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INTRODUCTION 

The importance of willows a s  a  food source f o r  moose has  been we l l  
documented. Willows a r e  considered t h e  most important food i tems f o r  
moose i n  Montana (Knowlton, 1960),  Wyoming (Baker eA g., 1953; Harry, 
195 7) , and south-cent ra l  Alaska (Chatela in ,  1951) . Pimlot t  (1961) sums 
up t h e  s i t u a t i o n  by s t a t i n g  t h a t  i n  western Canada and t h e  western 
United S t a t e s ,  willows and moose a r e  inseparab le .  

Due t o  t he  l a c k  of adequate willow keys and t h e  d i f f i c u l t i e s  in -  
volved i n  spec i e s  i d e n t i f i c a t i o n ,  most of t h e  l i t e r a t u r e  r e f e r s  only 
t o  S a l i x  spp. a s  being p re fe r r ed  by moose. The r e s u l t i n g  imp l i ca t ion  
i s  t h a t  a l l  spec i e s  of willows a r e  equa l ly  p re fe r r ed  and, hence, of 
equa l  importance. Severa l  workers (McMillan, 1953; Murie, 1961; 
S e i s k a r i ,  1956),  however, have noted a  spec i e s  prefe rence  by moose. 
Murie 's  observa t ions ,  which were made i n  M t .  McKinley Nat ional  Park,  
and observa t ions  made by personnel  of t h e  Alaska Department of Fish and 
Game @.A. Rausch, Alaska Department of Fish and Game, pers .  comm.) 
have ind ica t ed  t h a t  some willow spec i e s  i n  Alaska a r e  browsed by moose 
more i n t e n s i v e l y  than  a r e  o the r s .  

The primary purpose of t h i s  s tudy was t o  determine t h e  i d e n t i t y  
and p o s s i b l e  p r e f e r a b i l i t y  t o  moose of t h e  var ious  willow spec i e s  
occur r ing  on some of t h e  important moose ranges i n  Alaska 's  i n t e r i o r .  
Secondari ly ,  an attempt was made t o  exp la in  t h e  reasons f o r  s e l e c t i o n  
preference ,  i f  such was found t o  e x i s t .  Some of t h e  d a t a  t h a t  were 
c o l l e c t e d  while pursuing these  goa ls  a l s o  made it poss ib l e  t o  i n v e s t i -  
ga te  o t h e r  t o p i c s ,  such a s  e f f e c t s  of p l a n t  h e i g h t ,  dens i ty ,  and 
l o c a t i o n ,  on browsing i n t e n s i t y .  

The s tudy was conducted dur ing  t h e  summers of 1967 and 1968. 
Since t h e  same methods were not  employed dur ing  both summers, t h e  d i s -  
cuss ion  of methods and r e s u l t s  have been divided i n t o  two p a r t s ,  each 
corresponding t o  one summer's work. 



P A R T  I 

STUDY AREAS 

The areas  inves t iga ted  were chosen on the  b a s i s  of t h e i r  impor- 
tance t o  moose i n  i n t e r i o r  Alaska and because they were known t o  
support s tands  of willows s u i t a b l e  f o r  study. During t h e  course of 
the  s tudy,  a  h e l i c o p t e r ,  small ,  s i n g l e  engine a i r c r a f t ,  automobile, 
and canoe were used t o  ga in  access t o  t h e  study a reas .  

Dry Creek 

The Dry Creek study area  (Fig. 1) i s  located i n  t h e  extreme south- 
e rn  por t ion  of the  Tanana River f l a t s ,  which l i e  nor th  of the  Alaska 
Range. (The loca t ion  of t h e  study area  on t h e  map i s  shown by t h e  
broken l i n e s .  The numbers r e f e r  t o  the  loca t ions  of study p lo ts . )  A t  
one time t h e  study a rea  was a  black spruce (Picea mariana) muskeg, but  
a  f i r e ,  occurr ing a t  some undetermined time i n  t h e  p a s t ,  destroyed t h e  
spruce. The s tand of willows s tud ied ,  which is approximately 2500 m 
long and 150 m wide, apparently i s  a  s e r a 1  comuni ty .  

The composition of t h e  willow stand v a r i e s  with i t s  proximity t o  
t h e  creek. The spec ies  S a l i x  a l axens i s ,  2. l a s i a n d r a ,  2. arbusculoides,  
S. padophylla ,  and S. m y r t i l l i f o l i a  occur i n  a  "belt" t h a t  is adjacent  - 
t o  Dry Creek. ~ h i s - ~ ~ b e l t "  of willows va r i e s  between 20 and 60 m i n  
width- and i s  c lose ly  assoc ia ted  with the  stream levee ,  which normally 
i s  r e l a t i v e l y  dry. A marshy condit ion occurs on t h e  f loodpla in  f u r t h e r  
from t h e  creek,  and, he re ,  5.  pulchra ,  which grows i n  dense patches,  
and S .  arbusculoides a r e  t h e  dominant spec ies  of willows present .  3 .  
depressa i s  occasional ly found on t h e  d r i e r  s i t e s  i n  t h i s  marshy area .  
The t e x t u r e  of t h e  s o i l  underlying t h e  marshy area  i s  f i n e r  than t h a t  
of the  stream levee.  

Paxson Lake 

Paxson Lake is  located i n  t h e  Alaska Range, approximately 150 
miles southeas t  of Fairbanks (Fig. 2 ) .  Dwarf b i r ch  (Betula nana) 
and black spruce a r e  the  most abundant p l an t  spec ies  i n  t h e  a r e a  surround- 
i n g  t h e  l ake ,  and willow s tands  s u i t a b l e  f o r  study a r e  r a r e .  The nos t  
extensive willow stand i n  t h i s  region occurs i n  the  marshy a reas  bor- 
der ing  t h e  Gulkana River ,  which flows i n t o  t h e  north end of Paxson Lake. 
The marsh near t h e  lake  was t h e  onlv   or ti on of t h i s  a rea  examined. and 
S. pu lch ra ,  S. l a n a t a ,  and 2. ~ a r c l a ~ i  were t h e  only willow spec ie s  - - 
encountered. The s o i l  i n  t h i s  region i s  f i n e l y  tex tured  and h ighly  
organic .  

One o ther  a rea ,  loca ted  along a  sec t ion  of t h e  old Richardson 
Highway e a s t  of Paxson Lake, was examined. The most abundant p l a n t  
spec ie s  on t h e  wet s i t e s  along t h i s  road a r e  S. pu lch ra ,  S. Barc layi  
S . l a n a t a ,  S . r e t i c u l a t a ,  h o r s e t a i l  ( ~ ~ u i s e t e m  sp  .) and schagnum moss 
Tsphagnum SF.) , whereas 5. a laxens i s ,  2. glauca,  2. depressa,  and seed- 



Figurel. DryCreekstudyarea; 64O27' N,147O22'W ( h U .  S. 
Geological Survey rap B-1, Fairbanks quadrangle). 



l i n g  b lack  cottonwood (Populus t r ichocarpa)  occur on t h e  dry  s i t e s .  
Genera l ly ,  t h e  s o i l  on t h e  wet s i t e s  has  a  f i n e r  t e x t u r e  than  t h a t  
occur r ing  on t h e  dry  s i t e s .  

L i t t l e  Clearwater Creek 

L i t t l e  Clearwater Creek is  a  g l ac i e r - f ed  stream t h a t  i n t e r s e c t s  
t h e  Denali  Highway 54 miles  west o-f Paxson, Alaska (Fig. 3 ) .  Dwarf 
b i r c h  i s  t h e  dominant p l a n t  spec i e s  on most of t h i s  h i l l y  reg ion .  The 
overs tory  on the  f l oodp la in  of t h e  c reek ,  however, c o n s i s t s  p r imar i ly  
of willows. 

The spec i e s  3. a l a x e n s i s ,  2. Barc l ay i ,  S .  h a s t a t a ,  S .  l a n a t a ,  and 
S .  B a r r a t t i a n a  a r e  p re sen t  on the i s l a n d s  and along i-he c r e e k  i n  a  s t r i p  - 
t h a t  i s  approximately 50 m wide. Beyond t h i s  s t r i p  and extending t o  
t h e  ou te r  bouridaries of t h e  f l oodp la in  t he  overs tory  c o n s i s t s  of a  
dense s t and  of S. p u l c h r a  and S .  Barc lay i .  This  l a t e r  willow type  
i s  par t icu la r ly-ev ident  i n  the-region no r th  of t h e  highway and e a s t  of 
t h e  c r eek ,  where it covers  an a r e a  about 3500 m long and 300 m wide. 
The d i f f e r e n c e s  i n  p l a n t  composition a r e  probably due t o  t h e  d i f f e r e n c e s  
i n  s o i l  t e x t u r e  and moisture  con ten t ;  t h e  s o i l  on those  a r e a s  border ing  
t h e  c reek  i s  of f i n e r  t e x t u r e  and d r i e r  than  t h a t  occur r ing  on t h e  
o t h e r  a r e a s  of t h i s  reg ion .  

Gunn Creek F l a t  

Gunn Creek f l a t  i s  a  l e v e l  a r e a  l oca t ed  j u s t  beyond t h e  t o e  of t h e  
Gulkana G l a c i e r ,  approximately 13 miles  no r th  of Paxson, Alaska (Fig.  4) . 
This  f l a t  a r e a  i s  t r i a n g u l a r  shaped wi th  s i d e s  t h a t  a r e  f o u r  mi les  
long;  t h e  apex i s  loca t ed  a t  t h e  g l a c i e r ,  and t h e  base extends a long 
t h e  Richardson Highway. The a r e a  was formed by t h e  depos i t i on  of  g l a c i a l  
d r i f t  and outwash. 

The s u r f a c e  m a t e r i a l  of t h e  reg ion  loca t ed  j u s t  beyond t h e  g l a c i e r ' s  
terminus i s  very rocky, and S.  a l a x e n s i s  grows he re  i n  pure s t a n d s .  
Southeas t  of t h i s  a r e a ,  where t h e  s o i l  i s  l e s s  rockv, t h e  willow 

< - 
community c o n s i s t s  p r imar i ly  of S .  a l a x e n s i s ,  2. g l a u c a ,  3. l a n a t a ,  and 
S. Ba rc l ay i .  This  willow type  grades  i n t o  a  pure S.  Ba rc l ay i  type  t h a t  - 
extends a l l  t h e  way t o  t he  hifihwav and n e a r l v  t o  ~ G n n  Creek. This  i s  a  
moderately wet a r e a  with  f i n e r y  t ex tu red  s o i i s .  The reg ion  border ing  
Gunn Creek suppor t s  a  s t and  of willows c o n s i s t i n g  of  S. a l a x e n s i s ,  
S.. p u l c h r a ,  S. Ba rc l ay i ,  and some S .  l a n a t a  and S .  h a s t a t a .  The p o r t i o n  - - -- 
of t h e  f l a t  Tying south  of Gunn ~ r e e k  i s  marshy, and - S .  p u l c h r a  m e -  
dominates. 

Taylor  Highway 

The Taylor  Highway i s  loca t ed  i n  e a s t e r n  Alaska, and it i n t e r s e c t s  
t h e  Alaska Highway a t  T e t l i n  Junc t ion ,  approximately 200 mi les  south- 
e a s t  of Fairbanks.  Most of t h i s  mountainous reg ion  i s  densely t imbered 
wi th  white  spruce (Picea glauca)  2nd maintains  few l a r g e  willow s t ands .  
Mount Fa i rp lay  (Fig. 5) , however, wi th  an e l e v a t i o n  of 1690 m (5545 f t )  



Figure 2. Paxson Lake s-tudy area; 6205St h', 14S030 '  W (AFrom U .  S. 
G e o l o g i c a l  Survey rraps D-3 and D-4, Gulkana quadrangle). 



Figure 3 .  Little Clearwater Creek study area; 6 3 O 0 3 '  N, 146O52'  W 
(kwn U. S. Geological Survey m p  A-6, M t .  Hayes quadrangle). 

- 6- 



s u p p o r t s  a l p i n e  t u n d r a  v e g e t a t i o n ,  and many of t h e  s m a l l  d r a i n -  
ages  r a d i a t i n g  from t h i s  peak c o n t a i n  dense  s t a n d s  of ?. p u l c h r a  
i n t e r s p e r s e d  w i t h  C a l a m a ~ r o s t i s  sp .  and dwarf b i r c h .  The rocky s l o p e s  
ex t end ing  i n t o  t h e s e  'Tdrawsrr a r e  s p a r s e l y  vege t a t ed  wi th  S. g l a u c a ,  
dwarf b i r c h ,  bog b luebe r ry  (Vaccinium uliginosum) , and c r anbe r ry  
(Vaccinium v i t i s - i d e a )  . 

Small  s t a n d s  o f  wi l lows a l s o  grow a d j a c e n t  t o  s e v e r a l  of t h e  major 
s t r e ams  l o c a t e d  n o r t h  o f  Mount F a i r p l a y  (Fig. 6 ) .  A wil low s t a n d  con- 
s i s t i n g  mainly o f  S. p u l c h r a ,  S .  a r b u s c u l o i d e s , ~ S .  g l a u c a ,  and S. 
a l a x e n s i s  i s  l o c a t e d  n e x t  t o  ~ o ~ ~ i n ~  Cabin Creek, which i n t e r s e c t s  t h e  
Tay lo r  Highway 43 mi l e s  n o r t h  o f  T e t l i n  Junc t i on .  S a l i x  pu l ch ra  i s  t h e  
most abundant wil low s p e c i e s  growing a long  t h e  banks of t h e  West Fork 
o f  t h e  Dennison R ive r  a t  mi le  49. A f l a t  a r e a  j u s t  s o u t h  of t h i s  r i v e r  
and west  of  t h e  highway s u p p o r t s  S. p u l c h r a ,  S.  a l a x e n s i s ,  5 .  arbuscu- 
l c i d e s  , 2. g l a u c a ,  and 2. depress;, i n  additi';;n t o  dwarf b i r c h  and 
bog b l u e b e r r y .  The s p e c i e s  o f  wi l lows occu r r i ng  a t  a  d r y ,  rocky,  
r o a d s i d e  s i t e  n o r t h  of  t h i s  a r e a  a r e  5.  a rbuscu lo ide s ,  - S. d e p r e s s a ,  2. 
S c o u l e r i a n a ,  - S  . a l a x e n s i s  , 2. g l a u c a ,  and 3. p u l c h r a .  

Wood R ive r  

Wood River  i s  a  g l a c i e r - f e d  r i v e r  t h a t  f lows ou t  o f  t h e  Alaska 
Range i n  a  n o r t h w e s t e r l y  d i r e c t i o n  and e n t e r s  t h e  Tanana R ive r  abou t  
30 mi l e s  southwest  of  Fa i rbanks .  Only t h e  extreme upper p o r t i o n  of t h e  
r i v e r ,  l o c a t e d  approximately  3U mi l e s  e a s t  of  M t .  McKinley Na t i ona l  Park ,  
was examined; s t udy  p l o t s  were e s t a b l i s h e d  a long  a  four-mile  s t r e t c h  o f  
t h e  r i v e r  beginning a t  t h e  vouth of Young Creek and ex t end ing  upst ream 
(Fig.  7 ) .  Th i s  i s  a  ve ry  mountainous r eg ion ,  w i th  many peaks having 
e l e v a t i o n s  exceeding 2000 m .  

The wi l lows of  importance t o  moose i n  t h e  upper Wood River  a r e a  
a r e  found on t h e  o l d  r i v e r  f l o o d p l a i n  and on t h e  lower s l o p e s  of  t h e  
mountains bo rde r ing  t h e  r i v e r  v a l l e y .  The a c t i v e  r i v e r  f l o o d p l a i n ,  
which o f t e n  exceeds  100 m i n  wid th ,  i s  o v e r l a i n  w i th  c o a r s e  g r a v e l  and 
does  n o t  suppo r t  v e g e t a t i o n .  The aid r i v e r  f l o o d p l a i n ,  w i th  i t s  f i n e r  
t e x t u r e d  s o i l s ,  ma in t a in s  a  p l a n t  community comprised of S. a l a x e n s i s ,  
S.  g l a u c a ,  5 .  a r b u s c u l o i d e s ,  2. l a n a t a ,  2. h a s t a t a ,  and s c a t t e r e d  S.  - 
B a r c l a y i ,  3 .  p u l c h r a ,  whi te  s p r u c e ,  b lack  cottonwood, and dwarf b i r c h .  

