   p h y s i o g r a p h i c   s u b d i v i s i o n  
l e v e l .  The r eg iona l  physiograph., will  be d i s c u s s e d  on the b a s i s  of  the  pr imary 
p h y s i o g r a p h i c   s u b d i v i s i o n s .  

C o a s t  MJuntains 
The Coc~j t   Mounta ins   ex tend   in to  t i le  s t u d y   a r e a  a t  t h e  western part o f  t he  r eg iona l  
1map5heet. Two p h y s i o g r a p h i c   t e r x i a r y  units a r e  f o u n d  and these a r e  the L i l l o o e t  
Rariges j n d  the C h i l c o t i n  Range i n  the southwestern s e c t i o n  o f  the s tudy   a rea .  
The P a c i f i c  Range c o n s i s t s   p r i m a r . 1 ~   o f   s t e e p l a n d s   w i t h   d e e p l y   g l a c i a t e d  and 
i n c i s e d   d r a i n a g e s .  I t  r e a c h e s   e ' e v a t i o n s   o f  u p  t o  2850 [TI (9350 f t ) .  
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The C t i l c o t i n  Range o f  the   Coast  h1suuntlins i s  found in t h e   w e s t e r n   c e n t r a l  

p o r t i c n  o f  t h e   s t u d y   a r e a .   I n   c o n t r a s t   t o   t h e   P a c i f i c  Range,   bedrcck  cons is ts  

o f  a non- in t rus ive   lmetanorph ic   s5quence.  The r e i i e f   i s  more  subdued  and  the 

c x l e v a t i o n   w i t h i n   t h e   s t u d y   a r e a  joes not  exceed  1800 rn (5900 f t ) .  

Clscade  Elountains ~ ~ 

W i t h i n   t h e   c e n t r a l ,   s o u t h e r n   p o r t i o n   o f   t h e   s t u d y   a r e a ,  2 s m a l l   p r o t r u s i o n   o f  

t h e  Cascade  Mountains  occurs.   hese  mountains  are cornpclsed o f  p l u t m i c ,  

s e d i m e l t a r y ,   m e t a m o r p h i c   a n d   v o l c a n i c   r o c k s .   M o s t   o f   t h e   r e l i e f   w i t h i n   t h e  

s tudy  ,ires i s  subdued  and  e levat -ons  do  not   exceed 2235 r~ (7750 f t ) .  Because 

o f   t h e   p r e s e n c e   o f  a T e r t i a r y   e r o s i o n   s u r f a c e   t h e   r e l i e f   i s   l e s s   p r o n o u n c e d  

and   p rominen t   h igh   e leva t i on   p la1 .eaus   a re   ev iden t .  

.~ 

Omi lnecil Bel t 

Only a s m a l l  p o r t i o n  o f  the  Omineca C r y s t a l l i n e   B e l t  i s  e v i d e n t   a t   t h e   n o r t h -  

e a s t e r r 1   p o r t i o n  of t h e   s t u d y   a r e a .   T h i s   i s   t h e  Adarns P l a t e a u ,   w h i c h   c o n s i s t s  

o f  c r y s t a l l i n e ,   m e t a m o r p h i c   r o c k s .  The r e l i e f   i s  subdued  and  s teeplands  occur  

o n l y   a c j a c e n t   t o   t h e  Thompson R i v e r .  

I n t e r i c r  .~ P l a t e a u  ~" 

The d o n i n e n t   p h y s i o g r a p h i c   p r i m a r y   s u b d i v i s i o n   i s   t h e   I n t e r i o r   P l a t e a u .  It 

i s   d i v i d e d   i n t o   t h e  Thompson  and  Fraser  plateaus,  whose  major  boundary sub- 
d i v i d e s   t h e  H a t  C r e e k   d r a i n a g e   i n t o  t w o  equa l  p a r t s .  T h i s  p l a c e s  t h e  Clear  
Range, V a r b l e  Range and  Canlelsfoot Range i n t o   t h e   F r a s e r   P l a t e a u ,   w h i l e   t h e  

T r a c h y t ?   H ~ i l l s  a n d   A r r o w s t o n e   H i l l s   b e l o n g   t o   t h e  Thonipson P l a t e a u .  The 

Thornpsol P l a t e a u  shows a h i g h e r   r l ? l i e f  and i s  o f   s m a l l e r   s i z e   t h a n   t h e   F r a s e r  

Plateau"". I t  c o n s i s t s   o f   t h e   T r a n q u i l ,   D o u g l a s ,   N i c o l a   a n d  Nicoarnel i   plateaus. 

These l i t t e r   p l a t e a u s   a r e   f o r m e d   o n  an igneous b e d r o c k   t e r r a i n   w i t h  a r o l l i n g  

upland  , ,or t ion.  The h i g h e s t   e l e v a t i o n   r e c o r d e d  i s  t h a t   o f   S o u t h   F o r g e  

Mounta in a t  1925 m (6300 f t ) .  T i le   Trachyte Hills and  Ar rowstone  H i l ' l s  show 

lmore V a l - i e d   b e d r o c k   w i t h   d i f f e r e n 1 , i a l   r e s i s t a n c e   t o   w e a t h e r i n g   a n d   e r o s i o n .  

Th is  ha:; r e s u l t . e d   i n  a colnplex  lardforrn.  The h i g h e s t   h i l l   i n   t h e   T r a c h y t e  

Hills i!, Cornwal l  Peak a t  2000 rn (6560 f t ) .  
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'Jd11e) s t e e p l a n d s  a r e  a s s o c i s t e d  p:it!t t he  Thomoson and I i i c o l a   r i v e r s .  These 
a r e   t t , e   r e s u l t   o f   g l a c i a l   i c e  and   pos t -g l ac i a l   wa te r   e ros ion .  The major 
va l1e j . s   exh ib i t   ex t ens ive   g l ac i a l   bench lands  a n d  deep ly   i nc i sed   a l lGv ia l  
floodways. 

Tle F r a s e r  i ' l d t eau  r ~ r : s i s - ~ s  5.7 ?.he I - ' o t ~ ~ a p c r r e  Lake  and Green Lake p l a t e a u s  
which a r e   g e n t l y   r o l l i n g   p l a i n s  tdi i th  numerous  lakes.  The r e l i e f  i s  more sub- 
dued than  the Thompson Pia teau   and   in   the   s tudy   a rea  doe: n o t  exceed  1380 m 
( 4 5 2 5  f t ) .  tiowever, t he  C l e a r ,  i'larble and Camelsfoot  ranges form a h ighe r  
po r t i cn   o f   t he   F rase r   P l a t eau   wh ich   r i s e s   a s  a f o o t h i l l - r y p e   l a n d f o r m   a d j a c e n t  
t o  t h e  Coast  Mountains.  These ranges show varied bedrock  with a complex 
t e c t o n i c  a n d  yeologic h i s t o r y .  The h i g h e s t  peak occur s   i n  the C l e a r  Range a t  
Cairn  Mountain,  which i s   a l m o s t  ?350 m (7650 f t ) .  I t   e x h i b i t s  t h e  on ly  
c i r q u e  deve lopment   wi tn in   the   Fr3ser   P la teau .  

Hetwcen the  Mhrble ,   Camelsfoot   and  Clear   ranges,  the  Fraser   River   has   deeply 
c l e f t   t h e   l a n d s .  The deeply  in8: ised  Fraser   River   Val ley,  w i t h  i t s   ( y o d i n g  
s t e e p l a n d s ,   e x h i b i t s  a rugged landscape .  

The Hat  Creek  drainage i s   d iv ided   be tween   t he  Thompson and Fraser p h t e a u s .  
TheTrachy te   H i l l s  o f  t h e  Thompson P l a t e a u  a n d  t h e  Marble a n d  C lea r  r3nges o f  
t h e   F r 3 s e r   P l a t e a u   i n t e r s e c t   a t  .:he l n o u t h  of  the  upper t i a t  Creek  Valley.  As 
w i l l  b- exp la ined   i n   subsequen t   ! s ec t ions ,   each   phys iog raph ic   subd iv i s ion  has  
i t s  own c h a r a c t e r i s t i c   l a n d f o r m .  

( i  i ) S1 ope and  Re1 ie- '  

S l o ; ~ e  j n d  r e l i e f  were   p lo t t ed  i n  a w o r k i n g  map format on the r eg iona l  
1:750,100 map. S l o p e   c a t e g o r i e s   f o r   t h e  region were   s teep land  (30 percent + )  
and t ~ c ~ t t ~ ~ t : ~ l a r ~ d s  a n d  uplands ( l e s s  t h a n  30 percent ) .   Corresponding  more d e t a i l e d  
slope  :at.eyories  were used on the  1:50,000 map and  wil l  be d i s c u s s e d   l a t e r  i n  
c o n t e x t  w i t h   t h e   b i o p h y s i c a l   a n a l y s i s .  

I 
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The p n y s i o g r a ? h i c   r e g i o n s   d e s c r i b e   t n e   r e l i e f  and s i o p e  c f   t h e   n a t u r a l   l a n d  

The h i g h   e l e v a t i o n   s t e e l ~ l a n d s   a r e   c o n f i n e d   t o   t h e   P a c i f i c  R,>nges o f  

t h e   C o 3 s t   M o u n t a i n s .   I n e   O n l y   I l O r t i O n S   w i t h   r s l a t i v e l y  flat s l o p e s  a r e  

c0nfin.d t o   r i v e r   b o t t o m l a n d s ,  S ~ c h  2s t h e   S t e i n   F t i v e r   V a l l e y .  As w i t h   t h e  

P d c i f i z  Ranges, t h e   C h i l c o t i n  R a w  c o n s i s t s   e n t i r e l y   o f   s t e e p l a n d ,   b u t   t h e s e  

a - e  n o t  a s  overstee;entd ' 5 ,  X ?  i ' k c i i i i  Range.  The  reason f o r   t h i s   r e s t s   i n  

the  metamorphic   rock  which i s  l e ! , s   r e s i s t a n t   t o   w e a t h e r i n g   a n d   e r o s i o n .  No 

f l a t l a l d s   o c c u r   i n   t h e   C h i l c o t i n  Range w i t h i n   t h e   s t u d y   a r e a .  

-, 

W i t h i n   t h e  Fra;er P la teau,  t w o  m a j o r   u n i t s   a r e   e v i d e n t .  The s teep land  and 

h i g h   r 2 l i e f  a r e a s  a r e   c o n f i n e d   t o   t h e   M a r b l e ,   C a m e l s f o o t  and C lea r   ranges .  The 

C lea r   I ange  shows ex,:ensive s teep lands  a t  i t s  wes tern  and sou the rn   marg in ,  

d r o p p i , i g   i n t o   t h e   F r a s e r   a n d  Thompson r i v e r   v a l l e y s .  The o n l y  flat p o r t i o n s  

a r e   i n   B o t a n i e ,  Skoonka,  Fontaincm  and C i n q u e f o i l   c r e e k s .  As t h e   C l e a r  Range 

r e a c h e s   h i g h e r   e l e v a t i o n s   a t   C a i m ' s  Peak, B lus t r y   Moun ta in   and   Mur ray  Peak 

o f  up to  2300 m (7550 f t )  above  sea  leve l ,  much o f   t h e   m o u n t a i n   s l o p e s   r e a c h  

60 p e r z e n t .   M o d e r a t e   s l o p e s   o f   l e s s   t h a n  30 p e r c e n t   a r e   l o c a t e d  on t h e   e a s t e r n  

f l a n k  'of t h e   C l e a r  Range d e s c e n d i n g   i n t o   t h e   u p p e r  H a t  C r e e k   V a l l e y .   I n  

addi t iN)n,  some p o r t i o n s   o f   g e n t l j '   r o l l i n g   u p l a n d   a r e   f o u n d   a b o v e   P a v . l l i o n   L a k e .  

The Calnels foot  Range  shows p r e d o m i n a n t l y   s t e e p l a n d   w i t h  some sma l l   up land  

bowls  which  have  developed  on the' h i g h e r   F r a s e r   R i v e r   b e n c h l a n d s .  :In genera l ,  

t h e   s l l l p e s   i n   t h e   C a m e l s f o o t  Range a re   modera te   (app roach ing  30 pe rcen t )   and  

t h e  r e l i e f  does no t   exceed 2000 ITI (6550 f t ) .  

The Ma-b le  Range s h o w s   a n   u n u s u a l   s t e e p l a n d / f l a t l a n d   c o n f i g u r a t i o n .  The s i n k h o l e -  

k a r s t  landscape shows sudden  charges  f rom f l a t   u p l a n d s   t o   s h e a r   c l i f f s  and 

s t w p l ~ n d s  a t  t h e   a n g l e   o f   r e p o s e   o f   t a l u s  (60 p e r c e n t ) .  The Marb le  Range 

rt lache';  i t s   h i g h e s t  peak a t  Mount Bowman, wh ich  i s  2220 m (7280 f t)  above  sea 

l c v e l .  

The r e l l a i n i n g   p h y s i o g r a p h i c   u n i t s   w i t h i n   t h e   F r a s e r   P l a t e a u   a r e  Greerl  Lake 

a n d   R o l l a p a r t e   L a k e   p l a t e a u s .   T t e y   a r e   b o t h   v e r y   s i m i l a r   i n   t h e i r   s l o p e   a n d  

r e l i e f   c o n f i g u r a t i o n .   M o s t   o f   t h e   r o l l i n g  till p l a i n s   a r e  flat w i t h   t h e  
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only  steeplands  in some of the dlieply incised  drainase  ci,.innels, such as  the 
Bonaparte  River,  Bridge  Creek, Dog Creek and B i g  Bar Creek. The average 
height o f  the Green  Lake Plateau i s  1000 m (3200 f t )  a b o v e  sea  level and the 
averag?  height of the  aonoparte 1.ake Plateau i s  1200 m (4000 f t )  above sea 

l eve l .  

irithin  tne Thonlpson Plateau,  steeplands  are  again  confined t o  physio~raphic  
w i t s  :losest t o  the  Coast  Mounttins,  such  as  the  Trachyte and Arrowstone 
k:ills. The complex geology and glaciation have resulted  in  steeplands 
a:,soci,>ted  with  incised  river a n c  creek valleys,   basalt   f lows,  incised  f luvial  
henche;,  various  recessional mor,aine features ,  a n d  eroded f au l t   l i nes .  The 
Trachyle  Hills show steeplands  a5sociated w i t h  Oregon Jack  Creek, Cornwall 
H i l l s ,  Hat  Creek  and faul t   features   adjacent  t o  the Thompson River. I n  
contra'st,   the f l a t l a n d s  occur  within  the Hat Creek Valley and gradua':ly  extend 
u p  Medicine Creek towards, b u t  n c t  reaching, Cornwall Hi l l s .  The l a rges t  
upland!; w i t h i n  the  Trachyte  Hills  are  located  north o f  Ha t  Creek and south of  
Maiden Creek, where gently  rolling  uplands a t  approximately 1000 m (:!ZOO f t )  
above  !,ea level  are d o m i n a n t .  Another la rge ,  moderate t o  f l a t  area i s   t h e  
Cattle  Valley  including Maclean Lake.  Many of  these  uplands are associated 
w i t h  open range. The highest   hil l  of the  Trachyte  Hills  is Cornwall Peak 
which : s  almost 2040 m (6680 f t )  above sea  level.  

The Arrowstone Hills  typify  the  volcanic  landscape o f  t he  Interior  Plateau. 
T h e  ro l l i ng  upland p l a i n  o f  t h e  Arrowstone Hi l l s  i s  primarily formed by 

platcat   basalt  which r e su l t s  in a large upland p la in   a t  1200 t o  1300 rn 

(4000 f t  to 4200 f t )  above sea level.  This upland d r o p s  !steeply  towards 
the  surrounding  drainages  includiig  the  Eonaparte  River, Deadman Creek a n d  

Thorwscn  River. 

The rcliaining units w i t h i n  the Th'mpson Plateau  are  the  Tranquil,  Nicola, 
Douglas d n d  Nicoamen plateaus. 'The s teepest  a n d  highest  of  these  plateaus 
i s  t h e  Nicoamen Plateau  adjacent ':o the  Cascade  Mountains, b e i n g  predominantly 
steepland . in  excess o f  30 percent  slope on the  margins of the  gently  sloping 
plateau. Solne upland plains  are  present and occur a t  approximately 1200 m 
(4000 f t )  above sea l eve l .  
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The Nicola   P la teau  i s  t h e   l a r g e s t   p h y s i c g r a p h i c   u n i t   i n  t h e  Thompson P la t eau  
and cons is t s   p redominant ly   o f   ro l l ing   up lands .   Again ,   the   on ly   s teeplands  
a re   assoc ia ted   wi th   the   inc ised   Gr-a inagt   o f  the ThomFson River ,   Nicola   River ,  
Guichor  Creek  and Stump Creek.  Silice  the  bedrock i s   r e s i s t a n t   t o   e r a s i o n ,  
the  landform i s   r e l a t i v e l y  Simple. Maximum e l e v a t i o n s   i n   t h e   N i c o l a   P l a t e a u  
rxtye  from 2300 m (6503 f t ;  a ?  %gt: i c ! -ge  b u n t d i n   t o  i7110 m (5580 f t )  a t  
Guichor  Mountsin. 

The D o u g l a s   P l a t e a u   i s   l o c a t e d   i n   t h e   s o u t h e a s t   c o r n e r   o f   t h e   s t u d y   a r e a   a n d  
i s  a r o l l i n g   u p l a n d   p l a i n   w i t h   t h e   l o w e s t   r e l i e f  i n  t h e   s t u d y   a r e a .  The mean 
e l eva t ion   r anges   f rom 750 m (2450 f t )  above   sea   l eve l   to   1200 rn (4000 f t )  
ahove sea l e v e l .   S t e e p l a n d s   a r e   c o n f i n e d   t o   t h e   N i c o l a   R i v e r   V a l l e y .  

The bot tonl lands   conf ined   to   the   Nor th  Thompson,  South  Thompson,  Thompson, 
Bonaparte   and  Nicola   r ivers  make u p  a complex l i n e a r   s y s t e m .  The f l a t ,  
g l a c i a l   b e n c h l a n d s   a n d   a l l u v i a l   f a n s   a r e   d e e p l y   i n c i s e d  b y  the d ra inages .  
T h e s e   k n c h l a n d s   a n d   m o d e r a t e l y   s l o p i n g   v a l l e y   f l a n k s   w i t h i n   t h e   l a r c e r  river 
v a l l e y r   h a v e   f o r i n e d   t h e   s t a g i n g   a r e a s   f o r   s e t t l e m e n t   a n d   t r a n s p o r t a t i o n .  

More d e t a i l e d   s l o p e   c a t e g a r i e s   f o r  the 1:5O,OOO l o c a l  study a r e a  have  been 
broken down t o   z e r o   t o   n i n e   p e r c e n t ,   1 0   t o   2 9   p e r c e n t ,  and 30 percent. p lus .  
Ttlcse k a v e  been mapped i n   t h e   c o n t e x t   o f   t h e   b i o p h y s i c a l  u n i t  map f o r   t h e  
H a t  Crtek  drainage  and  surrounding  Marble   and  Clear   ranges  and  Trachyte   Hil ls .  
They a r e  d e s c r i b e d  i n  t he   b iophys ica l  wri teup.  The s lope   cha rac t e r   and  
e l eva t ion   have  then been r e l a t e d   t o  the o t h e r   p h y s i c a l  and b i o l o g i c a l   a s p e c t s  
and a r t  d i s c u s s e d  i n   t h a t   c o n t e x t .  

( i  i i ) Bedrock  Geology 

The r e ( i o n a 1   s t u d y   a r e a  is  l o c a t e d   w i t h i n   t h r e e   g e o l o g i c a l   p r o v i n c e s .  These 
a r e  t h e  C o a s t   C r y s t a l l i n e   B e l t   c c n f i n e d   t o  the Coas t   Moun ta ins ,   t he   In t e r  Montane 
Be l t   cc ln f ined   t o   t he   In t e r io r   P l a t eau ,   a s   we l l   a s   t he  Omineca Bel t   ccmfined   to  
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t h e  Stuswap R i l l s  and Adams P i a t e a u .  ?he d o p i n a n t   g e o l o g i c a l   p r o v i n c e   i n   t h e  

r e g i o r a l   s t u d y   a r e a   i s   t h e   I n t e r   M o n t a n e   B e l t .   R o u g h l y   s p e a k i n g ,  t.he p h y s i o -  

g rdph ic   boundar ies   be tween   the   Coas t   Moun ta ins / In te r i o r   P la teau   and   t he   phys io -  

y raph ic   boundar ies   be tween  the  Adams P i a t e a u / I n t e r i o r   P l a t e a u   d e f i n e   t h e   I n t e r  

Mantare Be1 t. 

T n e  o l d e s t   r o c k s   w i t h i n   t h e   s t u d y   a r e a   o c c u r   w i t h i n   t h e   A d a m   P l a t e a u   a n d  

a r e  a c r y s t a l l i n e   m e t a m o r p h i c   s e r i e s  300 m i l l i o n   y e a r s   o r   o l d e r .   T h e s e   r o c k s  

c o n s i s t   o f   g n e i s s ,   s c h i s t s   a n d   r e - c r y s t a l l i z e d   l i m e s t o n e .   S u c c e s s i v e l y   y o u n g e r  

r o c k s   a r e   f o u n d   w i t h i n   t h e   I n t e r i o r   P l a t e a u   a r e a   a t   t h e   e a s t e r n  edge w i t h i n  

the   Bonapar te   Lake  and  Tranqu i l ,   N ico la   and  Doug las   p la teaus .   These  rocks  

c o n s i s t   o f   n i e t a m o r p h i c   r o c k   a n d   i n t r u s i v e   r o c k s   o f   T r i a s s i c   a n d   J u r a s s i c   a g e s ,  

a p p r o x i m a t e l y  200 t o  250 m i l l i o n   y e a r s   o l d .   T h i s  same c h r o n o l o g y   i s   r e p e a t e d  

a t  the  western  edge o f   t h e   I n t e r i o r   P l a t e a u  where   the   Marb le ,   Camels foo t  

and  C lear   ranges ,   and  Trachy te   a l ld   N icoamen  p la teaus   exh ib i t   rock  o f  t h e  same 

a g e .   B o t h   t h e   e a s t e r n   a n d   w e s t l ? r n   p o r t i o n s   o f   t h e   I n t e r i o r   P l a t e a u   h a v e  shown 

some f o r m   o f   u p l i f t i n g   i n   r e l a t i o n   t o   t h e   t w o   m a j o r   o r o g e n i c   b e l t s   w h i c h   b e l o n g  

t o   t h e   C o a s t  Range and  Rocky   Mounta ins .   In  a sense, t h e n ,   t h e   e a s t e r n   a n d  

western  boundar ies o f   t h e   I n t e r i o r   P l a t e a u   f o r m  a t r a n s i t i o n   z o n e   b e t w e e n   t h e  

t w o   m a j o r   m o u n t a i n   c h a i n s   w i t h i n   t h e   C o r d i l l e r a .   T h e y   h a v e   s t r u c t u r a l l y  

f a u l t e d  and  been d i s t u r b e d   w h i c h   r e s u l t e d   i n   u p l i f t .   S u b s e q u e n t   e r o s i o n  

e x p o s e d   t h e   o l d   m e t a m o r p h i c   a n d   ' i n t r u s i v e   r o c k s .   I n   c o n t r a s t ,   t h e   c e n t r e   o f  

t h e   I n t e r i o r   P l a t e a u   i s   b l a n k e t e d   b y   e i t h e r   p l a t e a u   b a s a l t   o r   i n t r u s i v e   s t o c k -  

works 2 f  ages r a n g i n g  f rom 60 to 150 m i l l i o n   y e a r s   o f  a g e .  C l e a r l y   t h e n  
t h e   c e l t r a l   p o r t i o n   e x t e n d i n g   f r o m   G r e e n   L a k e ,   s o u t h e a s t   v i a   K a m l o o p s   L a k e  

i n t o  t i e  Guichon  Creek-Nicola  Lake  area  has shown l e s s   d i s t u r b a n c e   a n d   u p l i f t  . 07 

The g e l l o g i c a l   h i s t o r y   i s   d i s p l a y e d   t h r o u g h   t e c t o n i c   o r   c r u s t a l  changes i n  

t h e   r e q i o n a l   s t u d y   a r e a .   T h e   m o s t   d r a m a t i c   f a u l t i n g   h a s   o c c u r r e d   a l o n g   t h e  

F r a s e r   R i v e r ,   f o r m i n g   t h e   d i v i s i o n   b e t w e e n   t h e   C o a s t   M o u n t a i n s   a n d   t i e   I n t e r i o r  

P la tead .   Secondary   and   sympa the t i c   f au l t s   have   been   es tab l i shed   w i th in   t he  

Marb le Range, Clear   Range,   Trachyte H i l l s  and  the  southern  Cascade  Mounta ins.  

A s i r n i ' l a r  p a t t e r n ,   a l t h o u g h   l e s s   d o m i n a n t ,   c a n  be r e c o g n i z e d   i n   t h e   . F a u l t s  
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between the  Interior  Plateau and the  Adam Lake Plateau, where fau l t   pa t te rns  
a t t e s t   t o  t h e  u p l i f t  a n d  down-faulting a t   the  North Thompson River  Valley. 

The regional geology  has been colsidered  within  the  land  system  analysis as 
p a r t  c f  the  foundation  for  the  s3il development and landform  control. 
Rr!fertnce t o  the L a n d  Sy5,tern Zap (Fap 4 - 2 )  shows  a simple breakdown between 
rnetamcrphic rocks,  limestone,  intrusive  rocks and volcanics. The resistance 
to  weathering a n d  erosion, a s  well as the associated  faul t  a n d  f r ac tu re  
pat terns ,  have created  the  controls  for some of the  landforms which have 
subsequently been exposed t o  g1a:ial a n d  post-glacial  forces. 

The l o c a l  geology o f  the  H a t  Crei?k area (mapped a t  a scale o f  1:5O,OOD) has been 
described by  Dr. T. M c C ~ l l o u g h ~ ~  and i s  quoted below: 

I,,,?- ,ne  her>,.ock cons i s t s  of a u ide   vcr ie ty  of rock uni2.s. Paleczoic 

1in;es.ivnc and rietavolcanic ;socks of the  Cache Creek  group form the 
:;u?,crvp i n  the centre  of t h e  area. These roc& general ly   s tr ike   north-  

} l ~ ~ , i ~ l ~ . ~ ~ s ~ , e ~ * l y ;  althou_oh &Ips are  vcricble,   they  clus.ter around 6 9  degrees 

::wtiu;a,$t. The Paleozoic rocks cue locally  intruded by p e r i d o t i t e  and 

yx1,bro. !em. Ashcroft Jurtrssic sed-hentar3 rocks l i e  mconfomnably a 
i h x ; c  older  rocks.  The limestone near Marble  Canycn has been  intruded 

by the bjoznt Martley stock, a b i o t i t e  hornblende  granodiorite, of 
f - c h c c o u s  age. A nonconformity sepamtes   the  s tock from the  overlying 
.,~ r J,~.nccs E~r idge  volcunic  rocks which consist p r i n c i p a z l y  of andesite 
ad (iurrite. Additional vo;.canic episodes occwred in the  Ceno;roic 

Z J < L ? I  w : m 7 : i ~ ~ y  p p o c l a s t i c  cnd flow rocks co?)er,ing much of the  area. 

7 ’ ; ~  o7LIc:st vo lumic  rocks oj’ these episides are o f  Eocene age;  they 

u v  co~nlmsed of bcsaZt, drrc?.te cmd r k y o l i t e  o f  the Kamloops group. 
2 ’ k  Lli.ctrLbution of t h i s  un1.t is very e r r a t i c  i n  the Upper Hat Creek 

V , ~ Z l e y .  It is a:r;.osed on ;:he hiZls and on t h e  aesterw and eas;:em 

f!anks of t h e  va l l ey .  Spol’adic emu-mences uere c b o  noted i n   t h e  area 
w u i h  07 the Urper Hot Cree:. Val ley .  Tne r t t i t u d e  o f  bedding 

i.; mr:’aLle i h m q h o u t  t h i s  unit. The  contact  bexeen  these 
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lower ~ m l o o p s  vo lcanic  rxks  mz- t - k  m e r L ? < n g  ZoZ&zter. beds is 
jhulted wherever it h s  bee? f o w d .  The c k s ? i c  sequence of the  

tm?,oops group i n  the  B a t  Cwek Valleg has been  divided into the  

L’oldzzter beds, t h e  Fiat Crezk  Coai $o.motion, the  Medicine Creek 

jb,-ination and the  Finney Lake  Beds.  The Coljlzcter  beds  consist of 

L m d c m m ,  s i l t s t m e ,  ck_uc:tone, scn,-lonicrate and m h o r  coal  which 

c r c  moderately conso,idated to ahmst  w.eonsolidate2. T h i s  unit 
is as much as 1,370 metres 14,500 f e e t )   t h i c k  east of :he Upper 

.‘>at Creek Val ley .  The Co18?mter beds are  overlain conformably by 

Ihe  Hat C ~ e k  Coal fomatio;.; which ranges to 490 metres (3,600 f e e t )  
thick. The Hat Creek Coal fo2ma:ion cons i s t s  mainZy of coal  with 

l ( x a l l y  thick sections of s.:ltstone, clagstone,  sandstone and conglorn- 
er,atc;  partings of s i l t s t o n e  and cZa3stone are co,mon to the  coal.  I t  

is not  certain if there  is paraconfomi ty ,  a hiatus GP i f  the 

NcdLcine Creek foormation Lies c o n o n a b l y  on the  Ha- Creek  Coal formation. 

The Medicine Creek fordmation  consists of poorly  consolidated  beqtonitic,  
Izcustrine cludstone ar,d s i ! ts tone.  The  Medicine  Creek  formation is 

ovcrlain by t he  Finneg Lake beds. This unit consists of sandstone and 

ccwqlomtrate a t  t h e  base and volcanic rocks higher i n  the  sequezwe. 

