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- This study was initiated in 1982 as part of the mitigation studies
for a proposed hydroelectric dam in central Montana, with the goal of
determining the effects of run-of-the-river impoundments on beaver and
developing potential mitigation strategies. The study areas were the
Missouri River at Carter Ferry, Lake Elwell on the Marias River, and
the Marias River below Lake Elwell.

At Carter Ferry, beaver use was associated with- 1slands or
backwaters water depths at 1 m from shore of 1.5 dm or less, adJacent
river channels of 70 m or less, non-cliff uplands, or the presence of .
woody vegetation. On the Marias River, beaver used islands or sites
with shrubs. At Lake Elwell, beaver used sites with slopes of 19% or
less, non-c1iff uplands, or the presence of shrubs.

Lodges at Carter Ferry were associated with flat banks, soil
substrates, or nearby shrubs. On the Marias River, beaver buiilt
lodges on non-cliff sites with soil substrates or greater than 10X
underwater slope. At Lake Elwell, lodges were associated with bank
aspects of 90 to 210 degrees, soil underwater substrates, or deep
water near shore.

Seventy-two percent of the shrub cutting by beaver occurred in the
fall. within each size class, beaver cut shrubs as close to the water
as available. Willow trees were cut more often than expected while
" other species, except cottonwood and chokecherry, were cut less often
than expected. The cut trees were smaller than average and further
from .shore than expected. '

Colony densities on the Missouri River var1ed from 0.03 to 0.31 per
kilometer of shoreline. The Marias River below Lake Elwell varied from
0.10 to 0.23 colonies per kilometer. Lake Elwell averaged 0.18
colonies per shoreline kilometer while the Missouri River reservoirs
ranged from no colonies to 0.17 per kilometer. Caches were located on
islands more often than expected and steep maintand banks less often
than expected. ‘

Potential mitigation strateg1es 1nclude replanting vegetation on
flat or terraced banks; controlling water fluctuations on the entire
reservoir or.small segments of reservoirs using sub-impoundments; -
controlling the timing and magnitude of downstream fluctuations; and
protecting 'banks w1th erosion problems through structures or barrier
islands. ,
11
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INTRODUCTION AND STUDY AREAS |

INTRODUCTION

The beaver (Cdsﬁor canadensis) is an important fﬁrbearing species
along the Missouri River‘and its tributar1es. The early quest for
beaver pelts.léd to the exploration of many parts of North America,
including Montana. One of fhe expressed purposes of the Lew&s and
‘ Clark Exped1t1on‘of 180§—06~was to secure the:fur'tcade a1ohg the
Missouri and.Columb{a‘rfvers for the United States. SeayerAfemain
economical]y'iﬁpbrtaﬁt today. For example, the value of the 1980-81
Montana beaver harvest approached a million do]iars. | |

-ID 1981 the ﬁonfana waer Company proposed conStruction of a run-
of-the-river hydroelectric dam on the Missouri R1Ver at Carter Ferry,
Montana. Before.granting a license for construction, the Federal
Energy-Rggula;pEy'Commjssion requfres the company to- evaluate thé -
project’s impact on fisﬁ‘and wildlife and develop an effective

mitigation plan. The following study was conducte¢4to'paftjal1y
fulfill these requirements.

Although many species-woqld‘be affected to varying degrees

‘by-the dam, only.;\few'imbortant of indicator species could be studied
16‘deotﬁ."The'beavér-provided an excelleﬁt indicator speciés for
studying the 1mdact'of dgms, developing m1t1g§t10n stfategies, and
assessing the success of such plaﬁs related to riparian zohes. Bqaverf
‘exfét anmost'waterways capable of hydrqe]eétf1c development. TheyA

1



qgibk]y reinvade vacaﬁt habitat, or can be reintroduced at a minimal
coét.\ Béavér are heavily depéndent on the riparian zone for both fodd
and shelter, including bo;h physical and vegetative eharacteristics.
They SUﬁ91ve th}oughout host of the United States gnd Canada, and'é

‘closely relateq,spec1es, Castor fiber, occupies areas of Europe and

Asia.” If beaver can be successfully maintained on a reservéir, many
.othgr'riparian—depehdent specias shou]d'élso‘fare well. |

' Beaver have been studied extensively on streams,Abut until
'recenf1§; they were virtually ignored on rngrs and.reservoirs.
Although thgy are the'same species, .beaver living underldiffergnt
conditions éxﬁibit quite(different batterns of habitat use. On
stréams,_beavers commonly bui]dvdams to control water 1evelsignd
occup} a .dome-shaped 1odg§ in ;he.resulting pond. Beavers on rfvers
and réservoiré cannot control water levels and are at the mercy of.
natural orlhumén-influenced fluctuations. They mu§; modify their
behavicr and habitat use to survive these fluctuations (Hammond 1943,
HITT 1982). |

Only within the last decade have studies been reported for bééver
on rivers, 1akes; and reservoirs. In 1977, Véndén Berge and Vohs;_Jr.
studied beavef'popu1atioﬁs on stabilized and unstabilized sections of
the Missouri Rivgr_in'South Dakota. Swenson et al. (1983), Swenson
and Knapp'(197?) and Martin (1977)_1nvestigatéd beaver use along the
‘Yellowstone and Tongue rivers in Montéha. Cél]ins (1979) studied the
fimbgct of water 13991 fluctuationsfon régulated gnd unregulated
waterways in Grand Teton National Pgrk, wydming; Beginﬁingrin the

1930’s, more extensive research was conducted on river-dwelling



| 3
memﬁers of the c]dsef;”relafed.Eurooean beaver in the Q.S.S;R; as part
of an effort to reintroduce this economically 1Mp$ftant furbearef to
1ts former range (Kirilloff 1957, Popoff 1957, Semyonoff 1957a,
Semyonoff 1957b, and zhdanoff 1957). Slough ana sadleir 4(‘197‘7)
.developed-a lgnd cap;bility c1assiffdatjon sysfeﬁ for;beaver on lakes
that has some appli;ation to reservoir enviroaments. Rebentl;. beaver
haye been<16¢lude6 1n‘feservo1f‘1mpact_énd'm1t1gat10n studies 1h the
\ Columbia River Basin (Tabor et al. 1980).

The effect of‘1mpoundments on beaver populations is just
beginnihg to‘fece1ve attention, and pqséibie mitigation measures are
largely unreported. Commonly, any  impoundment is viewed as
détrimental'to beaver populations and aétiVé.on4site mitigation is
seldom pursuéd; yet, beavers are found on many\reservoirs. Formal
studies are necessary be?ore;the actual effects. of imooundments'can‘be,
assessed and effective mitigation plans formulated. Results of this
: and.qther studies will help 1n-develpping‘m1tjggtioh plans for the
proposed Carter Fgrry Dam and‘éimilar brojécts thét,may bq initiated
in tﬁevfuture. ) |

This'study 1nvdlved several facets. To avo{d confusion, I have
presented';ne methods, résuits, and discussion for each as a separate
bhapter.' Each*chapﬁer generally fepresents a paper once‘apprppfiate
introductions and study area sect1oh§ are added. Chapters 2 and 3
cover différent types of .habitat use by béAVer, for feeding and
denning. Chapter 4 deals with spatiaf and temporal. food habits.

Chapter 5 covers geherél»populat1on information. Chaptér 6 -includes a



review of the literature on the effects of dams and some general ideas

on mitigating for beaver in 'such areas.

OBJECTIVES

‘The overall objectives of this study were to determine the effects .
of run-of-the-river impoundments on beaver populations and develop

possible mitigation strategies for the proposed Carter Ferry Dam.

These have been divided into 3 sub~objectives:

1.' document'§atterns of habitat use by beaver on impounded and
.unimpounded river segmgnts;
2. determine and compare popdlation,densities.of beaver on
impounded and_unimpounded‘Fiver_segﬁents: and
3. devé}op a "brofile? of occupied beaQef habitat for use fér
predicting the effect of proposed reSgrvoifs on beaver

populations.

STUDY AREAS

- Three primary study areas were chosen in central Montana; the
proposed Carter Ferry Dam s1te Lake Elwell (Tiber Dam), and the

Marias R1ver below Tiber Dam (Figure 1.1).



Tiber A ‘o~ .
Study Area [Marias \ Y Marias
Study Area - River

. 20 km
Missouri ’
River

quierfeuyx  FORT BENTON
Study Area ‘

* GREAT
FALLS

Figure 1.1. Prainciple study areas in ce_ntral Montana.



Primary Study Akeas

‘Carter Ferry - The proposed Carter Ferry Dam site lies-on the
Missouri River northeast of Great Falls, Montana,'aﬁdeould be the
sixth in 5 series of'runtﬁf—the¥r1ver;dam$ exteﬁding downstreém.frun'
Great‘Falls. fhe Rfver is further influenced by 2 addﬁtional run-of-
the-river dams and a retention dam upstreaﬁ near Helena, Montana, as
well as over 15 éma]]er damé'uﬁs;ream. ‘The study area extends‘from
the upper reach of the expected mgximum'podl to_a’poiht 10 km.below
the proposed Qam site, épprdgimatélyvsslkm of river.

Currently, the Missouri River flows within a relatively.straight
' ped about 100 m below the surrounding plains. Much of this
elevational change occur§ within 1 km of the rive(t afthougﬁ the
blains‘gre deeply dissected by a series of.extgnsive‘cbuiees. 'Most of
the,couiees are dry‘except_fof shorp'periodé following raips.U A few
contain permanent, though often.stagnant, water from yps}ope springs.
.Two permanent streams, Highwood and'Bel; creeks, flow into the River
yithin the study area. | .

Woody riparian vegetation is'confined almost‘exclgsively to.the
margins of the few 1s]ands‘and river'benches; 6n1y 3.méjor 1slanqs
lie.ﬁithin the inundation area, and benches are seldom greater than

1.0 km yide'and 3 km long. The riparian vegetation rarely extends

more than 50 m inland and is virtually nonexistent in many areas. The

‘woody riparian‘vggetat1on consists mainly of willow (Salix sp.) and
rose (Rosa sp.) shrubs with an occasional strip of cottonwood (Populus

sb.), hox eider.(Acer negunda), péﬁdh]éaf'w111ow7(s. amygdaloides),



"and chokeéherry'(?runbs v1r§1n1an;) trees. The remaininé bench lénd
is in buTtivation'or arid sage/grass'range.

The propo;ed Carter’Ferry Dam wouldkimpdund.a reservoir
approximately 23 km long and 38 m'deep:ét the dam. The normal
reservoir operétfng level would be 857 m with a maximqm'of 858.6 m.
The partek Ferry Dam would be‘fun-of—thé—fﬁver;»therefore, water level
fluctuations would be minimal and water retention-time short. The
comp]etqureservoir would have a,éurface area qf'approximéteiy 1417
ha. In addition to 23 km of the Missouri River, it would inundate
4.25 km of Highwood(CreeL and 2.25 km of Belt Creek. The ﬁnﬁndation
area  includes most of the river benches, all islands, and many. coulee
" bottoms. With the exception of thé uppef portion of Highwood Creek,
Carter'Ferry Dam would f]ood'essent1a11y all riparian hébitat within

the study area.

Tiber Dam and Lake Elwel]l - Lake Elwell, the reservoir behind
'Tiber‘Dam, approximateiy 100 km north of Great»Fa\]g, was chosen as
ﬁhe second study area;. Current conditions on the reservoir are
comparable to the projected conditions at the Carter Ferry Dam site.
Prior to impoundﬁent, tﬁe Marigs’R1ver meandéréd within the’confjnes
of é narrow bottomland, uédallyjless than 1 km'wide,‘surrounded by
higher plains with extenﬁive coulee sySteﬁs. Tiber Dam,'bu11t in
1955, ﬁroducedxa long and deep_reservoir,.so m deep at‘thg dam, with a
highly convoluted shoreline'approximatély 295 km long. Much ofAthe
reservoir is f1anked by highly eroded mud and cobble cljffs. Riparian

~'shrub and tree development is slight and confined to the few remaining



flats. Recent water level increases have flooded and k{11ed what
1ittle woody vegetation'héd‘qeveioped. | |

Tiber Dam is primarily a'fﬁood control structure, though a small
portion of the water is diverted for irrigation and domestic water
supp1ies. wéter léveis fluctuate depending on inflow and projected
fiooding. If severe ffooding is projected;'the resarvoir is
partially drainéd'to accomﬁodatg’the f1§od waters. Generally, the
reservoir level reaches a peak dqring late spring of early gummer,
then drops progressively un£11 early the next spring. #1ood1n9 in
1964 damaged the floodgates énd‘forced manage?s to manage water levels
to insure the dam’s safety, qupbing levels more than normal to allow
for potential flooding. Prior to f964; water levels fluctuated from
>2.1‘to 5.3 m with én average of 3.3‘m‘annually. Between 1964 aﬁd '

1984, annual fluctuations ranged from 1.4 to 10.3 m with an average of

5.7 m.

Marias River - Ihe'Mgriqs R{ver from Tiber Dam to a point 22 km.
below thezoam was chosen as fhé thirﬁ‘study area. The Marias Rive}
" below the Dam meanders through a well developed bottomlana flanked by
high b1a1ns. The deep coh\ees which dissect the surround1ng plains
seldom contain flowing water. Extensive flood plains as much as 1 km
‘wide bordef'the R1ver; yet the river 1tsé1f is fairly narrow (25 m to
100 m wide).

Riparian shrub and tree development is extensive on the broad
flood pléins and cottonﬁood‘groves are common. The woody riparian

vegetation is simi1ar in species composition to the Carter Ferry studx



site. Some.benches'arelin cﬁltivatioh put:the.primar; land use is
'gatgle-grazing.

‘Flows within the Marias River are controlled primarily Sy the
outflows from Tiber Dam. These flows have véried‘from afmih1mum of
0.2 to over 10,100 cfs with an average of 853 cfs. Durﬁng the 1964
‘flood, Tiber Dam rélgased.more than 5600 cfs for 22 days while above
the‘dam;,ievels reaches 241,000 cfs ﬁut remained greater than 5000 cfs

for only 11 days.
Additional Study Areas

Eight reservoirs and 2 sections of river were chosen for an

extended series of cache counts.

.Reservoirs.Q Hausefﬁgnd Holter dams are run-of-the-river
hydroelecﬁric facilities on the Missouri River near-Hgleﬁa, Montana.
Totél;shoreline distanég is 100 km for QoiﬁerfLake and 76 km for
Hauser Lake. A‘substaﬁt1a1 portion of both resérvoirs lies within
steep*wal]gdArockyicanyons. .Shorelines in'the.non-panyoh sections are
often rocky or composed of tall soil cutbanks. Remains of the
ﬁldorado Strip'M1ne'dcchy some shoreljné on Hauser Lake.  Even on the
<rema1n1ngj favorable‘5hore11ne,.r1parian shrub development is sparse.
Water level fluctuation js}minima1 on Hauser Lake. The average annual
fluctuation throuéh ﬂ986 Qas only 1.67 m and occqrred'primarily in
March.  Holter Lake has a normal drawdown of apprqximately 2 m. This
‘drawdown, phimari}y for ice control, occurs in bctober.

Canyon Férry Dam is a multi-purpose féc111ty,_jnc1ud1ng

hydroq1ectric genefatioq_ahd irrigation, directly upstream of Héuser
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,‘Léke. The current federal faci]ify f]ooded a previous Montana Power
‘Company dam. Canyon Ferry Reservoir is large, wiﬁh 164 km of.
‘shoreiine. R1par1an-shrpb development is localized and confined to’

the backwaters and upperffeacheSAof the pool. | |
The pobi level peaks in June, then dfops several meters'by tge
next March,,with the most rapid drawdﬁwn occurring in September. The
timing and extent of the drawdown is controlled by energy .and |
irrigation needs. Haximum_fluctuaiion is quite Qariab1e. In 1967,
the water level drop exceededA1Q m. A series of § run-of—théériver
h?droe]ectfic dahs occupy the MisééurivR{ver directlyygboerthé Carter
Ferry study aréa. These dams range in age from Black Eagle,lbuilt in
1890; to Cochrane, built in- 1958. The‘reservoirs’are confined to-
Fe]atiye}y narrow channels in what wés once a canyon. Total SHoneliné
distadceivaries'from a.hiéh of 17 km on Morony Reservoir to 6 kmvodl
Ryan Rééervoir, with a1]<5 reservoirsvtotAjing 49 km. Because thé
bénks‘ére:steep,and rocky, Eipaf1an shrub development is sparse ;nd
confined to backwaters and islands at the ‘upper reach of the pools.
Normal annual water level ?1uc§0ations‘are minimal, as expected for
run~o¥—thp~r1ver.dams. However, substantial fluctuations may occur
-irreguiarly in response to eﬁergencjes or'necgssafy repairs. In 1983,-
u‘(Morony Reservoir experienced a drop of 4.4 m, Rainbow Reservoir 3.5 m,

Ryan Reservoir 2.0 m, and Cochrane Reservoir 1.6 m. These drawdowns

occurrediprimar11y.during the late summer and fall.