Dwarf b i r c h  and bog b luebe r ry  a r e  t h e  most abundant s p e c i e s  on t h e  
lower  s l o p e s  of  t h e  mountains border ing  t h e  r i v e r  va l - l ey ,  b u t  S .  g l auca  
and S .  l a n a t a  o c c a s i o n a l l y  occur  i n  s t a n d s  and a s  s c a t t e r e d  i n d i v i d u a l  
p l a n t s .  More s u b s t a n t i a l  and d i v e r s e  wil low s t a n d s  a r e  found a long  t h e  
s m a l l  s t reams  t h a t  f low down t h e s e  s l o p e s  and e n t e r  t h e  r i v e r .  S e v e r a l  
s m a l l  s t r e ams ,  which e n t e r  t h i s  s e c t i o n  o f  Wood R ive r  from t h e  n o r t h ,  
a r e  bordered by S. a l a x e n s i s ,  2. g l a u c a ,  5 .  p u l c h r a ,  and S .  h a s t a t a .  
Bog b l u e b e r r y ,  dwarf b i r c h ,  b l ack  cottonwood, and soapber ry  (Shepherdia 
canadens i s )  a l s o  grow a long  t h e s e  sma l l  d r a inages .  The s u b s t r a t a  a long  
t h e s e  s m a l l  d r a i n a g e s  i s  q u i t e  rocky i n  comparison t o  t h a t  occu r r i ng  on 
o t h e r  a r e a s  of  t h e s e  lower s l o p e s .  



Figure 4. Gunn Ckeek study area; 63O10' N, 145O29' W ( F r o m  U. S. 
Geological Survey raps A-3 and A-4, Mt . Hayes quadrangle 1. 



Figure 5. Taylor %@way (Mt. Fairplay) study area; 630401 N, 142O15' W 
( F r o m  U, S. Geological Survey m p  C-3, Tanacross quadrangle). 
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Figure 6. Taylor Highway (Other) study area; 63O55' N,  1 4 2 O 1 5 '  W (From 
U. S. Geological Survey map D-3, Tanacross quadrangle). 



1 MILE 

Figure 7.  Wood River study area; 63O45' N ,  147O55' W ( b r n  U .  S. Geological Survey m p s  
C-2 and D-2, Healy quadrangle). 



METHODS 

The purpose of t h i s  p a r t  of t h e  study was t o  obta in  information 
on browsing over a  wide geographical a rea .  Since time was l i m i t e d ,  
t h e  methods were designed f o r  acquir ing only gene ra l  d a t a  on a  r a t h e r  
g ross  l e v e l .  An IBM 360 computer was used t o  analyze t h e  huge quan t i ty  
of raw da ta  t h a t  was co l l ec t ed .  

Species  I d e n t i f i c a t i o n  

Af ter  a r r i v i n g  i n  a  study a rea ,  a  genera l  reconnaissance was made 
t o  i d e n t i f y  t h e  spec ie s  of willows present .  Specimens of a l l  spec ie s  
were c o l l e c t e d ,  preserved,  and eventua l ly  s to red  i n  t h e  Univers i ty  of 
Alaska herbarium. Unfamiliar spec ies  were i d e n t i f i e d  with t h e  a i d  of 
a  key t o  t h e  willows of borea l  western America (Raup, 1959). It  should 
be noted he re ,  however, t h a t  t h e  nomenclature used follows Hulten 's  
(1968) f l o r a ,  which was not ava i l ab le  u n t i l  a f t e r  t h e  f i e l d  work was 
completed. Hu l t en l s  taxonomic system is  s l i g h t l y  d i f f e r e n t  from t h a t  
of Raup; the  t h r e e  spec ie s  S. l a n a t a  L., 3 .  depressa L. ,  and S. h a s t a t a  - 
L. of Hulten a r e  synonymous-with Raup ' s S . Richardsoni i  Hook. , 5. 
Bebbiana Sarg . , and 5. Farrae B a l l  r e s p e c t i v e l y .  

Locating Study P l o t s  

Following t h e  i n i t i a l  reconAaissance of a  study a r e a ,  a  survey was 
made t o  determine t h e  l o c a t i o n ,  s i z e ,  and apparent v a r i a b i l i t y  of each 
willow type. The dec i s ion  a s  t o  t h e  number of study p l o t s  t o  be es tab-  
l i s h e d  wi th in  a  willow type was made on t h e  b a s i s  of t h e  p l a n t  s i z e  and 
dens i ty  v a r i a b i l i t y  t h a t  were p resen t ;  t h e  g r e a t e s t  numbers of p l o t s  
were used i n  t h e  most va r i ab le  types.  Af ter  t h e  s i z e  of a  willow type 
was est imated by pacing, a  map of i t s  boundaries was roughly sketched 
on paper;  t h e  map was then divided i n t o  rec tangular  s e c t i o n s ,  which 
were sca led  i n  proport ion t o  the  s i z e  of the  study p l o t s  t o  be used. 
The s e c t i o n s  were numbered consecut ively,  and s e v e r a l ,  t h e  a c t u a l  
number depending upon t h e  number of study p l o t s  t o  be used, were chosen 
from a  l i s t  of random d i g i t s .  The rec tangular  study p l o t s ,  which cor- 
responded t o  t h e  sec t ions  chosen, were then loca ted ,  and t h e i r  bound- 
a r i e s  were e s t ab l i shed .  

The s i z e  of t h e  study p l o t s  was genera l ly  based on t h e  v a r i a b i l i t y  
of t h e  willow type i n  which they were loca ted ;  the  l a r g e s t  p l o t s  were 
used i n  those willow types  d isp laying  t h e  g r e a t e s t  amount of v a r i a b i l i t y  
i n  p l an t  s i z e  o r  dens i ty .  I n  some ins tances ,  however, t h e  s i z e  of t h e  
p l o t s  was l imi t ed  by the  s i z e  of the  willow s t and .  The study p l o t s  
var ied  i n  s i z e  from 1,200 t o  6,000 square m ,  al though 3,000 square m was 
t h e  most common s i z e .  

Locating Sample Frames 

The c o l l e c t i o n  of d a t a  i n  the  study p l o t s  was made wi th in  a  two- 
by-two meter wood frame. These four  square meter sample frames were 
loca ted  according t o  t h e  example i n  Fig. 8. I f ,  f o r  example, t h e  s tudy 
p l o t  measured 100 by 30 rn, one of the  100 m boundaries was used 
a s  a  base l ine  and marked with s t akes  every 20 m. For each 20 m l eng th ,  
two numbers from zero  t o  20 were chosen from a  l i s t  of random d i g i t s ,  
and two s t akes  were loca ted  on each 20 m segment of base l ine  a t  a  d i s -  
tance  from t h e  s t a r t i n g  poin t  of t h a t  segment equal  i n  meters t o  t h e  
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Figme 8. Example of the method used for locating sample frames. 



numerical va lues  of t h e  numbers chosen; 11 and 18 m i n  t h e  example 
shown. With t h e  a i d  of a  s t a f f  compass, a  l i n e  was run perpendicular  
t o  t h e  base l ine  a t  each of these  s t akes  and extended across  t h e  width 
of the  study p l o t .  For each perpendicular  l i n e ,  a  c e r t a i n  number of 
d i g i t s  from zero  t o  the  width of t h e  study p l o t  i n  meters was chosen 
from a  t a b l e  of random d i g i t s ,  t h e  a c t u a l  number of d i g i t s  chosen de- 
pending upon t h e  number of sample p l o t s  t o  be used. I f ,  f o r  example, 
t h e  study p l o t  was 30 m wide, t h e  determined number of d i g i t s  would be 
randomly chosen wi th in  the  range of zero t o  30 f o r  each perpendicular  
l i n e ,  and i f  t h e  numbers chosen f o r  the  f i r s t  l i n e  were 5 ,  15 ,  and 2 5 ,  
t h r e e  s t akes  would be loca ted  a t  those corresponding d i s t a n c e s  i n  meters 
from t h e  base l ine  (Fig. 8 ) .  The s t akes  on t h e  perpendicular  l i n e s  
marked t h e  l o c a t i o n  of t h a t  corner  of the  four  square meter sample 
frame which was nea res t  t h e  base l ine  s t a r t i n g  poin t  when t h e  i n s i d e  
edge of t h e  frame was l i n e d  up p a r a l l e l  t o  t h e  base l ine .  The number of 
sample frames used i n  a  study p l o t  was based upon the  s i z e  of t h e  study 
p l o t  and the  v a r i a b i l i t y  of t h e  willow s tand;  the  g r e a t e s t  number of 
sample frames was used i n  t h e  l a r g e s t  p l o t s  and t h e  most v a r i a b l e  willow 
s t ands .  Generally,  from t h r e e  t o  s i x  percent  of each s tudy p l o t  was 
sampled. 

Information Recorded 

Each willow p l a n t  encountered wi th in  a  sample frame was recorded 
a s  t o  spec ie s ,  he igh t ,  measured t o  the  nea res t  f i v e  cm, and browse c l a s s .  
A p l an t  was considered t o  be t h a t  e n t i t y  whose base was surrounded by 
s o i l ,  even though it was of ten  obvious t h a t  a  number of such p l a n t s  
had a  common underground source.  The c r i t e r i a  used i n  browse c l a s s  
determinat ion were t h e  percentage of t h e  twigs browsed and t h e  per- 
centage of t h e  p l a n t  growing wi th in  t h e  a v a i l a b l e  browse zone. The 
c h a r a c t e r i s t i c s  of each browse c l a s s  a r e  shown i n  Table 1. 

A twig was judged a s  having been browsed i f  a  po r t ion  of it had 
been removed o r  i f  it had been s t r ipped  of bark o r  l eaves ,  although 
s t r i p p i n g  was r a r e l y  encountered during t h i s  s tudy.  The determinat ion 
of t h e  percentage of a  given p l a n t  ' ava i lab le  f o r  browsing was based upon 
t h e  minimum he igh t  a t  which browsing had occurred on t h a t  s tudy p l o t .  
P r i o r  t o  t ak ing  measurements on a  study p l o t ,  a  reconnaissance was made 
of t h e  a r e a ,  and t h e  minimum browsing h e i g h t ,  def ined a s  t h e  he igh t  
below which browsing d id  not occur,  was recorded. Every s tudy p l o t  had 
a  p a r t i c u l a r  minimum browsing he igh t ,  which appeared not  t o  be spec ies-  
s p e c i f i c .  I f ,  f o r  example, t he  minimum browsing he igh t  on a  s tudy p l o t  
was 50 cm, t h e  following browse c l a s s  scheme would be used: l e s s  than  
50 cm i n  height--unavai lable  (browse c l a s s  8 ) ;  50 t o  74 cm i n  height--1 
t o  33 percent  a v a i l a b l e  (browse c l a s s e s  7 - 1 t o  7-3) ;  75 t o  149 cm i n  height--  
34  t o  66 percent  a v a i l a b l e  (browse c l a s s e s  4  t o  6 ) ;  g r e a t e r  than  149 cm 
i n  he ight - -grea ter  than  66 percent  a v a i l a b l e  (browse c l a s s e s  1 t o  3) .  
None of t h e  p l a n t s  on any of t h e  study p l o t s  appeared t o  be growing 
beyond t h e  reach of moose; browsing was observed a t  h e i g h t s  exceeding 
four  m.  Browsing a t  such he igh t s  i s  poss ib le  s i n c e  moose a r e  known t o  
" r i d e  down" t a l l  p l a n t s  by s t r a d d l i n g  them and walking forward u n t i l  t h e  
young, upper twigs a r e  ava i l ab le .  Also, snow accumulations on t h e  upper 
branches cause them t o  droop and, thus ,  become more r e a d i l y  a v a i l a b l e .  
It  should be noted t h a t  t h e  term "percentage of p l a n t  ava i l ab le" ,  a s  



used h e r e ,  does n o t  r e f e r  t o  t h e  percentage of p l a n t  mass a v a i l a b l e  
t o  browsing, bu t  r e f e r s  t o  t h e  percentage of t h e  l i n e a r  he igh t  of t h e  
p l a n t  growing wi th in  t h e  browsing zone on t h e  s tudy p l o t .  



Table  I .  Browse c l a s s  c h a r a c t e r i s t i c s  

Twigs browsed (%) P o r t i o n  of p l a n t  
Browse c l a s s  (p rev ious  annual  growth) a v a i l a b l e  (%) 

l e s s  t h a n  33 

34-66 

67-100 

l e s s  t h a n  33 

34-66 

67-100 

l e s s  t han  33 

34-66 

67-100 

g r e a t e r  t h a n  66 

g r e a t e r  t h a n  66 

g r e a t e r  t h a n  66 

34-66 

34-66 

34-66 

1-33 

1-33 

1-33 

0  



DISCUSSION OF RESULTS 

A compi l a t i on  o f  t h e  d a t a  from each s t u d y  p l o t  i s  l i s t e d  i n  Ap- 
pendix  1; t h e  p l o t  numbers l i s t e d  under each s t udy  a r e a  correspond t o  
t h e  p l o t  l o c a t i o n  numbers on t h e  s t u d y  a r e a  maps. The v a r i o u s  c a t e -  
g o r i e s  o f  i n fo rma t ion  l i s t e d  w i l l  be d e a l t  w i t h  s e p a r a t e l y  under t h e  
a p p r o p r i a t e  subheadings  o f  t h e  d i s c u s s i o n .  For  t h e  s ake  of expediency,  
code l e t t e r s  a r e  s u b s t i t u t e d  f o r  s p e c i e s  names i n  a l l  t a b l e s  and g raphs  
The fo l l owing  code scheme i s  used: S.  a l a x e n s i s  = ALA; S .  a rbuscu lo ide s  
ARE ; S. B a r c l a y i  = BAR; S.  ~ a r r a t t i a n a  - depress; = DEP; - S. 
l a s i a n d r a  = LAS; S.  m y r t ? l l i f o l i a  = MYR; - S. padophy l l a  = PAD; - S. p u l c h r a  = 
~ c o u 1 e r i a ' ; ; a  - = SCO. 

S p e c i e s  P r e f e r ence  

Very l i t t l e  i n fo rma t ion  i s  recorded i n  t h e  l i t e r a t u r e  concern ing  
s e l e c t i o n  p r e f e r e n c e  by moose f o r  c e r t a i n  s p e c i e s  o f  wi l lows.  T h i s  
p robab ly  i s  p r i m a r i l y  due t o  t h e  d i f f i c u l t i e s  invo lved  i n  wil low s p e c i e s  
i d e n t i f i c a t i o n .  McMillan (1953), however, n o t e s  t h a t  o f  t h e  two wil low 
s p e c i e s  encountered d u r i n g  a  s t u d y  i n  Yellowstone Na t i ona l  Park ,  one was 
e a t e n  by moose t h r e e  t imes  more f r e q u e n t l y  t han  was t h e  o t h e r .  Murie 
(1961) i n d i c a t e s  t h a t  o f  t h e  more t han  20 s p e c i e s  of  wi l lows i n  M t .  
McKinley N a t i o n a l  Park ,  t h r e e  s p e c i e s  were p a r t i c u l a r l y  w e l l  l i k e d  by 
moose. He mentions t h a t  5 .  p u l c h r a  and S. R i c h a r d s o n i i  (= S. l a n a t a )  
were s p e c i a l  f a v o r i t e s ,  and t h a t  S. a l a x e n s i s  was browsed i y t e n s i v e l ~  
a l o n g  I g l o o  Creek. Murie 's obse rva t i ons  a r e  p a r t i c u l a r l y  noteworthy 
s i n c e  t hey  ag ree  c l o s e l y  w i th  my f i n d i n g s .  

To a i d  i n  e v a l u a t i n g  a  s p e c i e s '  s e l e c t i o n  p r e f e r a b i l i t y ,  a  
q u a n t i t y ,  which I have c a l l e d  t h e  Browsing I n t e n s i t y  Index (BI I ) ,  was 
c a l c u l a t e d  f o r  each s p e c i e s  on every  s t udy  p l o t .  To c a l c u l a t e  t h e  B I I  
f o r  a  s p e c i e s ,  t h e  pe rcen tage  o f  p l a n t s  i n  each browse c l a s s  from I 
th rough  7-3 was determined by u s i n g  t h e  t o t a l  number o f  p l a n t s  i n  t h e s e  
browse c l a s s e s  and t h e  number i n  each c l a s s .  Using t h e s e  pe r cen t ages ,  
t h e  B I I  f o r  a  g iven  s p e c i e s  was ob ta ined  a s  fo l lows :  B I I  = 1 [ ~ ( 1 )  + 
X (4) + X (7-1) ] + 2  [X (2) + X (5) + X (7-2) I + 3  [X (3) + X (6) + X (7-3) I ,  
where X(i )  = percen tage  of p l a n t s  i n  t h e  ith browse c l a s s .  The s m a l l e s t  
B I I  p o s s i b l e  i s  100  ( i . e . ,  100% of  t h e  p l a n t s  u t i l i z e d  from 0  t o  33%), 
and t h e  l a r g e s t  p o s s i b l e  B I I  i s  300 ( i . e . ,  1 0 P ?  o f  t h e  p l a n t s  u t i l i z e d  
from 67 t o  10PA). The B I I ,  t h e r e f o r e ,  i s  based on t h e  deg ree  o f  browsing 
s u s t a i n e d  by a  s p e c i e s ,  and a  comparison o f  t h e  BIIs of  t h e  v a r i o u s  
s p e c i e s  shou ld  i n d i c a t e  t h e  r e l a t i v e  degrees  o f  browsing s u s t a i n e d  by 
them. 