W e  .sundsioncs Jor t h e  most part  m e  well   sorted  ezcept  for scat tered,  

,,mnded boulders o.f v e s i c u l m  volcanic  rocks s i m i l a ~  to  those i:? the  

l m e r  p a r t  of the liamloops group. The clastic s e p e n c e  is ove:rZain by 

7.zhar (volcanic mudstone)  which i s  composed of avgular t o  subromded 
K,.mZoops volcanic rocks ,  Li:;hir ied primarily by coFactiun of the 

c m d y  c l q s t o n e  matriz. These  beds  are Upper Eocene or la t e r  -in age 

m d  lie w:conJomably m e r  ;:he coal and claystme  sequmce;  &e io the 
p”c ;encc  cf this  wzor,J=orni;;y i t  i s  not known if the  beds are  d*?f ini teLy 

~ ~ w t  of the Kanloops group or if they  are associated  with Miocene 
v.z~l.ccn:’sm. Locally  ihere w e  small ezposwes of o l i v i n e  bosa1.t dykes , 

uqd f l m x :  these  a l e  prohai~ig r e la t ed  t o  cztrusions of Miocene plateau 
h w a l t s  t o  the  north.” 
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( i v )  Surficizl  Geology 

The landforms of the  Interior  Plateau, Coast Range, and Adams Plateau have 
been sculptured by the  various  glacial a n d  post-glacial  processes. The 
b e s t  cescriptions of glacial   processes  within  the  Interior  Plateau and 
specifically  the Hat  Creek Va1le.j a r e  by TipperJ2 and  Aylsworth". The 
nlajority  of  the  surficial d e p c s i t s  w i t h j n  the  regional  study  area  are a r e s u l t  
o f  the  Fraser  glaciation a n d  degiaciation. The Inter ior   Plateau was covered 
by a n  ice  sheet which may have wached  heights of  u p  t o  2500 m (8675 f t ) .  
This  continental  glaciation planud the  Tertiary  erosion  surface of the 
Interior  Plateau w h i c h  i s  the dominant land feature  within  the  study  area. 
The lateral   confines of the  southerly-moving  ice  sheet were the  Coast  Mountains, 
a n d  the Columbia Mountains forced  the  ice  sheet  to move either  south  or  north. 
However, l a te ra l  flow from the  Pilcific Ranges resulted i n  an easter1.y i c e  

movement a t  the  western  portion of the  study  area.   This  easterly-sxtheasterly 
flow o f  continental   ice  is   evident i n  the Hat Creek area. The best summary 
written  for  the  Fraser  Glaciation i s  by Janet  Aylsworth, a t  the  University o f  
Britisq Columbia : 04 
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The s i g n i f i c a n c e   o f   t h e   l a s t   s t a t e m e n t   w i t h i n   t h e   a f o r e m e n t i o n e d   q u o t a t i o n  

i n d i c a t e s   t h a t  a l o c a l   i c e   s h e e t   w a s , s h r i n k i n g  a n d   w a s t i n g   w i t h i n   t h e   u p p e r  

H a t  C r e e k   V a l l e y .   T h i s   r e s u l t e l l   i n  numerous d e g l a c i a t i o n  phenomena such 

as m e l t w a t e r   c h a n n e l s ,   e s k e r s ,   f l u v i a l   g r a v e l s   a n d   s i l t s ,   a n d   s m a l l   n o r a i n e s .  

These  coarser   deposi ts   were  deposi ted on t o p   o f   t h e   r o l l i n g  till p l a i n   w h i c h  

i s ,   i n   t u r n ,   o i ' e r l a y i n g   t h ?  Cc'd:!atE' E i d j   a n d   t h e   v o l c a n i c   f l o w s   w i t h i n   t h e  

H a t  Crzek  Basin.  

The r e l i o n a l   s t u d y   a r e a   e x h i b i t s   t h r e e   m a i n   t y p e s  o f  s u r f i c i a l   d e p o s i t s .  

These , j r e   t h e   r o l l i n g  till p l a i n   o f   t h e   p l a t e a u   r e g i o n s ,  and t h i n  till veneer 

over  r x k  a n d   c o l l u v i u m   i n   t h e   m o u n t a i n   r a n g e s ,   a n d   t h e   v a r i o u s   f l u v i a l -  

g l a c i o f l u v i a l   d e p o s i t s   w i t h i n   t h c   b o t t o m l a n d s .  The s u r f i c i a l   d e p o s i t s  

w i th in   t he   bo t tom lands   have   been  mapped.  The s u r f i c i a l   d e p o s i t s  have  been 

mapped w i t h i n   t h e   c o n t e x t   o f   t h e   L a n d   S y s t e m   c o m p o s i t e  map a t  1:?50,1100 
(Map 4 . - 2 ) .  The s p a t i a l   d i s t r i b u t i o n  o f  these  depos i ts   con forms  c lo ! ;e ly  

t o   t h e   p h y s i o g r a p h i c   r e g i o n s   o u t l i n e d   p r e v i o u s l y .  The o n l y   c o m p l e x . i t i e s  

occur  i n  phys iograph ic   border   a r f 'as ,   such  as   the  Thompson Plateau,   Arrowstone 

and T r d c h y t e   H i l l s ,  and w i t h i n   t t l e   F r a s e r   P l a t e a u   a n d   M a r b l e ,  Camels'oot  and 

C lea r  I!anges.  The h ighe r   peaks  show weathered  bedrock   ou tc ropp ings   wh ich  

t u r n   i n t o   c o l l u v i u m   i n   t h e   l o w e r   s t e e p   p o r t i o n s .  The l o w e r   f l a n k s  of t h e  

ranges  and h i l l s  have a till veneer   and   g rade   i n to  till u p l a n d s   w i t h j n  the 
f l a t  p o r t i o n s .  

Some 12 rge   me l twa te r   channe ls  f r c m  t h e   l a s t   g l a c i a t i o n   a r e   p r e s e n t  in t h e  
Bonapar te   Lake   and   Green   Lake   p la teaus .   These   coa rse - tex tu red ,   g lac io f l uv ia l  

deposi1.s  have i n  some cases   been  re -sor ted  by p r e s e n t   c r e e k s   a n d   r i v e r s .  

Thus, t h e s e   g l a c i a l   a n d   a l l u v i a l   c o m p l e x e s   h a v e   f o r m e d   d i v e r s e   s u r f i c i a l  

c o n d i t i o n s .  

W i th in   t he   Green   Lake   and   Bonapar te   Lake   p la teaus   o f   t he   F rase r   P la teau ,  

impedec d r a i n a g e   c o n d i t i o n s  have  caused l a r g e   p o c k e t s   o f   s i l t   a n d   o r s a n i c  

d e p o s i t s   o n   t h e   r o l l i n g  till pla in .   Subsequent   weather ing   has   mod i f ied   these 

d e p o s i t s   f u r t h e r   i n t o  m a g n e s i u m   s u l p h a t e   p o t h o l e s   a n d   h i g h   s a l t   c o n t e n t   l a k e s  

and  hogs. 
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a 
k'ind-hlown lacustr ine a n d  fluvial  deposits  occur on  the  benchlands c,f t h e  
Thomp!.on River. They o v e r l i e   t i l l s  and glaciof luvial   surf ic ia l   deposi ts ,  
and  hi!ve developed in to  some of the   r iches t   agr icu l tura l   so i l s  i n  tble area.  

- 
5 

1 The local  surficial  geology  has been mapped a t  a 1:50,003  scale on both the 
soil  i t n d  biophysical maps.  Categories  considered  are  colluvium,  glacial t i l l ,  

L fiuvictl ,   glaciofluvial ,   aeolian,  bedrock,  organics,  lacustrine and c.blation 
t i l l s .  I n  addition,  the  regional  surficial  geology  has been mapped a t  
1:250,,000 a n d  1:126,720 by varicus  geologists 1 3 .  I t  i s  redundant 
t o  p lagiar ize   a l l  o f  these  published documents; Dr. T. McCullough's report 
shmld   suf f ice :  

13 

I 

a 

"Tizc! Upper Hat Cr,eek Valle3 . . . ranges f rm  825 t o  2,250 metres: (2,700 

;.o 4,200 f e e t )  iu, e levat iox .  The va l l ey  is f knkec i  bu the Clear Range 

on the west  whch   r i s e s   s t t - ep lg  to over 2,300 metres (7,600 f e e t )  and 

ij? the  T'rachyte and Cornwall Hills i n  the  ecst .   Su-J=:cial  deposits in 
:hc val le3 consist of h m c c k y  ground moraine, ferning a th ick  bZan.ket 

of till, but reduced t o  a thin veneer on h i l l  t o p  and steep silopes. 

i sora l ly  bedrock is exposed t h c u g h  the  veneer.  There  are  fluvia2 and 

( [ lac iu - f luv ia l  sands and gr'avels on the  east   s ide of the  vaIleti,  north 

01 Mcdic.ine Creek and in tke  valZeys of the  Zaraer t r i b u t o r y  creeks. 

Some of these depos i t s  are  overlain by g lac ia l  till. Alluvia;: f m s  

cztcnd i%to t he   va l l ey  fron' the  sumounding mountains. FluviaZ deposi ts  
c:utnpr&-e i t r races  ad.jacent to Hat Creek and LolderZie the  creek.  The 
glacial   h is tory o f  the  Upper  Hat Creek Valley is c m p l e z .  This compleriity 

-::: p r t i c u l a ~ l p  evident  i n  exposures on the lager reaches of Harry Creek 
1Jhich dmim f ~ o m  Harry Lahe. i n  this arec an a l ternat ion  of coarse and 
,Fine t i l l ,  each 2 . 4  metres ( 8  f e e t )   o r  more th i ck ,   over l i e s  a ;;hick 

.:c,quence o f  gZac%o.fluviai deposi ts   consis t ing of sand and g r m e l .  Loess 
v m ~ c  tho. 3 rzc :res ( 1 0  r e e f )  ihiek covers  the  bench on the  easi;  side of 

'.he U i p w  Nat Cr!eek Valleg  south of Ambusten Creek. 
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:”here a le  nuvci’ous addi t ioyal   pos tg lac ia l   s l ides  and earthflows in the 

!!ryer hut  Creek Valley; a i l  but one of these appears t o  be ew’l7ently 

:;/,able. b’est o f   t he  No. 2 Openpit   deposi t   there  are  imct ive   s l ides  
(:overing an  ezlznsive  area be?aeen Finney Lake and .Youth Meadous. 

i7a1>t of this slide  area is still act ive .  The nmber of sl ide  planes 

::n the active s l i d e  has not been de temined ,  but there is a t  lEast one 

(11. 2 7  metl’es 190 f e c t l  which is associated w i t h  bentoni t ic   c laystone.  

:’he hendwall o f   t h i s   s l i d e  is chmacter i zed  by ntone:*oils ponds LNhich 

eouLd Le drained and may help t o  s t a b i l i z e   t h e  s l i de .  The instability 
r J  ihe  c i ide  is an important factor in planning  the  nine. SoLth of   the  

110. 1 deposit ‘,here m e  nmerous “sand boils” resembling quicksand as 
J’u,tlicr e v i d e m e  of t h e  unstable  nature of many of  the sur f ic ia l  materiais.  
/ : n  CxLonsive fZcw s l i d e  76 metres 1250 f e e t )  thick, involving cverburden 

(md ~ ) o c s i b l y  sune h & w c k  descended m i t e  Rock Creek and curved don? 
r.hc Hat Cmek Valley. 

.>%ere uire numermc outcrops on the  sides  of   the  val’ley,  however. there 

m ~ ;  J m  uutc.r~ops nea1- the  bottom. A t a l u s  slope has formed belou volcanic 
~ ~ u l c ~ o p s  east  of  t i e  No. 1 deposit .  In the  southeast  there m e   b l u f f s  

Iirwsione; liwessone outcrops m e  a l so  numerous along  the  northern 

2.irnit of the Urper Hot Creek Val ley .  On the   wes tem margin of the  

zzulley  outcrops OS qrn~it- lc  and vclcanic rocks c r e  cornon. ‘I 

4-1 9 
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T i e  swj5c-kZ materials i n  r n d  c m m d  the B r z  Creek VaZZey are  very 

s lscept ibZe tc gulleying.  If the surface Layer becomes Sroicen, they 
a l s o  tend t o  form a f i n e  dust which r e s i s t s   t h e  rooting of plants  in 
the d q  climate." 

(:) Terrain  Analysis 

The t e r r a in   ana lys i s   i s  an asses!;ment  of a l l   aspects  of physiography,  landform, 
bedrocK geology and su r f i c i a l  gei)lOgy a t  a Scale of 1:50,000 or   be t te r .  For 
the purpose of t h i s  report, i t  i!; being  treated a t  two levels.  For the regional 
l eve l ,  a land  system  composite hiis overlayed t h e  landform, bedrock geology and 
s u r f i c i a l  geology, and for   the  biological   considerat ion  soi ls  and vege ta t ion ,  
t o  r e l i t e  broad  land system comp'lexes a t  1:250,000. For the  local  study  area 
a t  1:51,000 the  biophysical  analysis  has  incorporated  landform,  slope,  elevation, 
geology and surf ic ia l   mater ia l  in more de ta i l  t o  determine  physical aspects and 
processes  important  in  understanding the terrain  in   re la t ion t o  physical  limi- 
t a t ions  t o  disturbance of construction and operation of man-made f a c i l i t i e s .  

( d )  Soil   Classification 

( i  ) Regional 

The soils  of  the  regional  study iirea are presented by the order level as de- 
fined by the Canadian Soil  Class.fication  Systemi7 on the Land System.Map 
{Map 4 - 2 ) .  Basically,  seven s o i l  orders occur w i t h i n  the  regional study a m a .  
These iire Brunisols,  Luvisols, Chernozems, Podzols,  Gleysols,  Regosols, and 
Organics.  Table 4-1 sumnarizes !,erne o f  the  general   soil   characterist ics of  
the  so31 orders found within the  regional  study  area. I n  terms  of extent, 
the  Luvisols and Brunisols  are  the most comnon, while  the  Gleysols and Organics 
on ly  occur  sporadically, occupyin!l a minor  land  area. Chernozemic so i l s   a r e  
confined t o  the  major valleys.  The Podzols  are  located  mainly  in  the Coast 
Range where acidic  parent  materizls  are dominant. Regosolic s o i l s  alee found 
along most major streamcourses where recent  flooding a n d  deposition of alluvium 
has occurred. 

*- 

r 
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TABLE 4 - 1  
G E N E R A L  SOIL  CHARACTERISTICS OF T H E  ORDERS FOUND W I T H I N  THE R E G I O N A L  STUDY A R E A  

Sail Order  General Snil C h a t ' a r t P r i 5 t i c c  Pzrent  !!.tor!?! 

Chernozemic - well developed d a r k  surface 
Order 

variable - glacial  bottomlands a n d  steep - Ponderosa  Pine - 
horizon t i l l .   g l ac i a l - f luv ia l ,   s ide   s lopes  of the Bunchgrass and  

- high base  saturation o f  lower  alluvium, or col lu-  Thompson, Bonaparte, 
horizons  vial  materials 

In t e r io r  Douglas- 
Nicola, and  Fraser 

- fine-textured 
f i r  Zones 

- medanization and ca lc i f ica t ion  
Rivers are the major - grassland vege- 
concentrations of t h i s  tation  type 

are dominant soil  processes order 

Luvisolic - a n  eluvial  Ae-horizon i s  deep g lac ia l   t i l l   ro l l ing   p la teau   a reas  - Engelmann Spruce - 
Order present,  overlying a textural  Subalpine  Fir and  

E - h G i ~ i z u ~ ~  In t e r io r  Douglas- 
- medium-textured f i r  Zones 
- neutral t o  a lka l ine  in reaction - forested  vegetatior 

type 

Order 
Brunisol i c  - shallow  organic  surface  hori- - colluvium or glacial  steep t o  moderately 

zon overlying a rus t  brown f luvial   mater ia ls   s teep topography 
- In t e r io r  Douglas- 

f i r  and  Ponderosa 
coloured Bm-horizon - generally  coarse-  Pine - Bunchgrass 

expressed 

in  lower  horizons 

- podzolization  very weakly textured materials 

- 100 percent  base  saturation 
- green  forests  or 

forest-grassland 
t r ans i t i ons  

Podzol i c  - a leached  Ae-horizon under- 
Order la in  by an i l l u v i a l  B-horizon derived from acid bed- to   plateaus 

colluvium and t i l l   va r i ab le ,   s t eep lands  - Engelmann Spruce - 
- main accumulation  products  in  rock  Coastal Western 

Subalpine  Fir; 

matter,  iron, and aluminium 
the B-horizon are  organic tlemlnck; Subalpine 

Mountain Hemlock; 
and In t e r io r  West- 

- densely  forested 
ern llemlock  Zanes 

vegetation  type 

- ac id ic  
- coarse-textured 



TABLE 4 - 1  (Continued) 

Soil  Order  General  Soil  Characteristics  Parent  Material Eowirlarli L'tlyeidiiuII Topography Zone 
~" 

Regosol i c  - horizons of these  soils  are  too  alluvium  bottomlands  along - all   biogeoclimati(  
Order  poorly  developed t o  be d i f f e r -  s t  reams 

- riparian  vegetatic entiated 
zones 

- very young s o i l s  
- fine  to  coarse  textured 
- well to  imperfectly  drained 

" 

Gleysolic - the   soi ls   are   saturated w i t h  variable,  generally 
Order water and a r e  under  reducing 

- bottomlands 
g lac ia l  t i l l  and - alonq  streams  or  in zones 

vegetation 

- all   biogeoclimati(  

conditions  for an extended  alluvium 
period of the  year  pressions 

lower  horizons 

up t o  40 cm  may be present 

poorly  drained de- - r i p a r i a n   o r  bog 

- mottling i s  present i n  the  

- organic  surface  horizons 

" - " 

Orders 
Organic - water  saturated  for most of  organic  deposits  poorly  drained de- - all  biogeoclimatic 

- bog-type  vegetatic 
the  year 

organic  matter 

pressions 
- contains a t   l e a s t  30 percent 

zones 

~ -~ 
~~ = = ~~ - ___"_ 



( i i )  Local Study Area 

I n  gmera l ,   the   so i l   mater ia l s   a re   var iab le  in texture ,   a lkal ine,  and vary i n  
deptbl from 1 m ( 3  f t . )  t o  less  than 15 un (6  i n . ) .  Soi l   texture  and a lka l in i ty  
re1at.e t o  the  type  of  parent  materials  that   are f o u n d  in the local  study  area. 
whict are  primarily  l imestone,  si l tstone,  and volcanic bedrock deposits. In  
areas composed of gran i t ic   depos i t s ,   the   so i l  tends t o  be coarser and acidic .  
The nlajority of  the upland soi ls   are   der ived from g l a c i a l   t i l l  and colluvial  
parent materials and  ref lect   f iner- textured,   s t rongly-alkal ine  soi l   condi t ions.  
W i t h i n  the  valleys,   several   parent  materials,   including  glaciofluvial ,  
a l l u v i a l ,  and glacial  t i l l  g ive  r ise  t o  a number o f  heterogeneous  :;oils. 

a 
.- 
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il 
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As stated  in   the  soi l  methodology, soi l   associat ions  def ined by the Resource 
Analysis Branch were used for   tne  mapping  and descr ipt ions of the soi ls   in   the 
local s t u d y  area (Map 4-3). Tallle 4-2 groups the soi l   associat ions found 
w i t h i n  the  study  area by parent  material and so i l  order ( a f t e r  Resource  Analysis 
Branch). The  modal so i l  development i s  l i s t e d  on the tab le ,  b u t  i t  should be 
expressed  that  inclusions o f  other   soi ls   occur .  A legend documenting a l l   the  
soils included i n  t h e  soi l   associat ion mapping can be found i n  Appendix 8. 
In ad ' j i t ion ,  Appendix E contain!; preliminary soil analysis  data compiled by 
the E.C. Ministry  of  Agriculture - Soils  Division. These data were n o t  
completed for a l l   the   so i l   assoc ia t ions  found in the local  study  area;  ,come- 
quent'ly  only a p a r t i a l   l i s t   e x i s t s .  However, t h i s   pa r t i a l  l i s t  generally 
cover!; the more  comnon soi l   associat ions found i n  the local  study  area. 

7- 
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IHDLL 4 -2  

SOIL A S S O C I A T I O N S  OF THE LOCAL STUDY AREA 

Modal So11 
so11 Format Ion 

(5011 Subgroup) 

Elevatlon Range 
(metres) 

Texture Vegetatlon 
Elnqeocl l lnat lc Zone O r a  lnagc 

~- __- " " " . _. " 

S o l l s  on Glaclal 1111 
l%?!W"___ 
Chemoremlc  Order: 

T?2"?2!!!? !ZZCC!?!!5" cr?hl. pr"wn I u n - m  Ihm-7snn'I 
Chernozems 

Trapp l ake   As roc la t l on  Or th lc  Dark Brown 600-900 (2000-3000' ) 

rullee Assoclat lon Orthlc  Black 790-"10 (2600-4200') 

McKnlght Assoclat lon Orthlc Brown 300-600 (lOoO-ZOOO') 

Chernozems 

Chernozems f 
N 
P 

Chernozems 

nedlum (Sll-SICLI well-dralned  Ponderosa Plne - 
Bunchgrass Zone 

medlum (SIL-SICL)  wel l -dralned  lnter lor  Uouqlar-flr 
Ione 

wdlm ( S I L - S I C L )  well-dralned I n t e r l o r  Oouqlas-flr 
Zone 

md lum (S IL -S ICL)  wel l -d ra lned 
Bunchgrass lone 
Ponderosa Plne - 

McQueen Assoc+atlon Orthlc nark Brown 460-900 (1500-3000') rnedlum ( S i L - S I C L )  wel l -d ra lned Ponderosa Plne - 
Chernozems Bunchgrass and 

loner 
I n t e r l o r   O o u g l a r - f l r  

Massey Assoclat lon  Orthlc  Black 
Chernozem 

760-1220 (2500-4WO') medlum (SIL-SICL) w e l l - d r a l n e d   I n t e r l o r  n o u g l a s - l l r  
lone 

Medlclne Assoclat lon Calcareous Black 160-1060 (1500-3500') medlm (Sl l -SICL) well-dmlncd 
lone 
lnterlor Douglas-llr 

Chernozems 



TABLE 4 -2  ( C o n t i n u e d )  

Sol1 
Modal Sol1 
Formatlon 

/So11 Subarouo) 

E leva t lon  Range 
(metres) Texture Oralnage Blogeacl lmat lc Zones 

Vegetatlon 

L u v i s o l l c  Order: 

lunkna  Assoclat lon 

Arsoc la t lon  
lruda  Hountaln 

HcLaren Assoclat lon 

P 

N 
I 

Boman  Assoclat lon 

VI Hlnnle  Assoclat lon 

H e l l l n   A s r o c l a t l o n  

B run lso l l cOrde r :  

Halden  Asroclat lon 

l l rnber  Assoclat lon 

Or th l c  Gray Luv lso l  

B run lso l l c  Gray 
Luv lso l  

Or th lc  Gray Luv l ro l  

Orthlc Gray Luv lso l  

Orthlc  Gray  Luvlsol  

B run lso l l c  Gray 
LUViSOl 

Degraded Eut r l c  
Brunlsol 
Oegraded Eut r l c  
Brun lso l  

1060- 1675 (3500-5500') 

1675-2130 (5500-7000') 

1060-1675 (3500-5500'1 

medlum (SIL-SICL) 

medlun  (SIL-SICL) 

medlun  (SIL-SICL) 

rnedlum (SIL-SlCC) 

nedlum  (SL-L) 

medlum ( S L - 1 )  

medlun  (SIL-SICL) 

medlun  (SIL-SICL) 

we l l -d ra lned 

we l l -d ra lned 

w l l - d r a l n e d  

we l l -d ra lned 

we l l -d ra lned 

hv l l -d ra lned  

we l l -d ra ined 

w l l - d r a l n e d  

lone 
l n t e r l o r   D o u g l a s - f l r  

Engelmann spruce - 
Subalplne f l r  Zone 

Engelmann spruce - 
j"be:viw ;i, a,,; 

Zones 
I n t e r l o r   D o u g l a s - f i r  

Engelmann spruce - 
Subalplne f l r  lone 

Engelmann spruce - 
Subalplne l l r  and 

l oner  
l n t e r l o r  Oouglas-llr 

Engelmann spruce - 
Subalplne f l r  Zone 

Zone 
I n t e r l o r   D o t l g l n r - f l r  

Ponderosa Flne - 
Bunchgrass and 

Zones 
I n t e r l o r   O o u g l a s - l l r  



TABLE 4 -2  (Continued) 

S O l l  
Modal Sol1 
F o r m  t im 

(Soi l  Subgroup) 

: L leva t l on  Range 
: (metres) Teature  Oralnage Blngeocl lmat lc Zone 

Yegetr t lon 

". Brun iso l i c  " Order  (Cont'd.1 
Carsnn Asroc la t lon  Degraded E u t r l c  1060-1675 (3500-5500') 

Brunlsol 

C l e w s  A r r o c i a t l o o   O r t h i c   E u t r l c  1675-2130 (55W-7000') 

Conant Asroc la t lon  Oegraded Eut r l c  300-9W (law-3000') 
. .  nr#2"lr"l  

Brun lso l  

P 

N 
$ 

m Clapper ton  Assoclat lon  Or th lc   Oytr lc  900.1675 (3000-5500')  
Brun lso l  

B lust ry   Assoclat lon 
B run lso l  
f l l l n e   D y s t r l c  1980t (65W't )  

Kerr   Arsoc lat ion S h r t c   E u t r l c  1980-2200 (6500-7250') 
Brunlsol  

m& t s  

"~ Cllernozentic  Order: 

S o l l s  on G lac ia l   F luv la l  

Godey Assoclat lon  Or th lc  Grown 180-760 (600-2500') 
Chernozems 

nedlun ( S L - 1 )  w e l l   t o  rapid- 
l y  dratned 

medlum 1%-1) w e l l   t o   r a p l d -  

coarse (SL-1s) rap id l y   d ra lned  

ly dralned 

coarse (SL-1s) rap ld l y   d ra ined  

coarse (SL-1s) r a p l d l y   d r a i n e d  

medlun (SL-1)  we l l  dra ined 

medlm-coarse (SiL-SL) well t o   r a p l d -  
l y  dra lned 

Engelmann spruce - 
Subalplnt? flr and 

Zones 
I n t e r i o r   O o u g l a s - f l r  

Engelmann spruce - 
Suhalplne f l r  Zone 
Ponderosa Plne ~ 

Bunchgrass and 

loner  
l n t e r l o r   D o u y l a 5 - f t r  

and  Engelnunn  spruce 
l n t e r l o r   D o u g l a s - f l r  

Subalpine fir Zones 

Engelmann spruce - 

Alp ine  lundra Zones 
Subalplne flr and 

Engelmann spruce - 

Alpine Tundra lows 
Subalplne flr and 

Ponderosa Plne 
Dunchgrarr  lone 



TABLE 4 -2  (Continued) 

Sol1 
Modal Sol1 

( S o l 1  Subgroup) 
F o n a t l o n  

" 

Chernozemic Order  (Cont'd.) 
Gllnpse Asroc la t lon  Or th l c  Oark Brown 

Gwen Ar roc la t l on  Orthlc  Black 

Chernozems 

Chernozems 

Luvlsollc Order: 
NONE 

Brun lso l l c  Order: 

Glosrey  Assoclat lon Oegraded E u l r l c  
Brunlsol 

Glrborne Asroc la t lon  Degraded E u t r l c  
B run lso l  

Gorge Creek Assoclat lon  Or th lc   Dyst r lc  
B r m l s o l  

l l o ldm  A rsoc la t l on  Degraded Eu t r l c  
B r m l s o l  

E leva t lon  Range 
(metres) Texture Oralnage 

760-1060 (25M)-3500') mdlum-coarse (S IL -SL)  w e l l   t o  rapid- 
l y  dra lned 

medlum-coarse (S IL -51 )  w e l l   t o   r a p l d -  
l y  dralned 

180-46U (600-1500')  mdlum-coarse (SIL-51)  well to  rapid- 
l y  dra lned 

1525-1980 (5OaO-6500') coarse (S-SL) rap ld l y   d ra lned  

1060-1675 (3500-5500') mdlmn-coarse ( S I L - S L )  well t o   r a p l d -  
l y   d r a l n e d  

Blogencl lmat lc Tone 
Yegetatlon 

Zone 
l n t e r l o r   O o u g l a r - f l r  

Ponderosa  Plne 
Bytchgrar? 

Ponderosa Plne - 
Bunchgrass  and 

Zones 
l n t e r l o r   O n u g l a s - f l r  

Engelmann  Spruce - 
Subalplne Ilr Zone 

Engelmann  Spruce - 
Subalplne flr and 

loner 
l n t e r l o r   O o u g l a r - f i r  



TABLE 4 - 2  (Continued) 

N m 
f 

Hodal So11 

(Sol1 Subgroup) 

"" 

Sol 1 Formation  Texture  Oralnay E leva t lon  Range 
Imetres) 

Yegetatlon 
E logeoc l l na t l c   l one r  Sol 1 

Hodal So11 
Formation 

(Sol1 Subgroup) 

E leva t lon  Range 
Imetres) Texture Ora lnay  E logeoc l l na t l c   l one r  

Yegetatlon 

Solls  on Colluvium 

Chernozemlc  Order: 

~ _ _ _ _  

Courtney  Asroclat ion 

' I"p.c!!a:e !s:?c!r?!?c 

Cache Creek Assoclat lon 

Carab lw  Asroc la t lon  

Crow! Mountaln  Assoclatlon 

Luvlsollc Order: 

NONE 

D r u n l r o l l c  Order: 

Cavanaugh Assoclat lon 

Chasm h r r o c l a t l o n  

Calrn  Hountaln  Asroclat lon 

Or th l c  Brown 
Chernozems 
err?'.!- E::! !!73!? 
Chernozems 

S a l  Ine Drown 
Chernozems 

Rego Brown 
Chernozems 

Calcareous Dark 
Gray Chernozems 

Degraded Eut r l c  
Brun lso l  

Degraded Eu t r l c  
Orunlsol  

Or th l c   Dys t r l c  
Brun lso l  

900-1675 (3000-5500') 

1675-2110 ( 5 5 0 0 - 7 0 0 0 ' )  

nedlwn (SL-1 )  

mdlum  (SL-L) 

nedlum  (SL-1) 

w e l l   t o   r a p l d -  
l y  dralned 

we l l   t o   rap ld -  
l y  dralned 

well t o   r a p l d -  
l y  dralned 

well to rap ld -  
l y  dralned 

rsp ld l y   d ra lned  

well to rap ld -  
l y  dralned 

well t o   r a p l d -  
l y  dralned 

Ponderosa Plne - 
Bunchgrass lone 

lone 
...I _. .I. """J." .  f!r 

Ounchgrass lone 
Ponderosa Plne - 

Ponderosa  Plne - 
Bunchyrasr  lone 

l one  
l n t e r l o r   D o u g l a s - f l r  

,",̂ .,̂ - "....",.. 