Rivers - Cache counts were' continued on the Missouri River from

the Carter Ferry study area 181 km downstream to Dauphine Rapids.
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The hatufé of the River yaries greatly along thié‘siretch, from the
‘stréight,lfast-f]owing'Wﬁjte’c1iffs'section t& the meandering broad
bottoms of the Mafias Rﬁvér dejta. The River from'Fort Benton, 25 km
be{ow Cgrter Férry, to the:Rdbinson.Bridgé, almost 240 km downstreﬁm,
is a federally designétéd Wild and Scenic}éivef, For the f{rst 83 km,
’to_Pijot.Rock, the Rivef flows almost exclusively through pr{vqte
1and$ a6d'1s designated Recreational. Below Pilot Rock, an 1ncrehs{ng_
‘ pkpport{on of thg éﬁoreline is under Bureau of Land Management
jurisdiction and the River.is designated wi1d; |
_From 1860 to 1890, steamboats carried goods ﬁhd p;ssengérs from
St. Louis to Fort Benton. In 1878 alone, 60 steamboats hade»the trip.
Such traQel had'a great influence on the ripqrian envirohment. The
steamboats were fueled by wood and woodcutters weée busy along the
River supplying the need. [Aé average boat burned 25 to 30 cords of
wood daily and cdttdnwoods wére soon scarce. The loss of trees
undoubtedfy affected beaver populations and the residual effects may-.
be with us today. In 1887, the railroad reached Fort Benton and
sealed the fatevof tﬁe steamboats. Some cottonwood groves have
recovéred; but managers'ére now concerned by the lack of recent
:regenerétion‘Q1th{n these groves.
R1par1an:vegéiation a]dﬁg the Niséouri‘R1ver is sim5lar'in species

compositibn_to the Carter Ferry study aréa. In addition, some areas

show significant amounts of red-osief_dogwood (Cornus stolonifera)iand

currants (Ribes sp.). The fast-flowing canyon sections of the River
thtain little woody riparian'vegetation while the broader meandering

sections above Coal Banks Landing qonta1n dense cottonw@od and willow -
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grqyth. SUﬁﬁable fﬁver»bottoms~jn accessible areas are devqted to'héy 
“and small gréin production;ﬂ_Remafning lands are brimari)yvutilized
for graz1n§. | | | !
Cache:cognts were a1so'conducted'on the Marias‘Rivér below the.
“study area to ifs'conf1uenCe with the,Missourilever,la:total of 109
km. Condifidns'along the Marias River are sjmifar to the priﬁéfy
study area Qéé;feam. Most of the river between Circle Bridge (39 km -
5e1ow the‘TibeF'Dam) and Loma (128 km below the dam) is in briyate

. ownershib and 1na¢ceséible ekcept by boat.



BEAVER HABITAT 'USE.

"METHODS

Deve]dping mit{gaf{qn strategies for any species requires an ,
understanding of the species’ habitat requ1rements. Little has beén
publisheq concerning beavér habitat on large rivers and reservoiré.
.Thergfore, the primary thrust of this study was to investigate habitat
use on such areas.: To determine beaver habitat affinities on large’
- rivers and'rgservoirs,yl measured a wide variety of environmental
factors that might affect the beaver'srchoice‘of habitat and co&pared
sites with bé&ver activity to those without. Beaver‘;ctivity was
.defined by the presence of beaver sfgﬁ,such as cuttings,’tracks;;scent
~mounds, dams, and lodges. R

At the Carter.Ferry,§tudy area, ﬁhe Missouri Rivgr shdre}ine wa§
divided into 100 m segments; and each segment was classified as cliff,
benéh, or island. Fifty-eight sites were choseh at random (10% of the.
total avaiiable segments) from the 3 categories listed above,
according to their;febreéentat{on on the study area (19. because 10%
of the shoreline Was'classifiedlisland, 6 sites were chosen from the
island segments)y dn,Lake E1w911 and the Marigs»R1ver, sites were
;hosen.completgly at random. Forty-five sites were chqsen along the
ﬁarias River, representing 10% of the available. _Timeféonstraints
prevented such a saminng intensity of Lake Elwell’s 295 km of
shoreline. Instead, 75 sites were choSen;iz.Sx of the total

available. At each site, measurements were taken éf bank, r1Ver,

13
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Upiand, and Vegétat1ve characteristics. The type aﬁd‘preSence or
absence of beaver sign was noted;

Bank slope ana hefght wefe'me33uréd 2 m 1nlaﬁd and 1 m into the
Qatef‘from the shore. Both areas were classified as to configuration
'(génvex,‘f1ét, or concave) and substrate (mud, mud with some cobbles,
mud. and Cobb]eé;vcobb1es, talus, or rock). Shoreline aspe;ﬁhwas
recorded. Height énd configuration (cliff}'bench,.¢ouiée, or is1and)
of adjé&ent uplahds were determined grdm USGS topographic maps. River
width was taken from 1:7200 scale mabs providgd by.Monténa Power

‘Coﬁpany. Water depth was recorded at 0.5 m inﬁeévgls; penpeﬁdicu]ar
to the shore, for § m,of‘until the dépth exceeded 1 m.

The prééence or absence of:woody ripariaﬁ vegepation wasAmapped
bn 1:7260 séa1e maps. The 1ength of continuous ripariah v;getapion
upstream and downstream of tﬁg site center was estimatéd/fromvthese
maps. Shrup density,,crogn cover, and height-by species weré recorded
using point transects. At Cafter'Ferry and Lake Elwell, transect
;]ines were established, perpendicular tbAthe bank, at the site center,
25 m and 50 m. upstream and‘d§wnstheam. ;06 the ﬁarias River, 2
transect lines were established, 10 m above qhd below the site center.
vTransects‘extgnded 50'm inland. A pole was held perpend1cﬁlar to the
ground at 1 m.1ntervals along the transect. The number of étems
touching the pole was recofded ﬁnd species noted. Shrub dens1ty was
defined as the aVefage number of stems per 100 points. The crown
cover ahd shrub he}ght‘was also recorded at éach point on the
transeci. The site crown cover was defined as the percent crgwn

cover. Shrub heights were averaged..



While Tuﬁning the_shrub tfansecté, the presence or absence of tree
crown cover was also recorded. Tree .crown cover for each site was
defined as the percent cover. <In addition, the diameter at 0.5 m |
above thg.gcound'wés meaéuréd for all trees within 50 m of the site -
center at Carter Ferry and Tiber Reservoif. and within 10 m of the
site center on the Marias River. Only trees greater than 10 cm in

-

diametér wéfe'considered,/wfth the exception of chokecherries which
wére initially fecorded‘déﬁn to 2 cm. The species andvdegree of
'beavef cuiting were recorded‘for eé;n tree.

Habitat measurements were'compared_between\the fandom.sites based
on the presence or absence of beaéer'sign. Categoribal'varjab1es were
compared using the Chi-séuare test (SﬁSSx 1983). Continuous var{ables
were tested using the KOImqgrpv—Smirnoff ﬁwo—samp]e test of
distr%butional differences (SPSSx 1983). Sjgnificanée within each
~category was determined uéing the‘Bonferoni Z‘Statisticvthrpuga-a
computer program developédvby Matchett (1984). Céntinuous variqbles
wefe assigned to categories chosen to reflect biclogical significance
or observed break points in the data. Values were tested using the
Bonferoni Z statistic in an attempt to maximize the differences or
sim11arjty between uséd and unused sités‘within‘each categor?. Because
the data were used to develop the categories for continuous variables,
significance levels cannot be aécuratel§ determined. The significance
1evels~presented for the catqur1zed form of the continuous variables

shown in the tables are only approximations and are marked as such.
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RESULTS

All rahdom sites'were'ciassifiéd as used or unused_basédlon the
presence of beaver sign. Sign 1thUded Cfd ér,hew cdttihg;ltraiﬂé,
 tré§Rs, Wnges and dens, dams, and scent mounds. Sites‘with and
withéut beavér aqtfvi;y'were compared to determine diffefences between>'
.fuéed'ahd unused sites. .Significan£4var1able5'differed between the

study areas so each area is . presented separately.

Carter Ferry .

Used and unused sites d1ffered s1gn1f1cant1y in bank location
(p < 0. 001), bank configuration (p < 0.005), river w1dth (p < Q. 005),
upland height (p <_0.005), upland conf1gurat10n,(p;< 0.001), length of
‘continuous riparian shrubs (p < 0.0oi). and all meésures of riparian -
sﬁruss and trees. A1l other environmental paraﬁeters'showed no
signﬁficant'difference (Table 2.1).

S1gn1f1cant var1ab1es fell into 3 categor1es d1fferences in the
phys1ca1 character of the site, pharacter1st1cs of the area adJacent
to the site, apd measurements of woodyvriparian yegetation both
adjacent to andapn}the site. Al Vafiables were- compared separately.

A SN : ‘ _
Due to 1imitapions'within the data,.no attempt was made to test
multivariate effects. |

A significantly greater proportion of the sita; along the main
river bank uefe unused while all island énd'backwatér sites contained.
some beaver sign.-s1tgs Vith}concave’banks were often used by beaver.

There was no s19n1f1cgnt différencé_between the degree of use for

sites with flat or convex banks.



17

" Table 2.1. Differences between characteristics of used and unused

sites on the Carter Ferry study area, .including test type and
significance level. KS = Kolmogrov-Smirnoff two-sample test

'Ch1 = Chi-square test

Variable

Bank :
Slope

Aspect
Location
Configuration
Substrate

‘Water/Underwater
Slope '
Depth at 1 m
Oepth at 2 m
Configuration
Substrate

River width

Upland
Height
Configuration

wWoady 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

-KS
. KS

Chi
chi

‘Chi

KS
KS
KS

"Chi

Chi

KS

KS
chi

KS
KS-

KS

KS
KS

KS

. KS
KS

KS

KS
KS
KS

. KS

KS
KS

df

W N -

w N

value

1.004
1.035

16.96

17.19

"4.650 .

0.906
1.250°

1.281
0.989
1.683

1.429

1.763

30.95

2.526

2.444

2.788

3.625
' 3.429
3.527

3.159
3.524
3.656

1.969
1.969
2.246

1.133
1.133

0.870

0.235
0.000
0.004
0.200

1 0.385

0.088
0.075
0.610

0.663

-0.034

0.004
0.000
0.000
0.000
0.000

0.000
0.000

0.000

0.000

 0.000

0.000

0.001
0.001

'0.000

0.154
0.154
0.436

Significance

-0.266 -
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’Sites with'adjacentAriver widths of 70 m'or less, up]ands_betwéén
'790 and 850 m in elevation, or-isl;nd or beﬁch’;bnfigurations were
moré apt to be.used by beaver. Sites.with rivefiwidﬁh; over 125 m,
uplands greatef than 900 m 1h'e1evat1§n, or island or bench |
' configuratﬁbns were ééﬁmonly unused. AIntermedigte éites with river'
widths between 70 and 125 m qr_uplahds-ﬂ1th elevations between 850 and
900 m were(éqUally likely to be used or unused.

The presence of 1slands or backwaters, Tqy elevafion uplands, and
relatively narrow river channels are likely correlated. Narrow |
channels are created by -the presence of islands or the remains of old
fslands."All islandS»Qndvbackiaters on the study area.weré'created~by
deposition, not carved from the surroundiﬁg uplands, resulting in
“uniformly low areas. |

The presence or absence of woody fiparian vegetation,
particu]ar]y:of the family Salicaceae, was é gqod 1ndiqator of beaver
use. This is notyéurprising, as the pfﬁmary beaver'sign'was”cuttings‘
and stumps. Even sites with reiatively small amounts of tfees or
'shrubs usually contained evidence of beaver use. wi\16w'shrub ‘fW\
densities of as little as 1 stems per 100 points or crown covers of 1X -
were sufficient to distinguish used from unused sites. Sites with any
trees usually showed signs of use. Because the trees measured are
species of the r1paf1an zone and are Confihed to sites with greatef—
than-average subirrigation, a ré1at1onship undoubtedly exists between

the significant tobographic and vegetation variables. For details of

the values, see Table 2;2.
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Table 2.2. Bonferoni Z testsnof significance within categories for
beaver use of habitat on the Carter Ferry study area. Vvalues in
parentheses are approximate, see text for explanation,

o Bonferoni. Significance
variable " Z Value © Level %
Bank Location

Mainland » © 4,61 D m——

Island/Backwater 4,61, +++
Bank Conf1gurat1on

concave ~1.96 NS

Flat 1.00 NS .

ponvex 3.16 ++

“River Width a -
0~70m (3.43) oot

71 - 125 m - (0.40) NS

> 125 m (2.86) -
Ub1and Height -

790 - 850 m (3.54) ++

851 - 900 m (0.60) . NS

©>.900 m (5.37) ==
Upland Configuration o
cliff 5.65 —
Bench/Island 5.65 +++
'Length of Continuous R1par1an Shrubs o

‘0 -100m (5.71) ~ -

> 100 m-, (5.71) aas
Mean Shrub Height ‘- Comb1ned Spec1es

0 - 4 dm (12.71) ——

> 4 dm , (12.71) “f++'
Mean Shrub Height - wi]low Species

0=~1dm : (11.64) v m——

> 1 dm ( (11.64) T
shrub Density -ACOQbined Species :

0 - 2 stems/100 points - (10.41) —

> 2 stems/100 points (10.41) Al

_ Shrub Density - Willow Species
" 0 stems/100 points (10.41) -

> 0 stems/100 points (10.41) ' NS
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Table 2.2. Continued

Bonferoni

Varjable Z Value
Shrub Crown Cover - Combined Species |

0-2x% o o (10.99)

> 2 % " (10.99)
Shrub Crowniéover - wiliow‘Specieé

0-1% (9.80)

> 1% (9.80)
Number of Trees - Combined Species .

0 (4.46)

> 0 (4.46)
“Mean Tree Diameter - Combined Species

0 cm- (4.46)

> 0 cm (4.46) .
Tree Crown Cover - Combined Specie§

0 -1 % . : (3.32)

> 1 - 11 % (4.12)

> 11 % ' (0.18)

~

x s1gnif1cancev1eve13.~

+

use greater than availability
use less than availability

T +4+ Or === p < 0.001

++ OF ~= p < 0.01

+ or - p < 0.056

20

Sigh1ficance
‘Level
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Marias River

Onvthe Marias River, actfye and inactive sites differed in bank
1oéation (p\<.O.Q5), 1ength'qf continuous'r{pariaﬁ‘shrubs Yp’? 0.0%),
: shfﬁb density for combined species (p < 0.005), and shrub crown cover
for willow (p <V0b001) and'bombined épebigs (p ¢ 6}501). A1l other
Variaﬁlés e#hibited no significant difference (Table 2.3).

Only 1 thSica] site charac;eristié was significant,'that‘of~bank
location. A1l unused sites were located on the mainland while 30X of
éhe active sites were located on islands and backwaters. |

Féw mgasurementslof woody riparian shrubs were significant and no
tree variabiés displayed any'significancg. S1ta§ with greater ihan‘
100 m of continuous riparian shrubs immediately adjécent.tb‘the site
were commonly used b} beaver. Again, only small densities of shrubs,
as ]1tt]g‘as 3 stems:perlloo points, were.sufficient to”inc}ease
chance of beaQer use, Howevéf, this held bnly uhqn7a11 sﬁrub species
were combined for the ahalysis; No significahtcdiffe(eﬁce was found
liwhenidensity.fof willow species}aione Qere considered. Sites with
even low values for both combined species and Q1llow'crown,cover were

more apt to contain evidence of beaver use. For déta1ls of the values,

see Tablejz.A.

Lake Elwell

On Lake Elwell, used and unused sites differed in bank siope
(p < 0.005), upland height (p‘< 0.001),vup1énd conf19uration

'(p i'0;005),'1angth of continuous riparian shrubs (p <:0.001),‘abd all
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Table 2.3. Differences between characteristics of used and .unused
sites on the Marias R1ver study area, 1ncluding test type and
significance level, KS = Kolmogrov Smirnoff two—sample test,

chi = Chi- sauare two-sample test.

variable

Bank
Slope
" Aspect
Location = -
Configuration
Substrate

water/uUnderwater
Slope
Depth at 1.'m
Depth at 2'm
Configuration
Substrate

River width

Uptand
Height
.Configuration

woody .Vegetation ‘
Continuous - Upstream Léength .
‘Continuous - Downstream Length
Continuous -~ Total Length

Shrubs - Combined Species
Height
-Density
Crown Cover

Shrubs - Willow Spec1es
. Height

‘Density _

Crown Cover

Trees - Combined Species
Number
Diameter
Crown Cover

Trees - Cottonwood/Willow
‘Number
Diameter
Crown Cover -

Test

KS
KS

chi
chi
chi

XS

KS

KS -

chi

Chi

KS

KS
chi

Ks

kS

KS

KS

"KS

KS

" KS

KS
KS

KS

" KS

KS

KS
KS

KS

af

value

0.868
0.724
4.114
1.749
2.157

1.001
0.957
1.100
2.860

0.780

0.383

0.403 -

1.142

1.599

1.524
1,449

1.244
1.449
1.449

1.244
1.244
1.708

1.168
1.244
1.168

1.168

" 1.244

1.052.

