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Bown, Robin R., M.S., June 1988

Beaver H ab itat Along Rivers and Reservoirs in Central Montana 
(116 p p .)

D irec to r: Bart W. O’ Gara

This study was in it ia te d  in 1982 as part of the m itig a tio n  studies  
fo r  a proposed h yd ro e lec tric  dam in cen tra l Montana, w ith the goal of 
determ ining the e ffe c ts  o f ru n -o f-th e -r iv e r  impoundments on beaver and 
developing p o ten tia l m itig a tio n  s tra te g ie s . The study areas were the  
Missouri R iver a t C arter Ferry, Lake E lw ell on the Marias R iver, and 
the Marias R iver below Lake E lw e ll.

At C arter Ferry,, beaver use was associated w ith islands or 
backwaters, water depths a t 1 m from shore o f  1.5 dm or less, adjacent 
r iv e r  channels o f 70 m or less, n o n -c l if f  uplands, or the presence of 
woody vegetation . On the Marias R iver, beaver used islands or s ite s  
w ith shrubs. At Lake E lw e ll, beaver used s ite s  w ith  slopes of 19% or 
less, n o n -c l if f  uplands, or the presence o f shrubs.

Lodges at C arter Ferry were associated w ith f l a t  banks, so il 
substrates, or nearby shrubs. On the Marias R iver, beaver b u ilt  
lodges on n o n -c l if f  s ite s  w ith  s o il substrates or g rea ter than 10% 
underwater slope. At Lake E lw e ll, lodges were associated w ith bank 
aspects o f 90 to  210 degrees, s o il underwater substrates, or deep 
water near shore.

Seventy-two percent o f the shrub cu ttin g  by beaver occurred in the 
f a l l .  W ithin each s ize  c lass , beaver cut shrubs as close to  the water 
as a v a ila b le . W illow trees  were cut more often  than expected w hile
other species, except cottonwood and chokecherry, were cut less often
than expected. The cut trees  were sm aller than average and fu rth e r  
from shore than expected.

Colony d en s ities  on the Missouri R iver varied  from 0.03 to  0.31 per 
kilom eter o f sho re line . The Marias R iver below Lake E lw ell varied from
0.10 to  0.23 colonies per k ilo m eter. Lake E lw ell averaged 0.18  
colonies per shore line k ilom eter w hile  the Missouri R iver reservo irs  
ranged from no colonies to 0.17 per k ilom eter. Caches were located on 
islands more often  than expected and steep mainland banks less often
than expected. - .

P o ten tia l m it ig a tio n ,s tra te g ie s  Include rep lan tin g  vegetation on 
f l a t  or terraced  banks; c o n tro llin g  water flu c tu a tio n s  on the e n tire  
rese rvo ir or small segments o f reservo irs  using sub-impoundments; 
c o n tro llin g  the tim ing and magnitude o f downstream flu c tu a tio n s ; and 
pro tectin g  banks w ith  erosion problems through structures  or b a rr ie r  
is lands.
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INTRODUCTION AND STUDY AREAS

INTRODUCTION

The beaver ( Castor canadensis) is  an important furbearing species 

along the Missouri R iver and i ts  t r ib u ta r ie s .  The e a rly  quest fo r  

beaver p e lts  led to the exp lo ra tio n  o f many parts  o f North America, 

including Montana. One o f the expressed purposes o f the lew is and 

Clark Expedition o f 1804-06 -was to  secure the fu r  trade along the  

Missouri and Columbia r iv e rs  fo r  the United S ta tes . Beaver remain 

economically important today. For example, the value of the 1980-81 

Montana beaver harvest approached a m ill io n  d o lla rs .

In  1981 the Montana Power Company proposed construction o f a run- 

o f - th e - r iv e r  h yd ro e le c tric  dam on the Missouri R iver at C arter Ferry, 

Montana. Before granting  a license fo r  construction , the Federal 

Energy Regulatory Commission requ ires the company to  evaluate the  

p ro je c t ’ s impact on f is h  and w i ld l i f e  and develop an e f fe c t iv e  

m itig a tio n  p lan . The fo llo w in g  study was conducted to  p a r t ia l ly  

f u l f i l l  these requirements.

Although many species would be a ffe c te d  to  varying degrees 

by/the  dam, only a few important o r in d ic a to r species could be studied  

in depth. The beaver provided an e x c e lle n t in d ic a to r species fo r  

studying the impact o f dams, developing m itig a tio n  s tra te g ie s , and 

assessing the success o f such plans re la te d  to  r ip a r ia n  zones. Beaver 

e x is t  on most waterways capable o f h yd ro e le c tric  development. They



quickly  reinvade vacant h a b ita t , or can be reintroduced a t a minimal 

cost.. Beaver are heav ily  dependent on the r ip a r ia n  zone fo r  both food 

and s h e lte r , including both physical and veg eta tive  c h a ra c te r is t ic s .  

They survive throughout most o f the United States and Canada, and a. 

c lo se ly  re la te d  species, Castor f ib e r , occupies areas o f Europe and 

Asia. I f  beaver can be successfu lly  maintained on a re s e rv o ir , many 

other riparian-dependent species should' also fa re  w e ll.

Beaver have been studied ex ten s ive ly  on streams, but u n til  

re c e n tly , they were v i r tu a l ly  ignored on r iv e rs  and rese rvo irs . 

Although they are the same species, beaver l iv in g  under d if fe re n t  

conditions e x h ib it  q u ite  d if fe r e n t  patterns o f h a b ita t use. On 

streams, beavers commonly b u ild  dams to  control water leve ls  and 

occupy a dome-shaped lodge in the re s u ltin g  pond. Beavers on riv e rs  

and reservo irs  cannot control water leve ls  and are at the mercy of 

natura l or human-influenced flu c tu a tio n s . They must modify th e ir  

behavior and h a b ita t use to  survive these flu c tu a tio n s  (Hammond 1943, 

H i l l  1982).

Only w ith in  the la s t  decade have studies been reported fo r  beaver 

on r iv e rs , lakes, and re s e rv o irs . In  1977, Vanden Berge and V o h s .J r .  

studied beaver populations on s ta b iliz e d  and u n s tab ilized  sections of 

the Missouri R iver in  South Dakota. Swenson e t a l .  (1983 ), Swenson 

and Knapp (1977) and M artin  (1977) investigated  beaver use along the  

Yellowstone and Tongue r iv e rs  in  Montana. C o llin s  (1979) studied the  

impact o f water leve l f lu c tu a tio n s  on regulated and unregulated  

waterways 1n Grand Teton National Park, Myoming. Beginning in  the  

1930’ s, more extensive research was conducted on r iv e r-d w e llin g



members of the c lose ly  re lated . European beaver in the u .S .S .R . as Dart 

of an e f fo r t  to  reintroduce th is  economically important fu rb earer to  

i t s  former range ( Ki r i  H o f f  1957, Popoff 1957, Semyonoff 1957a, 

Semyonoff 1957b, and Zhdanoff 1957). Slough and S a d le ir  (1977) 

.developeda land c a p a b ility  c la s s if ic a t io n  system fo r  beaver on lakes 

th a t has some ap p lica tio n  to re s e rv o ir environments. Recently, beaver 

have been included in rese rvo ir impact and m itig a tio n  studies in the 

Columbia R iver Basin (Tabor e t  a l .  1980).

The e f fe c t  o f impoundments on beaver populations is  ju s t  

beginning to  receive a tte n tio n , and possib le m itig a tio n  measures are  

la rg e ly  unreported. Commonly, any impoundment is  viewed as 

d etrim enta l to  beaver populations and a c tiv e  o n -s ite  m itig a tio n  is  

seldom pursued; y e t, beavers are found on many reservo irs . Formal 

studies are necessary before the actual e ffe c ts  o f impoundments can be 

assessed and e f fe c t iv e  m itig a tio n  plans form ulated. Results of th is  

and other studies w i l l  help in developing m itig a tio n  plans fo r  the 

proposed C arter Ferry Dam and s im ila r  p ro jects  th a t may be in it ia te d  

in the fu tu re .

This study involved several fa c e ts . To avoid confusion, I  have 

presented the methods, re s u lts , and discussion fo r  each as a separate  

chapter. Each chapter gen era lly  represents a paper once appropriate  

in troductions and study area sections are added. Chapters 2 and 3 

cover d if fe r e n t  types o f h a b ita t use by beaver, fo r  feeding and 

denning. Chapter 4 deals w ith  s p a tia l and temporal food h ab its . 

Chapter 5 covers general population in form ation. Chapter 6 includes a



review of the l ite r a tu r e  on the e ffe c ts  of dams and some general ideas 

on m itig a tin g  fo r beaver in such areas.

OBJECTIVES

The o v e ra ll o b jec tives  o f  th is  study were to  determine the e ffe c ts  

of ru n -o f-th e -r iv e r  impoundments on beaver populations and develop 

possible m itig a tio n  s tra te g ie s  fo r  the proposed C arter Ferry Dam.

These have been d ivided in to  3 sub-ob jectives:

1. document patterns o f h a b ita t use by beaver on impounded and 

unimpounded r iv e r  segments;

2. determine and compare population d en s ities  o f beaver on 

impounded and unimpounded r iv e r  segments; and

3. develop a " p ro f ile "  o f occupied beaver h a b ita t fo r  use fo r  

p red ic tin g  the e f fe c t  o f proposed reservo irs  on beaver 

populations.

STUOY AREAS

\ '
Three primary study areas were chosen in cen tra l Montana, the

proposed C arter Ferry Dam s i te ,  Lake E lw ell (T ib e r Dam), and the  

Marias R iver below T ib er Dam (F igure  1 .1 ) .



Tiber M  
Study Area /Marias t  

Study Area

*"20 km

j/FORT BENTONCarter Ferry_ 
Study Area

GREAT
FAILS

Figure 1.1. P r in c ip le  study areas in- cen tra l Montana.
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Primary Study Areas

C arter Ferry -  The proposed C arter Ferry Dam s ite  l ie s  on the 

Missouri R iver northeast of Great F a lls , Montana, and would be the 

s ix th  in a series  of ru n -ro f-th e -rive r, dams extending downstream from 

Great F a lls . The R iver is  fu r th e r  influenced by 2 ad d itio n a l ru n -o f- 

th e -r iv e r  dams and a re ten tio n  dam upstream near Helena, Montana, as 

well- as over 15 sm aller dams upstream. The study area extends from 

the upper reach o f the expected maximum pool to  a point 10 km below 

the proposed dam s i te ,  approxim ately 35 km of r iv e r .'

C u rren tly , the Missouri R iver flows w ith in  a r e la t iv e ly  s tra ig h t  

bed about 100 m below the surrounding p la in s . Much o f th is  

e leva tio n a l change occurs w ith in  1 km o f the r iv e r ,  although the 

p la ins are deeply dissected by a series  o f extensive coulees. Most of 

the coulees are dry except fo r  short periods fo llow ing  ra in s . A few 

contain permanent, though o ften  stagnant, water from upslope springs. 

Two permanent streams, Highwood and B e lt creeks, flow in to  the R iver 

w ith in  the study area.
• i

Woody r ip a r ia n  vegetation  is  confined almost exc lu s ive ly  to  the 

margins o f the few islands and r iv e r  benches. Only 3 major islands  

l i e  w ith in  the inundation area, and benches are seldom grea te r than

1.0 km wide and 3 km long. The r ip a r ia n  vegetation ra re ly  extends 

more than 50 m in land and is  v i r tu a l ly  nonexistent in  many areas. The 

woody r ip a r ia n  vegetation  consists mainly o f w illow  ( S a lix  sp .) and 

rose ( Rosa s p .) shrubs w ith  an occasional s t r ip  o f cottonwood ( Popu.lus 

s p .) ,  box e ld e r (Acer negundo) .  peachleaf w illow  ( S. amygdaloides) ,



and chokeeherrv (Prunus v i rg in ia n a ) trees. The remaining bench land 

is in c u l t iv a t io n  or a r id  sage/grass range.

The proposed Carter Ferry Dam would impound a reservo ir 

approximately 23 km long and 38 m deep at the dam. The normal 

reservo ir  operating level would.be 857 m w ith  a maximum o f 858.6 m.

The Carter Ferry Dam would be ru n -o f - th e - r iv e r ; therefore , water level 

f luc tua tions , would be minimal and water re tention-t im e short. The 

completed reservo ir  would have a surface area of approximately 1417 

ha. In add it ion  to 23 km of the Missouri River, i t  would inundate
V

4.25 km o f Highwood Creek and 2.25 km o f B e lt Creek. The inundation  

area includes most o f the r iv e r  benches, a l l  is lands, and many coulee  

bottoms. With the exception of the upper portion  o f Highwood Creek, 

C arter Ferry Dam would flood e s s e n tia lly  a l l  r ip a r ia n  h a b ita t w ith in  

the study area.

T iber Dam and Lake E lw ell -  Lake E lw e ll, the rese rvo ir behind 

T ib er Dam, approxim ately 100 km north o f Great F a lls , was chosen as 

the second study area. Current conditions on the rese rvo ir are  

comparable to  the pro jected conditions a t the C arter Ferry Dam s ite .  

P rio r  to  impoundment, the Marias R iver meandered w ith in  the confines  

of a narrow bottomland, usually  less than 1 km wide, surrounded by 

higher p la in s  w ith  extensive coulee systems. T iber Dam, b u i l t  in  

1955, produced a long and deep re s e rv o ir , 60 m deep a t the dam, w ith  a 

h igh ly  convoluted sho re line  approxim ately 295 km long. Much o f the  

re s e rv o ir is  flanked by h igh ly  eroded mud and cobble c l i f f s .  R iparian  

shrub and tre e  development is  s l ig h t  and confined to  the few remaining
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f la t s .  Recent water level increases have flooded and k i l le d  what 

l i t t l e  woody vegetation had developed.

T iber Dam is p r im a rily  a flood control s tru c tu re , though a small 

portion of the water is  d iverted  fo r  ir r ig a t io n  and domestic water 

supplies. Water le v e ls  f lu c tu a te  depending on inflow  and projected  

floo d ing . I f  severe flood ing  is p ro jected , the rese rv o ir is

p a r t ia l ly  drained to  accommodate the flood waters. G enera lly , the 

rese rvo ir level reaches a peak during la te  spring or e a r ly  summer, 

then drops progressively  u n t i l  e a rly  the next spring. Flooding in 

1964 damaged the floodgates and forced managers to  manage water leve ls  

to  insure the dam’ s s a fe ty , dropping leve ls  more than normal to  allow  

fo r  p o te n tia l flo o d in g . P r io r to  1964, water leve ls  flu c tu a ted  from

2.1 to  5 .3  m w ith an average of 3 .3  m annually . Between 1964 and 

1984, annual f lu c tu a tio n s  ranged from 1.4 to  10.3 m w ith  an average of

5.7 m.

Marias R iver -  The Marias R iver from T iber 0am to  a po in t 22 km 

below the Dam was chosen as the th ird  study area. The Marias R iver 

below the 0am meanders through a w ell developed bottomland flanked by 

high p la in s . The deep coulees which d issect the surrounding p la ins  

seldom contain flow ing w ater. Extensive flood p la in s  as much as 1 km 

wide border the R iv e r, yet the r iv e r  i t s e l f  is  f a i r l y  narrow (25 m to  

100 m w ide).

R iparian shrub and tre e  development is  extensive on the broad 

floo d  p la in s  and cottonwood groves are common. The woody r ip a ria n  

vegetation  is  s im ila r  in  species composition to  the C a rte r Ferry study
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s i te .  Some benches are in c u l t iv a t io n  but the primary land use is

c a t t le  grazing.

’Flows w ith in  the Marias River are con tro lled  p r im a r i ly  by the 

outflows from Tiber Dam. These flows have varied from a minimum of 

0.2 to over 10,100 cfs w ith an average o f 853 c fs . During the 1964 

f lood , Tiber Dam released more than 5000 cfs  fo r  22 days while above 

the dam,.levels reaches 241,000 c fs  but remained greater than 5000 cfs 

fo r  only 11 days.

Additiona l Study Areas

Eight reservo irs  and 2 sections o f  r iv e r  were chosen fo r  an 

extended series o f cache counts.

Reservoirs -  Hauser and H o lte r dams are ru n -o f-th e -r iv e r  

h y d ro e le c tric  f a c i l i t i e s  on the Missouri R iver near Helena, Montana. 

Total shore line  distance is  100 km fo r  H o lte r Lake and 76 km fo r  

Hauser Lake. A sub stan tia l portio n  o f both reservo irs  l ie s  w ith in  

steep-w alled  rocky canyons. Shorelines in  the non-canyon sections are 

often  rocky or composed o f t a l l  s o il cutbanks. Remains o f the

Eldorado S tr ip  Mine occupy some sho re line  on Hauser Lake. Even on the

remaining, favo rab le  sh o re lin e , r ip a r ia n  shrub development is  sparse. 

Water leve l f lu c tu a tio n  is  minimal on Hauser Lake. The average annual

f lu c tu a tio n  through 1986 was only 1.67 m and occurred p r im a rily  in

March. H o lte r Lake has a normal drawdown o f approximately 2 m. This 

drawdown, p r im a rily  fo r  ice c o n tro l, occurs in October.

Canyon Ferry Dam Is  a m ulti-purpose f a c i l i t y ,  including  

h yd ro e le c tric  generation and i r r ig a t io n ,  d ir e c t ly  upstream o f Hauser
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Lake. The current federal f a c i l i t y  flooded a previous Montana Power 

Company dam. Canyon Ferry Reservoir is  large", w ith 164 km of

shoreline. Riparian shrub development is  loca lized and confined to
I

the backwaters and upper reaches o f the pool.

The pool leve l peaks in June, then drops several meters by the

next March, w ith the most rapid drawdown occurring in September. The 

tim ing and extent o f the drawdown is  co n tro lled  by energy and 

i r r ig a t io n  needs. Maximum flu c tu a tio n  is  q u ite  v a r ia b le . In  1967, 

the water leve l drop exceeded 10 m. A series  o f 5 ru n -o f-th e -r iv e r  

h yd ro e lec tric  dams occupy the Missouri R iver d ir e c t ly  above the C arter 

Ferry study area. These dams range in age from Black Eagle, b u i l t  in 

1890, to  Cochrane, b u i l t  in 1958. The reservo irs  are confined to  

r e la t iv e ly  narrow channels in what was once a canyon. Total shoreline  

distance varies  from a high of 17 km on Morony Reservoir to  6 km on.

Ryan R eservoir, w ith  a l l  5 reservo irs  to ta lin g  49 km. Because the

banks are steep and rocky, r ip a r ia n  shrub development is  sparse and 

c o n fin e d to  backwaters and islands a t the upper reach o f the pools. 

Normal annual water leve l f lu c tu a tio n s  are minimal, as expected fo r  

ru n -o f - th e -r iv e r  dams. However, su b stan tia l f lu c tu a tio n s  may occur 

i r re g u la r ly  1n response to  emergencies or necessary re p a irs . In  1983, 

IMorony Reservoir experienced a drop o f 4 .4  m, Rainbow Reservoir 3 .5  m, 

Ryan Reservoir 2 .0  m, and Cochrane Reservoir 1.6 m. These drawdowns

occurred p r im a rily  during the la te  summer and f a l l .