Tonderosa Plne - 
Bunchgrass  and i n t e r i o r  
Douglas-flr l oner  

l n t e r l o r   D o u g l a s - l l r  
and  Ponderosa Plne - 
Bunchgrass lone 

Engelmann spruce - 
SubalDlne IIr lone 



TABLE 4-2 (Continued) 

N 

P 
I 

W 

so1 1 
Hodal Sol1 
f o n a t l o n  E leva t ion  Range 

(metres1 (Sol! Subgroupj 
Texture Oralnage Vegetatlon 

B logeoc l lnv t l c   lone  

" Sells on Lacustr lne  Deposlts 

Chernozemic  Order: 

Lundbom Asroc lat lon  Or th lc  Brown 300-900 [ 1000-3000' 1 f i n e  (SICL-CL) 
Chernozems 

- Sol l s  ._ on Alluvlal Oeposlts 

Regorolic  Order: 

F r l rken   Asroc la t lon   Sa l ine  Regosol 300- 1060 [ 1000-3500' 1 medlun ( S t - S i L )  

Frances  Association  Carbonated Cunullc 300-1060 (1000-3500') medlun ( S L - S I L )  
Regosol 

we l l -d ra lned 
Dunchgrasr Zone 
Ponderosa Plne - 

Imper fec t ly  Ponderosa Plne - 
dralned 

Zones 
I n t e r l o r   D o u g l a s - f l r  

Imper fec t ly  Ponderosa Plne - 
t o  p o o r l y  
dralned 

Bunchgrass and 

Zone5 
I n t e r l o r   O o u g l a r - f l r  

t o   p o o r l y  Bunchgrass  and 



( i i i )  Site-Specific  l joils  

s o i l s  i n  the   s i te-specif ic  s tudy area have received the most intensive  level 
of mallping de ta i l  and in te rpre ta t ion .  Where ava i lab le ,   so i l   se r ies  mapping, 
as re i~orted by the  Bri t ish Colunbia  Department  of  Agriculture", was used. 
Those areas not covered by this s o i l  survey were evaluated i n  a modified so i l  
serie:;  approach  conducted by Canadian Bio Resources  Consultants L t d .  (Map 4-4 ) .  

I 
" 

I 

I 
, .- 

I 

In the  areas  covered by the govr:mmental survey, 15 individual  soil   series 
uni ts  were ident i f ied.  They wet-? primarily Chernozemic or  Regosolic i n  develop- 
men t  ilnd derived from g lac io f luv ia l ,   g l ac i a l   t i l l ,   l a cus t r ine ,   f an ,   a l l uv ia l ,  
and aeolian  deposits. The majority o f  these   so i l s  had shallow  topsoil con- 
d i t i o ~ ~ ~  and a wide range i n  surface  texture  and drainage  character is t ics .  A 
number. o f  the main soil  parameters  investigated were summarized i n  Table 4-3. 
For more detailed  information on these  soils,   reference  should be  made t o  the  
publi!.hed soil  survey  report . 16  

Those areas mapped  by the  modified  soil  series  approach  include 70 d i f f e ren t  
so i l  tlnits. Each so i l   un i t   cons is t s  of  one or k r e  separate  occurrences. 
These so i l s   a r e   cha rac t e r i s t i c  of Chernozemic, Brunisolic,  Luvisolic:, Rego- 
so l i c ,  and Gleysolic  soil  developments and derived  primarily from g l a c i a l   t i l l ,  
g lac ic f luvia l ,   l acus t r ine ,   fan ,   a l luv ia l  and aeolian  deposits. The majority 
o f  s o i l s  a l s o  have shallow  topsoil  cappings and wide range i n  surfac:e texture  
and  drainage  character is t ics .  In t o t a l ,  the area mapped by the modified so i l  
s e r i e s  approach  accounts for  approximately 155  km (40,849 acres)  of land 
(Map 4-4) .  T a b l e  4-4 rumar izes  a few of the  major s o i l  parameters and 
reference t o  Appendix B should b? made fo r  a more complete  description of these 
various so i l  units. 

2 

4- 30 



u a b  
Anglcsey 

Darner 

narquc 

Honaoarte 

Cache Creek 

Carou l l l e  

Cheetsun 

Joerorr  

k a b e e  

Hepa 

Savona 

Separate 
No. o f  

Areas 

3 3  

2 

8 

tl 

2 

3 

22 

8 

4 

3 

6 

TABLE 4 - 3  

THOMPSON-BONAPARTE VALLEY  SOILS - 

Rrea 
lo ta l  

5 . 4 3  km2 

0.08 kmz 

1.13 km 2 

1.60 km2 

0 . 3 3  kmz 

0.14 km2 

11.39 k n  2 

1.16 k n  2 

0.41 InZ 

0.54 kn 2 

0 .33  kn 2 

parent  HaLerlal 

Glacial F l u v i a l  

A l l u v i a l -  
Co l l uv ia l  Fan 

Giacla l  TIII 

A l l u v i a l  Fan 

A l l u v i a l -  
Co l l uv ia l  Fan 

R i v e r   A l l u v i a l  

G i a c l n l  1111 

Aeol Ian 

Lacur t r lne  

A l l u v l a l   R l v e r  
Deposlts 
Reo1 Ian 

Sol1  Developm8? 
Ashcroft Soils 

Chernozem 
Rego O r o m  

Hull  Regosol 

Or lh l c   B row  So t1  
Chernozem 

R e m  H r o w  
ihernazem 

Sal h e  Rego Brow 

" 

Gleyed Mu1 I 
Regosol 

Qego Orohw 
Chernozem 
Rego Orow 
Chernozem 

Or th l c  B r o w  
Chernozem 

Or th ic  Brown 
Chernozem 

Mu1 I Regosol 

S I T E - S P E C I F I C  STUOY  AREA* 

Re la t i ve  
Depth O f  

5011 Solmn 

76 c n  

28 c n  

41 cm 

46-91 cn 

61 cm 

30-122 cm 

30-46 cm 

51 cm 

66 cm 

20-61 cn 

zn cm 

Surface Texture 
951 

g l s  

s l i  

fr i -slcl  

SI-si1 

1 s t  

g s i l - g f s i  

5 - f S 1  

r i l  

SI 

5-15 

D l  

w e l l  
d ra ined 

excerslve 

well 
dralned 

nmderate- 
we1 I 
dralned 

moderatelv 
we1 I 
dra ined 

dra lned 
i w e r l e c t l y  

Topography 
Slopes i n  I 

d 5  

5-40 

5- 30 

e 5  

2- 15 

c 5  

wel l   d ra lned ,I5 

r a p l d l y  
d ra ined 

2-15 

well   drained  2-15 

r a p l d l y  
drained 

2-9 

r a p l d l y  
dralned 

5-50 

Agr l cu l   t u ra l  
- Sign l f l cance 

p a r t l a l   g r a z l n g .  
parltal pasture  

p a r t i a l   p a s l u r e .  
p a r t i a l   g r a z i n g  

p a r t i a l   p a s t u r e .  
p a r l l a l   g r a z i n g  

arab le  

p a r t i a l  grazlng. 
v a r t l a i  pas ture  

arab le  

grazlno 

l r a r t l a l   g r a z i n g .  
p a r t l a l  pas ture  

arab le  

a rab le  

g raz ing  

Soli Survey o f  the  Ashcroft-Savona Area Thmrpson R ive r   Va l l ey .   Or i t l sh  Columbia, U.C. Deparlnent o f  Agr lcu l ture.   Keloma.  O . C .  Harch. 1963. 



TABLE 4-3  (Continued) 

No. o f  
Separate Total 

" Areas Area Parent   Hater la l  So11 Development 
Ashcroft Solls  

Sen1 I n  2 0.48 km2 Alluvlal- O r t h l c  Brow 
Calluvlal Fan Chernozem 

laueel  38 9 . 5 3  km2 Alluvlal- Rego B r w n  
Colluvlal Fan Chernozem 

Thawson 5 0.58 km2 A l l u v l a l   O r t h l c  Regosol 
R l v e r  Oeposlts 

Yalhachln 2 0.14 km2 Glaclal Out- 
wash 

Or th lc   Brow 
Chernozem 

Venables 1 0.14 km* A l l u v l a l -  
Col luv la l  Fan 

Calcareous 
Meadow Sol1 

R e l a t l v e  
Depth o f  

5011 Solum 
Surface 

___ 
30-41 cm g I  

30-61 cm fs l -g l  

4 

25-46 cm < I  

50-60 cm S I  I 

*I= Slopes I n  I 

rap ld ly  3- 15 
dralned 

well dralned 3-30 

ercesslve < 5  

r *n ld ly  
dralned 
poorly 
dra  lned 

Topography 

0.0 

5 -  30 

A g r l c u l t u r a l  
S l g n l f l c a n ~  

p a r t l a l l y  
arable 
par t la l   pas ture .  
p a r t l a l   g r a z l n g  

grazlng 

?lr!!ally 
arable  
arable  



T?..ELE 4 - 4  

SUWARY OF THE SOILS FOUND IN THE  SITE-SPECIFIC  STUOY AREA 

Separate 
No. o f  

3 

1 

2 

3 

2 

I2 

3 

I 

2 

I 

2 

I 

2 

T o t a l  
Area Parent   Mater la j  So11 Development 

0.91 kn? A l l u v l a l  fan  Carbonated  Cumullc 
deposits Regosol 

1.11 km A l l u v i a l  stream 
deposl t r  

Carbonated llumlc 
Gleysol 

1.96 km2 A l l u v l a l  stream  Carbonated  Gleysol 

1 .37  kin A l l u v l s l  stream 

0.11 krn Glaclal  outuash 

depos l t r  

!:;x!!: 

2.69 km2 Glacial outwash 

0 . M  km2 Glaclal  outuash 

0.51 km' Glaclsl outwash 

1.25 km2 Glsclal tlllt 

0.17 kmZ Glac la l  tlll 

2 .31  km2 G l a c l a l  t l l l  

1.62 km2 Glacll t l 1 1 1  

1.14 km' Glacial tlll 

l l t h l c   c o n t a c t  

L l t h l c   c o n t a c t  

Orthlc Regosol 

Deiraded Eutrlc 
Drdnlsol  
Oegraded E u t r l c  
Ordnlsol-Orthlc 
Dafk B r m  
Chdrnozem 
Oe raded E u t r l c  
B rdn l ro l -Or th l c  

Chernozem 
Orkhlc  Dark Brown 

Calcareous  Dark 
Grey  Chernozem 
Calcareous Dark 
Grey  Chernmem 
Oegraded E u t r l c  
Orunlsol 
L l t h l c  Alack 
Chernozem-Dcgreded 
E u t r l c   D r u n l r o l  
Oegradcd E u t r i c  
Orunlsol 

Re la t l ve  

Sol1 Solun 
Depth  of 

16 cm 

102 cm 

15 cm 

15-76 cn 

61-91 cm 

36-16 cm 

-~ 

e25 t m  

76 cm 

e 25 cm 

38 cm 

46 cm 

20-51 t m  

20- 30 CIR 

Surface 
Texture "_ 

I - S I I  

organic-  
SIC1 
1 

I-si1 

1 - 5 1 1  

Sll-SIC1 

Ill-SIC1 

S I 1  

5 1 - 1  

I-SI1 

1-511 

I - S I  

1-51 

WLaE 
excesslvely-  
poor ly  
poor ly  

poor ly  

moderately- 
poo r i y  
excesslvely 

wel l   dra lned 

excessive 

we1 I dra Ined 

excessively 

tmdcrately 

moderately- 
I w e r f e c t l y  
excesslve 

excers lve  

lopography 
Slopes I n  I. 

0- 5 

4 5  

c 5  

4 5  

." 

5-  IO 

2- 10 

7 20 

e 5  

15-20 

5-  I5 

4 5  

2- 12 

3-9 

A g r l c u l   t u r a l  
Slgnlllcan:,e 

arah le  

arahle 

p a r l l a l l y  
arable 
partlally 

arab le  
arahle 

arable 

q raz lnq  

arahle  

graz lng  

qraz lnq  

pasture 

graz ing  

parturc 



TABLE 4 -4  (Continued) 

Separate 
No. o f  

Areas "_ 
5 

10 

I 1  

I2 

I 

2 

- 
Y 

I 

I 

I 

I 

I 

I 

1 

1 

IO 

8 

Total 
Area 

5.25 km2 

8.22  km2 

4.22 km2 

0.48 km2 

3.23 km2 

2 . 2 6  km2 

5 . 2 6  i n  
7 

0. I8 km2 

0.01 km 2 

0.lD km2 

1.30 km2 

0.21 km2 

0.58 kn2 

0.95 km 2 

0.19 km2 

1.52 km2 

7.10 km2 

Parent  Haterlal 

Glaclal till 

Glac la l  tlll 

Glac la l  tlll 

Glac la l  t l l l  

Glac ia l  tlll 

Glac la l  tlll 

ti i iactai ~ I I I  

Glac la l  
l a c u r t r l n e  
Glac la l  
l a c u s t r l n e  
Glac la l  
l a c u s t r l n e  
Glac la l  
l a c u r t r l n e  
G l a d a l  
l a c u r t r l n e  
Glac ia l  t l l l  

Glac ia l  tlll 

Glac la l  till 

Glnc la l  t l 1 1  

Glac ia l  till 

Sol1 Oevelopment 

Calcareous  Black 
Chernozem 
Or th lc  Oark Orown 
Chernozem 
Or th lc  Dark Brown 
Chernozem 
Carbonated  Dlack 
Chernozem 
O r t h l c  Oark Drown 
Chernozem-Degraded 
E u t r l c  Drunlrol 
Oegraded E u t r l c  
Brun lso l  

Drun iso l -Or th lc  
Oegraded E u t r l c  

Chernozem 
Dark  Brown 

Regosol I c  

Regosol i c  

O r t h l c   E u t r l c  
D r u n l r o l  
O r t h l c   E u t r i c  
Orun l ro l  
Regosol lc-Or th lc  
E u t r l c  Orunlrol 
O r t h l c  Oark  Drown 
Chernozem 
Oegraded E u t r l c  
Drunlsol 
Orth lc   Dark  Drown 
Chernozem 
Rego Drown 
Chernozem 
Orthlc Drown 
Chernozem-Rego 
B r o m  Chernozem 

- 

Relat lve  
Depth o r  

so11 Solm 

61-16 cm 

20-46 c n  

46 cm 

16-64 cm 

0-46 cm 

15-20 cm 

30 cm 

- 

36-46 cm 

10-30 cm 

20-41 cm 

25 cm 

30 cm 

38 cm 

10 cm 

15-46 cm 

Texture 
Surface 

1 

1-11 

1-511 

I - S I  

5 l l - r l c l  

1-11 

511 

C 

c 

S l C l - c l  

r l l  

Sll 

Ill 

SI1 

1-511 

91-gs l  

frl-SI1 

Oralnage 

Ircll dra lned 

excesslve- 

ercess lve 
I n p e r f e c t l y  

Imper fect ly  

ercess lve-  
p o o r l y  

m d e r a t e l y  
U P l l  

excer r lve  

- 

we1 1 

Imper fec t ly  

e x c e r r l v e  

v e l  I 

we1 I 

moderately 
well 
moderately 
we1 I 

w e l l  
m d e r a t e l y  

w e l l - e r c e r s l v e  

excers lve 

Topography 
9 e s ~ l n  X 

5-10 

5 -  15 

5- IO 

d 5  

5 - l f l  

2-5 

7- 15 

5-9 

4 5  

< 15 

1- IO 

7-10 

5-9 

5- I 5  

5-9 

15-30 

5-20 

A y r l c u l t w a l  
9!l!K!2cJn_C_c 

arable 

p a r t l a l l y  
pasture 
p a r l l a l l y  
graz lng 
p a r t l a l l y  
arable 
pa;ture 

arnble 

p a r t l a l  

p a r t l n l  
grazlng. 

pasture 
n l l  

n l l  

qraz lnq 

graz lnq 

qrazlnq 

QaStllre 

graz lnq 

pasllwe 

graz lng 

parllal 

p a r t l a l  
pa r t l l r e  

n r r r l n r l  l ) .  - . . . . , . 



TABLE 4 - 4  (Cont inued)  

NO. Or 
h P  

Slrmbol- 
Separate 
Areas 

26 3 

2 1  3 

28  9 

29 5 

30 2 

31 8 

32 IO 

33 I 

34 15 

35 4 

36 9 

31 ' 6 

30 18 

39 I 

40 I 

Tota l  

1 .22  km' G lac ia l  t i l l  

brea  Parent  Hater la l  
" 

1 . 1 5  kmZ Clac la l  t l l l  

0.91  kn2 A l l u v l a l  fan 

3.04 km' G lac la l  tlII 

0.22 km2 A l l u v l a l  fan 

1.68 km2 Glaclal tlll 

1.11 km2 l i t h i c  contact 

0.61 kmz Co l l uv la l   ove r  

7.15 km2 Co l l uv la l   ove r  
G lac la l  till 

2.85 km2 . G lac ia l  tlll 
L l t h l c  Contact 

4.97 kn2 Glac ia l  t i l l  

15.90 kin2 Glac la l  till 

19.05 km2 Glac ia l  till 

0.27 km' Glac ia l  

0.33 km2 GIac la l  t i l l  
outuarh 

So11 Development 

O r t h l c  Orow 
Chernozem 

Carhonate  Black 
Chernozem 
Rego Drown 
Chernozem 
Rego Brown 
Chernozem 
Sal lne  Gleysol  

Degraded E u i r l c  
Arunlsol-Rego 

L l t h l c  Ora, 
Brown  Chernozem 

Chernozem 
Orth lc   Grey 
L u v l s o l  
L l t h l c   E u t r l c  
Erun lso l  
Degraded E u t r l c  
Orunlso l  
Rego Dark  Grey 

O r t h l c  Grey 
Chernozem 

Luvlrol-Degraded 
L u t r l c  Brmlsol 
Orthlc Grey 
Cuviso l  

E r u n i r o l  
Degraded E u t r l c  

Orthlc Grey 
LUVlSOl 

Re la t l ve  
Depth o f  

so11 Solum 

25 cm 

40-58 cm 

20-25 cm 

15 cm 

15-30 cm 

IO cm 

8-10 cm 

45-50 cm 

10-15 cm 

15-20 cm 

5-20 cm 

15-46 CR 

23-35 cm 

30-36 cm 

46-61 cm 

Texture 
Surface 

rs l -s i l  

I - S I 1  

1 - g r l  

I - g s i l  

organlc  
o r  sll- 
SIC1 
I -S I1  

fsl-SI1 

1-511 

gs l -g1 

f s l - S l l  

g s l l - S l l  

f s l - s i l  

rll-9111 

s i l - g s l l  

91-gs l l  

- 0r-e 

excesr lve 

imper fec t ly  

excer r lve  

excesslve 

poor 

eacer r ive  

excessive 

excessive 

moderately 
we1 1 
well  

Wll- 
imper rec t ly  

moderately 
Hell 
Hell 

v e l  1 
moderately 

Topography 
Slopes I n  I 

5-  10 

5-20 

15-30 

< 2  

30-50 

25-40 

>30 

10-40 

5-20 

5- IO 

15-30 

5-20 

r 5  

Agr lcu i   tu rn1  
a n l f i c o n c e  

p a r t i a l  

p a r t l a l  
arable ,  

g r a z l n q  
arable 

p a r t l a t  
a rah le  
g raz lng  

arahle 

graz ing 

graz lng 

graz lng 

graz lng 

graz lng  

graz ing 

graz lng  

grazing 

graz ing  

graz lng  



TABLE 4-4  (Continued) 

Hap Separate 
Symbol- 

No. of  

4 1  
42 

I 
6 

43 2 

44 2 

45 1 

46 I 

41 b 

48 I 

49 1 

50 8 

51 

52 

19 

3 

51 12 

54 5 

55 9 

Total 
Area Parent  Hater la1 

1.30 kmZ Glac la l  tlll 
1.82 km Glacla l  tlll 

1.04 kmZ Glac la l  till 

0.65 km2 Glacla l  tlll 

0.71 km2 G l a c l a l   f l u v l a l  

0.70 km2 Glac la l  f ~ u v ~ a ~  

1.31 km2 Glac la l  tlll 

0.43 km2 Glac la l  tlll 

0.91 km' Glac la l  tlll 

6.81 km2 Glac la l  tlll 

2 

o v e r   L l t h l c  
Contact 

G lac la l  outwash 
4,61 km Glac ta l  till- 

4.46 km2 Glac la l  tlll 

0.70 km2 A l l u v l a l  fan 

7.09 km2 Glac la l  tlll 

0.59 kn? A l l u v l a l  fan 

over L l t h l c  
contact 

and  stream 
deposi ts  

"I_ - Sol1  Oevelopent 

O r t h l c  Grey Luv lso l  
Or th lc  Grey Luv lso l  

Degraded E u t r l c  
- 0 r t h l c  Reqorol 

Orun l ro l  
Degraded E u t r l c  
Brunlrol 

Brunlso l  
Degraded E u t r l c  

Degraded E u t r l c  
Orunlsol 
Gleyed  Orthlc 
Grey  Luv!sol 

Grey   Luv l ro l  
Gleyed  Orthlc 

Orthlc  Dark  Grey 
Chernozem-Orthlc 
Grey Luv lso l  
L i t h l c  Grey 
Luv lso l  

Calcareous  Black 
Chernozem 
O r t h l c  Grey Luv lso l  

Luv lso l  
-Gleyed  Grey 

Calcareous  OIack 
Chernozem 
O r t h l c  Grey 
L u v i r o l - L l t h l c  
Grey  Luvlsol  
Carhonated  8lnck 
Chernozem 

R e l a t l v e  
Depth o f  

so11 S o l u n  

46-51 cm 
15-25 cm 

15-46 cm 

15-46 cm 

13-20 cm 

11-20 cm 

15 cm 

I5 cm 

5-25 cm 

"" 

15-30 cm 

5-10 cm 

25-10 cm 

45 cm 

8-25 cm 

25-10 cm 

Surface 
Texture _ _ _  

q s l l  
S l l - g s l  

q r l l - 9 1  

grll-ql 

sl l  

SI1 

s l l - s i c 1  

S l l - 5 l c l  

s l l - r l c l  

sll-qsll 

1-111 

r l l - s i c 1  

Sll-l 

511-gcl 

I-sll 

Oralnaqe 

excesr lve 
excesr lve 

moderately 
w e l l  

w e l l  
m d e r a t e l y  

excesr lve 

excesslve 

l m m r f e c t l v  

Imper fec t ly  

m d e r a t e l y  
well 

we1 1 

nmderate- 
p o o r l y  

m d e r a t e l y -  
Inwer fec t ly  

p o o r l y  

Topography 
- sloJ::&_x_ 

20-40 
740 

15-40 

15-40 

0-20 

0-20 

30 

>IO 

15-20 

20- 10 

5-20 

2-25 

> 15 

c5 

A g r l c u l   t u r a l  
" Slgnlflca!?ce ~~ ~- 

nil 
graz lng  

graz ing  

qraz lnq 

graz lnq 

qraz lnq 

grarlno 

qraz lnq  

graz lnq 

graz lnq  

qraz lng  

qrazlng 

qraz lnq 

qrazlnq 

qraz lnq 
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TABLE 4 -4  (Con t inued)  

Re la t l ve  
Depth of  

so11 Solum 

25  cm 

No. o f  
Hap 

Symbol- 
Separate  Total 

A rea  Parent Ha te r la l  

56 4 0.95 km' Glac la l   f l uv la l  

51 6 5 . 4 4  kmZ C o l l u v l a l  fan 

58 3 2.46  km2 G lac la l  t l l l  

1 0.51 km2 Glac la l  tlll 

o v e r   L l t h l c  
contact  

59 

60 5 0.65 km2 G lac la l  tlll 

61 1 0.05 knZ Glac la l   f l uv la l  

62 I 0.96 kmz Glac la l  t l l l  

63 1 0.93 kmZ Glac la l  tlll 

64 Z 1.10 km* Co l l uv la l   ove r  
G lac la l  tlll 

Texture 
Surface 

1 - S I 1  

Topography 
m e r  In  X 

5 -20  

5-20 

5-  15 

5 - 1 5  

d g r l c u l t v r a l  
Stqnl f lcance 

grazlnq 

graz lng 

Dralnaqe 

well 

So11 D e v e l o e  

Orth lc  Dark Dramm- 
Calcareous  Dlack 
Chernozem 
Or th l c  Oark Brown 
Chernozem-Degraded 
Cu t r l c   Orun l ro l  

Chernozem 
L l t h l c  Dark  Grey 

Calcareous  Black 
Chernozem 
Gleyed  Orthlc Grey 
;u. ; ,ui  
Or th l c  Dark Brown 
Chernozem-Degraded 

Or th l c  Grey 
E u t r l c  Bruntsol  

Luvlrol-Degraded 
E u t r l c   B r u n l r o l  
Or th l c  Brown 
Chernozem-Oegraded 
E u t r l c   B r u n l r o l  
Degraded E u t r l c  
B run l ro l  

15-20 cm S l l - g s l l  w e l l  

3-5 cm I l l - S I C 1  graz lnq 

10-15 cm 

25  cm 

10-15 cm 

1-g l  

I l l - g c l  

1 - g r i l  

moderately 
well 
poor ly  

we1 I 

graz lng 

gt-azlnq 

graz lng 10-15 

5-15 

5 -15  

5-  12 

15-30 cut S I 1  well- 
Imper fect ly  

well -  
I npe r fec t l y  

nwderately 
w e l l  

qraz lnq 

15 cm s i c 1  graz lnq 

graz lnq 30-28 cm SIl-SlCl 



4 . 2  VIGETATION 

( , i )  Biogeoclimatic Zones 

Seven hiogeoclimatic  zones have teen defined and  mapped on  Mae 4-5. These 
are  as  follows: 

( i )  Ponderosa  Pine - Bunchgrass Zone 
( i i )   In te r ior   Douglas- f i r  Zone 
( i i i )  Engelmann Spruce - Subalpine  Fir Zone 
( i v )  Alpine Tundra Zone 
( v )  Cariboo Aspen - Lodgepole  Pine - Douglas-fir Zone 
( v i )  Coastal Western Hemlock  Zone 
( v i i )  Mountain Hemlock  Zone 
( v i i i )   I n t e r i o r  Western Hemlock  Zone. 

I t  should be emphasized t h a t  the boundaries between zones a re  n o t  always 
well defined b u t ,  in most cases,   are broad transit ional  belts  (ecotones).  
This is  especially  true  in  the  steep,mountainous terrain where  orogra:Dhy 
and  expt~sure  play an important role i n  zonal  distributions.  Therefore, 
because n o t  a l l  the zones within  the  regional  study  area  could be invest i -  
g a t e d ,  rmny local  variations could  not be delineated.  These  factors itre 
b rough t  o u t  so the reader i s  not  mislead i n t o  believing  the boundary 
locations  are  exact. A generalized  biogeoclimatic  zonation i s  contained 
i n  F i g u r e  4-1. 

(i) Ponderosa  Pine - Bunchgrass Biogeoclimatic Zone 

The climate of the Ponderosa  Pine .- Bunchgrass Biogeoclimatic Zone is  a 
semi-arid  type. I t   i s  the d r i e s t  .and, i n  the s m e r ,  the warmest i n  
B r i t i sh  Columbia. Rainfall i s  very  limiting t o  f o r e s t   t r e e  growth in  the 
zone.  Consequently,  the  forest  consists of open savanna-like  stands.  This 
zone l i e s  between 275 and  915 m (900 and 3000 f t . )  i n  elevation and i s   t h e  
lowest  forested zone i n  Br i t i sh  Columbia. W i t h i n  the  regional  study  area, 
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i t  occupies  the  lower  elevations i n  the  Fraser,  Thompson and Nicola r ive r  
valleqs. The climate  characterized by Krajinao3is  sumoarized  in  Table 4-5. 

Most c f  the   soi ls   are   der ived from g lac i a l   t i l l   w i th   a l luv ia l  depos.its  being 
prominent i n  the  valley  bottoms, Because of the predominance of grass  species,  
the dcminant so i l   o rder   i s  Chernozemic. 

I n  this  biogeoclimatic  zone,  ponderosa pine l P i w  ponderosal, called  yellow 
p'ine by forestry,   regenerates i n  savanna-like  stands on sandy loam :,oils. 
On f iner - tex tured   so i l s ,  ponderosa pine  is  usually  missing, and big  sage- 
brush (Artemisia fiidentntai and a large number of grass species become 
dominant .  Interior  Douglas-fir  [Pseudotsuga rnenziesii vm. gzmtcal may occur 
here b u t  i t  requires  shade and a north  slope where water i s  more e f f i c i e n t l y  
conserved. 

The s t ruc ture  of this biogeoclimatic zone and the Interior  Douglas-fir  
Biogeozlimatic Zone differ  considerably from that  of  the  other  biogeoclimatic 
zones. The other zones are  characterized by a dense t r e e  canopy with a shrub 
understory. Herbaceous species iire c o m n  b u t  do not  cover  that much area. 
In the  Interior  Douglas-fir  Biogt!oclimatic Zone and especial ly   the Ponderosa 
Pine - Bunchgrass Biogeoclimatic Zone, the   fores t   s tands   a re  open savanna 
types. The t r e e s   a r e  low t o  moderate i n  density. The shrub  canopy i s  poorly 
develolxd,  while  the herbs, especial ly   the  grasses ,  form a complete  cover over 
the ground surface. 

The Ponderosa  Pine - Bunchgrass ?:one i s   t he  major agr icu l tura l  zone i n  
Brit ish Columbia a s  well as being1 of  prime importance for   cat t le   grazing  in  
the   spr ing ,   fa l l  and  winter, However, because of  i t s  relat ively  dry  c l imate ,  
i r r i g a t . i o n  is  necessary t o  achieb,e the best r e su l t s .  The forest   productivity 
of thir  zone is  the  lowest of t h e  forested zones  occurring i n  the  regional 
study zrea.  Wintering  habitat  fcr  ungulates and  upland game birds a re  
importznt  wildlife uses. 