Significance

0.439
0.671
0.043
. 0.417
0.142

- 0.258
10.319
0.178
0.239
0.377

0.999

0.997
0.285

0.012
0.019
0.030

0.091
0.030
0.030

0.091
0.091 '
0.000

0.130
0.091
0.130

0.130
0.091
0.218
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fTabJe 2.4. Bonferoni Z tests of significance within cétggbries for
beaver use of habitat on the Marias River study. area. Values in
parentheses are approximate, see text for explanation. o

‘ ‘Bonferoni 51gh1ficance
variable Z Value - Level x
Bank Location’

 Mainland ; 3.35 Sl
Island/Backwater 3.35 ++
Length of Continuous Riparian shrubs -
. 0 - 100 m | ' - (2.93) -
> 100 m | " (2.93) ++
_Shrub. Density - Combined Species
0-- 3 stems/100 points -(4.27) -,
> 3 stems/100 points (4.27) et
Shrub Crown Cover - Combined Species
0-2% ' (4,65) -
> 2 % (4.65) +++
‘Shrub Crown Cover - Willow Species: -~ - _
0-1X% (5.68) -—=
D1 K (5.68) e

¢ Significance levels.

use greater than availability
use less than availability
+++ or ==- p < 0.001

++ or -- p < 0.01

+ or - p < 0.05
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measures of \shrqbe; ‘Afl other'variables showed no sign1f1caht
fdif?erences (Table 2>5) Aga1n, 3 categorwes of 31gn1f1cant variables
ex1st on site phys1ca1 character1st1cs, adJacent areas, and woody
riparian vegetat1on.

Beaver used sites with bank slopes of 19% or 1ess more often than
expected. Sites with banks of greater than. 19% s]ope were often
unused. A greater propqrt1on of.s1tes with adJacent up]ands between
885 ‘and 925 m.in eJevation'or‘bencH—like configuraﬁions were used by
beaver thanleites‘uith Uofands overx925 m or with cliff;11ke'
poﬁfigbrations. ‘ :

The~simple'presen¢e or absence_of shrubs. was significant fo
deierminelbeaver use. Due to the nature of the reservoir, few areas
contain an}gshrubs. thy 1 site with ehrebs'showed no sign of beaver
use. host siées'withoet shrubs‘ehowed no evidenée ef beaver use. No
s1gn1f1cance was found between used and ueused sites for all tree
var1ab1est In the case of trees, the extremely smal] sample size for
sites with trees probably prevented anyvs1gn1fjcant differences in use
‘\frem being'discoyered. Fer details ef the values, see Table 2.6.-

\

DISCUSSION

Two basic problems occur with the methods presented and should be

dealt w1th before proceed1ng Because the variables did not meet the

‘-

assumpt1ons of parametr1c stat1st1cs, nonparametric forms were

it

employed. This, in turn, ferced me to utilize univariate techniques.
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Table 2.5, D1fferences between characteristics of used and unused
sites on the Lake Elwell study area, including test type and - ’
~significance level. KS = Kolmogrov-Smirnoff. two—sample test,

Chi = Chi-square. two-sample test.

variable: Test df . Vvalue Significance

-Bank - ‘
Slope KS 1.819 0.003
Aspect - KS 0.810 - 0.528
‘Location ) Chi 1 0.000 1.000
Configuration chi -2 4.919 0.086
Substrate ' chi- 1 0.710 0.790
Water/Underwater_ . o ,
Slope KS 1.123 0.161
Depth at 1 m KS 0.611 0.849
Depth at. 2'm KS 0.881 0.419
Configuration chi 2 1.919 0.383
Substrate echi 1 0.012 0.913
.Width KS 1.009 0.260 "
Upland
Height KS. 2.089 0.000
Configuration.~ chi 1 12.63 0.004
woody Vegetation ,
-Continuous - Upstream Length Ks 1.748 0.004
. Continuous - Downstream Length KS 2.018 _ 0.001
Continuous - Total Length KS 2.018 0.001
'Shrubs - Willow Species : , '
"Height. KS 2.146 0.000
.. Density. o KS 2.146 0.000
Crown Cover - KS 2.146 . 0.000
Trees - Comb1ned Species : -
“Number ‘ KS " 0.938 0.342
" Diameter KS © 0.938 0.342°

Crown Cover KS 0.625 © 0.829
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Table 2.6. Bonferoni Z tests of significance within categories for
beaver use of habitat on the Lake Elwell study area. Vvalues in
parentheses are approximate, see text for explanation,

. Bonferoni Significance
variable .4 Value - Level ¢
- Bank -Stlope
0 - 19 %, (3.84) +++

> 19 % (3.84) -
Upland Height ,

885 - 9256 m - (13.79) ., +++

> 925 m' (13.79) - -—-
Upland Configuration’ ,

Cliff K 11.89 -
Bench 11,89 4+
‘Length of Continuous Riparian Shrubs ‘ K g
0~ 100m ' ' 3.90 -
> 100 m 3,90 +++

‘Shrubs
0 5.47 --=
"> 0 5.47 +++

x Significance levels.

i

use greater than availability
use less than availability

+
Hwon

+++ or -—— p < 1
++ or == p <
+or - p <

.00
101
05

o oo
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If we choose p < 0.05 as our acceotaole'sighif1cance ieve%, we would_
expgét 5% of {he variables testeq to rég1ster a significant difference
' where none exists. Tﬁerefdre, we mjght,expec;-1 or 2 of the 32

variables tested in this stqdy to test falsely positive. To reduce
Nthe chance of such an occurrence, I héve repgrted, but genera))y
distrust, "any variable w1th.b < 0.08. Mahy of thé variables are
‘1ntu1t1vely-Cokrelatgd,;sdch as water depth and Qnderwater slope, If
4on1y'f’of’the‘cbrrelated variables~éxh1b1téd significancé,
Darticulariy at the p < 0.05v1evei, 1 discounted the test.

A sécond prob!em lies in the bias created by the variable
Cvisibility ?nd longevity of beaver sign. Some §ign,‘such as cutting
~activity, are readily visible and last for several years, Other sign,
‘such as'tracks, require é.cértéin type of substrate and are very
ephemeral. 'without the use of radiofe1emetry, or anépher techniddev
unaffégted by conditions; such bias_cannot be'qompletely removed. B
Beaveé tend to use the shﬁreline p(imarily for denning,‘resting. and
feeding. Denning activity will'be deait with in detail in th; '
fbl\owing chapter. Best1ﬁ§ sites, if different from feeding and
denning, will ganefal]y be missed by sign surveys. Therefore, the'
%o]low1ng results should be viewed as primarily.tests of feeding
acti§1tyﬂ;' |

_Ai:hough behyér'habitat affinities on the 3 study areas
differed in deta1ls, they all appear to relate to woody food
“availability and thg'bank.or wéter characteristics that promqte ihe‘
growth of preferred spec1§s. The imbortéhcenof woody food femains a

common thread in most studies of beaver habitat, regardless of the
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water type (Northcott 1964, Henry 1967, Williams 1968, Slough and
Sad]eir 1977, Boyce 1981, Allen 1983,_Howérd,éndALarson 1985,‘Bf;se]]
-and Bown 1§8f{. 4Thé differences in habitat use noted qurihg this -
study are probably related to differences in the requréments-for‘
growth of'wéody specieslin the 3 areas. —
| Qhéracteriétics leading to adequate. and stable food supplies for
beaver are well documentedvdn sﬁreams énd small Qetlands, 'Féw in-
depth studies have been complieted on rivers;'reservdirs; and large
lakes, despite the fact that major differences exist'ih‘grow1ng
conditions. | |

On large rivérs. such as.the Missouri and Marias, willows and
cottonwoods thrive on low elevation, low relief areaﬁ;’particularly if
':the'banks are protected,frgm floods;-grosion, ice scour, or ektensi?e\
grazing. Béaver eXhibi;ed~a;statist1cally significént affinity for
:si&es'with such physical characteristics on the éafper Ferry studyb
drea. Yet oq'the Mafiasr‘only vegétation‘measurements correlated wiih
beaver use. The abparent differences in use on the two areas is
probably due to‘differeﬁceé in the average conditionyon each area.

- The Mis#buf1 River is a large, deeb"river with many steep, cliff-
like banks. Intensive agricplturalénd human use of the low,
subirrigated\afeas has‘reduced ripdrian‘shrubs and tfees to a small
fraction of their former abundance. In many places, a few Meters of
shrubs edged by a single line of trees is all that remains of once
extensive bottomland forests. As a fesult,‘beaver concentrate tﬁeir
activity on the few remaining areas that support willows and -

‘cottonwoods, the low, subirrigated areas along the margins of the
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river f1oddp)a1ns. éecause such areas are uncommon, the apparent
selection by beaver stands out. | |

Thé Marias is a small, shallow, and meandering river. %1thpugh
it flows through ;,bréad canyon, the bottomland 1s‘f1anked bylétéep
and erosive bluffs that have effecpively prevented human use of many
afeas.’fWhere access is available, the floodplains are 1n;ens1vefy
farmed and'resemble.;he Carter Ferry area. The lack of access and
relatively small si;e of the arable land Have saveé many of the
- cottonwood groves. Only a smail section of the Marias-River is
~ bordered directly by~c11ffs.vas a result, beaver and their food
supply are not confined to small portions of the river bank. If
differences in the use of sites due to phySicaI,characgeristics
‘existed, they were too 'subtle to be detected by this study"desién.

Large fakes and reser961r5~bresent additional,problems to beaver.
Willows and cottonwoods are again conéentrgted in afeas of 1QQ'
elevation, }ow relief, and subirrigation. Herver, axtensive
fﬁdctUations pf many reservdir§<may lower underground water tables or

vflood'Qegefatibn,'further reddcing the area suitéble for riparian

" shrub growth. Many authors consider extensive flucﬁuations of water
levels extfeme]y destructive to bedver (Northcott 1964, Henry 1967,
Slough and Sadleir 1977, Allen %983, Bissell and»Bown.1987).

On 1af§e bodies of wate}, wind and wave erosion may further
reduce the areas suitable for riparian shrubs and trees. Without
protected areas, such as bays or inlets sheltered from prevailing. -
winds, lakes and reservoirs may'bé totally unsuitable for any |

sustained use by beaver (Slough and Sadleir 1977, Allen 1983).
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A1thoq§h Lake Elwell.contains many protected aréas, few have thé low
relief and subifrigatfon needed to promote wiiiows and cottonwoods.
AIn the case of reservoirs, the‘agé‘and,h1Story of a facility may élsoff
havévbearing'cn the éx;ent of riparian shfubvdéVelopment.

Lgké‘Elweil is ; Qoung facility where few ripar1anttrees‘nave had
time to develop. 'Thosé'tﬁat exist are heavily exploited by beaver.
Because much of>the’shorelineATs steep, shrub and tree development‘ié
11mjted to the few 16w—elevation areas,inat exist, Strong_gnd
pef§fsﬁent winds crea;e’hugé waves, 1ea&1ng to extensive erosidn of
any exposed areas. Erosion, couplgd_with fluctuations in water
levels, further reduce suitable shrub areas. Given the severely .

" restricted habitat for willow and cottonwood growth, beaver activity_

is predictably‘confined.to_thoSe areas.



BEAVER DENNING ACTIVITY

METHODS

‘Haﬁi;at variables were mg;sured'dn all active and inactive lodges
located on all'3 sﬁudy areas. ﬁeasuremeﬁts ;akén’werg‘identfcal to
ﬁhqse for ihe random sites described in Chapter 2. Athéach lodge, the
10699‘ type,-length, width, height, and wétér;dépth at the of%shore
'edge16f the lodge.were also recorded. Lodge and-random sites were

compared using the Chi-square, Kolmogrov-Smirnoff, and Bonféroni tests

as described in Chapter 2.

RESULTS

Lpdée sites were compared to random sites to determfne
'différénces between the plgcemén;‘éf lodges and the availability of
environmental parameters throughout ;he’study‘areas{ ‘Each study_area
is presented separately because substantial d1f¥erences'existed

between areas.

Carter Ferry .

Significant djfferences were fobnd bethen-the lodge and random
sites for bank configyra;{on (p < 0;001), bank substrate (p < 0.001),
undefwater‘configuration‘(p < 0.01), underwater ;ubstratej(p < 0.005),
uplanq cdnfigﬁratioh (p < 0.001), 1ength\of.cont1nuous woody riparian
vegetation (p-<'0;001), and all measurements of woody.vegetatioh,

31
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i

A\l

quality and quantity. A1l other variables showed no sign1fiqant
dffference_(Tablé 3.1). |

‘;SJghifiéant variables on the Carter Ferry study area fell into 3
categories, bhysical‘site characteristics, charécteristi;s”of areas
adjacent to the site, and measurements‘of'woody‘vegetat1on. AA‘l
variébles were tested Separgtely bécause Statisﬁical limitations
:prevented mu1t1varﬁate compariéons.l ' |

| Beaver built 16dges'0r dens more 6ften‘th§n expected oﬁ;sites

with soil Banks; soil qndgrwafér sObstfétes, or flat bank
copfigurationsv Sites with rocky bénks,:any‘rock'in the uhderwater
substrate, convex banks, or concave;undérwatéf configur?tioné weke;
sélddm used; There was no sighif1cént djfference in the use énd
aya11abilit9 of sifesAwith cbhcave banks, bank ;ubstfatésléontaining
oniy a few rocks, or:f1at or,canei underwater cpﬁfiéurations.

Beaver built very‘few !o&ges on sites with c}iffs.gdjacént to';he
shore. Tﬁere was no signifiéant diffefehce between thé use én¢
availability of7site§ thﬁ adjacent islands or bench-like uplands.
Most lodges were bdiit on sites with some woddy r{parfén, |
‘vegetation wiihiﬁ 1do_m of the lodge. - Lodges were seldom found on
sites with'léss'thén 500 m of continuous r1§arian shrubs adjacent to
the Iodge,‘wi1low shrub densities below 6 stems per 100 points, 6(
wi116ﬁ'crpwn covers of less than 3%. Beaver tanded to build lodges on
éitesiwith some trees present while”avo{d1n9 sites without trees.  For

details of the values, see Table 3.2. N
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Table 3.1. Differences between characteristics of random sites and

lodges on the Carter Ferry study area,

significance level. KS
Chi = Chi-square test.

Variable

Bank
Slope
Aspect
Location
Configuration’
Substrate

Water/Underwater
. Slope _

- Depth at 1 m
Depth- at 2 m
Configuration
Substrate

River Width

" Upland

Height
Configuration

WOody Vegetat1on

Continuous - Upstream Length
Continuous - Downstream Length
. Continuous - Total Length

Shrubs - Combined Species
Height
Density
- Crown Cover

Shrubs - Willow Spec1es
"Height.
~  Density
"~ Crown Cover

Trees - Combined Species
Number
Diameter
. Crown Cover

Trees - Cottonwood/Ni\low
Number
Diameter
Crown Cover

Test

KS
KS

Chi.

Chi

~ Chi

KS
KS

KS

Chi

- Chi

KS

KS
Chi

-KS-
KS
KS

KS
KS

KS
KS

KS
KS

KS.

kS
KS
KS

df

IR SR

wN

value

0.972
0.853
6.200
6.050
21.34

0.697
0.381

0.535 |
10.08:
- 5.425

0.732°

0.930
10.24

1.887
1.780
1.927

1.646
2.117

1.794

" 1.674

1.4717

" 1.854

1.679
1.484
1.498

1.807

© 1,915
1.512

_ including test type and
= Kolmogrov-Smirnoff two-sample test -

. Significance

. 302
.460
.085
.00
.001

[eNeNoNeNe

L7116
.999
.937
.006
0.002

cooco -

0.658

0.353
0.006

0.002
0.004
0.001

0.009
0.000
0.003

oW ol

[ o o]
oMNO
N O -

0.007-
0.024
0.022

0.003"
0.001
.0.021
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Table 3.2.. Bonferoni Z tests of significance within categories for

random sites versus lodges on the Carter Ferry study area.
parentheses are approximate, see text: for exp]anat1on

' variable

Bank Conf1gurat10n
. Concave
Flat - N
Convex

Bank Substrate
Soil
Soil with Few Cobbles
Rock or Cobbles

Underwater Configuration
. Concave
Flat
Convex

Underwater Substrate
- Soil
Rock

Upland Configuration
Cliff
Bench
Island

Bonferoni
Z value

Length of Continuous Ripar1an Shrubs .

0 -500m
500 - 1000 m
> 1000 m

Mean Shrub Height - Combined Spec1es

< 5dm’
5 - 10 dm
> 10 dm

Mean Shrub Height - Willow Species

<5dm
5 - 10 dm
> 10 dm

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

> 10 stems/1po points

(3,09)
(3.15)
(0.05)

(2.85)
(0.10)
(3.20)

(2.74)
(0.31)
(2.91)

(4.37)
(4,37)

values in.

Significance
" Level ¢

NS
44

+++
NS

-y wo
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{ ~

'Table 3.2. 'Continued

S Bonferoni Significance
variable 2 Value Level
Shrub Density - Willow Species .

< 1 stem/100 points- (3.09) R

1 - 6 stems/100 points (0.14) NS

> 6 stems/100 po1ntsﬂ (2.79) +

- Shrub Crown Cover - Combined Spec1es o

< 4% v (3.78), T

4 - 13 % © - (0.14) NS

> 13 % T (3.67) +++
Shrub Crown Cover - Willow Species | - .