S e v e r a l  f a c t o r s  t h a t  a f f e c t  t h e  accuracy  o f  B I I  v a l u e s  shou ld  be 
d i s c u s s e d  b e f o r e  p roceed ing  f u r t h e r  wi th  t h e  a n a l y s i s .  The B I I  v a l u e ,  
f o r  example, i s  i n f l uenced  by p l a n t  form,' a s  i s  i n d i c a t e d  by t h e  f o l -  
lowing h y p o t h e t i c a l  example: Suppose t h a t  two e q u a l l y  p a l a t a b l e  s p e c i e s  
of  approx imate ly  t h e  same h e i g h t  occur  on a  s t u d y  a r e a .  Spec i e s  A i s  
r e p r e s e n t e d  by t e n  p l a n t s ,  each o f  which suppo r t s  only  one browsable 
tw ig ,  and s p e c i e s  B is r ep re sen t ed  by j u s t  one p l a n t  t h a t  s u p p l i e s  t e n  
a v a i l a b l e  twigs .  A comparison o f  t h e  B I I  v a lue s  f o r  t h e  two s p e c i e s  
which ma in t a in  on ly  a  few browsable twigs  may t end  t o  have l a r g e r  B I I  
v a l u e s  t h a n  bushy s p e c i e s  when t h e  browsing i s  l i g h t  and s m a l l e r  B I I  
v a l u e s  t h a n  bushy s p e c i e s  when t h e  browsing is  i n t e n s i v e .  The i n f l u e n c e  



Table 2 .  Comparison of t h e  B I I s  of s p e c i e s  having d i f f e r e n t  
growth forms 

Spec ies  B I I  va lues  

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

# Percentage of twigs  browsed 
* Ten p l a n t s ,  each w i t h  one a v a i l a b l e  twig  
**One p l a n t  w i th  t e n  a v a i l a b l e  twigs  



of p l a n t  form on t h e  B I I  va lues ,  t h e r e f o r e ,  r ep re sen t s  a  source of 
e r r o r  i n  t h e  spec i e s  prefe rence  a n a l y s i s ,  al though wi th  l a r g e  sample 
s i z e s  and with  random browsing of twigs  w i th in  each s p e c i e s  t h i s  e r r o r  
approaches zero.  This  source of  e r r o r  could have been e l imina ted  i f  
t h e  numbers o f  a v a i l a b l e  and browsed twigs  had been es t imated  and re -  
corded f o r  each sampled p l a n t .  The percentage of a v a i l a b l e  twigs  
t h a t  had been browsed could then  be t a l l i e d  f o r  each s p e c i e s ,  and a  
comparison of t h e s e  percentages  would i n d i c a t e  t h e  r e l a t i v e  degrees  of 
browsing t h a t  had been sus t a ined  by t h e  va r ious  spec i e s .  I b e l i e v e ,  
t h e r e f o r e ,  t h a t  an a n a l y s i s  of t h e  numbers of a v a i l a b l e  and u t i l i z e d  
twigs ,  r a t h e r  than  an a n a l y s i s  of browse c l a s s e s  ( a s  was done i n  t h i s  
s tudy ) ,  would probably be a  b e t t e r  method of  determining browsing 
i n t e n s i t y .  

Another p o s s i b l e  d i f f i c u l t y  i s  t h a t  B I I  va lues  may be in f luenced  
by v a r i a t i o n s  i n  t h e  p a t t e r n  of  browsing, which r e s u l t  i n  c o n d i t i o n a l  
p r o b a b i l i t i e s  of  twigs  being browsed. An example w i l l  i l l u s t r a t e  t h i s  
p o i n t .  Suppose t h a t  t h e r e  a r e  two p l a n t s  of a  s p e c i e s ,  each of which 
s u p p l i e s  f o u r  a v a i l a b l e  twigs .  I f  one twig was browsed on each p l a n t ,  
t h e  B I I  would be 100, whereas i f  two twigs were browsed on one p l a n t  
and none browsed on t h e  o t h e r ,  t h e  B I I  would be 150. Since t h e  i n t en -  
s i t y  of browsing on t h e  spec i e s  i s  t h e  same i n  both ca ses ,  it seems 
ev iden t  t h a t  v a r i a t i o n s  i n  t h e  p a t t e r n  o r  d i s t r i b u t i o n  of browsing would 
in t roduce  a  p r e s e n t l y  unmeasurable e r r o r  i n  t h e  a n a l y s i s  of B I I  va lues .  
I t  i s  p o s s i b l e  t h a t  one a  twig of a  given p l a n t  i s  browsed, t h e  prob- 
a b i l i t i e s  of o t h e r  twigs  being browsed on t h e  same p l a n t  a r e  changed. 
It could be p o s t u l a t e d ,  f o r  example, t h a t ,  when an animal browses a  
twig  of  a  h igh ly  p r e f e r r e d  p l a n t ,  t h e  p r o b a b i l i t i e s  of t h e  o t h e r  twigs  
be ing  browsed by t h a t  animal a r e  increased ,  Conversely, it a l s o  seems 
p o s s i b l e  t h a t  i f  an animal browses a  twig of a  non-preferred p l a n t ,  
t h e  p r o b a b i l i t i e s  of o t h e r  twigs  of t h a t  p l a n t  being e a t e n  a r e  reduced. 
If t h e  p r o b a b i l i t i e s  of twigs  be ing  browsed were c o n d i t i o n a l  i n  t h i s  
manner, t h e  browsing on non-preferred spec i e s  might tend t o  be more 
uniform than  t h a t  on p re fe r r ed  spec i e s .  I f  t h i s  were t r u e ,  t h e  gap 
between t h e  B I I  va lues  of p r e f e r r e d  and non-preferred s p e c i e s  might be 
wider than  it should be.  

The mean B I I  f o r  each spec i e s  on a  s tudy a r e a  was c a l c u l a t e d  by 
us ing  t h e  B I I s  of  those  s tudy p l o t s  i n  which t h e  spec i e s  occurred a t  
d e n s i t i t e s  g r e a t e r  t han  0 .4  p l a n t s  with a v a i l a b l e  twigs  ( i . e . ,  p l a n t s  
i n  browse c l a s s e s  1 through 7-3) pe r  sample frame. Since t h e  B I I  
con ta ins  sources  of e r r o r  t h a t  were no t  r e a l i z e d  a t  t h e  time t h e  s tudy  
was made, only t h e  r e l a t i v e  ranking of  t h e  spec i e s  a s  der ived  from 
comparisons of t h e i r  B I I s ,  and no t  t h e  abso lu te  B I I  va lues ,  w i l l  be 
employed i n  t h e  d i scuss ion .  The ranking of t h e  s p e c i e s ,  according 
t o  t h e  decreas ing  s i z e s  of  t h e i r  B I I  va lues ,  i s  shown f o r  each s tudy  
a r e a  i n  Table 3 .  

The t a b l e  sugges t s  t h a t  on most s tudy  a r e a s  2 .  a l a x e n s i s ,  2. 
arbusculo ides ,  2. pu lch ra ,  and S.  i n t e r i o r  a r e  g e n e r a l l y  browsed more 
i n t e n s i v e l y  than  a r e  o t h e r  w i l l o w  spec i e s  a s soc i a t ed  with them. Con- 



Table 3 .  Ranking of spec ie s  f o r  each s tudy a r e a  i n  t h e  order  of decreasing B I I  va lues  

Ta yo the r r  l o r  H y.  
Taylor Hw 

Wood R.  Paxson L. Gunn Ck. L. Clearwater Ck. (Mt .  air^?;^) Dry Ck. 
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v e r s e l y ,  2 .  g l a u c a ,  S. B a r c l a y i ,  and S. h a s t a t a  seem t o  be a lmost  wi th-  
o u t  excep t i on  t h e  most l i g h t l y  browsed s p e c i e s .  On t h e  s t udy  p l o t s ,  it 
was common t o  s e e  w e l l - u t i l i z e d  S. a l a x e n s i s  o r  S.  a rbuscu lo ide s  p l a n t s  
surrounded by untouched S. ~ a r c l a y i  o r  S .  hastat ;  p l a n t s ,  o r  t o  s e e  
a  s t a n d  of substant ia l ly-browsed - S.  pulThra a d j a c e n t  t o  a  s t a n d  of 
unbrowsed - S .  g l a u c a .  

These d i f f e r e n c e s  i n  browsing i n t e n s i t y  were a l s o  observed i n  
a r e a s  where s t udy  p l o t s  were n o t  e s t a b l i s h e d .  Much of t h e  Gunn Creek 
f l a t  n o r t h  o f  Gunn Creek,  f o r  example, i s  covered w i th  a  n e a r l y  pure  
s t a n d  o f  unbrowsed S. B a r c l a y i .  Adjacent  t o  t h i s  a r e a  and j u s t  beyond 
t h e  base  of t h e  ~ u l E a n a  G l a c i e r ,  however, i s  a  s t a n d  o f  wi l lows colr- 
p r i s e d  a lmost  e n t i r e l y  o f ? .  a l a x e n s i s ,  which h a s  been u t i l i z e d  s o  
i n t e n s i v e l y  t h a t  it i s  v i r t u a l l y  imposs ib le  t o  f i n d  a  s i n g l e  p l a n t  t h a t  
ha s  n o t  been s e v e r e l y  browsed. The Gulkana R ive r  n e a r  Paxson. Alaska.  
i s  bordered by i n t e n s i v e l y  u t i l i z e d  S. a l a x e n s i s  p l a n t s ,  a  number o f  ' 

which a r e  dead probably  a s  a  r e s u l t  z f  overbrowsing,  and 2. h a s t a t a  
p l a n t s ,  most o f  which have n o t  been touched by moose. The bottoms o f  
t h e  g u l l i e s  on t h e  s l o p e s  o f  M t .  F a i r p l a y  suppo r t  w e l l - u t i l i z e d  s t a n d s  
o f  S.  p u l c h r a ,  whereas t h e  s i d e s  of  t h e s e  g u l l i e s  a r e  covered w i t h  
s t a n d s  of - S .  g l a u c a  t h a t  have n o t  been browsed. 

On n e a r l y  a l l  o f  t h e  s t udy  a r e a s ,  t h e  same s p e c i e s  o f  wi l lows a r e  
a p p a r e n t l y  browsed t o  a  g r e a t e r  degree  t han  a r e  t h e  o t h e r  s p e c i e s  w i th  
which t hey  occur ,  and it i s  my c o n t e n t i o n  t h a t  t h i s  i n d i c a t e s  a  s p e c i e s  
s e l e c t i o n  p r e f e r e n c e  shown by moose. The re fo r e ,  t h e  fo l l owing  s p e c i e s  
l i s t ,  which i s  ordered  accord ing  t o  d e c r e a s i n g  magnitudes of  t h e  o v e r a l l  
mean B I I  v a l u e s ,  could  be i n t e r p r e t e d  a s  approximat ing t h e  o r d e r  of  
d e c r e a s i n g  p r e f e r e n c e  f o r  t h o s e  wil low s p e c i e s  o c c u r r i n g  on some of 
t h e  impor tan t  moose ranges  i n  Alaska ' s  i n t e r i o r :  S.  i n t e r i o r ,  2. 
a l a x e n s i s ,  5.  a r b u s c u l o i d e s ,  5.  l a s i a n d r a ,  S. p u l c h r a ,  S . d e p r e s s a ,  S. 
l a n a t a ,  S .  B a r c l a y i ,  S. g l a u c a ,  and S .  h a s t a t a .  I t  should  be noted t h a t  
i n  t h e  one s t udy  a r e a w h e r e  S.  l a s i a n d r a  occurs  w i th  S. p u l c h r a ,  it does 
n o t  appear  t o  be  browsed a s  ? n t e n s i v e l y  a s  i s  S. pu l ch ra .  For  t h i s  
r e a son ,  5.  l a s i a n d r a  probably  should  n o t  be  regarded a s  be ing  p r e f e r r e d  
over  2.  p u l c h r a .  

Spec i e s  Importance 

The importance of a  wil low s p e c i e s  t o  moose depends n o t  on ly  upon 
i t s  degree  o f  p r e f e r a b i l i t y ,  bu t  a l s o  upon t h e  amount of  u sab l e  p l a n t  
m a t e r i a l  t h a t  it s u p p l i e s ;  e . g . ,  some s p e c i e s ,  a l though  h igh  on t h e  
p r e f e r e n c e  l i s t ,  a r e  n o t  abundant o r  n o t  f r e q u e n t l y  encountered and 
a r e  n o t ,  t h e r e f o r e ,  of g r e a t  importance t o  moose a s  a  sou rce  o f  food.  
Although t h e  d a t a  w i l l  n o t  pe rmi t  a c c u r a t e  q u a n t i f i c a t i o n  o f  t h e  r e l a -  
t i v e  importance o f  t h e  v a r i o u s  s p e c i e s ,  some g e n e r a l i z a t i o n s  concern ing  
t h i s  t o p i c  a r e  p o s s i b l e .  

Willow s p e c i e s  of  t h e  g r e a t e s t  importance t o  moose should  be t h o s e  
t h a t  a r e  h i g h l y  p a l a t a b l e  and t h a t  supply  a  l a r g e  amount of  a v a i l a b l e  
p l a n t  m a t e r i a l  over  a  wide geog raph i ca l  a r e a .  It  i s  n o t a b l e  t h a t  - S. 
a l a x e n s i s  and 3 .  p u l c h r a  appear  t o  be two of t h e  most p r e f e r r e d  and 
most widely  d i s t r i b u t e d  wil low s p e c i e s  i n  t h e  i n t e r i o r  of Alaska;  S. 
p u l c h r a  i s - w e l l  r ep r e sen t ed  on a i l  seven s t udy  a r e a s ,  S .  a l a x e n s i s i s  
r e l a t i v e l y  abundant on a l l  bu t  t h e  Tay lor  Highway s t udy  a r e a s ,  and bo th  
s p e c i e s  a r e  common on many a r e a s  no t  s t u d i e d .  During t h e  s t u d y ,  t h e s e  
two s p e c i e s  were encountered more f r e q u e n t l y  t han  any o t h e r s .  5 .  



i n t e r i o r  and S. arbusculoides,  t he  o ther  highly p re fe r red  spec ie s ,  occur 
on only one and t h r e e  study a reas ,  r e spec t ive ly ,  although 2 .  arbusculoides 
o f t en  i s  abundant where it does occur. S. l a n a t a ,  although not  a  h ighly  
p re fe r red  spec ie s ,  i s  abundant and moderately browsed i n  some a r e a s ,  
such a s  t h e  mountain s lopes  t h a t  border upper Wood River .  

It i s  my opinion t h a t  S .  a laxens i s  and 2. pu lch ra ,  by v i r t u e  of 
t h e i r  high p r e f e ~ a b i l i t y  , wide d i s t r i b u t i o n ,  and r e l a t i v e l y  high abun- 
dance, a r e  the  two willow spec ies  of t h e  g r e a t e s t  importance t o  moose 
i n  t h e  genera l  study area .  2. arbusculoides and S. l a n a t a ,  although 
not a s  widely d i s t r i b u t e d ,  appear a l s o  t o  be important sources of food 
f o r  moose i n  some areas .  

