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A study was conducted on plant comnlues and mO0Se habitat use 1n

the ‘lowlands near Fort Prov1dmce, Northwes: Terntones. . The purpose

~ ' ~

of thlS stuﬁy was to examme same relatlonshlps between moose and w1110ws '

. on amoose wmte.r range. e

i P “ N
[ S [ : L -
W |

. i
ey

Spec1es canposnlon, herbage and browse productlon, and 5011 charact-.
' (erlstlcs were descnbeﬂ for f1ve plant CoulﬂUIutleS sedge meadow

' patterned fen, w1110w—shrug w1110w savanna" and aspen-w1110w cormmm1t1e5.

Ava1lab1e mean annual productlon ranged from 530 kg/ha in the aspen- Y

v

'.w1110w to 2535 kg/ha in sedge meadow commm1t1es. Avallable browse B
O’

‘ productlonwranged from 442 ~1(§7{a in the W1llow savanna to 1406 kg/ha in
‘ w1110w shnb comnunltles, Avallable winter browse’ ave,raged 20 percent

of sunmer browse productlon in- shrub ccmnmnles._

Moose were found to concentrate 1n the w1110w savamna and patterned

"

Y

fen conmm1t1es 1n part of the study area durmg winter.. A densn:y

e ©
A

o of 0. 9 moo$e per square kllometer was recorded on willow commmnities

used as winter range.
€ _ t

Durmg w1nter, moose exh1b1ted a meii'ked browse preference for Salix
- candzda ' S. be zana and S padophylla and an avoldance of S maccallmna
’Prevmus browse use on individual shrubg was found to

mcrease th probab111ty' these }shrubs would be rebrowsed by moose. . The

a.nd S. gmcz"

degree of rev1ous use alsc/) i fluenced the amount of current annual browse s

/’} . ; . . . S
: ) : ‘ - v s




: dates during the gromng seasoni anﬁ once d:u‘rmg the dormant season. \.\

Sy

e F

-

renbved frun eédx.shnib. SRV

Seasonal levels of mOJ.sture, crude proteln, ac1d-detergent flber, llgmh

N ash calcmn, phosphorous, ‘magnesium, soduﬂ and crude fats were

descrlbed Although some dlfferences in Autrient levels were found N

among spec1es and between browsed condltlons w1th1n spec1es these were

not conmstmt throughout the sampllng period. No 51gnlf1cant relatlon-v

’. .
sh1ps were found between moose browse selectlog and browse nutrient

oontent. (hemlcal ana1y51s of three twig portions showed a progresswe
decrease in molsture, crude protem and mmerals and an increase in
acid-detergent fiber and 11gn1ny from the terminal to lower twig por,tlons.

\

Wl].lOWS SUbJ ected to s:unulated or natural browsmg durlng the

dormant season responded w1th a decrease in the nunber of twigs and

4

- a 51gn1f1cant two to four fold increase in twig we1ght per secondary
‘ stem in the followmg growmg season. It was postulated that thlS larger

) .tw1g growth may have 1nf1uenced moose preference for prevmusly bmwsed

shrubs. ThlS selectlon may be advantageous to moose by maxmlzmg 1ntake

B of palatable and perhaps more nutritious browse (termlnal twig port1ons)

v\hlle mm1m1zmg energy expended by decreasmg the time spent feeding.
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" INTRODUCTION

It has been well estabhshed that moose (Alces alces) are pr1mar11y
a browsing species, espetlal‘ly .during w1nter.,&)'bn ranges in weStern

,'North Amenca, w1llows (Saliz spp.) are one o}ﬁt“\ﬁe most. mportant food

sources used by moose (Pimlott 1961; Peek 1974) However, due to the
“_'taxonomlc comp]fex1ty of the genus.‘SaZm .and the d1ff1cu1ty in rapidly
1dent1fy1ng W1110ws to species, most moose food habit studles refer to
 willows as a collective group. Several researchers have found that
‘moose Wlll dlscrmmate among species of willows by show:mg preferential ‘ -

,useeof some spec1es over others (McMillan 1953; Mllke 1969; Dorn 1970).
Suggested factors that may influence the preferent1a1 use > of a partlcular
spec1es :mclude nutr1ent content, succulence (m01sture content) , shrub '
helght and growth fom, season of use and the type and abundance of
assoc1ated plants (Mllke 1969 ; Dorn 1970 Pavlov 1973; Berg and

Phillips 1974).

L | -

Food hablts exprbss a fmdamental relat1onsh1p between moose and
‘.-’thelr envnonment ﬁn understandmg of moose forage preferences is a |
prerequlslte to moose pOpulatlon and habitat management. Thls study was
oonducted in the northern part of moose range in North Amerlca At this
1at1tude, it is expected that the long a.nd cold winters. cause a
oon51derab1e energy and nutr1t10na1 strain on moose. ‘Gasoway and Coady

| (1974) found that moose m Alaska normally experlence a loss of up to
25 percent of body welght during w1nter ’I'he relatlvely short growmg

season of northern 1at1tudes would also limit the time avallable for !



we:.ght gain from the more nutri tious sunner forage. Moose are large

mgulates requlnng 18 to 23 Lg of browse per day in w1nter (Verme 1970).
- (onsiderable mob111.ty and energy expendlture would be requ;red, to obtain
| sufficient browse to maintain the rumen fill. )

v T
" This study was initiated by observations of moose brovésé‘selection
~-of particular species of willows and fuftﬁer selection of individual
shlrubs livit}'lin a preférred species. My research on the_lowlanfi Tanges |
near Fort Providence, .Northwest'Tefr}itories seeks to cjuantify and .
Ielate the relatlons}ups between moose and willows on a moose-. winter

range 'Ihe obJectlves of ‘this stady were:

- a) to descrlbe./the habltats avallable to moose in the lowlands
near Fort Prov1dence N.W.T. ’

b) to quantlfy moose browse select1on in three plant conmlunltles,

c) to 1nvest1gate the seasonal nutrient levels in six common
willows in the s;udy area,
| .d) to ﬂlinvestiéate the respdnsevof willows to browse utilization,
and - | |

e) to investigate the vre'»lationships among moose brdwsé sel-lectiorvl,‘_‘
browse nutrient 1évels‘, previous .browse utilization, and Qill'ow gi‘ovrth

IS

form,
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DESC%{PTION"OF THE STUDY AREA

1. Location and Size -

The study area was located thirteen kilometers noftheast of Fort .:
Providenice, Northwest Territories (61°25'N; 117°40'W of the fifth
'meridian) and encompassed approximately one hundred square miles

Figure i).

W1th1n this region, two similar sites, one with relatlvely low

| and the other Telatively high moose utlllzatlon, were selected for
detalled investigation. The 1egal land lgcatlon is sections 33 and
34, townshlp 142 and sections 2 and 3, townshlp 143, range 20, west of
the fifth mer;dlan for Site One Wthh sustained relatively low moose
‘use; sections 13, 14, 23, and 24, township 143, range 19, wést‘of the

fifth meridian for Site Two which sustained relatively high moose us¢

(Figure 1).