0-3% S (3.96) -—=

> 3 % (3.96) +++
'Numbeh‘of.Trees - Combined Species A

o C : ' (3.64) ==

1< 20 (3.16) ++

> 20 (0.45) NS

' Number of Trees - Cottonwood/Willow .

0o ‘ ' (3.83) ° m——

1 - 20 - (4.02) +++

> 20° (0.27) NS
Mean Tree D1ameter - Combined Species - .

- 0-10cm (2.93) -
" >-10 cm (2.93) ++
. Mean Tree Diameter - Cbttonwcod/wiilow _

0 g o (3.83) -—

>0 o (3.83) e
Tree Grown Cover - Combined Species

0x . ‘ \ o (2.74) -

A (2.74) ++
Tree Crown Cover -‘Cottdnwood/willoul

0% T ) (3.21) b=

>0 % ‘ (3.21) ++

x Slgn1f1cance 1evels.
+ = use greater than availability
- = use less than availability

H"_u

+++ or.——- p
++ or -- p
+ or - p

!

OOO
OOO

0
01
)5

A A A
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Marias River

. Significant differences e;isted:on ﬁhe Mafias'River betweés the
lodge gnd,raﬁdém sites for bank aspect (p < 0.05), bank ébnfigurééﬁon
(p <’0.05),‘underwater slope (p <l0.001), water‘&épth at 1 m
"(p < 0.005) and 2 m (p < 0.01)-from,shore,'undeﬁyater éubsfrate

(p ¢ 0.00T), and some measurements of Shrub'dens1ty and ;rowﬁ cover:
A1l other variables showed no significant differences (Table 33).°
Sighificant variables on tﬁe:Mar1as ﬁiver fell into 2 general
categdries, phystal-site characteristics and some measﬁrgments of
riparian shrubs, Beaver buift lodges on sites\with~5aﬁk aspects
betyeen-ao anqj180 degrees more offén than expecfed, 180 and 300
idegrees less often than expected, and 300 and 60 degrees. in
approximaiel} the same proportion As available.

Sites Qiﬁh flat ‘banks contained fewer 1odgés than.e*bected,)
There'ﬁas no_éignificant d%fferehce betwéen use and avai]abiliiy of
conVex'or éonbave‘banks; Lodges-ﬁéfa'fqund more often than expecteJ'
on sites with soil sqbstrates-below the waterline and 1e$s'oftgh than
expected on sites with_rocky sqbstfates. Sites with dnderwater_slopes
greater than 10X, water depths at 1 m greatér than 1 dm,-and water
depths atbzim from shore greater than 2 dm were uSed‘morelpften than
expected. .51tes with shallower water were used'leSS often than‘.
-expected.

'Only measurements of the density'and crown covef for'cbmbiﬁed
species of‘shrubs showed significant'¢ifferences bgtween the location
of lodges and available codditions.‘:eeaver appeared to select'sités

with:gréater than 3 stems per 100 points 'shrub density and gréater
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Table 3.3. Differences between characteristics of random sites and
lodges on the Marias River study area, including test type and <
significance level. KS = Kolmogrov-Smirnoff two-sample test ~

Chi = Chi-square test. '

Variable Test. df value -Significance
Bank ( o _
Slope KS 1.116 0.168
Aspect KS - 1.434 0.003
Location Chi 1 2.237 0.135 .
Configuration Chi 8.435 0.015
Substrate ' chi 1 3.327 0,068
wéter/Underwater

© Slope KS 1.912 0.001
Depth at 1 m KS 1.753 - 0.004
Depth at 2 m KS 1.633 0.010
Configuration Chi ' -2.627 0.269
Substrate Chi 10.35 0.00t

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 - o
Height - KS” 1.036 0.234
Density KS 0.916 - 0.371
Crown Cover 7 KS 0.996. 0.274

Trees - Combined Species R
Number ' KS 0.717 0.683
Diameter KS -0.518 0.951
Crown‘09ver KS - 0.518 0.951

Trees - Cottonwood/Willow ’ o

" Number KS 0.717 - 0.683
Diameter KS 0.515 0.951"

Crown Cover " K8 0.515 0.951
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Table 3.4. ‘Bonferoni Z tests of s1gn1f1cance within categories for
random sites versus lodges on the Marias River study area. Values 1in
parentheses are approximate, see text for explanat1on‘ .

. ‘ Bonferont Signi1ficance
vVariable ' ~Z Value Level ¥
Bank.Asoeét

.60 - 180 degrees (2.79) ++

"180 - 300 degrees (2.80) -

300 - 60 degrees (0.38) NS

Bank Configuration -

. Concave 0.69 NS
Flat 3.09 |-
convex 2.04 NS

Underwater Slope
0-10% (3.48) -
> 10 % (3.48) +++

Water Depth at 1 m from Shore ,
0-1dm - (3.81) ——
> 1 dm (3.81) t++

Water Depth at 2 m from Shore
) - 2 dm : (4.02) ——
> 2 dm (4.02) s

Underwater Substrate -

Soil 5.20 +++
Rock 5.20 ~—=

Shrub Density - Combined Species
< 3 stems/100 points (2.80) . -

¢ -3 - 20 stems/100 points (2.69) +
> 20 stems/100 points (0.26) NS

Shrub Crown Cover - Comb1ned Spec1es »

0-5% - (2.90) -
> 5% (2.90) ++

x Significance levels.

+ = use greater than availability
~-.= use less than availability

+++ OF === P < 0.001
++ or —— p < 0.01
p < 0.05

+ or -
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than 5% crown cover for lodge construction. Sites with fewer shrubs

were used less often than expected. No tree variables were

significant. For details of the values, see Table 3.4.

)

Lake Elwell

Signifﬁcant differences were observed between lodge and random
sites for bank aspect (p <-0.05), water depth at 1 m (b < 0.01) and
2m (p < 0.05) from éhofe, dnderwatgr substrate (p < 0f05), upland
height (p < 0?001), and upland Cbnfigurétionv(p.< 0.001). All.other
variables showed no significant difference. (Table 3.5). \

i_Lodge sites on Tibqr Reservoir varied significant\y from‘
~availability in some characteristics of the physica]lsite andladjacent'
areas. Lodges were significantly mo}e common on sites with east to
-southwest aspects (90 to 210 dégrees). Sites wifh‘other aspec;s were
used less often than exbécted;

L9dges'were built on'sités with soil underwater substrates more
often than expectéd'and‘rocky‘substrates less often than expected.
Beaver se]ec;gd ;ités'for lodges with water deptﬁs greater than 3 dm
at 1 m from shore or 6 dm at 2 m from sﬁore. They avoided sites with
‘water depths less than 1.5 dm at 1 m or 3 dm at 2 m;‘ Sites with
~ depths ‘of 1.5 to 3 dm at 1 m or 3 to 6 dm:at 2 m did not differ
significantly between use and availability.

Lédges were more qommon on sites with adjacent uplands between -
910 and 930 m in eievat1on or bench—]iké configurations. Sites with
c]jff—11ke‘up1ands over 950‘m’1n elevation Qere évojded. Sites

between 930 and 950 m in elevation showed no significant difference
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Table 3.5. Differences between characteristics of random sites and
lodges on the Lake Elwell study area, including test type and
s1gn1f1cance level. KS§ = Kolmqgrov Smirnoff. two-sample test

Chi' = Chi- -square test.

variable

Bank
Slope
Aspect
Location
_Conf1gurat1on
Substrate

wWater/Underwater
Slope S
‘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 - Combined Species
Number -
Diameter
“Crown Cover

‘Test  df

KS
KS.

© Chi 1

Chi

chi -1

KS
KS
"~ KS
Chi

chi 1

ks

KS
et 1

KS
KS
. KS

KS.
KS
KS

KS
KS
KS

WO -0

value

.568
.536
568
. 548

673
.474

.368

© o

.220

2.064

14.14

0.896
1.165
1.066

" 1.045
'0.538

0.917

0.438
0.388
0.120

972

. 337

.406.

" Significance

0.301
0.015
0.464
0.277
0.060

0.056
0.007
0.026
0.816
0.020

0.102

0.000
0.001

0.398
0.132
0.206

0.228
10.934
.0.370

0.991
0.998
1.000



41

between»use and avai?abjlity. 'For‘details of the va]dés, see

Table 3.6.

OISCUSSION

On all 3 study areas, beaver constructed hybrid dens, cgmbining
features of both the domed lodge and bank burrow. Living quarters
were dUg 1nto the soil 'of the bank, as in a'burrow. However; the
. water-near shore was too sha116w for beaver to construct and maintain
an underwater entrance by simply burrowing’thfough the ;6j1. Even‘ifv
_;he water was{deep, the dynamié aCtAon of the flowing water,tendeq to
- ‘erode entrances. Therefore, beaver piled sticks from the bank several
feet'into the_water._>Theitunne1 extended . through the sticks, as in a
pdnd 1bdge, to a safe and secure eXifvbe1ow the water ‘line. in Somé
cases, beaver even 1ncrea;ed the heiéht of the‘bank by piling stfcks
.and mud over the_living quarters. This,ccnstructiop technique allowed
beaver to thrive on sites where bank‘and water conditions prevented
constructibn and\maihtenance of pure burrows 6r lodges. Although this:
reduces the impact of water and bank conditions, there are limits.

Many authdrs have implicated the lack of suitab}e den site§ in
the patterns of distribution and survival of beaver colqniesl(Collihs
1979, Boyce 1981, éissel1 and Bdwn 1987);< On the study.areas. bgaver'
gehera119 built dens on sites with stable soil banks with at least a
minimum water‘depth near shore ét low water. Because conditions
varied on all 3 study areas, the factors défining_stab1e banks'and

‘suitable water depths varied.
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Table 3.6. Bonferoni Z tests of significanée within categories for
random sites versus lodges on the Lake Elwell study area. Values in
parentheses are approx1mate, see text for exp]anatwon

, 'Bonferon1 Signi%icance
variable Z vValue Level x
Bank Aspect

90 - 210 degrees (5.13) ++4+
210 - 330 degrees ' (3.63) —-=
330 - 90 degrees - (2.66) -
' Underwater Substrate ,
Soil ’ 4.09 +4+
- Rock 4,09 -—
wWater Depth at 1t m from Shore'
< 1.5 dm (2.59) -
1.5 - 3 dm (0.67) NS
> 3 dm (2.25) +
“water Deoth at 2 m from Shore :
< 3 dm N\ (2'59) "
3 -6 dm . (0.16) NS
> 6 .dm (2.57) +
Upiand Height
910 - 930 m (4.40) +++
931 - 950 m (2.71) -
> 950 m (5.04) -—-
Upland Configuratxon
Cliff 6.73 -—

. Bench ~6.73 +++

* Significance levels.

+ = use greater than dVailability
- = use less than availability

+++ Or --- p < 0.001
++ or -—- p <0,
p<O

0
1
+ or -. 5

00
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dn all 3 study afeas; beaver lodges were found almost exclusively
on sites with soii'substrates, Under similar cbnditions,‘Taborlet al.
(1985) faund that 46 of the 64 dens Tocated were dug into soil banks.
Seven were bui]t'pf sticks and mud in rock crevices. Collins (1979)
described the low water banks of the Snake River in Wycm1ng‘aé mostly‘
unsuitap1e:for Seaver deﬁs, partially due to the’cobp1estoné
substfate.

A]thﬁugh the Hybrid den style reduces the impact of water depth
on beaver use of marginal sites, there are limits; beaver cannot '
extend the entrance tunnelvindefiﬁitely or maintain it on banks
‘exposed to spring ice scour. 'For.éiigs to be‘habitable, they.ghould
have some minimum depth of water ﬁear'shore sufficient to 1nsure.a
'bassable underwater entrance at low water. The minimum depth will
depend on the extent of water iévél'fluctuations on a site.

On the Marias River, beaver tehded to seTect den sites.w1th
greaﬁer—thén-average water depths ngar.shpre. The Marias is a
generally shallow fiver. ~Small changes in water level can lead to the
exposure of wide gravel bars and mud flats. Water levels on the |
Marias River Study area are directly controlled by Tiber Dam,
immediately upstream. Aé a flood control facility, Tiber Dam
significantly changes the normal seasonal fluctuations on theHRiver.
To maintain suitable déns,-beaverﬂwere'forCed to search out deep
sites. By comparison, the Missouri is a relatively deep river. There
“ was~no'sign1ficant difference in measurements:of water dépth near
shore on 16dgé‘andvrandom sites, indicating that average conditions

may meet minimal standards. - A1l dams 1mmed1ately‘abovebthevCarter
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Farry siddy area are run-offthe—river fa;i)it1es, hav{ng 11tt1e effe;t
on the river’s water 1evels. |

Beaver at Lake éiwe}l also appeared to choose deep sitéé,
subsﬁantialiy deépe} than at either river site. Because Lake Elwel]
is g f1ood’con£rol’reservoir,_water 1éve1s fluctuate widgTy throughout
Lthe/yéar. To mairitain underwater entrances to the dens during even
moderaté drawdowns, beaver must select sites w%th steep siopes;and
deep water near ‘'shore. Tabor et al. (1981) found most beaver dens
along the Columbia RﬁVér on sites w{th bank slopes greater‘;hanvzsx.
Collins (1979) found that 6 of the 8 sites perm&nently abaﬁdoned_by'
beavef‘qomﬁletely laERed low water den sites. Several_authors.havé
stated thét‘extensivé water level fluctuations, whether nathralvor
human-caused, reduced thé sQitabi]ity of sitespfor beaver and- often
Ted td abandonment (Rutherford 1953, Henry 1967;‘Martin 1977, Slough
and Sadleir 1977, Tabor et"a{. 1981, Bisse]l and Bowh 1987).

Deeb water énd s0i1 banks are of 1ittig use if they are unstable.
Collapéing banks provide little she]tér and may ;{11 animais. We
would expect beaver id sélect sites that are relatively stable, not
‘éubjectAto_exten51ve erosion. On rivers, most erosion is caused by
f]dwidg water.',ATthough we did not attempt to measufe erosion
directly, only i'den on the Carter Ferry study area was dug into a
steep and actiye1y eroqing c]jff, even though such-cqnditions exist
throughout the area. Tabor et al. (1981) found 86% of the dens on the
‘ Cbiumbia River yere'on‘siteg with‘liitle tb-no water'velocity. ,On)y
Bissell and Ban (1987) reported significantly greater use of undercut’

and eroded banks and less use of flat or convex bgnks~on‘the F]éthead
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River. One den was destroyed when the bank caved in. Eroded banks
are generally correlated with deeﬁ water near shore. Water lévels on
the Flathead River are influenced by a poﬁer peakihg dam upstream and
a hydroelectric dam downstream. The apparent selection of cutbanks
may be aﬁ artifact of the need for qeep.underwatek entrances. On both
the“Missduri and_Mafias rivers, beaver lodges appearedvcorrelated with
some measureﬁents‘of riparian shrubs and trees. It would be
advantageous to live near yoﬁr food supply. However, shrubs énd trees
tend to deveﬁop’cn stable, Tow reliéf areas. There is no way to tell
from my‘dafa Qhéthér thé apparent selection was due to stability or
food. -

On large reservoirs, wind and waves replace flowing water as the
major erosive force. .Without protection from waves, reservoirs or
large lakes are considered unsuitable for beaver (Slough and Sadleir
1977, A11en‘198§,;Bisse11 and Bown‘1987).'ATabortet a].i(1981) found
9oxfbf the dens on the Columbia River were on sites with good to
exﬁelTent prdtectioh from waves.

~ Lake Elwell is a very large body of water stretching 30 km in a
‘éast-wesf diréction. The‘area'experiences strong, peréiStent,
éasterly winds on a regular basis. When the wind direction
corresponds to the long Skis of the reservéir;,jmmense waves are
¢réated; scouring any. exposed shqreline and leading to extensive
erosion. ‘Pro;eétion; in.the form of shelter from wind and waves, is:
proVided by the land relief. A1th¢ugh the bank aspect of ran¢om sites‘

was relatjveiy evenly distributed,lbeaver showed a strong preference

- for sites with east to southwest aspects. Sites with such aspects are
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protected from the impacts of wave‘ébosiqn. Many of the den sites
were also located in the narrow, sinuous channels created when dry
coulees were flooded. The.Very narrow channe}s act as baffles,

further diminishing the wave energy.



SPATIAL AND TEMPORAL USE OF WOODY SHRUBS AND TREES BY éEAveR,

METHODS

As food supplies might be a critical factor influencing beaver use
of terrestrial areas, I investigated seasonal and spatial use of the
major woody food species. Herbaceous vegetation, used by beaver

-during the growing season, was readily available and probably not
limiting. "However, woody species, used for both food and

constrqciion; were scarce in some areas. and might have affected the
pétterns ofhhabitat use on tﬁe étudy areas.