Rivers -  Cache counts were continued on the Missouri R iver from 

the C arte r Ferry study area 181 km downstream to  Dauphine Rapids.
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The nature o f the R iver varies  g re a tly  along th is  s tre tc h , from the 

s tra ig h t, fa s t-f lo w in g  White C l i f f s  section to' the meandering broad 

bottoms-of the Marias R iver d e lta . The R iver from Fort Benton, 25 km 

below C arter Ferry , to  the Robinson Bridge, almost 240 km downstream, 

is  a fe d e ra lly  designated Wild and Scenic R iver. For the f i r s t  83 km, 

to  P ilo t. Rock, the R iver flows almost exc lu s ive ly  through p riv a te  

lands and is  designated R ecreatio nal. Below P ilo t  Rock, an increasing  

proportion o f the shoreline is  under Bureau o f Land Management 

ju r is d ic t io n  and the R iver is  designated W ild.

From 1860 to  1890, steamboats c a rr ie d  goods and passengers from 

S t. Louis to  Fort Benton. In  1878 alone, 60 steamboats made the t r ip .  

Such tra v e l had a great in fluence on the r ip a r ia n  environment. The 

steamboats were fueled by wood and woodcutters were busy along the 

R iver supplying the need. An average boat burned 25 to  30 cords of 

wood d a ily  and cottonwoods were soon scarce. The loss of trees  

undoubtedly a ffe c te d  beaver populations and the residual e ffe c ts  may 

be w ith  us today. In  1887, the ra ilro a d  reached Fort Benton and 

sealed the fa te  o f the steamboats. Some cottonwood groves have 

recovered, but managers are now concerned by the lack o f recent 

regeneration w ith in  these groves.
C * ’

R iparian  vegetation  along the Missouri R iver is  s im ila r  in species 

composition to  the C arter Ferry study area. In  ad d itio n , some areas 

show s ig n if ic a n t  amounts o f red-os1er dogwood ( Cornus s to lo n ife ra ) and 

currants ( Ribes s p . ) .  The fa s t-f lo w in g  canyon sections o f the R iver 

contain l i t t l e  woody r ip a r ia n  vegeta tion  w hile  the broader meandering 

sections above Coal Banks Landing contain dense cottonwood and w illow



growth. S u itab le  r iv e r  bottoms in accessible areas are devoted to hay 

and small grain  production.' Remaining lands are p r im a rily  u t i l iz e d  

fo r grazing.

Cache.counts were also conducted on the Marias R iver below the 

study area to i ts  confluence w ith the Missouri R iver, a to ta l o f 109 

km. Conditions along the Marias R iver are s im ila r  to  the primary 

study area upstream. Most of the r iv e r  between C irc le  Bridge (39 km • 

below the T iber Dam) and lama (128 km below the dam) is  in p riv a te  

ownership and inaccessib le  except by boat.



BEAVER HABITAT USE

1 METHODS

Developing m itig a tio n  s tra te g ie s  fo r  any species requires an
t

understanding o f the species’ h a b ita t requirements. L i t t l e  has been 

published concerning beaver h a b ita t on large r iv e rs  and rese rvo irs . 

Therefore, the primary th ru st o f th is  study was to  in ves tig a te  h a b ita t  

use on such areas. To determine beaver h a b ita t a f f in i t i e s  on large
i

r iv e rs  and rese rv o irs , I  measured a wide v a r ie ty  o f environmental 

fac to rs  th a t might a f fe c t  the beaver’ s choice o f h a b ita t and compared
f

s ite s  w ith  beaver a c t iv i ty  to  those w ithout. Beaver a c t iv ity  was 

defined by the presence o f beaver sign such as c u ttin g s , tra cks , scent 

mounds, dams, and lodges.

At the C arter Ferry study area, the Missouri R iver shoreline was 

divided in to  100 m segments, and each segment was c la s s if ie d  as c l i f f ,
f •

bench, or is lan d . F if ty -e ig h t  s ite s  were chosen a t random (10* o f the 

to ta l a v a ila b le  segments) from the 3 categories lis te d  above, 

according to  th e 1 r-re p resen ta tio n  oh the study area ( ie .  because 10% 

o f the sh o re lin e  Was c la s s if ie d  Is la n d , 6 s ite s  were chosen from the 

is land segments). On Lake E lw ell and the Marias R iver, s ite s  were 

chosen com pletely a t random. F o r ty - f iv e  s ite s  were chosen along the  

Marias R ive r, representing 10% o f the a v a ila b le . Time co n stra in ts  

prevented such a sampling in te n s ity  o f  Lake E lw e ll ’ s 295 km of 

sho re line . Instead , 75 s ite s  were chosen, 2.5% o f the to ta l  

a v a ila b le . At each s i te ,  measurements were taken o f bank, r iv e r ,

13



upland, and veg eta tive  c h a ra c te r is t ic s . The type and presence or 

absence o f beaver sign was noted.

Bank slope and height were measured 2 m inland and 1 m in to  the 

water from the shore. Both areas were c la s s if ie d  as to  configuration  

(convex, f l a t ,  or concave) and substrate (mud, mud w ith some cobbles,

mud and cobbles, cobbles, ta lu s , or rock). Shoreline aspect was1

recorded. Height and con figuration  ( c l i f f ,  bench, coulee, or is land) 

of adjacent uplands were determined from USGS topographic maps. R iver 

width was taken from 1:7200 scale maps provided by Montana Power
i . ’

Company. Water depth was recorded at 0 .5  m in te rv a ls , perpendicular 

to the shore, fo r  5 m or u n t i l  the depth exceeded 1 m.

The presence or absence o f woody r ip a r ia n  vegetation  was mapped 

on 1:7200 scale maps. The length o f continuous r ip a r ia n  vegetation  

upstream and downstream o f the s ite  cen ter was estimated from these 

maps. Shrub d en s ity , crown cover, and height by species were recorded 

using point tran sec ts . At C arter Feirry and Lake E lw e ll, transect 

l in e s  were es tab lished , perpendicular to  the bank, a t the s ite  cen ter, 

25 m and 50 m upstream and downstream. On the Marias R iver, 2 

tran sec t lin e s  were es tab lished , 10 m above and below the s i te  cen ter. 

Transects extended 50 m in land . A pole was held perpendicular to  the  

ground a t 1 m In te rv a ls  along the tra n s e c t. The number o f stems 

touching the pole was recorded and species noted. Shrub density  was 

defined as the average number o f stems per 100 p o in ts . The crown 

cover and shrub height was also recorded a t each point on the  

tra n s e c t. The s ite  crown cover was defined as the percent crown 

cover. Shrub heights were averaged.



While running the shrub tran sec ts , the'presence or  absence o f tre e  

crown cover was also recorded. Tree crown cover fo r each s ite  was 

defined as the percent cover. 'In  a d d itio n , the diameter a t 0 .5  m 

above the ground was measured fo r  a l l  trees  w ith in  50 m of the s ite  

center a t C arter Ferry and T ib er R eservoir, and w ith in  10 m of the 

s ite  center on the Marias R iver. Only trees  g reater than 10 cm in 

diam eter were considered, wfth the exception o f chokecherries which 

were i n i t i a l l y  recorded down to  2 cm. The species and degree o f 

beaver c u ttin g  were recorded fo r  each tre e .

H a b ita t measurements were compared between,the random s ite s  based 

on the presence or absence o f beaver sign. Categorical va riab les  were 

compared using the Chi-square te s t  (SPSSx 1983). Continuous variab les  

were tested  using the Kolmogrov-Smirnoff two-sample te s t of 

d is tr ib u t io n a l d iffe ren c es  (SPSSx 1983). S ign ifican ce  w ith in  each 

category was determined using the Bonferoni Z s t a t is t ic  through a 

computer program developed by H atchett (1984 ). Continuous variab les  

were assigned to  categories chosen to  r e f le c t  b io lo g ic a l s ig n ifican c e  

or observed break points in the data . Values were tested using the  

Bonferoni Z s t a t is t ic  in an attem pt to  maximize the d iffe ren c es  or 

s im ila r ity  between used and unused s ite s  w ith in  each category. Because 

the data were used to  develop the categories  fo r  continuous v a ria b le s , 

s ig n ific a n c e  le v e ls  cannot be accurate ly  determined. The s ig n ifican c e  

leve ls  presented fo r  the categorized form o f the continuous variab les  

shown in the ta b le s  are only approximations and are marked as such.



RESULTS

A ll random s ite s  were c la s s i f ie d  as used or unused based on the 

presence of beaver sign. Sign included old or,new c u tt in g ,  t r a i l s ,  

tracks, lodges and dens., dams, and scent mounds. S ites w ith and 

without beaver a c t iv i t y  were compared to  determine d iffe rences between 

used and unused s ite s .  S ig n if ic a n t variables d i f fe re d  between the 

study areas so each area is  presented separately.

Carter Ferry

Used and unused s ite s  d i f fe re d  s ig n i f ic a n t ly  in bank location  

(p < 0 .0 0 1 ) ,  bank configuration  (p < 0 ,0 0 5 ) ,  r iv e r  width (p < 0 .0 0 5 ) ,  

upland height (p < 0 .0 0 5 ) ,  upland configuration  ( p <  0 .0 0 1 ) ,  length of  

continuous r ip a r ia n  shrubs (p < 0 .0 0 1 ) ,  and a l l  measures of r ip a r ian  - 

shrubs and tre es . A ll  other environmental parameters showed no 

s ig n if ic a n t  d iffe ren c e  (Table 2 .1 ) .

S ig n if ic a n t  va r iab les  f e l l  in to  3 categories , d iffe rences  in the 

physical character o f the s i t e ,  c h a ra c te r is t ic s  of the area adjacent

to  the s i t e ,  and measurements of woody r ip a r ia n  vegetation both
\

adjacent to  and on the s i t e .  A l l  var iab les  were compared separately .
‘ S ' -

Due to  l im ita t io n s  w ith in  the d a ta , ,n o  attempt was made to  te s t  

m u lt iv a r ia te  e f fe c ts .

A s ig n i f ic a n t ly  g rea ter proportion of the s i te s  along the main 

r iv e r  bank were unused while a l l  is land and backwater s i te s  contained 

some beaver sign. S ites  with concave banks were o ften  used by beaver. 

There was no s ig n i f ic a n t  d iffe ren c e  between the degree o f use fo r  

s ite s  w ith  f l a t  or convex banks.
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T a b le '2 .1 .  D ifferences between c h a ra c te r is t ic s  of used and unused 
sites  on the Carter Ferry study area, .Including tes t  type and 
sign ificance  le v e l .  KS = Kolmogrov-Smirnoff two-sample tes t
Chi = Chi-square te s t

Variab le

Bank
Slope
Aspect
Location
Configuration
Substrate

Water/Underwater
Slope
Depth at 1 m 
Depth a t  2 m 
Configuration  
Substrate

River Width

Upland 
He i ght
Configuration

Woody Vegetation
Continuous -  Upstream Length 
Continuous -  Downstream Length 
Continuous -  Total Length

Shrubs -  Combined Species 
Height 
Density  
Crown Cover

Shrubs -  Willow Species 
Height 
Density  
Crown Cover

Trees -  Combined Species 
Number 
Diameter 
Crown Cover

Trees -  Cottonwood/Willow 
Number 
Diameter 
Crown Cover

Test ,df Value S ignificance

KS 1.004 0.266
KS 1.035 0.235
Chi 1 16.96 0.000
Chi 2 11.19 0.004
Chi 3 4.650 0.200

KS 0.906 0.385
KS 1.250 0.088
KS 1.281 0.075
Chi 2 0.989 0.610
Chi 3 1.583 O'. 663

KS 1.429 0.034

KS 1.763 0; 004
Chi 2 30.95 0.000

KS 2.526 0.000
KS 2.444 0.000
KS 2.788 0.000

KS 3.625 0.000
KS 3.429 0.000
KS 3.527 0.000

KS 3.159 0.000
KS 3.524 0.000
KS 3.656 0.000

KS ' 1.969 0.001
KS 1.969 0.001
KS 2.246 0.000

KS 1.133 0.154
KS 1.133 0.154
KS 0.870 0.436
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Sites with a d ja c e n t .r iv e r  widths of 70 m or less, uplands between 

790 and 850 m in e le v a t io n , or island or bench configurations were 

more apt to be used by beaver. Sites, with r iv e r  widths over 125 m,i ( 7

uplands greater than 900 m in e levation , or island or bench 

configurations were commonly unused. Interm ediate s ite s  with r iv e r  

widths between 70 and 125 m or uplands with e levations between 850 and 

900 m were equally  l ik e ly  to be used or unused.

The presence o f islands or backwaters, low e levation  uplands, and

r e l a t i v e l y ' narrow r iv e r  channels are l ik e ly  co rre la ted . Narrow 

channels are created by the presence o f islands or the remains of old 

is lands. A ll  islands and backwaters on the study area were created by 

deposition, not carved from the surrounding uplands, resu lt in g  in 

uniformly low areas.

The presence or absence of woody r ip a r ia n  vegetation,  

p a r t ic u la r ly  o f the fam ily  Salicaceae, was a good ind ica to r  of beaver 

use. This is  not su rp ris ing , as the primary beaver sign was cuttings  

and stumps. Even s ite s  with r e la t iv e ly  small amounts of trees or

shrubs usually  contained evidence of beaver use. Willow shrub "" I
M

den s it ies  of as l i t t l e  as 1 stems per 100 points or crown covers o f 1% 

were s u f f ic ie n t  to  d is t ingu ish  used from unused s i te s .  S ites  with any 

trees  usually  showed signs of use. Because the trees  measured are 

species o f  the r ip a r ia n  zone and are confined to  s i te s  w ith  g rea te r-  

than-average s u b ir r ig a t io n ,  a re la t io n s h ip  undoubtedly ex is ts  between 

the s ig n i f ic a n t  topographic and vegetation va r iab les .  For d e ta i ls  of 

the values, see Table 2 .2 .
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Table 2.2. Bonferoni Z tests  o f s ign if icance  w ith in  categories fo r  
beaver use o f hab ita t on the Carter Ferry study area. Values in 
parentheses are approximate, see te x t  fo r  explanation,

Variable
Bonferoni 
Z Value

Significance 
- Level *

Bank Location 
Mainland
Island/Backwater

4.61
4.61 +++

Bank Configuration 
Concave 
F la t 
Convex

1.96
1.00
3.16

NS
NS
++

River Width 
0 -  70 m 
71 -  125 m 
> 125 m

(3.43)
(0 . 40)
( 2 . 86 )

++
NS

Upland Height 
790 -  850 m 
851 -  900 m 
> 900 m

(3 .5 4 )
(0 .6 0 )
(5 .3 7 )

++
NS

Upland Configuration  
C l i f f
Bench/Island

5.65
5.65 +++

Length o f Continuous Riparian Shrubs
0 -  100 m (5 .7 1 )
>■100 Hi.-, (5 .7 1 ) +++

Mean Shrub Height 
0 -  4 dm 
> 4 dm

-  Combined Species
(12 .71 )
(12 .71 ) +++

Mean Shrub Height 
0 -  1 dm 
> 1 dm

-  Willow Species
(11 .64 )
(11 .64 ) +++

Shrub Density -  Combined Species 
0 - 2  stems/100 points  
> 2  stems/100 points

Shrub Density -  Willow Species

(10 .41 )
(10 .41) ++♦

0 stems/100 po1nts  
> 0 stems/100 points

(10 .41 )
(10 .41 )
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Table 2 .2 .  Continued

Variab le
Bonferoni 

Z value
Significance

Level

Shrub Crown Cover -  Combined Species
0 -  2 X (10 .99)
> 2 X (10 .99)

Shrub Crown Cover -  w illow Species

0 -  1 X (9 .8 0 )
> 1 X (9 .8 0 )

Number of Trees -  Combined Species
0 (4 .4 6 )
> 0 (4 .4 6 )

+++

+++

+++

Mean Tree Diameter -  Combined Species
0 cm (4 .4 6 )
> 0 cm (4 .4 6 )

Tree Crown Cover -  Combined Species
0 - 1  X (3 .3 2 )
> 1 -  11 X (4 .1 2 )
> 11 X (0 .1 8 )

++
NS

*  S ign ificance le v e ls .

+ = use g rea te r  than a v a i l a b i l i t y  
-  = use less than a v a i l a b i l i t y  

++♦ or —  p < 0.001 
■M- or —  p < 0.01 
+ or -  p < 0.05
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Marlas River

On the Marias R iver, ac t ive  and inactive  s ite s  d if fe re d  in bank 

location (p, < 0 .0 5 ) ,  length o f continuous r ip a r ian  shrubs \p ' < 0 .0 5 ) ,  

shrub density fo r  combined species (p < 0 .0 0 5 ) ,  and shrub crown cover 

fo r  w illow ,(p < 0 .001) .and combined species (p < 0 .001).  A ll other  

variab les  exh ib ited  no s ig n if ic a n t  d iffe ren ce  (Table 2 .3 ) .

Only 1 physical s i te  c h a ra c te r is t ic  was s ig n i f ic a n t ,  th a t  of bank 

location . A ll  unused s ite s  were located on this mainland while 30% of 

the ac t ive  s i te s  were located on islands and backwaters.

Few measurements of woody r ip a r ia n  shrubs were s ig n if ic a n t  and no 

t re e  var iab les  displayed any s ig n if ican c e . S ites  with greater than .

1.00 m of continuous r ip a r ia n  shrubs immediately adjacent to  the s i te  

were commonly used by beaver. Again, only small dens it ies  of shrubs, 

as l i t t l e  as 3 stems per 100 points , were s u f f ic ie n t  to  increase
4

chance of beaver use. However, th is  held only when a l l  shrub species 

were combined fo r  the ana lys is . No s ig n i f ic a n t .d i f fe re n c e  was found 

when density  fo r  w illow  species alone were considered. S ites  with  

even low values fo r  both combined species and w illow crown cover were 

more apt to  contain evidence o f  beaver use. For d e ta i ls  o f the values, 

see Table 2 .4 .

Lake Elwe11

On Lake E lw e l l ,  used and unused s i te s  d i f fe re d  in bank slope 

(p < 0 .0 0 5 ) ,  upland height (p < 0 .0 0 1 ) ,  upland configuration  

(p < 0 . 0 0 5 ) ,  length o f  continuous r ip a r ia n  shrubs (p < 0 .0 0 1 ) ,  and a l l
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Table 2.3. Differences between ch a ra c te r is t ics  of used and .unused 
s ites  on the Marias River study area, inc lud ing te s t  type and 
s ign if icance  leve l. KS = Kolmogrov-Smirnoff two-sample te s t ,
Chi = Chi-square two-sample tes t .

Variable ■Test df value S ig n if ica r

Bank
Slope KS 0.868 0.439
Aspect KS 0.724 0.671
Location Chi 1 4.114 0.043
Configuration Chi 2 1 .749 , 0.417
Substrate Chi 1 2. 157 0. 142

Water/Underwater
Slope KS 1.001 0.258
Depth at 1/m KS 0.957 •0.319
Depth at 2 m KS • 1.100 0.178
Configuration Chi 2 2.860 0.239
Substrate .'Chi 1 0.780 0.377

River Width KS 0.383 0.999

Upland
Height KS

i
0.403 0.997

Configuration Chi 1 1.142 0.285

Woody Vegetation
Continuous -  Upstream Length KS 1.599 0.012
Continuous -  Downstream Length KS 1.524 0.019
Continuous -  Total Length KS 1.449 0.030

Shrubs -  Combined Species
Height KS 1.244 0,091
Density KS 1.449 0.030
Crown Cover KS 1.449 0.030

Shrubs -  Willow Species
i Height KS 1.244 0.091

Density KS 1.244 0.091
Crown Cover KS 1.708 0.000

Trees -  Combined Species
Number KS 1.168 0.130
Di ameter KS 1.244 0.091
Crown Cover KS 1.168 0.130

Trees -  Cottonwood/Willow , 
Number KS 1.168 0.130
Diameter KS 1.244 0.091
Crown Cover KS 1.052 0.218
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Table 2.4. Bonferoni Z tes ts  of s ign if icance  w ith in  categories fo r  
beaver use of hab ita t on the Marias River study area. Values in 
parentheses are approximate, see te x t  fo r  explanation.