2. History of the Area

‘The wildlife of the UppermMackenzie region have historically prS-
vided a natural resource base tﬁaﬁ dominated the lifestyle of nomadic
Indian bands of the Slave‘tribe (Osgood 1931). Méose, bison, and fish _‘
prov1ded a maJor proportlon of their food supply. Archaeologlcal |
ev1dence 1nd1cates that the Fort Prov1dence reglon was 1nhab1ted by

-prehistoric cultures for more than 5, 000 years, B.P. (Womington 1957).
' 3



el . | ™ ‘
NVMIHD . . Y U
z 1 - [1V¥svs Yileh,
- Gse)oueil)y | . ) , ,\
: s . B SXRR ¥ B
.,mmwkm Apnis om] 9IS vinng ’/ . \
pue 2uQ 23S JO UOEIEOT W3 = , S
Suymoys uoj8a1 3JUSPTACI4 3104 Voo v T
’ ayl 3jo @Qz uW. @stﬂh
\ A
exv1 ; . saoLmwar O
sAmjg 190.D 1S3IMHLIVON
. .
~
, 0 - ‘ .
N 918 A \.
ust_“:.o:-ﬂ A .
uos)g ejaveyaey wr '
omy » -3
g s *xel
e in
! c.t.i.. ¢ .
| &N
| 5
Gl B ?
| | A
.4
A)
| /
: J .
- \ 8
. % | o
] | 1.
,W ;




e

./WaLs established in 1963 with the re—mtroduction of wood bison The

si 1ts tone. Durii

[ s

The Native people are presently localized in settlements and still

depend on hunting; fishing, and trapping to supplement their incomes.

Land disposition of the Fort Providence area jis controlled by the

Government of the Northwest Territories. Grazing leases have been

e

" established on 'the sedgu{-grasslands along the Bluefish River and at

Mills Lake./ Natlve hay and potatoes are harvested on the alluvial

flatS/at the mouth of the Hom River, The Mackenzie Bison Sanctuary

blSOl'l sanctuaty is located north of the Mackenzie River, between

' nghway 3 and Great SLave Lake (Flgure 1).

kS
3. Geology’ and Soils y

The study area 1s underlam by Upper Devonian rocks of the Slmpson
formatlon (Douglas )1959) These rocks are de‘scnbed as slightly cal- O
c?reous, lamnated shales with inclusions of calcareous sandstone and

"Lhe/Pf"i'Stocene, the Laurentlde ice sheet dep051ted

@ stony, gravelly clay drift over the entlre Interior P1a1n (Cralg 1965)

' During deglac:laltlon the t111 was covered by strat1f1ed lacustrine

deposits derived from the sedimentation of glacial Lake McConnell.

_————The resulting topography of the Gg¢at Slave Plain is low-lying, _nearly

flat ground with numeTous smatl lakes and bogs. Numerous 11neaments

~of varying lengths transect the study area and dlsturb the continuity

- of communities W1th sharp changes in Vege/taii/gcm_Craig 1965). " °

< . . [

S \*_—;——_‘{\—/q‘ N

The soils of the stL;dy Jarea were developed on moderately fine to



fine textured lacustrino material that contains some stones. On well-
drained sites, the Qogetativu cover of aspen (Populus tremuloides),
white spruce (Picea glauaa), and will have influenced the develop-
ment of Orthic Gray and Orthic Brown Lyvisolic soils. Rego-Gleysol
soils have developed on poorly- i but moderately pemable sites,
and are vegetated by the aspen-willow and willow-savanna community
types. Mmre the vegetation is largely grasses and sedgres a moderate
Ah horizon has developed. Poorly drained sedge meadows and patterned
fens have organic soils and are often frozen at 45 or more centimeters

below the surface (Day 1968).
4. Climate

. .
The Fort Providence }'egion lies within the Sub-Arctic climatic
zone, characterized by long, cold winters, brief warm summers and

light precipitation (Thomas 1953) .

The mean annual tanperature is. -4 C and ranges from a high mean *°
daily tanperature uof 16°C, in July,.to a low mean daily t/emperature of
©-27°C in January. Mean daily maximum temperatures reach 23°C in July
while the mean dally minimsn of -32°C occurs in January. The frost-

free perlod extends- for 75 -days, from about 10 June to 14 August ~The

e

mean growing season extends from 9 May to 26 Septanber an annual
' average of 140 days (Canqda Department of Transport 1?67).
. o .
The mean annual precipitation for the region is 26,4 cm. About

one-half of the total prec1p1tat10n falls durmg the growing season.



The mean date of drought point is resched about 22 June, forty-two

days after the begimning of the growing sesson (Day 1968). Snowfall
NEontributeg 44 percent of the totallm\nunl precipitation, The averuge’-cg
srbwfall of 112 om compacts to a winter mimm of 71 om, The snow

cover lasts an average of 182 days. \

5. Vegetation
h
The Fort Providence area is in the Uppér Mackenzie section of the

Boreal Forest region (Rowe 1972).

The 'bet,ter drained soils are characterized by a climax vegetation
" cover of white spruce, with jack pine (Pinus banksiana) occurring on
drier sandy ridges. Due to frequent fires, most of the uplands are
covered by aspen, with an understory of willow, buffalo berry (Shephe;-dia

} 4

oanadensis), rose (Rosa acicularis), and grasses.

On poorly drained sites, an associafion of Eog birch (Betula
glandulosa), willows, sedges (Carex qtherodes and Carex aqudtilis),
and grasses (Scolochloa festucacea and Calama_;;metis inezpansa’) .
predominate. Black spruce ( Picea mariana) muskegs with larch (Larix

laricina), Labrador tea (Ledum groenlandicum) and sphagnum moss occur
. Q

1Both. Calamagrostis inexpansa and C. neglecta are found in the Fort
Providence area but are indistinguishable by vegetative characteristics
in the field. Both species are hereafter combined as Calamagrostis

inexpansa.



. 111 locallzed areas. Sites of restricted drainaﬁ fare characterized by
: patte’med sidge fens? and are underlain by pennafrost. The intervening

_ndges have an overstory of black spruce,-larch bog b1rc.h and w1110ws.‘

‘,‘Wet "grassland"’cmmm1t1es domlnated by Carex atherades,‘ Carex !

H

’aquatzlw and SoOZochZoa festuoacea occur as insular meadows and
valong watercourses. A w1110w domi nated grassland (wﬂlow—gavanna)

. occ‘.urs as a relatlvely stable ecotone between poor],y and well dralned

-

s1tes._‘

Y . . ) —

..In riverine'areas 'and on alluvial flats, white spruce and-balsam

©

plar (Populus balsarmfera) form the main cover ty'pes. In these

areas, w1110w and alder (Alnus tenu‘bfol’ba) occur as pioneering and

»

success 1onal spec1es

b

P 3 , s

6. : Fauna

The Up’per"Mackenzie lowlands lie on t‘he northem fringe of the
dClosed Boreal Forest L1fe Zone (Pitelka 1941; Aldrich 1963) The
~.Upper Mackenzie 1ow1and reglon is con51dered one of the most productlve )
"wi"_ldlife areas in the north (Canadlan Wildlife Service 1972).