Permanent pléis were established at 6 selected colony sites on the
Carter Ferry study area to measure use of woody shrubs. Five, ' m
‘wide transects were situated perpendicular to the shoréline,,1 each at
| the lodge center andlat 25 and 50 m upstream and downstream. Wwhere
lodges were lbcated at oné and.of,for even several hdndred meters
from, ehe nearest woody riparian vegetation, 5 transeéts were
eStébﬁished at 25 m intervals beginning at theAcldsest nge of shrub
growth. Each trahsect was divided 1ntd'1 m square plots that were
»checked monthly for cutting by b;aver. On the ihitial count, the
diameter and specieslwerevrécorded'and each stem claséified as old
cut, new cut, or uncut.. All cut stems were marked wj£h paint. During
monthly recounts, the species and diameter of newly cui'stems were
_recorded and the Cuts,markéd.

‘Monthly cutt1ng_gct1vity was Qraphed,- Seasonal activity was
"divided into fall, September through Novembér; winter,‘becember.

AT
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through February; spring, March through May,; and summer, June through
Aﬁggst. Séasongl values were compz-ed to an eveh distribution using
Chi-square.

Initial surveyfdata were graphéd'by size class and distance‘fr;m
water for both the combined sites aﬁd site 2 alone. Site 2 contained
the most extenswve willows. Because the 1ength of each transect
containing willows varied widely, a11 va1ues were expressed as density
per'transect.

The percent of stems,cutpand raw numbers Eut versus the total
‘numbef_ayai\ab1é were,grabhed. Transects were divided into 5 m.
segments to reduce minor density differences and the results graphed,
as were tﬁe mean frequencies of cut and uncut willows.

| Although,shrubs.appéak'to comprise the majority of the beaver’s
woodyidiet on the Carter Ferry study area, a variety of trees are also |
available. Many of thegé trees showed some ev{dénCe of beavef'cutting
activity, though most were abandoned before the trees were felled.
All trees within the 166 m sections of bank chosen for the random
sample were classified as to diameteé at 0}5 m above ground, species,
distance from water, and degree of beavér-cutting; dnly trees. over
7 cm in diameter were used for the'ana193is. Green ash-Eiggiggg
‘gennsxlvan1ca, Jun1per Jun1gerus scopulorum, russ1an ol1ve glgggggg_
ngust1fol1 , water birch gggglg_ggglgggggllg, and e1m U]mus sp. were

combined into 1 category because.they'were scarce on the study area
and showed'11tt]e or no beaver use. The Chi-square test was used- to
determine the effect of tree species on.cutting activity and the

Bonferoni Z statistic was used to determine which categories were °
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,créating the'observed sjgn1f{cance. Ko}hogrov-8m1rnoff and Mann-
whitney U tests were used go determine the effect of tHe continuous
Yar1ab1es, diameter and d1st§nce from water on beaver.¢U€;1ng.'Wheré
distance from water and diameter were'significant, Spgarman Rank

| correiation was used to determine correlation between these varijables.
Diametér, by species, was categorizéd into approxﬁmately 25.5
‘percentiles based on total available for each speﬁiés. Distance from

river was divided into 10 m segments. Both results were graphed.

RESULTS
Seasonal Cutting. Activity

Site 5 was dropped from all calculations because it was abandohed
by beaver at fhe_start'of the study and showed no evidence of |
pgrmanent occupancy throughdu;. Some,gutting,fattribufed to
transients, occurred during the winter on site §.

ASeventy—twofperCent'of the totaf cutting occurred during the
fé]l,-with the peak, 31%, in November, corresponding with the
-construction of caches. nSites,1, 2, gnd 3 followed this pattern
'f;1thful1y. Sites 4 ahd 6-sho§ed éécondary\peaks during April and
.June, respectively. Summer was the mbstlinactive cutting period with
onl;-sx of the total annual éutting; due primariiy to activity on site
6. This disparity inzseasonaflcutting[wasvsign1ficant at the p <

0.001 level (Figures 4.1 and 4.2).
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'

No attempt was made to‘quant1fy seasonal cutting activity on
trees. \Very few trees were cut 1n the entire study area throughout
the study and none on the permanent blqts.

Spatial Cutting Activity

N .
qh§ﬂ£gg§ - Beaver cut a higher proportion of the willows 1in each
size class as close to'tﬁe'water as ayeilab]e‘(Figures 4.3 to 4.6).
Because‘of natural Eiverbenk succession, smalfer wiflows were more
common near the shore and w111ows w1th >2 cm d1ameter were most common
at 20 m inland. More than 50% of the avallable w1llows 0.5 to 1 cm in
diameter were cut within §'m of shore, 1 to 2 cm in diameter within
10 m of shore, and >2‘cm within'18 m 6f shore. This corresponds witﬁ
the variance in ave11ability. The mode for eva11ab]e stems of 0.5 to
1 cm was 3 m inland, 1 to 2 cm was 12 m jn]edd, and >2 cm was 22 h'l
5n1and. -

Microhabitat differences resulted in occasional large differences
between the a9e11ability of willow in adjacent plots, ofteh the result.
of flood debris or erosion. Therefore, densities were pooled in 5 m
1ncrements. The pattern remeined ihe same (Figure 4.7).

Usfng'the mean frequency of cut and the mean frequency of uncut
stems, the pattern again remains intact (Figure 4.8). The pfdpbrtion
of the cutting act1v1ty in each 5 m segment was greatest near the
shore. The proport1on of. the rema1n1ng uncut stems was greatest .
‘furfher from shore. Most‘of the cutting activity occurred within tﬁe
first § m.fer stems 0.5 to 1 cm in diameter, and 11 to 14 m for stems

_greater than 1 cm in diameter.
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Site 2 ‘provided the greatest denswty and length of willow' on any
transect. Therefore,‘I ana]yzed it separately to remove any
cdnfounding effects of averag1ng across s1tes. Still, the general

_pattern held (?1gures'4.9 to 4.12). For 0.5- to 1-cm diameter class, -
beaver cut ﬁhe h1ghest pfoboftfon within the .first mete; while the
mo@e of available stems'was at Qm‘from{shore. Most 1 to 2,;m.
diametér{wi]fcws‘were cut within the second meter, but the modes were
11 and 14 m. Beaver cut. all but 1 of the avai]ébie w{llows of >2 cm

s

'w1th1n 18 m of the shore11ne wh11e the mode of the availability was
21 m. Aga1n, plots were comb1ned into 5 m segments to remove

m1crohab1tat effects and the pattern rema1ned (Figure 4, 13)

Trees - w1119w trees comprised é7x'df the;;vajlaple trees butjaex'
'of'the trees showﬁng beaver cutting activity, a significantly h?gheri_
~use than avai]abfé‘(p { 0.05, Figure 4.14). Cottonwoods and
dhokechéer were cut by, beaver in the same proportion as gvailabTe}
Boxé{def and the remaining species were cut less 6f£envthan expe;ted
(Table 4.1). | ”

when all species were considgred togetherl there was a
| significant difference between ihe d1aﬁeter of cut and available
>tfees£ Trees less than 9 cm in diameter were cut more often than.
'expectea‘yh11e those over 18 cm in diameter were cut less often than

expected'(p < 0.001).5 when sbeciesﬁwere considered'sgparatély.
signifiéaﬁt.qifferences were seen for cottonwood. Beaver.cui
¢ottqnyoods over 36 cm‘iﬁ'd1ameter less of;en than expeéted’

(p < 6.001) (Figure 4.15). No significant differences were found |

among ¢hqkecherry§ boxelder, or other species.
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Table 4.1, Beayer use and avai]ab111ty of tree species on the Carter

Fgrry>study area.

Available
Species . # Stems % Total #
. Cottonwood 244 33.3 79
Willow 195 26.6°, 15
Box elder 105 14.3 5
Chokecherry 115 15.7 40
Other ' .74 10.1 8
Total 733 - 207

x Significance,Tevels.

.use less than availability

++ or --

p < 0.01
+ or - p-< 0.05

-use greater than avéi1ab11ity /

Cut

% Cut

W W

“w

oL s ON
00 00 00 O 4

% of Significance
-Total Cut Level x
38.2 NS
36.2 +
- 2.4 --
19.3 NS
3.9 --
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For distance from river, with all species combined, beaver cut
-trees further from the water than expected (p < 0.001). When divided
by species. beaver cut.cottonwoods further from the river than

-~

expected (p < 0.001). There were no significant differences between -

use.énd'availability for all other species (Figure 4.16).

~

DISCUSSION
seasonal Cutting Activity

The bu)k'of the éutting activity by beaver occurred dufihg thg'
Vfa11, coincident with the construction of winter food Eachés. Thg
sécondary beaks-éeen on site'4 and 6 were éttriﬁdted to additional
building actjvity.u‘BeéVer'on‘sitej4 spent April repairihg damage
‘suéfaingd by their 1od9e'dur1n9~spr1ng floods.  The colony at 51te 6
built a nekrlodge during June within 250‘h of the old lodge that had
collapsed during the spring.

The winter of 1983-84 was faifky mild by central Montana
standardé,' Shelf ice develobédvalong the main’river'channe] dpriné
cold spells, but .rarely exceeded 5 m in width; Backﬁatef areas froze
solid. The lack of substantia) iée?or snow allowed beaver to continue
to cut fresh willows throughout the winter; |

N

Spatial Cutting Activity '

" Shrubs - Beaver are probably more susceptible to predation on

land than in the water, hence the motivation to build dams and ponds.
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Thereforefithe-chance of predaticn should increase with both distance
from water and.time spent on land. If so, we wou\d’expect’beaver‘to
develop %ee¢1ng strategies éjmed at”maximizing the food gathered per
unit -time spenf in terrestrial habitats. To do so.requires 5a1$nc1ng
_the food'speéjes preference, distance from the water, and size of the
item as it relates to the time required to cut the 1ﬁem, process it
1ntp'manageab1g.piecés, andﬁihevtotal amount of food yielded. .Thése.
.factcrs may be;useh ﬁo explain the pattern of cutting observed on the
‘Carter Ferry study area.

Beaver feedifg activityland seJeétivity varies by'plan£ SQeéies
(Jenkins 1980). 'Béaver expend greater effort fbr.hignly preferred -
species, such és aspen..‘fhg'study,areg provided a generally uniform
availability of,shrgb and tree species, of thch wiilow‘and cottqnWodd‘
were the most'ccmmonly available and used by beaver.

‘Beaver have been oﬁserVed to travel long distances from water to
harves£ hjgh1y preferred species.-‘Maximum travei distances of over
100 m are commonly repq_rted (Bradt 1938, Hinér 1967, Nofthcott 1971,
Jenkins 1980) with chr 700 m repbrted by Brenner (1967). Even so,
most cutting accurs within 30fm of_the shore (Hall 1970; Jenkins
1986). Virtual\y’all willows on the study a?ea lg; within 4Q'm Of_thé )
water's edge and were therefore considered avqilab]e'to'the beaver. |
In édd1t1dn, evidence of bheaver cutting was found on hany of the
cottonwood trees that lay inland of the“willbws.

| Most willows within the study area grow on point bars or
depositioﬁagfeas; leading to a characteristic shrub distribution.

Areas farthest inland represent the oldest, driest, and most stable

¥
\
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groqnd gnd contain the largest, presumably 61dest, willows. Areas
near the water’s‘edge are the youngest and receive the most damage
frqmvseaSOnal floeding or winter jée. These areas contain’tﬁe
smallest wt]]éws, A1l willows on the study area wéré less than 10 cm
in diametér and could‘bé easily cut by beaver in a sihglg se§§1on.

Larger w1llow$, though further from the:water; contain a much
greater vo1ume of bark per plant due to the extens1ve branch1ng when
- compared to the smaller plants (0 5 to 1 cm d1ameter) uh1ch often
cons1st of a single whip. "The larger plants also contain greater
numbers of 1eaves and -growing shoots, an 1mportant summer . and early
fa11 food source (ATeks1uk '1970). Therefore, the larger y1]1ows may
‘we}1‘y1eld_more food per cutting effort. ’

No willows were large enough to requiré‘subd1v1sion'béfore‘
hauling to the water. .Hand11ng time, representing a possible
jncreased risk of predation, would be similar for allls1ze c]asses. In
addition,lthere is no need to make mditip]e trips to haul a single
item to the water..Théfefore; given the choice,, cutting 1argér
d1ameter willows would be the most cost effect1ve. |

Given the above, the pattern of cutting observed smaller willows
near shore and larger ones further inland, is not surpr1sxngt It is
more surprising that beaver were obser?ed to cut some small stems at
distances of 25 m or more frbm'shdre.“Th1s activity is a function of
the beayer’é method of foraging.  Beaver tend tp utilize established-
tréi]s from the_water's edge_to cutting'areas.'\w11\ows ngar the;e‘
trailstare cdt‘eXtensively, yet sqrrounding areaslremgin\untouched;

only occasionally did beaver create a clegr-cut pattern, Small
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y111ows‘may be cut along these trails at great distances fromashore
:out of convenience or when larger items become snégged'on the small.
willows growing alongs1de the trails. Most trails were essentially
perpendicular to the_shoreline."ThéEefore,'actiVity on a single
fransebt varied widely depending on whether it intersected a feeding

trait.

Trees —_Numerous'authors havelrepof;ed an apparent preférence'by.
beavek:fOr‘pafticUIar tree species. The preférred species may vary’
depending bn:availébility, but usually include members of the
Salicaceae Family, aspen,’wilfows; and'cbttonwoods.’ Alder (Alnus sp.)

.are ofﬁen ﬁncluded.‘thodgh they are avoided in some areas (Aldous
1938, Towsend 1953, Northcott 1964, Henry 1967, Norihcot; 1971, Slough
“1918,fSwenson and Knapp 1980, and Tabor et al. 1981), .on thefCarter
_Fefry‘study area, beaver appeared to prefer wfl]dQs, utilizing them
more thaﬁ expected based on avaiTability. Aithough cottonwood is
often considered a preferred species, the 3 species of cottonwood tree
on the area were not utilized more than expected.

Beaver are capéble of cutting down ve}y large trees, though they
appear to be selpétive of size uﬁder some conditions.f On the study
area, beaver concentrated on the smaller trees. 'Although cottonwoods
reached 132 cm in diameter, no trees over 77 cm were cut by beaver.
Size se]éction bQ beaver may be due to avoidance cf the very large
trees. To cut large trees, beaver must spénd extende¢»t1me on the
bank, both felifng the tree-and reducing the branches to hanageable
size, exposing themselves to predation. By concentrating on the

smaller trees, the beaver can reduce exposure time.
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Qhabreck (1958) reporﬁed no apparent selectivity in diameter
c]a;s,~a1though more than half the cut stems were ;h tﬁe 1 inch (2.5
- cm) claés and done were over 5 inches (TZ.? cm). Henry (1967)
'reported.most cut stéms less than 3 inches {n.diameter (7.6 cm).
Jenkins (1985)‘found'select1vjty in size of beaver cuttings related to
- species and distance from wéter,,

Af'Cartef FérEy, beaver cutfc&ttoandds'further fr&h the yatér
than:expectéd. If béaver are more vulnerable to pFedatiqn on land, as
discussed in éhe shrub se;tidn, we would not expect them to travel any
further than necessary to éut trees without some overridiﬁg factor.

. Jenkins (1980) reported a decrease in the mean diameter of trees cut
as distance from water.incfeased. This conforms to a “time-
minimization” 'strategy for feeding. LWhy‘did beaver travel further

~ than necessary.on the study area? If the preferred size class of
trees predominated fufther inland, beaver might travel past less
suitable trees. Héwever, I found no significant correlation between
diameter and distance from water for cottonwoods and a positive
correlation for willow. Thezapswer ﬁay 11§‘1n the distribption.of
trees tﬁroughoﬁt the study'arga. Most riparian trees on the area are
found in narrow str1ps'in1and of the willoﬁ shrubs}. Distances are
generally gfeéter than 25 m inland. Thekefore, beaver have no chofce
in many areas:but to terel,this distance inland to cut trees. In
those few places with extensive groves of trees near the water, willow
Shrubs are generally absent. Because beaver expend much of their
cutting efforts on willow shrubs, they may soend'less time in areas

without shrubs, providing less opportunity:to cut those trees. The

’
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’abbarent selection for 1onger'distancesAm;y be an artifact of
averaging data over widely differenﬁ ;onditiensh

Béavef on the Cérter Ferry study érea showed generally weak
selection for spécies, distance from water, or diameter of trees,
perhaps because they'hadflitt1e need of Targéiwoody materials. Beaver
- on the main river do not cOnsérUCt dams.  The 6n1y structures they
build that require'iarge_méter1als are bank 1odgés,,and these |
lstructures aré'general1y small. Large woody debris is common along
‘the river and beaver made use of the ready supply. - Several 1odges
contained readily ayailabae‘matérials,‘Such as dr{ftwooa boardﬁ.
Because willow shrubs were abuhdant,-b;aver had little need to cut
‘large trees foé food. Given thé greater risk probgbly«associated wjth
harvesting ‘large trees, the cutting of large';regs observed on the‘ |
study area may have been simply opportunistic or 1nst1ncfive wdrkAby
beaver th]g in the area cuttiné willow shfubs. Thiéyhypdthesis is -

supported by the numerous trees partially cut and abandoned by beaver.