Bonferoni Significance
Variab le  Z Value Level *

Bank Location
Mainland 3.35
Island/Backwater 3.35 ++

Length of Continuous Riparian Shrubs
0 -  100 m (2 .9 3 )
> 100 m (2 .9 3 )  '++

Shrub Density -  Combined Species
0 -  3 stems/100 points (4 .2 7 )  —
> 3 stems/100 points (4 .2 7 )  +++

Shrub Crown Cover -  Combined Species
0 -  2 X (4 .6 5 )  —
> 2 X (4 .6 5 )  +++

Shrub Crown Cover -  Willow Species
0 -  1 X (5 .6 8 )
> 1 X (5 .6 8 )  +++

* S ign ificance leve ls .

+ = use g reater  than a v a i l a b i l i t y  
-  = use less than a v a i l a b i l i t y  

+++ or - —  p < 0.001 
++ or —  p < 0.01 
+ or -  p < 0.05
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measures of .shrubs. A ll other variab les showed no s ig n if ic a n t  

d ifferences (Table 2 .5 ) .  Again, 3 categories of s ig n if ic a n t  variables  

e x is t ,  on s i te  physical c h a ra c te r is t ic s ,  adjacent areas, and woody 

r ip a r ian  vegetation.

8eaver used s ite s  with bank.slopes o f 19* or less more often than 

expected. S ites  with banks o f greater than 19* slope were often  

unused. A greater proportion of s ite s  with adjacent uplands between 

885 and 925 m in e leva t ion  or bench-like configurations were used by 

beaver than s ite s  with uplands over 925 m or with c l i f f - l i k e  

configurations.

The simple presence or absence o f shrubs was s ig n if ic a n t  to

determine beaver use. Due to the nature o f the rese rv o ir ,  few areas

contain any shrubs. Only 1 s i te  with shrubs showed no sign of b e a v e r  
/ * . 

use. Most s i te s  without shrubs showed no evidence o f beaver use. No

s ign ificance  was found between used and unused s ite s  fo r  a l l  t re e  _
l '

variab les .  In the case o f  t re e s , the extremely small sample s ize  fo r  

s ite s  with trees  probably prevented any s ig n i f ic a n t  d ifferences in use 

from being discovered. For d e ta i ls  o f  the values, see Table 2 .6 .

DISCUSSION

Two basic problems occur with the methods presented and should be 

d ea lt  with before proceeding. Because the var iab les  did not meet the  

assumptions o f parametric s t a t is t ic s ,  nonparametric forms were 

employed. This, in tu rn , forced me to  u t i l i z e  u n iv a r ia te  techniques.
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Table 2.5. D ifferences between ch a ra c te r is t ics  of used and unused 
s ite s  on the Lake Elwell study area, inc lud ing te s t  type and 
s ign if icance  leve l.  KS - Kolmogrov-Smirnoff two-sample te s t ,  - 
Chi = Chi-square two-sample te s t .

Variable ' Test d f Value S ignificance

Bank
Slope
Aspect
Location
Configuration
Substrate

Water/Underwater
Slope
Depth at 1 m 
Depth a t  2m  
Configuration  
Substrate

Width

Upland
Height
Configuration

Woody Vegetation
-Continuous -  Upstream Length 
Continuous -  Downstream Length 
Continuous -  Total Length

Shrubs -  Willow Species 
Height:

.D en s ity  
Crown Cover

Trees -  Combined Species 
Number 
Diameter 
Crown Cover

KS 1.819 0.003
KS 0.810 0.528
Chi 1 0.000 1.000
Chi 2 4.919 0.086
Chi 1 0.710 0.790

KS 1.123 0.161
KS 0.611 0.849
KS 0.881 0.419
Chi 2 1.919 0.383
Ch1 1 0.012 0.913

KS 1.009 0.260

KS 2.089 0.000
Chi 1 12.63 0.004

KS 1.748 0.004
KS 2.018 0.001
KS 2.018 0.001

KS 2.146 0.000
KS 2.146 0.000
KS 2.146 0.000

KS 0.938 0.342
KS 0.938 0.342
KS 0.625 0.829
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Table 2 .6 .  Bonferoni Z tes ts  of s ign ificance w ith in  categories fo r  
beaver use o f h ab ita t  on .the Lake Elwell study area, values in 
parentheses are approximate, see te x t  fo r  explanation.

Bonferoni S ignificance
V ariab le  . Z Value Level *

Bank Slope
0 -  19 % ' (3 .8 4 )  +++
> 19 % (3 .8 4 )  —

Upland Height
885 -  925 m (13 .79 ) +++
> 925 m (13 .79 ).

Upland Configuration
C l i f f  11.89 , - - -
Bench 11.89 +++

Length o f Continuous Riparian Shrubs
0 -  100 m 3.90
> 100 m 3.90 +++

Shrubs
0 5.47
> 0  5.47 +++

* S ign ificance leve ls .

+ = use grea te r  than a v a i l a b i l i t y  
-  = use less than a v a i l a b i l i t y

+++ or —  p < 0.001
++ or —  p < 0.01

+ or -  p < 0.05
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I f  we choose p < 0.05 as our acceptable s ign if icance  leve l, we would 

expect 5* o f the variab les tested to  re g is te r  a s ig n i f ic a n t  d iffe rence  

where none e x is ts .  Therefore, we might expect 1 or 2 of the 32 

variables tested in th is  study to  te s t  fa ls e ly  po s it ive . To reduce 

the chance o f such an occurrence, I have reported, but generally 

d is t r u s t ,  any va r iab le  w ith p < 0.05. Many o f the variables are 

in tu i t i v e ly  co rre la ted , such as water depth and underwater slope. I f  

only 1 of the corre la ted variables exh ib ited  s ign if icance , 

p a r t ic u la r ly  at the p < 0.05 le ve l,  I  discounted the te s t .

A second problem l ie s  in the bias created by the var iab le  

v i s i b i l i t y  and longevity  of beaver sign. Some sign, such as cu tt in g  

a c t iv i t y ,  are re a d i ly  v is ib le  and la s t  fo r  several years. Other sign, 

such as tracks , require  a c e r ta in  type o f substrate and are very 

ephemeral. Without the use of rad io te lem etry , or another technique 

unaffected by conditions, such bias cannot be completely removed. 

8eaver tend to use the shoreline p r im a r i ly  fo r  denning, res tin g , and 

feeding. Denning a c t iv i t y  w i l l  be d e a lt  w ith  in d e ta i l  in the  

fo llow ing chapter. Resting s i te s ,  i f  d i f f e r e n t  from feeding and 

denning, w i l l  genera lly  be missed by sign surveys. Therefore, the  

fo llow ing  resu lts  should be viewed as p r im a r i ly  tes ts  of feeding  

a c t iv i t y .

Although beaver h a b ita t  a f f i n i t i e s  on the 3 study areas  

d if fe re d  in d e t a i ls ,  they a l l  appear to  re la te  to  woody food 

a v a i l a b i l i t y  and the bank or water c h a ra c te r is t ic s  th a t  promote the  

grdwth of pre ferred  species. The importance o f woody food remains a 

common thread in most studies o f  beaver h a b ita t ,  regardless o f  the
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water type (Northcott 1964, Henry 1967, Williams 1968, Slough and 

Sad le ir  1977, Boyce 1981, A llen 1983, Howard and Larson 1985, B is s e ll  

and Bown 1987). The d ifferences in h ab ita t  use noted during th is  - 

study are probably re la ted  to d ifferences in the requirements for  

growth of woody species in the 3 areas.

C h arac te r is t ics  leading to  adequate and stable food supplies for  

beaver are well documented on streams and small wetlands. Few in -  

depth studies have been completed on r iv e rs ,  reservo irs , and large 

lakes, despite the fa c t  tha t major d iffe rences  e x is t  in growing 

conditions.

On large r iv e rs ,  such as the Missouri and Marias, willows and 

cottonwoods th r iv e  on low e leva t io n , low r e l i e f  areas, p a r t ic u la r ly  i f  

the banks are protected from floods, erosion, ice scour, or extensive  

grazing, Beaver exh ib ited  a s t a t i s t i c a l l y  s ig n if ic a n t  a f f i n i t y  fo r  

s ite s  with such physical c h a ra c te r is t ic s  on the Carter Ferry study 

area. Vet on the Marias, only vegetation measurements corre la ted  with  

beaver use. , The apparent d ifferences in use on the two areas is  

probably due to  d iffe rences  in the average condition on each area.

The Missouri R iver is  a large, deep r iv e r  with many steep, c l i f f ­

l ik e  banks. In tens ive  a g r ic u ltu re  and human use of the low, 

sub irr ig a ted  areas has reduced r ip a r ia n  shrubs and trees  to  a small 

f ra c t io n  o f t h e i r  former abundance. In many places, a few meters of  

shrubs edged by a s ing le  l in e  o f  trees  is a l l  th a t  remains o f once 

extensive bottomland fo re s ts .  As a re s u l t ,  beaver concentrate t h e i r  

a c t iv i t y  on the few remaining areas th a t  support willows and 

cottonwoods, the low, sub irr ig a ted  areas along the margins of the
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r iv e r  floo.dplains. Because such areas are uncommon, the apparent 

selection  by beaver stands out.

The Manas is a small, shallow, and meandering r iv e r .  'Although 

i t  flows through a broad canyon, the bottomland is flanked by steep 

and erosive b lu f fs  th a t  have e f fe c t iv e ly  prevented human use of many 

aheas. ' Where access is a v a ila b le ,  the floodpla ins are in tens ive ly  

farmed and resemble the Carter Ferry area. The lack of access and 

r e la t iv e ly  small s ize of the arable land have saved many of the 

cottonwood groves. Only a small section of the Marias River is  

bordered d i r e c t ly  by c l i f f s .  As a re s u lt ,  beaver and th e i r  food 

supply are not confined to  small portions of the r iv e r  bank. I f  

d iffe rences  in the use o f s i te s  due to  physical ch a ra c te r is t ic s  

ex is ted , they were too subtle to  be detected by th is  study design.

Large lakes and reservoirs  present add it iona l problems to  beaver. 

Willows and cottonwoods are again concentrated in areas of low 

e le v a t io n , low r e l i e f ,  and s u b ir r ig a t io n .  However, extensive  

f lu c tu a tio n s  o f many reservoirs  may lower underground water tab les or 

flood vegeta tion , fu r th e r  reducing the area su itab le  fo r  r ip a r ian  

. shrub growth. Many authors consider extensive f lu c tu a tio n s  of water 

leve ls  extremely des truc t ive  to  beaver (Northcott 1964,. Henry 1967, 

Slough and S a d le ir  1977, A llen  1-983, B isse ll  and Sown 1987).

On large bodies of water, wind and wave erosion may fu r th e r  

reduce the areas s u ita b le  fo r  r ip a r ia n  shrubs and tre es . Without 

protected areas, such as bays or in le ts  sheltered from p reva il in g  

winds, lakes and reservo irs  may be t o t a l l y  unsuitable fo r  any 

sustained use by beaver (Slough and S a d le ir  1977, A llen  1983).



Although Lake Elwell contains many protected areas, few have the low 

r e l i e f  and s u b ir r ig a t io n  needed to promote willows and cottonwoods.

In the case, of reservo irs , the age and.hi story of a f a c i l i t y  may also  

have bearing on the extent of r ip a r ian  shrub development.

Lake Elwell, is a young f a c i l i t y  where few r ip a r ian  trees have had 

time to develop. Those th a t  e x is t  ,are heavily  exp lo ited  by beaver. 

Because much o f the shoreline is steep* shrub and tre e  development is 

l im ited  to the few low-elevation areas th a t  e x is t .  Strong and 

pers is ten t winds create huge waves, leading to  extensive erosion of  

any exposed areas. Erosion, coupled w ith f lu c tu a t io n s  in water 

leve ls ,  fu r th e r  reduce su itab le  ishrub areas. Given the severely  

re s tr ic te d  h a b ita t  fo r  w illow and cottonwood growth, beaver a c t iv i t y  

is pred ic tab ly  confined to those areas.



BEAVER DENNING ACTIVITY

METHODS

'H ab ita t  va r iab les  were measured on a l l  ac tive  and inactive  lodges 

located on a 11 3 study areas. Measurements taken w ere 'id en tica l to  

those fo r  the random s ite s  described in Chapter 2. At each lodge, the 

lodge t y p e , • length, w idth, height, and water depth at the offshore  

edge of the lodge were also recorded. Lodge and-random s ite s  were 

compared using the Chi-square, Kolmogrov-Smirnoff, and Bonferoni tes ts  

as described in Chapter 2.

RESULTS

Lodge s ite s  were compared to  random s ite s  to determine 

diffe rences  between the placement o f  lodges and the a v a i l a b i l i t y  of  

environmental parameters throughout the study areas. Each study area 

is  presented separate ly  because substantia l d ifferences existed  

between areas.

Carter Ferry

S ig n if ic a n t  d iffe rences  were found between the  lodge and random 

s ite s  fo r  bank con figura tion  (p < 0 .0 0 1 ) ,  bank substrate (p < 0 .0 0 1 ) ,  

underwater configuration  (p < 0 .0 1 ) ,  underwater substrate, (p < 0 .0 0 5 ) ,  

upland con figuration  (p < 0 .0 0 1 ) ,  length of continuous woody r ip a r ia n  

vegetation (p < 0 .0 0 1 ) ,  and a l l  measurements o f woody vegetation

31
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q u a li ty  and quantity .  A ll  other variab les  showed no s ig n if ic a n t  

d iffe ren ce  (Table 3 .1 ) .

S ig n if ic a n t  variab les  on the Carter Ferry study area f e l l  in to  3 

categories, p h y s ic a l . s i te  c h a ra c te r ls t ie s ,  c h a ra c te r is t ics  of areas 

adjacent to the s i t e ,  and measurements o f woody vegetation. A ll 

variab les  were tested separately because s t a t i s t i c a l  l im ita t io n s  

prevented m u lt iv a r ia te  comparisons.

Beaver b u i l t  lodges or dens more often  than expected on .s ites  

with so il  banks, so il  underwater substrates, or f l a t  bank 

configurations. S ites  with rocky banks, any rock in the underwater 

substrate, convex banks, or concave underwater configurations were 

seldom used. There was no s ig n i f ic a n t  d iffe ren c e  in the use and 

a v a i l a b i l i t y  o f  s i te s  with concave banks, bank substrates containing  

only a few rocks, or f l a t  or convex underwater configurations.

Beaver b u i l t  very few lodges on s i te s  with c l i f f s  adjacent to  the 

shore. There was rio s ig n i f ic a n t  d if fe re n c e  between the use and 

a v a i l a b i l i t y  o f s i te s  with adjacent is lands or bench-like uplands.

Most lodges were b u i l t  on s i te s  w ith some woody r ip a r ia n

vegetation w ith in  100 m of the lodge. Lodges were seldom found on

s ite s  w ith  less than 500 m o f  continuous r ip a r ia n  shrubs adjacent ,to

the lodge, w illow shrub d en s it ies  below 6 stems per 100 points, or

w illow  crown covers o f  less than 3%. Beaver tended to  bu ild  lodges on
< '  /  

s ite s  w ith  some tre es  present while avoiding s i te s  without tre es . For

d e ta i ls  of the values, see Table 3 .2 .  v
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f r
Table 3 .1 . D ifferences between c h a ra c te r is t ic s  of random s ite s  and 
lodges on the Carter Ferry study area, including te s t  type and 
s ign ificance  le v e l .  KS = Kolmogrov-Smirnoff two-sample te s t  
Chi = Chi-square te s t .

V ariab le Test df Value . S ignificance

Bank
Slope KS 0.972 0.302
Aspect KS 0.853 0.460
Location Chi. 1 6.200 0.085
Configuration' Chi 2 6.050 0.00.1'
Substrate Chi 3 21.34 0.001

Water/Undenyater
Slope KS 0.697 0.716
Depth a t  1 m KS 0.381 0.999
Depth a t  2 m KS 0.535 0.937
Configuration Chi 2 10.08 0.006
Substrate Chi 3 . 5.425 0.002

River Width KS 0.732 0.658

Upland
Height KS 0.930 0.353
Configuration Chi 2 10.24 0.006

Woody Vegetation
Continuous -  Upstream Length KS 1.887 0.002
Continuous -  Downstream Length KS 1.780 0.004
Continuous -  Total Length KS 1.927 0.001

Shrubs -  Combined Species 
Height KS 1.646 0.009
Density KS 2.117 0,000
Crown Cover KS 1.794 0.003

Shrubs -  Willow Species 
Height KS 1.674 0.007

" Density KS 1.477 0.025
Crown Cover KS 1.854 0.002

Trees -  Combined Species 
Number KS 1.679 0.007
Diameter KS 1.484 0.024
Crown Cover KS. 1.498 0.022

Trees -  Cottonwood/Willow 
Number KS 1.807 ’ 0.003
Diameter KS 1.915 0.001
Crown Cover KS 1.512 0.021



Table 3 .2 ., Bonferoni Z tes ts  of s ign if icance  w ith in  categories fo r  
random s ite s  versus lodges on the Carter Ferry study area. Values in 
parentheses are approximate, see te x t  fo r  explanation.