.
-

Seventeen species of mammals were recorded in the study area. An

o addltlonal elghteen spec1es were recorded or reported to occur in the

surroundmg region. -

£

- ?Hereaft‘er re’fe?re’d to as the ‘patterned fen commmity.



| Moose were the host common and wldely dlstnbuted ungulate in the
lowlands Wood bison (Bison bison atha:bascae)l orlglmlly mhablted
the Mackenzle lowlands (Mackenzie: 1801k and ;were re—mtroduced in
’1963 (Monaghan 1973)2. The main concentration of wood bison is.
~ located 1n sedge meadr;ws tb the northeast of the study area. Woodlandl
car1bou {Rangifer tamndus) range thmughout the. black spmce forests
to the north and south of Fort Prov1dence, and are occasmnal transients ¢
thmugh the study area. Black bear _(Ursus rarrzezrvz,camas)v were common
throughout the area. |

- Common mammalian predators in the area ir;i:lude the wolf (Canus
lupus) , red fox (Vzilpeé vulpes), lynx (Lynx lynx), marten (Martes

americana), and ermine (Mustela erminea).

' Beaver (Castor canadensis) and muskrat (Ondatra zibethicus)
wefe'common along the Bluefish River. The red squirrel (Tmiascimw
' hudsonicus) were found throughout the region, wherever pockets of

white and black spruce had escapéd previeus fi:fes. The snowshoe hare

(Lepus a}néricanus) population was at a low point of its . cycle during
the study period. In preceding yeafs,\browsing by ’svnc;;vslhoe hares

had killed or seriously affected muchu f the bog birch in the study area. |

The populations of meadow vole (MZcrotus pennsy lvanicus), Arctic

shrew (Sorex arcticus), and masked shrew (S. cinereus) were found to

1Sc:1ent1f1c and common mammal names follow Jones et al., 1973.
2personal communication, H.J. Monaghan, October 17, 1973
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be logally abundant in the wi-'llow—savmmna,’ sedge meadow and patterned
~ fen comnumities.! The feeding and food storage activities.of the
meadow vole appeared to be removing wp to a quarter of herbaceous

forage productlon in sedge dominated canmmlnes. The northern bog.

. lemming (Synaptomys borealis) was recorded in‘the patterned fen commmity.,

The deer mouse (Peromyscus manwulatus) and northem red- backed mouse
(Clethmonomys ruttZ'l,s) were common on drler sites under aspen, willow

and white spruce cover.

Approximately 105 species of birds were observed -during.this
study or were reported (Carbyn 'i967.) to breed in the ‘w'estem Great
Slave Lake region. In addition, approXiJnateiy 60 species were oBserv_ed
during this study or were reported ‘(Cerb'ynll%ﬂi es seasonalﬁ migrants

and winter visitors.

10

A "resident,population,of Sherp-tailed Grouse (Pediqecetes phasimellus)

. and a winter ;populati'on of Willow Ptarmigan (Lagopus lagopus) were found

in the study area. Both species wintered in willow-dominated communities
‘and fed on the buds of willow and bog birch.

» 1Small mammal populatlons were, exammed by snap trapplng in three plant .
‘commmities in the study area. Five hundred and six trap nights were
Tun during 3 to 5 and 11 to 12 August, 1973.



T - REVIEW OF THE LITERATURE

A. Plant Conimmities_

1. Forest Commumnities

Whlte spruce is generally considered to be the climax forest‘,..
vegetatlon for mesic 51tes throughout northem Alberta and the adja-
cent Mackenne reglon (Raup 1946 Moss 1953) In northem Saskatchewan.
vKabzems (1952)' reported black spruoe as the cllmax spec1es, growing
m a w1de range of soils and forest 51tes forming pure as well-as
mixed stands In the more northern parts of Alberta (Moss 1953) and
| adjacent Mackenz1e areas (Raup 1946) , black spruce is commonly fcnmd
a many k1nds of terra1n, in pure stands or 1nterm1xed Wlth whlte
spruce paper blrch (Betula papymfera) , aspen and Jack pine. For |
northern areas, Raup (1941) emphasued the d1ff1culty of Iecognlzmg
assoc1at10ns ‘and of applymg the climax concept Raup (1941)
suggested that the vegetatlon of the central part of the ‘Mackenzie -
basin is "exceechngly young" and much of it appearlng "as though
B ,1t were in the process of being formed" ~He descnbed the Macken21e ‘
lowlands as a ‘f‘.loodplam forest developed on alluv1a1 and lacustrlne
| soils, and c.haracterlzed by a successmn from a Populus balsamti fera,
.Eqm,setum pratense, Salix. bebbzana aSSOC1at10n to a stable Pwea gZauca,"
Salix bebbiana, ’Viburnwn eduZe, Cormus fstolom,fera assoc1at10n On .

}‘ ,vbetter dramed sites, the upland mesophyt1c wh1te spruce forest,
characterlzed by Picea gZauca, Saliz bebb'bana, Hypnum Cmstacastrensw,i

Hypnum Schrebem (Raup 1946) is comparable to the white spruce,

L _,11



shrub-herb and feather moss faciations (Moss 1953) cammon to north-

‘westem‘Alberta. _ T i ‘ e

Perlodlc fires that destmy the cllmax stands are a comnon occur- o
rence in the boreal forest ‘and may be frequent enough to moderate
or halt the" ‘natural success 1onal process es vass 1932"Rowe and Scotter
1973) In northem reglons the result of f1re has been the esta-
blishment of extenslve stands of PopuZus tranulotdes, w1th occasmnal
'patches of P‘Lcea gZauca, p, marwna, PopuZus bczZsam'Lfera and P‘Lnus }
bankauma (Raup 1946) . In the absence of flre{ the slow natural suc- T
cession of aspen and balsam poplar to white spruce results in a mixed-

.

~ wood sere that is florls_tlcally diverse but nﬁrequently_described.

Moss (1953) divided the poplar assoc1at10n mto PopuZus tremulmdes
-and P. bastmfera consoc1ates. He lso dlfferentlated the aspen .
“ poplar assoc1at10n pmper from .the arkland The internal structure
of a typlcal poplar assoc1at10n in northern Alberta includes$ a closed
canopy of Populus tremulozdes or P. baZsarmfem, a dlscontmuous small :
tree -- tall shrub stratum, characterlzed by w1llow notably Sa’Zw:
_bebbzana, a r1ch 1ow shrub stratum, a moderate herb strata and sporadlc'
'."mats of bryophytes (Moss 1953) Important assoc:1ate'spec1es 1nc1ude |
. Cornus stoZomfera in the PopuZus balsamfera consoc1at10n and Shepherdia
canaa"ensts Arctostaphy los wwa-ursi and Elymus 'erovatus in the Populus

- trmu Zozdes consoc 1at ion..