Re la t ive  Species Abundance and Browsing I n t e n s i t y  

It i s  poss ib le  t h a t  t h e  r e l a t i v e  r a r i t y  o r  abundance of a  spec ie s  
can a f f e c t  i t s  degree of u t i l i z a t i o n  t o  a  g r e a t e r  ex ten t  than does i t s  
inherent  p a l a t a b i l i t y .  For example, a  f a i r l y  unpala tab le  spec ie s  t h a t  
i s  r a r e  i n  a  given a rea  might be browsed more i n t e n s i v e l y  than  t h e  
abundant spec ie s  because of i t s  demand t o  s a t i s f y  food v a r i e t y  o r  nu- 
t r i t i o n a l  requirements.  Since it would be very d i f f i c u l t  t o  accura te ly  
determine the  e f f e c t s  of r e l a t i v e  abundance on browsing i n t e n s i t y f r o m  
my d a t a ,  a  d iscuss ion  of t h i s  t o p i c  must be pr imar i ly  based on personal  
observat ions.  

Cer ta in  spec ie s  of willows, such a s  S. Barc layi  and S.  g l a u c a ,  
a r e  poorly u t i l i z e d ,  r ega rd le s s  of t h e i r  r e l a t i v e  abundance, on a l l  of 
t he  study a reas  i n  which they occur. For example, 3 .  Barc layi  i s  
browsed very l i g h t l y  a t  Paxson Lake and along L i t t l e  Clearwater Creek, 
where it i s  abundant, and a t  upper Wood River ,  where it i s  poorly repre-  
sented .  - S. glauca i s  poorly u t i l i z e d  on the  study a reas  where it i s  
abundant, such a s  t h e  upper Wood River and Taylor Highway a r e a s ,  and 
a l s o  on those  where it i s  sca rce ,  l i k e  t h e  Paxson Lake region.  

Other willow spec ie s ,  such a s  S.  a l axens i s  and 5.  p u l c h r a ,  a r e  
we l l  u t i l i z e d  on near ly  a l l  of t h e  Study areas .  S .  a l axens i s  i s  
browsed in t ens ive ly  a t  Paxson Lake, where it i s  not  w e l l  represented ,  
and a t  L i t t l e  Clearwater Creek and upper Wood River ,  where t h e  spec ie s  
i s  q u i t e  abundant. S .  pu lchra  i s  a l s o  heavi ly  browsed whether it i s  
very abundant, a s  it-is a t  Dry Creek, or  whether it i s  r e l a t i v e l y  
uncommon, such a s  a t  upper Wood River.  

An a n a l y s i s  of t h e  d a t a  a l s o  suggests  t h a t  spec ie s  u t i l i z a t i o n  i s  
not  inve r se ly  c o r r e l a t e d  with spec ie s  dens i ty .  Table 4 shows a  com- 
pArison of t h e  B I I s  of t h e  l e a s t  dense and most dense spec ie s  t h a t  
occur on s i x  of t h e  study a r e a s ;  t h e  M t .  Fairplay a rea  was not  analyzed, 
s i n c e  only two willow spec ie s  occur i n  t h i s  region.  The t a b l e  i n d i c a t e s  
t h a t  on four  of the  s i x  study a reas  the  B I I  of t h e  l e a s t  dense spec ie s  
i s  sma l l e r ,  i n s t ead  of l a r g e r ,  than  t h a t  of the  most dense spec ie s .  

The lack  of c o r r e l a t i o n  between the  degree of u t i l i z a t i o n  and t h e  
r e l a t i v e  abundance of t h e  spec ies  can a l s o  be observed i n  i n d i v i d u a l  



T a b l e  4 .  Comparison o f  t h e  B I I s  o f  l e a s t  d e n s e  s p e c i e s  
w i t h  t h o s e  o f  most dense  s p e c i e s  

S t u d y  a r e a  
B I I  o f  l eas t  B I I  o f  most 
d e n s e  s p e c i e s  d e n s e  s p e c i e s  

Dry Creek 244 1 8 1  

L i t t l e  C l e a r w a t e r  105  1 6 1  

Paxson 12 7 14 1 

Gunn Creek 12 0 116 

T a y l o r  Highway ( o t h e r )  107 145 

Wood R i v e r  114 12 0 



willow s t a n d s .  The p r e f e r r e d  willow s p e c i e s  seem t o  be browsed i n t e n -  
s i v e l y  whether they  a r e  t h e  dominant s p e c i e s  i n  a  s t and  o r  whether t h e y  
a r e  r ep re sen t ed  by only a  few s c a t t e r e d  i n d i v i d u a l s .  On t h e  o t h e r  hand,  
t h e  non-preferred s p e c i e s  a r e  browsed l i g h t l y  i n  a l l  s t a n d s ,  r e g a r d l e s s  
of  t h e i r  r e l a t i v e  abundance. 

There i s  a t  l e a s t  one p o s s i b l e  source  o f  e r r o r  i n  t h i s  a n a l y s i s .  
I t  i s  q u i t e  p o s s i b l e  t h a t  n e i t h e r  t h e  abundance nor  t h e  d e n s i t y  of a  
s p e c i e s  i s  a good measure of t h e  amount of browse t h a t  it s u p p l i e s .  
For example, a  t a l l ,  bushy s p e c i e s ,  a l though it may n o t  be abundant ,  
might provide more e d i b l e  p l a n t  m a t e r i a l  t han  a  r e l a t i v e l y  abundant,  
low-growing s p e c i e s  t h a t  main ta ins  only a  few branches .  I f  t h i s  were 
t r u e ,  t h e  s h o r t  s p e c i e s  would a c t u a l l y  be t h e  " r a r e r "  i n  terms of  t h e  
amount of a v a i l a b l e  browse t h a t  i s  suppl ied .  

The only  conc lus ion  t h a t  can be drawn from my obse rva t i ons  and 
d a t a ,  t h e r e f o r e ,  i s  t h a t  n e i t h e r  t h e  r e l a t i v e  abundance no r  d e n s i t y  of 
a  s p e c i e s  observably a f f e c t  i t s  degree  of u t i l i z a t i o n .  The probable  
exp l ana t i on  f o r  t h i s  i s  t h a t  t h e  i nhe ren t  p a l a t a b i l i t y  of  a  s p e c i e s  
o v e r r i d e s  t h e  e f f e c t s  of  r e l a t i v e  abundance o r  d e n s i t y  on browsing 
i n t e n s i t y .  Th i s  appears  t o  be an example of t h e  important  r o l e  t h a t  
s p e c i e s  i d e n t i t y  p l a y s  i n  de te rmin ing  t h e  amount of browsing t h a t  
occurs .  

E f f e c t s  of t h e  Presence of  Highly P re f e r r ed  Spec ies  

I t  was sometimes ev iden t  du r ing  t h e  course  of  t h e  s tudy  t h a t  t h e  
presence of a  h i g h l y  p r e f e r r e d  s p e c i e s  a f f e c t e d  t h e  degree  of  u t i l i z a -  
t i o n  s u s t a i n e d  by o t h e r  s p e c i e s .  Tn t h e  Dry Creek a r e a ,  f o r  example, 
S .  i n t e r i o r ,  which grew most abundant ly  a long t h e  banks of t h e  c r e e k ,  - 
sometimes occurred i n  sma l l ,  i s o l a t e d  pa tches  on t h e  f l o o d p l a i n .  These 
s m a l l  pa t ches  were always h e a v i l y  browsed, b u t  it was a l s o  apparen t  
t h a t  o t h e r  s p e c i e s  of wil lows occu r r i ng  i n  proximity  t o  t h e s e  pa t ches  
were u t i l i z e d  t o  a  g r e a t e r  degree  than  was normal f o r  them. Th i s  same 
phenomenon was a l s o  observed i n  o t h e r  s tudy  a r e a s .  Qui te  o f t e n  a  S .  
g lauca  o r  a  3 .  l a n a t a  p l a n t  t h a t  was growing very nea r  a  S. a l a x e n s i s  
o r  S. a rbuscu lo ides  p l a n t  was browsed more i n t e n s i v e l y  t h a n  was u s u a l  
for-a p l a n t  of t h e s e  s p e c i e s .  I t  seemed, however, t h a t  s p e c i e s  occur- 
r i n g  very  low on t h e  p r e f e r ence  l i s t  were n o t  u t i l i z e d  t o  a  g r e a t e r  
e x t e n t  under t h e s e  c i rcumstances .  

One p o s s i b l e  exp l ana t i on  f o r  t h i s  phenomenon becomes e v i d e n t  when 
a  browsing moose i s  observed c l o s e l y .  A cow moose I observed browsing 
i n  t h e  Wood R ive r  a r e a ,  a f t e r  browsing on a  3. a l a x e n s i s  p l a n t  f o r  a  
per iod  of t ime ,  would l e a v e  it and wander a long u n t i l  encounte r ing  
ano ther  p l a n t  of t h i s  s p e c i e s  before  s topp ing  t o  feed  aga in .  She 
r a r e l y  browsed on t h e  o t h e r  s p e c i e s  p r e s e n t ,  3.  l a n a t a  and S .  g l auca  
whi le  t r a v e l i n g  between S. a l e x e n s i s  p l a n t s .  ~ c c a s i o n a l l ~ ~  however, 
be fore  l e a v i n g  a  5.  a l a x e n s i s  p l a n t  from which only a sma l l  p ropo r t i on  
of  t h e  a v a i l a b l e  browse was removed, she  would b r i e i l y  browse t h o s e  
p l a n t s  of t h e  o t h e r  s p e c i e s  t h a t  occurred w i t h i n  easy reach .  It  
appeared a s  i f  she  browsed on t h e  non-preferred s p e c i e s  only because she 



was s t a n d i n g  s t i l l  a t  t h e  t ime ,  and they  happened t o  be r e a d i l y  a v a i l -  
a b l e .  Th i s  t ype  of f e ed ing  behav ior  sugges t s  a  p o s s i b l e  exp l ana t i on  
f o r  t h e  abnormal amount of  browsing on t h e  lower p r e f e r e n c e  s p e c i e s  
t h a t  occur  i n  t h e  v i c i n i t y  o f  a  h i g h l y  p r e f e r r e d  p l a n t .  

The g r e a t e r  u t i l i z a t i o n  of moderately p r e f e r r e d  s p e c i e s  when 
occur r ing  n e a r  h i g h l y  p r e f e r r e d  s p e c i e s  a l s o  occurs  on a  l a r g e r  s c a l e .  
It h a s  been noted i n  t h e  l i t e r a t u r e  t h a t  Artemesia t r i d e n t a t a  
(S toddar t  and Smith ,  1955) and Agropyron s m i t h i i  (Tomanek e t  a l . ,  1958) 
a r e  e a t e n  more h e a v i l y  by l i v e s t o c k  when o c c u r r i n g  i n  sma l l  q u a n t i t i e s  

- - 

th roughout  a  " b e t t e r "  f o r age  t han  when growing i n  pure  s t a n d s .  Like- 
wise ,  t h e  n e a r l y  pure  s t a n d s  of - S. p l a u c a  occu r r i ng  on t h e  lower s l o p e s  
of  M t .  F a i r p l a y  a r e  n o t  browsed, a l though  moose f r e q u e n t  t h e  a r e a ,  a s  
i s  evidenced by t h e  s u b s t a n t i a l  use  o f  S. p u l c h r a  pa t ches  p r e s e n t  
i n  t h e  draws. When S .  g l a u c a  grows w i t %  S.  p u l c h r a  and S.  a r b u s c u l o i d e s ,  
however, a s  occurs  on a  d r y  roads ide  s i te-a long t h e  ~ a ~ l o r  Highway 
(mile  53 .2 ) ,  it i s  browsed t o  some e x t e n t .  I n  t h e  same manner, wil low 
s t a n d s  of S. g l a u c a  and S.  l a n a t a  t h a t  occur  on t h e  s l o p e s  bo rde r ing  
upper ~ o o s ~ i v e r  a r e  browsed very  l i g h t l y .  On t h e  o ld  f l o o d p l a i n ,  where 
t h e s e  same s p e c i e s  grow wi th  2. a l a x e n s i s  and S. a rbuscu lo ide s  , however, 
they, p a r t i c u l a r l y  - S. g l a u c a ,  a r e  used more f r e q u e n t l y .  

These o b s e r v a t i o n s  might be e x p l a i n a b l e  by t h e  appa ren t  manner i n  
which moose, and p o s s i b l y  l i v e s t a c k ,  f e ed .  I f  animals  g e n e r a l l y  s t o p  
t o  f e ed  only  when encoun t e r i ng  a  we l l - l i ked  s p e c i e s ,  it would n o t  be  
s u r p r i s i n g  t o  f i n d  poo r ly  u t i l i z e d  s t a n d s  o f  moderately p r e f e r r e d  
s p e c i e s .  Where t h e s e  same s p e c i e s  grow w i t h  more p r e f e r r e d  s p e c i e s ,  
however, t h e y  might be  o c c a s i o n a l l y  e a t e n  by animals  t h a t  a r e  u s i n g  
t h e  a r e a  t o  p rocure  t h e  p r e f e r r e d  s p e c i e s .  I f  t h i s  exp l ana t i on  were 
c o r r e c t ,  t h e  p resence  o f  p r e f e r r e d  s p e c i e s  would enhance t h e  p o s s i b l e  
f o r a g e  va lue  o f  an a r e a  i n  two ways: (1) t h e  p r e f e r r e d  s p e c i e s  would 
themse lves  be v a l u a b l e  sou rce s  o f  food,  and (2) t h e i r  p resence  would 
e n t i c e  an imals  i n t o  t h e  a r e a  w i th  t h e  r e s u l t  t h a t  some moderate ly  p re -  
f e r r e d  s p e c i e s  would a l s o  be u t i l i z e d .  

There is  ano the r  p o s s i b l e  exp l ana t i on  o f  t h e  obse rva t i ons  t h a t  
moderate ly  p r e f e r r e d  s p e c i e s  a r e  u t i l i z e d  t o  a  l e s s e r  degree  where t h e y  
occur  i n  pure  s t a n d s  t han  where they  occur  i n  mixed s t a n d s  w i th  h i g h l y  
p r e f e r r e d  s p e c i e s .  The browsing s u s t a i n e d  by i n d i v i d u a l  s p e c i e s  v a r i e s  
w i t h  t h e  s o i l  t y p e s  on which t hey  occur ;  t h i s  be ing  probably  due t o  
d i f f e r e n c e s  i n  s o i l  f e r t i l i t y  and t h e  r e s u l t i n g  v a r i a t i o n  i n  t h e  n u t r i -  
t i v e  c o n t e n t s  o f  t h e  p l a n t s  (Hurd and Pond, 1958) .  I t  i s  p o s s i b l e  
t h a t  p r e f e r r e d  s p e c i e s  grow only  on f e r t i l e  s i t e s ,  and t h a t  t h e i r  
h i g h  p a l a t a b i l i t y  i s  due t o  t h e i r  r e l a t i v e l y  h igh  n u t r i e n t  c o n t e n t s .  
Those moderate ly  p r e f e r r e d  s p e c i e s  t h a t  a l s o  occur  on t h e s e  f e r t i l e  
s i t e s  might a l s o  be f a i r l y  p a l a t a b l e  and,  t h e r e f o r e ,  be u t i l i z e d  t o  
some degree .  Moderately p r e f e r r e d  o r  non-preferred s p e c i e s  might grow 
most s u c c e s s f u l l y  on t h e  more i n f e r t i l e  s i t e s ,  where t h e r e  i s  an absence 
o f  compe t i t i on  from p r e f e r r e d  s p e c i e s .  The moderately p r e f e r r e d  s p e c i e s  
might be l e s s  n u t r i t i o u s  when growing on t h e s e  i n f e r t i l e  s i t e s  and,  
consequen t l y ,  be browsed t o  a  l e s s e r  degree  t han  when occu r r i ng  on 



Table  5 .  Spec i e s  B I I s  f o r  p l o t s  on which i n d i v i d u a l  s p e c i e s  have t h e  lowes t  and t h e  h i g h e s t  mean 
h e i g h t s  

Study a r e a  Spec i e s  B I I  v a l u e s  

P l o t  on which s p e c i e s  P l o t  on which s p e c i e s  
is s h o r t e s t  i s  t a l l e s t  

Dry Creek ALA 
ARB 
INT 
LAS 
PUL 

L i t t l e  Clea rwate r  ALA 
BAR 
HAS 
PUL 

Wood R ive r  ALA 
ARB 
BAR 
G LA 
HAS 
LAN 



f e r t i l e  s o i l s .  I f  t h i s  explanat ion were c o r r e c t ,  t h e  g r e a t e r  use of 
moderately p re fe r red  spec ie s  when occurr ing i n  s tands  with h ighly  
p re fe r red  spec ie s  would be a  r e s u l t  of higher  n u t r i e n t  contents  and 
not  a  r e s u l t  of t h e  presence of prefer red  spec ies .  