4-40 



TABLE 4 - 5  

FOR THE PONDEROSA P I N E  - BUNCHGRASS ZONE 
Surii2i\HY uk I H t  CLIMATIC DATA 

f 
P 
l-4 

Mean Annual 
Temperature 

January Mean 
Monthly 
Temperature 

Number o f  
Months Above 
10°C 

Annual T o t a l  
P r e c i p i t a t i o n  

D r i e s t  Month 
P r e c i p i t a t i o n  

Absolute 
Ma x i  mum 
Temperature 

Snowfal l  i n  

Annual T o t a l  
Percent o f  

P r e c i p i t a t i o n  

6' - 10°C 
(42' - 5OoF) 

-0 o- - 3  6 0 0 

(17 - 27 F)  

5 t o  7 

190 - 360 IIMI 
(7.4 - 14inches) 

7.4 - 15.2 NIII 
(.29 - .6inches) 

39O - 44% 
(1010 - 112OF) 

19 - 42 percent 

Number o f  F r o s t  
Free Days 

J u l y  Mean 
Monthly 
Temperature 

Number o f  
Mnnthc RPlnw 
1 ooc 

Annual 
Snowfal l  

Wettest  Month 
P r e c i p i t a t i o n  

Absolute 
Minimum 
Temperature 

Seasonal 
Occurrence 

o f  T o t a l  
i n   P e r c e n t  

P r e c i p i t a t i o n  

100 - 200 

l R o  - 2 Z 0 C  
(640 - 72OF) 

2 t o  4 

500 - 1520 cm 
(20 - 60inches) 

29 - 51 IIUII 
(1.13 - 2inches) 

-41°0- -21OC 
( -42  - -6OF) 

W/NE: 30 - 40 percent 
SW/NW: 

Sumer:30 - 35 pe rcen t  

Spring:15 - 25 percent  
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(i i)   Interior  Douglas-fir   Biogeoclimatic Zone 

The Interior Douglas-fir Biogeoclimatic Zone i s   t h e  second warmest zone in 
Bri t ish Columbia, next t o  t he  Ponderosa  Pine - Bunchgrass  Biogeoclimatic Zone. 
The cl .mate  is   cool,   continental  and dry and i s   l a rge ly   c rea ted  by the  rain- 
shadow e f fec t  o f  the  Cascade and Coast  mountain  ranges. The zone varies from 
300 m I980 f t . )  t o  1525 m (5000 S t . )  above sea l e v e l .   I t  can be div.ided in to  
two  sub-zones based on prec ip i ta t ion .  The drier sub-zone, which i s  rhe most 
comnon: has an annual t o t a l  precipi ta t ion  of  400 mn (16 i n . )  t o  480 rmn (19  i n . ) .  
The wetter sub-zone occurs a t   h ighe r   a l t i t udes  i n  a ra ther  t h i n  t rans i t iona l  
be l t  to the  next higher biogeoclimatic  zone. The c imte   da ta   for   the  zone i s  
sumrPar:zed i n  Table 4-6 . 03 

A s  i n  the  Ponderosa  Pine - Bunchgrass Biogeoclimatic Zone, the so i l s   a re  
derivecl mainly from g l a c i a l   t i l l  and al luvial   mater ia ls ,  However, because of  
increar,ed  rainfall  arid a higher  stocking  of  coniferous trees, the dominant 
soils  ; ,re  Brunisols and Luvisols . 6'2 

I n  the drier sub-zone, there  are  only two major  coniferous  species; namely 
pondertlsa pine (Pinus ponderosa) and interior  Douglas-fir  (Pseudotsuqa 
menziesii uar.  g l a u m l .  The following trees occur  sporadically  in the sub- 
zone: western white  pine (pinus mat ico la)  and western redcedar (l'hz)ity'a 

plicntc:). Most o f  these trees d o  not grow w~ll"in~this-sub-zone  because the 
climate i s  dry  or  too warm. The forested  area is  a mosaic o f  open-grow 
pondercsa  p i n e  ( P < m  ponderosa) and interior  Douglas-fir  ( P s d t s y r a  

menziesii urn.  gzuucal interspersed w i t h  bunchgrass.open  range  areas. In 
t h i s  st!b-zone, ponderosa pine grows mainly a s  a pioneer  tree,  because i t s  
shade to l e rance   i s  quite low. Inter ior   Douglas-f i r   i s   the   c l imax  species .  
In the  wetter  sub-zone,  several  other  trees  are  present  because of the 
increased  precipitation, and include:  lodgepole  pine (Pinus cmtortcri, 
grand f i r  Ubies grandis)  and Engelmann spruce P i c e n  engeimmrii). Lodgepole 
pine  occurs  mostly above 1050 m (3500 f t . )   e l e v a t i o n  where the  vegetative 
season i s   s h o r t e r  and snow s tays  on the ground longer, I t  takes  over  the 
successional  role  of  ponderosa  pine at these  elevations.  Engelmann 5,pruce 
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moves down the  major  stream  courjes from the Engelmann Spruce - Subalpine  Fir 
Zone where cold  air   drainage and alluvial  deposits  are  present. 

Environmental features such as  soil   texture,   aspect and topographic  position, 
have a cr i t ical   inf luence on the  dis t r ibut ion of the vegetation  association 
in this  biogeoclimatic zone because  of i t s  dry  climate. All these  factors 
affect  the  soil  moisture  status,  thereby  favouring  certain  plant  species. For 
example. Douglas-fir doesbest on cool,  north  slopes,  while ponderosa pine  does 
be t te r  on southern  exposures. On finer-textured  soils,  grass  species  are  comon, 
while trees on coarse-textured  soils  regenerate  better.   This  effect   is  due t o  
the  loder  availabil i ty of soil moisture i n  fine-textured soils, where moisture 
is  hel,j  hygroscopically and less   easi ly   extracted by tree  roots? Poor aeration 
of fin?-textured  soils  could  also be a fac tor .  

The In'terior  Douglas-fir Zone i s  a multiple-use zone where b o t h  domestic l ive-  
stock  'grazing and forestry  are  very  important  industries.  This zone provides 
the  ma.jority o f  the  forage  for  l. 'vestock d u r i n g  the s u m r  months. Logging 
which lbegan in  the 1860's i s  now one of  the  largest  and  most important  indus- 
tries.  Agriculture  usually  consists  of improved pasture or the production of  
a l f a l fd  w i t h  i rr igation.  1ntens:ve  agriculture i s  not  generally  practised. 

( i i i )  Engelmann Spruce - Subalpine Fir Biogeoclimatic Zone 

This  b.iogeoclimatic zone i s  a muc:h fragmented f o r e s t  occupying the higher 
elevat.ions t o  treeline i n  the in te r io r  of British Columbia. This zone 
compost!s the major portion  of t h t !  i n t e r io r   fo re s t s  and i s  the dominant bio- 
geoclirlatic zone within the studq, area. Alt i tudinal ly ,  i t  ranges between 
1225 m (4000 f t . )  above sea level t o  2290 m (7500 ft.). 

The cl 'mate  is  characterized by K.rajin$3as a continental  cold, humid  one  and 
i s  summarized i n  Table 4-7. 

The p a r v n t  material i s   l a r g e l y   g l a c i a l   t i l l  w i t h  the dominant soil  order 
being  E,runisols. However, i n  t h e  Coast  Mountains, where the  precipitation 
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Mean Annual 
Temperature 

January Mean 
Monthly 
Temperature 

?!"SCr c f  
Months Above 
l0OC 

P 

P 
I 

P 
Annual To ta l  
P r e c i p i t a t i o n  

D r i e s t  Month 
P r e c i p i t a t i o n  

Absolute 
Maximum 
Temperature 

F"..c-,l 3.. m u w I a  I I 111 

Annual To ta l  
Percent o f  

P r e c i p i t a t i o n  

40 - 9OC 
(400 - 48OF) 

-120 - -3% 
(100 - 26OF) 

5 t o  6 

360 - 560 
(14 - 22 inches) 

13 - 28 UNII. 
(.5 - 1.1 inches) 

36' - 43OC 
( 9 7 O  - llO°F) 

21  - 35 percent 

Number o f  F ros t  
Free Days 

J u l y  Mean 
Monthly 
Temperature 

Number o f  
Months  Below 
10% 

Annual 
Snowfall 

Wettest  Month 
P r e c i p i t a t i o n  

Absolute 
Minimum 
Temperature 

75 - 200 

17' - 2loC 
(62' - 69OF) 

2 t o  4 

76 - 170 cm 
(30 - 70 inches) 

51 - 89 mm 
( 2  - 3.5 inches) 

-46O - 
(-510 

. -32OC 
- -25°F) 
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i s  greater and the  parent  materisl i s  largely of granit ic  origin,   Podzolic 
soils  are  the  most comnon. 

The fo re s t  ground i s  usually fro.zen  before  the snow f a l l s .  The wint.ers a re  
very severe w i t h  the snow lasting  approximately 7.5 months. This, together 
w i t h  the cool nights,   results  in ,3 short growing season. Only t rees  which 
can to le ra te  an  extended  period  'If  frozen ground and short vegetative season 
can survive  here, The climax  species are Engelmann spruce Picea engelmmYriil 
dnd subalpine f i r  Olbies Zasioca-pal. The successional  species,  lodgepole 
pine (Pinus contorts) i s  the most comnon in  this  biogeoclimatic zone since 
lightning-caused  wildfires and logging activit ies  are  extensive.   Forest  
stands  in  this  climax  state  are uncomon and scat tered.  White-bark pine 
(pinus aZbicmrZisl and alpine  larch l y a l z i i )  occur i n  sui table   habi ta ts  
around timberline. Western hemlock p s u g ~  heterophyZZu), western  white  pine 
(Pinus monticolal, western redcedar (Thuja p 2 i ~ a t a )  and interior  Douglas-fir 
(Pseuhtsuga menziesii urn. g h U t ? G )  only  occur  sporadically  because  of the 
short tegetative  season. 

Along the upper a l t i t ud ina l  boundary, the  contiguous  forest  gives wa.y t o  an 
open t.,pe "parkland  forest". Krlmnholz formation o f  the tree species i s  
comnon. These forest   colonies develop where the snow remains on the ground 
longer. The snow supplies  addit'ional  moisture t o  the trees. L i g h t n i n g  
fires might also  play an important role. 

Because o f  t h e  h i g h e r  precipitat;on received by the Engelmann Spruce - Sub- 

a l p i n e  Fir Zone, the forest   product ivi ty  i s  the second highest of a l l  of the 
biogeoclimatic zones occurring i r l  the regional  study  area. Consequelntly, 
loggin!! i s  the major  comnercial use o f  this zone, Domestic livestoclc  grazing 
occurs  throughout  the s m e r  months, however the amount and  quali ty of forage 
a re   re ' a t ive ly  low. In addition  to  livestock  grazing, the zone i s  used 
heavily by ungulates  as s m r  rcnge. The high  precipi ta t ion and greater  
snowfa'l makes this zone very  important  as a water  storage  area for i r r igat ion 
and domestic water supplies  in  the lower and drier  biogeoclimatic zones. 
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TABLE 4-7 
SUMMARY OF THE CLIMATIC DATA 

Fiji? i n E  E N G i X M i i i i  SPHuCt - SUBALPINE F I R  ZONE 

P 

P 
I 

m 

Mean Annual 
Temperature 

January Mean 
Monthly 
Temperature 

Number o f  
Months Above 
1 ooc 

Annual To ta l  
P r e c i p i t a t t o n  

D r i e s t  Month 
P r e c i p i t a t i o n  

Absolute 
Maximum 
Temperature 

Snowfall i n  

Annual To ta l  
Percent o f  

P r e c i p i t a t i o n  

lo - 4% 
( 38' - 39OF ) 

-180 - -7OC 
(-lo - 200F) 

2 t o  4 

410 - 1830 IWII 
(16 - 72 inches) 

15 - 66 IIW 
(.6 - 2.6 inches) 

32' - 37OC 
(90' - 98OF) 

43 - 72 percent 

Number o f   F r o s t  
Free Days 

J u l y  Mean 
Monthly 
Temperature 

Number o f  
Months  Below 
1 DOC 

Annual 
Snowfall 

Wettest  Month 
P r e c i p i t a t i o n  

Absol  Ute 
Minimum 
Temperature 

50 - 100 

12' - 16OC 
(54O - 6OoF) 

5 t o  6 

175 - 1016 cm 
(69 - 400 inches) 

64 - 254 INII 
(2.5 - 10 inches) 

-560 - -24% 
(-680 - ,  -3OOF) 

Seasonal 
Occurrences 
i n  Percent 
o f   T o t a l  
P r e c i p i t a t i o n  summer: 20 percent 

w in te r :  40 percent  
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( i v )  Alpine Tundra Biog'eoclimtic Zone 

The Alpine Tundra Zone i s  represented on the highest mountain  peaks  above the 
subalpine zone. I t  usually  occurs above 2150 m (7000 f t . ] ,  however, i n  the  
Coast Range, t h i s   a l t i t u d e  is  reduced because  of greater accumulation of ice  
and  snow t o  approximately 1830 m (6000 f t , ) .  Under the severe conditions of 
th i s   a l t i tude  no trees grow very  well. Only occasionally do  krunnnholz forms 
o f  white-bark pine Pinus aZbicaZisJ and sub-alpine ffridbies 2asiocmpal 
form i n  depressions where snow accumulates and supplies  insulation  and)noisture. 
The climate o f  this zone i s  sumnarized i n  Table 4-8 . 03 

Most o,f the   so i l s   a re  derived from shallow  glacial t i l l  over bedrock and are  
very  stony. The dominant s o i l  order i s  Alpine  Brunisols . Podzols are domin- 
ant i n  the  Coast Range. 

03 

A variety of herb spec ies   ex is t  ctn the dry, exposed  mountain  peaks. The most 
comnon are: mountain-avens Imyc!s octupetatal, a lp ine  pussytoes I h o e m r m c i a  
a@ina.l, catchfly t i i t m e  acaulin:) , beardtongue (Pentstemon procerus.), sand- 
wort (~lrencrrio c q i z z a r i s ) ,  and E variety  of sedge species (Cares scirpoidea, 
carer , d i m ,  and Carex aZbon+a). Small patches of red heather li%yZZodoce 
empetrifonnis), yellow  heather IITyZZodoce  g2m2duZifzorcrl and white moss 
heather (Cassiope mertensim) can occur in moist, sheltered areas. The 
heather  species  generally  increase  as .the climate becomes more coastal ,  
while many of the herbaceous  species  disappear. 

The 1ac:k o f  trees and severity of the climate  l imit  most a c t i v i t i e s   i n  this 
zone. The h i g h  recreational  values, water storage, and use i n  the smmr by 
wildlile  appear t o  be the most impor tan t  uses. In some areas  in the in t e r io r ,  
dmes t ic   l ives tock   u t i l i ze  these areas i n  the sumner months. However., due t o  
the shcrt vegetative  season, this practice  generally  results  in  degra,dation 
of  the  alpine t u n d r a  if  grazed  too  heavily. 
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Mean Annual 
Temperature 

January Mean 
Monthly 
Temperature 
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Months 
Above 10°C 
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03 
Annual To ta l  
P r e c i p i t a t i o n  

D r i e s t  Month 
P r e c i p i t a t i o n  

Absolute 
Maximum 
Temperature 

Snowfall i n  
Percent of 
Annual To ta l  
P r e c i p i t a t i o n  

TABLE 4-8 

SUMMARY OF THE CLINATIC DATA 
FOR THE ALPINR TUNDRA ZONE 

-40 - -1.5oc Number o f   F r o s t  
(25O - 29OF) Free Days L 25 

-180 - -7oc 
J u l y  Mean 
Monthly 70 - ll°C 

(00 - 20OF) Temperature (44O - 52OF) 

none 

Number o f  
Months 
Below lo°C 7 t o  8 

700 - 2800 IMII 
(28 - 110 inches)  Snowfall . (209 - 770 inches) 

Annual 531 - 1955 cm 

23 - 122 IIIII Wettest  Month 76 - 362 IIMI 
( . 9  - 4.8 i nches )   P rec ip i t a t i on  (3.05 - 14.22 inches) 

Absolute 

Temperature (-490 - -28OF) (700 - 83OF) 
210 " 280C Minimum -450 - -35oc 

72 - 74 percent  
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(v) Cariboo Aspen - Lodgepole Pine - Douglas-fir  Biogeoclimatic Zone 

This t,iogeoclimatic zone i s  quite similar t o  the Interior Douglas-fir Bio- 
geoclimatic Zone i n  i t s   vege ta t ive   charac te r i s t ics .  However, because of i t s  
more northerly  position, its climate i s  considerably  colder and severe. The 
zone  has a very severe w i n t e r  b u t  the snowfall i s  l imited.  Th i s  fac.t restricts 
many cf  the  tree  species comnon t o  the Interior  Douglas-fir Zone. The vege- 
tation  generally  consists of  a mosaic of f o r e s t  and grassland  associations. 
This zone i s  geographically  rather  than  altitudinally  defined. The climate i s  
characterized  as  micro-thermal, subhumid continental and i s  s m r i z e d  i n  
Table 4-9 . 03 

As i n  the previous  biogeoclimatic  zones,  glacial t i l l  i s  the most cclmnon 
parent  material. However, in  this highly  glaciated  plateau  region,  glacial 
outwash and lacustrine  deposits  are comnon. The dominant so i l  order i s  
Brunisolic on mesic habitats.  Llrvisols a re  more c o m n  on fine-textured, 
alkaline  parent  material. 

The most comnon trees are  Douglas-fir (Pspseudotsuga menziesii var. gZaucal, 

1 odgep3le  pine (Pinus cmtorta) tmd trembl ing  aspen (PopuZus tremutoides). 
White spruce (P icen  g h a l  i s  frequent i n  cool receiving areas. Open steppe 
grasshnd  associat ions  are  frequent on fine-textured s o i l s   ( s i l t y  loams). 

~... . . ~" - " 

The .vegetation of this zone strongly resembles t h a t  o f  the In te r ior  :Douglas- 
f i r  Biogeoclimatic Zone i n  t h a t  many of the vegetation  associations and plant 
specie:; are similar. The occurrence o f  western snowberry (Symphori~~zz-pos 
oc&~taZisl and prickly rose (Ilosn aciculprisl, the general  lack o,f many 
tree species and abundance  of trembling  aspen (PopuZus trm~loidesl  are  
importmt  character is t ics  of this zone. 

Domestic livestock grazing and fc res t ry   a re  the major uses. Agriculture is 
pract ised  to  a limited extent bu t  i s  restricted i n  both  the  type and produc- 
t ivity  of  the  crops due t o  the short  growing season. 

~ . "  . ." 
~ . 
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TABLE 4-9 

FOR THE CARIB00 ASPEN - LODGEPOLE PINE - DOUGLAS-FIR ZONE 

r),",,""" "I- ,.I.,- ^. ..."" "" 

J ~ ~ . . ~ n ~  U I  ~ n c  LLIIWIIL UHlA 

Mean Annual 
Temperature 

January Mean 
Monthly 
Temperature 

Number o f  
Months 
Above 10°C 

f 
0, 
0 Annual Total 

Prec ip i ta t ion  

D r i e s t  Month 
Prec ip i ta t ion  

Absolute 
Maximum 
Temperature 

Snowfall i n  

Annual Total 
Percent o f  

Prec ip i ta t ion  

20 - 5oc 
(36' - 41OF) 

-120 - -9% 
(10' - 16OF) 

3 t o  5 

360 - 560 IIIIII 
(14 - 22 inches) 

10 - 23 n n ~  
( . 4  - . 9  inches) 

33' - 4loC 
(92' - 105'F) 

28 - 38 percent 

Number o f   F ros t  
Free Days 50 - 150 

July Mean 
Monthly 13' - 17OC 
Temperature (55' - 62OF) 

Number o f  
Months 
Below lOOC 

Annual 
Snowfall 

Wettest Month 
Prec ip i ta t lon  

Absolute 
Minimum 
Temperature 

4 t o  6 

40 - 190 cm 
(16 - 75 inches) 

40 - 76 IIIII 
(1.6 - 3.0 inches) 

-52' - -38OC 
(-610 - -360F) 
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(vi)  Coastal Western Hemlock Biogeoclimatic Zone 

The Ccastal  Western Hemlock Biogeoclimatic Zone has a humid mesothernal  climate , 02 

i n  which the  zonal  soils  are  strongly  podzolized and western hemlock: lTsuga 
h e t e r c p h y t h l  i s  the cl imat ic  climax species . This zone i s  the wettest in 
Bri t ish Columbia  and sustains t h ?  highest  production  for  Douglas-fir,  western 
hemlock and western  redcedar, Tne Coastal Western Hemlock  Zone i s  composed of 
two sub-zones;  the d r i e r  has an .annual total   precipitation  of 1650 m (65 i n . )  
t o  2800 mm (110 i n . ) ,  and  the  wetter has an  annual total   precipi ta t ion of 
2800 mm (110 i n . )  t o  6650 mm (262 i n . ) .  Within the regional  study  area, the 
Coastal Western Hemlock  Zone i s  only found i n  the extreme southwest portion and 
i s  confined t o  several   drainages.   Alti tudinally,  this zone l i e s  between 450 m 
(1475 f t . )  and 1050 m (3450 f t . ) .  The climate i s  summarized i n  Table 4-10°3. 

03 

Becaus? of the h i g h  precipi ta t ion,  the soils  are  strongly  leached,  result ing 
i n  a p-edominance of  Podzolic  so.'ls. The soils are  generally  coarse-textured 
and acidic.  

The ve!getation i s   g rea t ly   in f luerced  by the h i g h  precipitation and a very rich 
s h r u b  and herb layer ex is t s .  The moss layer  generally forms a complete carpet 
over  the ground surface. 

The dominant tree  species  include western hemlock fTsuga heterophytlrrl, 
westerr redcedar (Thyia p l i m t a l ,  and Pac i f i c   s i l ve r  f i r  (Abies &:lis). 
Douglas-fir (Pseudotsuga menziesii oar. glmLcaJ occurs  as a very tomnon 
successional  species  (along w i t h  red alder fAlms rubrul) a f t e r  logging  or fire. 

The understory i s  composed of  a dense shrub  layer,  primarily composed of  salal 
(Gaulthe2.ia shallrml on the drier s i tes ,  w i t h  huckleberries IVaccinium s p p . ) ,  
devi l ' s   c lub LOpZopwaaz horridus), and Oregon grape (Berberis spp.) becoming comon 
on moister   s i tes .  The herb layer  contains a large number o f  species, b u t  they 
tend t o  have low cover  values  except f o r  swordfern PPoZyst ickm mituml and 
deerfern 1BZechnm spicmtl which are  dominant understory components. Other 
common Species  include  star-flower I f i iental is  latifoliai, foamflower (TiareZLz 
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Mean  Annua 1 
Temperature 

January Mean 
Monthly 
Temperature 

Number o f  
Months 
Above 10°C 

Annual To ta l  
P r e c i p i t a t i o n  

D r i e s t  Month 
P r e c i p i t a t i o n  

Absolute 
Maximum 
Temperature 

Percent o f  
Snowfall i n  

TABLE 4-10 

YJMMAHY OF I H t  CLIMATIC DATA 
FOR THE COASTAL WESTERN HEMLOCK ZONE 

50 - 9OC 
(41' - 49OF) 

- 4 O  - 5OC 
(24' - 41OF) 

4 t o  6 

1650 - 6650 nun 
(65 - 262 inches) 

30 - 165 IWI 
(1 .2  - 6.5 inches) 

26' - 4OoC 
(78' - 104OF) 

Number o f   F r o s t  
Free Days 

J u l y  Mean 
Monthly 
Temperature 

Number o f  
Months 
Below 

Annual 
Snowfa 

Wettes 
Prec ip  

11 

1 

DOC 

1 

t a t i o n  
Month 

Absolute 
Minimum 
Temperature 

120 - 250 

13' - 18OC 
(55' - 64°F) 

0 t o  3 

13 - 750.cm 
( 5  - 295 inches) 

280 - 1170 IIWII 
( 1 1  - 46 inches) 

-30' - -7OC 

(-22' - 19OF) 