Moss (1955) stated that Populus tremloides is adaptable to wide

edaphioand climatic factors. Environmental variables such as. soil



~texture, mo1sture and nutnents climate, grazmg, topography ‘and

past hlstory mfluence the f.lorlstlc compos:.tlon of the understory “

o CRaup 1946 Moss. 1955 Maml 11968) . Oomnon assoc1ate spec1es of
: typlcal stands of Populus tremulotdes are reported by Mass (1953) for
',northwe%m Alberta, Raup (1946) for the Wood Buffalo region, Jeffery

(1961) for the Peace River area, Moss (1932) for central Alberta and

v' : ‘the parkland H11ton and Bailey (1974) and Sheffler (1976) for the
| : parkland Maini C1968) for Saskatchewan, Lynch (1955) for Montana and

- K1ttredge (1938) for anesota and W1scon51n.

Moss (1932) reported Populus. balsamifera to be.restricted in

‘ dlstrlbutlon, due to a greater dependency upon m01sture Pop-uZus .

balsamfera reaches 1ts best development on mo1st sites such as river

flats, ‘and becomes more frequent in northern Alberta “The. common '

. assoc1ate spec1es ‘and successmnal stages of Populus baZsarmfera asso-

c1at10ns are reported by Raup (1946) for the Upper Mackenue lowlands

" and Moss (1932 .1953) for central and northern Alberta.

 ‘Hilton and Bailey (1974) found that herbage"producti:on under

» Parkland Populus tremulozdes varled between seasons and cammmnities. .
~In the small poplar type, herbage yield ranged from 170 kg/ha to 104 kg/ha o
y.vfor grasses and sedges and 120 kg/ha to 187 kg/ha for green forbs, In

the large poplar type, the herbage y1e1d was 30 kg/ha and. 32 kg/ha for

v;grasses and sedges and 25 kg/ha and 73 kg/ha of green forbs for the

1968 and 1969 seasons respectlvely T o P»\\‘
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§aliz bebbiana iS';descrlb

1959) that is widely dlstnbuted throughout the’ wooded parts of Alaska,

Slave’ Lake region

bebbiana is a characterlstlc spec1
and Pwea gZauca assoc1at10ns open Popu

1and margms and burn

(Raup 1946) ,

/

and .the yukon (Viereck and’ L1tt1e 1972; Argus 19

ed over upland areas (l\bss

ed as a tall shrub or small tree (Raup .

73), Aﬂxabasca—Great

and northern Alberta (Moss 1953). Salix
es of floodplam Populus balaamfera

lLs tremulotdea forests, grass-
|

19 53; Raup 19 59).

Populus tramtlozdes, Salixv b’ef)’bi,ang communities haVe been descrlbed by

| Sheffler (1976) and H11ton (1970)

Jeffery (1961) for

that in 1968,. the total

for the parkland reg1on and by

the Peace River area Hilton (1970) reported

green herbage productl

on in ‘the aspen-mllow

commumity was 374 kg/ha. of th],s, grasses, inclgling Poa SPP+s Cal-

amagrostts tnexpansa, C. negtecta and.BeckmannLa syztgachne, contrl-‘

buted 204 kg/ha and forbs 169 kg/ha

&

2. Shrwb Conmuni

eﬁ\pha51 zed the relat 1onsh1p

,/\

gravel outwash pla

, turbed areas in Al

of willow ‘species

ities
.

%,
S

\‘

14

<

Willow dominated commmules are generally recogmzed as ploneer

or early successmnal stages (Raup’ 19463 Argus 1973) Argus (1973)
of willows and habitat mstability charac-

terlstlc of phy51cal disturbance (rlver floodplams glac1a1 moraines,

ins and fires) and labile: successmnal stages.

gus (1973), Vlereck (1

966) Bliss and Cantlon

(1957) dlscussed

| the role of w1110ws in the vegetatlve successmn of phystallyf dis-.

aska and the Yukon. 'Ihese au.thors noted a succession

‘that dommate each seral

stage"

Raup (19 59) recognlzed

' tli_e‘donﬂlinance of‘;willows on wet, cool soils characterlstlc of the



, northern forest and parkland areas of centra,l Alberta,

nargln bf muskegs, wet meadows, alpme and arctic tundra as)s well as the
ole of wxllows in colomzmg d1sturbed areas. Raup (1946) descnbed f
willow cormmmzl.tles of the Upper Mackenzie 1owlands as generally formmg

a transitional zone around slough margins and along river floodpla.ms

buﬁ which may fonn broad expanses on delta areas. Raup (1946) recogmzed
two types of w1llgw succession: 1) at slough margms, where the fn'st
‘mllw to appear is Salw plamf‘almW followed by S. petwlams and .
S. bebbuma, ind -2) on river sandars, where Salix mtemor- is the - o
oolonlzlng species, followed by 5. Zutea, s. Zamandm and finally by | /
S. bebbiana, whlch per515 ts into- the forest and becomes a primary oy
species in the shrub layer. : | : S | J

| Raup (1935) descnbed the floristic composition of willow domlnated
shnb assoc1at10ns of seral stages related to lakeshore, muskeg, s r{u-
'open pralrles and delta ecotypes in lJood Buffalo National Park.
Salixz bebbiana occurred as a 1ead1ng domlnant in the shrub 1ayer of
all woodlands and 1n nearly pure stands over vast areas beﬂeen the .
neadow margms and the encroachlng Populus tremulotdes Other studlesl
descnblng the seral stages and flor1st1c conq)osruon of willow com-

' num.tles include: Lew15, Dowmng and Moss (1928) for the Cordllleran,

ss ( 19 53) for

‘ the marsh and bog successmn in northwestern ‘Alberfa and Bird (1961) ,

-'HlltOIl (1970) and Sheffler (1976) for slo o/ to forest succession in

the aspen. parkland of Alberta.. / “(1971) descrlbed the vegetatlon

of 14 habltat types sixf/ﬁch are domnated by willows, 1n a moose .
= range studY\J.n anes' a. R /z | |




‘ f ,
Jeglum (19723 1973) investigated the Boreal Forest wetlands in

cerifral Saskatchewan and discussed the relatlonshlp between vegetation
_variation and major env1rormenta1 gradients. The vsgetatmn classifi-
cation included a tall shrub fen in which WIIiows (Salw maccauuma,
S. planifolia, S. bebbiana and S. dtscolor) and alder (Alnus rugosa)

predomlnated The understory was characterized by" 'Carex atherodes,

¢. rostrata, C. aquattlw and Calamagrostis znexpansa-neglecta Snnllar '

tall‘ shrub associations have been described as- "shrLb vegetation'
o predominantly mineral sub-stratum (Ritchie 1960) ; "thicket" |
(Moss. and Turner 1961)‘; "glder swamp'', (Damann.1964); "shrub .carr'',