There i s  a t  l e a s t  one o the r  poss ib le  explanat ion of t h i s  pheno- 
menon. It  would seem t h a t  s tands  comprised of one or  two moderately 
p re fe r red  spec ie s  might be poorly u t i l i z e d  i n  r e l a t i o n  t o  mixed s t ands ,  
because moose may p r e f e r  t o  browse i n  s tands  where they can ob ta in  a  
mixture of foods. It is  i n t e r e s t i n g ,  however, t h a t  t h e  nea r ly  pure 
s t ands  o f z .  ~ u l c h r a  a t  Dry Creek, t h e  pure s tands  o f z .  pu lch ra  on t h e  
lower s lopes  of M t .  Fa i rp lay ,  t h e  s tand  of willows loca ted  j u s t  beyond 
t h e  base bf t h e  Gulkana Glac ie r ,  which i s  comprised almost e n t i r e l y  of 
S. a l a x e n s i s ,  and t h e  s tands  of S. a l axens i s  occurr ing along t h e  banks - 
of Wood River a r e  heavi ly  browsed. Since moose do browse i n  pure s t ands  
of willows, t h e  l ack  of food v a r i e t y  i s  probably not  t h e  reason why 
s t ands  comprised of one o r  two moderately prefer red  spec ie s  a r e  l i g h t l y  
browsed. 

P lan t  Height and Browsinp I n t e n s i t y  

One method of determining whether t h e r e  i s  a  r e l a t i o n s h i p  between 
p l a n t  he igh t  and browsing i n t e n s i t y  i s  t o  analyze each spec ie s  sepa- 
r a t e l y .  Each spec ie s  received a  B I I  value f o r  every study p l o t  i n  
which it occurred on a  study a rea .  Consequently, a  comparison could 
be made of t h e  B I I s  f o r  those p l o t s  i n  which each spec ie s  had t h e  
h ighes t  and t h e  lowest mean he igh t s ;  t h e  r e s u l t s  of such an a n a l y s i s  
a r e  shown f o r  t h r e e  study a reas  i n  Table 5 .  The t a b l e  shows t h a t  i n  
nea r ly  a l l  i n s t ances  a  spec ie s  received a  higher  B I I  value where it 
was t a l l e s t  than  where it was s h o r t e s t .  This would seem t o  i n d i c a t e  
t h a t  t a l l  p l a n t s  a r e  browsed t o  a  g r e a t e r  degree than  a r e  s h o r t  p l a n t s .  

Another method of i n v e s t i g a t i n g  the  e f f e c t s  of p l a n t  he ight  on 
u t i l i z a t i o n  i s  t o  compare t h e  Height U t i l i z a t i o n  Indices  (HUIs) of t h e  
a v a i l a b i l i t y  c l a s s e s ;  1-3376, 34-66%, and g r e a t e r  than  66% a v a i l a b l e .  
The HUI f o r  the  1-33% a v a i l a b l e  c l a s s  was ca lcu la t ed  by using t h e  
numbers of p l a n t s  i n  each of the  browse c l a s s e s  from 7-1 through 7-3 
a s  follows: HUI = Y (7-1) x 100 + Y (7-2) x 200 + Y (7-3) x  300/[Y (7-1) + 
Y (7-2) + Y (7-3) 1, where Y ( i )  = number of p l a n t s  i n  t h e  ith browse c l a s s .  
The H U I s  f o r  t h e  3 4 6 6 %  and t h e  g r e a t e r  than 66% a v a i l a b l e  c l a s s e s  were 
ca l cu la t ed  i n  t h e  same manner, except t h a t  t he  numbers of p l a n t s  i n  
browse c l a s s e s  4 through 6  and 1 through 3,  r e spec t ive ly ,  were used i n  
t h e  c a l c u l a t i o n s .  A H U I  f o r  each a v a i l a b i l i t y  c l a s s  was obtained f o r  
every spec ie s  and f o r  t h e  sum of a l l  p l a n t s ,  r ega rd le s s  of spec ie s ,  on 
each s tudy p l o t .  

The H U I  i s  ca lcu la t ed  i n  such a  manner t h a t  t h e  g r e a t e r  t h e  amount 
of browsing sus t a ined  by p l a n t s  of a  given a v a i l a b i l i t y  c l a s s ,  t h e  
l a r g e r  w i l l  be t h e  H U I  f o r  t h a t  c l a s s .  By comparing t h e  H U I s  of t h e  
t h r e e  c l a s s e s ,  it should be poss ib le  t o  determine t h e  s i z e  of ava i l -  
a b i l i t y  range of p l a n t s  most in t ens ive ly  u t i l i z e d  by moose. The mean 
H U I  f o r  each a v a i l a b i l i t y  c l a s s  i s  shown i n  Fig. 9 f o r  a l l  p l a n t s ,  
r ega rd le s s  of spec ie s ,  on each of t h e  study a reas .  
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Figure 9. Comparison of study area HUIs (Height Use Indices). 



Table 6 .  Species  B I I s  f o r  p l o t s  support ing t h e  lowest and t h e  h ighes t  
t o t a l  d e n s i t i e s  of p l a n t s  over one rn t a l l  

Study a rea  Species B I I  values 
P lo t  with P l o t  with 

lowest dens i ty  h ighes t  dens i ty  

Dry Creek ALA 
ARB 
INT 
LAS 
PUL 

L i t t l e  Clearwater ALA 
BAR 
HAS 
PUL 

Wood River ALA 
ARB 
BAR 
G LA 
HAS 
LAN 



The graph i n d i c a t e s  t h a t  p l a n t s  i n  t h e  g r e a t e r  t h a n  66% a v a i l a b l e  
c l a s s  a r e  g e n e r a l l y  browsed most i n t e n s i v e l y ,  whereas p l a n t s  i n  t h e  
1-33% a v a i l a b l e  c l a s s  u s u a l l y  r ece ive  t h e  l e a s t  amount of browsing. 
Th i s  in format ion  may a l s o  i n d i c a t e  t h a t  moose p r e f e r  t o  browse t a l l  
p l a n t s ,  a l though t h i s  cannot be d e f i n i t e l y  concluded.  I t  i s  q u i t e  
p o s s i b l e  t h a t  t h e  i n t e n s i v e  browsing on t h e  t a l l ,  h i g h l y  p r e f e r r e d  
s p e c i e s ,  such a s  2. a l a x e n s i s  and S. a rbuscu lo ides ,  might s t r o n g l y  
i n f l u e n c e  t h e  H U I  va lue s  f o r  many s t u d y  a r e a s .  S ince  t h e  i n v e r s e  occurs  
a t  Dry Creek--i . e .  , t h e  l ~ w - ~ r o w i n ~  s p e c i e s  3 .  i n t e r i o r  and - S. p u l c h r a  
a r e  browsed more i n t e n s i v e l y  t han  a r e  t h e  t a l l - g rowing  ones-- th is  might 
e x p l a i n  why t h e  r e l a t i o n s h i p  between t h e  H U I  va lue s  f o r  t h i s  s t udy  a r e a  
i s  d i f f e r e n t  from t h a t  of t h e  o t h e r  s tudy  a r e a s .  

Willow Stands  a s  Phys i ca l  B a r r i e r s  

I t  would seem p o s s i b l e  t h a t ,  a l though a  moose i s  a  l a r g e  animal ,  
a  s t and  of wil lows could be  dense enough t o  impede t h e  movements of 
moose. I f  t h i s  were t h e  ca se ,  such s t a n d s  would n o t  be a s  e f f e c t i v e l y  
u t i l i z e d  a s  s p a r s e  s t ands .  The d a t a  were examined t o  determine whether 
d e n s i t y  was a  f a c t o r  i n  de te rmin ing  utilization by moose. For each 
s p e c i e s ,  t h e  B I I  t h a t  was c a l c u l a t e d  f o r  t h e  s tudy  p l o t  wi th  t h e  h i g h e s t  
t o t a l  d e n s i t y  of  p l a n t s  over  one m t a l l  was compared wi th  t h e  B I I  t h a t  
was obta ined f o r  t h e  p l o t  t h a t  supported t h e  lowest  t o t a l  d e n s i t y  of  
p l a n t s  over one m t a l l ;  it was f e l t  t h a t  p l a n t s  s h o r t e r  t h a n  one m i n  
h e i g h t  would be t o t a l l y  i n e f f e c t i v e  i n  h inde r ing  t h e  movements of  moose. 
Th i s  a n a l y s i s  was made f o r  t h r e e  s tudy  a r e a s  (Table 6 ) ,  and t h e  r e s u l t s  
show t h a t  i n  n ine  i n s t a n c e s  t h e  s p e c i e s  B I I s  f o r  a r e a s  wi th  t h e  h i g h e s t  
t o t a l  d e n s i t y  of  p l a n t s  over one rn t a l l  were g r e a t ~ r  t h a n  t hose  f o r  
a r e a s  w i th  t h e  lowest  d e n s i t y ;  i n  t h e  remaining s i x  c a s e s ,  j u s t  t h e  
converse  was t r u e .  I n  o t h e r  words, the  d a t a  i n d i c a t e  t h a t  i n  a  m a j o r i t y  
o f  c a s e s  i n d i v i d u a l  s p e c i e s  were a c t u a l l y  browsed more i n t e n s i v e l y  where 
t h e  t o t a l  p l a n t  d e n s i t y  was h i g h e s t  t han  where t h e  d e n s i t y  was lowes t .  

Th i s  in format ion  seems t o  sugges t  t h a t  t h e  dense s t  wil low s t a n d s  
a r e  n o t  e f f e c t i v e  a s  p h y s i c a l  b a r r i e r s .  I t  should be no t ed ,  however, 
t h a t  t h e  h i g h e s t  d e n s i t i e s  of p l a n t s  over one m t a l l  a t  Dry Creek, 
L i t t l e  Clearwater  Creek, and Wood ~ Y v e r  a r e  16 .9 ,  14 .6 ,  and 7.6 p l a n t s  
p e r  sample frame, r e s p e c t i v e l y .  The ma jo r i t y  of  s p e c i e s  a t  Dry Creek 
r ece ived  sma l l e r  B I I s  on p l o t s  wi th  t h e  h i g h e s t  t o t a l  p l a n t  d e n s i t y  
t h a n  on p l o t s  wi th  t h e  lowest  d e n s i t y  of t a l l  p l a n t s ,  and it might 
be argued t h a t  t h e  dense s t  s t and  was no t  u t i l i z e d  w e l l  because  it 
e f f e c t i v e l y  impeded t h e  movements of moose. On t h e  o t h e r  hand, t h e  
h i g h e s t  d e n s i t y  of  t a l l  p l a n t s  a t  L i t t l e  Clearwate r  Creek i s  n e a r l y  
e q u a l  t o  t h a t  a t  Dry Creek, b u t  a t  L i t t l e  Clearwater  Creek t h e  s p e c i e s  
B I I s  a r e  l a r g e r  where t h e  t o t a l  d e n s i t y  i s  h i g h e s t  t han  where t h e  t o t a l  
d e n s i t y  i s  lowes t .  Th i s  seems t o  sugges t  t h a t  f a c t o r s  o t h e r  t h a n  t o t a l  
p l a n t  d e n s i t y  a r e  caus ing  browsing i n t e n s i t y  v a r i a t i o n  i n  t h e s e  a r e a s .  

Another method of i n v e s t i g a t i n g  t h e  e f f e c t s  o f  t o t a l  p l a n t  d e n s i t y  
on browsing i n t e n s i t y  i s  t o  analyze t h e  amount of  u t i l i z a t i o n  on a l l  
p l a n t s ,  r e g a r d l e s s  of  s p e c i e s .  An index of  t h e  t o - t a l  browsing i n t e n s i t y ,  
which I have c a l l e d  t h e  Area Pre fe rence  Index (API), was f i r s t  computed 
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Figure 1 0 .  Study area APIs (Area Preference Indices) .  



f o r  each s tudy  pl-ot i n  t h e  same manner a s  was t h e  B I I  f o r  each s p e c i e s ,  
except  t h a t  a l l  p l a n t s  occur r ing  on t h e  p l o t  were used i n  t h e  computa- 
t i o n  in s t ead  of j u s t  those  p l a n t s  of a  p a r t i c u l a r  spec i e s .  The mean 
API f o r  each s tudy a r e a  i s  shown i n  Fig.  10.  Ca lcu la t ions  were then  
made t o  determine t h e  degree of  c o r r e l a t i o n  between t h e  s tudy  p l o t  APIs 
and d e n s i t i e s  of p l a n t s  over one m t a l l  on t h e  t h r e e  s tudy  a r e a s  wi th  
t h e  g r e a t e s t  number of p l o t s .  I f  dense s t a n d s  a r e  no t  u t i l i z e d  a s  
e f f e c t i v e l y  a s  spa r se  s t a n d s ,  t h e r e  would be a  nega t ive  c o r r e l a t i o n  be- 
tween t o t a l  d e n s i t y  and u t i l i z a t i o n .  The c o r r e l a t i o n  c o e f f i c i e n t s  ob- 
t a i n e d  - +0.26, +0.63, and -0.93 - seem t o  i n d i c a t e  t h a t  such a  r e l a t i o n -  
s h i p  does no t  e x i s t .  

Perhaps of g r e a t e r  s i g n i f i c a n c e  i s  t h e  f a c t  t h a t  on f i v e  of  t h e  
seven s tudy  a r e a s  t h e  s tudy p l o t s  suppor t ing  t h e  h i g h e s t  d e n s i t y  of 
p l a n t s  over one m t a l l  had l a r g e r  APIs than  t h e  p l o t s  having t h e  lowest  
d e n s i t y  of p l a n t s  exceeding one m i n  he igh t .  I n  o t h e r  words, i n s t e a d  
of t h e r e  being a  decrease of browsing p re s su re  i n  t h e  dense s t a n d s ,  a s  
would occur i f  t h e  dense s t ands  were e f f e c t i v e  a s  b a r r i e r s ,  t hey  were 
a c t u a l l y  browsed more i n t e n s i v e l y  on a  major i ty  of t h e  s tudy  a r e a s .  The 
t o t a l  browsing i n t e n s i t y  was probably high i n  t h e  dense s t ands  because 
t h e  d e n s i t y  of  t h e  t a l l ,  h igh ly  p re fe r r ed  s p e c i e s ,  such a s  - S.  a l a x e n s i s  
and - S. a rbusculo ides ,  was high.  

I n  gene ra l ,  t h e  d a t a  suggest  t h a t  t h e  denses t  willow s t a n d s  on 
t h e  s tudy  a r e a s  a r e  no t  e f f e c t i v e  a s  phys i ca l  b a r r i e r s .  This does n o t  
n e c e s s a r i l y  mean, however, t h a t  moose a r e  p h y s i c a l l y  unhindered by 
p l a n t s  i n  t h e  dense s t ands .  I t  i s  poss ib l e  t h a t  t h e s e  s t a n d s  a r e  par- 
t i c u l a r l y  a t t r a c t i v e  because of t h e  h igh  d e n s i t y  of p r e f e r r e d  s p e c i e s  
i n  them, and t h a t  moose browse i n  dense s t ands  d e s p i t e  being p h y s i c a l l y  
hindered.  This  p o s s i b i l i t y  opposes t h e  conclusion made by McMillan 
(1953) from observa t ions  i n  Yellowstone Nat iona l  Park. He found t h a t  
t h e  amount of browsing occur r ing  i n  t h e  c e n t e r  of  willow clumps was 
equa l  t o  t h a t  occur r ing  on t h e i r  edges and concluded t h a t  moose were 
no t  impeded phys i ca l ly  by t h e  p l a n t s .  It i s  p o s s i b l e ,  however, t h a t  
p l a n t s  growing i n  t h e  c e n t e r  of willow clumps a r e  somewhat more n u t r i -  
t i o u s  than  those  growing on t h e  edges where t h e  cond i t i ons  f o r  growth 
may be marginal ,  and t h a t  t h e  cen t$a l  p l a n t s  would be browsed t o  a  
g r e a t e r  degree than  t h e  p e r i p h e r a l  ones i f  moose movements were no t  
impeded. I n  view of t hese  comments, it i s  only s a f e  t o  conclude t h a t  
i f  t h e  denses t  willow s t ands  on the  s tudy a r e a s  ac ted  a s  phys i ca l  
b a r r i e r s ,  t h e  hindrance t o  moose movements was apparen t ly  no t  e f f e c t i v e  
i n  reducing t h e  amount of browsing below t h a t  which was sus t a ined  by 
s p a r s e  s tands .  