Annual To ta l  
P r e c i p i t a t i o n  .9 - 38 percent 

~~~~~ 
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k t i f o z i a ) ,  foamflower (im-iareZZc t r i f o z i u t a l ,  twinflower LLirmaea boreal i s )  
a n d  woodfern D r y o p t e r i s  mts*:al. 

The moss layer i s  very  well  developed and a d i s t inc t   charac te r i s t ic  of most 
habitats i n  t h i s  zone. The dominant  mosses are EyZocomim splendens, 
Eurh$nzhiwn oreganm, Rhyt id iade!phus  Zoreus, PZagio thec im u n d u l u t u m ,  and 
I s o t i i e z i m   s t o l o n i f e m .  

Because of the  extremely h i g h  productivity o f  the  forests,  timber  harvesting 
i s  the major resource use. The dense  understory  restricts  recreational 
a c t i v i t i e s  such as h i k i n g  and hunting, 

( v i i )  Mountain Hemlock Biogeoclimatic Zone 

The  Momtain Hemlock  Zone occurs on the upper slopes and crests of m x t  
muntains  of the Coast Range.  The zone occurs above 915 m (3000 f t . )  as a 
microt,lermal  subalpine  belt w i t h  a deep snow cover  over  unfrozen grolund. 
Winter:; a re  n o t  as  severe as thos'e of i ts   in ter ior   counterpar t ,   the  llngelmann 
Spruce - Subalpine Fir Zone.  However,  snow accumulations  are much g?eater. 
W i t h i n  the  study  area, this zone occurrence i s  limited to the extrem: south- 
west po r t ion ,  where i t s  development i s   t r ans i t i ona l   t o  the in t e r io r  i:ypes. 
The c l ' Iwte  i s  summarized i n  Table 4-1lu3. The soils  are  generally  derived 
from g l a c i a l   t i l l  and colluvium  deposits,  developing i n t o  Humic Podzols as 
the zonal so i l s .  

The most comnon coniferous  trees  are mountain hemlock ITsuga m e r t e n s k a l ,  
Pacific:   si lver f i r  (Abies mubil is l  and yellow  cedar (chamaecypcrris rwotka- 
t m i s l .  These tree species   are   a l l  dependent upon unfrozen ground below 
the snclw for survival.  Western hemlock fTsuga heterophyzkl i s  comnon a t  
the lower elevations of t h i s  zone.  Subalpine f i r  (Abies 2asiocarpal, 
Douglac-fir P s e u d o t s u g a  menz ies i i  urn. gZmtcuJ and lodgepole pine (Pinus 
contor ta)  are o f  only  limited  distribution. Near t imberl ine,   subalpine  f i r  
may r e r l a c e   P a c i f i c   s i l v e r   f i r  i n  areas exposed t o  a more continental 
climatelg. Mountain hemlock i s  tne dominant tree on a l l   habi ta t s  and forms 
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Mean Annual 
Temperature 

January Mean 
Monthly 
Temperature 

Number o f  
Months 
Above 10°C 

Annual To ta l  
P r e c i p i t a t i o n  

D r i e s t  Month 
P r e c i p i t a t i o n  

Absolute 
Maximum 
Temperature 

Snowfall i n  

Annual To ta l  
Percent o f  

P r e c i p i t a t i o n  

(38' - 44 F )  Free Oays 40 - 120 
3O - 7OC Number o f   F r o s t  

-90 - - 1oc 
J u l y  Mean 
Monthly 1l0 - 13OC 

(16' - 3OoF) Temperature (51' - 56OF) 

2 t o  3 

Number o f  
Months 
Below lOoC 

1780 - 4320  Annual 
(70 - 170 inches)  Snowfal l  

33 - 84 mn Wettest  Month 
(1.3 - 3 . 3  i nches)   Prec ip i ta t ion  

24O - 30°C 
Absolute 

(750 - 86OF) 
Minimum 
Temperature 

Seasonal 
Occurrence 

20 - 70 percent 
i n   P e r c e n t  
o f   T o t a l  
P r e c i p i t a t i o n  

1 t o  6 

280 - 2032 cni . 
(110 - 800 inches) 

305 - 410 
(12 - 16 inches) 

-35' - -23OC 
(-31' - -1OOF) 

winter:   wet 
30 - 40 percent 
spr ing  and 
sumner: d r y  
10 - 15 percent  
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the  climatic climax species. Yt!llow cedar and P a c i f i c   s i l v e r   f i r  become 
como;1 on areas enriched by a f'iow of  seepage  water. Tree growth i s  slow 
becau'ie  of  the  short  vegetative season and deep snow cover. 

The forests  are  not  continuous i n  this zone and are  mostly  confined  to  the 
lower elevations. As the  elevation  increases,  the  contiguous  forest  gives 
way to a "parkland  forest" where! isolated krumnholz tree clumps are cornon. 
This ,is considered  the  Parkland Sub-zone by Brooke . Common under.story con- 
stitucmts of  the sub-zone a re  Emkuceue species,  such as  blueberryWuccinim 
deLiciosm), white rhododendron lRhododendron aZbi f lorm) ,  red heather 
(Phy2;:odoce empetriformis) and white  heather ICussiope mertensimta) ., A very 
lush illpine madow flora  exists  in  seepage  areas i n  the Parkland sub-zone 
where marsh marigold LCaZthu ZeFtosepaZal, monkey-flower ~ M M i m u Z u s  Ltmisii), 
mounti.in valerian tVuZeriana sitchensis) and false   hel lebore (Verdmm uir ide l  
can be, found. 

19 

W i t h i n  the  contiguous  forest,  the  comon  understory  species  are  blueberries 
(Vacciniwn membrunuceun, Vaccinim ovat i foZim,  Vaccinim akskaense) ,  
false  azalea LMemiesia ferruginm), twinflower Ilim2nea bureaZisl, bunch- 
berry (Corms canadensis) and fo,mflower (TiareZZu m i f o l i o t u ) .  

Most p a r t s  of t h i s  zone are inaciessible  b u t ,  where accessible,  logging has 
been the  major land use. However, because o f  the  beauty of the open Parkland 
sub-zone and heavy snowfall,  rec:-eation and watershed  protection  are  probably 
the two  most compatible  land use!;. Ungulates  generally  inhabit  the zone  in 
scattered numbers d u r i n g  the sumner months. 

( v i i i )  Inter ior  Western Hemlock  Zone 

T h i s  zme i s  the  wettest  and mosi: productive of the fo re s t  zones found in  the 
i n t e r i x -  of Bri t ish Columbia. W : t h i n  the  regional  study  area,  this zone i s  
only f m d  i n  the extreme northeastern  corner and covers a relative1.y  small 
area.  The climate  of  the  Interior Western Hemlock  Zone i s  comparable  with 
the Coiistal Western Hemlock  Zone except  that   the  vegetative season i , j   shor te r ,  
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TABLE 4-12 

j U " A H Y  Ui- I H t  CLIMAIIC UATA 
FOR THE INTERIOR WESTERN HEMLOCK ZONE 

f 
u1 m 

Mean Annual 
Temperature 

January Mean 
Monthly 
Temperature 

Number o f  
Months 
Above 10°C 

Annual To ta l  
P r e c i p i t a t i o n  

D r i e s t  Month 
P r e c i p i t a t i o n  

Absolute 
Maxlmum 
Temperature 

P e r c e n t   o f  
Annual To ta l  
P r e c i p i t a t i o n  

C". . = - a ,  I.. 
J l l " W l 0  I I 111 

30 - BOC 
(37' - 46OF) 

-110 - -3% 
(12' - 27OF) 

3 t o  5 

560 - 1700 INII 
(22 - 67 inches) 

25 - 51 
(1 - 2 inches) 

35' - 4loC 
(95' - 106OF) 

Number o f   F r o s t  
Free Days 100 - 150 

J u l y  Mean 
Monthlv 15' - 2l0C 
Temperature (59' - 69OF) 

Number o f  
Months 
Below IOOC 

Annual 
Snowfal l  

Wettest  Month 
P r e c l p i t a t i o n  

Absolute 
Minimum 
Temperature 

29 t 0  53 percent  

3 t o  5 

190 - 673 cm 
( 7 5  - 265 Inches) 

81 - 254 MM 
( 3 . 2  - 10 inches) 

-47' - -14OC 
(-520 - 7OF) 
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Altitudinally i t  occurs between 300 and 1350 m (1000 - 4500 f t . ] .  The climate 
is  characterized by KrajinaO'as a microthermal  continental humid w i t . h  a cool 
winter a n d  a warm summer. Table 4 - i 2  summarizes the  climate  for  this zone. 

This zone consists of  two sub-zones. In b o t h , t h e  climatic climax t r e e   i s  
western hemlock (Tsuga heteruphyZlcl. The d r i e r  sub-zone (annual mean to ta l  
p rec ip i ta t ion   i s  580 - 890 mn (22 - 35 i n . ) )  i s  one of  the  r ichest   areas of 
various  coniferous trees in  Brit ish Columbia. Interior  Douglas-fir (Pseudo- 
tsugo nenziesii v a r .  gzuucal, western larch (Lmi= occidentalisl, western 
hemlock (TSWC heterophyzld, western  white  pine P inus  strobus), lodgepole 
pine (Pinus contorts), western r2dcedar (Thuja pzicata),  subalpine f i r  (Abies 
zasiocp-pal, and grand f i r  Dlbie.3 grandis) are  the dominant trees. The wetter 
sub-zone  (annual mean total   precipi ta t ion 890 t o  1700 mn (35 - 67 i n . ) )  has 
on ly  Interior  Douglas-fir (Psezhtsuga morziesii  vm. g h c a ) ,  western hemlock 
(Tsuga heterophyzh). lodgepole  oine Lpim cator tu l ,  Engelmann spruce 
(Picea engehmni i ) ,  western red1:edar (Thuja pZicntal,and  subalpine f i r  (Abies 
Z ~ ~ i o o l r p a l  as  i t s  most comnon P e e  species. Both sub-zones  contain Balsam 
p o p l a r  ( P O ~ U Z U S  baZsmnifera), trembling  aspen (Popu lus  tremuloidesl, and paper 
birch (BetuZa pnpyriferd as  comnon deciduous trees. 

The relat ively high precipitation and large number o f  coniferous trees makes 
th i s   zme one of the most important  timber  producing  areas i n  the   in te r ior  of 
Br i t i s i  Columbia. 

( 1 1 )  Vegetation  Associations 

The vegetation  within the local  study  area (Map 2-1) was  .mapped a t  bae 
associ83tion  level u s i n g  the recent C O l O U r  aer ia l  Dhotographs, flown in 
Septerber 1976, and f o r e s t  cover maps  (Map 4-6). AS s t a t ed   ea r l i e r ,   t he  
vegetation  associations were named according t o  the climatic climax s ta te .  
Howeve,", because of the abundance of  burns and logging w i t h i n  the  study  area, 
very 1 i t t l e  of the  climax  overstory  exists. For this reason, the  fo.rest 
types were mapped and designated  as  follows w i t h i n  each association: 
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Coniferous Types 

Engelmann spruce - subalpine f i r  
Engelmann spruce - lodgepole  pine 
Engelmum spruce - Douglas-fir 
Engelmnn spruce - Douglas-fir - lodgepole pine 
Engelmmn spruce - aspen 
Engelm3nn spruce - subalpine f i r  - lodgepole pine 
Engelmmn spruce 
Douglaj-fir - lodgepole  pine 
Doug1a.;-fir - aspen 
Doug1a:;-fir - ponderosa  pine 
Doug1a:;-fir 
subalp,ine f i r  - lodgepole pine 
subalp.ine f i r  
lodgepole pine - aspen 
1 odgepol e pi ne 
ponderosa  pine 

Deciduous  Types 

cottonwood 
aspen 
cottonwood - amen 

Using the  plot  information,  information from other vegetation studies in 
interic'r Bri t ish Columbia, aer ia l  photographs and forest cover maps, 14 forest 
associations and six  grassland as2;ociations were described and mapped w i t h i n  the 
detailed  study  area. Each association i s  c m o n  t o  a cer ta in  biogeoc:limatic zone, 
with  the  exception  of  three  intrazonal  associations t h a t  can occur in several 
biogeoclimatic  zones  because of their def ini t ion and the result of tclpographic 
or  edaphic  differences between zones. The following  associations have been 
described and mapped (Map 4-6). 
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Alpine Tundra Zone 

m o u n t a i n  awns  - sedge associaticm 

Engelmnn Spruce - Subalpine  Fir - Zone 

Engelrnmn spruce - grouseberry  azsociation 
Engelmiinn spruce - grouseberry - pinegrass  association 
Engelmiinn spruce - grouseberry - white rhododendron association 
Engelmiinn spruce - willow - red heather parkland  association 
Engelmann spruce - grouseberry - lupine  association 

Interior  Douglas-fir Zone 

Douglari-fir - pinegrass  association 
Doug1ar.-fir - bunchgrass association 
Doug1a:-fir-spirea - bearberry  association 
Douglas-fir - bunchgrass - pinegrass  association 

Pondercsa Pine - Bunchgrass Zone 

pondercsa pine - bunchgrass  association 

Intrazonal ~ ~ ~. ~ .. -~ 

riparian  association 
Engelmann spruce - horsetail   association 
willow - sedge bog association 

- 

Grassland  Associations 

highlan,j  grassland  association 
Kentuck., bluegrass  association 
bunchgr,?ss - Kentucky bluegrass  association 
sagebrwh - bluebunch wheatgrass  association 
saline  depressional  association 
big  sagebrush - bunchgrass association 
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Forest  Associations 

The 14 forest   associations  described in this  study comprise the  majority of 
the  land  within the detailed  stu,jy  area, Most of these associations  are 
successional and very l i t t l e  climax  vegetation exists. Most climax vegetation 
i s  found  along  streams or a t  hig'i  elevations on sheltered n o r t h  expcsures. The 
mosaic pattern of the  forest   ass lxiat ions  is   general ly   interrupted by grasslands 
intersoersed  throughout  the  fore:sted  lands. 

( i )  Mountain Avens - Sedge Association (Appendix C )  

This  association  occurs above timberline on the highest windswept peaks w i t h i n  
the  stJdy area, mainly within  the  Clear Range. Blustry,  Cairn's, Moore  and 
C h i p u i i  mountains a re  the major distributional  area of this   associat ion.  The 
s o i l s  3re  generally  very  shallow and stony ( C 5 0  percent).  Because of time 
a n d  pox- access ib i l i ty ,  only one plot  (Plot Number 1) was located i n  this 
associ(1tion. 

The s h - u b  l ayer   i s   sparse  and restricted t o  rock outcrops. The herb  layer 
consis,:s of  a well-developed b u t  patchy  coverage  of mountain  avens (Dryas 

octope::aZai w i t h  sedge ( C a r e t  aZl)o-nigrmtl, bluegrass (Poa g r a y a n a l  and sand- 
wort L l r o l a r i a  c p i z z a r i s )  comprising the majority of the remaining  vegetation 
cover. 

( i i )  Engelmann Spruce - Grouseberry  Association (AppendixC) 

This  association  is   the most abundant  subalpine  habitat,  especially .to the  
west and north  of  the Hat Creek \ ' a l l e y .   I t  develops on broad ridges and gentle 
slopes from 1520 m (4985 f t . )  t o  1850 m (6068 f t . )  in  elevation.  It  occurs 
on a l l  exposures, b u t  reaches it:, best development on southern  exposures. The 
soils itre medium-textured,  well-drained and derived from g l a c i a l   t i l l  and 
colluv.um. The major so i l  order i s  Gray Luvisol. 

I n  the c l i m x   s t a t e ,   s u b a l p i n e   f i r  (Abies lasioccrrpa~ i s  a major component of 
the  overstory. Engelmann spruce Picea engelmamiil i s   a l s o  well represented. 
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However, within  the  study  area,  subalpine f i r  was found t o  be rare,  only 
existing i n  isolated  stands  or a.5 very scattered  regeneration  species. 
Engelmann spruce was the dominant species   in   the  c l imtic  climax forest   stands.  
However, because of pas t   f i r e s ,  most stands  are made up of  mixtures of lodge- 
pole  pine (Pinus c a t o r t a )  and D~~uglas- f i r  (Pseudotsuga menziesii var.  gluueal ,  
both szral  species, w i t h  Engelmann spruce  usually of secondary  importance. 
Canopy coverages are  dense, rang.ing from 60 t o  100 percent. 

The unlierstory i s  dominated by a very low, dense  cover of gr0useberr.y 
Ilia~ci;zim SCOp&trm) which covers between f ive  and 95 percent, depending on 
the  ovl?rstory  coverage,  Other shrubs occurring  very  sporadically art? buffalo- 
berry LShepherdia cmadensisl, 1 . t t l e  w i l d  rose (Rosa symnocarpaI and t a l l  
huck1el)erry lVaccinim membrwacemml. 

The he,-b layer   is   great ly  reducec! ( f ive  t o  10 percent) by the dense s h r u b  
canopy,  Frequent  species  include  twinflower fLimtaea boreaZisl, wintergreen 
(Pyrola secunda), meadowrue 1 T h a l i c t n m ,  occidentald, strawberry IFrtqaria g k a l ,  
arnica (.&mica latifolia) and lousewort PedicuLzmk bracteosa). 

The  moss layer is  moderately  well-developed i n  coverage w i t h  PZeurozCm 
scherbcri being the dominant species. 

The 1ic:hen layer  is   diverse  in  species composition  although  the  avera:ge  cover 
i s  approximately 10 percent, Alectoria jubata and Akctor ia  fm0nti.i are   the  
dominart epiphytic  lichens,  while PeZtigem aphthosa i s  found on the ground 
( terr icolous)  i n  scattered  patches u p  t o  one m (3 .28 f t . )  i n  diameter. 

Domestic grazing  values  are low b.xause  of the lack o f  palatable  grasses. 
Wildlife  uti l ize  this  association mainly as summer range. Forestry  is by 
far   the  most c o m n  use, however the  frequency of f i r e  removes many of t he  
higher valued t ree   species .  

Along streams a n d  drainage  course:; where moisture  conditions  are  better, 
the  species  composition i s  genera'lly  better  developed. Engelmann spruce 
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dominates the  tree canopy,  while  the shrub l aye r   i s  dominated by willows 
/ w i t l o w  spp.J and grouseberry Uaccinitmt scopariml. The herb layers  contain 
lupines Ilicpinus lepidusl, meadowrue LThaZictnmr occidentalel, horsetail 
Equiaetwn mvensel, mountain valerian (Vakriunn sitchensis), arnica (Arnica 
latifolial and strawberry Irragariu glmcca). Comnon mosses are Auhomitmt 

patustre and Drepanoczadus w i n a t u s .  

( i i i )  Engelmann Spruce .- Grouseberry - Pinegrass  Association 
(Appendix C ) 

This  association  constitutes a d.-y phase  of the Engelmann Spruce - Grouseberry 
Association.  Altitudinally, i t  .Forms a well  developed association between 
1400 m (4600 f t . )  and 1675 rn (55130 f t . ) .   I t   u s u a l l y  occupies  plateau  areas 
w i t h  deep so i l s  of medium-texturte. The Gray Luvisol is  the most common so i l  
great group. Within the study  area,  this  association  occurs most frequently 
t o  the  east of the Hat Creek Val'ley i n  the  area  north  of Cornwall Mountain 
and i n  the Arrowstone Hills. 

As i n  the Engelmann Spruce - Gro.seberry  Association, Engelmann spruce 
(Picea engehanniil forms a persistent  seral   consti tuent,  while  subalpine f i r  
( ~ b i e s  h i o c n r p a )  i s  almost  laclting. However, because of the  seral  nature 
of  most stands  within  this  association,  lodgepole  pine ( P i n u s  contortal was 
found the most abundant species. 

The.shrub  layer i s  characterized by a low cover  of  grouseberry (Vaccinim 
scopariml and bearberry L4rctos::aphyZos .uva-ursil. A higher shrub layer 
exis ts  and is  composed of buffaloberry (Shepherdia canadensis), 
( J u n i p m ~ s  commo2isl and mountain alder (AZmcs incrmczl. Sporadic  occurrences 
of western shadbush (Ametanchier alni fol ial ,  l i t t l e  w i l d  rose (Rosa :gymacarpal 
and spirea fSpiraea betuti folial  are  comnon. 

The doninant  herb by f a r   i s  pine[grass ICa7mtqrosti.s rubescensl, covl?ring as  
much as 95 percent of the ground surface. On steeper  slopes where tlie  soil 
depth 'vas less  than 20 cm (8 in .  1 1 ,  McLean found a decrease i n  the ainount of 07 
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pinegrass.  Other  characteristic  species  are  lupines U q i n u s  Zepiclcsl, twin- 
flowel. Uimzaea boreatisl, wintergreen Pyrolu secunda) and strawberry @ragaria 
g laucC!l . 

The  mc'ss  and lichen  layers  are  tighly  variable. The  moss layer   is  dominated by 
?kurmim schreberi. The lichen  layer, on the  other hand, i s  composed of 
sever; 1 dominant species. AZectoria jubatu, AZectoria fremontii, A;.ectoriu 
sarcmrentosu, and  Letitaria  vulpina are   a l l   character is t ic   epiphyt ic   l ichens,  
r h i l e  PeZtigem  nphtbsa i s   t h e  comnon terricolous  lichen. 

( i v )  Engelmann Spruce - Grouseberry - White  Rhododendron 
Association (Appendix C )  

T h i s  association  occurs  to  the  north of the Hat Creek Valley i n  the  Pavilion 
Mountains on relat ively  f la t   p la teau  areas .  The association i s  uniciue i n  t ha t  
i t  i s   t h e  only  area where white rhododendron ~Rhododendrm a Z b i f l m m l  occurs. 
The development  of the  association is not   ent i re ly  understood. I t  appears t o  
dominate i n  areas i n  the  early  stages of secondary  succession due t o  f i r e  or 
logging. As t he   t r ee  canopy matures and  Engelmann spruce (Pima engeZmmmiil 
becomes the dominant tree  species,  white rhododendron is drast ical ly  reduced 
i n  coverage. I t   i s   f e l t   t h a t   t h i s  may be a successional  association and only 
ex i s t  a s  a. subclimax or climax 011 very  well  drained  habitats. In other  habitat  
types,  the Engelmann Spruce - Grouseberry  Association  will  probably form. For 
this  rzason,  the  exact  nature and location o f  the  vegetation  boundaries is  not 
known, a n d  can only be assumed, However, i t  is f e l t   t h a t  this is  an important 
associ3tion  to  delineate because of the unique occurrence o f  white rhododendron 
i n  t h i s  area. White rhododendron is  usually  only found on the windward sides 
o f  the major mountain ranges. I t s  occurrence  here,  especially i n  successional 
stands,  possibly  indicates a higher  moisture  availability i n  the  northern 
parts of the  detailed  study  area where this  association  occurs. 

The t ree   layer  is  composed of  lodgepole  pine (Pinus contortal and scattered 
occurrences o f  Douglas-fir IPseucbtsuga menziesii urn. gZuucu) and Engelmann 
spruce. The tree  stands sampled were successional,  as  the abundance of 
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1odgeFsole pine  indicates. 

The s t r u b  layer is  very  well  developed i n  b o t h  the high and  low shrub layers. 
White rhododendron a n d  buffaloberry LShepherdia crmadensis) share the dominance 
role  in  the h i g h  shrub layer  with approximate  coverages of 60 percent. The 
low shrub 1 ayer i s  composed of grouseberry (Vuccinim  scopariml. 

The h e r b  layer is  f a i r ly   cha rac t e r i s t i c  of t h a t  found in  the Engelmann Spruce - 
Grouseberry  Association,  although  not  as species rich. Twinflower f7Linmea 
borenZis), meadowrue 1371alictnrm occidentale), arnica (Arnica  cordij'olial and 
pinegrass (Cahmqros t i s  rzbescewl are   the  dominant species present. 

The lichen  layer i s  dominated by Let- vuZpina, which is  sporadic i n  
occurrence. 

( v )  Engelmann Spruce - idillow - Red Heather  Parkland  Association 
(Appendix C ) 

This  ajsociati'on  occurs as the  c'limatic  climax from approximately 1980 m 
(6494 . F t . )  to  t imberline.  The trees occur i n  parkland  type  stands i n  a 
clumpy, stunted  form,  generally  referred t o  a s  "krumnholz". This is the 
hi9hes.L forested  association and i s  found on a l l  exposures and slopes. The 
so i l s  iire shallow and stoney,  with  Dystric  Brunisols  being the comnoln soil 
great !]roup. 

Engelmilnn spruce (Picea  engehrmnii) and subalpine f i r  (Abies Zus&clnpa) 
share the climax status  with Engelmann spruce, the more dominant of the two. 
White-bark pine ( P i n u s  nZbicmcZie) i s   a l s o  well represented. Because of the 
severe  climate found a t  these elevations,  tree growth and regeneration is  
very slow. The krumholz  nature of the trees can a l so  be at t r ibuted t o  the 
c l i m t c .  Wind, snow and associated  ice  particles tend t o  shear off  branches 
protruding above the  protective snow cover, f o n i n g  trees t h a t  appear f l a t -  
topped and t r a i l i n g .  
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The s t rub  layer  i s  well developed  in  a  high  shrub/low s h r u b  habit. A heavy 
cover  of  willows (5Qzk spp.1 ex i s t s ,  a b o u t  2.5 m (8 f t . )  h i g h  and  covering 
between 70 and  100 percent  of  the  plot. Underneath this high shrub layer,  a 
dense low shrub layer   exis ts ,   consis t ing o f  grouseberry lvacciniwn scop&ml 
a n d  bearberry L4rctostaphylo.s uvz-urd. Red heather (Phyllodoce enpetrifomisl 
which has been found t o  be charac te r i s t ic  o f  this   associat ion by other observ- 
e rs  was found t o  be very  sporadic  in  occurrence  throughout the study  area. 

The herb layer  possesses species comnon t o  both the alpine and subalpine  zones. 
The principal  herbaceous  species are sedge (Car= ~Zbo-~igruml,  bluegrass (PDQ 
ppnd, lupines (Lupinus lepidrsl, meadowrue IThuZictnon occidentatel and 
strawbzrry (Frczq- gZmccal. 

I n  reclziving areas,  which are vel-y c m o n  in this krumnholz fores t ,  a willow- 
bog colnnunity exists.  The shrub layer  i s  daninated by a dense can0p.y of 
willow lSaZirc spp.) ,  while the herb layer contains a large number of species 
w i t h  moderate  coverage. The principal  species  are  sedges, woodrush (LuzuZa 
hitchcockii), grass-of-Pamassus IPm?rrrss i~  fimbriatal, cowparsnip fi?erachuz 
Z m t a t m l  and  horsetail  IEquisetmr uruensel. The  moss layer  i s  highly developed 
in thec.e wet depressions. The principal  species  forming an almost  total  carpet 
over the ground a re  AuZacomiwn pdus t re  and Sphagnwn spp.. 

( v i )  Engelmann Spruce - Grouseberry - Lupine Association 
(Appendix C) 

This  association  occurs  directly below the Engelmann Spruce - Willow - Red 
Heather Parkland  Association and above the Engelmann Spruce - Grousetlerry 
Association, on all  exposures and s lopes .   I t  forms the l a s t  contiguous fo re s t  
stand  before the subalpine  parkland i s  reached a t  approximately 1950 m . 

(6396 f t . ) .  The soils are  derive3 from either colluvium o r   g l a c i a l   t i l l .  
Dystric  Brunisols and  Gray Luvisols are  the comnon soil  types. 

The trej? canopy i s  a dense  one,  c~~mposed  mainly of Engelmann spruce LPicea 
engehmmiil with  lodgepole  pine !?inus ca tor ta l  becoming dominant  in seral  
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stands.  Subalpine f i r  Ubi= Zuswcmpal, normally a dominant assoc:iate. was 
only found  on one plot  w i t h i n  th is   associat ion.  

The sh rub  layer   consis ts  of a low growth o f  grouseberry !Vuccinim scoparilrmJ 
reaching a coverage o f  80 percen.t.  All  other  shrubs  only  occur  sporadically. 
except  for red heather PhyZZodoce mpetrifamnisl which i s  very  comon. 

The herb 1 ayer i s  very  well  deve'loped and possesses a large number o f  species. 
The ch,lracterist ic  species  are  lupines Ilupimcs Zepidusl, 1ousewort (PedicuZrrr- 
is bructeosal, globeflower UYoZ;!ius l e a s ) ,  wintergreen (FyroZu s e c d l  a n d  
arnica ( m i m  latifozial. 

The 1il:hen layer  consists mainly o f  the  epiphytic  types AZectoria j u k t c  and 
Akcto~-io sarmentosa. The  moss 1 ayer is  poorly devel oped w i t h  DrepmoclamLs 
tmcinorus and Dicrmzum fusescens being the  only two found. 

( v i i )  Douglas-fir - Pinegrass  Association (Appendix C )  

This  a5,sociation i s  the most widespread  throughout the Interior  Douglas-fir 
Zone. I t  occurs on relatively.steeR cool slopes  or benches on mid t o  upper 
slopes. A t  lower  elevations, i t  usually  occupies  cool  northerly  aspects, 
s h i f t i n g  to  southerly  exposures a t  higher elevations.  The s o i l s  +re usua-l-ly--~- -~ 

medium t o  fine-textured  Brunisols and Luvisols. 

The forests  i n  t h e  mature s ta te   are   general ly  of an -open type w i t h  Douglas-fir 
(Pseudotsuga menziesii uar. g h c z l  dominating the overstory and  an understory 
that i s   e s s e n t i a l l y  shrub-free, dominated by a uniform  pinegrass (CcZmnagrostis 
rubescewi cover.  Since fire and logging  are  extremely  important i n  the 
develop,nent of  forest   associat ions i n  southern British Columbia, most of the 
forests i n  this associat ion  exis t  i n  the  seral  condition.  Seral trees include 
ponderoja  pine Pinus pmderosal i 3 t  elevations below 1050 m (3456 f t . )  and 
lodgepole pine Pinu contortcl a t   t h e  upper  elevations. 

The shrub layer   is   usual ly  poorl!r developed. Li t t le  wild  rose^ &sa 
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gymnocttrpu), bearberry LQrctostqbyZos u v a e s i ) ,  western shadbush (AmeLznchier 
~2nifo;:ioJ and  comnon juniper ~ J L W Z ~ P ~ ~  c o m i s l  are   the most comnon shrubs. 
The coitrser  the soil ,  the more cornon bearberry becomes. 

The herb  layer i s  dominated by pinegrass. Other comnon associates w . i t h  a high 
presence, b u t  low cover va lue ,  a r e  sedges [Carez s p p . ) ,  wild  onion IAZZim 
cernutoll), yarrow (AchiZZea millefoliuml, strawberry Prugaria gtmccO!, m i l k -  
vetch riZstraguius m i s e r ) ,  rosy  pussytoes L4ntennm+ia roseusl and dandelion 
(Tor-:cum officinutel. Because  of the  density of the herb layer,   the moss 
l a y e r   i s  poorly  developed. The lichen  layer  varies  considerably with the age 
o f  the   fores t  s t a n d ,  the  older  stands having better lichen development. 
Letharia v u l p i m  i s  the most  cornon epiphytic  lichen,  while Pettigerc  canim 
i s  the most comnon terricolous  lichen  species. 

One important  variation of this  association has large  portions o f  trembling 
aspen (~opuzus tremuloidesl. These stands  are  especially prominent  in  the 
v ic in i ty  o f  Harry Lake. The occu-rence o f  seepage  water i n  the rol l ing 
topography, abundance of a limest>me-derived parent  material  favourable t o  
q u a k i n g  aspen and, t o  some degree logging,  probably  account for the abundance. 
A simil3r  association  frequently  occurs i n  swales and depressions  throughout 
the grassland  areas. The major difference exists i n  the dominance of  quaking 
aspen ill the  overstory and  an increase i n  the  importance o f  Kentucky bluegrass 
(Poa pnztemisl .  

(vi i i )   Douglas-f i r  - Bunchgrass Association (Appendix C )  

This  association represents the wa,rmest found w i t h i n  the Douglas-fir Zone. 
I t  OCCUI'S on steep,  south,  southwestern and southeastern  exposures on dry 
slopes. The soi ls   are   general ly  a mixture of g l a c i a l   t i l l  and colluv.ium, 
w i t h  s o i l s  being  Brunisols. 

The Douclas-fir - Bunchgrass Association is s imi la r   s t ruc tura l ly   as  well 
as  compcsitionally t o  the lower  Ponderosa Pine - Bunchgrass stands. lhe  
scat tered  t rees  and grass-dominated  understory  create  savanna-like stands. 
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pondttrosa pine E n u s  ponderosc) i s   t he  major seral  species  with Douglas- 
f i r  'Pseudotsuga menziesii urn. g b a )  being the  climax dominant. 

The r ,hrub  layer i s  poorly developed consisting of many scattered  shrubs of 
western shadbush (Amelmirier aZnifoiia),  pasture  sage olrtemisia ;crigidal 
a n d  Focky  Mountain juniper O r n i p e m s  scopuZonon). 

The kerb l aye r   i s  well  developed i n  coverage, b u t  low i n  species  composition. 
Bluebunch wheatgrass (Agropyron spiccrtrrm) i s  the dominant grass,  while  rosy 
pussytoes (Antermaria roseus), yarrow (Achillea m i l l e f o l i m )  and  lemonweed 
(Lithospemnm, ruderatel a r e   t h e   c o m n  herbs. 

* 

L 

The moss layer i s  generally  non-existent w i t h  L e t M a  uuZpim CO~tOnly 
occurring  as an epiphytic  lichen, a1.though i t s  coverage is  low. 

The forest   productivity of this association i s  low.  However, i t  produces 
good forage for domestic  livestock and provides  especially good winter 
range for   wildl i fe .  

( i x )  Doug1 as-f i r  - Spirea - Bearberry  Association 
(Appendix Cj 

The Douglas-fir - Spirea - Bearberry Association is found on steep  talus 
slope!; where angular  rocks comprise the major growing substratum. The size 
of thc! rocks  plays an  important  role i n  determining  the  type of  vegf?tation. 
For example, on Plo t  Number 59 where the talus was composed o f  rock!; 20 cm 
( 8  i n . )  and greater i n  diameter,  several  characteristic  species o f  Finer 
talus  slopes wePe missing,  including  bearberry ( A r c t o s t q h y b s  ma-zrrsil, 
spi re2 (Spiraea  betuZifoEal and buffaloberry (Shepherdin cmrad0lSi.s). 

The tree  layer i s  composed of  Douglas-fir Pseudotsuga menziesii urn'. g h c d  
growing i n  an  open canopy condition. The shrub layer i s  more highly  developed 