Bonferoni
Variable Z Value

Bank Configuration
Concave 0.88
F la t  v 4.08
Convex 2.77

Bank Substrate
Soil 4.77
Soil with Few Cobbles 0.76
Rock or Cobbles 4.43

Underwater Configuration
Concave 3.70
F la t  ■ ‘ 0 .74
Convex 1.83

Underwater Substrate
So il 3.46
Rock 3.46

Up 1 and Conf i gu r a t i  on
C l i f f  3.60
Bench „ 0.86
Is land 2.10

Length o f Continuous Riparian Shrubs
0 -  500 m (3 ,0 9 )
500 -  1000 m (3 .1 5 )
> 1000 m (0 .0 5 )

Mean Shrub Height -  Combined Species
< 5 dm (2 .8 5 )
5 -  10 dm (0 .1 0 )
> 10 dm (3 .2 0 )

Mean Shrub Height -  Willow Species
< 5  dm (2 .7 4 )
5 - 1 0  dm (0 .3 1 )
> 10 dm (2 .9 1 )

Significance 
Level *

NS
+++

+++
NS

NS
NS

++

NS
NS

++
NS

NS

NS

Shrub Density -  Combined Species
0 - 1 0  stems/100 points  
> 10 stems/100 points

(4 .3 7 )
(4 .3 7 )
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Table 3 .2 . Continued
Bonferoni

Variab le  Z Value

Shrub Density -  Willow Species
< 1 stem /100 points (3 .0 9 )
1 -  6 stems/100 po ints (0.14)
> 6 stems/100 points (2 .7 9 )

Shrub Crown Cover -  Combined Species
< 4 *  , (3.78),
4 -  13 *  (0.14)
>' 13 % (3 .6 7 )

Shrub Crown Cover -  Willow Species
0 -  3 % (3 .9 6 )
> 3 % (3.96)

Number, of Trees -  Combined Species
0 ' ' (3 .6 4 )
1 -  20 (3.16)
> 20 (0 .4 5 )

Number o f Trees -  Cottonwood/Willow
0 . (3 .8 3 )
1 - 2 0  "(4.02)
> 20 (0 .2 7 )

Mean Tree Diameter -  Combined Species
0 -  1.0 cm (2 .9 3 )
> 10 cm (2 .9 3 )

1 Mean Tree Diameter -  Cottonwood/Willow
0 > (3 .8 3 )
> 0  (3 .8 3 )

Tree Crown Cover -  Combined Species
0%  , (2 .7 4 )
> 0 % (2 .7 4 )

Tree Crown Cover -  Cottonwood/Willow
0 % (3 .2 1 )
> 0 % (3 .2 1 )

* S ign ificance le v e ls .
+ = use greater than a v a i l a b i l i t y  
-  = use less than a v a i l a b i l i t y

S ignificance
Level

NS
+

NS
+++

+++

++
NS
N

+++
NS

+++

++

+++ o r —  p < 0.001
++ or —  p < 0.01

or -  p < 0.05
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Marias River

, S ig n if ic a n t  d ifferences existed on the Marias River between the 

lodge and random s ite s  fo r  bank aspect (p < 0 .0 5 ) ,  bank configuration  

(p < 0 . 0 5 ) ,  underwater slope (p < ,0 .001), water depth at 1 m 

(p < 0 .005) and 2 m.(p < 0 .01 )  from.shore, underwater substrate  

(p < 0 .0 0 1 ) ,  and some measurements of shrub density and crown cover. 

A ll other var iab les  showed no s ig n if ic a n t  d ifferences (Table 3 .3 ) .

S ig n if ic a n t  variab les on the Marias River f e l l  in to  2 general 

categories, physical s i te  c h a ra c te r is t ic s  and some measurements of 

r ip a r ian  shrubs. Beaver b u i l t  lodges on s ite s  with bank aspects 

between 60 and 180 degrees more often than expected, 180 and 300 

degrees less often than expected, and 300 and 60 degrees in 

approximately the same proportion as a v a ila b le .

S ites  with f l a t  banks contained fewer lodges than expected.;

There was no s ig n if ic a n t  d iffe ren c e  between use and a v a i l a b i l i t y  of 

convex or concave banks. Lodges were found more often than expected 

on s ite s  w ith  s o i l  substrates below the w ate rl ine  and less often than 

expected on s i te s  w ith  rocky substrates. S ites  with underwater slopes 

greater than 1OX, water depths at 1 m greater than 1 dm, and water 

depths a t  2 m from shore greater than 2 dm were used more often than 

expected. S ites  with shallower water were used less often than 

expected.

Only measurements o f the density and crown cover fo r  combined 

species o f shrubs showed s ig n i f ic a n t  d iffe rences  between the location  

of lodges and a v a ila b le  conditions. Beaver appeared to  se lec t s ite s  

with greater than 3 stems per 100 points shrub density and greater
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Table 3.3. Differences between ch a ra c te r is t ics  o f random s ite s  and 
lodges on the Marias River study area, includ ing te s t  type and 
s ign if icance  le ve l.  KS = Kolmogrov-Smirnoff two-sample te s t  
Chi = Chi-square te s t .

Variable Test. df Value Significance

Bank
Slope KS 1.116 0.166
Aspect KS 1.434 0.003
Location Chi 1 2.237 0. 135
Configuration Chi 2 8.435 0.015
Substrate Chi 1 3.327 0.068

Water/Underwater
Slope KS 1.912 0.001
Depth a t  1 m KS 1.753 0.004
Depth at 2 m KS 1.633 0.010
Configuration Chi 2 2.627 0.269
Substrate Chi r 10.35 0.001

River Width KS 0.837 ‘ 0.486

Upland '
Height KS 0.637 0.811
Configuration Chi 1 0.541 0.462

Woody Vegetation
Continuous -  Upstream Length KS 1.076 0. 197
Continuous -  Downstream Length KS 0.637 0.811
Continuous -  Total Length KS 0.956 0.320

Shrubs -  Combined Species
Height KS 1.036 0.234
Density KS 1.353 0.051
Crown Cover KS 1.434 0.033

Shrubs -  Willow Species
Height KS 1.036 0.234
Density KS 0.916 0.371
Crown Cover KS 0.996 0.274

Trees -  Combined Species 
Number KS 0.717 0.683
Diameter KS 0.518 0.951
Crown Cover KS 0.518 0.951

Trees -  Cottonwood/Willow 
Number KS 0.717 0,683
Diameter KS 0.515 0.951
Crown Cover KS 0.515 0.951
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Table 3 .4 . Bonferoni Z tes ts  of s ign ificance  w ith in  categories for  
random s ite s  versus lodges on the Marias River study area. Values in 
parentheses are approximate, see te x t  fo r  explanation.

Bonferoni Significance
v a r ia b le  Z Value Level *

Bank Aspect
. 60 -  180 degrees 

180 -  300 degrees 
300 -  60 degrees

Bank Configuration  
Concave 
F la t  
Convex

(2 .7 9 )
(2 .8 0 )  
(0.38.)

0.69
3.09
2.04

++

NS

NS

NS

Underwater Slope 
0 -  10 *

> 10 *

Water Depth a t  1 m from Shore 
0 -  1 dm
> 1 dm

Water Depth at 2 m from Shore 
) -  2 dm
> 2 dm

( 3 . 48)
(3 .4 8 )

(3 .8 1 )
(3 .8 1 )

(4 .0 2 )
(4 .0 2 )

+++

++.+

+++

Underwater Substrate  
Soil 
Rock

5.20
5.20

+++

Shrub Density -  Combined Species
< 3  stem s/100 points (2 .8 0 )

• 3 - 2 0  stems/100 points (2 .6 9 )
> 20 stems/100 points (0 .2 5 )

Shrub Crown Cover -  Combined Species
0 - 5 *  (2 .9 0 )
> 5 X (2 .9 0 )

+
NS

++

* S ign ificance leve ls .

+ = use g reater  than a v a i l a b i l i t y  
-■ = use less than a v a i l a b i l i t y

♦++ or —  
++ or -  

♦ or -

-  p < 0.001 
p < 0.01 
p < 0.05
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than 5* crown cover fo r  lodge construction. S ites  with fewer shrubs

were used less often  than expected. No tre e  j /a r ia b le s  were

s ig n i f ic a n t .  For d e ta i ls  of the values, see Table 3 .4 .
%

Lake Elwell

S ig n if ic a n t  d iffe ren c es  were observed between lodge and random 

s ite s  fo r  bank aspect (p < 0 .0 5 ) ,  water depth at 1 m (p < 0 .01 )  and 

2 m  (p < 0 .05 )  from shore, underwater substrate (p < 0 .0 5 ) ,  upland

height (p < 0 .0 0 1 ) ,  and upland configuration  (p < 0 .001 ) .  A l l  other
\

variab les  showed no s ig n i f ic a n t  d iffe ren c e  (Table 3 .5 ) .

Lodge s ite s  on T iber Reservoir varied s ig n i f ic a n t ly  from 

a v a i l a b i l i t y  in some c h a ra c te r is t ic s  o f the physical s i te  and adjacent 

areas. Lodges were s ig n i f ic a n t ly  more common on s i te s  with east to  

southwest aspects (90 to  210 degrees). S ites  with other aspects were 

used less often than expected.

Lodges were b u i l t  on s i te s  With s o i l  underwater substrates more 

often  than expected and rocky substrates less often than expected. 

Beaver selected s i te s  fo r  lodges w ith  water depths greater than 3 dm 

a t 1 m from shore or 6 dm a t  2 m from shore. They avoided s ite s  with  

water depths less than 1.5 dm a t  1 m or 3 dm a t  2 m. S ites  with  

depths o f 1.5 to  3 dm a t  1 m or 3 to  6 dm a t  2 m did not d i f f e r  

s ig n i f ic a n t ly  between use and a v a i l a b i l i t y .

Lodges were more common on s i te s  with adjacent uplands between 

910 and 930 m in e leva t io n  or bench-0 ike configurations. S ites  with  

c l i f f - l i k e  uplands over 950 m in e leva t ion  were avoided. S ites  

between 930 and 950 m in e leva t io n  showed no s ig n if ic a n t  d iffe rence
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Table 3 .5 . D ifferences between ch a ra c te r is t ic s  of random s ite s  and 
lodges on the Lake El we 11 study area, including tes t  type and 
sign ificance  le v e l .  KS = Kolmogrov-Smirrtoff. two-sample te s t  
Chi = Chi-square te s t .

Variab le  Test df Value ' S ignificance

Bank
Slope
Aspect
Location
Configuration
Substrate

Water/Underwater
Slope
Depth at 1 m 
Depth at 2 m 

' Configuration  
Substrate

Width

Upland
Height
Configuration

Woody Vegetation
Continuous -  Upstream Length 
Continuous -  Downstream Length 
Continuous -  Total Length

Shrubs -  Willow Species 
Height 
Density  
Crown Cover

Trees -  Qombined Species 
Number 
Diameter 
Crown Cover

KS 0.972 0.301
KS . 1.568 0.015
Chi 1 0.536 0.464
Chi 2 2.568 0.277
Chi 1 3.548 0.060

KS 1.337 0.056
KS 1.673 0.007
KS 1.474 0.026
Chi 2 0.406 0.816
Chi 1 5.368 0.020

KS 1.220 0.102

KS 2.064 0.000
Chi 1 14.14 0.001

KS 0.896 0.398
KS 1.165 0.132
KS 1.066 0.206

KS 1.045 0.225
KS 0.538 0.934
KS 0.917 0.370

KS 0.438 0.991
KS 0.388 0.998
KS 0,120 1.000
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between use and a v a i l a b i l i t y .  For  d e ta i ls  of the values, see
■ \

Table 3 .6 .

DISCUSSION

On a l l  3 study areas, beaver constructed hybrid dens, combining 

features of both the domed lodge and bank burrow. Living quarters  

were dug in to  the so il  of the bank, as in a burrow. However, the 

water near shore was too shallow fo r  beaver to  construct and maintain  

an underwater entrance by simply burrowing through the s o i l .  Even i f  

the water was deep, the dynamic action o f the flowing water tended to  

erode entrances. Therefore, beaver p iled  s ticks  from the bank several 

fe e t  in to  the water. The tunnel extended through the s t ic k s , as in a 

pond lodge, to a safe and secure e x i t ’ below the water l in e .  In some 

cases, beaver even increased the height o f the bank by p i l in g  sticks  

and mud over the l iv in g  quarters . This construction technique allowed 

beaver to th r iv e  on s ite s  where bank and water conditions prevented 

construction and maintenance o f  pure burrows or lodges. Although th is  

reduces the impact o f water and bank conditions, there  are l im i ts .

Many authors have implicated the lack o f  su itab le  den s ite s  in 

the patterns o f d is t r ib u t io n  and surv ival o f beaver co lonies.(Col 1 ins 

1979, Boyce 1981, B isse ll  and Bown 1987)., On the study areas, beaver 

generally  b u i l t  dens on s ite s  with stab le  so il  banks with a t  leas t a 

minimum water depth near shore a t  low water. Because conditions  

varied on a l l  3 study areas, the fac td rs  defin ing  stable banks and 

s u ita b le  water depths varied .
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Table 3 .6 . Bonferoni Z tes ts  of s ign ificance w ith in  categories fo r  
random s ite s  versus lodges on the Lake E lw e ll  study area. Values in 
parentheses are approximate, see te x t  fo r  explanation.

Bonferoni S ignificance
Variab le  Z Value Level *

Bank Aspect
90 -  210 degrees 
210 -  330 degrees 
330 -  90 degrees

Underwater Substrate  
Soi 1 
Rock

Water Depth at 1 m from Shore
< 1.5 dm 
1.5 -  3 dm
> 3 dm

water Depth a t  2 m from Shore
< 3 dm
3 -  6 dm ,
> 6 dm

Upland Height 
910 -  930 m 
931 -  950 m
> 950 m

Upland Configuration  
C l i f f  
Bench

(5 .1 3 )  
(3 .6 3 )  
( 2 . 6 6 )

+++

4.09
4.09

+++

(2 .5 9 )
(0 .6 7 )
(2 .2 5 )

NS
+

(2 .5 9 )
(0 .1 6 )
(2 .5 7 )

NS
+

(4 .4 0 )
(2 .7 1 )
(5 .0 4 )

+++

6.73
6.73 +++

*  S ign ificance leve ls .

+ = use greater than a v a i l a b i l i t y  
-  = use less than a v a i l a b i l i t y

+++ or —  p < 0.001
++ or —  p < 0.01

+ or -  p < 0.05
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On a l l  3 study areas, beaver lodges were found almost exc lus ive ly  

on s ite s  with s o i1 substrates. Under s im ila r  conditions, Tabor e t  a l .  

(1981) found tha t 46 of the 64 dens located were dug into so il  banks. 

Seven were b u i l t  of s t icks  and mud in rock crevices.. Co llins  ( 1979) 

described the low water -banks of the Snake River, in Wyoming as mostly 

unsuitable fo r  beaver dens, p a r t ia l l y  due to the cobblestone 

substrate.

Although the hybrid den s ty le  reduces the impact of water depth 

on beaver use of marginal s i te s ,  there  are l im i ts ;  beaver cannot 

extend the entrance tunnel in d e f in i t e ly  or, maintain i t  on banks 

exposed to  spring ice scour. F o r-s ites  to be hab itab le , they should 

have some minimum depth of water near shore s u f f ic ie n t  to  insure a 

passable underwater entrance at low water. The minimum depth w i l l  

depend on the extent o f water level f lu c tu a t io n s  on a s i te .

On the Marias R iver, beaver tended to se lec t den s ite s  withI

greater-than-average water depths near shore. The Marias is a 

generally  shallow r iv e r .  Small changes in water level can lead to the 

exposure o f wide gravel bars and mud f l a t s .  Water leve ls  on the 

Marias River study area are d i r e c t ly  con tro lled  by Tiber Dam, 

immediately upstream. As a flood control f a c i l i t y ,  T iber Dam 

s ig n i f ic a n t ly  changes the normal seasonal f lu c tu a tio n s  on the River.

To maintain s u ita b le  dens, beaver were forced to  search out deep 

s ite s .  By comparison, the Missouri is  a r e la t iv e ly  deep r iv e r .  There 

was no s ig n i f ic a n t  d if fe re n c e  in measurements of water depth near 

shore on lodge and random s i te s ,  in d ica t in g  th a t  average conditions  

may meet minimal standards. ' A l1 dams immediately above the Carter
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Ferry study area are ru n -o f- .th e -r ive r  f a c i l i t i e s ,  having l i t t l e  e f fe c t  

on the r i v e r ’ s water leve ls .

Beaver at Lake Elwell also appeared to choose deep s ite s ,  

s u b s ta n tia l ly  deeper than at e i th e r  r iv e r  s i te .  Because Lake Elwell 

is a flood control rese rvo ir ,  water levels  f lu c tu a te  widely throughout 

the year. To mairitain underwater entrances to the dens during even 

moderate drawdowns, beaver must se lect s ite s  with steep slopes and 

deep water near shore. Tabor et a l .  (1981) found most beaver dens 

along the Columbia River on s ite s  with bank slopes greater than 25*. 

C o llins  (1979) found th a t  6 of the 8 s i te s  permanently abandoned by 

beaver completely lacked low water den s i te s .  Several authors have 

stated th a t  extensive water level f lu c tu a t io n s ,  whether natural or 

htimah-caused, reduced the s u i t a b i l i t y  o f s i te s  fo r  beaver and often  

led to abandonment (Rutherford 1953, Henry 1967, Martin 1977, Slough 

and S a d le ir  1977, Tabor e t  a l .  1981, B isse ll  and Bown 1987).

Deep water and so il  banks are of l i t t l e  use i f  they are unstable. 

Collapsing banks provide l i t t l e  sh e lte r  and may k i l l  animals. We 

would expect beaver to  se lec t s i te s  th a t  are r e la t iv e ly  s tab le , not 

subject to  extensive erosion. On r iv e rs ,  most erosion is caused by 

flowing water. Although we did not attempt to  measuhe erosion  

d i r e c t ly ,  only 1 den on the C arter Ferry study area was dug in to  a 

steep and a c t iv e ly  eroding c l i f f ,  even though such conditions e x is t  

throughout the area. Tabor e t  a l .  (1981) found 86* o f  the dens on the
I -

Columbia River were o n ,s ite s  with l i t t l e  to  no water v e lo c ity .  Only 

B isse ll  and Bown (1987) reported s ig n i f ic a n t ly  greater use of undercut 

and eroded banks and less use o f  f l a t  or convex banks on the Flathead



River. One den was destroyed when the bank caved in. Eroded banks 

are generally  corre la ted  with deep water near shore. Water levels on 

the Flathead River are influenced by a power peaking dam upstream and 

a hydroe lec tr ic  dam downstream. The apparent selection  of cutbanks 

may be an a r t i f a c t  of the need fo r  deep underwater entrances. On both 

the Missouri and Marias r iv e rs ,  beaver lodges appeared corre la ted  with  

some measurements of r ip a r ia n  shrubs and trees . I t  would be

advantageous to l iv e  near your food supply. However, shrubs and trees
/

tend to develop on s tab le , low r e l i e f  areas. There is no way to t e l l  

from my data whether the apparent se lection  was due to  st'abi 1 i t y .or 

food.

On large reservo irs , wind and waves replace flowing water as the 

major erosive fo rce . .W ithout protection  from waves, reservoirs or 

large lakes are considered unsuitable fo r  beaver (Slough and S ad le ir  

1977, A llen 1983, B is s e ll  and Bown 1987). Tabor e t  a l .  (1981) found 

90* of the dens on the Columbia River were on s ite s  with good to  

exc e llen t  pro tection  from waves.

'  Lake Elwell is  a very large body o f water s tretch ing 30 km in a 

east-west d i re c t io n .  The area experiences strong, pers is ten t,  

ea s te r ly  winds on a regular basis. When the wind d irec t io n  

corresponds to the long axis o f  the rese rvo ir ,  immense waves are 

created, scouring any exposed shoreline and leading to extensive  

erosion. P ro tec tion , in the form o f sh e lte r  from wind and waves, is  

provided by the land r e l i e f .  Although the bank aspect o f random s ite s  

was r e la t iv e ly  evenly d is t r ib u te d ,  beaver showed a strong preference  

fo r  s i te s  with east to  southwest aspects. S ites  with such aspects are



protected from the impacts of wave erosion. Many of the den s ites  

were also located in the narrow, sinuous channels created when dry 

coulees were flooded. The very narrow channels act as b a f f le s ,  

fu r th e r  diminishing the wave energy.