P A R T  I 1  

STUDY AREA 

The Tanana River study a r e a  i s  loca ted  on an i s l a n d  i n  t h e  Tanana 
River about one mile south of Fairbanks (Fig. 1 1 ) .  The study a r e a  i s  
17,600 square m (4.U acres)  i n  s i z e ,  represent ing  approximately three-  
fou r ths  of t h e  t o t a l  a rea  of t h e  i s l a n d ,  The s o i l  of t h e  i s l a n d ,  which 
i s  composed of s i l t - s i z e d  ma te r i a l ,  seems t o  have been formed i n ' w e l l  
def ined s t ages .  This  i n t e r p r e t a t i o n  i s  based on d i f f e r e n c e s  i n  t h e  
vege ta t iona l  composition on t h e  i s l and .  

S. a l axens i s ,  some p l a n t s  of which reach he igh t s  exceeding four  m ,  
and a l d e r  (Alnus sp.) dominate on t h e  o l d e s t  and h ighes t  po r t ion  of t h e  
i s l a n d .  The o t h e r  spec ie s  found here ,  S. niphoclada, S. i n t e r i o r ,  2. 
m y r t i l l i f  o l i a ,  and S. l a s i andra ,  a r e  represented mainly-by small  p l a n t s .  
On a  somewhat younger po r t ion  of t h e  i s l a n d ,  a l d e r  and S . niphoclada 
predominate, although S. i n t e r i o r  and S. m y r t i l l i f o l i a  a r e  a l s o  f a i r l y  
abundant; many of t h e  wil lows he re  are-over 1.5 m t a l l .  S. i n t e r i o r  i s  
t h e  most abundant spec ie s  on an even younger p a r t  of t h e  Ts land ,  a l -  
though t h e  o the r  spec ie s  a r e  a l s o  present .  Only a  few of t h e  p l a n t s  
i n  t h i s  a rea  a r e  over one m t a l l .  The most r ecen t ly  deposi ted por t ion  
of t h e  i s l a n d  supports  t h e  f i v e  spec ie s  of willow already mentioned, but  
S. l a s i a n d r a  i s  more abundant he re  than i n  t h e  o ther  a reas .  Since most - 
of t h e  p l a n t s  he re  a r e  under 0.5 m i n  he ight  and, probably a s  a  r e s u l t  
of being bur ied  under snow, a r e  not  u t i l i z e d ,  t h i s  a rea  was not  sampled. 



Figure 11. Tanana River study area; 64'47' N, 147O49' W (From 
U. S. Geological Survey mps C-2 and D-2, Fairbanks 
quadrangle). 



METHODS 

Se lec t ion  of Study Area - 
The study i s l a n d ,  which l i e s  i n  t h e  Tanana River south of Fair-  

banks, was s e l e c t e d  because i t s  vegeta t ion  is  dominated by willows. 
Most of t h e  i s l a n d s  i n  t h i s  a rea  a r e  covered with dense s tands  of black 
cottonwood and a l d e r ,  and t h e  willow group is  poorly represented.  Since 
t h e  study i s l a n d  i s  a t y p i c a l ,  t h e  f indings  of t h i s  study do no t  neces- 
s a r i l y  descr ibe  t h e  condi t ions  t h a t  occur on the  o the r  i s l a n d s  i n  t h i s  
a rea .  

Locating Sample Frames 

A base l ine  was e s t ab l i shed  through t h e  cen te r  of t h e  i s l a n d  with 
t h e  a i d  of a  s t a f f  compass and was marked every 20 m. The l i n e  was 
terminated a t  t h e  240 m mark because the  willows growing on t h e  end of 
t h e  i s l a n d  beyond t h i s  poin t  were t o o  s h o r t  t o  be a v a i l a b l e  f o r  browsing. 
Four numbers from zero t o  20 were chosen from a  t a b l e  of random d i g i t s  
f o r  each 20 m i n t e r v a l ,  and t h e  equiva lent  d i s t ances  i n  meters were 
marked by s t akes  on t h e  base l ine  from t h e  s t a r t i n g  po in t  of each 
i n t e r v a l .  From each of these  s t a k e s ,  l i n e s  perpendicular  t o  t h e  base- 
l i n e  were extended t o  the  edge of t h e  i s l a n d ,  two l i n e s  being es tab-  
l i s h e d  t o  t h e  l e f t  of t h e  base l ine  and two l i n e s  t o  t h e  r i g h t  f o r  every 
base l ine  segment. Since t h e  l eng ths  of these  perpendicular  l i n e s  va r i ed ,  
each l i n e  was measured and i t s  length  recorded. For each perpendicular  
l i n e ,  two numbers from zero t o  i t s  length  i n  meters were chosen from a  
l i s t  of random d i g i t s ,  and each l i n e  was marked o f f  with s t a k e s  a t  t h e  
equiva lent  d i s t a n c e s  i n  meters from t h e  base l ine .  Each of these  s t akes  
marked t h e  l o c a t i o n  of t h a t  corner  of t h e  1.5 by 1.5 m sample frame 
which l a y  nea res t  t h e  s t a r t i n g  po in t  of t h e  base l ine  when one s i d e  of 
t h e  frame was p a r a l l e l  t o  the  base l ine .  

Information Recorded 

The minimum height  a t  which brbwsing had occurred was determined 
f i r s t .  Every willow p l a n t  whose stem emerged from t h e  ground wi th in  
t h e  96 randomly loca ted  sample frames was then  recorded a s  t o  spec ie s ,  
he igh t  i n  cent imeters ,  browse c l a s s ,  and t h e  diameters i n  mi l l imeters  
of t h e  ends of those twigs which had been browsed. The browse c l a s s  
c r i t e r i a  were t h e  same a s  those descr ibed previous ly ,  but  c l a s s  7 was 
not  subdivided i n t o  c l a s s e s  7-1, 7-2,  and 7-3, a s  was done on t h e  o the r  
s tudy a reas .  The browse c l a s s  scheme used on t h e  i s l a n d  i s  i d e n t i c a l  
wi th  t h a t  f i r s t  descr ibed by Dasmann (1951) . Metal c a l i p e r s  were used 
t o  measure t h e  $wig diameters.  

Clipping 

The mean diameter t o  which twigs had been browsed was then  calcu-  
l a t e d  f o r  each willow spec ie s .  Twigs of each willow p l a n t  t h a t  occurred 
wi th in  t h e  sample frames were cl ipped a t  t h e  appropr ia te  mean diameter 



f o r  t h a t  spec i e s  i f  they  extended above t h e  minimum browsing h e i g h t ;  
no c l i p p i n g  was done below t h i s  he igh t .  The c l ipped  twigs  from each 
spec i e s  and sample frame were bundled s e p a r a t e l y  and were oven-dried 
f o r  48 hours .  The bundles were then  weighed s e p a r a t e l y  t o  t h e  n e a r e a s t  
gram, and t h e s e  weights were l a t e r  used t o  determine t h e  oven-dried 
weights of a v a i l a b l e  win te r  browse suppl ied  by each s p e c i e s ;  a l l  c l i p p i n g  
was accomplished a f t e r  t h e  growing season had ended. I n  a d d i t i o n ,  
i n d i v i d u a l  d r i e d  twigs  from each spec i e s  were s e l e c t e d  randomly and 
weighed t o  t h e  n e a r e s t  gram, and t h e  mean i n d i v i d u a l  twig weight of 
each s p e c i e s  was determined. This  mean weight i s  t h e  c a l c u l a t e d  
weight of p l a n t  m a t e r i a l  t h a t  has  been removed from a  browsed twig  of 
a given spec i e s .  

U t i l i z a t i o n  P l o t s  

S i x  u t i l i z a t i o n  p l o t s ,  each measuring s i x  by s i x  m ,  were a l s o  
loca t ed  randomly on t h e  i s l a n d  dur ing  t h e  same summer. The browsed 
twigs  of a l l  willows wi th in  t h e s e  p l o t s  were c l ipped  smoothly wi th  
shea r s  j u s t  below t h e i r  t i p s .  This  made it p o s s i b l e ,  a f t e r  r e t u r n i n g  
t o  t h e  i s l a n d  i n  June of t h e  next  yea r ,  t o  d i f f e r e n t i a t e  between twigs  
t h a t  had been browsed dur ing  t h e  preceding win te r  and twigs  t h a t  had 
been browsed previous t o  t h a t  t ime.  The number of twigs  t h a t  had been 
browsed wi th in  t h e  u t i l i z a t i o n  p l o t s  dur ing  t h e  win te r  was determined 
f o r  each spec i e s .  Since t h e  average weight of t h e  m a t e r i a l  t h a t  i s  
removed from a  browsed twig had a l s o  been obtained f o r  each s p e c i e s ,  it 
was poss ib l e  t o  determine t h e  weight of t h e  p l a n t  m a t e r i a l  consumed and 
t h e  percentage of a v a i l a b l e  browse removed by moose from each s p e c i e s  
du r ing  one win te r .  



DISCUSSION OF RESULTS 

The mean h e i g h t s ,  mean d e n s i t i e s ,  and percentages  of t h e  va r ious  
browse c l a s s e s  a r e  shown by Appendix I1 f o r  a l l  willow s p e c i e s  occur- 
r i n g  on t h e  i s l a n d ;  t h e  remainder of t h e  d a t a  w i l l  be d i scussed  under 
t h e  app ropr i a t e  subheadings. Code l e t t e r s  a r e  s u b s t i t u t e d  f o r  s p e c i e s  
names on a l l  t a b l e s  and graphs.  The fol lowing code system is  used: 
S. a l a x e n s i s  = ALA; 2. i n t e r i o r  = INT; 5 .  l a s i a n d r a  = LAS; S. myr t i l -  - 
l i f o l i a  = MYR; 2. niphoclada = NIP. Since t h e  method of sampling t h a t  
was employed r e s u l t e d  i n  unequal sampling p r o b a b i l i t i e s ,  t h e  d a t a  from 
each sample frame were "weighted" i n  r e l a t i o n  t o  t h e  p r o b a b i l i t y  of  
s e l e c t i n g  t h a t  frame l o c a t i o n .  A l l  r e s u l t s  a r e  based on t h e  correc-  
t e d  d a t a .  

Spec ies  Preference  

I t  i s  my assumption t h a t  t h e  degree of browsing sus t a ined  by a  
given s p e c i e s  i s  i n d i c a t i v e  of i t s  s e l e c t i o n  p r e f e r a b i l i t y .  To be ab l e  
t o  q u a n t i t a t i v e l y  desc r ibe  t h e  degree of u t i l i z a t i o n  rece ived  by a  
s p e c i e s ,  a  Browsing I n t e n s i t y  Index (BII) was c a l c u l a t e d  f o r  each w i l -  
low s p e c i e s  occur r ing  on t h e  i s l a n d .  The B I I  was c a l c u l a t e d  by us ing  
t h e  percentages  of p l a n t s  i n  each of t h e  browse c l a s s e s  from 1 through 
6 ,  a s  fol lows:  B I I  = 1 [ ~ ( 1 )  + ~ ( 4 ) ]  + 2 1 ~  2)  + ~ ( 5 ) l  + 3 [ ~ ( 3 )  + X(6) ] ,  6 where X(i)  = percentage of p l a ~ ~ t s  i n  t h e  it browse c l a s s .  This  method 
of  B I I  de te rmina t ion  d i f f e r s  s l i g h t l y  from t h a t  descr ibed  prev ious ly ,  
because browse c l a s s  7  was no t  subdivided f o r  t h i s  po r t i on  of t h e  s tudy 
and could n o t  be incorpora ted  i n t o  t h e  c a l c u l a t i o n .  Therefore ,  t h e  
B I I s ,  a s  c a l c u l a t e d  from t h i s  method, would tend t o  have h ighe r  va lues ,  
s i n c e ,  a s  d i scussed  prev ious ly ,  p l a n t s  i n  t h e  lowest h e i g h t  c l a s s  ( i . e . ,  
browse c l a s s  7) a r e  apparen t ly  browsed l e a s t  i n t e n s i v e l y .  The r e s u l t s  
from both  methods range i n  va lue  from 100 t o  300. I t  should a l s o  be re -  
s t a t e d  here  t h a t  t h e  B I I ' s  accuracy is probably a f f e c t e d  by p l a n t  form 
and p a t t e r n  of browsing. Therefore ,  t h e  r e l a t i o n s h i p  between v a l u e s ,  no t  
t h e  va lues  themselves, w i l l  be considered when e s t ima t ing  t h e  r e l a t i v e  
degrees  of browsing t h a t  were sus t a ined  by t h e  va r ious  spec i e s .  

The ranking of t h e  s p e c i e s ,  according t o  t he  decreas ing  s i z e s  of 
t h e i r  B I I  va lues ,  i s  a s  fol lows:  S.  a l a x e n s i s ,  2.  i n t e r i o r ,  2.  myr- 
t i l l i f o l i a ,  and 5. niphoclada.   his sugges ts  t h a t  2. a l a x e n s i s  and 
S. i n t e r i o r  have been browsed t o  a  g r e a t e r  degree than  have t h e  o t h e r  - 
willow s p e c i e s  and, t h e r e f o r e ,  a r e  considered t o  be t h e  p r e f e r r e d  
s p e c i e s .  These r e s u l t s  compare favorably wi th  those  obtained on t h e  
o t h e r  s tudy  a reas .  Likewise,  S. niphoclada,  which was no t  found on t h e  
o t h e r  s tudy  a r e a s ,  would be r a t e d  low on a  prefe rence  l i s t  by v i r t u e  of 
t h e  low degree of u t i l i z a t i o n  t h a t  it sus t a ined .  

The d i f f e r e n c e s  between the  amounts of browsing rece ived  by t h e  - 
va r ious  s p e c i e s  cannot be overemphasized t o o  s t r o n g l y .  I t  was d i f f i c u l t  
t o  f i n d  a  3 .  a l a x e n s i s  o r  3 .  i n t e r i o r  p l a n t  t h a t  had no t  been browsed 
i n t e n s i v e l y ;  a  number of S. i n t e r i o r  p l a n t s  had d ied  and an even g r e a t e r  
number were p a r t i a l l y  dead, probably a s  a  r e s u l t  of over-browsing. I n  



T a b l e  7 .  R e s u l t s  o f  a chemica l  a n a l y s i s  o f  samples  c o l l e c t e d  from t h e  
p r imary  wi l low s p e c i e s  t h a t  o c c u r  on t h e  Tanana R i v e r  s t u d y  
a r e a  

M o i s t u r e  P r o t e i n  F a t  Crude F i b e r  Ash N2 f r e e  K g  p a l . /  
S p e c i e s  (%I (%I (%I (%) e x t r a c t  1 0 0  g 

ALA 19 .6  6.6 2.8 
19 .6  7.4 2.6 

(19.6)* (7.0) (2.7) 

NIP 10 .0  6 .6  2.2 
11 .8  5.5 2.2 

(10.9) (6.1) (2.2) 

* Mean o f  two samples  



c o n t r a s t ,  i t  was e q u a l l y  d i f f i c u l t  t o  f i n d  a  2.  niphoclada p l a n t  t h a t  
had been u t i l i z e d  t o  any degree .  Such obse rva t i ons  make it q u i t e  
ev iden t  t h a t  moose show a  d e f i n i t e  s e l e c t i o n  p r e f e r ence  f o r  c e r t a i n  
s p e c i e s  of wi l lows.  

F a c t o r s  A f f e c t i n g  Spec ies  P r e f e r a b i l i t y  

A number of f a c t o r s  appa ren t l y  i n f l uence  t h e  r e l a t i v e  p r e f e r -  
a b i l i t y  of food p l a n t s .  Heady (1964) d i s c u s s e s  t h e  e f f e c t s  of p a l a t -  
a b i l i t y ,  a s s o c i a t e d  s p e c i e s ,  c l i m a t e ,  s o i l ,  topography, k ind  of  animal ,  
and animal  physiology on p re f e r ence .  