than  the  herb  layer, which probably reflects  the  better  rooting  conditions 
for  shrub growth. Comnon shrubs  include Rocky Mountain jun ipe r  (Jtotipemcs 
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~copu!orwn), c o m n   j u n i p e r  (Jtmiperus commmisl, quaking aspen IpopuZus 

tremu!oidesJ, gooseberry (Ribes Zacustrel and bearberry. 

The hwbaceous  species  generally have very low coverage  values ( L  ffve  per- 
cent) Beardtongue Penstemon fmticosus2, pussytoes ( A n t e d a  roseus) 
and  b'iuebunch wheatgrass Olgropyrm spica-) are the constant species. 

Lethm-ia VuZpina i s   t h e  only  lichen  found. I t   i s  found growing on the 
t runk : .  and  branches of the  Douglas-fir trees. 

I 

L 
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( x )  Douglas-fir - Bunchgrass - Pinegrass  Association 
(Appendix C ) 

The Dcuglas-fir - Bunchgrass - Pinegrass  Association represents an inter-  
mediate stage between the  Douglas-fir - Bunchgrass and Douglas-fir - 
Pinegrass  associations.  If  logging and grazing have taken  place, the under- 
story  will  usually be dominated r~y bluebunch  wheatgrass f A g r o p y r m  spicatwnl. 
As the canopy closes,   the dominance o f  bluebunch wheatgrass  decreases and 
the  pinegrass (CaZcaagrostis rubtzscensI component increases. Wi th in  the 
scope o f  the mapping, i t  also represents a  mixture  of  both t h e  Douglas-fir 
- Bunchgrass and Douglas-fir - P.inegrass associations t h a t  are  too small 
t o  map individually. 

The DoJglas-fir - Bunchgrass - Pinegrass  Association  generally  occurs on 
southern  exposures w i t h  moderate slopes. The soils  are  Brunisolic and 
derived from colluvial  material. Wi th in  the study  area, i t  can be f o u n d  
i n  the Oregon Jack Creek Valley,  Medicine Creek Valley and the western side 
of the Thompson River Valley. 

The t ree   layer   is   character ized by a moderate canopy composed of mainly 
Douglas-fir Pseudotsuga mazziesii var. glmccal with  ponderosa  pine iPinus 
pondercsal being the  seral  species, The shrub layer  contains  a  large number 
o f  spec:ies w i t h  a  sporadic  occurrence and low cover  values. The dominant 
shrubs a r e  Rocky Mountain juniper ( J m i p e r u s  s c ~ u Z o m ) ,  bearberry 
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(Arl:tostapizylos uva-ursil, snowberry Lsymphoricmpus cZbusl and western 
shatlbush (AmeZanchier aZnifoZh1. 

The grass  layer i s  well developed,  covering  approximately 50 percent of 
the ground surface.  Bluebunch wheatgrass and  pinegrass  are  the dominant 
grasses. Bluebunch wheatgrass becomes more dominant i n  open forest   stands,  
whi'le pinegrass  increases  in dominance a s  the fo re s t  canopy close!;. 

-The herb l aye r   i s  mainly compclsed o f  weedy plants,  such as balsamroot 
(Baisomorhiza sagittatas), yarrow DlchilZeo ntiZZefoZiml, strawberry 
(Frcgariu glaucal, lemonweed (Litho8pemnm rudemikl and rosy pus!;ytoes 
fAn::e&a roseus). Other ccmnon associates  include onion (AZZiwn cermuunl, 
purF,le  avens (Gem fiifzonmrl and dandelion (2l" officinaZe,l. 

The lichen  layer i s  composed  of mainly the epiphytic  type. Lethm-ia mZpim 
is t y   f a r  the most comnon although i t s  coverage  only  reaches 10 percent. 
The  moss layer i s  poorly  developed and d i f f i c u l t  t o  detect in the f ie ld .  
p~l~tri~hrrm piziferwn, mepmr~cladus m i n a h ~ s ,  and TortuZa -lis are  the 
only mosses found. 

( x i )  Ponderosa Pine - Bunchgrass Association (Appendix C:I 

This association  occupies  very  coarse-textured  parent  material  of  glacial- 
f luvial  or colluvial   origin.  'The coarse-textured  nature o f  e i t he r  of  these 
matepials  allows t h e  t r ees  t o   obtain soil  moisture  whereas, i n  fine-textured 
s o i l s   t h i s  soil moisture is  bo,mded too t igh t ly .  The soils are e i the r  Dark 
Brow? Chernozems or  Eutric Brunisols. This  is the  only forested association 
occurring w i t h i n  the Ponderosa  Pine - Bunchgrass Zone. 

The 'tree  layer i s  an open savanna-like  stand, composed of  ponderosa  pine 
( p i n u  ponderosa). Occasional'ly,  Douglas-fir Pseudotsuga rnenziesii vm.  
glauma) is  found on cooler,  north-facing  slopes. 

The :;hrub layer i s  poorly  developed w i t h  rabbitbrush t C h r y S O t h U 3  Museosus) 
being the dominant s h r u b  w i t h  2,  coverage o f  only five percent. The herb 
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laye"  i s  character ized  by an olrerwhelming  dominance of bluebunch  wheatgrass 

I/lgrcrpyrOn spicntrmrl. Other  herbs  are  low i n  cover  value. 

I n  mmy  respec ts ,   t h i s   assoc ia t i on   c lose ly   pa ra l l e l s   t he   ad jacen t  13ig Sage- 

brush - Bunchgrass  Association. The l a c k   o f   b i g  sagebrush D l r t e m i . s i 0  &- 
dmttzta; and presence o f  ponderosa  pine  are  the  major  vegetat ive  d i f ferences 

Graz'ng i n  t h i s   a s s o c i a t i o n   i s   a l s o  comnon and the   vegeta t ion  i s  subjected 

t o  a s i m i l a r  change i n  species  composition  as i n   t h e   B i g  Sagebrush - Bunch- 
'gras:, Associat ion.  McLean" t'ound hawkbeard (Crepis afiabarbol, balsam- 

root  (BaZsamorhiza  sagittutu; and r a b b i t b r u s h   t o  be more c o m n   i n   t h i s  
assoc: iat ion  than i n  the B i g  Sapebrush - Bunchgrass  Association. 

( x i i )   R i p a r i a n   A s s o c i a t i o n  (Appendix C )  

Th is   assoc ia t ion   occurs   a long  the  banks o f  streams and on the i r   assoc ia ted  

f l o o c p l a i n s   i n   t h e   I n t e r i o r   D o u g l a s - f i r  and  Ponderosa Pine - Bunchgrass 

b i o g e o c l   i m t i c   t o n e s .  It i s  a complex  perpetual  seral  associat ion  which 

usua l ly   never  reache's a c l imax  cond i t ion  because o f   p e r i o d i c   f l o o d i n g .  The 

s t r u c t u r e   o f   t h e   s t a n d   i s  a mu l t i - layered  and  dense one, developed due t o  

p e r i o d i c   f l o o d s   p r o v i d i n g  new s,?edbeds fo r   co lon iza t ion .   Th is ,   coup led  
w i t h   t h e   a v a i l a b i l i t y  o f  moisture  throughout  the  growing season, makes t h i s  

associat ion  the  most  species-diverse and h igh l y   p roduc t i ve   w i th in   t he   s tudy  

area. 

T h e  s D i 1 s  a r e  h i g h l y  var iab le .  They  range  from  coarse  gravels'  t o  ve ry   f i ne  
a l luv ium. The s o i l   o r d e r  i s  Regosolic and g l e y s o l i c   w i t h  a moder humus 

format ion.  

The s l l e c i e s   d i v e r s i t y   i n   t h i s   a s s o c i a t i o n  i s  very  h igh due t o   t h e   l a r g e  
number o f  micro-habi ta ts   avai lab le.  The c h a r a c t e r i s t i c  dominant t r e e  i s  
black  cottonwood lpopuZus trichocurpul. Willows LSuliz s p p .  ) , red  #alder 
lAlnud> rubra; and t rembl ing  aspen C2JopuZus tremuloidesl are  very  connnon and 

dorniniite i n  some cases b u t   u s u a l l y  do n o t  occupy a dominant  canopy pos i t ion .  
The  b'ack  cottonwood  trees may 2 , t t a in   he igh ts  o f  31 t o  37 m (102 t o  121 ft.) 

I 
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a1 though usually  containing  a  large amount o f  heart rot and broken tops. 
The understory i s  composed maicly o f  woody vegetation. Herbaceous plants 
a re  rtot a s   c o m n  because .of the coarse  soil  matrix. The understory domin- 
ants  are red os i e r  dogwood LCornus s t o l a i f e m l ,  Nootka rose LRosa nutkmral, 
current iRibes lucustrel, snowberry Lsymphoricapus albus) and l i t t l e  wild 
rose (Rosa gymnocnTal. 

In t e r n  of grasses and herbaceous  species, a large number of species  occur, 
but toth  their  presence and mean cover are  highly  variable. This pirobably 
ref lects   the wide divers i ty  of habitats  available and varied  distribution 
w i t h i n  the   r ipar ian  associat ion.  Comon associates  are  bentgrass lAgrOSti6 
alba), bromegrass l B r m  i n e n i s l ,  horsetail  Episetrrm m e n s e l ,  meadowrue 
(ThaZictnmr occidentulsl, sweet cicely IOsmorhiza chilorsisl, yarrow 
Lachiltea milZefoZiml, dandel i m lTaraxacm o f f ic inale l ,  clover ( l ' r i f o l im  
repensl and w h i t e  sweet-clover LMeliZotus alba) .  

( x i i i )  Engelmann Sprucs - Horsetail  Association 
(Appendix C )  

In de:ply incised creek valleys. ,  t ree  species from higher vegetation  zones 
sometimes move down due t o  cold a i r  drainage. This association i s  .found i n  
a nar'-ow band along  the  stream c r  depression and is small  in  total  area. 

Engelmann spruce (Picea e n g e h n i i l  i s  the only tree i n  the  upper tree 
canopy, and u s u a l l y  fonns a  dens,e  canopy, broken occasionally by windfall 
ac t iv i ty .  The s h r u b  and herb le!yers are  moderately  well  developed,  affected 
by tht!  dense t r e e  canopy. The shrub  layer i s  dominated by currant (Ribes 
lacusme)  and willows (Sa2i.z spp.). Sporadic species include red alder 
(Ainu: rubml, red-osier dogwood (Co- s to lmi fezu l  and red raspberry 
(hbur. ideaus). 

The he,rb layer  contains a large number of species w i t h  low cover  values. 
Comnor species  include  horsetail Dquisetwn m a s e  rmd EQuisem scirpoides), 
twin-f'lower Uinnaea borealis) ,  baneberry olctaea r u b r a l ,  sweet cicely 
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(Osmo,-h',ta ChiZensis), wintergreen &roZa seesldcrl, bedstraw LGaZim tri- 
D O W ~ J ,  strawberry (Fmgaria  g:!-zuca) and twisted  s ta lk  LStreptopus mnpzesi- 
f 3 L i u ; l .  

The moss layer i s  well  developed, b u t  usually  confined t o  the areas  close t o  
the s.:reambank or   in  wet depresriions. ByZocomim sptenden, Pteurozim 
scherberi, and AuZacamim paZus1:re are  the dominant mosses,  while  epiphytic 
lichens such as AZectoria j u b a t c r  and AZectoria smmentosa a re  cornon. 

( x i v )  Willow - Sedge Bog Association (Appendix C )  

The M. llow - Sedge Bog Association i s  widespread t h r o u g h o u t  the study  area, 
a l t h o u g h  the area covered is  relatively  small .   I t   occurs  in  depressions 
where impeded drainage  is  found and standing  water i s  present f o r  a t  l e a s t  
p a r t  of the year. The so i l s  arc: either organic or gleysolic.  The  bog 
association  has been described a n d  mapped a s  one u n i t  throughout 81'1 ele- 
vatiorls. However, local  variations  are  inherent and plant  species found in 
the  vicinity of t he  bogs will  contain some local  species, b u t  the dominance 
of both  willows (SaZis s p p . )  anc sedge  species ( C a r m  spp.1 will   prevail .  

Normally, a dense  cover of willows  about 1.5 m (5 f t . )  high exists w i t h  
other s h r u b  species  occurring  only  sporadically. These include bog birch 
(Betula gZmtduZosa1 and Douglas' spirea (Spiraea dougZa&ii). 

Underneath t h e  willows, sedge species such a s  Cur= rostraZa, C a r e t  aqwrtaZis 

and C o r a  pyremica a re  dominant. In some cases   ta l l  sedges, such a s  C a r e z  

rostratu,  grow 2 m (6.5 f t . )  t a l l ,  forming a dense sedge-dominated bog. 
Other comnon species are  large-leaved  avens (Geum macrupkyZZwnl, horsetail  
(Equisetum mensel  and strawberry (€'ragaria g h c u l .  

The  moss layer i s  sporadic i n  occurrence and coverage,  depending-on  the 
degree of moisture present and  t,ype  of vegetative  coverage. 
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Graszland  Associations 

The Irasslands  of the local s tudy  area have an interrupted  pattern of 
occur'rence.  Topographically,  they  occur a s  expected on the valley  f loors 
a n d  lower slopes, o r  a t  higher  elevations  they are confined to  areas  of 
compacted glacial  t i l l .  Isolated  patches o f  grassland  also  occur 1:hrough- 
o u t  the  study area on exposed smthern aspec ts   a t   a l l   e leva t ions .  These 
are usually  the  result  of two major f ac to r s ,  compacted glacial  t i l l  and 
forest   h is tory.  The isolated  g.-asslands  are most comnonly the result   of 
a coapacted glacial  capping o f  .Fine-twtured t i l l   l a y e r   r e s t r i c t i n g   t h e  
establishment  of trees. The resultant  grasslands  are  generally permanent 
features of the  landscape. The second reason  for  the development of grass- 
lands within an otherwise  forexed environment i s  the occurrence of insect 
infestat ions or spot   f i res  which have resulted i n  the  loss  of  the canopy. 
T h i s  allows the grass cover t o  expand and r e s t r i c t  the regeneration of 
trees. I f  th is  process  occurs on a steep south-facing  slope, the succession- 
a l  t m n d  towards a forest environment  proceeds  very  slowly, resulting i n  a 
grassland  condition  that exists for  several  decades. 

- 

The grassland  areas o f  the Hat C,reek area  are  o f  great  importance  because 
they i 'u rn ish  spring, fal.1 and sometimes winter  grazing  for  livestock. The 
depletion - of ~ ~~ most ~~ .. of  these ." grassland  areas due t o  extensive overgrazing has 
resulted i n  a d ra s t i c   a l t e r a t ion  of the species composition.  Unlike f i re ,  
which removes the  entire  vegetation canopy, livestock  grazing  selectively 
removE:s the most palatable  plants and results i n  an invasion by  woody  com- 
ponents o f  the vegetation,  as  well as less palatable herbaceous  plants. 
Studies have indicated t h a t  i t  may take 20 t o  40 years   for  overgrazed ranges 
to  recover  to  excellent range  conditions . 21 

Because of these  problems,  the  grasslands were c lass i f ied  by the i r   ex is t ing  
vegetation rather than  the  climax  vegetation.  This  type  of approach will 
yield more d a t a  concerning  the  p"esent  condition o f  the grasslands i n  terms 
o f  their grazing  potential and  future  management practices needed t o  re- 
s to re  them t o  better quali ty ramps. A brief  discussion on the climax vege- 
t a t ion  t o  be expected i f  the  grasslands were protected from grazing  for 20 t o  

i. 
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The c'imax grassland  vegetation  for  Interior British Columbia has been 
i n i t i i l l y   c l a s s i f i e d  by Tisdale" and further  described by  McLean"'. Three 
major divisions  of  grassland  vegetation  exist: Agropyron - drtemis:Sa or 
Lower Grassland Zone, Agropyron - Poa or  Middle Grassland Zone, and A-pupyron - 
Festuca or Upper Grassland Zone. These a re   essent ia l ly  a vertical   elevation 
sequerce  of the vegetation in  response t o  climate. Agrupyrm spicmkm i s  
t he  ccmnon species which t ies  the t h r e e  zones  together and  was once a domin- 
a n t  ccnsti tuent  of  al l   the  grasslands of the  Interior.  

W 

r 

The vegetation o f  the Lower Grassland Zone i s  characterized by the presence 
o f  b i g  sagebrush I h t m i s i a  t r i d e n t u t d  and a well-spaced  cover  of bluebunch 
wheatgrass (Agropyron  spicahunl. Few other  plant species exist,  Sandberg's 
bluegrass ( P w  scmdbergiil ,  rabbitbrush (Chrysothcmmw museom) arld dwarf 
pussytoes (Anterrnoria dimorphal 3ccur  occasionaTly. This zone i s  cclnfined 
t o  the  major river valleys.  W i t h i n  the detailed study  area, i t  i s  only found 
i n  the  Thompson and Bonaparte river valleys. 

The Middle Grassland Zone i s  distinguished by the dominance of bluebunch 
wheatgrass fAgropyron spicahrml . in  a close-spaced  pattern and lack of b i g  
sagebrjsh fartemisia  tridentata. .  As i n  the Lower Grassland Zone, species 
richness i s  poor. Comnon specie!;  include  junegrass (KoeZerCz cris tatul ,  
Sandbe-g's  bluegrass (Poa srmdbe~-giil, pasture  sage (Artemisia frigidal and 
dwarf lpussytoes (hztem2Pria dimo~phal. This zone occurs  mostly on lower 
slopes composed of  glacial  t i l l  material  to  approximately 790 m (2590 f t . )  

i n  elevation. 

The  Upper Grassland Zone i s  the moistest of the three zones and contains 
the  greatest number of  species.  This  climax-  vegetation  type i s  the mast 
comnon within the Hat  Creek Valley and a t  higher elevations. The vegetation 
is  characterized by a dominance clf bluebunch  wheatgrass ( A g r o p p m  q7icahun) 

and rollgh fescue (Festuca scabreZkl  in dense stands. Other c o m n  
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consti tuents  are junegrass Uloekriu  cristnta),  Kentucky bluegrass (Poa 
pratensis), Columbia needlegrass G t i p a  coztrmbicmal and sticky geranium 
(Geranim uiscosissirmrml. The lack of xerophytic  shrubs i s  evident. This 
zone i s  the  highest  of the thref? zones and usually  l ies  adjacent tc the 
forest   area  or   in  openings  intermingled  within the forest  matrix. 

PresentGrassland  Vegetation  of i4at Creek and Vicinity 

( x v )  Highland Grasslanli  Association (Appendix C )  

This association  occurs on the ! i igh mountain peaks,  generally  over 1800 m 
(5900 f t . )  in  elevation  with a :;outherly  exposure. The Highland Grassland 
Association  develops on hot, dr.y slopes where either the Mountain Avens- 
Sedge o r  Engelmann - Spruce - W.illow - Red Heather  Parkland  associations 
cannot form due t o  adverse g r w i n g  conditions. The Highland Grassland 
Association i s  the most comnon non-forested  association on Cornwall, Cairn's, 
Chipuin and Pavilion  mountains. The so i l s   a r e  developed  from  very stony 
t i l l  3r colluvium  in a f ine   so i l  matrix. Moisture i s  l imiting i n  the  assoc- 
iation,  result ing i n  a dominance of grass  species. 

The sirub layer  consists of  a low, patchy growth of  bearberry fArctostaphy2c.s 
ma-ucrsil with  scattered  individuals of buffaloberry fShepherdia  canadensis) 
and Rxky Mountain juniper (Jun<perus scopu2orwnl. 

The h 'z rb  layer i s  dominated by grass species with  broad-leaved  herbs be- 
cornin83  more dominant i n  areas subjected t o  heavy grazing pressure, as most 
o f  thl?se h igh  elevation  grasslands are. Pinegrass fCaZamcrgrostis z b e s c e m l ,  
p u r p l c  reedgrass fCaZamagrostis pmpurascensl, timber  oatgrass I D m t h o n i a  
intermedial and bluegrass (Poa graymu) are  the comnon grasses  occurring i n  
about 75 percent  of the plots .  Many of the  broad-leaved herbs t h a t  were 
c m o n  i n  the  other lower  elevation  grasslands  are found i n  the Highland 
Grassland  Association. These include  prairie  purple  avens lGaon f ~ i f l o r w n ) ,  
windf ' l  ower Unemme muZtifidal and yarrow LAchiZZea miZZefoZiwn). IPussytoes 
(Antemnrin  nZpiml, chickweed icernstim  amensel and sticky  purple , 
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geranium (Geranim viscosissimanl a r e   c o m n .  

(xvi) Kentucky Bluegrass  Association [Appendix C )  

This  association  occurs on a l l  'large open range  areas found a t  1200 t o  1800 rn 
(3936 t o  5900 f t . )  in  elevation. The grassland  areas o f  Harry Lake, Medicine 
Creek and McLean  Lake f a l l  w i t h . i n  this association. The Kentucky Bluegrass 
Association  differs from the  lover Bunchgrass - Kentucky Bluegrass  Association 
i n  t h 3 t  a higher  moisture  statu:;  exists i n  the soils. This results i n  a greater 
abundsnce of Kentucky bluegrass (Poa p m t e n s i s l .  The lack  of a shrub layer   is  
also  indicative of a higher  moisture  status. The soi ls   are   general ly  medium- 
tex tured   g lac ia l   t i l l  w i t h  a high alkal ini ty .  The so i l s   a re   c lass i f ied   as  
Black Chernozems. Table 4-13 il lustrates  decreaser.   increaser and .invader 
compol1ents  of the  association developed from the  f ield  investigation and McLean . 20 

The slirub layer is  poorly develcrped and, i n  some cases,  non-existent.  Little 
wild  rose (Rosa gymnocarpal is  the  only s h r u b  t h a t  occurs w i t h  any .frequency. 

Because o f  the  increased moisture status o f   t he   so i l s ,   t he  herb  layer has 
a higher  species  diversity  than i n  the Bunchgrass - Kentucky Bluegrass 
Assoc:ation. Kentucky bluegrass  generally forms a complete turf ovt?r the 
ground surface. Western needlegrass (Stipe ~~~identdi~), Richardson's 
needlegrass (S t ipa  richardsoniil and junegrass (Koeleria cristatal comprise 
the bLnchgrass component. Bluebunch wheatgrass ( A g r o p y r o n  spicptwr! was 
only found on one plot.  

The broad-leaved  herb component contains compound fleabane (Er igeron  ccmposi- 
tusi, dandelion (TTmurzacum officinakl, yarrow (Achillea mil le fol i tm~l ,  straw- 
berry (Fragaria glaucal, windfloer  ldnemone multifidal, cinquefoil IPoten- 
tiZZa diversi foZiai  and  buckwheat LEriogonm heracleoidesl with a presence 
greater t h a n  80 percent. However, their  associated  cover values are  quite 
low, generally  five  percent  or  less. 

Colourful  spring  flowers were  found on several plots. These included  yellow 

I 
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TABLE 4-13 

DECREASER, INCREASER, AND INVADER  PLANTS 
OF THE KENTUCKY BLUEGRASS ASSOCIATION 

uecreasers  Increasers Invaders 

P 

U 
I 

W 

Agropyron spicatum 
Festuca  scabrella 

Achillea  millefotiwn  Anemone multifida 
Antennaria  roseus 
Eriogonum heracleoidee 

Cerastiwn arvense 

Fragaria glauca 
Erigeron  compositus 
G e m  trif toma 

Koeleria criatatu Taraxacum  officinale 
Poa pratensie 
Stipa occidentatis 
Stipa richardsonii 



m 
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bel 1s (Fr i t i lZor ia  pudical, spring beauty ( C l a y t o n i a  ImrcoZahml, shooting 
star (Dodocathon p m r c i f l o m l  and death-camas ( Z i g a d e n u s  vmenosusl. 

(xvi i ) Bunchgrass - Kentucky 81 uegrass  Association 
(Appendix C )  

The Bunchgrass - Kentucky Bluegrass  Association is confined  mainly t.o the 
valley bottom of the Hat Creek Valley. I t s  occurrence i s   r e s t r i c t ec !  t o  
below 1200 m (3936 f t . ) .  The association has  developed due t o  the h'eavy 
grazing  presence found in  the Hat  Creek Valley.  This i s  especially  true 
on the west s ide of the  valley, where a mixture  of  the Bunchgrass - Kentucky 
Bluegrsss and Saline  Depression  associations  occur.  Table 4-14 indicates 
the  dezreaser,  increaser and invader  plant species found i n  th is  association 
develo1)ed from the   f i e ld  programne and McLean . 20 

The sh , -ub  layer  varies i n  i t s  development, b u t  generally  averages  approxi- 
mately five  percent coverage.  Piisture  sage (Artemisia frigidal, rabbitbush 
(Chrysothamus Museoausl and lit.:le w i l d  rose (Rosa gynaocmpa) are  the most 
frequently  encountered shrubs. 

The herb layer  contains a large number of  species  with  the  grass spe8:ies 
domina1:ing. in  terms of t o t a l  coverage. Bluebunch wheatgrass ( A g r o p y r a  

spicatml ,  foxtail   barley h40hrm jubbntrmrl and western  needlegrass f s t i pu  
occider:taZis) form the major  proportion of the grass component. In areas 
that   are h e a v i l y  grazed and highel r  i n  moisture,  the sod-forming grass, 
Kentuck:y bluegrass (Poa p a t e n s i f )  forms a complete turf a t  the  expense of 
the  burchgrass. Normally, Kentuc:ky bluegrass i s  scattered  throughout  the 
bunchgrass  stand. During the  field  surveys,  there was a noticeable 'lack 
of several  bluegrasses  that Brinkz3 indicated t o  be  comnon to   the  Hat  Creek 
area, namely Poa ampk and Poa sondbergii. B o t h  these  species  generally 
produce t h e i r   f r u i t   e a r l y  and dry  up by mid-sumner as well as being  grazed 
heavily.  Therefore,  they were probably  absent a t   t h e  tim of the   f ie ld  
surveys. 

Broad-leaved  herbaceous species  are  also very c m o n .  Most have increased 
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TABLE 4-14 

DECREASER, INCREASER, AND INVADER PLANTS 
OF THE BUNCHGRASS - KENTUCKY BLUEGRASS ASSOCIATION 

D e c r e a s e r s   I n c r e a s e r s   I n v a d e r s  

Agropyron spicatwn 
Festuca  ecabretla 

Achi l lea   mi l te fo t iwn 
Antennaria  roseus 

Erigeron  compositus 

Poa aandbergii  Artemisia frigida 
Geum triftomrm 
Taraxacwn o f f i c ina le  

Chrgsothamnus naueeosus 
Hordewn jubatwn 
Koeleria  oris tata 
Lomatiwn macrocarpum 
Poa prateneie 
St ipa  occidentnt is  
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or invaded this  association due to  grazing  pressure. The  comnon species, 
a l t h o u g h  t h e i r  coverage i s  not h i g h ,  are  compound fleabane (Erigeron composi- 
tus), pussytoes (Antenn&a roscusl , dandelion (Tar- offi&nuZel, purple 
avens lcem triflorzunl, desert-parsley l L m a t i m  mcroccrrprcm) and wild onion 
I A Z Z i m  cernuuml. Colourful  displays  of  yellow  bells ( F r i t i Z Z a r i a  pudical 
and death-camas Lzigndenus venozosusl were found in  several  plots  within  this 
association in the  early spring., 

( x v i i i )  Sagebrush, - tlluebunch  Wheatgrass Association (Appendix C )  

This  3ssociation i s  localized in the  northern  section  of  the upper Hat Creek 
Valle,y a t   t h e  proposed mine location. This association is  not  very c o m n  
within  the  Interior  Douglas-fir Zone. I t  i s  found more consistently i n  the 
Ponderosa Pine - Bunchgrass Zont?.  The occurrence  of  the Sagebrush - Bunch- 
grass  Association i s  probably related t o  the  presence of h i g h  amounts of 
bentoii te i n  the   so i l .  McLean"' found this t o  be t rue  i n  his work in the 
Simil  ramen  Valley, B.C.  The s o i l s   a r e  very f ine t ex tu red  and Black t o  
Dark 3rown Chernozems. Table 4-.15 i l lust rates   the  decreasers .  incrmeasers. 
and  ilvaders found in  this  assoc:iation developed from the  f ield  investigation 
and M1:Lean . 20 

The P e e   l a y e r  is non-existen~,~.ewcept.l.n_a_di.s~.utued area due t o  a mudslide, 
where several  Douglas-fir IPesurbtsuga m m i e s i i  urn. gtrmcal and ponderosa 
pine 'Pinus ponderosa) are  growing. 

The slirub layer i s  dominated by b i g  sagebrush Urtemisia fiidentcrtal, where 
cover  values  range from 35 t o  8E' percent w i t h  a 100 percent  presence. 
Because of the dominance of big  sagebrush, a l l   o ther  shrubs are reduced or 
eliminated. Shrubs t h a t   s t i l l  remain a re  Rocky Mountain juniper ( J m i p e r u s  
s c o p u ~ : o m l .  rabbitbrush lChryscthcmnucs nmrseosusl and pasture  sage 
(Artemisia  frigidal. 

As i n  the s h r u b  layer,  one species  dominates  the  herb  layer, namely blue- 
bunch wheatgrass (Agropyron spicatwni. Other  frequent  grasses and herbs 
are  nt?edlegrass l S t i p a  r i c h d s c n i i l ,  lemonweed (Lithospenmrm TudertrZel , 
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TABLE 4-15 

DECREASER, INCREASER, AND INVADER  PLANTS 
OF THE SAGEBRUSH - BLUEBUNCH WHEATGRASS ASSOCIATION 

D e c r e a s e r s   I n c r e a s e r s   I n v a d e r s  

Agropyron  spicatwn Achillea millefolium 
Antennaria roseus 
Artemisia frigida 
Artemisia  tridentata 
Lithoepenmun ruderale 
Lomatiwn macrocarpum 

Anemone mltifida 
Erigeron compositus 



I 

II 

I 

J 

yarrow ~ l c h i l k a  m~tlefoli2n1, locoweed l0zytrop.k szriceal and pussytoes 
binternaria roseual. 

(xix)  Saline  Depressional  Association (Appendix C)  

This  3ssociation  occurs  through  the  grasslands of the Hat Creek Valley i n  
moist receiving  areas where Hatar i s   co l lec ted   for  a t  l eas t   par t  of the year. 
Becauje evapotranspirat ion  is   greater   than  precipi ta t ion,   sa l ts   are  drawn 
t o  t h , ?  surface.  This  limits  the  vegetation on these sites t o  species  that  
can t , l l e r a t e  h i g h  a lka l in i ty  and s a l i n i t y .  The Saline  Depressional  Associ- 
ation i s  most comnon i n  the  Srar;sland areas of the west side of  u.pper Hat 
Creek Valley. 

The shrub l a y e r   i s  very  poorly cieveloped w i t h  only an occasional specimen 
of rabbitbrush (Chrysothamr;trs ncwseosusl and  Nootka rose (Rosa mctkrmal 
exhib ' t ing poor vigor. 

The h e r b  layer  contain; a well  developed grass  layer w i t h  broad-leaved 
herbs very sporadic i n  abundance. Bal t ic  rush (JMCUS balticus), redtop 
bentgvass !Agrostis aLbal and sa l tgrass  (Distichlis s t r i c tu )  dominate i n  the. 
bottom of the  depression where the sal ini ty   is   general ly   the  greatest .  
F u r t h e r  from the centre of the depression  in less sal ine  areas ,  Kentucky 
bluegrass (Poa P M t G T S t S )  and dandelion !!l"rnmr officinaZel beg in  to 
become dominant. 

The association i s  uti l ized  heavily by livestock because the increased 
moisture  allows  for a longer growing season  and,  therefore, a higher 
productivity. 

(xx )  Big Sagebrush - Bunchgrass Association (Appendix C) 

This  association i s  the d r i e s t  i r l  the study  area and i s  confined t o  the 
lower ,alley slopes on glacial  t .il1 and glaciofluvial  deposits. The 
elevation range is   general ly  between 400 and 650 m (1312 and 2132 f t . ) .  I t  
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i s  developed on Brm Chernozemic s o i l s  under the  influence  of  the  semiarid 
climate  in  the Ponderosa Pine - Bunchgrass Zone. This grassland  association 
is   c lssely  t ied  with  the Sagebrush - Bluebunch Wheatgrass Association  that 
occurs i n  the  Interior  Douglas-fir Zone.  The major differentiating  character-  
i s t i c  between the two is the  occurrence  of a greater number of species, due 
t o  ths  superior  soil  moisture  conditions found in  the Sagebrush - Bluebunch 
Wheatgrass Association of the  Interior  Douglas-fir Zone. Table 4-16 l i s t s  
the  increaser,  decreaser and invader  plant  species  for this association developed 
from the  f ield  investigations alld  McLean . 20 

The s h r u b  layer  consists o f  b i g  sagebrush (Artemisia tridortatal as t h e  
character is t ic  shrub. Other sh,-ubs such as  rabbitbrush (Fnrysotlummus 
~ u s e o s u s l a n d  pasture  sage U r t t m i s i a  frigicb.1 are  infrequent  or low i n  
coverage. 

The herb layer i s  well  developed w i t h  bluebunch wheatgrass ( A g r o p p o n  

8picah.m) dominating i n  areas  not  overgrazed. With overgrazing, bluebunch 
wheatgrass i s  replaced by Sandberg's  bluegrass (Po0 sm&ergiil,  needle-and- 
thread ( S t i p a  c m a t a l ,  sand  dropseed (Sporobotus c2yptrmdmcsl and  downy 
bmme (Br- t ec toml .  The broad-leaved  herbs are  generally  very 
scattered and  low in mean cover  (less  than  five  percent). The most constant 
species  are  line-leaved  fleabane  (Erigeron lineark), dwarf pussytoes 
(Ante& dimorphal , cactus ( c 7 p z a t i a  fragilis), whitlow-grass (Drrzba vernal 
lemonweed (Lithospenmrm luderaLzl and Russian t h i s t l e  (SalwoZa kati). 

(c)  Successional  Pattern 

The vegetation  of  the  detailed 'Study area is  largely i n  a successional  state 
due t o  p a s t  forest   f ires,   logging and grazing  histories. In terms of fores t  
f i r e s  and logging,  the  major  aheration t o  the  vegetation  is  t o  the  overstory 
or   t ree  component. Although the  understory component i s  largely removed  by 
f i r e  and somewhat altered by 10,3ging, i t  tends t o  remain i n  m a l l  clumps o r  
regenerate from underground rhi:romes after  disturbances Os' 24. The understory 
component changes occur  as a def:rease in abundance o f  forest   species (shade- 