SPATIAL AND TEMPORAL USE OF WOODY SHRUBS AND TREES BY BEAVER

METHODS

As food supplies might be a c r i t i c a l  fa c to r  influencing beaver use

of t e r r e s t r i a l  areas, I  investigated seasonal and spa tia l  use of the

major woody food species. Herbaceous vegetation, used by beaver

during the growing season, was read ily  a v a ila b le  and probably not 

l im it in g .  However, woody species, used fo r  both food and

construction, were scarce in some areas and might have a ffected the

patterns of h ab ita t  use on the study areas.

Permanent p lo ts  were established at 6 selected colony s ite s  on the

Carter Ferry study area to measure use of woody shrubs. F ive, 1 m 

wide transects were s itu a ted  perpendicular to  the shore line, ,1 each at 

the lodge center and a t  25 and 50 m upstream and dqwnstream. where 

lodges were located a t  one end o f ,  or even several hundred meters 

from, the nearest woody r ip a r ia n  vegetation , 5 transects were 

established a t  25 m in te rv a ls  beginning a t  the c losest edge of shrub 

growth. Each transect was divided in to  1 m square p lo ts  th a t  were 

checked monthly fo r  c u tt in g  by beaver. On the i n i t i a l  count, the  

diameter and species were recorded and each stem c la s s i f ie d  as old

cut, new cu t, or uncut. A ll  cut stems were marked with p a in t .  During

monthly recounts, the species and diameter of newly cut stems were 

recorded and the cuts marked.

Monthly c u tt in g  a c t i v i t y  was graphed. Seasonal a c t iv i t y  was 

divided in to  f a l l ,  September through November; w in te r ,  December

47
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through February; spring, March through May; and sunvner, June through 

August. Seasonal values were comps."ed to  an even d is t r ib u t io n  using 

Chi-square.

I n i t i a l  survey.data were graphed by size class and distance from 

water fo r  both the combined s i te s  and s i te  2 alone. S ite  2 contained 

the most extensive w illows. Because the length o f each transect 

containing willows varied w idely, a l l  values were expressed as density 

per transect.

The percent of stems cut and raw numbers cut versus the to ta l  

number a v a ila b le  were graphed. Transects were divided in to  5 m 

segments to  reduce minor density d iffe rences  and the resu lts  graphed, 

as were the mean frequencies o f cut and uncut w illows.

Although shrubs appear to  comprise the m ajority  of the beaver’ s 

woody d ie t  on the Carter Ferry study area, a v a r ie ty  of trees  are also  

a v a ila b le .  Many o f thes^* trees showed some evidence o f beaver cu tt ing  

a c t iv i t y ,  though most were abandoned before the trees  were fe l le d .

A ll  t rees  w ith in  the 100 m sections o f bank chosen fo r  the random 

sample were c la s s i f ie d  as to diameter a t  0 .5  m above ground, species, 

distance from water, and degree of beaver c u tt in g .  Only trees  over 

7 cm 1n diameter were used fo r  the ana lys is . Green ash Fraxinus

pennsvlvanica. ju n ip e r  Junioerus scopulorum. russlan o l iv e  Elaeaanus
*•

a n g u s t i fo l ia . water birch Betula occidental i s . and elm Ulmus sp. were 

combined in to  1 category because they were scarce on the study area 

and showed l i t t l e  or no beaver use. The Chi-square te s t  was used to  

determine the e f fe c t  o f t re e  species on cu tt in g  a c t iv i t y  and the 

Bonferoni z s t a t i s t i c  was used to  determine which categories were
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creating  the observed s ign ificance . Kolmogrov-Smirnoff and Mann- 

Whitney U tes ts  were used to determine the e f fe c t  of the continuous 

variab les ,  diameter and distance from water on beaver, cut'ting. Where 

distance from water and diameter w e re 's ig n if ic a n t ,  Spearman Rank 

c o rre la t io n  was used to determine c o rre la t io n  between these variab les .  

Diameter, by species, was categorized in to  approximately 25.  

p ercen ti les  based on to ta l  a v a ila b le  fo r  each species. Distance from 

r iv e r  was divided in to  10 m segments. Both resu lts  were graphed.

RESULTS

Seasonal C u t t in g .A c t iv i ty

S ite  5 was dropped from a l l  ca lcu la tio ns  because i t  was abandoned 

by beaver a t  the s ta r t  o f  the study and showed no evidence of  

permanent occupancy throughout. Some c u tt in g , a t tr ib u te d  to  

tra n s ie n ts ,  occurred during the w in ter  on s i te  5.

Seventy-two percent o f the to ta l  cu tt in g  occurred during the  

f a l l ,  w ith the peak, '31%., in November, corresponding with the 

construction o f caches. S ites  1, 2, and 3 followed th is  pattern  

' f a i t h f u l l y .  S ites  4 and 6 - showed secondary peaks during A pril  and 

June, resp ec tive ly . Summer was the most in ac t ive  cu tt ing  period with  

only 5% of the to ta l  annual c u t t in g ,  due p r im a ri ly  to a c t iv i t y  on s i te  

6. This d is p a r i ty  in .seasonal c u tt in g  was s ig n if ic a n t  at the p <

0.001 level (F ig u re s '4.1 and 4 .2 ) .
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No attempt was made to quantify  seasonal cutting  a c t iv i t y  on 

trees . Very few trees were cut in the e n t ire  study area throughout 

the study,and none on the permanent p lo ts .

Spatia l Cutting A c t iv i ty

Shrubs -  Beaver cut a higher proportion of the willows in each 

size  class as close to the water as a v a l la b le . (Figures 4.3 to 4 .6 ) .  

Because of natural riverbank succession, smaller willows were more 

common near the,shore and willows with  >2 cm diameter were most common 

at 20 m inland. More than 50% of the ava ilab le  willows 0 .5  to  1 cm in 

diameter were cut w ith in  5m  of shore, 1 to  2 cm in diameter w ith in  

10 m of shore, and >2 cm w ith in  18 m of shore. This corresponds with  

the variance in a v a i l a b i l i t y .  The mode fo r  a v a ila b le  stems of 0 .5  to  

1 cm was 3 m inland, 1 to  2 cm was 12 m inland, and >2 cm was 22 m 

i n1 and.

M icrohabitat d iffe rences  resulted in occasional large d ifferences  

between the a v a i l a b i l i t y  o f w illow  in adjacent p lo ts ,  often  the resu lt  

of flood debris or erosion. Therefore , den s it ies  were pooled in 5 m 

increments. The pattern  remained the same (Figure 4 .7 ) .

Using the mean frequency o f  cut and the mean frequency o f uncut 

stems, the pattern  again remains In ta c t  (F igure 4 .8 ) .  The proportion  

of the c u tt in g  a c t iv i t y  in each 5m  segment was greates t-near the  

shore. The proportion o f  the remaining uncut stems was greatest ; 

fu r th e r  from shore. Most o f the c u tt in g  a c t iv i t y  occurred w ith in  the 

f i r s t  5 m fo r  stems 0 .5  to  1 cm in diameter, and 11 to  14 m fo r  stems 

greater than 1 cm in diameter.
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S ite  2 provided the greatest density and length 'o f willow'on any 

transec t.  Therefore, I analyzed i t  separately to remove any 

confounding e f fe c ts  of averaging across s ite s .  S t i l l ,  the general 

pattern held (Figures 4.9  to 4 .1 2 ) .  For 0 .5 -  to 1-cm diameter c lass, • 

beaver cut the highest proportion w ith in  t h e - f i r s t  meter while the 

mode of a v a ila b le  stems was at 9 m from shore. Most 1 to 2 cm
t

diameter w i1 lows were cut w ith in  the second meter, but the mOdes were 

11 and 19 m. Beaver c u t .a l l  but 1 of the ava ilab le  willows of >2 cm 

w ith in  18 m of the shoreline while the mode of the a v a i l a b i l i t y  was 

21 m. Again, p lo ts  were combined in to  5 m segments to  remove 

m icrohabitat e f fe c ts  and the patte rn  remained (Figure 4 .1 3 ) .

Trees -  Willow trees  comprised 27% of the a v a ila b le  trees but 36%I , ' •' -

of the trees  showing beaver c u tt in g  a c t i v i t y ,  a s ig n i f ic a n t ly  higher 

use than a v a ila b le  (p < 0 .05 , Figure 4 .1 4 ) .  Cottonwoods and
' , ' i

chokecherry were cut by, beaver in the same proportion as a va ilab le .  

8oxelder and the remaining species were cut less often than expected 

(Table 4 .1 ) .

When a l l  species were considered together, there  was a 

s ig n i f ic a n t  d if fe re n c e  between the diameter of cut and ava ilab le  

t re e s . Trees less than 9 cm in diameter were cut more often than 

expected w hile  those over 18 cm in diameter were cut less often  than 

expected (p < 0 .0 0 1 ) .  When species were considered separately ,  

s ig n i f ic a n t  d iffe rences  were seen fo r  cottonwood. Beaver cut 

cottonwoods over 36 cm in diameter less often than expected 

(p < 0 .001) (F igure 4 .1 5 ) .  No s ig n i f ic a n t  d ifferences were found 

among chokecherry', boxelder, or o ther species.
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Table 4 .1 . Beaver use and a v a i l a b i l i t y  of tree species on the Carter

Ferry study area.

Availab le Cut % of S ignificance
Species . 4 Stems % Total 4 % Cut Total Cut leve l *

Cottonwood 244 33.3 79 32.4 38.2 NS
W i 11ow 195 26.6 , 75 38.5 36.2 +
Bo'x e lder 105 14.3 5 4.8 .2.4 —
Chokecherry 115 15.7 40 34.8 19.3 NS
Other . 74 10.1 .8 10.8 3.9 — —

Total 733 207

* S ign ificance leve ls .

+ = use greater than a v a i l a b i l i t y
-  = use less than a v a i l a b i l i t y

++ or — p < 0.01
+ or -  p < 0.05
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For distance from r iv e r ,  w ith a l l  species combined, beaver cut 

trees fu r th e r  from the water than expected (p < 0.001). When divided 

by species, beaver cut.cottonwoods fu r th e r  from the r iv e r  than
* v

expected.(p < 0.001). There were no s ig n i f ic a n t  d iffe rences between 

use.and a v a i la b i l i t y  fo r  a l l  other species (Figure 4.16).

DISCUSSION

Seasonal Cutting A c t iv i t y

The bulk of the c u tt in g  a c t iv i t y  by beaver occurred during, the 

f a l l ,  coincident w ith  the construction o f w in ter food caches. The 

secondary peaks seen on s i te  4 and 6 were a t tr ib u te d  to  add it iona l
A  '

build ing  a c t i v i t y .  Beaver on s i te  4 spent A p ril  rep a ir in g  damage

sustained by t h e i r  lodge during spring floods. The colony at s i te  6

b u i l t  a new lodge during June w ith in  250 m of the old lodge tha t had 

collapsed during the spring.

The w in ter o f  1983-84 was f a i r l y  mild by cen tra l Montana 

standards. Shelf ice developed along the main r iv e r  channel during 

cold s p e lls ,  but ra re ly  exceeded 5 m in width. Backwater areas froze  

s o l id .  The lack o f  substantia l ice or snow allowed beaver to continue

to cut fresh w illows throughout the w in ter.

S patia l Cutting A c t iv i ty

' Shrubs -  Beaver are probably more susceptib le to  predation on 

land than in the water, hence the m otivation to  b u ild  dams and ponds.
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T h e re fo re ,- the chance of predation should increase with both distance  

from water and time spent on land. I f  so, we would expect beaver to  

develop feeding s tra te g ie s  aimed at' maximizing the food gathered per 

un it  time spent in t e r r e s t r i a l  h ab ita ts .  To-do so.requires balancing 

the food species preference, distance from the water, and size of the 

item as i t  re la te s  to  the time required to  cut the item, process i t  

into manageable pieces, and the to ta l  amount of food yie lded . These 

factors  may be use'd to  explain the pattern  o f c u tt in g  observed on the  

Carter Ferry study area.

Beaver feeding a c t iv i t y  "and s e le c t iv i t y  varies  by p lant species 

(Jenkins 1980). Beaver expend greater e f f o r t  f o r  h ighly preferred  

species, such as aspen. The study area provided a generally  uniform 

- a v a i l a b i l i t y  o f shrub and t re e  species, o f  which w illow  and cottonwood 

were the most commonly a v a ila b le  and used by beaver.

Beaver have been observed to  tra v e l long distances from water to  

harvest highly pre ferred  species. .Maximum tra v e l  distances of over 

100 m are commonly reported (Bradt 1938, Hiner 1967, Northcott 1971, 

Jenkins 1980) w ith  over 700 m reported by Brenner (1967). Even so,

most c u tt in g  occurs w ith in  30 m of the shore (H a ll  1970, Jenkins
•>

1980). V i r t u a l ly  a l l  willows on the study area lay w ith in  40 m of the  

w ater ’ s edge and were there fo re  considered a v a ila b le  to  the beaver.

In add it ion , evidence o f beaver c u tt in g  was found on many o f the  

cottonwood trees  th a t  lay inland o f the w illows.

Most w illows w ith in  the study area grow on point bars or 

deposition areas, leading to  a c h a ra c te r is t ic  shrub d is t r ib u t io n .

Areas fa r th e s t  inland represent the o ld es t,  d r ie s t ,  and most stable
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ground and contain the la rgest, presumably o ldest, w illows. Areas 

near the w ate r ’ s.edge are the youngest and receive the most damage 

from seasonal flooding or w inter ice. These areas contain the 

smallest w illows. A ll  willows on the study area were less than 10 cm 

in diameter and could be e a s i ly .c u t  by beaver in a s ingle session.

Larger willows,, though fu r th e r  from the water, contain a much 

greater volume of bark per p lant due to the extensive branching when 

compared to the smaller plants (0 .5  to  1 cm diameter) which often  

consist o f a s ing le  whip. The la rger p lants also contain greater  

numbers of leaves and growing shoots, an important summer and e a r ly  

f a l l  food source (Aleksiuk 1970). Therefore, the larger willows may 

well y ie ld  more food per cu tt in g  e f f o r t .

No willows were large enough to  require subdivision before

hauling to the water. Handling tim e, representing a possible  

increased r is k  of predation, would be s im ila r  fo r  a l l  s ize  classes. In 

add it ion , there  is no need to make m u lt ip le  t r ip s  to  haul a s ingle  

item to  the water. Therefore, given the choice,, cu tt ing  la rger  

diameter w illows would be the mo^t cost e f fe c t iv e .

Given the above, the pattern  o f c u tt in g  observed, smaller willows  

near shore and la rg er  ones fu r th e r  in land, is  not surpris ing . I t  is  

more surpris ing  th a t  beaver were observed to  cut some small stems at

distances o f 25 m or more from shore. This a c t iv i t y  is a function of

the beaver’ s method o f foraging. Beaver tend to u t i l i z e  es ta b lis h e d - 

t r a i l s  from the w ater ’ s edge to  c u tt in g  areas. Willows near these 

t r a i l s  are cut ex ten s ive ly ,  yet surrounding areas remain untouched; 

only occasionally  did beaver create a c le a r -c u t  pattern . Small
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willows may be cut along these t r a i l s  at great distances from shore 

out of convenience or when larger items become snagged'on the small . 

willows growing alongside the t r a i l s .  Most t r a i l s  were e s s e n t ia l ly  

perpendicular to the shore line. Therefore, a c t iv i t y  on a single  

transect varied widely depending on whether i t  in tersected a feeding  

t r a i 1.

Trees -  Numerous authors have reported an apparent preference by 

beaver fo r  p a r t ic u la r  tre e  species. The preferred  species may vary 

depending on a v a i l a b i l i t y ,  but usually include members of the 

Salicaceae Family, aspen, w illows, and cottonwoods. Alder ( Alnus s p . ) 

are often  included, though they are avoided in some areas (Aldous 

1938, Towsend 1953, Northcott 1964, Henry 1967, Northcott 1971, Slough 

1978, Swenson and Knapp 1980, and Tabor e t  a l .  1981). On the Carter  

Ferry study area, beaver appeared to  p re fe r  w illows, u t i l i z i n g  them 

more than expected based on a v a i l a b i l i t y .  Although cottonwood is  

often considered a preferred  species, the 3 species o f cottonwood tree  

on the area were not u t i l i z e d  more than expected.

Beaver are capable o f cu tt in g  down very large tre e s , though they
\

appear to  be s e le c t iv e  o f  s ize  under some conditions. On the study 

area, beaver concentrated on the smaller t re e s . Although cottonwoods 

reached 132 cm in diameter, no trees  over 77 cm were cut by beaver. 

Size se lec tion  by beaver may be due to  avoidance o f  the very large  

trees . To cut large t re e s ,  beaver must spend extended time on the  

bank, both f e l l i n g  the t re e  and reducing the branches to  manageable 

s ize ,  exposing themselves to  predation. By concentrating on the 

smaller t re e s ,  the beaver can reduce exposure time.
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Chabreck (1958) reported no apparent s e le c t iv i t y  in diameter
^,

class, although more than h a l f  the cut stems were in the 1 inch (2 .5  

cm) class and none were over 5 inches (12.7  cm). Henry ( 1967) 

reported most cut stems less than 3 inches in diameter (7 .6  cm). 

Jenkins (1980) found s e le c t iv i t y  in s ize  of beaver cuttings re la ted  to  

species and distance from w ater..

At Carter Ferry, beaver cut cottonwoods fu r th e r  from the water 

than expected. I f  beaver are more vulnerable to  predation on land, as 

discussed in the shrub section , we would not expect them to tra v e l  any 

fu r th e r  than necessary to cut trees  without some overrid ing fa c to r .  

Jenkins (1980) reported a decrease in the mean diameter of trees cut 

as distance from water increased. This conforms to  a "time-

minimization" s trategy fo r  feeding. Why did beaver tra v e l fu r th e r

than necessary on the study area? I f  the preferred  s ize  class of 

trees  predominated fu r th e r  in land, beaver might t ra v e l  past less 

su itab le  t re e s . However, I  found no s ig n if ic a n t  c o rre la t io n  between 

diameter and distance from water fo r  cottonwoods and a pos it ive  

c o rre la t io n  fo r  w il low . The answer may l i e  in the d is t r ib u t io n  of 

trees  throughout the study area. Most r ip a r ia n  trees  on the area are 

found in narrow s t r ip s  inland of the w illow shrubs. Distances are

generally  g rea ter than 25 m in land. Therefore, beaver have no choice

in many areas but to  t ra v e l  th is  distance inland to  cut trees . In 

those few places w ith  extensive groves o f trees  near the water, w illow  

shrubs are genera lly  absent. Because beaver expend much of t h e i r  

cu tt in g  e f fo r t s  on w illow  shrubs, they may spend less time in areas 

without shrubs, providing less opportunity to  cut those trees . The
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apparent se lec tion  fo r  longer distances may be an a r t i f a c t  of 

averaging data over widely d i f fe r e n t  conditions..

Beaver on the Carter Ferry study area showed generally  weak 

selection  fo r  species, distance from water, or diameter of trees ,  

perhaps because they had l i t t l e  need of large woody m ater ia ls . Beaver 

on the main r iv e r  do not construct dams.' The only structures they 

build  th a t  require large m ateria ls  are bank lodges, and these 

structures are generally  small. Large woody debris is common along 

the r iv e r  and beaver made use of the ready supply. Several lodges . 

contained re a d ily  a v a ila b le  m ater ia ls , such as driftwood boards. 