P a l a t a b i l i t y  i s  g e n e r a l l y  def ined  a s  t hose  p l a n t  c h a r a c t e r i s t i c s  
o r  c o n d i t i o n s  t h a t  s t i m u l a t e  a  s e l e c t i v e  response by animals  (Heady, 
1964) .  The chemical  composit ion of a  p l a n t  i s  one such c h a r a c t e r i s t i c  
a f f e c t i n g  i t s  p a l a t a b i l i t y .  A h igh  p o s i t i v e  c o r r e l a t i o n  h a s  been ob- 
se rved  between t h e  p r o t e i n  con t en t  of f o r age  and p re f e r ence  by c a t t l e  
and sheep (Cook, 195 9  ; Hardison -- e t  a l .  , 1954; Hobbs -- e t  a l .  , 1945) . 
Swank (1956) found t h a t  s p e c i e s  c o n s i s t e n t l y  having a  h igh  mois tu re  
c o n t e n t  a r e  p r e f e r r e d  by d e e r  and c a t t l e .  Foods h igh  i n  s u g a r  con t en t  
a r e  p r e f e r r e d  by c a t t l e  ( P l i c e ,  1952) and dee r  (Mi tche l l  and Hosley,  
1936) .  S t u d i e s  w i t h  l i v e s t o c k  have shown a  p o s i t i v e  c o r r e l a t i o n  be- 
tween p r e f e r a b i l i t y  and f a t  con t en t  o r  percentage of  e i t h e r  e x t r a c t  
(Hardison -- e t  a l . ,  1954; B l a s e r  -- e t  a l . ,  1960).  Grasses  w i t h  t h e  h i g h e s t  
phosphate and po t a sh  c o n t e n t s  a r e  appa ren t l y  t h e  most a ccep t ab l e  t o  
l i v e s t o c k  (Leigh, 1961) ,  and calc ium uptake a f f e c t s  phosphorous re -  
qu i rements  (Swank, 1956).  A h igh  nega t i ve  r e l a t i o n s h i p  h a s  been noted 
between t h e  t a n n i n  c o n t e n t s  and pre fe rence  by c a t t l e  f o r  t h e  va r ious  
v a r i e t i e s  of l espedeza  (Wilkins -- e t  a l . ,  1953).  S e v e r a l  r e s e a r c h e r s  
have concluded,  however, t h a t  t h e  t o t a l  n u t r i t i v e  va lue  of  a  p l a n t  i s  
a  b e t t e r  i n d i c a t o r  of p r e f e r ence  t h a n  i s  t h e  con t en t  of  any s i n g l e  
chemical  compound (Albrecht ,  1945 ; Cook e t  a l .  , 1956) . 

Two samples of  t h e  preceding y e a r ' s  twig growth were c o l l e c t e d  i n  
March from each of  t h e  willow s p e c i e s  occu r r i ng  on t h e  i s l a n d ,  and t h e s e  
were submit ted f o r  chemical  a n a l y s i s .  The r e s u l t s  of t h e  a n a l y s i s  
(Table 7)  i n d i c a t e  t h a t  S .  a l a x e n s i s  ha s  t h e  h i g h e s t  mois tu re ,  p r o t e i n ,  
and c a l o r i c  c o n t e n t s ,  3 .  i n t e r i o r  ha s  t h e  h i g h e s t  n i t r o g e n  f r e e  e x t r a c t  
o r  ca rbohydra te  c o n t e n t ,  and S .  n i ~ h o c l a d a  h a s  t h e  lowest  mois ture  and 
c a l o r i c  con t en t s .  It would seem t h a t  a  combination of h i g h  mo i s tu r e ,  
p r o t e i n ,  and c a l o r i c  c o n t e n t s  could be r e spons ib l e  f o r  5. a l a x e n s i s  
be ing  a  h i g h l y  p r e f e r r e d  s p e c i e s ,  whereas t h e  converse might e x p l a i n  
why S. n iphoc lada  i s  a  non-preferred s p e c i e s .  Th i s  conc lus ion  suppor t s  
t h e  Theory t h a t  t h e  t o t a l  n u t r i t i v e  va lue  of  a  p l a n t  i s  t h e  b e s t  i n d i c a t o r  
o f  p r e f e r ence .  

There a r e  s e v e r a l  r e a sons ,  however, why it might be hazardous t o  
fo rmula te  any conc lus ions  based on t h e  chemical  a n a l y s i s  r e s u l t s .  It 
w i l l  be n o t i c e d ,  f o r  example, t h a t  calcium, potass ium,  phosphorus,  and 
t a n n i n ,  a l l  of  which may a f f e c t  p r e f e r ence ,  were n o t  analyzed.  Fur ther -  
more, t h e  n u t r i e n t  c o n t e n t s  of  t h e  va r ious  s p e c i e s ,  p a r t i c u l a r l y  2. 
i n t e r i o r  and 2.  m y r t i l l i f o l i a ,  a r e  s o  s i m i l a r  t h a t  t h e i r  a s s o c i a t i o n  
w i t h  p r e f e r ence  would seem dubious .  I n  a d d i t i o n ,  s e v e r a l  v a r i a b l e s  
were no t  t aken  i n t o  account when t h e  samples were c o l l e c t e d ,  and,  a s  a  



r e s u l t ,  t h e  samples may n o t  be comparable. Ba i l ey  (1967), f o r  i n s -  
t a n c e ,  noted t h a t  t h e  h i g h e s t  concen t r a t i on  of crude p r o t e i n  i s  l o -  
c a t e d  i n  t h o s e  samples t h a t  (1) a r e  c l i pped  n e a r e s t  t o  t h e  t e r m i n a l  
buds ,  (2)  a r e  c o l l e c t e d  from t h e  lower r a t h e r  t h a n  t h e  upper p o r t i o n s  
o f  t h e  crowns, and (3) i nc lude  f lower  buds o r  l a t e r a l  buds r a t h e r  t h a n  
on ly  t e r m i n a l  v e g e t a t i v e  buds. I d i d  n o t  cons ide r  t h e  sample l o c a t i o n s  
i n  r e f e r e n c e  t o  t h e  p l a n t  crowns no r  t h e  number of  buds suppor ted  by 
t h e  c l i pped  twigs .  Swank (1956) s t a t e d  t h a t  t h e  p r o t e i n  c o n t e n t  of  a  
s p e c i e s  v a r i e s  s e a s o n a l l y ,  which sugges t s  t h a t  i f  t h e  samples had been 
c o l l e c t e d  a t  some o t h e r  t ime t h e  a n a l y t i c  r e s u l t s  might have been 
complete ly  d i f f e r e n t .  The m a t u r i t y  and h e a l t h  o f  p l a n t s  a l s o  a f f e c t  
t h e i r  n u t r i t i v e  composi t ion (Cook and H a r r i s ,  1950; McIlvanie ,  1942) ;  
p l a n t  m a t u r i t y  was n o t  cons idered  when c o l l e c t i n g  samples ,  and many 5.  
i n t e r i o r  p l a n t s  appeared t o  be i n  poor c o n d i t i o n ,  presumably a s  a  
r e s u l t  o f  over-browsing. I f  t h e  sma l l  sample s i z e  i s  added t o  t h i s  
l i s t ,  t h e  magnitude o f  t h e  d i f f i c u l t i e s  becomes awesome. 

Another p a l a t a b i l i t y  f a c t o r  i s  t h e  e x t e r n a l  form of  a  p l a n t .  
Heady (1964) s t a t e s  t h a t  s t i c k i n e s s ,  p o s i t i o n  o f  t h e  l e a v e s ,  t e x t u r e ,  
and h a i r i n e s s  probably  a f f e c t  p r e f e r a b i l i t y .  None of t h e  wi l low s p e c i e s  
d i s c u s s e d  i n  t h i s  paper  have s t i c k y  stems o r  l e a v e s ,  and I am n o t  a b l e  
t o  comment about  l e a f  p o s i t i o n  o r  t e x t u r e  d i f f e r e n c e s .  Of t h e  s p e c i e s  
p r e f e r r e d  most h i g h l y  on a l l  s t udy  a r e a s ,  2.  -- a l a x e n s i s  h a s  ex t remely  
h a i r y  tw igs  and l e a v e s ,  whereas S.  a rbuscu lo ide s ,  S. pu l ch ra ,  and S.  
i n t e r i o r  have g l ab rous  stems a n d - l i t t l e  o r  no hair-on t h e i r  leaves. 
Among t h e  non-pre fe r red  s p e c i e s ,  - S. g lauca  and S.  n iphoc lada  have q u i t e  
h a i r y  stems and l e a v e s ,  whi le  S .  B a r c l a y i  and S7 h a s t a t a  have g l ab rous  
l e a v e s  and near -g labrous  stems, These obse rva i i ons  would seem t o  r u l e  
ou t  h a i r i n e s s  a s  a  f a c t o r  of p a l a t a b i l i t y  among wi l lows .  McMillan (1953) 
mentions t h a t  p r e f e r a b i l i t y  may be a s s o c i a t e d  w i th  t h e  h e i g h t s  o f  s p e c i e s .  
He n o t e s  t h a t  a  t a l l - g ro wing  wil low s p e c i e s  i n  Yellowstone Na t i ona l  Park 
i s  browsed more i n t e n s i v e l y  t han  ano the r  s p e c i e s ,  which r a r e l y  exceeds  
t h r e e  f e e t  i n  h e i g h t ,  and sugges t s  t h a t  t h i s  may be a  r e s u l t  o f  moose 
be ing  a b l e  t o  s imul taneous ly  h ide  i n  and feed  on t h e  t a l l - g r o w i n g  s p e c i e s .  
McMillan a l s o  r ea sons  t h a t  t h e  low-growing s p e c i e s  may be l e s s  e a s i l y  
browsed upon t han  t h e  o t h e r  s p e c i e s .  My d a t a  from a l l  s t udy  a r e a s ,  
however, i n d i c a t e  t h a t  S .  i n t e r i o r ' a n d  S .  p u l c h r a ,  n e i t h e r  o f  which 
commonly exceed two fee? i n  h e i g h t ,  are-two of t h e  lowest-growing and 
most h i g h l y  p r e f e r r e d  s p e c i e s .  Th i s  would seem t o  i n d i c a t e  t h a t ,  a l -  
though browsing i n t e n s i t y  might be c o r r e l a t e d  w i t h  p l a n t  h e i g h t ,  t h e  
i n h e r e n t  p a l a t a b i l i t y  o f  a  s p e c i e s  a f f e c t s  i t s  p r e f e r a b i l i t y  t o  a  
g r e a t e r  degree  t h a n  does i t s  average h e i g h t .  

I t  seems p o s s i b l e  t h a t  an animal might s e l e c t i v e l y  browse a  c e r -  
t a i n  s p e c i e s  o f  p l a n t ,  r e g a r d l e s s  of  i t s  n u t r i t i v e  v a l u e ,  s imply be- 
cause  i t  t a s t e s  good; a  h igh  con t en t  o f  c e r t a i n  n u t r i e n t s  does  n o t  
n e c e s s a r i l y  imply a  h igh  p a d a t a b i l i t y .  I have t a s t e d  a l l  of  t h e  wi l low 
s p e c i e s  occu r r i ng  on t h e  s t udy  a r e a s  and f i n d  t h a t  t hey  d i f f e r  i n  t a s t e .  
Although a l l  of  them t a s t e  b i t t e r ,  some s p e c i e s  t a s t e  markedly l e s s  s o  
t h a n  o t h e r s .  S.  i n t e r i o r ,  which ha s  a  h igh  ca rbohydra te  c o n t e n t  (Table 
7 ) ,  i s  t h e  swee t e s t  t a s t i n g  s p e c i e s ,  bu t  t h e  o t h e r  p r e f e r r e d  s p e c i e s  a r e  
q u i t e  b i t t e r .  I have n o t  been a b l e - t o  d i s t i n g u i s h  a t a s t e  common t o  
p r e f e r r e d  o r  t o  non-preferred s p e c i e s  and can on ly  conclude t h a t  d i f -  
f e r e n c e s  i n  t a s t e  do e x i s t .  



Table  8 .  Oven-dried weights  of  a v a i l a b l e  browse, by s p e c i e s  

Spec i e s  Wt. (g) Per  
sample frame 

W t .  (€9 P e r  
100 sq .  m. 

ALA 8.3 (56.7)* 368.5 

INT 4.5 (6.8) 199.8 

MYR 3.4  (9.4) 151.0 

NIP 29.7 (58.0) 1318.7 

T o t a l  = 45 .9 2038.0 (4.5 l b s . )  

* Standard  d e v i a t i o n  



Fac to r s  t h a t  a r e  e x t e r n a l  t o  t h e  p l a n t s  a l s o  a f f e c t  t h e i r  p re -  
f e r ence .  The browsing s u s t a i n e d  by i n d i v i d u a l  s p e c i e s  v a r i e s  w i t h  t h e  
v e g e t a t i o n  and s o i l  t ypes  i n  which they  occur  (Hurd and Pond, 1958) ,  
temperature  and r a i n f a l l  (Cas t l e  and Hal ley ,  1993) ,  topography,  and t h e  
physiology of t he  browsing animals  (Heady, 1964) .  Although t h e  wi l lows 
t h a t  were encountered du r ing  t h i s  s tudy  occurred under a  v a r i e t y  of  
environmental  c o n d i t i o n s ,  c e r t a i n  s p e c i e s  were n e a r l y  always p r e f e r r e d  
over  o t h e r s .  Th i s  would seem t o  i n d i c a t e  t h a t  c e r t a i n  p a l a t a b i l i t y  
f a c t o r s ,  and no t  environmental  c o n d i t i o n s ,  a r e  r e s p o n s i b l e  f o r  wi l low 
s p e c i e s  p r e f e r a b i l i t y ,  and it i s  my b e l i e f  t h a t  t h e s e  f a c t o r s  a r e  
c h a r a c t e r i s t i c  of  i n d i v i d u a l  s p e c i e s .  

Amount of  Ava i lab le  Browse 

The a c t u a l  amount of  p l a n t  m a t e r i a l  a v a i l a b l e  f o r  browsing i s  
seldom determined by f i e l d  workers because of t h e  d i f f i c u l t i e s  i n -  
volved i n  ob t a in ing  t h i s  q u a n t i t y .  The methods employed d u r i n g  t h i s  
s t u d y ,  however, made i t  p o s s i b l e  t o  determine t h e  oven-dried weigh t s  
of  t h e  a v a i l a b l e  browse supp l i ed  by t h e  v a r i o u s  s p e c i e s  of  wi l lows on 
t h e  i s l a n d .  The average oven-dried weights  of  browse a v a i l a b l e  p e r  
sample frame ( i .  e .  , 2.25 square  m) and p e r  100 square  m i s  shown i n  
Table  8 .  

Although t h e  l e a v e s  were removed from t h e  c l i pped  stems t o  s i m -  
u l a t e  w i n t e r  cond i t i ons  and t h e  weights  l i s t e d  a r e  oven-dried weigh t s ,  
t h e  r e s u l t s  i n d i c a t e  t h a t  a  seemingly sma l l  amount of  p l a n t  mass i s  
a v a i l a b l e  f o r  browsing on t h e  s t udy  a r ea :  2,038.0 g  (4.5 pounds) p e r  
100 square  m.  These r e s u l t s ,  however, compare f avo rab ly  w i th  t h o s e  
ob ta ined  by s e v e r a l  o t h e r  f i e l d  workers.  Taber (1956) s t a t e s  t h a t  
shrubland i n  C a l i f o r n i a  s u p p l i e s  324,160 pounds (oven-dry weight)  and 
c h a p a r r a l  o f f e r s  115,960 pounds of d e e r  browse pe r  square  mi l e ;  t h e s e  
weigh t s  a r e  e q u i v a l e n t  t o  12.5 and 4.4 pounds, r e s p e c t i v e l y ,  p e r  100 
square  m.  Harlow (1955) l i s t s  t h e  a i r - d r i e d  weigh t s  o f  a v a i l a b l e  d e e r  
browse on a  number of  a r e a s  i n  F l o r i d a ,  t h e  m a j o r i t y  o f  which range 
between 100 and 200 pounds pe r  a c r e  o r  between 2.5 and 5 .0  pounds p e r  
100 square  m .  I t  should be noted t h a t  t h e  average p l a n t  h e i g h t s  and 
d e n s i t i e s  on t h e  i s l a n d  a r e  q u i t e  s i m i l a r  t o  t hose  o c c u r r i n g  on t h e  
o t h e r  s t udy  a r e a s .  Th i s  may mean t h a t  comparable amounts o f  browse 
a r e  a v a i l a b l e  on t h e  o t h e r  s t udy  a r e a s .  

Amount o f  Browse Removed During One Winter 

To be a b l e  t o  c a l c u l a t e  t h e  amount of  browse removed by moose 
d u r i n g  one w i n t e r ,  a  count was conducted i n  t h e  s p r i n g  of t h e  number 
of twigs  of each s p e c i e s  t h a t  had been browsed on t h e  36 square  m 
u t i l i z a t i o n  p l o t s  du r ing  t h e  p rev ious  w in t e r .  S ince  t h e  mean oven- 
d r i e d  weight  of p l a n t  m a t e r i a l  removed from a  browsed tw ig  was a l s o  
determined f o r  each s p e c i e s ,  t h e  weight  o f  t h e  browse removed d u r i n g  
t h e  w i n t e r  was e a s i l y  c a l c u l a t e d .  The mean weight  o f  t h e  p l a n t  mass 
removed from a  browsed tw ig ,  t h e  number o f  twigs  browsed p e r  u t i l i z a -  
t i o n  p l o t ,  t h e  c a l c u l a t e d  weight  o f  browse removed p e r  100 squa re  m ,  
and t h e  c a l c u l a t e d  percen tage  of a v a i l a b l e  browse rerr~oved a r e  shown 
f o r  each s p e c i e s  i n  Table  9. 