c 
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TABLE 4-16 

OF THE B I G  SAGE - BUNCHGRASS ASSOCIATION 
DECREASER,  INCREASER, AND INVADER  PLANTS 

Oecreasers Increasers  Invaders 

Agropyron spicatwn  Antennaria dimorpha 
Stipa  comta 

Bromuo tectorwn 
Artemisia frigida 
Artemisia  tridentata 

Deecurainia  eophia 
Draba vemta 

Chrysothmue naueeoeue Satsota  kati 
Lomtiwn macrocarpwn 

Sporobotue cryptandrue 
Poasandbergii 
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l o v i n g )  and t h e   i n v a s i o n   o f   t h l ?   s i t e  by  species  such as f i reweed (EpiZ0bia.m 
3 p p . I  and w i l l ows  G a Z U  spp.1. These invader   spec ies   genera l l y   pe rs i s t   un t i l  

the f o r e s t  canopy closes (10 t o  20 years] .   Unl ike  the  shor t - l ived  under-  

s to ry   success iona l   spec ies   ( invaders) .   the   fo res t   t rees   pers is t   fo r  a much 

1ong.r p e r i o d   o f   t i m e  and have a much g rea te r   i n f l uence  on t h e   f o r e s t   e n v i r -  

onmelt. 

The Icomnon successional   t ree  species  of   the  detai led  study  area  are  lodge- 

.pole  p ine (p inus  contortul, ponderosa  pine P z h s  ponderosa) and Doug las- f i r  

(Pse;rdotsuga menziesii var.  g l c w u l .  Lodgepole  pine  occurs  above 1065 m 
(35011 f t . )  above sea l e v e l  and i s   t h e  most comnon successional  species i n   t h e  

h igh l ! r   e levat ion  forests .   Douglas- f i r  i s  .found as a successional  species 

on ly  above 1525 m (5000 f t . )  above sea leve l ;   be low  th i s   l eve l  it -forms 

p a r t   o f   t h e   c l i m a x   f o r e s t .  A t  e levat ions  below 1065 m (3500 ft.), ponderosa 

p ine becomes the  sole successiona!  species i n  open pa rk l i ke   s tands .  Be- 

cause o f   t h e   d i v e r s e   h i s t o r i e s   o f   t h e   f o r e s t s   i n   t e r m s   o f   f o r e s t   f i r e s  and 

logg‘ng,   the  forest   s tands now e x i s t   m a i n l y  as a mosaic o f   p u r e  and mixed 
successional   forest .  Climax fcdrest  species  usually  are  found as dominant 

regenerat i  on components, 1 esser  components o f  mixed  successional  stands, or 
i so lz ted   pa tches   o f   pure   c l imax  fo res t   s tands .  

As f c r e s t   f i r e s  and logg ing  have a profound  ef fect  on the   fo res t   compos i t ion ,  

so dces l i v e s t o c k   g r a z i n g   a f f e c t   b o t h  open -ranges  and f o r e s t  ranger;. Domestic 

grazing  use o f   t he   range lands   i n   t he   de ta i l ed   s tudy   a rea  has been extensive.  
e s p e c i a l l y   i n   t h e   I n t e r i o r   D o u g l a s - f i r  and  Ponderosa Pine - Bunchgrass zones. 

The e f f e c t  o f  l i v e s t o c k   g r a z i n g  i s  t h e  a l t e r a t i o n  o f  the  species  cclmposition 
towards  species  that   can  wi thstand  grazing  pressure.   This  general ly  resul ts 

i n  a decrease i n  the  pa latab le  grasses and herbs, an increase i n  th,e  un- 

palatable  species,  and an invasion  of   the  rangeland  by  species  that   could 
n o t  compete f o r   m o i s t u r e ,   l i g h t  and nu t r ien t   be fore   . the   p re fe r red   spec ies  
had  b?en  destroyed  by  grazing. Many o f  these  invaders  have some graz ing  
values. 
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Grazing  has been very heavy in  the open ranges  of the Hat Creek Va'lley, 
Medicine - Cornwall Creek areas, Harry Lake vicini ty ,  Thompson River  Valley, 
and a11 the  alpine  areas. The forest  ranges have suffered  less  than  the 
open ranges, w i t h  the  greatest  depletion  occurring i n  the Cornwall Mountain - 
Bedar.d  Lake area.  Difficult  access and lack o f  preferred  grazing  species 
has lessened  the  impact or! the  forest  ranges. 

Quant i ta t ive Aspects 

i )  Regional 

1 area i n  both  square  kilometres and square miles was calculated  for 
all  the  Siogeoclimatic zones  within  the  regional  study  area  (Table 4-17 j .  

Within the  regional  study  area,  the Engelmann Spruce - Subalpine Fir Bio- 
geoclimatic Zone is t he  most widely dis t r ibuted and covers the most area 
(40 percent). The Interior  Douglas-fir Zone follows  closely b e h i n d  .with a 
squars  kilometre  area o f  11,300 or  33 percent.  Localized  occurrences of the 
Coast31 Western Hemlock  and Sthslpine Mountain Hemlock zones a r e  found i n  
the extreme  southwest  portion o f  the  study  area, where areas  of 389 and 
648 km or  1 . 2  and 1.9 percen? o f  the  total  area  are  encountered  respect- 
ively. 

2 

(ii) Local Study Area 

Table 4-18 shows t h e  areas covered by each vegetation association aind 
vegetation complex found w i t h i n  the local  study  area (which encompasses 
approximately 1621 km ). The dtminant  vegetation association i s  thl?  
Douglils-fir - Pinegrass which covered 30 percent o f  the  total   study  area 
followed by the Big Sagebrush - Bunchgrass (12.5 percent), Engelmann Spruce 
- Grouseberry  (12.4  percent), Erlgelmann Spruce - Grouseberry - Pinegrass 
(11.5 percent), and Douglas-fir - Pinegrass - Bunchgrass (9 percent).  Other 
vegetz tion  associations each  cover less  than five  percent of the Stlrdy area. 

2 
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TABLE 4-17 
A.EA jum~~.,. u~ T H ~  tliuGtuLLiriTiL Z u N t j  

FOUND I N  THE REGIONAL STUDY AREA 

P 

W 
I 

m 

Biogeocl imat ic  Zone Are? 
(mi 1 

Engelmann Spruce - Subalpine 
F i r  Zone 

13,670. 5,278. 

I n t e r i o r   D o u g l a s - f i r  Zone 11.300. 4.363. 

Cariboo Aspen - Lodgepole 3,495. 
P ine - Douglas- f i r  Zone 

Ponderosa  Pine - Bunchgrass 
Zone 

3,253. 

1,350. 

1,256. 

Alpine  Tundra Zone I 990. 378. I 
Subalpine  Mountain Hemlock 
Zone 

Coastal  Western Hemlock 
Zone 

648. 

389. 

250. 

150. 

I n t e r i o r  Western Hemlock 

33,935. 13,102. TOTAL 

Zone 
200. 77. 

I 
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TABLE 1-16 (Continued) 

Vegetation  Association Area 
(kd) 

Area 
(mi 2 ) 

Douglas-fir - Spirea - 0.8. 0.3 
Bearberry  Association 

Ponderosa  Pine - Bunchgrass 
Zone 

Ponderosa  Pine - Bunchgrass 
Associati on 

Intrazonal - 
Riparian  Association 

Association 
Engelmann Spruce - Horsetail 

Willow - Sedge Bog Association 

Grasslalld  Association 

Highlan'f Grassland  Association 

Kentucky Bluegrass  Association 

Bunchgrdss - Kentucky B1 uegrass 
Associ a,:ion 

Sagebru!;h - B1 uebunch Wheatgrass 
Association 

Saline Depression  Association 

Big Sagebrush - Bunchgrass 
Association 

13.9 

10.1 

6.2 

6.5 

9.1 

46.6 

25.6 

6.7 

0.3 

199.9 

5.4 

3.9 

2.4 
- 

2.5 

3.5 

18.0 

9.9 

2.6 

0.1 

77.2 

i 
" 
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TABLE 4-18 (Continued) 

r! 

I .._ 

Vl?getation Association 

Compl e xes 

Bunchgrass - Kentucky B1 uegrass/ 
Saline  Depression ConpleX 

- 

Rock/Douglas-fi r - Spirea - 
Bearbe  *ry Complex 

Dougla:;-fir - Spirea - Bearberry/' 
Doug1a:;-fir - Pinegrass - 
Bunchgl-ass Complex 

Douglas-fir - Pinegrass/Douglas- 
f i r  - Spirea - Bearberry 
Compl e:( 

Mounta.in  Avens - Sedge/Hi g h l  and 
Grassliind Complex 

Riparim Complex 
Kentucky B1 uegrass/ 

Douglas-fir - Bunchgrass/ 

Cowl ex 
Douglas-fir - Spirea - Bearberry 

Highlarid Grassland/Engelmann 
Spruce - Willow - Red Heather 
Park1 ar d Conplex 

21.7  8.4 

0.5  0.2 

14.2  5.5 

6.0  2.3 

23.3' 9.0 

a. 3 3.2 

10.1 

0.08 

Other 

Logged Areas 164.2 

Cul tiva  ted Fie1 ds 30.3 

Non Sat i s fac tor i ly  Restocked Areas 28. 7 

3.9 

0.03 

63.4 

11.7 

11.1 

Water 7.5  2.9 

Rock 7.0  2.7 

TOTAL 1621.1  625.9 
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Logged areas  within  the  study area comprise 164.2 km or 10 percent of the 
t o t a l  study area. 
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( e )  P l a n t  Species  Checklist 

The plant  species  identified d u r i n g  the f ie ld  s tudies  have been grouped in 
the  fc l lowing  species   l is t  by vegetation  strata  (Table 4-19). The following 
manuals were used durins the  ident i f icat ion:  

Hubbard" 
Lyons 
MulliganZ7 
Schofieldz8 
Taylor 29 

Taylor3' 
Clark3' 
Demarchi 
HitchcockJ3 
H i t c h ~ o c k ~ ~ .  

26 

32 

Dur ing  the f i e l d  studies, no  rare or endangered species were encountered t h a t  
a re   l i s ted  on the endangered species lists35' 36' 37. I t   should be noted tha t ,  
w i t h i n  the  local  study  area,  several species of showy wildflowers  that exh ib i t  
beautiful sp r ing  colours doexis t .  These include yellow  bells (Aiti,Zlaria 
pudica)  , shootingstar (Dodocathm p m r c i f l o m l  , spring  beauty (C*tonia ibm- 

ktd, and death camas fzigadotus uenenosusl. In a regional  perspective, two 
known spec ies   tha toccurnear  Hat Creek have been ident i f ied  as  endangered, 
namly swordfern (PoZystickwn buckbergii) and 1 ocoweed (ozyfiopis p o & a q ~ ) * .  

I - Pojar, James. Personal cornnun,ication. 

a 
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TABLE 4-19 

PLANT SPECIES CHECKLIST 

Trees: 

Abies  lasiocmpa 
Alnus rubra 
Picea engelnumni 
Pinus albicaulis 
Pinus contorta 
Pinus ponderosa 
PopuLus tremuloides 
Populus trichocarpa 
P s h t s u g a   m o r z i e s i i  var .  glauca 
S a l k  sp. 

Shrubs: 

Acer gtabrwn 
Actaea rubra 
Alnus incam 
A l n u s  rubm 
A m e h h i e r   a l n i f o l i a  
Arctostzphylos uva-ursi 
Artemisia campestris 
Artemisia dracunculus 
Artemisia frigiaa 
Artemisia trident& 
BetuZa  ,7trmdulowa 
C a s s w p  2 mertensiana 
C h r y s o t ~ ~ l r s  RalLseosus 
Cornus stoloni fem 
Ehpetmn nignmr 
JUniQerLs  commoIis 
J n i p e r u  acopulorum 
Kalmia ;mcrophylLa 
Lonicem  involucrata 
Pachyst inn myrsinites 
Phyllodze  gtandiflora 
Physocanpus capitatus 
Pinus a lbicaulis 
Rhododendron albiflorum 
Ribes  inenne 
Ribes  Lrcustre 
Ribes  ardacanthoides 
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TABLE 4-19 ( C o n t i n u e d )  

Rosa gymcarpa 
Rosa nutkrma 
Rosa m o d s i i  
Rubus ideas 
S a t u  cascadensis 
Sa tu   n i va l i s  
S a l k  sp. 
Snepherdia canadensis 
wlraea  betuli folia 
Spiraea dougksii 
Symphoricqos  albus 
Vaccinim caespitoswn 
Vaccinim membranacem 
Vaccinim scopariwn 

Grasses: 

Agropyrm cristatLmr 
Agropyrm c & m  

Agropymn repem 
Agropyrm smithii 
Agropyrm spicatum 
-Agrosti.;  alba 

Bromus c i l ia tus  

Bmms inemis  
Bromus (?rectus 

B r m  .:ectommr 
Calmnagvetis  canadensis 

CaZanmgvstis  rubescens 
Cabnag-ostis purpuraacens 

C a r e z  a p a t i l i s  
C a r e s  a;!bo-nignnn 

C a r e z  potasatu 

C m e z  Etrenaica 
hsz pnzticola 

Carez rostrata 

Cima l c t i f o l ia  

Distichi. is   stricta 
hnthon1.a  intennedia 

E1eochm.is palustris 
E l y m u s  <.inereus 
Eriophonm viridiarinattmr 
Festuca arundiwea 
Festuca occidentalis 

Agrosti.3 SCUbM 

C m e Z  E€’ .  
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TABLE 4-19 (Continued) 

Festura  ovina var. brevifoliu 
Festuca  ovina v a r .  rydbergii 
Festuca rubm 

Hordetm jubatwn 
Festuca scabrella 

Juncus  f i l i f o l i u s  
J-8 balt icus  

Juncus tenuis 
be lex ia   cr i s ta ta  

Luzulo hitchcockii 
Luzulo p i p e s  
Muhtenbergia sylvatica 

Phlem alpimmr 
Oryzopsis hymemides 

Phlem  pratense 
Poa atpina 
Poa cusickii  
Poa graciltima 

Poa i n t e r i m  
Poa grayrma 

Poa juncifotia 
Poa nevadensis 
Poa pratensis 
Poa sandbergii 
Poa sclbrella 
Spm-tina gracilis 
Sporobglus cryptmrdrus 
Stipa cunata 
St ipa  xcidental is  
Stipa rich61.dsonii 
!l'riaetm spicatwn 

L k u h  gklbrata 

Herbs : 

A Z Z i m  c e r n m  
Achi l lza  mil te fol im 

A n e m o t ~ ?  l y a l l i i  
Anenmn,? multifida 
Antennlriu  alpina 
Antemuria anqhaloides 

Antartrnia neglecta 
Antemzria dimorpha 

Ant-& parvifoliu 
Antenmncio rosem 
Antemunia  wnbrinella 
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TABLE 4-19 (Con t inued)  

Arabis  dTunnondii 
Arabis holboelii 
Are-a capi l laris  
Arnica cordifolia 
Arnica l a t i f o l i a  
Arnica rydbergii 
Aster  c,ampestris 
Aster  c.iliolatus 
A6 ter c ompi-  
Astragclus f i l i p e s  
AstragG lus miser 
A s t ~ a g ~  lus purskii 

BaZsmcrhiza sagittuta 
Castilleja  mininta 
C e n t m u ' e a  d i f fusa  
Cerastiwn a m m e  
Chaenatis dougzasii 
CheMpcdiwn leptophyllwn 
Ch%hila menziesii 
C l a y t o x i a  lanceolatu 
C o n m m i r O  umbellatu 
conacs cmradensis 
Crepis  atrabarba 

Descuminia Sophia 
Cystopteris fragilis 

Disporum trachycmpwr 
Dodocathun pmrciflonm, 
Dmba uerna 

Enpetrum nignm, 
myas octopetaka var. hookerimra 

Qilobium m p t i f o l i w n  
Epilobim gZmrduZoawr 

Equisetum scirpoides 
Equ-iaetum amenae 

Erigeron  fLageZlpris 
Erigeron cmpositus 

Erigeron l inenris 
Erigeron  phiLadelphicus 

Erigeron  speciosus 
Erigeron  peregrinua 

Erigeron subtrinervis 
Eriogonum hemcleoides 
E r i o g a m  pyrolifoliwn 
Fragariz g k a  
Fritiltzrio pudica 
Gailh'iia aristata 

Astragc lUS 6p. 
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TABLE 4-. 19 (Continued ) 

Calium boreate 
C a Z i u m  ~:riflorwn 
G e n t i m v r  amarella 

Gem macrophyZZm 
G e r m i m  viscossissiwn 

Gem t r i f l o h  
Coodyercl obzagi fo l ia  
X q  lopappus tyaZ 2 i i  
Bedysrmm boreale 

Heuchercl c y  Zindrica 
Heraclmm htwn 

Lathymu: ochroleums 
Lathyrut;  nevadensis 

Lema minor 
Lewiaia rediviva 

Liatera caurina 
Linnaea borealis 

Lithospennm,  ruiemte 
Lamatilo1 macrocmpum 

Laicerrr  involucmtu 
Llcpinus kpidus  

Medicago lupulina 
Melilotrm  alba 
Mitella t r i f i d a  
Opuntia fragilis  

WtropGz canpestris 
Oamorhiza chi lensis 

ChJtl’0pi:S sericea 

Pediculcds racemosa 
PedicuZtris  bracteosa 

Penatemcrn f r U t i C O 8 t c B  
Penstemcrn procerus 

Phace 2 u t  sericea 
Petasitdm frigida var .  nivaZis 

Phtoz  ZtmgifoZia 
PhyZlodoce empetrifomris 
PZmttago nujor 
Po1emom:um pulcherrimwn 

Lamatilo1 sp. 

Lycopodion cqtrmatrmr 

P-SS?U fimbriCCZk2 

Potmnogt?tcm spp. 
Pdygorum vivipanm, 

Potenti;:la  diversifolia 
Potenti;:la arguta 

Pyrola c!hlorcmtha 
Potmti;: la  hippinna 

Pyrola :;e& 
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TABLE 1-19 (Continued) 

e 

1 

* 

Pyrola uniflora 
Rhus rcdiccms 
Sa.%soZc kaZi 

S a z i f m g a  l y a l l i i  
S a z i f r c g a  bronchidis 

Sedrrm lancolatm 
Sedum stempetalum 
Senecio deblis 
S a e c w  megacephalus 
Senecio t r i a n g u l a r i s  
Silene iDuglaaii 
SiLme ,>mryi 
Sisymbriwn altissinamr 
SmilacCm  steZZata 
Solidago muttiradiata 
Solidagc spathulata 
Stel taz 'a  calyccmtha 
SteLlarh  longipes 

Streptopus roseus 
Tarazuctm of f ic inale  
Thalictxvm  Occidentals 
l'mgop05an &ius 
n i f o  Ziam repem 
l+oZlius lozus 
Valeriana  sitchensis 
V i c i u  mnericmta 
V i o l a  admca 
V i o l a  cawdensis 

S t rep tops  ampZexif0ZiUs 

Zigadenus Venenoatcs  

Lichens: 

Alectorit:  menkana 
Alectorit: fremontii 
AZectoritr jubata 
Alectoric:  smmentosa 
Cladonia comuta 
C l o d o n i a  gonecha 
Czadonia gracizis 
C l a d o n i a  phyllophora 
Cladonia pyzidokr 
C t a d o n i a  rrmgiferina 
Letharia v u l p i m  
Peltigera aphthosa 
Pel t igem canim 
Peltigem  polydnctyk 
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TABLE .+19 (Continued) 

Mosses : 

A u h c o ~ r i m  palustre 
Dicranm fusescms 
Dreprmr~clad~ls uncinatus 
By loco~niwn splendens 
Leptob!{m  pyrifonne 
P1euro::im  schreberi 

PslytKchwn  juniperinwn 
Pohlio nutans 

P o l y t r k h w n  piliferum 
s p h a g n l o n  spp. 
Tortulu rumti6 
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(f) Importance of the Plant  Species t o  Wildlife, Man, and Livestock 

The p l a l t  species iden t i f i eddur i r , g the   f i e ld   s tud ie s  were investigated  for species 
t h a t  ma,y be important t o  man, livestock,  or  wildlife.  This was accomplished by 
reviewi qg the 1 iterature 
information  concerning the useof ?he plant  species found i n  Hat Creek for food 
3r cover requirements. Table  4-201ists  the  species  that were found t o  be impor- 
t an t  t o  man, wildl i fe ,   or   l ivestock.  The tab le  gives the  resource  use, i t s  
relativ'?  importance, the major seison the plant  species  are  uti l ized, and the 
r e l a t i w  abundance of the plant  species i n  the Hat Creek local  study  ,area. 
General comnents were made where applicable.   I t   should be emphasized that   the  
informa.:ion concerning  resource use, importance, and season of use we're derived 
from t h c  1 i t e r a tu re  and does  not <:over a l l  the .plant   species   that  may be used 
by loca'l  wildlife and livestock. 

38, 39, 487, 41, 42, 43, 44, 45, 46, 47, 48 for pertinent 

1 
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FOUND I N  THE LOCAL STUDY AREA TO WILDLIFE. LIVESTOCK, AND M4N 
RELATIVE IMPORTANCE AND USE OF THE PLANT SPECIES 

TREES: 

Abies  laeiocarpa Low 

Atnus rubra Low 

Picea engelmannii Med 1 urn 

Pinus albicaulis Low 

Pinus oontorta High 

Pinus ponderoea High 

Poputus t remtoides  High 

B1 ue Grouse 
Forest ry  

Moose 

Moose 

Forest ry  
Grouse 

Forest ry  

Moose 
Forest ry  

Bighorn Sheep 
E l k  
Man 
Grouse 

Deer 
Forest ry  

L ivestock 

E lk  
Elk 
Deer 
Deer 
Moose 
Livestock 

Low 

Med i urn 
Low 

Low 

Med i um 
Low 

Very Low 

Med i urn 
Low 
Low 
Low 
N/A 
Low 

Low 
Medium-High 

LOW 

Med i urn 
Medium-Low 

Low 
Low 
Medi un: 
High 

A1 1 Seasons Buds and l e a v e s   u t i l i z e d  
Sumner 

Winter/Spr ing 

Some l oca l   f o res t r y   va lue  

All 

Winter 
Winter 
Winter 

I 

' /Spr ing ' 

, / S p r i n g   W i l d l i f e l F o r e s t r y   c o n f l f c t  
'/Sarins 

S p r i n g  ' Bark 
A1 1 Seasons Buds u t i l i z e d  

" 

Some l o c a l   f o r e s t r y   v a l u e  

c o n f l i c t  
d in te r /Sp r ing  Forage and cove r .   Fo res t r y /w i l d l   i f e  

Spr ing/Fal l  , A b o r t i o n   ( p o t e n t i a l )  

Sumner/Fall 
Winter/Spr i t ig 
Winter/Spr ing 
Sumner/Fali 
Wfnter;Spr:ng 
All Grazing 
Season New shoots 

I 
i 



TABLE 4-20 (Continued) 

Plant  Species Abundance R e l a t i v e  
Resource Use importance Season o f  Use Comnen t s  

Populus tremuloides 
(continued) 

Populus trichocarpa Medium 

Peeudotsuga menaiesii 
var .  glauca High 

Beaver 
Ruffed Grouse 

Moose 

Forestry 
E lk  
E lk  
Deer 

Bighorn Sheep 
Deer 

U d l l h U  I IUS 
n . . . . ,  x .  1 .  

SHRUBS: 

Acer glabrwn l ow 

Amelanchier atni- Med i urn 
folia 

Arctoetaphyloe uva- High 
w e  i 

Moose 
Elk 

Deer 
Moose 
Bi ghorn Sheep 
E lk  
L ivestock 
Man 
Gamebi rds 

Deer 
Bighorn Sheep 
Man 

High 
High 

Medium-Low 

High 
Low 
Low 
Vedi um 
Med 1 um 
Low 
iiiyk 

Med i um 
Medium 

Medium-High 
Mediun-High 
Low 
Medium-Hiah 

Low 

Medium-High 
Low 
wti 

All Seasons 
A1 1 Seasons Buds and leaves  forming 25% o f   d i e t  

Winter/Spr ing 

N/A 
Sumner/Fall 
Winter/Spring Used b y   w i l d l i f e  a s  forage as we l l  as 
Winter/Spring f o r  c o v e r .   W i l d l i f e / f o r e s t r y   c o n f l i c t  Summer/Fall 

Winter/Spr ing 
Winter/Spr ing 

Winter/Spr ing 
Winter/Spr ing 
Winter/Spr ing 
Winter/Spr ing 
Late  Sumner/Fal l   L ivestock/wi ld l i fe   compet i t ion 
La te  Sumner Ber r i es  
A1 1 Seasons Buds 

Winter/Spr ing 
Winter/Spr ing 
E a r i y   F a i i   B e r r i e s  



TABLE 4-20 (Cont inued) 

Plant  Species Abundance R e l a t i v e  
Resource Use Importance Season o f  Use Comnen t s  

Artemisia dracun- Low Deer Medium-Low Winter/Spr ing 
C U t U S  Deer Low Sumner/Fall 

Bighorn Sheep Medium 
Elk 

Winter/Spr ing 
Medium-Low 

E lk  Low 
Sumner/Fall 
Winter/Spr ing 

SEE Artemisia dracuncutus - WILDLIFE Artemisia  frigida High 

Artemisia  tridentata High 

Betuta gtandutocta Low 

Chrysothamnus High 
nauseosus 

Cornus stotonifera High 

Livestock 

Deer 

Moose 
Moose 

Deer 
E lk  

Moose 
E lk  
Livestock 

Empetrwn nigrwn Low Man 

Juniperus conomtnis High Deer 
Deer 
E lk  
Man 
Garnebi rds 

Low 

I 

Med i um 

Medi urn-Low 
Med 1 um-Low 

Medium-Low 
Med i um-  Low 

Med i um 
Med 1 um 
Low-Medium 

N/A 

Med i um 
Medium-Low 
Low 
N/A 
Low 

Late  Sumner/Fall 

A1 1 Seasons 

Sumner/Fall 
Winter/Spr ing 

Winter/Spr ing 
Winter/Spr ing 

Winter/Spr ing 
Winter/Spr ing 
L a t e   S u m r - F a l l  

Late Sumner 

Winter/Spr ing 
Sumner/Fall 
Sumner/Fa!! 
Fa1 1 
All Seasons 

w in te r   range.   L ives tock /w i ld l i fe  
Important browse species on sheep 

compet i t ion.  

Important  browse  species i n  b i o  s a p  
brush  benchlands a t  mouth o f  upper 
Hat Creek 

Found i n  one bog  area a t   P a v i l o n  
Creek 

A w ide ly   d i s t r i bu ted   spec ies  i n  
Hat Creek 

Impor tan t   w in te r  browse  species 

Ber r i es  

Ber r i es  
Ber r i es  



TABLE 4-20 (Cont inued) 

Species Abundance R e l a t i v e  
Resource "'e Importance Season o f  Use Comnents 

Juniperus s c o p u l o m  SEE Juniperus c o m i s  - WILDLIFE 
High Gamebirds Low 

Kalmia microphy 1 la Low Livestock Low 

Lonicera  invotucrata Medium Gamebirds Low 

Pachystima myrsini tes  Low Moose 
E lk  

High 

Gamebirds Low 
Low 

4 

Ribes  inerme Low Deer  Medi urn 
n, _ I  . ~. ,.I ~ . . I 
D IyllUf~ll Jllt?ep LUW 

Gamebirds Low 

Ribes  lacustre 
Medi urn 
SEE Ribes inezme - WILDLIFE 

Gamebirds l o w  

Ribes oxyacan- SEE Ribee inezme - WILDLIFE 
thoidee Low Gamebirds l o w  

Rosa gymnocarpa High Deer Medium-Low 
Deer Med i urn 
Bighorn Sheep Low 
E lk  
E lk  

Medium-Low 
Low 

Livestock 
Gasb i rds  Medi urn 

Medium-High 

Rosa n u t k a a  SEE Rosa gynmocarpa - WILDLIFE 
Hlgh Man N/A 

Gamebi r d s  Med i urn 

All Seasons 

A1 1 Seasons 

Winter/Spr ing 
Winter/Spr ing 
All Seasons 

S u n e r / F a l l  

A1 1 Seasons 
w in te r iSp r iny  

A1 1 Seasons 

A1 1 Seasons 

Winter/Spr ing 
Sumner/Fall 
Winter/Spr ing 
Sumner/Fall 
Winter/Spr ing 
Sumner/Fall 
All Seasons 

Fa1 1 
All Seasons 

Ber r i es  

Poi sonous 

One occurrence  noted i n   t h e   P a v i l o n  
mountains 

Hips 



TABLE 4-20 (Continued) 

Re la t i ve  
I Plant  Species Abundance Resource Importance Season o f  Use  Comnen t s  

~ vacciniwn scopariwn 

j GRASSES: 

1 Gramineae 

~ species) 
(undefined  grass 

Agropyron  caninwn 

Agropyron  cristatwn 

Agropyron repens 

Agropyron  smithii 

Agropyron  spicatwn 

SEE Vucciniwn  caespitoswn - WILDLIFE 

High Deer Medium-Low 

Bighorn Sheep High 
Deer Low 

E lk  Medium-High 
Elk  High 
Gamebirds 
Livestock ki:h 

Medi urn Deer Medi m 
Livestock  High 
Gamebirds Low 

Med i um 
SEE Agropyron cuninwn - WILDLIFE 

Livestock  High 

LOW 
SEE Agropyron canintun - WILOL IFE 

Livestock Low 
Man N/A 

Low 
SEE Agropyron caninwn - WILDLIFE 

Livestock  High 

High  Deer Med ium 
Bighorn Sheep High 
E lk  Medium-High 
E l k  
L ivestock 

High 
High 

Winter/Spr ing 

Winter/Spr ing 
Sumner/Fall 

Winter/Spr ing 
Sumner/Fall 

A1 1 Seasons 
All Grazing 
Season 

Winter/Spr ing 

All Seasons 
Spring/Summer 

Sumner 

All Seasons 
Spring/Summer 

Spring/Sumner 

Winter/Spr ing 
Winter/Spr ing 

Winter/Spr ing 
Sumner/Fall 

Spring/Sumner 

Extens ive ly  used b y   w i l d l i f e  
throughout  the  year 

Very  serious 
c o n f l i c t  

l i v e s t o c k / w i l d l i f e  

L i v e s t o c k / w i l d l   i f e   c o m p e t i t i o n  
Seeds 

L i ves tock /w i l d l i f e   compe t i t i on  

L i ves tock /w i l d l i f e   compe t i t i on  
Roots 

L i ves tock /w i l d l i f e   compe t i t i on  

One o f   t h e  most  important 
winter  forage  species 

Very   se r ious   l i ves tock /w i l d l i f e  
comoet i t ion 



Plant Species 

TABLE 4-20 (Continued) 

Re la t i ve  
Abundance Resource Use Importance . Season o f  Use Comnen t s  

Agropyron spicatum 
(continued) 

Agrostis  alba 

~~ 

Agrostis  scabra 

Bromus c i t i a t u s  

Bromus erectus 

Bromue i n e m i s  

Bromus tectomun 

Catmagrostis cana- 
deneis 

Catamagrostis 
purpurascene 

Gamebirds Low A1 1 Seasons 

Medi urn Livestock  High  Spring/Sumner 
Waterfowl Med i urn /A 

Medi urn Livestock Med i urn All Grazing 
Season 

Low E lk  vedi  urn Sumner/Fall 
E l k  Medium-High Winter/.Spring 
Livestock Med i um All Grazing 

Chukar Low 
Season 
All Seasons 

Low 
SEE Bromus c i t i a t u s  - WILDLIFE 

Livestock Med i urn A1 1 Grazing 
Season 

Low 
SEE Bromus c i t i a t u s  - WILDLIFE 

Livestock  Medi urn . All Grazing 
Season 

High Livestock Low Spring 

Medi urn E l k  Medium-Low Winter/Spr ing 

SEE Bromue c i l i a t u s  - WILDLIFE 

Livestock Low 
Gamebirds 

Spr ing/Fal l  
Low All Seasons 

Livestock 
Medium-Low Winter/Spr ing 
Med i urn All Grazing 

Low E lk  

Seeds 

Important wi 

Livestock/wi  

l d l i f e   f o r a g e   s p e c i e s  

l d l i f e   c o n f l i c t  

L i v e s t o c k / w i l d l i f e   c o n f l i c t  

L i v e s t o c k / w i l d l i f e   c o n f l i c t  

Seeds 

L i v e s t o c k / w i l d l i f e   c o n f l i c t  
Season 



TABLE 4-20 (Continued) 

Re la t i ve  
Resource "'e Importance Species Abundance . Season o f  Use  Comnen t s  

Calamagrostis 
rube8Ct3W 

carex spp. 

Carex albo-nigrwn 

Carex aquatit ie 

Carex pe taeata 

Carex pratiaota 

Carex pyrenaica 

High  Elk 
Livestock 

Medium-Low 
Med i um 

High Deer 

Moose 
Moose 

Bighorn Sheep 
E lk  
Livestock 
Waterfowl 
B lue and 
Spruce  Grouse 

Low 

Medium-Low 
Medium 

Medium-Low 
Low 

fled i um 
Low 

Low 

SEE Carex ep. - WILDLIFE 
Low Livestock Medium 

Waterfowl Med i urn 

SEE Carex a l b o - n i g m  - WILDLIFE 
LOW Livestock 

Waterfowl 
Low 
Medi uni 

SEE Carex a t b o - n i g m  - WILDLIFE 
Low L ivestock Low 

Waterfowl  Medi urn 

SEE Carex atbo-nignun - WILDLIFE 
Low L ivestock Low 

SEE Carex a t b o - n i g m  - WlLDLIFE 
Low Livestock Low 

Winter/Spr ing 
Late Sumner L i v e s t o c k / w i l d l i f e   c o n f l i c t  . 

Winter/Spr ing 
Winter/Spr ing 
Sumner/Fall 
Winter/Sprfng 
Winter /Spr lng 

N/A 
F a l l  L i v e s t o c k / w i l d l i f e   c o n f l i c t  

A1 1 Seasons Seeds ( less  than 5% o f  d i e t )  

I 
Food  and cover 

Late  Sumner/Fall 
N/A Food and cover 

Spr ing /Fa l l  
N/A Food and cover 

F a l l  
N/A Food and cover 

Fa1 1 

Spring!Fall 

Carex rostrata SEE Carex a tbo-n igm - WILDLIFE 
Medium Livestock  High  Sumner/Fal l  



TABLE 4-20 (Continued) 

Comnen t s  

Carex rostrata 
' (continued) 

Danthonia inter- 
media 

Dist icht ie   e tr ic ta  

Eleocharis  paluetris 

Elymus cinereus 

Eriophorwn v i r i d i -  
minatwn 

Feetuca occidentalie 

Festuca  ovina var.  
brevifot io  

Festuca  ovina var.  
rydbergii 

Festuoa rubra 

Feetuca scabretla 

n"ordr3i.m jubutwii 

Med i urn 

Medi urn 

Low 

Medium 

Low 

Low 

Medi urn 

Medi urn 

Low 

Low 

High 

Waterfowl 

Livestock 

Gamebirds 

Livestock 

Waterfowl 

Livestock 
W.C"C^..,l 
"U C L  I 1 V" I 

Livestock 

Livestock 
Ganrebi rds 

Bighorn Sheep 
Gamebi r d s  

l i ves tock  
Gamebirds 

Livestock 

Livestock 

i i ves tock 
Waterfowl 

Med i urn 

Medi urn 

Low 

Low 

if gh 

Medium 
Wed:uiil 

Low 

Med i urn 
Low 

Medium-High 
Low 

Med i urn 
Low 

Medium 

Medium 

i i i gn  
High 

N/A Food and cover 

All Grazing 

A1 1 Seasons 
Season 

Spr l  ng 

N/A 

Spr ing  
&I r h  
1 V  M 

Spring 
A1 1 Seasohs 

Winter/Spr ing 
All Seasons 

Spr ing  
A1 1  Seasons 

Spr ing /Fa l i  

Spr ing 

Ai i seasons 
N/A 

Food and cover 

Food and cover 



TABLE 4-20 (Continued) 
I 

C o m n  t s  

Jmcue balticue Med 1 urn Livestock 
Waterfowl 

Low 
Medium 

Muh tenbergia j sytvatioa 

i 

I 
I Orgsopeie hymenoidee 

I 
Phlewn alpinwn 

Phtewn pratense 

Low Livestock Low 

Waterfowl Med i urn 

Med i urn Livestock Low 

Waterfowl  ‘hedi um 

!!!$ YSS I :Medl iiiii 
Bighorn Sheep Medium-Low 
Livestock 

SEE JWCUE filifotius - WILDLIFE 

I 

n...... 

r u m  

Low Livestock Med i um 

Low Livestock  /High 

Gamebirds Low 

Medi um Livestock Med i urn 

Deer Med i um 

Med 1 urn Livestock  High 
’ Waterfowl Med 1 urn 

All G r a z i n g   L i v e s t o c k / w i l d l i f e   c o n f l i c t  
Season 
N/A Food and cover 

A11 Grazing 

N/A 
Season 

Food and cover 

LIIIL” ,P”I”  

Winter/Spr ing 
Spring/Sumner L l v e s t o c k / w i l d l i f e   c o n f l i c t  

n l v l r c ~ l a p ~  I I I ~  

A1 1 Grazing 
Season 

A11 Grazing 

A1 1 Seasons 
Season 

Seeds 

All Grazing 

Sumner 
Season 

Food and cover 

Poa atpina Medi urn Deer Medium-High Winter /Spr lng 
Eiohorn Sheeo Medlum-Hlah Winter lSDr ino 

All Poa s p p .  i m p o r t a n t   w i l d 1   I f e  
foraoe  sDecies 



TABLE 4-20  (Continued) 

Comnen t s  

Poa alpina 
fcontinuedl 

Poa cusickii  

Poa graciltima 

Poa grayana 

Poa interior  

Poa juncifolia 

Poa nevadensis 

Poa pratensis 

Poa sandbergii 

Poa scabretta 

Spartina  gracilis 

E l k  
Livestock 

SEE  PO^ alpina - WILDLIFE 

SEE Poa atpina - WILDLIFE 

SEE Poa alpina - WILDLIFE 

SEE Poa a2pi.m - WILDLIFE 
Me!! ! m L!:.::tc;k 

Low 
SEE Poa alpina U WILDLIFE 

L ivestock 

SEE  PO^ a l p i ~ - -  WILDLIFE 

SEE Poa a l p i ~  - WILDLfFE 
High  Livestock 

SEE Poa alpina - WILDLIFE 
Med i urn Livestock 

Medi urn Livestock 

Low Livestock 

Waterfowl 

Med i urn A1 1 Seasons 
Medium-Low All G r a t i n g   L i v e s t o c k / w i l d l i f e   c o n f l i c t  

Season 

I 

:sw 

Low 

Medium A l l  Grazing 
Season 

Low Spring 

Low All Grazing 

Low All Grazing 

Season 

Season 
Med i urn N/A Food and cover 



TABLE 4-20 (Contlnued) 

'pecies Abundance Re la t i ve  
Resource Use Importance Season o f  Use Comnen t s  

Sporobolue crypt -  Med i urn 
mdmce 

St ipa  comata Med i urn 

Stipa  occidentat ie  Medium 

Stipa  r ichardeonii  Medium 

T r i s e t m  epicatum Medium 

HERBS: 

Achi l lea   mi l le fo l iwn High 

Allium ceruwn Medium 

Antennaria  atpina Medium 

Antennaria cmaphal- Low 
oidee 

Antennaria dimorpha Medium 

Antennaria  negtecta LOW 

Livestock 
Gamebirds 

Livestock 
Gamebirds 

Bighorn Sheep 
Livestock 
Gamebi rds 

Livestock 
Gamebirds 

Livestock 

Deer 
Bighorn Sheep 

Man 

Deer 
Grouse 

Deer 
Grouse 

Deer 
Grouse 

Deer 

Medium 
Low 

Med i um 
Low 

Low 
Low 
Low 

Low 
Low 

Low 

, 

Med i um-Low 
Low 

N/A 
Medium-Low 
Low 

Medium-low 
Low 

Medl Urn-low 
Low 

Medi um-Low 

Sprf  ng 
A1 1 Seasons Seeds 

Spr i  ng/Sumner 
A1 1 Seasons Seeds 

Winter/Spr ing 

A1 1 Seasons 
Spring/Sumner 

Spring/Sumner 
A1 1 Seasons 

Spring/Sumner 

b in te r /Sp r ihg  
Winter/Spr ing 

All Seasons 

i 
~ 

All Seasohs 
Winter/Spr ing 

spr ing  range. Forms l ess   than 
Important  forage  species on deer 

Winter/Spr ing 5% o f  Grouse's  d iet .  / 
All Seasons 

Winter /Spr ing 
.4! 1 Seasons I 

i 

I 
Grouse LOW A1 1 Seasons I Winter /Spr ing 



TABLE 4-20 (Continued) 
I 

Conents  

Antennaria parvi- 
f0 t iu  

Med i um 

I Antennuria roeeus High 

I Antennaria wnbrin- Low 
! e t &  

I Arnica cordifotia i High 
AeCer c q n n t r i n  I nw 

Aster  oitiolatue Low 

Aster  caspicuus High 

Astragalus e p .  Medi urn 

Astragalus  miser Medl urn 

Astragaluo p u r s h i i  Medium 

Balsamorhisa sagi- Medium 
t ta ta  

Cast i t le ja  miniata Medium 

Deer 
Grouse 

Deer 
Grouse 

Deer 
Grouse 

Livestock 

Elk 
Deer 

Deer 
E lk  

Deer 
E l k  

Livestock 

Livestock 

L ivestock 

Deer 

Ljvestock 

Medium-Low 
Low 

Medium-Low 
Low 

Medi um-Low 
Low 

Low 

Med ! ~m 
Med 1 urn 

Med i urn 
Med i urn 

Med i urn 
Med i um 

Medium 

Medium 

Med f urn 

Medi um 

Low 