© (White 1965); "bmsh—land" and 'brush .and alder' on various provincial
foreﬁt inventory maps. White (1965) - considered that a minimum of 25
percent cover of tall shrubs is required to separate his "'shrub carrs"

from the open aspect of "meadows'". e

"\
,

Jeglu:m (1972) descrlbed a 1ow shrub fen having a .shrub strata
below 135 n in height with a 20 to 25 pe)’cent shrub cover. Leading
shrub- domlg)ants in separate stan 1nc1uded Saliz candida, Salix
pedtcellaéws, Andromeda polzfolza and Betulua glandulifera. Common
-mdexstov; speC1es included sedges (Carex aquatilis, C. chordorrh{za
and othexs) “and C‘alamagr'osms wexpmsa-neglecta Sinﬂlér associations
‘were descrlbed as "shrub fen" on predmunantly peat substrata

 (Ritchie 1960) ,and a "Drepa.-nocladus-Carex bog'" (Moss and Turner 1961;

Mpss 1953). * Jeglum (19723 1973) dlscussed the contmmﬁn of wvariation

resulting in an intergrading of tall shrub fens, jow shrub fens and

~sedge fens.

16
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Washburn (1956) reviewed the suégested' origins of pattemned’
ground and attempted a system for their classification. Bogs, char-
acterized by sedge “fens separated by shrub dominated peat rldges,
have been descrlbed as ribbed fens (Zoltai 1971) pattemed fens
(Hemselmn 1963), string fens (Drury 19563 Alllngton 1961) and strmg
bogs (Thom 1972). Jeglum ’(1973) discussed the vegetatmn pattemns of

_nbbed fens 1n relation to surface ‘water movement and soil nutrient

B

regime. Permafrost peat landfonns were investigated by Zoltai and

Tammoci (1971) > and Sjors (1963). B e
"2 (Grassland Commmities

Moss (1953) described the successional vegetation from shallow
persistent water to seasonally flooded sites as: 1) real swamp, dominated
“ by ScoZochZoa. f‘estucacea, and Carex atherodes, 2) marsh dominated by ‘

Calamagrostis inexpansa, Carex aquatzlw, N ta and C. atherodes;

ad 3) wet meadow, dominated by Calamagrostis c nS’LS and-scattered
willows 1nc1ud1ng Saliz pemolams (S. gracz,lzs) S. planifolia; |
bebbwna and S. maccaZZzana Other authors recognized two associations:
emergent fen (Jeglum 1972) or marsh (Moss 1955 Curtis 1959) and sedge
 fens (Ahti and Hepburn 1967), sedge meadow (Bates and Slmklm 1969) or,

“meadow (Curtis 1959).

Thieret (1959) described three graSSland‘conmnmities near Fort
Prov1dence These were Scolochloa festucacea-Carex aquamlzs ~-Carex
atherodes association on wet marshy sites; Agropyron trachycaulwn—

Mihlenbergia richardsonis association on mesic. sites; and Calamagrostis
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neglecta—Agropyron trachycaulun-Carex atherodba essociation on inter-
mediate sites. Shrubs and. trees occurred as scattered iﬁdividuals,
particularly at the periphery of these grasslands. Jeffrey (1961) .
discussed a similar imvasion of shrib and forest vegetation onto

the xerophytic and mesophytic ‘grasﬂand conmu_mtles in Wood Buffalo
Park. | LA

'I‘he fleral characteristics of the Fort Prondence grasslaﬁds
are cc;nsidered to have sub- arctlc and temperate affinities (Raup
1941¢ Thieret 1959). These grassland commmities are similar to .
those described for the upper Peace River comtry“(Raup 1934) and for
Wood Buffalo National Park (Raup 1933, 1935) | |

Raup (1941) dlscussed the orlgln and maintenance of Boreal Forest
grasslands and suggested that the Mackenzie Basin prairies may have “

de"empw the new 50115 exposed by the drainage of

the post -glacial lakes.

\S‘\;x—

Forage productlon of sedge and sedge- grass meadows were reported
by Corns and Schraa (1962) , Mchean et al. "'(‘1963)‘ , Pringie and Van
a T e, ;

Ryswyk (1968) Hllton (19 roe (1971), and Corns (1974) .

—_ B

B. Moose Population Inventory

1. Aerial Surveys
Aerial censusing has been con51de1ed the only practlcal way of

estimating moose numbers in most of North America (Blshop 1969; Bergerud
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WW). ‘Bszielc‘l et al. (1955) summarized the strip census
method generally used to obtain indices of moose densities Ey area.
The problems of determining transect w1dth have been discussed by
Saugstad (1942) DeVos and Armstrong (1954) and Tinmerman (1974)

. Aerial surveys of randomly selected plots, commonly referred to as the
intensive search or orbiting ‘\method (Trotter 1958), were first in-
i:roduced by Ontario using'a 25 sq mi plot ~(Ti1mremaﬁ 1974). Recently
Iynch (1971) in Alberta, Evans et al. (1966) in Alaska, Bergerud and
rwhnuel (1969) in Newfoundland and Mantle (1972) in Ontano have used
the intensive search on randomized blocks of 1 sq mi (2 59 sc( 1<m) in

, size. Lynch (1971)_ reported that only two-thlrds the number of moose

| cbserved on blo§k sui'veys were Spotted during the t{a?sect counts.
Evans et aZ.n (1966) estimated only one-fourth as m'any.ﬁioog wera seen
in af given e;rea surve);ed using linear sfrips as compared to

'-‘intensivgiy searched.quadrats. . ) | :

“The inability 'to see all animals present generélly resulfs ‘in an
wderestimation of the moose population (Timmermann 1974). In areas |

' of dense forest cover, the average sight ability may be as low as 40
percent whiie 1n more open areils, visibility may approa 70 to 30
percent (Pimlott 19§1; Edwards 1954). Benson (1966), Goddard (1966)
and Bergenid (1968) have reviewed the accuracy of aerial censusing
techniques and have §uggested that substantialyérroxs are rikn@,e_rent in
most. Caughley and Goddard (1972) have suggested statistical methods

- for e'stimating'these‘ errors. Siniff and SkOOg'is (1964) random stfafified

quadrat sampling method, modified by Evans et al. (1966), made population

‘estimated more plausable, but these téchnidues still- depend upan /






knowing what proportion of animals flown over were actually observed.

| Le!bsche and Rausch (1974) 1nvestigamd the accuracy and pre-
 cision of aerial moose censusing under idesl weather conditions and
known moose densities in Alaska. They found that experienced
dbservers, flying fifteen minutes over each fenced square mile saw 68
percent of the moose preffent while inexperienced observers saw only

g

43.percent.

Additional factors that affect visibility bias include the nuhber
‘ @
of observers, observers' fatigue, weather conditions, habitat and

terrain, time of day and relative moose densities (Timmermann 1974).