Table 9. Oven-dried weights  of c l ipped  tw igs ,  number of tw igs  ea t en  pe r  u t i l i z a t i o n  p l o t ,  c a l c u l a t e d  
weights  of browse ea t en  p e r  100 sq .  rn, and c a l c u l a t e d  percentages  of a v a i l a b l e  browse re -  
moved dur ing  one win te r  

wt. (g>/ No. twigs  ea ten /  Cal.  w t .  (g) ea ten /  Calc.  % a v a i l .  
Spec ies  c l ipped  twig  u t i l i z .  p l o t  100 sq .  rn browse removed 

ALA 

INT 2.0 (0.44) 3.9 (6.53) 

MYR 2.0 (0.40) 0 .1  (0.40) 
I 

i5 
i NIP 2 . 9  (0.54) 0.2 (0.81) 

* Standard d e v i a t i o n  



Figure 12. Comparison of BII (Browsing Intensity Index) values and 
percentages of available browse removed during one winter. 
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The r e s u l t s  i nd ica te  t h a t  extreme d i f f e rences  e x i s t  i n  t h e  per- 
centages of ava i l ab le  browse removed from t h e  var ious  spec ies  during 
t h e  winter .  Observe, with respec t  t o  the  various spec ie s ,  t h a t  t h e  
same genera l  r e l a t i o n s h i p  e x i s t s  between t h e  percentages of ava i l ab le  
browse removed from t h e  spec ies  and t h e i r  B I I s  (Fig. 12) .  This asso- 
c i a t i o n  would seem t o  suggest t h a t  t h e  r e l a t i o n s h i p  between spec ie s  
B I I s  approximates t h e  r e l a t i o n s h i p  between t h e  degrees of browsing 
t h a t  t h e  spec ie s  sus ta ined .  With respec t  t o  the  a c t u a l  values f o r  t h e  
spec ie s ,  however, t h e  a s soc ia t ion  between the  B I I s  and percentages of 
a v a i l a b l e  browse t h a t  was removed i s  not very c lose ;  e .g . ,  t h e  B I I  f o r  
S .  a l axens i s  i s  14% l a r g e r  than t h a t  f o r  2. i n t e r i o r ,  while the  per- - 
centage of ava i l ab le  browse removed from S.  a laxens is  i s  210% g r e a t e r  
than  t h a t  from S.  i n t e r i o r .  This i s  not s u r p r i s i n g ,  s ince  t h e  B I I  i s  
a  measure of t h e  percentage of twigs t h a t  have been browsed and not 
a  measure of how much of t h e  ava i l ab le  browse has  been removed from 
t h e  twigs.  It  seems probable t h a t  a  c e r t a i n  percentage of twigs 
browsed on one spec ies  r ep resen t s  t h e  removal of a  d i f f e r e n t  percentage 
of ava i l ab le  p l an t  m a t e r i a l  than the  same percentage of twigs browsed 
on another spec ies .  For example, a  browsed twig on a  spec ie s  t h a t  
maintains numerous, s lender  twigs w i l l  probably represent  a  smal le r  
removal of ava i l ab le  browse than a  twig ea ten  on a  spec ies  t h a t  
supports  a  few, t h i c k  twigs.  The d i f f e r e n t  r e l a t i o n s h i p  between t h e  
B I I  values and the  percentages of ava i l ab le  browse removed might a l s o  
be p a r t i a l l y  due t o  t h e  f a c t  t h a t  the  B I I  r ep resen t s  an average value 
over a  number of yea r s ,  whereas t h e  percentage of browse removed i s  
based on t h e  browsing t h a t  occurred during one winter .  E r ro r s  i n  t h e  
B I I  values might a l s o  have cont r ibuted  t o  t h i s  discrepancy. 



SUMMARY AND CONCLUSIONS 

Following i s  a  summary of t h e  p r i n c i p a l  r e s u l t s  of t h i s  s tudy:  

1. C e r t a i n  s p e c i e s  of wil lows a r e  p r e f e r r e d  by moose over  o t h e r s .  
S .  i n t e r i o r ,  3 .  a l a x e n s i s ,  2 .  arbuscu lo ides ,  and S. p u l c h r a  a r e  t h e  - 
most h igh ly  p r e f e r r e d  s p e c i e s  on t h e  a r e a s  t h a t  were s t u d i e d .  

2 .  Among t h e  va r ious  willow s p e c i e s  occu r r i ng  i n  Alaska ' s  
i n t e r i o r ,  3 .  a l a x e n s i s  and 3 .  p u l c h r a ,  due t o  t h e i r  h igh  p r e f e r a b i l i t y  
and wide d i s t r i b u t i o n ,  a r e  probably of t h e  g r e a t e s t  importance t o  moose. 

3 .  Moderately p a l a t a b l e  s p e c i e s  a r e  e a t e n  t o  a  g r e a t e r  e x t e n t  
when occu r r i ng  i n  mixed s t ands  wi th  h i g h l y  p r e f e r r e d  s p e c i e s  t h a n  when 
growing i n  "pure" s t ands .  The amount of browsing on s p e c i e s  t h a t  a r e  
l o c a t e d  very  low on t h e  p re fe rence  l i s t  i s  no t  a f f e c t e d  i n  t h i s  manner. 

4. I n  a  g iven a r e a ,  n e i t h e r  t h e  r e l a t i v e  abundance nor  d e n s i t y  of  
a  s p e c i e s  no t i ceab ly  a f f e c t  i t s  degree of u s e ,  t h i s  be ing  p o s s i b l y  due 
t o  t h e  ove r r i d ing  i n f l uence  of  i nhe ren t  p a l a t a b i l i t y .  

5 .  The denses t  of t h e  willow s t a n d s  t h a t  were s t u d i e d  e i t h e r  do 
n o t  p h y s i c a l l y  h i n d e r  moose, o r ,  i f  they  do impede movements, t h e  
h indrance  does no t  appear  t o  reduce t h e  amount of  browsing on t h e s e  
s t a n d s  below t h a t  which i s  sus t a ined  by spa r se  s t a n d s .  

6. Although t h e  degree  of browsing t h a t  i s  s u s t a i n e d  by a  g iven  
s p e c i e s  seems t o  be c o r r e l a t e d  wi th  p l a n t  h e i g h t ,  s p e c i e s  p r e f e r a b i l i t y  
i s  n o t  r e l a t e d  t o  h e i g h t ;  p r e f e r a b i l i t y  i s  probably i n f l uenced  more by 
i n h e r e n t  p a l a t a b i l i t y  than  by average p l a n t  h e i g h t .  

7 .  The amount of  a v a i l a b l e  browse on one s t udy  a r e a  i s  4.5 pounds 
(oven-dried weight)  pe r  100 square  m. 

R e s u l t s  of t h i s  s t udy  sugges t  s e v e r a l  p o s s i b l e  a p p l i c a t i o n s  t o  t h e  
f u t u r e  moose management program i n  Alaska. When a s s e s s i n g  moose 
range cond i t i ons  o r  t h e  r e l a t i o n s h i p  of  moose d e n s i t y  t o  t h e  food 
supply ,  only  t h e  amount of browsing sus t a ined  by t h e  h i g h l y  and moder- 
a t e l y  p r e f e r r e d  willow s p e c i e s  should be cons idered ,  s i n c e  even where 
t h e s e  s p e c i e s  a r e  s e v e r e l y  u t i l i z e d ,  c e r t a i n  non-preferred s p e c i e s  
w i l l  s c a r c e l y  be touched by moose. When environmental  manipulat ion 
becomes p o s s i b l e ,  only  t h e  growth of p r e f e r r e d  s p e c i e s  should be 
encouraged. I f  p o s s i b l e ,  t h e  es tab l i shment  of s t r i p s  of h i g h l y  pre- 
f e r r e d  s p e c i e s  w i th in  a  s t and  of  moderately p r e f e r r e d  s p e c i e s  could  be 
b e n e f i c i a l ;  t h e  h i g h l y  p r e f e r r e d  s p e c i e s  would themselves be va luab l e  
sou rce s  of food,  and t h e i r  presence might i n c r e a s e  t h e  u t i l i z a t i o n  of  
t hose  moderately p r e f e r r e d .  

Th is  s tudy  was, i n  e f f e c t ,  only  a  p i l o t  s tudy  o f  some of t h e  
important  moose ranges  i n  Alaska ' s  i n t e r i o r .  Before range cond i t i on  
surveys  can be accomplished e f f i c i e n t l y ,  a  more adequate method of  



willow spec ies  i d e n t i f i c a t i o n  must be developed. A method by which 
spec ie s  can be i d e n t i f i e d  a f t e r  they have l o s t  t h e i r  leaves  would be 
h ighly  b e n e f i c i a l .  Further  research on the  ecology of the  var ious  
willow spec ie s  i s  needed before moose ranges can be a r t i f i c i a l l y  
improved. To es t imate  the  car ry ing  c a p a c i t i e s  of moose ranges,  t h e  
amounts of usable  browse t h a t  they supply and the  food requirements of 
moose must f i r s t  be determined. I be l i eve ,  from personal  observat ions,  
t h a t  t he  var ious  willow spec ies  a r e  d i f f e r e n t i a l l y  r e s i s t a n t  t o  browsing. 
I t  would be necessary t o  know the  degree of browsing t h a t  t h e  d i f f e r e n t  
spec ie s  can t o l e r a t e  before range condit ion or  car ry ing  capaci ty  
analyses  can be made. My da ta  suggest t h a t  t h e r e  might be a  complex 
i n t e r a c t i o n  between p l a n t  he igh t ,  dens i ty ,  volume, form, l o c a t i o n ,  and 
p a l a t a b i l i t y  t h a t  a f f e c t s  u t i l i z a t i o n ;  information about t h i s  poss ib le  
i n t e r a c t i o n  could be use fu l .  F ina l ly ,  i f  only f o r  academic reasons,  
it would be of i n t e r e s t  t o  determine how and why a  spec ies  s e l e c t i o n  
preference occurs.  



A P P E N D I X  I .  H e i g h t s ,  d e n s i t i e s ,  and percentages of p l a n t s  i n  each b r o w s e  c l a s s  fo r  a l l  w i l l o w  
species on t h e  s t u d y  p l o t s .  

S t u d y  # S t e m s /  
S t u d y  area p l o t  Species H t  . (cm)  S a m p l e  f r a m e  

- - - - -- - - - - - - - - 

P e r c e n t  i n  each b r o w s e  c lass  

D r y  C r e e k  1 LAS 
I N T  
MYR 
PAD 
ALA 
D E P  
P U L  
ARB 

2 LAS 
I N T  
MYR 
PAD 
ALA 
D E P  
P U L  
ARB 

3 LAS 
I N T  
MYR 



APPENDIX I ( C o n t i n u e d )  

Study # s t e m s /  
S tudy  area p lo t  Species H t . ( c m )  s a m p l e  f r a m e  P e r c e n t  i n  each b r o w s e  --. - class  --- 

1 2 3 4 5 6 7 - 1  7-2 7-3 8 

P a x s o n  
L a k e  

D r y  C r e e k  3 ALA 
PUL 
ARB 

4 LAS 
PAD 
ALA 
DEP 
PUL 
ARB 

5 LAS 
ALA 
PUL 
ARB 

1 BAR 
LAN 
PUL 

2 GIiA 
BAR 
LAN 
ALA 



APPENDIX I ( C o n t i n u e d )  

S t u d y  # S t e m s /  
S t u d y  area p l o t  Species H t .  (cm)  s a m p l e  f r a m e  Percent i n  each b r o w s e  c lass  

Paxson 2 
L a k e  

3 

L i t t l e  1 
C l e a r w a t e r  
C r e e k  

DEP 
PUL 
GLA 
BAR 
LAN 
ALA 
PUL 
GLA 
BAR 
LAN 
DEP 
PUL 
HAS 
BAR 
LAN 
ALA 
PUL 
HAS 
BAR 



APPENDIX I ( ~ o n t  i n u e d )  

Study # s t e m s /  
S tudy Area p lo t  Species H t .  (cm)  s a m p l e  f r a m e  Percent i n  each b r o w s e  c lass  

L i t t l e  2 LAN 
C l e a r w a t e r  ALA 
C r e e k  PUL 

3 HAS 
BAR 
LAN 
ALA 
PUL 

4 HAS 
BAR 
PUL 

5 HAS 
BAR 
ALA 
PUL 

6 HAS 
BAR 
PUL 



APPENDIX I ( C o n t i n u e d )  

S t u d y  # s t e m /  
S t u d y  Area p lo t  S p e c i e s  H t  . (cm) s a m p l e  frame percent i n  each b r o w s e  c lass  

1 2 3 4 5 6 7-1 7-2 7-3 8 

G u n n  
C r e e k  

L i t t l e  7  HAS 
C l e a r w a t e r  BAR 
C r e e k  Z Z Z  

PUL 
8 HAS 

BAR 
LAN 
ALA 
PUL 

1 HAS 
BAR 
LAN 
ALA 
PUL 

2 BAR 
LAN 
ALA 
PUL 



APPENDIX I ( C o n t i n u e d )  

S tudy # s t e m s /  
S tudy  area p l o t  Species H t .  ( cm)  s a m p l e  f r a m e  P e r c e n t  i n  each b r o w s e  class 

T a y l o r  1 
H i g h w a y  2 
( M t  . 

F a i r p l a y )  3 

4 
T a y l o r  1 
H i g h w a y  
( O t h e r  ) 

PUL 
GLA 
PUL 
GLA 
PUL 
PUL 
GLA 
ALA 
DEP 
SCO 
PUL 
ARB 
GLA 
MYR 
ALA 
DEP 
PUL 
ARB 
GLA 
ALA 



APPENDIX I ( C o n t i n u e d )  

S tudy  # s t e m s /  
S tudy area p l o t  Species H t  . (cm)  sample f r a m e  P e r c e n t  i n  each b r o w s e  c lass  

Wood  
R i v e r  

T a y l o r  3 DEP 
H i g h w a y  PUL 
( O t h e r  ) ARB 

4 GLA 
ALA 
DEP 
PUL 
ARB 

1 GLA 
HAS 
BAR 
LAN 
ALA 
PUL 
ARB 

2 GLA 
HAS 
BAR 
LAN 
ALA 
ARB 



APPENDIX I (Continued) 

Study # s t e m s /  
S tudy  a r e a  p l o t  Spec i e s  H t  . (cm) sample frame Percen t  i n  each browse c l a s s  

Wood 3 GLA 
River  HAS 

LAN 
ALA 
ARB 

4 GLA 
ALA 
PUL 

5 GLA 
HAS 
ALA 

6 HAS 
BAR 
LAN 
ALA 
PUL 

7 GLA 
HAS 
BAR 
LAN 



APPENDIX I ( C o n t i n u e d )  

S t  u d ' y  # s t e m s /  
S t u d y  area p l o t  Species H t  . ( cm)  s a m p l e  f r a m e  P e r c e n t  i n  each b r o w s e  c lass  

Wood 7 ALA 
R i v e r  DE P 

PUL 
ARB 

8 GLA 
HAS 
LAN 
PUL 

9 GLA 
LAN 
PUL 



APPENDIX 11. Heights ,  d e n s i t i e s ,  and percen tages  of  p l a n t s  i n  each browse c l a s s  f o r  a l ?  wil low 
s p e c i e s  on t h e  Tanana River s t u d y  a r e a  

S p e c i e s  H t  . (cm) sample frame Percen t  i n  each browse c l a s s  

LAS 52.5 0 .2 0.0 0.0 0.0 27.8 11.1 0.0 33.3 27.8 

INT 69.3 3.4 0.9 0.9 1.2 13.5 19.4 22.8 34.2 7 .1  

MYR 77.3 1.3 10.5 3.2 4.0 29.8 8.1 2.4 29.8 12 .1  

ALA 131.3 0.6 5.1 1.7 '40.7 10.2 8.5 10.2 15.3 8.5 

NIP 70 -0 5.9 11.2 2.5 0.4 27.8 2.3 0.4 30.1 25.5 

ARB 110 .O 0 .O 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 
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