Because w illow  shrubs were abundant, beaver had l i t t l e  need to  cut 

large trees  fo r  food. Given the greater r is k  probably associated with  

harvesting large tre e s , the cu tt in g  of la rg e -tre e s  observed on the  

study-area may have been simply opportun is tic  or in s t in c t iv e  work by 

beaver while in the area cu tt ing  w illow shrubs. This hypothesis is 

supported by the numerous trees  p a r t ia l l y  cut and abandoned by beaver.



DENSITY, LOCATION, AND SIZE OF SEAVER COLONIES

METHODS

In add it ion  to c o l le c t in g  hab ita t-use  inform ation, e f fo r ts  were 

made to determine beaver populations on the study areas. Exact 

q u a n t i f ic a t io n  o f beaver populations is  a 2 step process, involving a 

count of ac t ive  beaver colonies and a measurement or estimate of the 

number of ind iv idu a ls  per colony. An ac t ive  beaver colony is

distinguished by the presence o f a w in ter food cache. In northern
\

clim ates, beaver tend to bu ild  only a s ing le  w in ter cache per colony 

(Hay 1958). The C arter Ferry study area was searched by boat fo r  

ac tive  colonies during the f a l l  o f  1982. A eria l searches were 

conducted on a l l  study areas and add it ion a l sections o f the Missouri 

and Marias r iv e rs  during the f a l l  and w in ter  o f  1983-84 and 1984-85. 

A ll  surveys were flown using a Super Cub f ly in g  approximately 100 km 

per hour a t  100 m above the r iv e r  or rese rv o ir  shore line . Extensive  

ice during the w in ter  o f 1984-85 forced a reduction in the area 

surveyed. Care was taken to observe a l l  the shoreline c a re fu l ly .  

Shoreline and r iv e r  channel length was measured from USGS Quad maps 

using an Apple Computer Graphics Table and d ig i t i z in g  software. The 

number o f  caches located was d iv ided by the to ta l  length of shoreline  

and r iv e r  channel to  determine colony density .

A ll  caches found along the Missouri R iver were c la s s i f ie d  as to  

type o f adjacent upland or water channel, including is lands, backwater 

channels, main banks w ith  adjacent f lo o d p la in s , and main banks with

75
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adjacent steep uplands or c l i f f s .  Steep uplands were defined as a n y ’ 

area with at least 30 m of r is e  w ith in  100 m of the shore, most were

su b s ta n tia l ly  steeper. A ll shoreline between Morony 0am and Qauphine

Rapids was c la s s i f ie d  as above and the to ta l  in length of each

category ca lcu la ted . Bonferoni Z tes ts  were used to  determine

s ig n if ic a n t  d iffe rences  between a v a l l a b i l i t y  and use in each category.

Selected colonies were l ive -trapped  using Hancock Beaver Traps

baited with castor and b a it  s t ic k s ..  Beaver were immobolized with

V e ta la r  (ketamine hydrochloride) and Acepromazlne as described by

Lancia e t  a l .  (1978). ' Animals were weighed, and the o vera ll  length,

t a i l  w idth, t a i l  length, and sku ll breadth a t  the'zygomatic arch were

recorded (P a tr ic  and Webb 1960). Sex was determined by external

palpation (Osborn 1955). Each beaver was marked with  a unique

combination of colored p la s t ic  rototags, 1 in each ear,  to  allow

ind iv idual id e n t i f ic a t io n .  Beaver were kept in holding cages u n t i l

they had completely recovered from the drug to  prevent drowning.

Trapping was conducted during the f a l l  o f  1983 and spring of 1984 on

the Carter Ferry study area, and the spring o f 1984 on Lake E lw e ll .

Trappers who returned ear tags were contacted to  determine trapping

location . No carcasses were recovered.

RESULTS

Colony Density

Densities o f a c t iv e  beaver colonies varied  widely between areas, 

esp ec ia lly  when comparing r iv e rs  to  reservo irs . On the Missouri
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River, densities, ranged from 0.03 to 0.31 colonies per kilometer of 

shoreline with an average o f 0.15 (Table 5 .1 ) .  For the Marias River 

below Tiber Dam, den s it ies  ranged from 0.10 to 0.23 colonies per 

kilometer of shoreline with an average of 0.18 (Table 5 .2 ) .  Variance 

between den s it ies  on reservoirs  was even greater ,  ranging from no
. i

colonies to 0.17 per k i lo m e te r 'o f  shoreline (Tables 5.3 and 5 . 4 ) . .
■ c

Cache Location

Of the 90 caches located along the Missouri River in the w inter  

of 1983-84, 44 (50%) were associated with islands while only 21% of  

the shoreline was c la s s i f ie d  as is land , a d iffe ren c e  s ig n if ic a n t  at  

the p < 0.001 level (Tables 5 .5  and 5 .6 ) .  Qnly 7 caches (8%) were 

associated with main banks with adjacent steep uplands although 28% of 

the shoreline was so c la s s i f ie d ,  also s ig n i f ic a n t  a t the p < 0.001 

le v e l .  Main banks w ith  adjacent f loodp la ins  or benches were associated  

with 30 caches (34% o f the t o t a l )  and represented 47% of the ava ilab le  

shore line. Backwater channels contained 8 caches (9% of the t o t a l )  

and represented 3% o f the a v a ila b le  shore line . Ne ither was

s ig n i f ic a n t  a t  the p < 0.05 level (F igure 5 .1 ) .
/

Colony Size

Nine beaver were l ive -trap p ed  a t  3 s i te s  on the Carter Ferry  

study area, 2 in the f a l l  o f  1983 and 7 in the spring o f 1984 (Table  

5 .7 ) .  Two add it ion a l in d iv id u a ls  were taken by commercial trappers in 

the f a l l  o f  1983. During the w in ter o f 1983-84, 11 beaver were
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Table 5 .1 . . Densities of beaver caches along the Missouri River in 
central Montana during the winters of 1983-84 and .1984-85. Densities  
are expressed as number of caches per shoreline and r iv e r  length.

CACHE COUNT -  MISSOURI RIVER'

Caches Shoreline Caches/ River Caches/
1983-84 km Shore km km River km

Morony Dam to Carter' Ferry 8 61.2 0.13 26.2 . 0.30
Belt Creek # . 0 4.5 2.2
Highwood Creek # 6 . 16.0 0.38 8.0 0.75

Carter F e rry .to  Fort Benton 16 78.4 0.20 25.3 0.63
Fort Benton to Loma Ferry 18 101.8 0.18 33.0 0.54
Loma to  Coal Banks Landing 19 103.7 0.18 35.5 0.54
Coal Banks to  P i lo t  Rock 12 41.5 0.31 15.7 - 0.76
P i lo t  Rock to  Slaughter River 3 94.6 0.03 40.6 . 0.07
Slaughter River to  PN Ferry 6 51.8 0.11 19.7 0.30
PN Ferry to Dauphihe Rapids 7’ ■ 53.9 0.13 21.6 0.32

TOTAL 90 586.9 0.15 217.6 0.41

1984-85

Morony 0am to  C arter Ferry 5 -  61.2 0.08 26.2 0.19
Carter to  Cottonwood Bottom *  7 53.7 0.13 16.2 0.43

TOTAL 12 116.0 0.10 , 42.6 0.28

# Not Included in t o t a l .

* Stopped 9 km short o f Fort Benton due to  ice jam.
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Table 5 .2 .  Densities of beaver caches a long'the Marias River in 
centra l Montana during the w in te rs -o f  1983-84 and 1984-85. Densities  
are expressed as numbers per shoreline and r iv e r  length.

■CACHE COUNT -  MARIAS RIVER

Caches Shoreline Caches/ River Caches/
1983-84 km Shore km km River km

Tiber Dam to C irc le  Bridge 21 92.8 ' 0.23 39.4 0.53
C irc le  to Eightmile Coulee 6 57.9 0 .10 25.8 -0.23

TOTAL 27 150.7 0.18 65.2 0.42

1984-85

T iber Dam to  C irc le  Bridge 20 92.8 0.22 39.4 0.51
C irc le  to  Eightm ile Coulee 7 57.9 .0 .1 2  25.8 0.27

TOTAL 27 150.7 ^ 0 .1 8  65.2 0.42
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Table 5 .3 .  Densities of beaver caches on reservoirs  along the 
Missouri River in central Montana during the w inter of 1983-84. 
Densities are expressed as number of colonies per length of shoreline  
and estimated length of r iv e r  channel before inundation.

CACHE COUNT -  MISSOURI RIVER RESERVOIRS

1983-84
Caches Shoreline Caches/' Channel Caches/

km Shore km km Channel km

Morony Reservoir 
Ryan Reservoir 
Cochrane Reservoir 
Rainbow Reservoir

1
1
0
2

17
6

13
13

0.06  
0.17'

0.15

7
3
4

0.14, 
0.33

0.20

TOTAL 49 0.082 19 0 . 2 1

H olter Lake 2 100
Hauser Lake 0 76
Canyon Ferry Reservoir 4 164

0.020

0.024

47
26
54

0.042

0.074

TOTAL . 340 0.018 127 0.047
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Table 5 .4 .  Densities of beaver caches on Lake Elwell in central 
Montana during ,the winters of 1983-84 and 1984-85. Densities are 
expressed as number of colonies per shoreline length and estimated 
length of r iv e r  channel p r io r  to  inundation.

CACHE COUNT -  LAKE ELWELL (TIBER DAM)

Caches Shoreline Caches/ Channel Caches/
1983-84 km Shore km km Channel km

Marias Arm 13 228 0.06 68 0.19
Willow Creek Arm 7 67 0.10 16 0 .44

TOTAL ” 20 295 0.07 84 0 .24

1984-85

Marias Arm 12 228 0 .05 68 0.18
Willow Creek Arm 5 67 0 .08 16 0.31

TOTAL 17 295 0 .06 84 0.20
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Table 5 .5 . Shoreline composition and location of beaver caches along 
the Missouri River between Morony Dam and Dauphine Rapids, w-m'ter 
1983-84. ,

Shore 1ine, Beaver Caches Significance
Bank Type km *  Total Number % Total Level

Main -  Steep 185 . 28 7 8 —

Main -  Bench 277 47 30 34 NS.
Island 126 21 44 49 +++
Backwater 18 3 8 .9 NS

TOTAL 587 90

f
Sign ificance leve ls .

+ = use greater than a v a i l a b i l i t y  
-  = use lessrthan a v a i l a b i l i t y

+++ or ™  p < 0.001 
NS not s ig n if ic a n t

Table 5 .6 . C la s s if ic a t io n  of shoreline type fo r  segments of the 
Missouri R iver,  displayed as percent of each segment, and beaver cache 
den s it ies .

Main Main Back­ Caches/
Section Steep Bench Island water Shoreline

Morony Dam to  C arter Ferry 46 45 9 0 0.13
C arter Ferry to  Fort Bentoh 29 41 24 6 0.20
Fort Benton to  Loma Ferry 15 41 35 9 0.18
Loma to  Coal Banks Landing 23 46 30 . 1 0.18
Coal Banks to  Pi lo t  Rock 21 52 26 0 0.31
P i lo t  Rock to  Slaughter R.. 42 50 8 0 ' 0.03
Slaughter River to  PN Ferry 30 49 13 8 0.11
PN Ferry to  Dauphine Rapids 21 64 15 0 0.13

TOTAL RIVER 28 47 22 3 0.15
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Figure 5 .1 . Comparison of the number of caches (n = 90) and length of 
ava ilab le  shoreline (n = 587 km) by bank type. Significance >  = 
greater than expected use, -  = less than expected use, _
+++ or —  p < 0.001.
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Table 5 .7 .  Measurements, of beaver trapped and marked on the Carter  
Ferry and Lake Elwell study areas, including date captured and 
estimated age. Weights are given in kilograms, length, width, and 
width of zygomatic arch in cm.

Colony Date Total T a il Ta il Zygo Est
Number Caught Sex Weight Length Width Length Arch Age

Carter  

1 1

Ferry

11-4-83 F 6.4 75 8.3

. \

19.9 7.05 Kit
2 1 11-5-83 F .6.0 78 7.0 21.5 7.83 Kit
3 1 11-83 - 31 - - . ----- ------ Adult
4 1 11-83 30 __ —•— . Adult
5 * 1 4-2 -84 F 15.9 104 12.8 26.3 9.21 Adult
6 1 4-9 -84 M 14.1 95 12.8 26.9 . — — 2 yr

7 2 3-24-84 F 7.2 81 9.6 20.2 8.04 K it
8 2 3-25-84 ' F 15.9 104 13.5 25.6 10.10 Adult
9. 2 4-18-84 F 14.5 102 12.5 25.0 8.95 2 yr

10 3 4-16-84 F 20.0 106 14.7 24.4 — .— Adult
1 1 . 3 4-19-84 F 12.7 ' 97 11.5 26.3 8.30 1 yr

Lake 

1 1

Elw ell,

4-30-84 F 20.0 109 16.0 28.2 10.21 Adult

2 2 4-30-84 M • 14.1 103 13.1 24.7 9.55 2 yr
3 2 5-2 -84 F 18.1 105 . 14.4 26.6 9.97 Adult

* Lost ear tags when recaptured on 4-10-84.
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taken by a second trapper from 3 locations w ith in  the study area. The 

same trapper took 11 more during the w inter of 1984-85, inc lud ing .
i

several marked ones. I  was unable to  examine carcasses of these 

animals. Three beaver were captured and marked on Lake E lw e ll .  None 

of these tags have been returned

No known age specimens were a v a ila b le  from the area'. Ages of 

trapped beaver were estimated by comparing values presented in the 

l i t e r a t u r e  fo r  each age class fo r  weight, t a i l  s ize ,  and width of  

zygomatic arch by Osborn (1953), Towsend (1953), Buckley and Libby 

(1955), and P a tr ic  and Webb (1960) w ith  measurements of the captured 

animals. Age was calcu lated  separately  fo r  each.measurement and 

author. The values presented in Table 5.7 are s t r i c t l y  estimates:

however, in most cases, most techniques yie lded the same estimated
• \  .

age, increasing confidence in the resu lts .

Five marked beaver were trapped by commercial beaver trappers  

since la te  1984 (Table 5 .8 ) .  Threew ere trapped w ith in  2 km of t h e i r  

o r ig in a l  capture s i t e ,  2 w ith in  1 year of the o r ig in a l  capture. One 

beaver, trapped in 1984 as a yea r lin g  23 km below Morony Dam, was 

retrapped in December of 1987 on a t r ib u ta r y  to  the reservo ir  above 

the dam. This represents a d i r e c t  l in e  distance of 20.2 km or 33 km 

of waterway. To t ra v e l  between these s i te s ,  the animal would have had 

to  negotiate  the c l i f f s  or housing area a t  Morony 0am, or several 

kilometers of open farmland.
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Table 5 .8 .  Date of recapture and distance from, release point fo r  
marked beaver taken by commercial trappers.

Beaver
Number

Date of 
'1st Capture

Date of  
Recapture

Distance 
Moved . Comments

2
7
6

10

11

11-5-83
3-24-84  
4-9-84

4-16-84

4-19-87

11-21-85 
Fall  84 
Fall 84 
Fall 84

12-17-87

< 2 km
< 2 km 
unknown
< 1 km

\

32 km

Weight 13 kg, Age 1 1 / 2

1 fro n t leg missing, 
healed and fu r  covered

Trapped on t r ib u ta ry  to  
r iv e r  above Morony Dam
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DISCUSSION 

Colony Density

As with any technique, a e r ia l  cache counts are not without 

problems. Payne (1981) compared cache counts derived from ground 

searches, "trapper inform ation, and a e r ia l  counts from several 

d i f fe r e n t  a i r c r a f t  in Newfoundland. Counts conducted by Super Cub 

missed 39* of the caches. Hay (1958) found no d iffe ren ce  between 

a e r ia l  and ground counts of caches. Swenson e t  a l .  (1983) reported  

a e r ia l  cache counts on r iv e rs  in cen tra l Montana ranged from 70 to  

100* accurate. The low values were from areas with extensive  

overhanging vegetation. .

On the C arter Ferry study area, no caches were located during, 

ground searches th a t  were not seen from the a i r .  One small cache on

Morony Reservoir was hidden by rocks and was not seen during the

a e r ia l  count. Conditions on the study areas were generally  exc e llen t  

fo r  spotting  caches. Banks were seldom undercut and vegetation was 

usually  sparse along the w in ter  shore line . The width o f  the r iv e r

allowed good viewing along both banks.

A e ria l  counts o f beaver colonies are fu r th e r  complicated i f  some 

ac tive  colonies do not bu ild  caches. Hay (1958) stated th a t  beaver on 

the p la ins  in Colorado frequen tly  f a i l e d  to  bu ild  caches, though he 

reported no data to  support th is .  B isse ll  and Bown (1987) reported 2 

apparently ac t ive  colonies with no food cache on the Flathead River in 

northwest Montana. On the C arter  Ferry study area we maintained close
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contact with the various colonies and I  fee l  that a l l  ac t ive  colonies  

b u i l t  caches. Some caches were f a i r l y  small and past observers may. 

have fa i le d  to ,recognize  these as^beaver caches.

In most studies, beaver den s it ies  are reported as number of, 

colonies per length of water channel, or, in areas of extensive  

wetlands, as colonies per land area. For large lakes or reservo irs ,  

where no well defined channel e x is ts ,  den s it ies  are reported as 

colonies per length of shore line . A ll  3 methods work fo r  th e i r  

respective conditions, are e a s ily  ca lcu la ted , and allow comparisons 

between populations in d i f fe r e n t  areas under comparable water 

conditions. U nfortunate ly , because each is re la ted  to a d i f fe r e n t  

measure of a v a i l a b i l i t y ,  we cannot compare between r iv e rs ,  wetlands, 

and lakes or r e s e rv o irs . -  Even.with d i f f e r e n t  types of r iv e rs ,  such as 

sing le  channel or braided, comparing simple numbers per r iv e r  mile may 

be misleading.

Beaver are shoreline animals. The area immediately adjacent to  

the land-water in te r fa c e  provides food, s h e lte r ,  and protection ,  

p a r t ic u la r ly  on r iv e rs ,  lakes, and rese rvo irs . Woody shoreline  

vegetation provides essentia l seasonal food, such as willows and 

cottonwoods, as well as bu ild ing  m ate r ia ls .  On large bodies o f water, 

beaver are dependent on the shore line fo r  s h e lte r ,  be i t  a bank 

burrow, combination burrow and lodge, or as an anchor fo r  a domed 

lodge. Although not a l l  shoreline is  s u ita b le  fo r  the growth o f the 

beaver’ s p referred  food plants or the construction o f burrows, the  

length o f a v a ila b le  shore line  is  a b e t te r  in d ic a to r  o f h ab ita t  

a v a i l a b i l i t y  than channel length or acres o f land. Recent advances in
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technology allow easy ca lcu la t io n  of shoreline length in even highly, 

convoluted s itu a t io n s . By reporting  colony dens it ies  by shoreline  

distance, we may compare den s it ies  in a l l  types of h ab ita t .

For the above reasons, I have reported dens it ies  of beaver 

colonies by length of a v a ila b le  shoreline fo r  a l l  areas. I  have 

included the values fo r  colonies per channel length on r iv e r  segments 

to allow comparison with previous studies. For reservo irs , colony 

density was also expressed by length o f  channel th a t  existed under 

pre-dam conditions fo r  comparison with nearby r iv e rs .