Alternate moose censusing methods include track counts (Semyonov
1965; Bentley 1961; Gawley and Dawson 1965 and. Prlklonskxy 1965) ,
aerial photography (Banfield et al. 1955; Vozeh and L\xmmlng 1960, and
Passmore 1963) and infra-red thermal imagery (Croon et al. 1968;

McCullough et al. 1969; Addison 1972 and Graves et al. 1972).
2. Pellet Growp Counts

Neff (1968) reviewed the pellet group count tedmique used to
estimate the relative numbers of big game animals, populatiori trends
and anﬁnal distribution. Timmermann (1974) suggested the major value
of pellet group counts for moose was to obtain indicies for c@arison
among areas and among years. These indices a551sted in the est1mat10n
of the moose days use in a given area and helped detennlne preferred

habltat types “and seasonal use pattems (Neff 1968) .

20
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Neff (1968) assumed that the number of pellet groups counted in

a area.wns closely related to the number of animal days spent in the
' 8ince pellet groups are usually deposited in a clumped rather

than a random pattern, sampling is normally more efficient in areas
of higher 'pellet group density (Neff 1968; Des Meules 1965). Pro-
blems a.ssociated with the pellet group technique inq}ude: ‘observer
hias and fatigue in counting groﬁps, the small amount of coverage,
rapid ioss of pellets through insect attack and rain, visibility of
groups as vegetation advanoes, size of plot and the type oi:? surface
rm.crotopography (Timme rmann 1974) >

The average daily- deposition rate of pellet groups has been a
subject of considerable discussion. Suggested daily deposition rates
include 14.9 in Wells Gray Park,. BI‘ltlSh Columbia (Edwards 1956), 10.7
and 14.7 in Quebec (Des I\fbules 1968) , 10.3 in Alaska (LeResche 1970),
and 13.0 (Julander et al 1963). Pellet group counts generally tend to
give a higher estimate of population in w}nter concentration areas than

' aerial surveys done under ideal conditions (Hall 1964).

C. i\loose Habitat Use -
1. Habitat Selection | . ‘

“The association of mpose with sub-climax plant commmiéim is
generally accepted throughout much of its range in North America |
(Peterson 1955). Geist (1971) descnbed moose habitats as+ a) transient
_mmmities of deciduous trees and shrubs that are unstable, short- -lived

and grow on burns, and b) permanent commmities of climax deciduous



' w1110w, aspen and conife ous forests that are commonly found from

RN - .2

tree and shrub assomatmns along wateroourses, alluV1a1 ‘deltas and
avalanche slopes,. In Br1t15h Columbia, tter and brhrt:m (1960)
emphasized ' ...the impor tance of wmter T upon Nhlch there 1s a
varlety ‘of palatable seral plants, predommantly in an aarly stage of
growth but w1th an intermixture of stands of older ages, mcltxdlng‘
c11max assoc1at10ns ‘with some palatable conlferous species. " Krefting
(1974) reV1ewed moose habltat selectaon in north central North America
and concluded that Jmportant habltats in the ooreal forest are ‘
produced in. the early seral stages of plant succession. As forest
' successmn advances, the qua?:rty of the habltats and moose p0pulat10ns
decrease accordmgly. : Berg and Phllllps (1974) described moose habltat
. selection in relatlvely flat areas supportmg broad expanses of marsh,
=g
northwestern an.esota to north-central Alberta. These authors found

that willow and assoc1ated willow hab‘ltats supported the greater '

ma;ﬁonty of obser_ved moose use. Seasonal use of various hablta‘ts ‘was

 found to be directlyi influenced by snow depths..

‘ /’ Snow oondltlons have been found to 1nfluence moose w1nter habitat -

l

L]

]selectlon in most moose ranges In Ontario, (hamberlam (1972) found

»

/
: ! that under heavy snow conditions (greater than 76 an of snow), moose
j

preferred higher coniferous crown cover in mlxedwood habltats o\zldge

tops and north facing slopes. ' Durlng t1mes of light snow condlt ns,

. moose preferred a more open canopy, f_latter areas and south, east and

west facing slopes. Telfer (1970) noted that moose in Nova Scotia
'often congregated on knolls and hill tops when snow depths began hmdermg

moyements. These sites supported preferred stands of young pine and

-
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Jdgiher and an abundance of dec1duous growth that was avallable with a
lumlted amount of wandering. Domrn (1970) fbund that wintering moose
voften concentrated on wet lowlands in mountalnous regions in antana
In Wyomlng, Harry (1957) reported that moose moved down -from the r
nountaln summer ranges to concentrate on the WlllOW and cottonwood
commmities along lowland r1ver valleys during winter. . knorre (1959)
- reported that moose w1nter habltat selectlon in the Pechora-Ilych Game
'Preserve in the Sov1et Union was dependent on the ava1lab111ty of browse
in relation to snow depth, hardness and crustlng condltlons Kelsall
* and Prescott (1971) reported that snow depths of 70 to 90 an are
considered to restrlct moose movements. Spec1f1c studies on the effects
of snow on moose habitat selectlon have been reported by Nasimovitch
‘(1955) Des Meules (1964) Kelsall and Prescott (1971) and Coady (1974).
Neu et al. (1974) and Chamberlaln (1972) 1nd1cate the pauc1ty of

useable 1nformat10n on preferred moose w1nter ranges Neu et al. (1974) .

' '-dBSCleed a statistical method of determlnlng preference or av01dance

of a given hab1tat in relation to its avallablllty. He fbund that
moose in Mlnnesota selected the burn perlphery areas. 51gn1f1cant1y more
' thad expected according to ava11ab111ty, while the central burn and
unburned areas were used significantly less.

N

2. Moose Food Habits

Peek (1974) rev1ewed ‘the maJor findings of forty-one moose food
habitat studies and concluded that willows were the prnmary food source

for moose on western ranges. Paper berh aspen and balsam fir (Abtes

’
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balsamea) were the important browse speC1es on eastern ranges.
' 'Ihese findings were supported by Hosley (1949) and Pimlott (1961)
| Peek (1974) recognized the myortance of local vanatlons in browse
‘ "preference; ;e also recognized that the use of herbaceous forage was .
‘ relaited to the relative a\}ailébility and palscita'bility of forage in -
the area. Forbs and aquetic plants were considEred telbe regionally
important during the growmg season, while grass and grass -1like plants
generally assumed 11tt1e importance. Recent 1nvest1gat10ns by
Jorda et al. (1973) , 'suggest that in Isle Royale Mimmesota, the
seasonal use of 'herbacems fprage, espec_:lally aquatic plants, may
supply moose with one or mo;je essential nutrients, baﬁicularly sodium.
Sodium was found to be 'coinpara‘tively low in ,,weody browse.
. |
In Alaska, Spencer and Chatelain (1953) reported willows and
Kenai ";o.irch (Bétu'la.kenaica) as preferréd-Speeies while‘aséen was
i:xlporta:;t\beéause of-_ilts‘ abundance. The four willows Saliz bebbiana,
S, s‘coulem'ana, 'S. arbusculoides and S. barclayi, that grow. to a small
,tree 51ze were. partlcularly 1mportant to moose in the Kenai area
(Spencer and Hal_(ala 1964) . In Mt. Md(lnley Park Murie (1944) con51dered
willows the major summer and winter food of moose anc}\?mported white
-and black spruce browse as unpalatable.‘ Milke (1969) listed the important e
' w1110ws Salw: tntemor, S, alaxensis, S. a.r*busculozdes, S, pulchra
md S niphoclada, in a decrea51ng ord@f prefenence for the mterlor
Alaska area .and indicated that neither the relat;ve abundance nor

species density affected the preferential use of willows by moose.
o J . R



. reported that brcmse acoounted for 90 3 percent and 99.