DENSITY, LOCATION, AND SIZE OF BEAVER COLONIES

METHODS

In addition to collecting habitat-use information, efforts were
' made to determine beaVér populﬁtions on the study areas. Exact
duantjf1cation of beaver popuiétions js a?z s?ep-process.v1dyolv1ng a
count of aCtive‘beaVér colonies and a measuremént or estimate of the
number 6f {nd{91duals_per'colony. ‘An active beaver colony is
distinguished by the presence of a winter food cache. In northern
climafes;'beaver tend to build only a single winter cache per colony
(Hay 1958). ThQ.Carter Ferry~stud}’aréa was SearChed by boat for
vactiveICOIonies during ;he fall of 1982. Aerial seércbes were
~ conducted on all siudy areas and additional sections of the M1ssouk1
and Marias Fivers during the fall and winter of 1983-84 and 1984-85.
A1l surveys were'flcwh usidg a SUper Cub flyingiapproximateiy 100 km
per hour at 100 m above the river or reservoir éhorel1ne; Extensive
ice during’the winter of 1984—85 fdrced a redu§t1on in the area
surveyed Care was taken to cbserve al] the shoreline carefully.
Shoreline and r1ver channel length was measured from USGS Quad maps
using an App]e Compu;er Graph1cs Tab)e and.d191t1z1ngrsoftware, The -
number of caches 1o¢ated.was divided by the total length §f‘shor811ne .
and river chaﬁnel<to determine co\ony'density; S

All gaches qund along ;he_Nissouri R1ver-wér§»classiffed.§s to
tybé of adjacent ub]and or water channel, including islands, backwater.
channels, main bankS'w{th §¢J§cent floodplains, and main bﬁnks with .

15



adjacent steep uplands or cliffs. Steep uplands were defined as any’

area with at'least 30 m of rise within 100 m of the shore, most were
sUEsténtiél1y steeper. Ail Shdre]ine‘betwgen Morony Dﬁm and Dauphfne
Rapids was classified as above and the total in length of each
_category<calcuiatéd.,'Bonferoni Z tests were used to determine
significant differences between avaiiability'and‘use in each caiegéry:
Se]ected'colohies:were:11vé—trappedﬁusing Hancock Beaver Traps
lbajted with éastor and bajp sticks.. Beaver wére immobolized with
"yétalar (ketam{ne/hydkbghloride) and Acepromazine as describzd by
Lancia et al. (3978).' Animéls were weighed, and the‘OVéraT\-\ength,
tail width, tail length, and skull breadtﬁ at the‘zygoma:ic arch were
Feborded (Patric_and Webb 1960). Sex was determined by external
paipation (bsborn 1955). Each beaver wé; marked with a unigue
combination of colored pfastic rototags; 1 in each ear,~to'a\'1_ow~
individual 1dentjficatioh."8eayer were kept ﬁn'holding cages until
ﬁhey had'completgﬁy recovered %rom the drug to prevent drowning.
<frapping_was conducted during the fall of 1983 and spring of 1984 on
‘the Cartar Ferry sﬁudy aréé, and the spring of 1984 on‘Lake‘Efwell.
Tfabpers'who returned ear t#gS'wefe contacted»to'determine traﬁping

location. No carcasses were recovered.
RESULTS |

Colony Density

Densities of active beaver colonies varied widely between areas,

' espec1ally when comparing rivefs to reservoirs. On the Missouri
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Rivef, densities ranged ffom 0.03 to 0.31'colon1es per kilometer of
shoreline with an average of 0.15 (Tabie’5;1), For the Marias RivefA
below Tiber Dam, densities ranged from 0.10 t§ Q;23.colon1es per

kilometer of'shore11ne with an average of 0.18 (Table 5.2). Variancen
betwegn densitiés,on'resefvoirs was eVen‘greater, ranging from no
colonjeé to 0.17 per kiTometer‘of éhor;)ine (Tables 5.3 and 5.4)..

(

Cache Location

of . the 90 caches 1ocate& along~the4M1ssour1-River,1n the winter

- of 1983-84, 44 (59%) were associated with islands while only 21% of
.thé'shoreline was classified asjislaﬁd, a difference significént a£
1the p < 0.001 level (Tables 5.5 énd 5.6). Only 7 caches (8%) were
aSsociAted with main banks yitﬁvadjacent steep'uplﬁnds although 28% of
the'shor§11ne was so classified, also significant at the p < 0.001
Ievél.vngin banks with adjagenf floodglgins o benches were assoc1§ted
with 30 caches (34% of the iota]) and represented 47% of the available
~shoreline. Backwatef channels cohtainedia caches (9% of the tétali
and Febreseh;ed 3% of the available shoreline. Neither was
‘significant at the p < 0.05 level (Figbre 5.}).,

1
-

Colony Size

Nine beaver were live-trapped at 3 sites on the Carter pefry
study area, 2 in the fall of 1983 and 7 in the spring of 1984 (Table
5.7). Two additional individuals were taken by commerci;l trappers in

‘the fall of 1983. During the winter of 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 river length.

CACHE COUNT - MISSOURI RIVER'

Caches Shoréline Caches/ River Caches/

1983-84 - Km shore km - km River km
Morony Dam to Carter Ferry. 8 ' §1.2 0.13 26.2 0.30
Belt Creek # .0 4.5 ———— 2.2 -
Highwood Creek # 5 .16.0 0.38 8.0 0.75
. ‘Carter Ferry.to Fort Benton 16 78.4 0.20  25.3 0.83
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 Pilot Rqu 12 41.5 0.31 1.7+ .0.76
Pilot Rock to Slaughter River 3 94.6 0.03" 40.6 _0.07
Slaughter River to PN Ferry 6 51.8 o.mn 19.7 0.30
PN Ferry to Dauphine Rapids (AN 53.9 0,13 21.6 0.32
TOTAL ' 90 586.9 1 0.15  217.6 - 0.41
1984-85 -
Morony Dam to Carter 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

4

# Not {hcluded in total.

* Stopped 9 km short of Fort Benton due to ice jam.

~
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Tabie 5.2. Densities 6f beaver caches -along the Marias River in
central Montana during the winters-of 1983-84 and 1984-85. Densities
are expressed as numbers per_shoreline and river length.

'CACHE COUNT - MARIAS' RIVER

Caches Shoreline Caches/ River Caches/

1983-84 km  Shore km km River km
Tiber Dam to Circle Bridge 21 92.8 ° 0.23  .39.4 0.53
Circle to Eightmile Coulee 6 57.9 0.10 25.8 .0.23
TOTAL 27 150.7 0.18  65.2 0.42
1984-85
Tiber Dam to Circle Bridge 20 92.8 0.22  39.4 0.5
0.2

Circle to Eightmile Coulee »7 57.9 ~0.12_ 25.8

TOTAL 27 150.7  /0.18  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 winter of 1983-84.
Densities are expressed as number of colonies per length of shoreline
and estimated length of river channel before inundation.

| CACHE COUNT - MISSOURI RIVER RESERVOIRS

caches Shoreline Caches/- Channel Caches/

1983-84 km ~ Shore km  km  Channel km
Morony ResefQoir 1 17 ~ 0.06 7 0.14,
Ryan Reservoir 1 6 0.17 3 0.33
Cochrane Reservoir -~ Q 13 ——— 4 ———=
Rainbow Reservoir 2 13 0.15 5 0.20
TOTAL 4 49 - 0.082 19 0.21
Holter Lake 2 100 0.020 47 0.042
Hauser Lake 0 76 i 26 -----
4 . 164 0.024 54 0.074

Canyon Ferry Reservoir

TOTAL . 6 340 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 est1mated
length of rwver channel prior to 1nundat1on

CACHE COUNT - LAKE ELWELL (TIBER DAM)

¢

~Ca¢hes Shoreline Caches/ .Channel: :Caches/
1983-84 km Shore km km _Channel km
Marias Arm - 13 228 0.06 68 0.19°
Willow Creek Arm 17 67 0.10 16 0.44
TOTAL * 20 295 0.07 84 0.24
1984-85.
Marias Arm 12 228 0.05 8 0.18

Willow Creek Arm § 67 0.08 16 0.3

TOTAL 17 295 10.06 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, winter
1983-84, - ' '

Shoreline. Beaver Caches S{gnwficance

Bank Type km % Total  Number % Total " Level
Main - Steep 165 . 28 .l? 8 -==
Main - Bench 2717 47 30 34 NS
Island 126 o2 44 49 +++
Backwater 18 -3 8 9 NS

TOTAL 587 90’

. s .
Significance levels.

4.z use greater than availability
- = use Wess(than availability

+++ or ---= p < 0.001 v

NS. not significant

Table 5.6. Classjficatidn of shoreline type for segments of ‘the
‘Missouri River, displayed as percent of each segment, and beaver cache
densities. ' ' ) ' '

Main  Main , . Back- Caches/
Secttion Steep -Bench Island water Shoreline km
Morony Dam to Carter Ferry 46 - 45 9 0 0.13
‘Carter Ferry to Fort Benton 29 41 24 6 0.20
Fort Benton to Loma Ferry - 18 41 .35 9 0.18
Loma to Coal Banks Landing 23 46 30 . 1 0.18
Coal Banks to Pilot Rock 21 52 26. 0 0.3
Pilot Rock to Slaughter R. = 42 50 8 o ' 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 a . 0.18
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Figure 5.1. Comparison of the number of caches (n = 90) and length of
available shoreline (n = 587 km) by bank type. Significance + =

~ greater than expected use, - = less than expected use. .

+++ or --- p < 0.001. ' ,



Table 5.7.

width.of zygomat1c arch in cm

Colony Date
# Number Caught

7

Cérter Ferfy

o 11-4-83
2 1 11-5-83
3 11-83
4 1 11-83
5% 1 4-2-84
6 1 4-9-84
T2 3-24-84
8 2 3-25-84
9 .2 4-18-84
10 3 4-16-84

1.3 4-19-84

Lake Elyell,

11 4-30-84
2 2 4-30-84
32 5-2-84

~Se£'

-n

mmmm

™M

nmx

'Total
Weight Length

81
104
102

106
97

109

103
105 .

Ta11‘
-Width Length

* Lost ear tags when recaptured on 4-10-84.

Tail

19.9
21.5

- Zygo

Arch

7.05

7.83

9.21

8-04

10.10
8.95

8.30

84

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, w1dth and

Est.
Age

Kit
Kit
Adult
Adult

Adult

2 yr .

Kit

Adult

2 yr

Adult
1 yr

Adult
2 yr
Adult
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-

taken by a second'trabper from 3 locations within the study area. The
same trapper took 11 more dgring the winter qf 1984-85, including .
_seyera] mafked Qnes. I was unagje to gxamine3barca55es of.tﬁese
animals. Three beaver were captured and markéd on Lake Eiwell. None
gf these tags héve'been retufned‘ |

No known age specimens were available from the area. Ages of
trapped beaver were estimated by‘comparing values presented in the
.1¥terature fdr'each age class for weight, tail”%ize, and width of
zygomatic arch by Osborn (1953), Towsend‘(1953), Buckley and Libby
(1955), and Patric-and-webbj(1960) with measurements of the captured
an1ﬁals. Age was calculated separately for‘each,measurement and
‘author. ' The values preéented in Table 5.7 are‘étrictly estimates:
‘however, in most cases, md;F techniques y1e1déd the same estimated
age, 1ncreasing.confidence‘1n‘the results.

Fivé marked beaver were trapped by commercial beaver.trapﬁers
since late 1984 (Table 5.8). Three were trapped 9ith1n 2 km bf their -
original capture site, 2 within 1 year of the original capture. One
béayer, trapped in 1§84 as a yearling 23 km below Morony Dam, was
retrapped in December of 1987 on a tributary to the reservolr above
the dam.'-This‘represents a direct line'distance of 20.2 km ofv33 km
- of waterway. To7trave1'between these sites, the animal would have had
t§ negotiété the cliffs or housingkarea~at Morony Oam, or several

kj1ometers of open farmland.
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Table 5.8, Date of recapture and distance frcm release po1nt for
marked beaver taken by commerc1al trappers.

Beaver Date .of ‘Date of  Distance L
Number ‘1st Capture  Recapture ,A'Moved . Comments

2 11-5-83 . 11-21-85 ¢ 2 km Weight 13 kg, Age 1 1/2
7 3-24-84 Fall 84 < 2 km : : :

6 4-9~-84 Fall 84 ‘unknown . -

0 4-16-84 Fall 84 <1 km 1 front leg missing,

' ; healed and fur covered

11 4-19-87 12-17-87 32 km Trapped on'tributary to

. river above Morony Dam
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'DISCUSSION
Colony Density

AS’witﬁ any technique, aerial cache counts ére 6ot without
problems.  Payne (1981) comparéd cache counts de}ived from ground
'sea}chés,‘tfapper'inforhatién, and'aerial counts from several
.different aircraft {n Newfoundland. Counts conducted by Super Cub
missed 39% of the caches. Hay ffgsa) found no difference between
aerial and ground counts of caches. Swenson et al. (1983) reported
aerial cache éﬁunts on ({vers in central Montana ranged from 70 to
100% accurate.  The low values were from areas with extensive
'OVerhanging vegétatfon.

Oon the Cafter'Ferry étudy'area,uhq cachés wére located during.
ground Sgafches that were not seen froh-the air. One small cache on
Morony Resérvoir was hidden by rocks and was notiseen during the
aerial count. Conditions on the stud& areas were generally excellent
for spotting caches. Bank5~were‘seldom'underqut and vegetation was
usually sparse a]ong'the'winte& shoreline. The width bf the river
aTlerd géod viewing a]ohg bofh banks.

Aerial counts of beaver éolonigs are further complicated if some
“athyé’coJonies do not build caches. ‘Hgy (1958)_statedA£hat beay;r pb
tﬁe p1ains in Colorado-frequently‘fa{ied.to build,céches,jthqugh he .
réportéa no data to support this. Bisse}l and Bown (1987) reported 2
apparently active colonies with no food cache on:the F1a§h§ad River in

_northwest Montana. On the Carter Ferry study area we maintained close
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contact with the véfjods'colonies an§ ; feel that all active Coloﬁ1es
built caches} Some caches weré fairly smalY anq>past obéerVérs may.
have fa11ed.to‘recogn1ze these as beaver caches.

-In most stﬁdiés, beaver denéjties are reportedlas nUmbe( of .
colonies pér length of watér channel, or,'in areas of extensive
wetlands, ‘as colonies pér land area. For large lakes or reservoirs,
‘where no well definedfchannél exists, dehsit%és ar; reportéd aé
colonigs per length of shoréline. “A11-3 methods work for tﬁeir
respective conditions, are egéily calculated, and allow comparisons
between populations in different areas  under comparable water
conditions. Unfortunately, because each is related to a different
‘measure of avéilability, Qeté;hnot compare between rivers, wetlands,
and lakes or reservoirs. - Even with d1fferent types of rivers, such as
single channel or braided,-comparihg simple numbers per riverAmile may
bé misleading. N

Béévef are shoreline animals. The area 1mmed1a£ely adJaéentvfo.
the 1and—water‘interfacg provideS'foo¢. sheltef,'and protection,
pérticularly on rivers, 1akes, and“reservoirs.v~wood9 éhbréline
végetatioﬁ prov{des essential seasonal food, suchAds willows and
_¢6tton§bods, as well as building maferiais; On large Sodies of water,
beaver are dependent on the 'shoreline %or-she]tar, be it a bank
burrdwi‘combinatidn'burrov and lodge, or as an anchor for a domed
Jodge; Although not,aii shoreline is suitable for the érowth‘éf the
beaver's preferred food plants 6r the construction of burrows, the
length of available shoreline is a better indicator of habitat

avai]abi\ity than channel length or‘aéfes of land. Recent advances in
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technology allow easy ca}culation’pf shorgfﬁné'fength in even highty
convolutea’situations. By repdrting colony densities by shoreline
distance, we may compare densities in all types of habitat.

For the abbve reasons, .1 have reported densitieé of beaver
-colonies by Tength of ava11ab1e;shore11ne for a11.areas. I have
included the va]ués for coloniesbpef channelllength/on‘river segments
to allow comparison with previous studies. For reservoirs, colony
density was also expressed by 1éngth‘of channel that ex{sted_under
pre-dam conditions for comparison with neﬁrby rivers,

| Several authors have reported values for the density of beaver
‘ co]onjes dnder COnditionS’simiiér to the study areas. Values vary
from a low of b.QSAc01Onies per river kilometer on a stabilized
section of tﬁé Missouri River in éoutﬁ Dakota'(vgnden Berge and vohs
1977) to 1.8 colonies per rivef,kilometer on the‘upperIYellowstone
(SwénSon et al. 1983). Martin (1977) reported dénéifies of beaver
colonies on 11 stretches of the Yellowstone River from‘q.31 to 1.24
'¢o1on1es‘per river kjlbmgter. vValues for the current study on the
Missouri River range from 0.07 ‘to 0.76.co1ohies per river kilometer
and for the Marias River frdm 0.11 to 0.53 colonies per river
' kilometer, both w1thin the reported extremes.
' The wide variation {nvcolony density along the Missouri River may
be due in part to differenéés in the river configurat1oh and habitat
qua]ity.' The lowest densities occurred between Q1jdt Rock and
Slaughter River,'a section known-loca]ly as the;Whité,Cl1ffs after ghe

extensive sandstone cliffs that flank mUch'of the river. This section



90

“has little in the way of-f1oodp)a1n‘of island habitat suitable to
beaver use (Table 5.5) |

Only 1 study has reported colony densities onﬁreservoirs‘or large
1akés,‘and this fér only part of the lake. éissei]vand Bown (1986) |
 foun& O;OI‘ahd 0.14 colonies per k116mgtér*of shoreline3At'the north
~end of F]athead‘Lake in. northwest Hantana. Reservoirs on the Miséouti
‘River contained from no-COlonieS-to 0.17 colon1es‘pgr kilometer of
shoreline, while Lake Eiwe11 cohta1ned 0.2 to 0.24 colénies per
ki{ometer of shoré1jhe.