Several authors have reported values fo r  the density of beaver 

colonies under conditions s im ila r  to  the study areas. Values vary . 

from a low of 0 .0$ colonies per r iv e r  kilom eter on a s ta b i l iz e d  

section of the Missouri River in South Dakota (Vanden .Berge and Vohs 

1977) to  1.8' colonies per r iv e r ,  ki lometer on the upper Yellowstone 

(Swenson e t  a l .  1983). M artin  (1977) reported den s it ies  of beaver 

colonies on 11 stretches of the Yellowstone River from 0.31 to  1.24 

colonies' per r iv e r  k ilom eter. Values fo r  the current study on the  

Missouri River range from 0.07 to  0 .76 colonies per r iv e r  kilometer  

and fo r  the Marias River from 0.11 to  0.53 colonies per r iv e r  

kilom eter, both w ith in  the reported extremes.

The wide v a r ia t io n  in colony density along the Missouri River may 

be due in part  to  d iffe ren ces  in the r iv e r  configuration  and hab ita t  

q u a l i ty .  The lowest d en s it ies  occurred between P i lo t  Rock and 

Slaughter R iver, a section known lo c a l ly  as the White ,C1iffs  a f te r  the 

extensive sandstone c l i f f s  th a t  f la n k  much o f  the r iv e r .  This section
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has l i t t l e  in the way of f loo dp la in  or island hab ita t  su itab le  to  

beaver use (Table 5 .9 )

Only 1 study has reported colony dens it ies  on reservoirs  or large  

lakes, and th is  fo r  only p a r t .o f  the lake. B isse ll and Bown (1986) 

found 0.07 and 0.14 colonies per k ilometer of shoreline at the north 

end of Flathead Lake in northwest Montana. Reservoirs 6n the Missouri 

River contained from no colonies to 0.17 colonies per kilom eter of 

shore line , while Lake Elwell contained 0 .2  to 0.24 colonies per 

kilom eter of shoreline.

Three o f the 4 reservoirs  immediately above the Carter Ferry  

study area, Morony, Ryan, and Rainbow, showed colony dens it ies  w ith in  

the v a r ia t io n  shown on the Missouri R iver, though at the lower end.

The area between Morony Dam and Great F a l ls  is  a n a tu ra l ly  steep and 

rocky section o f the River and probably never supported- high beaver 

d en s it ies .  Given the rocky nature of the shore line, the presence of 

any beaver is  surpris ing . A l l  3 reservo irs  are r u n -o f - th e - r iv e r  

p ro jec ts , so extensive water level changes are uncommon and o f  short 

duration . There is  l i t t l e  to  no human access or shoreline development 

on any o f  the 4 reservo irs .

Of the 3 reservoirs  surveyed near Helena, no beaver were found on 

Hauser Lake, and only 2 colonies on H o lte r  Lake. Both are f a i r l y  

rocky, though no more so than the Great F a l ls  reservo irs , and are also  

r u n -o f - th e - r iv e r  f a c i l i t i e s .  Both have extensive seasonal 

recrea tiona l use and some shoreline development concentrated in the 

lo w - r e l ie f  areas. Four colonies were found on Canyon Ferry Reservoir, 

including 1 on an in le t  and 2 a t  the head o f  the rese rv o ir .  Canyon
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Table 5 .9 . Kilometers of ava ilab le  shoreline fo r  segments of the 
Missouri River in central Montana by upland or channel c la s s i f ic a t io n .

River
Section ^

Main-
Steep

Main-
Bench Island

Back­
water Total

Morony Dam to Carter Ferry 28.5 27.4 5.3 0.0 61.2

Carter Ferry to Fort Benton 22.9 31.8 18.8 4.9 78.4

Fort Benton to toma Ferry 15.5 42.0 35.8 8.5 101.8

Loma to Coal Banks Landing 24. 1 47.5 31.3 0.8 '103.7

Coal Banks to P i lo t  Rock 8.9 21.7 10.9 0.0 41.5

P i lo t  Rock to  Slaughter River 39.3 47.2 , 8 . 1 0. 0 94.6

Slaughter River to  PN Ferry 15.6 25.3 6 ,9 4,0 51.8

PN Ferry to Dauphine Rapids 11.1 34.5 8.3 0.0 53.9

Tota l 165.9  277 .4  125.3 18.3 586.9
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,Ferry is a flood control and i r r ig a t io n  rese rvo ir ,  experiencing  

extensive yearly  drawdowns. Between 1970 and 1983, the reservo ir  had 

an average yearly  drawdown of 4 .6  m and a maximum yearly drop of 

7.3 m. Subimpoundments have been created at the head of the' reservo ir  

to reduce dust -and the 2 colonies in tha t area may be u t i l i z i n g  these 

more stable water areas.

Oensities on Lake Elwel.l range from 0.05 on the main arm to 0.10  

colonies per kilom eter of shoreline on the Willow Creek arm. These 

are generally  lower than the Marias River d i r e c t ly  below the dam, 

although the h a b ita t  appears to have been s im ila r  p r io r  to  the dam’ s 

construction. The ex is t in g  shoreline is  h ighly convoluted, generally  

steep, and subject to  extensive erosion, l im i t in g  beaver h a b ita t .

T iber  Dam is a flood control f a c i l i t y ,  experiencing periodic  and 

extensive changes in water leve ls .

From the standpoint of m it ig a t io n ,  the most in te re s t in g  question
*

is whether the current populations on Lake Elwell are comparable to  

the pre-dam conditions. I f  current conditions on the Marias River  

below T iber Dam are comparable to  the pre-inundation conditions above, 

we can estim ate pre-dam populations o f  beaver. Maps and conservations 

w ith  long-tim e residents suggest th a t  conditions above and below the  

dam were s im ila r  p r io r  to  construction , although the dam does 

s t a b i l i z e  current water leve ls  on the r iv e r  below., Whether th is  has a 

po s it iv e  or n e g a t iv e .e f fe c t  on beaver populations is  unknown. 

Approximately 68 km of the Marias R iver channel was,flooded by Tiber  

Dam. Using an average of 0.42 colonies per k ilom eter o f channel, we 

can estimate th a t  28 colonies were o r ig in a l ly  displaced by the dam.
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Curren tly , the main reservo ir  contains 12 to l3 c o lo n ie s ,  or less than 

h a l f  the estimated pre-dam population.

Cache Location

The extensive cache counts conducted on .the Missouri River during  

1983-84 allowed comparison of the general location of caches with  

av a ila b le  shorel-'ine conditions. Martin  ( 1977) noted a extensive use 

of islands and braided r iv e r  segments fo r  caching on the Yellowstone 

and Bighorn Rivers, but no s t a t i s t i c a l l y  s ig n if ic a n t  d iffe rence  

between use and a v a i l a b i l i t y .  On the Missouri R iver, caches were 

found s ig n i f ic a n t ly  less often  than expected on main r iv e r  banks with  

steep uplands and more often  than expected on islands.

Main banks with r e la t iv e ly  steep uplands are the resu lt  of 

erosion. These banks are characterized by r e la t iv e ly  fas t  and deep 

water near shore, making i t  d i f f i c u l t  fo r  beaver to  anchor a cache, 

and genera lly  unstable banks unsuitable fo r  denning. During the 3 

years of the study, I  examined 5 caches adjacent to  c l i f f s .  A l l  were 

associated with large rocks dislodged from the c l i f f .  These rocks 

provided anchor points fo r  the cache and protection  from the f u l l  

force o f the w ate r ’ s energy. A ll  5 were w ith in  0 .5  km of ample food 

sources, often  d i r e c t ly  across the r iv e r .  Only 2 had v is ib le  dens 

nearby, 1 dug in to  the loose so il  o f  the c l i f f  and 1 b u i l t  o f  s ticks  

wedged in to  a c rev ice  in the rocks. The other 3 dens were not 

1ocated.

A il  islands surveyed were b u i l t  by deposition, resu lt in g  in 

generally  low r e l i e f  and loose bank m a te r ia l .  Most contained
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extensive stands of w illows,' cottonwoods, and chokecherries. Much of 

the cottonwood regeneration observed on the Carter Ferry study area 

occurred on the upstream end o f 2 o f the large islands. The young 

cottonwoods' were heavily used by beaver. In add it ion  to  a ready food 

supply, the loose so i l  o f the islands provided exce llen t opportun it ies  

fo r  denning. Most islands contained areas sheltered from the main 

flow o f the r iv e r ,  p ro tec ting  caches and dens.

Colony Size

Poor trapping conditions, coupled with increased commercial 

trapping pressure made our l iv e  trapping e f fo r ts  only m arginally  

successful. Two new trappers set up on the Carter Ferry study area 

during the study, a fa c t  I  learned only a f te r  the second season so I  

was unable to  examine any carcasses.

A ty p ic a l  beaver colony is  o ften  perceived as a mated p a ir ,  young 

of the year, and yearlings  born the previous year (Bradt 1938), yet 

many authors report v a r ia t io n s  ranging from s ing le  animals to  groups 

containing add it ion a l adults or 2 -yea r-o lds  (Bradt 1938, Towsend 1953, 

Taylor 1970, Bergerud and M i l le r  1977). Some o f these v a r ia t io n s  may 

be due to  d iffe ren c es  1n the d e f in i t io n  o f  a colony.

Live trapping on the study areas was not in tensive enough to  

determine t o ta l  colony composition or s iz e .  However, the capture of 

k i ts  a t  2 colonies ind icates th a t  reproductive!y ac t ive  colonies do 

e x is t ,  and a t  leas t  1 colony approached the ty p ic a l  pa tte rn
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(Table 5 .1 0 ) .  The unrecorded removal of beaver by commercial trappers  

fu r th e r  clouded true  colony composition.

Host studies of sex ra t io s  in beaver reveal generally  eouai 

proportions at a l l  ages (Osborn 1953, Henry and Bookhout 1969, vanden 

Berge and Vohs 1977, Svendsen 1980). The apparent preponderance of 

females found in the Carter Ferry study area may be due to the

personnel’ s inexperience in determining sex.

The number of ind iv idu a ls  per beaver colony varies  widely between

areas, h ab ita ts ,  and even years. In an in tensive study of colonies in

Michigan, Bradt (1938) found frpm a s ingle  ind iv idual to  12 beaver per
i -

colony, w ith an average of 5 .1 .  Swenson e t  al (1983) found average 

colony sizes o f 5 .2  to  9.2 on the Yellowstone and Tongue r iv e rs  in 

Montana. Of p a r t ic u la r  in te re s t ,  they noted a drop from 9.1 to  6.1 

beaver per colony in the same area over 2 years. Again, l iv e  trapping  

on the study areas was not s u f f ic ie n t  to  determine true.co lony s ize .

With the advent o f marking of beaver in the 1950’ s, extensive  

information has been gathered on t h e i r  movements. Many e a r ly  studies  

focused on the movements of transplanted beaver. Beaver are capable 

of extensive movements, sometimes involving considerable overland 

t r a v e l .  Hibbard (1958) reported th a t  1 transplanted beaver in North 

Dakota traversed 107 km (s t r a ig h t  l in e )  or 238 km of waterway, w ith an
I

average t ra v e l  fo r  18 recaptured in d iv id u a ls  o f 14.5 km of waterway. 

Berghofer (1961) reported movements of transplanted beaver in New 

Mexico o f 6 to  51 km, including in d iv id u a ls  th a t  moved over a 3600 m 

d iv id e ,  4 major watersheds, and 1 who traversed a t  leas t  22 km of 

rough, dry land. Knudsen and Hale (1965) found no movement by more
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Table 5.10. Minimal age s truc tu re  and. composition of selected 
beaver colonies as determined by 1ive-trapp ing .

Colony
Number Adults Subadults K its  Total

Carter Ferry

1 (F a ll  83)
1 (Spring 84)
2 
3

Lake E lw el1

1 1 .0 0 1
2 1 , 1 0 2

2* 0 2 4
1 1 0  2
1 1 1 3
1 1 0  2

* taken by a commercial trapper.



than 67% of the beaver marked during transp lan tin g  in Wisconsin w ith  a 

maximum tra v e l d istance of 48 km (s tra ig h t  l in e ) .  Beer (1955) 

reported a maximum natura l movement o f 50 km ('s tra ig h t lin e ), or 65 km 

by water by beaver released a t a capture s ite  in Minnesota. Leege 

(1968) reported no movement by 34% o f .th e  87 beaver recaptured a f te r  

release at th e ir  o r ig in a l tra p  s ite s  in Idaho. More than 21* moved 

more than 1.6 km, w ith  an average s tra ig h t lin e  distance of 8 .5  km and 

a maximum of 18 km. The longest recorded movement of a beaver, 

released a t i t s  capture s ite  was 241 km (Libby 1957).

Most beaver on the C arter Ferry study area were retrapped w ith in  

2 km of th e ir  re lease p o in t. A ll were released a t the point of 

capture. One y e a rlin g , captured in A p ril o f 1984, was taken by a 

trap p er in December o f 1987, 33 km by water from i t ’ s release p o in t. 

Although the to ta l  d istance tra v e le d  is  not remarkable, the animal 

must have traversed several m iles o f cropland, negotiated the c l i f f s  

north o f Morony Dam, or tra v e le d  through a dog-in fested  housing area 

a t the south end o f the dam.



IMPACT OF DAMS AND MITIGATION OPPORTUNITIES

IMPACTS OF DAMS

On r iv e rs  and rese rv o irs , evidence o f beaver use o f t e r r e s t r ia l  

h a b ita t is  common in areas w ith  r ip a r ia n  shrubs and trees  but unusual 

elsewhere. Shrubs and trees  represent much o f the beaver’ s food year- 

round, . providing bark and cambium from f a l l  to  spring and leaves or 

buds during the summer. As expected, s ite s  w ith  shrubs and tre e s , and 

banks w ith  c h a ra c te r is tic s  conducive fo r  shrub or tre e  development, 

are used more o ften  than s ite s  w ithout.

Because beaver are unable to  dam r iv e rs  and rese rv o irs , they do 

not create the c lass ic  domed lodge standing iso la ted  in open water. 

Free-standing lodges would be lo s t to  floods or ice scour almost every 

year. Instead , beaver re ly  on dens or hybrid den/lodge attached to  

the shore. Such dens are usually  b u i l t  on s tab le  s o il banks th a t are 

somewhat she lte red  from floods and 1ce scour.

To determine the impact o f dams on beaver and r ip a r ia n  

veg eta tion , we must examine how dams a l te r  the c h a ra c te r is t ic s  o f the  

r ip a r ia n  zone. Three areas are a ffe c te d  by dams: the head o f the

rese rv o ir pool and upstream; the re s e rv o ir sho re line; and the r iv e r  

below the dam.

A ll r iv e rs  and streams carry  sediment, e ith e r  1n suspension or as 

bed load. The amount o f sediment is  c o n tro lle d  by the waterway’ s . 

grad ient and ra te  o f flo w . As a r iv e r  enters  the standing water of 

the re s e rv o ir , the flow  ra te  decreases and sediments are deposited,

98
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forming a d e lta . Deltas tend to grow upstream, causing a decrease in
/ ,

channel g rad ien t, reduced channel cross section , and increased flood

occurrence (Glymph 1973, Baxter 1977, Thompson 1981, Sanchez 1982).

The d e lta  is  heav ily  s u b irr ig a te d , o ften  sprouting dense th ic k e ts  of

w illow s and c a t ta i ls  ( Typha sp). Such areas provide ex c e lle n t beaver

food, but because o f th e ir  shallow nature, provide few den s ite s .

Small drawdowns in rese rvo ir leve ls  lead to  large expanses o f mud

f la t s .  Any lodge or den would be t o ta l ly  exposed by even minor

changes in water le v e ls .

Dams cause sub stan tia l changes in h a b ita t on the rese rvo ir

proper. With closure o f the dam, low ly ing  h a b ita t along the waterway

is flooded, destroying many r iv e r in e  r ip a r ia n  zones (Heinzenkrecht and

Paterson 1978, Thompson 1981). The re s u ltin g  rese rv o ir tends to have

a g rea te r length o f shore line  than the pre-dam conditions or even a

comparable natura l lake (Baxter 1977), a. c h a ra c te r is t ic  which would

seem advantageous to  a r ip a r ia n  species l ik e  beaver. However, many

rese rv o ir shore lines are steep and rocky, providing l i t t l e  h a b ita t fo r

beaver, or th e ir  food species (Heinzenkrecht and Paterson 1978,

Thompson 1981).

One o f the most s tr ik in g  d iffe re n c e s  between natural and

impounded waters is  the change in the magnitude and tim ing o f water

level flu c tu a tio n s  on the re s e rv o ir . The degree o f th is  change
0 '

depends on the purpose and operation  o f the dam. R u n -o f-th e -r iv e r  

dams may cause l i t t l e  to  no change in  f lu c tu a tio n s . Some 

h yd ro e le c tric  f a c i l i t i e s ,  p a r t ic u la r ly  those designed to  provide  

peaking power, cause d iu rn a l f lu c tu a tio n s . I r r ig a t io n  and flood
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control dams change seasonal f lu c tu a tio n  p a tte rn s , ty p ic a lly  f i l l i n g  

during the spring and e a rly  summer, fo llow ed by drawdown each w in te r. 

In  the west, many reservo irs  serve m u ltip le  purposes, commonly 

including .some flood c o n tro l.

F luctuations on the reservo irs  covered in th is  study varied  

w idely. At Canyon Ferry R eservoir, a general purpose f a c i l i t y  

including flood contro l and i r r ig a t io n ,  annual f lu c tu a tio n s  in water 

' leve ls  between 1961 and 1986 averaged 5.1 m w ith  a minimum of 1 .9m  

and a maximum o f 10.2 m. Hauser and H o lte r dams, d ire c t ly  below 

Canyon Ferry , are ru n -o f-th e -r iv e r  f a c i l i t i e s  used fo r  power 

generation and rec rea tio n . Between 1961 and 1986, annual f lu c tu a tio n s  

on H o lte r Lake varied  from 0 .5  m to  5 .6  m w ith  an average o f 2 .2  m. 

Fluctuations o f more than 2 m are sporadic. For the same tim e period, 

annual flu c tu a tio n s  on Hauser Lake varied  from 0.1 to  5 m w ith  an
S ' '  '

average o f 1.7 m. Again, large flu c tu a tio n s  were uncommon.

T ib er Dam, on the Marias R iv e r, is  p r im a rily  a flood  control 

f a c i l i t y .  Annual water leve l f lu c tu a tio n s  from 1957 to  1986 varied  

from a maximum o f 10.3 m to  only 1 .4  m w ith  an average o f 5 .0  m.

F luctuation s on the 5 ru n -o f - th e -r iv e r  dams near Great F a lls  on 

the Missouri R iver ranged from 0 .5  to  4 .5  m in 1983. The 4 .5  m 

f lu c tu a tio n  was due to  re p a ir  work.

The d ire c t  impacts o f f lu c tu a tio n s  may be extens ive . The e f fe c t  

of f lu c tu a tio n s  is  somewhat dependent On the bottom contours of 

shore line areas (Heinzenkrecht and Paterson 1978). Shallow areas are  

dewatered by minor leve l changes w h ile  steep slopes may re ta in  th e ir  

basic shape and character desp ite  la rg e  flu c tu a tio n s . Seasonal
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changes on some flood control reservo irs  are extreme, bake Koocanusa, 

in Northwest Montana, varies  by up to  50 m each year (Thompson 1981). 