R 4

Houston (1968) and Harry (1957) reported w1nter moose food hablt
studles for Jackson Hole, Wyomng. Harry (1957) consldered red-051er
d)gwood (Comus stalomfem) , mountaln ash (Sorbus 8copultna) ‘bog |
birch, snow brush (Ceanothus velumnus) and b1tterbrush (Purshw tridentata)
& hlghly palatable to moose in w1nter, but found their, relatlve ut11- :

‘ '1zat10n to be less th@n their availability. Wlllows comaned about

75 percent of the w1nter diet and were found to contrlbute a greater

proportion of . the moose winter d1ets than expected fran their avallablhty
' Pbuston (1968) found that forage preferences were related to. vegetation

‘ ‘type and reported Salix pseudooordata, S, tntemor,\sub-alpme fir

(A_bies‘ ,Zasiocqr'pq) and‘ bitterbrush as preferred ,species,. those ‘receivirlg

greater than 50 percent of the observed use, in their ﬁspeCtive

‘ conmumtles. Knowlton (1960) reported willows as the major fall and

» w1nter food of moose in the Gra(\;elly Mountains.  While w1llows were. the

'ma.Jor Summe r browse speC1es ut111zed herbaceous forage contrlbuted 71

K]

percent of the total d1et In south—westem Montana, 1970)
‘cent of

'mose sumer and w1nter foods, respectlvely, In _sumrer, Salw

' rryrttllzfolta, Betula glandulosa, Salwc geyemcma, and Saltx pZa:mfoZza

accomted for 58. 1, 11 8 9.6 and 6 7 percent of browse use, respectlvely,

_ vhlle in w1nter, S myrttllzfolw, S plamfalw, . bebbm and S.

geyemcma comprlsed 25.0, 24 7 15. 4 and 10.5 percent of forage use,

respectlvely Dorn (1970) reported that the most un;portant factor

' contrlbutlng to moose browse selectlon was the relat1ve ava11ab111ty

of each specws. Durlng the w1nter, avallablllty was . related to shrub

height and show cover. In summer ShI‘Lb growth form and species of

suitable browseheights 1nf1uenced browse utlllzatron. Smlth (1962)
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‘ and Stone (1971) reported that willows oonlprised}xe major proportion

of moose winter dlet in the Rock Creek area of western Mmtana Salix

digcolor and S. Zenmam were preferred over S aomrrutata. Although

' _ red-osier dogwood was generally accepted to be a more palatable forage

' spec1es than w1110ws, it was less abundant and therefore less Jmportant

- on most wmter ranges (Peek 1974) In the (,ypress HlllS, Alberta,

;“;‘?"Barrett (1972) reported that saskatoon (AmeZanchwr almfoua), aspen

and w11d cherry (Prunus spp ) comprlsed 56.0, 21.0, and 12 0 percent
of the w1nter moose diet. Saskatoon was considered to be a more
preferred species than willows.

Additional moose food habit studies from North America ‘have been

'reported by Cowan et aZ (1950) in BrltISh Columbia, Dodds (1960),
"and Bergerud and Manuel (1968) for Newfoundland Telfer (1967) for

Nova Scotla, Dyer (1948) for Maine, Peterson (1953) for Quebec Aldous
and Kreftlng (1946) ’ and Mech (1966) for Isle Royale, Mimnesota.

Egorov (1&65) rev1ewed the moose nutr1t10n 1n Yakut1a, Soviet Union.

He found moose utlllzed a greater proportlon of the avallabl forage

spec:les during the summer (66 percent) than durlng the w1nter (39. percent)

-Willow 1eaves E’pzlob‘z,wn spp. and occasmnally woody shoots were

con51dered to. be the preferred summer foods. Wlllow contr1buted 38.6

percent and Ep'LZOb’Lum spp. 32.7 percent by .volume of the summer diet.

'Du’rlng the w_1nter, willows dommated the diet of moose, followed by

Cornus alba and Chosema Sspp. Wmter foragmg on willows was reported

to be 1nf1uenceﬂ by their ava1lab111ty in- relatlon to their proportlon

of the shrub vegetat1on and the he1ght and density of the groves
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| (Egorov 1965; Borodin 1959). | Wl].lOWS at\'»‘_the, periphery of thickets
‘were found to be browsed more intensively than those within thlckets

" Knorre (1959) reviewed'*thg moose food habits of th%y Soviet Union |
and concluded that although sharply deflned 'seasonal food preferences a
'occurred the mportance of major browse species depended on thelr
| avallablllty and 'abur;danceL Deciduous trees and shrubs were eaten
in’ approximately equal quahtities throughout fhe year while eonifers, : ."l |
evergreen shrubs- and" heroac’eoos growth were ~uti1ized ‘s'easonally ;in
(\ relation tovtheir aVailabiiitj' due to sriow cover. Moose requlranent
for ntamms was found to comC1de W1th the seasonal use of c0n1fers.
The leafy coniferous ‘growth was found to contain hlgh 1evels of v1t—‘

‘ _am:Ln C and prov1tam1n A during the winter. -

\

D. Forage Selec_tiori by Ung'ulate.s '
A v § ;
leferent spec1es of ungulates differ markedly in thelr food
hablts w1th each speC1es show1ng mnate preferences for certain plants,’. :
. parts of plants or plants in a particular growth stage _(Trlbe 1952.;
Heady 1964). - Heady (1964) 'describedfpreferepce as selection mediated
b;' innate behavior olus learning. 'Many‘ »factoré interact“ to produce a
- selective reéponse; Some of these faotors include: paiétab'ility, '
kconditions surrounding available forage, history of the anlmal and the
phys}iOiogical state of f;he aninial (Cngishaw and-Alder 21960j. |
Heady (1964) defined palatability as plant characteristics or
characters. whii:h‘ stimuilate a selective response by animals. Similar