Three of the 4 re§ervoirs 1mmed1ate{y above the Carter Ferry
‘study'aréé, Morony, Ryan; and Rainbow, showed colohy densities within‘
the variation shown on the Missoursi River, fhough at the lower end.
The area betwéen Morony Dam and Great Falls is a naturally steep and
rocky section of the River and probably never suoported,high beaver
densities. Given the rocky nature of the shoré{jne, the presence of
any beaver 1s'surp}%éing. All 3 reservoirs are run-of-the-river
projécts. so .extensive water Teye1 changes are uncommon and'pfrshoft
duration. There is little to ho‘human\access or shofeiihe deve lopment
on any of>theA4 reservoirsf

of tﬁe 3 reservoirs surveyed néar Helena, no beaver were found on
Hauser Lake: and only 2'colonie§-on Holter Lake. Bo;h:are-fafr]y
rocky, thouéh no more so than the Great Falls reServoifs;iand are also
run-of-the-river faéi]iiié;. Both ﬁave extensive seasonal
recréational.usg and some shoreline development ébncehﬁrated in the

low-relief areas. Four colonies were found on Canyon Ferry Reservoir,

including 1 on an inlet and 2 at the head of the reservoir. Canyon
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Téb)e 5.9. Kilometers of available shoreline for segments of the
Missouri River in central Montana by upland or channel classification.

~ River Ha{nJ ~Main- ~-  Back-

'+ Section , Steep Bench Island water Total
Morony Dam to Carter gérfy 28.5 27.4_ 5.3 O,Q o 61.2
Carter Ferry to Fort Benton  22.9  31.8  18.8 4.9 8.4
Fort Benton to Loma Ferry 15.5 42.0  35.8 8.5  101.8
Loma to Coal Banks Landjng 24.1 47.5 31.3 0.8 103.7
Coal Banks to Pilot Rock 8.9 .21.7° 10.9 0.0  41.5
Pilot Rock to Silaughter 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  11.1 345 8.3 0.0 539

Total 165.9  277.4 125.3  18.3  586.9
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Ferry is a flood control and Trr1gation'reservoir, experiencing
‘extenéfve‘yearly drawdowns. Between 1970 and 1983, the reservoir had
éh average yearly drawdown of 4.6 m and a maximum yearly drop of
7.3 m. Subfmpoundmehts have;begn creéted at the head of the reservoir
‘to_feddcé dﬁsf-énd the 2 colonies in that area may be ut11§zing these
mdre stable water areas. | |
Densities oﬁ Lake Elwell range frémbo.ds on the main arm to 0.10
colonies per kilometer of shoré]%ne oﬁ the Willow breék arm;k These
are genera]ly'1ower than the'Mafias River directly below the dam,
-a1thou§h the habitat ;ﬁpears to have been s{milar‘prior to“the dém’s
cpdstruction{ The existing shére]ihe is highly conQoluted, generalTy
steep, and subject to’e*;ensivé erosion,. limiting beavé( habitat.
.Tiber Dém'is a flood control facility, exper1enc1ng‘per1od1c and
- extensive changes in water 1evels.A'
Froﬁ the standpoint of m1t19atioa; tﬁe ﬁost 1nterest1ng question
is whether the~cur;ént populations 6n Lake'Elwell are comparable to
“the pre-dam conditions. If current conditions on the Marias River
‘below Tiber Dam are éomparab1g to the pre-inundation cohditions above,
we can estimaté'pre-dam populations of beaver.  Maps and consefvations
with long~-time residents suggest that.coﬁd1t1bns above and below the
dam were similar.pf1or to gonstruétion, although the dam does
stabilize current water levels on the riverlbe1owm ‘Whether ‘this has a
posjtive or negative effect on beéver populations is unknown.
Approximately 68 km of the Marias River channel was flooded by Tiber
Dam.” ‘Using an average of p.42yco}onies per kilometer of chanhél, we'

. can estimate thét 28 colonies were originally displaced by the dam.
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Currently, the main reservoir contains 12 to 13-colonies, or less than
- half the estimated pre-dam population.

-

Cache Location

Y

The extensive cache counts conductédion.the Hiséquri River duh1hg'
1983584 allowed compafison of the general 1ocat{on of caches w%th
- available shoreline conditions. Martin (1977) noted a exténsive use-.
of islands and braided river segmeﬁts for caching on the Yellowstone
and Bighorn Rivers, bdt!no.statisticaf1y significaﬁt‘differénce
between use and availability.i On the Miésouri River, caches were
found signifjcantly less often"than expected on ma{n river banks with
steep uplands and more often iﬁan éipected on is]ahdé.

Main banks with felativgly 5teeb‘up1ands are the result of
er051on. These banks are dharactérizéd by relatively fast and deep
water near shdre, making it difficult for beaver .to anchor a cache,

. and generally unstable banks un§uitab1e for Qennihg; During the 3
years of thé study, I examined 5'cachés ﬁdjécent to cliffs. A1l were
associéted w1th.1érge rocks'dislodged ffom the cliff. These rocks
provj&éd anchqr7points,f§f the cache and protection from the full
-férce of the watef’é_energy;  Al175 wereAwithinAO.S km of amp1e,fd0d‘
sources, dften difectly,acfoss the river. IOniy 2 had visible dens
nearby, 1 dug into ihe loose soil of the cliff and 1'bu1]t of sticks
wedged into a crevice jn-thé rocks. fhe othér 3 densAwere not
1oc§tgd.  . o

A1l islands surveyed were bﬁilt by deposit1on, resuiting in

generally low relief and loose bank mﬁter1a1. - Most contained



34

extensive sténds of w11low§,'cottonwoods. and chokecherries. Much of
the cottonwood regénera;ioq observed onAthé Carter Ferry study area .
occurred on the up#ﬁream end of 2 of the 1érgé islands. The young
cottonwoodéiwere heav1iy used by beaver. In addition to'a<reédy'food
supply, the 1ooée.§¢i1 of the islands provided excellent opgortunities
for denning} Most 1s1aqu contained areas sheltergd from the main

flow of the river, protect1ng'¢aches and dens.

Colony Size

Poor trapping cOnaitidns, coupled with increased commercial
trapping pressure made‘our live trapping efforts ohly margina11y“
successful. Two new trappers set up on the Carter Ferry'stUdy area
during the study, ;’fact I learned only after the second seasdn'so I
was unable to examine any carcasses.

 ‘A typical beaver colony is often perceived as a mated pair, young
~of the year, and yeéklings born the'pfevipds year (Bradt 1938), yet .
many authors repqrt variation; ranging from sinélé animals to groups
containing'addit1onﬁi adhlts 6? 2-year-olds (Bradt 1938, Towsend 1953,
Taylor 19?0, Bergerud and Miller 1977). Some of ihese variations may
be due to differences in the definition of a colony. |

Live trapping on the study areas was not intensive enough to
determine total colony composition or size. However, the capture of
kits at 2 colonies indicates :haﬂ reproductively active colonies do

,exist, and at least 1 colony. approached the typical pattarﬁ
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(Tab}e_5.10). The_yﬁrecorcec removal of beaver by commérC7al trapoefs
~ further clouded true colony composition,

Most stugies of sex‘rat1os n beaver reveal generally equal
probort1ons'at all agés (Osporn 5953, Hehry»and Bookhout 1969, vanden
Béfge anq Vohs 1977, Svéndsen 1980). The apparent prepohderanﬁé ot
females found %n the Cérter Ferry.st0dy~area may be due to the
persohnei’s 1nexperience in‘detgcﬁ1ning sex. d

‘fhe number of individuals per beaver_;o\ony va(1es widely between
'areas,,h§b1;ats,-and even Qears. in an intensive study of dolon1es m
Michigan, Bradt'(19§8) foqnd‘from a single individual to 12 beaver per
colony, with an average of‘5;1. Swénson et 3) (198$)"f6uhd average
colony sizes of 5.2 to 9.2 on the Yellowstqne and Tongue rivers in
&oqtgna. Of particular interest, they noted a drop from 9.1 to 6.1
beaver per colony in the same area over 2 years. Again, live trapping
on the study areas was not sufficient to determine true_co!ohy,size;

With the advent of marking of beaver in the 1956‘3, extensive
_1nformat1on‘has_béen gathered on their movements, Many early studies
. focused on the mdQ;ﬁents of trénsp!;ntad beaver. Beaver are capable
of extqnsive movements, sometimes {nVoIving considerable overland
travel. Hibbard (1955) reported that 1 transblanted.béavér in North
Dakota traversed 107 km (straight line) or 238 km of waterway, with an

o .
average travel for 18 recaptured individuals of 14.5 km of waterway.
Berghdfer'(1961) reported movements of transplanted beaver in New
Mexico of 6 to 51 km, including individuals that moved over a 3600 m
:d1v1de, 4 major watersheds, and 1" who traversed at léast»zé km of

rough, dry land. Knudsen and Hale (1965) found no movement by more



'Table 5.10. Minimal age structure and composition of selected
beaver colonies as determined by live-trapping.

Colony
-Number Adults Subaduits - Kits Total

-Carter Ferry

1 (Fail 83) 2 0 2 4
1 (Spring 84) 1 1 0 2
2 A 1 B ¢ 3
'3 1 1 0 2
~IL§ke Elwell
1 1 "0 0 ©
1. 1 0

x taken.by a commercial trapper.
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than‘ij of(;hé‘beavér.ﬁafked during-trénsp1ant1n§ in Wisconsin with a
‘max imum tfavé] di;tance of 48 km (stra{ght 11he)..v8eer (1955)
reported a maximum natural movement of 50 km (straight 11nél or 6% km
by water by beaVek-re}eased at a capture site in Minnesotégb Leege
(1968) reported no movement by 34% ofjthe 87 beayer'fecéptured'afteff
re]gase at the;r orjéinél trap sites in Idahd, »More than'21% ﬁoved‘
moré than 1.6 km, with an average straight line distance of 8.5 km and
©a maximum of 18 kmi  The longest recorde& movement of a beaQer‘
released at its capture site was 241 km (Libby 1957)..

Most beaver on the Carter Ferry study area were retrapped‘within
2 km_bf theié release point. AT1-wer§-re]eased'at the point of
’ capture."One yearling, captured in April of 1984,-was taken‘by‘a
trapper 1h'December'of~1987,_33 km by water from it’s release poinQ,
.‘A]though‘the‘tptaildistance traveled is not remarkable, the animal
.. must ha;e,travérsed several miles of cropland, négqtiated the‘bliffsl
ndfth of Morény‘Dam, or traveled ﬁhfoughba.dog#infested‘housing area

at the south end of the dam.



IMPACT OF DAMS AND MITIGATION OPPORTUNITIES

IMPACTS OF DAMS

.0n fjvefs and reservoirs, eYidenCe of beaver use of terrestr1ai
Habitat 15 common in areas with riparian shrube and trees butvunusua\
‘elsewhere, Sﬁrubs’and'tfees represent much of the:beaverfs food year-
round,.pkovid{ngAbark and cambium from fai] to spring and 1eaves'er
‘ budsjduriné the summer. As expected, s1tes with shrubs and trees and
banks with character1st1cs conduc1ve for shrub or tree development, |
are used more often than sites without.

Beceuse beaver are unable to dam rivers and reserVOirs,‘they do
not creaie the classic domed lodge standing isolated in open water.
Eree-standing lodges woe1d be lost to floods or 1ce,scbdr'a1most every
year. Inetead;,beever rely on dens or.ﬁyprid den/lodge attached to
the shore. Such dens are usually built on stable soil banks.that are -
somewhat sheltered from floods and ice scour.

" To determine the impact of dams on beaver and riparian
yegetation,’we mustAexamjne'how dams aTter the cﬁaraeter1stjcs of tﬁe
' riparianvione.' Three areas are‘affected by dams: ‘the head of the |
reservoir pool and upstream; the reservoi} shoreline; and the river
below the dam. | . | A

A1l rivers and streams carry seq1hent, either in suspension or as
bed load. The amount of sed{ment is controlled by the watefwa}’s .
gradient and rete of flow. As a river enters the standing water of

the reservoir, the flow rate decreases and sed1ments are deposited,

98
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- forming a delta. Deltas tend to grow‘ubstream, causing a decrease in
’ channel gradient, reduced channél cross sec;ion,'and 1néreased,f1ood ‘
occurrence‘(Glymph 1973, Baxter 1977, Thompson 1981, Sanchez 1982).
The qelta'ié'heavily subirrigated, often sbrouting dense thickets of
willows and cattails (Typha sp). Such areas provide excellent beaver
food, but7becausefof,their sha1jdv nature, provibe few den sites. i
Sméll dfawdowns in reservéir iévels lead to 1érgé expanses of mgd
f]ats. Any lodge or den would be total]?(exposed by even minor
cﬁanges in water 1éye]s._

| Dams cause substantial chénées in habitat onvthe:resefvoir
proper. - With closure of thé'dam, Tow lying habitatiaTong the waterway
is flooded, desﬁroying many‘riveriné riparian'zoﬁés (Heinzenkrecht and
Pateréon 1978, Thdmpson 1981). The.resdlting reservoir tends to have
a greater leﬁgth‘of shoreline than the pre-dam conditions or even a
comparable natural lake (Baxtér 1977), a characteristic which wog]d
sgem;advantageous to a riparian species like beaver. Howevgr,‘maﬁy
reéefvoir shorelines are steep. and robky, prov1d1ﬁg littie ﬁabitat for
beéver;'of their food species (Heinzenkr;chi‘and Paterson i978,'
Thompson 1981).

One of the MOst'str1k1ng d1fferences between natural and
1mpouﬁded waters is thé change fn the magn1tudé and timing\of water
v1e§e1 fluctuations on the reservoir. The degree of this chéngé
depends on the purpose and opération of the dam. Run-of-the-river -
dams may cause little to na change in fTuc;uatiqns{ Some
hydroe]ectrié-faciljtiés. p;rtiCular]y those designed to provide-

" peaking power, cause diurnal fluctuations. Irrigation and flood
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controlrdgms change seasonal f1uctuation_patterné. typiﬁa]\y filling
duringlthe spring and éarly summer, folldwed by draﬁdown each winter.
In the wesﬁ, madyAreéervo1rs-sgrve multiple purposes, commonly
1H§1Ud1ng.somelf1ood cqntrpl. |

Fldbtqations on the reservoirs cerred in this study varied
w1¢e1y. At Cahyon Férry_Reservoir, a genera]Aburbosé fa¢111ty
‘includjng:flood contfdl and irrigation, annual f]uctuations'in water
1evé1s between 1961 and 1986 averaged 5.1 m with a minimum of 1.9 m
and a maximum of 10.2 m. Hauser and Holtér déms, directly below
Canyon Ferry, are run-of—the*rfver facilities uﬁed for power
generatién and recreation, Between 1961 and 1986, annual fluctuations
06 Holter Lake varied from 0.5 m to 5.6 m with an averagéiof 2.2.m.
Fluctuations of more than 2 m are sporadic. For the same time period,
annual_flucﬁuat?onslon Hauser Lake varied-froﬁ 0.1 to's m with an
'av;rage of 1.7 m. ‘Again, Jarge fluctuations were uncommon.

Tiber Dam, on the Marias RiQer, is primarily a flood control
fa§11jty{ Annua]~water~lével f]ﬁctuations from 1957 to 1986 varied
from‘a‘maximum.of 10.3 m to only 1.4 m with an average qf 5.0 h.

Fluctuations on the 5 run-of-the-river dams near Great Falls on
the Missouri River ranged from 0.5 to 4.5 m in 1983. The.4.5'm
fluctuation was dué_to‘repaifvwork.

The .direct 1mpact3'df?f1uctuat10ns\mdy be extensive. The effect
jof fluctuations is somewhat dependent on the bottom ;6ntours of
shoreline areas (Heinzenkrecht and Paterson 1978). Shallow areas are
dewatere& by minor level changes while steep slopes.méy retain their

basic shape and character despite 1argevf]uctuat1oﬁs. Seasonal
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chénges on some flood confrol reservoirs are éxtreme. Lake Koocanuysa, |
in” Northwest Montana, varies Oy up to 50 m each year {Thqmpson 19815.

- Under such exténs1ve fluctuation regimes, beaver cannot ma1nta§n
'underwatér-entranées to any den or lodge.

The'change in'magnitude and timing of fluc;uations may, in
turn,\éffect vegetative development of the kipafian iones on )
reseryoirs when compared to rivers. Rapid f]uctuat1bn5*or 1arge;scaJe
drawdowns tend ‘to inhibit the establishment ofvperennial'riparfan"
species and favor annuals (Féwler 1978). The efféct is greatest when
méjor f?uctuat{ons‘ocqur‘during the growing seééon (Thompsqn 1981).