Under such extensive f lu c tu a tio n  regimes, beaver cannot maintain  

underwater entrances to  any den or lodge.

The change in magnitude and tim ing o f f lu c tu a tio n s  may, in
] •

tu rn .^ a ffe c t  veg eta tive  development of the r ip a r ia n  zones on 

reservo irs  when compared to  r iv e rs . Rapid f lu c tu a tio n s  or la rg e-sca le  

drawdowns tend to  in h ib it  the establishm ent o f perennial r ip a ria n  

species and favor annuals (Fowler 1978). The e f fe c t  is  greatest when 

major flu c tu a tio n s  occur during the growing season (Thompson 1981).

Large reservo irs  are p a r t ic u la r ly  susceptib le  to  massive erosion  

caused by wind and wave action . Large flooded areas and windy 

clim ates can lead to  intense wind-wave regimes, which in  turn  leads to  

shoreline erosion and bank fa i lu r e .  The degree and impact o f erosion  

is  determined by topography and sub stra te . Headlands and exposed 

s ite s  are qu ick ly  eroded, and the m ateria l re d is trib u te d  in to  

sheltered  areas (Halstead 1973). Massive erosion is  common along 

reservo irs  w ith  loose, cohesionless banks (M ikhailov e t a l .  1982). 

Weathering alone can cause erosion w ith  c e rta in  types o f clayey s o ils  

(M ikhailov e t  a l .  1982). Mass fa ilu r e s  on rock-edged reservo irs  

depend on the s tru c tu re , o r ie n ta tio n , and composition o f the rock 

( In n e rh o ffe r  and Loacker 1982). Shoreline erosion leads to  the 

development o f unstable c l i f f s  on exposed s ite s  and general re tre a t  o f 

such c l i f f s  in land (Halstead 1973). The erosion o f ravine mouths due 

to  changing water le v e ls  may lead to  fu r th e r  headwall erosion 1n those 

ravines (M ikhailov e t  a l .  1982). Any erosion reduces r ip a r ia n
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vegetation and decreases the o p p ortun ities  fo r  beaver to  m aintain bank 

dens.

Reservoirs In northern c lim ates tend to  freeze  over during w inter 

(Thompson 1981). Ice prevents te r r e s t r ia l  animals from using the 

water and sem i-aquatic species, such as beaver, from easy access to  

te r r e s t r ia l  foods. Beaver are adapted to  survive long periods under 

ice , but o ther species, such as waterfowl and bald eagles, w il l  be 

excluded from using the area during the ice-covered periods. On Lake 

E lw e ll, dates o f ice form ation and break up were recorded fo r some of 

the years between 1958 and 1964. Ice  form ation was gen era lly  complete

by la te  December and lasted in to  la te  spring. For the 13 years in

which the to ta l duration  could be determined, the average duration was

109 days (F igure 6 .1 ) .  Ice  break up and scouring in  spring ,
r  .

p a r t ic u la r ly  on ru n -o f -th e -r iv e r  re s e rv o irs ,' may in h ib it  or destroy

rip arian ' vegeta tion .

Although o ften  overlooked in discussions o f  re s e rv o ir impacts, 

associated human development may crea te  long-term  detrim enta l impaicts 

on w i ld l i f e .  Impounded water tends to  a t t r a c t  human settlem ent and 

development, which can lead to  d e fo re s ta tio n , overgrazing , and removal 

o f animals when in c o n f l ic t  w ith  human uses (B la irs  1972, W illiam s  

1973, Heinzenkrecht and Paterson 1978). Even moderate grazing may 

destroy newly developed woody veg eta tio n . Where rese rvo irs  become 

reso rt areas, the beaver’ s c u ttin g  o f tre es  and shrubs is  in d ire c t

c o n f l ic t  w ith  human aes th e tic  values.
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The impact o f dams on the r iv e r  below may be as great or .greater 

than on the rese rv o ir proper. As on the re s e rv o ir , the main e ffe c ts  

re la te  to changes in erosion /deposition  and flu c tu a tio n s .

As mentioned e a r l ie r ,  w ater, upon entering  the re s e rv o ir, looses

much of i ts  sediment load. The longer the water remains w ith in  the
/

re s e rv o ir , the c le a re r  i t  becomes. Water released below any dam 

c a rrie s  a sediment load w ell below the capacity o f the now-flowing 

w ater. The r iv e r  w il l  qu ickly  re -e s ta b lis h  the sediment load balance, 

causing erosion, channel degradation, and headwall cu ttin g  in 

t r ib u ta r ie s  (Boundrant and Livesey 1973, Glymph 1973, Taylor 1978, 

Thompson 1981, Harrison and Mellema 1982). The r iv e r  scours i t s  bed 

fo r  m a te r ia l, removing the f in e r  m a te ria ls  u n t il  only large m ateria ls  

are l e f t ,  when a l l  m ateria ls  are too large to  be moved by the r iv e r ’ s 

flow , the. channel becomes armored and erosion extends downstream' 

(Tay lo r 1978, Harrison and Mellema 1982). Through th is  process,
J

impacts o f the dam may be f e l t  f a r  downstream. Taylor (1978) reported  

th a t erosion below Hoover Dam had extended more than 1.6 km (1 m ile ) 

downstream a f te r  only 6 months and erosion below Parker Dam had 

extended 96 to  160 km (60 -  100 m iles ) downstream since closure.

Downstream erosion tends to  deepen main channels, re s tr ic t in g  

flow  to  those channels and e lim in a tin g  braided channels, meanders, and 

even some is lands. These areas represent some o f the most productive  

r ip a r ia n  h a b ita t . Deep c u ttin g  o f channels reduces o pp ortun ities  fo r  

bank denning and lowers water ta b le s , reducing growth o f r ip a r ia n  

p lan ts  (Fenner e t  a l .  1985, H a rris  e t  a l .  1985, Swenson and Mull1ns 

1985).
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Dams o ften  a f fe c t  water leve ls .and  flu c tu a tio n s  downstream. With 

i n i t i a l  closure of the dam, there is  a d ra s tic  decrease in instream  

flow , o ften  remaining at legal minimums year-round. Depending on the 

s ize  o f the re s e rv o ir , th is  may continue fo r years. Increased 

evaporation , seepage in to  porous layers , in te rb as in  tra n s fe rs , and 

i r r ig a t io n  cause permanent losses to  the r iv e r ’ s flow (Heinzenkrecht 

and Paterson 1978). /

A fte r  the rese rv o ir is  f u l l ,  operation of. the dam continues to  

a lte r  the r iv e r ’ s natura l flow regime by changing the tim ing and 

amplitude o f water leve l f lu c tu a tio n s . The degree o f change depends 

on the purpose of the dam. R u n -o f-th e -r iv e r  dams, by d e f in it io n , have 

l i t t l e  e f fe c t  on downstream flow s. Most o ther dams have a t leas t some 

flood contro l or ir r ig a t io n  o b je c tiv e . By design, these f a c i l i t i e s  

reduce the incidence and magnitude o f floods downstream (R id ley  and 

Steele  1975, Thompson 1981, Harrison and Mellema 1982, Fenner e t  a l .  

1985). Some reservo irs  a lso increase low flow s,_ usually  re la te d  to  

minimum flow  requirem ents. For example, Harrison and Mellema (1982) 

reported th a t ,  before the development o f flood contro l reservo irs  on 

the Missouri R ive r, flows ranged from 209 to  29,000 cubic meters per 

second. Now, the low remains the same but peaks reach only 1700 cubic 

meters per second. During the 1964 floo d  on the Marias R iver, the  

maximum flow  above T ib er 0am reaches 241,000 c fs  w h ile  below the Dam, 

the flow  only reaches 10,100 c fs  (F ig ure  6 .2 ) .  Reduced flood ing  

should improve denning success fo r  beaver.

Eighteen major dams e f fe c t  water flows on the Missouri R iver  

-above Fort Benton, Montana. N atural f lu c tu a tio n s  in water leve ls  tend
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to mask the actual Impact of these dams on high and low flows.

However, Figure 6 .3  shows a general Increase in low flows and decrease 

in high flows as more dams were constructed along the R iver.

Changes in flood ing  may have major e ffe c ts  on woody rip a ria n  

veg eta tion . F loodplain fo res ts  are o ften  considered p u ls e -s ta b ilize d  

systems. Such areas are held in  a s ta te  of continual disciim ax by 

period ic  flo o d in g , which provides optimal h a b ita t fo r  the 

establishm ent of w illow s and cottonwoods (Baxter 1977, Thompson 1981, 

Fenner e t a l .  1985). These species reproduce poorly where they are  

the overstory dominate. By reducing floo d  peaks, thereby reducing 

scouring and the crea tio n  o f deposition areas, dams may reduce the  

growth and increase m o rta lity  o f seedlings and saplings o f such 

species (Thompson 1981, H arris  e t  a l .  1985, Swenson and M ullins 1985).

Dams also a l t e r  the tim ing o f seasonal flu c tu a tio n s . In  Montana, 

r iv e rs  ty p ic a l ly  show a discharge peak in May or June, followed by 

lows in la te  summer to  w in te r, depending on r a in f a l l .  Below dams, 

discharge peaks are o ften  delayed and may remain high in to  or through 

the summer season. The seeds o f some r ip a r ia n  trees^ such as the  

Fremont cottonwood ( Pooulus fre m o n tii) .  remain v ia b le  fo r  a very short 

tim e and req u ire  newly exposed moist s ite s  to  germinate. Fenner e t  

a l .  (1985) demonstrated th a t the tim ing o f seed release in the Fremont 

; cottonwood corresponds to  the optim al tim e in the S a lt  R iv e r ’ s natura l 

water cycle fo r  seedling germ ination. The e x is tin g  dams a lte r  the  

water leve l regime downstream, m ain ta in ing  high water through the  

germ ination period thereby severely  re s tr ic t in g  opp ortun ities  fo r  

cottonwood reproduction.
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Some dams'create substan tia l f lu c tu a tio n s  in downstream riv e rs  on

a d a ily ,  or even hourly, basis. Such flu c tu a tio n s  are uncommon on

ummpounded riv e rs  w ith forested headwaters. Libby Dam, in Northwest

Montana, e x h ib its  downstream flu c tu a tio n s  10 to  12 times greater than

pre-impoundment conditions. At some power peaking f a c i l i t i e s ,  such 
\ . 

v a ria tio n s  may occur several times each day (Thompson 1981).

The impacts discussed above represent only those changes caused 

by dams in r iv e r in e  systems th a t a f fe c t  beavers or th e ir  r ip a r ia n  food 

source. Any change which d e s ta b iliz e s  banks,, reduces woody r ip a r ia n  

veg eta tion , or creates v io le n t short-term  flu c tu a tio n s  in water leve ls  

w il l  reduce the s u i t a b i l i t y  fo r  beaver.

MITIGATION STRATEGIES
/

M itig a tio n  proposals can be d iv ided  in to  2 basic types, o n -s ite  

and o f f - s i t e .  O n -s ite  m itig a tio n  involves recrea ting  the c o n d itio n s ' 

necessary fo r  a species’ or community’ s su rv iva l w ith in , or d ire c t ly  

adjacent to , the p ro je c t boundaries. O f f -s i te  m itig a tio n  o ften  

involves purchasing, p ro te c tin g , or occasionally  enhancing w i ld l i f e  

h a b ita t a t  some distance from the p ro je c t. . This is  a v ia b le  approach 

to  w i ld l i f e  management but does l i t t l e  to  replace losses to  local 

populations. I t  should be u t i l iz e d  only when conditions preclude on­

s ite  m it ig a tio n . Therefore , the fo llo w in g  discussion concentrates on 

o n -s ite  proposals. ,,

The primary negative impact o f dams and reservo irs  on beaver 

h a b ita t re la te s  to  the loss o f s tab le  denning s ite s  and r ip a r ia n
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vegetation . The fo llow ing  m itig a tio n  proposals are designed to  

m itig a te  one or both of these problems.

Under c e rta in  conditions, simply rep lan ting  r ip a r ia n  zones along 

the rese rvo ir shore line  may. be possib le. Most r ip a r ia n  shrubs and
I

trees requ ire h ig h .le v e ls  of so il moisture w ith in  reach o f th e ir  roots 

during a t least the growing season to  survive (Broadfoot 1973, Fenner 

_ e t a l .1 9 8 4 ,  H arris  e t a l.. 1985). Where low f l a t  shorelines combine 

with r e la t iv e ly  s tab le  water le v e ls , vegetation may be successfully  

rep lanted . Swenson and M ullins  (1985) and York (1985) had the best 

resu lts  w ith  la rge , pole-^size cu tting s  taken when the trees  were in  a 

dormant s ta te . Poles were planted to  the depth o f the water tab le  

during the growing season. Fresh growth is  a t t r a c t iv e  to  c a t t le  and 

beaver. Both should be excluded to  the degree possib le u n t il  the 

stands are w ell estab lished .

Where slopes are too steep to  provide s u ita b le  su b irrig a te d  zones 

of usable w idth , slopes could be te rraced . Sm aller r ip a r ia n  shrubs, 

such as w illo w s, could be planted on the f i r s t  te rra c e s , large shrubs 

or tre es  planted to  an appropriate  depth on higher te rra c e s , and more 

drought to le ra n t  species on the highest te rra c e s . Again, beaver and 

c a t t le  should be excluded u n t i l  the p lan ts  are w ell estab lished . For 

new dams, vegetation  might be planted p r io r  to  f i l l i n g  the re s e rv o ir , 

although i t  w i l l  be necessary to  i r r ig a te  the p lan tings u n t i l  the  

water leve l r is e s .

The impact o f re s e rv o ir leve l flu c tu a tio n s  on vegetation  and 

beaver denning could be m itig a ted  by c o n tro llin g  the am plitude or 

tim ing o f such flu c tu a tio n s  (Seaman 1973). The yearly  amplitude of
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water level f lu c tu a t io n s  on reservo irs  is d i re c t ly  con tro lled  by the 

re s e rv o ir ’ s bperating mandate. In many cases, a l te r in g  the 

f lu c tu a t io n  by an appreciable amount is  unfeasible on the reservo ir as 

a whole. However, it. might be possible to  a l te r  t im ing to conform 

more c lose ly  to  natural conditions.

While we often, cannot a l te r  water leve l f lu c tu a tio n s  on an e n tire  

re s e rv o ir , we might s ta b iliz e  le v e ls  in lo ca lized  areas by tak ing  a 

lesson from the beaver. Beaver contro l water leve ls  on streams and 

ponds by b u ild in g  dams. Small dikes or dams could be b u i lt  across the  

mouths o f streams or coulees th a t en ter the re s e rv o ir , near th e ir  

o rig in a l r iv e r  en try . The dams would r is e  to  the level ju s t below 

normal f u l l  pool e le v a tio n . At f u l l  pool, the area would be flooded! 

As rese rv o ir leve ls  dropped, water would remain trapped behind the 

dam. With perennial streams, the leve l might remain s tab le  throughout 

the year (F igure  6 .4 ) .  In  areas w ith  high s o il erosion, such as the 

a rid  farmlands o f cen tra l Montana, these m in iature reservo irs  would 

f i l l  w ith  sediment. Dams could be designed to  allow  period ic  flush ing  

or the area could be allowed to  develop r ip a r ia n  shrubs and tre es  as a 

food source. A series  o f small dams could be b u i lt  along perennial 

streams, the lower ones providing den s ite s , the upper ones food.

On large rese rv o irs  in  windy c lim ates , wind and wave erosion may 

be the major l im it in g  fa c to r  fo r  both vegetation  and den s ite s .

Erosion causes problems fo r  a l l  aspects o f rese rv o ir management. When 

designing new f a c i l i t i e s ,  wind d ire c tio n  and re s e rv o ir shape should be 

c a re fu lly  eva luated . On e x is tin g  f a c i l i t i e s ,  or where no o ther . 

options e x is t ,  erosion may be reduced by crea tin g  natural analogs to
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Figure 6 .4 . P o te n tia l'fo r*  use o f dikes or small dams to  s ta b iliz e  
water leve ls  on side channels o f rese rvo irs .
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the coastal b a rr ie r  islands (M ikhailov e t a l .  1982). Such islands can 

be designed to require low maintenance.' B a rr ie r  islands d iss ip a te  the 

wave's energy, p ro tec tin g  the sho re line .

When increased human use is  in c o n fl ic t  w ith w i ld l i f e  values, a 

v a rie ty  of so lutions e x is t . I f  w i ld l i f e  is  the primary in te re s t , the 

e n tire  rese rv o ir could be closed to  human use. R e a lis t ic a lly ,  th is  is  

seldom possib le . In some areas, human use is  re s tr ic te d  during  

c r i t ic a l  periods, such as fo r  waterfowl nesting . Coordination between 

recreation  and w i ld l i f e  m itig a tio n  plans could reduce c o n flic ts  in 

s e n s itive  areas. Reserves could be created along reservo irs  to  reduce 

c o n flic ts  w ith  humans.

Grazing can have severe impacts on r ip a r ia n  vegetation and bank 

s t a b i l i t y .  C a tt le  are drawn to  water and to  the shade provided by 

trees  and shrubs. On the p la in s , th is  may be the only shade 

a v a ila b le . Even l ig h t ly  stocked range may have problems w ith  c a t t le  

in r ip a r ia n  zones because o f the tendency fo r  lives to ck  to  congregate 

inJ such areas. To m aintain healthy r ip a r ia n  zones, i t  may be 

necessary to  fence the sh o re lin e , w hile  provid ing water and shade away 

from the re s e rv o ir .

Downstream impacts may be m itig a ted  by c o n tro llin g  the magnitude 

and tim ing o f releases from the dam. Major short-term  flu c tu a tio n s ,  

as seen below power peaking f a c i l i t i e s ,  may be co n tro lled  during  

c r i t i c a l  seasons. Where the lack o f  floo d ing  has reduced the Survival 

o f r ip a r ia n  tre es  and shrubs, a r t i f i c i a l  floods could be created . 

Releases could be designed to  cause moderate flood ing  on downstream 

flo o d p la in s  a t appropriate  times o f the year. U n fortunate ly , human



1 1 4

development on flo o d p la in s  w il l  prevent a r t i f i c i a l  flooding in most 

areas.

Reservoir m itig a tio n  is an in fa n t f ie ld ,  w ith . l i t t l e  yet in the 

way of completed p ro jec ts  to  eva luate . We can look to  a few natural 

examples fo r  p re lim inary  ideas. As these ideas are re fined  and 

implemented, we can begin to  assess the success o f p a r t ic u la r  

programs. Because o f our lack o f knowledge, including eva luation  

procedures in a l l  m itig a tio n  plans is  important so we may learn from 

success and fa i lu r e .  Beaver again provide an e x c e lle n t in d ic a to r fo r  

eva luating  r ip a r ia n  zone m it ig a tio n . This is  not to  imply th a t beaver 

are a panacea. They are useful fo r  only one aspect o f rese rvo ir  

b io logy, shore line  con d itio ns . They should be p art o f a package of 

in d ica to rs  fo r  d if fe r e n t  aspects o f rese rv o ir m itig a tio n .

While not the f in a l  answer, beaver can provide a valuable  

ad d itio n  to  our to o ls  fo r  w i ld l i f e  h a b ita t management. As agencies 

become more involved in developing, implementing, and eva luating  

m itig a tio n  plans, the use o f beaver as a m itig a tio n  in d ic a to r species 

should be serio u s ly  considered.
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