~~~~~~~~ 

Winter/Spr ing Important  forage  species on deer 
A1 1 Seasons spring  range. Forms l e s s  than 

5% o f  Grouse's  diet.  
Winter/Spr ing 
All Seasons 

Winter/Spr ing 
A1 1 Seasons 

Sumner 

~~ ~~~~~ 

5!!mner!Fa!! 
Sumner/Fall 

Sumner/Fall 
Sumner/Fall 

Sumner/Fall 
Sumner/Fall 

Sumner/Fall 

Sumner/Fall 

A1 1  Grazing 
Season 

All Seasons Important  forage  species on s p r l n g  
ranges 

Sumner 

, .  1 



TABLE 4-20 (Continued) 

Comnents 

Epilobium angusti- 
foliwn 

Equisetum arvense 

Equieetwn soirpoides 

Erigeron speciosua 

Eriogonwn hera- 
oleoidea 

Eriogonum pyroli- 
folium 

Fragaria glauca 

Fritilluria 
pudica 

Geranium vitloose- 
issiwn 

Lathyma  ochroteucw 

Lema minor 

Zewisia rediviva 

cow 

Medl um 

Med i urn 

Low 

Med i urn 

LOW 

High 

Medi urn 

Low 

Low 

Low 

Low 

Livestock Low S p r i n g / S u m r  

Moose Med t urn Winter /Spr ing 
Moose Medium-High Sumner/Fall 

SEE Equisetum aruense - WILDLIFE 

L ivestock 

Bighorn Sheep 
Gamebirds 

Gamebirds 

Man 
Livestock 

Man 

Livestock 

Livestock 

Waterfowl 

Man 

Medl um 

kediurn-Low 
Low 

Low 

N f A  
Low 

W A  

Low 

High 

Med i urn 

N/A 

Sumner 

Winter/Spr ing 
All Seasnns 

A1 1 Seasons 

Sumner 
S p r i n g / S u m r  

Spr ing 

All Grazing 
Season 

All Grazing 
Season 

N f A  

Spr ing  

Bulb 

Aquat ic   p lan t  

Roots 



'Iant Species Abundance 
R e l a t i v e  

Resource Use Importance Season o f  use Comnents 

Trifoliwn repens Low Livestock  High All Grazing 
Season 

Man NIA Sumner 
Gambirds Low All Seasons 

Vu'aterimta sitchensis LOW Livestock Low All Grazing 

Roots 

Season 

MOSSES: 

Moss (General):  High  Spruce  Grouse l o w  A1 1  Seasons Less than 5% o f  d i e t .  



ZL. 0 GLOSSARY 

I 

8.1 PHYSICAL HABITAT 

aeolian  deposit:  material  transported and deposited by wind and consisting 
mainly o f  silt-sized par t ic les  

A-horizon: This  is a mineral  horizon formed a t  or near  the  soil   surface 
i n  the zone o f  the removal of materials. 

a1 kal ine: soils  containing  excess  of  strong  bases  usually sodium or 
cal  ci um 

alluvial  fan:  postglacial  materials  deposited by. streams and r ive r s   t ha t  
occur a t   t h e  m u t h  of a r iver  i n  a fan-shaped  deposit. An 
a l luvial   fan  my have e i the r  a neutral or a steeply  sloping 
topography  depending on the angle of the  repose o f  the  stream 
course. 

m al 1 uvi  urn: 

I 
andr0c.i te: 

- - 
argi 11 ,i  te: 

I 

I 

" basalt :  

II 

postglacial  materials moved  and redeposited by water. I t .  
consis ts  of  sediments  deposited by streams. 

a volcanic  rock composed of l i t t l e   q u a r t z  and large amounts 
o f  dark-coloumd  minerals 

a rock  derived e i t h e r  from sil tstone,   claystone or shale t h a t  
has undergone a higher  degree of pressure and heat ranges 
than  the  rocks  they  are  derived from 

an extrusive  vclcanic rock w i t h  a h igh  quartz  content 
comnonly associated w i t h  the Interior  Plateau lava:; 

8- 1 



base caturation: 

ben ton i t e  : 

B-horizon : 

the  extent t o  which the  absorption complex of a so i l  
saturated w i t h  exchangeable  cations  other  than hydrogen 
and aluminium 

a clay formed  from the decomposition  of volcanic a.sh and 
composed o f  clay  minerals 

t h i s  i s  a mineral  horizon t h a t  i s  enriched by e i ther  
s i l i ca te   c lay ,   i ron ,  aluminium or  humus, or possesses a 
columnar of prismatic  structure 

chernozemic  A-horizon: an  Ah-ho:-izon t h a t  is not less than 9 cm (3 .5  i n . )  
th ick;   i ts   colours  have values  darker  than 3.5 w h e n  moist 
and 5.5 when dry, and chromas of less than 3.5 when mist. 

chert: 

coarse-texture: 

daci te :  

drum1 i n  : 

drumlinized: 

rock h i g h  i n  syl ica  and derived  through  heat and p:ressure; 
f l i n t  is the most c o m n l y  known chert  

the  texture  exhibited by sands, loamy sands and sandy loams, 
except very firle  sandy loam 

soi l  and rock materials  .transported down a 
the  action o f  gravity 

an extrusive  volcanic  rock w i t h  re la t ive ly  

an elongated or oval h i l l  of  glacial t i l l ,  
glacier  ice w i t h  i t s  l o n g  axis  parallel  t o  
ice  movement 

mountain slope by 

h i g h  q u a r t z  content 

deposited by 
the d i r k t i o n  o f  

a s t reamlined ? i l l  and swale  topography  in glacial drift ,  
w i t h  the  long  axis  parallel t o  the  direction o f  flow of  the 
former glacier  
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esker : serpentine  ridges of sand and gravel  deposited i n  ice  
tunnel  r ivers  

eluvi#ition:  the removal 01’ soil  material i n  suspension or i n  solution 
from a layer or layers of soil 

ephemtral  stream:  stream or portion o f  a stream which flows  only i n  direct 
response to precipi ta t ion.   I ts  channel is  a t   a l l  times 
above the  water  table 

fine-zxture:   consisting of or containing  large  quantities  of the f ine  
f r ac t ions ,   pa r t i cu la r ly   s i l t  and clay. I t  includes  all 
clay  loam and clays,  clay loam, sandy clay loam, s i l t y   c l ay  
loam, sandy c lay ,   s i l ty   c lay ,  and clay  textural   classes.  

glacial outwash: materials swept out,  sorted and deposited beyond the 
glacial   ice   f ront  by streams o f  melt  water. Outwash usually 
exists i n  the form of f la t   p la ins  or terraces  

g1aci;:l t i l l :  material w h i c h  has been deposited  directly by the  ice  with 
l i t t l e  or no  t,ransportation by water. I t  i s  generally an 
unstratified,  unconsolidated,  heterogeneous  mixture o f  clay, 
s i l t ,  sand,  gravel and boulders. 

gneiss : a coarse-grained  rock  highly changed due t o  heat and pressure 
s t i l l  maintaining the banding o f  i t s  sedimentary origin 

greenstone: a1 tered  basic  plutonic  rock,  altered due t o  heat and  
pressure 

humus: the  material t h a t  develops  as a result   of decomposition of 
organic  matter 

* 
c 

m 
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illuv,,ation:  the  process of: deposition of soil  material removed from 
one horizon t c  another i n  the  soil  

kettle:  depression i n  g l ac i a l   d r i f t  made  by the  wasting away of a 
detached mass  of glacial   ice t h a t  had  been wholly or   par t ly  
buried  in  the  glacial d r i f t  

lacustrine  deposits:   deposits  laid down  by extinct  glacial   lakes.  These 
sediments are  usually  very  fine i n  texture 

landfc'm:  areas o f  land,  topographic  features,  that  are  defined  in  terms 
of their   s lope and slope  patterns,  the  materials  t:hat produce 
the relief, and wherever possible, i n  terms  of  the mode o f  
origin 

leaching: 

1 oam: 

the  removal of  materials i n  solution from the soil 

soil  material  that  contains 7 t o  27 percent  clay, 28 t o  50 
percent s i l t ,  and less than 52 percent  sand. Loamy so i l s   a r e  
usually  considered medi m-textured . 

medium-texture: intermediate between f ine  and coarse  textured  soils. I t  
includes  the fl3llowing textural  classes: very f ine  sandy 
loam, loam, s i l t  loam and s i l t  

meltwater  channel:  glacial outwiish deposits conforming t o  topography 

metamorphic rock: a l l  rocks which a re  formed i n  a so l id   s ta te  i n  response t o  
pronounced changes i n  temperature,  pressure and chemical 
environment wh.ich take  place below the  shell  o f  weathering 
and sedimentatlon 

mora i tw : d r i f t  deposited by direct   glacial   action and having 
constructional  topographic  surface  control 
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organic:  deposits form!d by organisms and p l a n t  materials undergoing 
decomposition 

orogr#jphic:  the  derivation  of  rain from rising air   currents  adjacent 
t o  mountains 

ortsts?in  layer: an iron hardpan formed  from the  oxidation of ferrous  iron 
t o  t h e   f e r r i c   s t a t e  and then  deposited 

p a r e n t  material:  unconsolidated, and more or less chemically  weathered. 
material or organic  matter from which the solum o f  a so i l  
i s  developed by pedogenic  processes 

pedogenic  processes:  processes fundamental to  development of soi l  

quartzi te :  metamorphosed 9ilica-rich  sandstone 

re-crystallized  limestone: metamorphosed limestone i n  which the  calci te  
crystals  have been refonned 

rilled topography:  topography  transected by very small trickling  streams  of 
water. Water i s  usually  present  for  only a short  IDeriod 
of the  year 

ryol i t f ! :  a volcanic rock high i n  quartz w i t h  fine-grained  texture 

sch is t :  a metamorphic rock w i t h  sub-parallel  orientation o f  
minerals 

soil   association: a sequence of  soi ls  of  about the same age, derived from 
similar  parent  material and occurring under similar  climatic 
conditions b u t  hav ing  different character is t ics  due t o  
variations i n  nzlief and i n  drainage 
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so i l   ho r i zon :  a l a y e r   o f   s o i l   a p p r o x i m a t e l y   p a r a l l e l   t o   t h e   l a n d   s u r f a c e  
t h a t   d i f f e r s   f r o m   t h e   a d j a c e n t   g e n e t i c a l l y   r e l a t e d   l a y e r s   i n  
propert ies  such as colour,   structure,   texture.   consistency, 
chemical ,   b io logical   and  mineralogical   composi t ion.  

. The followin:! i s  a p a r t i a l   l i s t   o f   t h e   d e s i g n a t i o n s   o f   t h e  
s o i l   h o r i z o n s .   D e t a i l e d   d e f i n i t i o n s  may be found i n   t h e  
System o f   S o i l   C l a s s i f i c a t i o n   f o r  Canada, 1974. 

Organic  Horizons: 

L - an o rgan ic   l aye r   cha rac te r i zed   by  an accumulation o f  
o r g a n i c   m a t t e r   i n   w h i c h   t h e   o r i g i n a l   s t r u c t u r e s   a r e  
eas i l y   d i sce rnab le  

F - an organ ic   layer   charac ter ized   by   the   accumula t ion   o f  
p a r t l y  decomposed organ ic   mat te r  

H - an organit: layer   charac ter ized  by an accumulation o f  
decomposed organic  matter.  

Mineral  Horizons: 

A - a mineral   hor izon  formed a t  or n e a r   t h e   s u r f a c e   i n   t h e  
zone o f  removal o f   m a t e r i a l s   i n   s o l u t i o n  

B - a minera l   hor izon   tha t  is enr iched by e i t h e r   . s i l i c a   c l a y ,  
iron, aluminium o r  humus, or possesses a c o l u m a r  or 
pr i smat i c   s t ruc tu re  

C - a mineral   hor izon  comparat ively  unaffected  by  pedogenic 
processes  found i n   t h e  A and B-horizons. 

Lower Case Suf f i xes :  

e - a hor izon  character ized  by  removal  of c lay ,   i ron ,  
aluminium, or  organic  matter,   a lone or  i n  combination 
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h - a horizon  enriched w i t h  organic  matter 

j - this is used a s  a modifier  to  denote the var ie r   to  meet 
the spec i f ic  units of the suf f ix  i t  modifies 

k - indicates ::he presence  of  carbonate 

m - a horizon s l igh t ly   a l te red  by hydrolysis,  oxidation o r  
both of theseto  give a change i n  colour or str'ucture, 
or both 

p - a horizon disturbed by man's ac t iv i ty  

t - a horizon mriched w i t h  s i l i ca   c l ay  as indicated by a 
higher  clay  content  than the overlying  alluvial  horizon. 

soil   mottl ing:  irregularly marked w i t h  spots  of  different  colours,,  mottling 
i n  so i l  u s u a l l y  indicates poor aeration and lack o f  good 
drainage; the  colours result from oxidation and reduction  of 
iron 

soi l   order :   soi l   prof i les   ref lect ing dominant  pedogenic  processes 

soil   texture:  the relative  pr3portion  of the various soil separates i n  a 
soil  material ~ ~ ~ - -  . .- " ". 

sol um: the  upper  horizons  of a so i l  i n  which the parent  material 
has been modified. 
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8.2 'IEGETATION 

basal  area: the cross-sectional  area  of  a  tree,  usually measured in 
square  feet  at.  diameter a t  breast  height (DBH) 

caesp'i tose:   pertains  to  plants growing i n  clumps or bunches 

characteristic  species:  species  that  are  indicative o f  a habi ta t  dlJe e i the r  
t o  t h e i r  high presence or h i g h  mean cover  values 

clima,.: the  vegetation  association  that  gains permanent oc:cupancy 
of the  habitat   indefinitely  unless dis turbed by  some type 
o f  outside  force 

decreaser  species:   these  are  species  that   decrease under prolonged,  excessive 
grazing.  Usually they  are   perennials   that  produce h i g h  
quality  forage and dominate .the climax community. 

dominant: plant  species  covering the most area w i t h i n  an association 
and, therefore:, exerting the  greatest  influence on the micro- 
climate o f  that   association 

ecotone: zone of integration between two vegetation  types  that  re- 
f l e c t s  a  graduzl  blending of vegetation  from  both 'types 

f l o r i s t i c :  refers to the  plant  species  inhabiting.a site 

f o r e s t  canopy: a more or l e s s  continuous  cover o f  branches and foliage 
formed col lect ively by the crowns of adjacent  trees and 
other woody growth 

habitat : place w i t h  a  particular  type of environment which can be 
inhabited by organisms su i t ed   fo r the   t ype  of environment 
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hydric:  indicates ver,y wet conditions, w i t h  water  standing on the 
surface  for  a  significant  part of  the year 

hygroscopic  water:  water which is so t i gh t ly  held by the a t t rac t ion  of so i l  
par t ic les   tha. t  i t  cannot be removed except  as  a  gas. This  
water is  unavailable t o  plants. 

increaser  species: these are  species  that   increase w i t h  moderate grazing 

invader species: 

krumnliol z form: 

mean cover: 

moder: 

overstory: 

preser ce: 

over-use;  they  decrease w i t h  continued heavy over-use. 
Increasers cotnnonly a re  the shorter ,  less productive  species 
i n  the climax  plant comnunity. 

these are  species that  invade the  p lan t  comnunity as the 
range  deteriorates. They a r e  n o t  members o f  the climax 
plant comnunity since  they  cannot  withstand the competition 
f o r  moisture, nutrients and l i g h t  from the vegeta.tion i n  the 
climax s ta te .  

the growth form of trees a t  h i g h  elevations caused by the 
layering of branches under the snow. This  result:; i n  the 
open parkland  type  forest. 

a  value  calculated by taking the mean of a l l  cover  values 

a zoogeneous fores t  humus made up o f  plant remain!; par t ly  
disintegrated by the  soil fauna, b u t  n o t  matted a:; i n  new 
humus 

plant  species  that  overtops  another  layer  of species; 
usually trees 

the number of occurrences o f  a species d iv ided  by the to t a l  
number of plots  i n  a particular  association 
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r i pa r ian :  

rece iv ing :  

savanr a: 

seepage: 

I - 
I 

sere: 

I 

- 
/.. . 

steppe: 

- 
succession: 

- I 

1 
understory:  

7 

an area   tha t   rece ives   water ;   usua l l y  i t  i s  l o c a t e d   a t   t h e  

bottom  of a depress ion  or   s lope 

r e l a t e d   t o   o r   l o c a t e d  on t h e  bank o f  a natural  water  course, 
lake  or t idewater  

t r e e s   s c a t t e r e d   i n d i v i d u a l l y   o v e r  a lower   s t ra tum  of   grasses 

t h e  escape o f  . d a t e r   l a t e r a l l y   t h r o u g h   t h e   s o i l   u s u a l l y   i n  
response t o   t h e   s l o p e   g r a d i e n t  

a temporary  colnnunity o r   s t a g e   t h a t   d e v e l o p s   i n   t h e  sequence 
o f  succession;  the  adject ive  seral  i s  used f o r   p a r t i c u l a r  
c o m n i t i e s   o r  organisms. 

grassland i n   r e g i o n s   t o o   d r y  f o r  na tu ra l   f o res ts  t o  p r o l i f e r a t e  

progressive  changing i n  composi t ion o f  p lan t   popu la t ions  
dur ing   the   deve lopment   o f  a vegetation  type,  which  proceeds 
f r o m   t h e   i n i t i a l   c o l o n i z a t i o n  o f  t h e   s i t e   t o   t h e  f i na l  a t t a i n -  
ment o f   c l i m a x  

vegetat ion  that :  i s  subord ina te   i n   t e rms  o f  he igh t  t o  another 
l a y e r   o f   v e g e t a t i o n ,  i . e . ,  overstory.  
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