Large reservoirs are particularly susceptible tb massive erosion
caused by wihq and wave action. Large flooded.areas and windy
c\iﬁates can ?ead to 1n£ense'w1nd—wave\reg1mes, whiCh in turn leads to
) sﬁoreline erosion and bank failure. The degfee and impact of erosion

1s.determ1ned by topogfaphy and substrgte. Re&d]anqs and exposed
sites are quickly eroded, and the material redistfibuted into
‘sheltered areas (Halstead 1973). Massive erosigqlié common along
reserVoiré with 1oosa, cohesioniess banks (Mikhailov et ai. 1982).
WQaihering alone can cause erosion with certain typesAof clayey soils
(Mikhailov et al. 1982). Mass failures on rock-edged reservoirs
“depend on the structure,‘orientation,'andicdmposition of the rock
(Innerhoffer and Loacker 1982). 'Shoréiinq erosion Jeads to the
devélopmgnt of unstéble cliffs on exposed sites and general retreat of
such cliffs inlénd (Halstead 1973). The erosion of ravine mouths due

to changing water 1evels may lead to further headwall erosion in those

ravines (Mikhailov et al. 1982). Any erosjdn reduces ripafian
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vegetation and decreases the opportunities for peaver fo maintain bank
déns! |

Reservoirs in northerﬁ climates tend to freeze over du}1ng winter
" (Thompson 19?1). Ice prevents terrestr1a1.aniﬁals from Qéing'the
water and semi-aquétic speéies,,3u§h as beaver, from easy access to
terres;rial foodé. Beaver are adapted to surviVé 10n§ periods under
1qe, bu; other»spécies, suchias~watérfow1 andvbald eagles, will be
gxéludedﬂfrom using the area dut%hg'the 1ce-covered‘periods.’ On'Lake
Eiwell, dates of iée formation and break up were recorded for some of
the yearsfbetween 1958 an& 1964. Icé‘formatidn was éenera]l&’cpmplete-
" by tlate December and lésted-intq late spring. For the 13 years in
4whj¢h the total duratioﬁ»cdu]d be defermined; the average duration was
109 da&s (?igure 6.1). Ice:break.up and scouring in'spriﬁg,
partiéu]ariy on run-of-the-river reserVoirs;'méy‘inhibif or destroy
‘riparian vegetation., |
\ ‘ A]thoughroften overlooked‘in discussions‘of'r;servoir‘impacts,
associated:human development may create Jongdierh detrimental impacts -
on wiidl?fe. Impounded water tends to attfaci human settlement and
develdpment, thch'Can 1ead toﬂdeforestat1on, SQergrazihg, and removal
~of>ani@als when in conflict with human uses (Blairs 1972, Williams
1973, He1nzenkré¢ht and Paterson 1978),' Even moderate grazing may
déstroy new1§ &éveloped woody vegetatidn._.wheré.reservoirs become

: resoft areas, the béaver’s-éutt1ng of trees and‘Shfubs is in‘dirgct

conflict with human aesthetic values.
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The 1mpact of dams on the river below may be as great br,greater
than on the reservoir proper. As on the reservoir, the main effects
rg]ate to changes in erosion/deposition and f1ﬁctuatidns. )
As mgntiQhed eér]ier,‘gaterj upon enterifg the reservoir, looses

)
'much-of its sediment‘19ad.ltThe longer the water remains within the
reservoir, the c]earef it becomes.' water released below any dam
carries a sediment load well be]owAthe capacity oftthe'now~floQ1ng
water. ‘The river will quickly re~esfablish7the.sediﬁent load balance,

t

causing érosion,'channe1 degradationf'and headwall cuttiné'in
tr}butaries (Boundrant and Lngsey 1973, qumph 1973, Taylor f§78,
Thompsdnl1981, Harrison and Mellema’1982). The river scours 1t5‘5ed
for materia],‘rémoving the finer materials untii“only Iargé matéfials
are 1efﬁ. ‘when atll ﬁateria]s are too large to be merd’by ﬁhe riQeﬁ’é
‘f1ow, the,channe1 beéomes armored and erosion extends downstream’
(TayTor 1978,vHarrisoh‘and}Me11ema 1982);4 Through this process,
impacts of thé dam méy be felt far dounst}eam.; Taylor (1978)‘rep8rted K
that erosion below Hoover Dam had extended;moré,thani1.6 km (1.mile)
déwns;réam after only 6 months andlprosjqn below Parker Dam had
extended 96 to 160 km (60 -~ 100 miles) downstream since closure.
Downstreah eros1oﬁ tends to. deepen main channels, restricting’
flow td‘those éhanné]s'and eliminating braided chahnels, meanders, and
even some islands. These areas represent some of the most productive
riparian habitat. Deep cutting of channels reduces opportunities for
bank denhjng and 16wers water tablqs, reduc1ng growthAbf riparién

plants (Fenner et al. 1985, Harris et al. 1985, Swenson and Mullins

1985).
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Dams often affect water 1evels.ahd fluctuations downstream._ wWith
ini£1a1 closure of the dam, theré_1s a dfastic decrease in 1nstréam
“flow, often remaining at legal minimums year-round. .Depending on the
size of the reserVoir, this may continue for years. Increased
evaporatién, seepage 1nto'poroﬁs layers, 1n£erbasinytransfgrs, and
1rr19ationlcéuse permanent losses’ to the river’s flow (Heinzenkrecht
and Paterson 1978). | ,
After the reservoir is fhll, operation of the dam continues to
alter the river’s natural flow regime by cﬁangiag the timing. and
amplitude of Qater level f1uctuations. The degree of change depends
‘oﬁ the purpose of the‘dam. Run-of-the-river dams, by'dgfinition, have
'11tt1e effect on downstream flows. Most other dams have at least some
ffood control or irrigation'objective., By deéign, these facilitiés
reduce the inéidence and magnitude of floods dowﬁstream (Ridley and
Steeie 1975; Thompson 1981, Harrison and Mellema 1982, Fenner et al.
1985). Some reservoirs also increase low fﬂows;.usué1ly related to
minimum flow requirements. For example, Harrison and Mellema (1982)
Eeportéd that, before the development of flood control reservoirs on
the Missouri River, flows ranged from 209 to 29,000 cub1é meters per.
second; Now, the low remgihs the same but-peaks'reach oniy {700 cubic
meters:per second. Duf1n9 the 1964 flood on the Marjas River, the

max imum f1§w above Tiber Dam reaéhes‘241,000 Efs while bélow the Dam,
the flow only reaches 10,100 cfs (Figure 6.2). Reduped f1looding
should improve denning success for beaver.

Eighteen major dams effect water flows on the M1ssouf1~Rfver'

.above.Fort Benton, Montana. Natural fluctuations in water levels tend
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‘to mask the actual impact of these dams on h1gh and 10w flows.
However, F1gure 6.3 shows a genera\ 1ncrease in Yow flows and decrease
in high flows as more dams were constructed along the Riyer;

Changes in f]ooqing may have_major effects on woody riparian
"vegetation. Floodplain forests are often considered pu1se-stabjlized
systems. Such areas are held in e.state of continual disclimax by
periodic ?1oodfng,-wh1ch provides optimal habitat for the :
eStainshment.of willows and cotionwoods (Baxter 1977, Thompson.1981,
Fenner et al. 1985), These species reproduce poorly where they are
the overstory dominate. B8y reducing f]ood peaks,-thereby reducing
scouring snd the creation of deposition oreas, dams may reduce the
growth and fncrease mortality of seedlings ano_saplfngs of such
species (Thomoson 1981, Harris et al. 1985, Swenson and Mullins 1985).

4Dams élso a]ter-the_timing,of seasonal ffuctuationsm In Montana,
rivers tyoica11y show a discharge peak in May or June,‘fo1iowed'by
lows in late summer to winter, depending on rainfall. Below dams,
discoarge‘peaks are often delayed and may remain high into or through
the summer season. The seeds of some'r{perian‘trees; such as the
Fremont .cottonwood ( ogu1us fremontii), rema1h viable for a very short
;tlme and require newly exposed mo1st s1tes to germ1naze. Fenner et

. (1985) demonstrated- that the t1m1ng of seed release in the Fremont.
cottonwood corresponds to the optimal t1me in the Salt River’s natural
water cycle for seedling germination. The exlst1ng dams a]ter the
water level regime downstreom,.mainta1n1n9 high water through the
‘germination period thereby severely restrictiné opportun1t3es for

cottonwood reproduction.
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'F1gure';6.3._ Annual mmum, m1n1mm‘, and average flows on the
Missouri River at Fort Benton, Montana, in cubic feet per second with
the date of construction for major upstream dams. "
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Some damS'Create subétant1a1 fluctuat1ons_1n downstream rivers on
a d5f1y, or even chrly; basis} 'Suéh fluctuations are uncoﬁmon on
unjmooqnﬁed rivers with forested headwaters. Libby Dam, in Nortﬁweét
Montana, exh1b1ts'dogﬁstréamAf1uctuaf10ns 10 to 12 times greater than-
pre-impoundment conditions. At some power peaking facilities, such
variations ma; occur several times each day (Thompson 1981)ﬁ

The impacts discussed abbve represent oq1y ;hose changes caused
by dams in riverine systéms'that affec; beavérs or theif riparian food
source. . Any changé which destabilizes banks, redﬁées'wobdy riparian

vegetation, or creates violent short-term fluctuations 1q'water levels

will reduce the suitability for beaver.

MITIGATION STRATEGIES

Mitigation proposals can be divided into 2 basic types, on-site
and off-site. On-site mitigat1bn involves recreéting the cdnditions‘
necessary for a species’,of Eommunity’# survival within;‘or directly
adjacent to, thélprojeét boundaries. Off-site mitigation often-
involves purchasing, protecting, or occasionally enhancing wildlife
habitat at some d1stance'ffom the broJect.\ This is a viable approach.
tovwi1d1ife management but does litt1;_to replaqe )osses‘fo local
popuiaticns.- It Shquld be utilized on]y when.CQnditions precludeVCn-
site mitigafioh; Therefore, ;he fol]owing”disdussion‘cqnéentrates on
on-site proposals. \

The primary negatiVe\impact of déms and reservoirs on beaver

habitat‘relates’to the loss of étable,denning sites and riparian
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vegetation. The fd11ow1pg mitigation proposals are designed to
mitigate one or both of these problems. ‘

Under certain conditions,,éimply replanting:riparian'zohes along
the reservoir shqre1%ne may be poss{bléf- Most r1parién shrubs and
trees.requgre high.fevels of ;011 moiéture\w1th1n reach of their roots
during at leéé; the‘growjngbseasoh to survive (Broadfoot 1973, Fenner
et‘a].'{984, Harris et al. 1985). Where 1oQ flat shorelines combine
)Qith relatively stable water 1evels,tvegeta£1§n may be successfully
replanted. Swenson and Mullins (1985) and York (i985)fhad the besi
_results witﬁ lafgé; pole-size cuttings taken when,ﬁhe‘ﬁrees.were'jn_a
- dormant state. Poles were'planted to the depth.of the water table
~ during the groﬁing seasonfﬁ Fresh growth 15 attractive tp cattlé and
"beaver. Both should_bélexcluded to,fhe degreg pos;ibie unth the
stands'areAwél1 established.

| where slopes a}e too sﬁeep to provide sdjtable sub1rr1gated zones
of usable wid;h, slopes could be tér%acéd. Smaller riparian shrubs,
‘suéh as'willows. could be p\anted‘on the first terraces, large shrubs
or trees planted to an appropriate depth on higher terracés,'and more
drought tolerant sp§c1es~oh the highest terraces. ngain,‘beaver andr
cattle should be excluded until the plants are wélﬁ established. For
newldams,'vegetation mfght Se planted prior to filiiqg the reservoir,
- although i;_willlbé necessary to irrigate the piénttngs until the
water level rises.

The impact of reservoir iévef fluctuations on vegetation aﬁd;
beaver denning could be mitigated by,éontroll1ng the amplitude or

timing of such fluctuations (Seaman 1973). The yearly amplitude of
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_wéter ]eveT fluctuations on reservoirs is directly controlled by the
resgrvoirﬁs bperating mandaﬁe. In many cases, altering the .
fluctuation by an appreciable amoUnt'is'unfeasible on thé reservoir as
a whole. However, 1t.might be possib]g to alter timing t§ conform
more c]o;eiy'td natural conditions.

‘While werfteh,canndt'alter water level fluctuations on an entire
reservoir, we might stabilize 1evé1; in localized areas by taking g
.1esson from phe-beavef. Beaver control water levels on stfeams and
ponds- by bui]ding déms. ~SmaiT dikes 6r dams cog}d be built across the
mouths of séreams or coulees that»enter’the reservoir,'neér their
brig{nal river ‘entry. The dams would rise to the level just below
normal full pool elevation. At full pod],lfhe grea'wquld be f1oodedl
As7reseryoir levels qrbppéd, water would remain trapped behind thé,
dam. w1th péréhniai streams, the 1eVél‘might remain'stabie'thrbughqut
the year (Figure 6.4).- In areas wiﬁh high so1l.ero§1on; such as the
ar{d fgrmlaﬁds”of'central Montana, ihesé miniature résérvoirs wouid '
£111 with sédjment. Dams could be designed to allow peridqic-f1u§h1ng
or the area could,be allowed\td deve1op ripafian shrubs and trees as a
food source. A ser%es‘cf small dams cbuld be Su11t along perennial
streams, :he,Joﬁer ones providing den sites, the upper ones fbod.A
T~ on i;rge reservoirs in windy climates, wind and wave erosion may
be the mﬁjor limiting faCtpr for both vegetation and den sites.
Erosion cﬁuses prob1ems for all éspects df.reservoir management . when_
designing‘new facilities, wind direction and reserQoir shape{shohld be
cére’funy'evamated.~ On existing faci\itigs, or where no other .

options exist, erosibn may be reduced py creating natural analogs to
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ngvur"'e 6.4. Potential for use of d'lkes or sman dams to stabine
water levels on side channels of reservoirs.
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the coaéta] parrier.is\ands (Mikhéi]gv et al. 1982). »Sdchbiélénds_can
be desjgned'to réqﬁirellqw méintenénce.‘"earrier js]ahds d1§sibate tﬁé
‘wave's energy;'protectingvthe shore]fne. r

When increased hﬁﬁan use 1sl1n conf?ict with wildlife values, ‘a
variety 6%7501utions ex1st - If w11d11fe 13 the pr1mary interest, the
'ent1re reservo1r could be closed to human use. Realistically, th1s 1s'
seldom possible. . In some areas, human use is restricted during
criticallperiods} such as for waterfoQi nesting.: Cobrdinatidﬁ between
recreation and w11d11fe mitigation plans could Eeduce_conf1{cts 1n.
sensitive areas. Reserves .could be created along’reserOirs ﬁo_feduce
conflicts with hbmaﬁs.

:G}azing»can have severe impacts on‘r1par1aﬁ vegetétion and bank
stability. Cattle are drawn to water and to the shade prov1ded by .
trees and shrubs. On the plains, th1s may be the only shade
available. Even 11ght1y stocked range may have problems with cattle
in riﬁarian zones bébgUse of the tendency‘fof 11vestoék ﬁo congregaté
in such areas. _fo'maintain_hea\thy r{parian zones, it may be o
nééesSary to~fencé.§h§ shorelihg,~while>provid1n9 water and shadé away
from'tﬁe resér%oir;

Downstream 1mpacts may be m1t1gated by controll1ng the magnwtude
and timing of releases from the dam. Hajor shortfterm fluctuations,
as seen below,power‘peaking facilities; may be controlled during
criticaliseasons. where the lack of flooding has reducéd the Su}vjval
of riparian\tfees and shrubs, artifictal floods could be created.
Releases could be designed to cause mqqeritg flopdiqg onfdounstremn

floodplains gt'appfopriate't1mes\of the year. Unfortunately, human

1
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"deve1ppment on f1oodp]a1ns‘w111‘prevent artificial flooding.in most
areas.

Reservoir mitigation is an infant field, with Jittle vet in the
way of completed projects to evaluate. We can 1§dk to a'%ew-natura\
examp1es for pré11m1nary'1deas. As these ideas are refinedténd
implemented, we-can'begfn to assess the sbcceSs of particular.
programs. Because of -our 1ack'pf knowledge, including evé]uat1on
procedufés in all mitigation pians is important so we ﬁay learn from
success and failure. - Beaverlagaiﬁ provide an excellent indicator for
eva]ﬁating ripafiah'zone mitigation. This 1s(hot’to 1mp1y'£hat beaver
are a panacea."They are. useful for only one aspect'bf‘resérv°ir
biology, shdreline/cqnqitidns. They shog1d_be‘part'cf a package of
indicators for_djffécent.asbects of reservoir mitigation.

While not the final answér, beaVer can provide a valuable
addition to our tools for wild]ife habitat~management..'As agencies
bécomejmore.invo1ved 16 develppihg, 5mpléﬁeﬁt1ng, and eya]uating
mitigation plans, the use of beaver as a mitigation jndicatér species

should be seriously considered.
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