Tk



definitions, used by Young (1948), Cowlishaw and Alder (1960), NAS/NRC
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. (1962) and Marten (1969), lrlSlSt that palatab111ty is a re1at1ve concept’ ’

that is not constant for a part1cular fbod or herblvore, but depends on
vthe type and abundance of assoc1ated plants.e‘ : . '
\ Many;researchers have studied the‘relationships'between chemical
compoSition or nutritive vaine of plants and their palatability.' In
| his review of palatablllty, Heady (1964) reportéﬁ that h1gh p051t1ve
correlations have been found between anlmal preference and proteln
~ content, sugars, ace/lc linolenic and:butyr1c acids and ether. extract.
Lignin and crude flber often sho a negatlve relatlonshlp w1th in-
creased preference. Tannlns were descrlb#d to have a hlgh negative
»relatlonshlp (Wllklns et al. 1953) and no correlatlon (Hawkins 1955)
w1th preference by cattle."Lelgh (1961) reported that grassesnhlghest‘
in phosphate and potash were most acceptable to livestock Milke
(1969) found that moose selected w1110w spec1es hlgher in m01sture,‘
proteln and caloric contents. Radwan and Crouch (1974) reported that
fermentatlons of cellulose and m01sture content were more closely
'related to preference in black-talled deer than/chenlcal cOmpos1t10n
/

‘Conflicting results from various studies have 1ed;50me resear-

chers to con51der p051t1ve relatlonshlps as extremes and concluded that =

tHEre appears to be no con51stent correlation between chemlcal com-'
p051t10n of forage and 1ts preference (Hardison et al.* 1954; Heady 1964).
The total nutrient value of food species was conéidered a better
indicatorbof palatability than any single chemical compound (Hardison.

et al. 1954; Cogknet:al; 1956).
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Westoby (1974) postulated that an'opthniied diet by large gener-
4a115t herbivores -was contlngent upon thelr selectlon of appropriate
proportlons of requlred nutrients from a relatively flxed bulk -intake.
Nutrients which are potentlally ben¢ficial (proteins, sugars and sol-
uble carbohydrates, minerals and carotene) would either 1ncrease pre-
fereJce or wouldtnot change it. Chemicals whlch reduce food quality
(crude flber, celiulose and lignin) would elther reduce preference or
not change it. This pattem was illustrated by Marten s (1969) summary
of the literature on the responses of preference to nutritional propertiés

‘of foods. Ether extract or crude fat and organic acids showed only

positive correlations. Vitamins exh1b1ted no relatlonshlp to preference;.

Westoby (1974) related an animal's ab111ty to select an adequate
dlet to relnforcement learnlng through nutritional propertles at dig-
estion trme and subsequent recognition by sensory properties of foods.
* This approach recognized the neCessity and'occurrence of sampling
A avallable foods especrally uncommon or novel ones. The observed

varlatlon in an individual anlmal's forage selectlon would thus relate .

. to what an an1ma1 would con51der palatable in spec1f1c phy51olog1ca1
states of growth, pregnancy and/or matUj/}f (Tribe 1952)
. ‘ . S '

McClymont (1967) presented/a mogél of food intake regulation that
"considered»phagic behavior as ahhafance between facilitory and inhi?<
bitory stimuli which werevintegrated.by the central nervgus system.
Facilitory stimuli 1nc1ude€ total energy demand social facilr%ﬁzion ;
and palatability. Inhibitory st1mu11 1nc1uded rumenal dlstentlon and

rate of food passage, fatlgue through foraglng, unpalatable foods,

s
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social inhibition, psychic stress and nutritional, disease and heat

gresses. .

Tribe (1952) 1nd1cated ‘that an anlmal's food preferences must
ultimately be explained by terms of sensory reactions, mediated by the :
environmeﬁt and metabolic Conditions ‘K(oeger et al. (1974) reported
that taste was the most 1nf1uent1a1 sense\affectlng forage selectlon
in.sheep. The other senses appeared to supplement “taste. Smell was
‘found to be of minor 1mportance while touch and sight were related to
specific plant condltlons as succulence and growth’ form. Arnold (1966)
and Longhurst and Kepner (1968) reported that olfactlon was the first
sense used in making selection of plant parts or spec1f1c phenologlcal
. stages of plants Healy (1967) reported tbat in whlte talled deer,
the sense of smell played a more important role in the selection of
plant species and 1nd1v1dual 1eaves and twigs than the sense of sight.
The recognltlon of foods by - sensory cébab111t1es, coupled with a memory
for associated cues has been descrlbedxfor deer (Longhurst et al.

1968) -and other animals (Freeland et qi. 1974). Gordon (1970) 111us-‘
trated that domestie'ruminants could'éeherally sense and select for
sodium but not for cobalt, magnesium or phosphorous, whem deficient in
these minerals."Cowlishaw\and Alder (1960) found'that sheep would
select plants that would most readiiy‘supply.their reduirements for ////f
salts and energy (carbohydrates). Fadto of ddng contaminatiom,/;////.
fuhgal attack, accessibility, forage density‘and toggbhess;oﬁ/tﬁe/

forage interfered with this relationship. %

'

The external form and thsical composition of a plant are pal-
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atability factors expected'to influénce animal forage selection (Heady
1954). Preferénge may be related to‘presence of awns, spines,_haifiness,
position of leaves, sfickiness and texture. Tribe (1952) described |
the works of Davies (1925) illustrating how palatability Yas influ-

. enced by the degree of harShness,.hairiness-ahd succulence in pasture
grasses, and Beaumont et al. (1933) showing that the phfsical property
of toughness was of importancé %n forage selection. | '

Mineral soil amendments, fofage use or clipping that influence
the growth and maturity of a plant also affect the relative amounts of
certain_cheﬁipél compOggds that influe%ce palatability (Cook et dZ;.f
'1953; Heady 1564); /ﬁﬂgseil (1958) illustrated that niﬁrqgen fertili-
zation often/iﬁé;éased the cell sizevwithout proportionate'increase:in

cell-wall material, so the plants were more succulent and less harsh.
s . : © .

////// E. Nutritive Value of Shrubs,
7

Studies relating the nutritional Ghlue of shrubs to wild ruminants
in'n;rthern regions are limitea. - Chemical aﬁalyéis,of forage plénts;'
including shrubs, used by barren—ground’caribou (Rangifér.tarandus
groenlandicui) wére repoyﬁed by Scotter (1972) and for muskoxen
(5vihgs moschatus) by‘Tener (1965). Kbbbta et al. (1?70) examined the
mineral composition of browse plants used by moose in Alaska. Milke
C1969) reported thé chemical analysis of four species of willow used by
moose in the interior of Alaska. The chemical composition of rumen
éontents; rumen‘fermentation and energy requirements of moose in Alaska

-were reported by Coady and Gaéaway (1972) and Gasaway and Coady (1974);
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Roberts (1948) reported a survey of the carotene and ascorbic acid
content of moose browse in northern British Columbia. Cowaﬁ'et at.
(1950) examined the effect of forest succession upon the nutrient values
.of woody plants used by moose in Brttishvboldmbia,v Totalkbaibohydrates,
proteins, ether exfract apd ascorbic acid content were found to decrease
and carotene and total mineral content were found to increase as the
forest approached ifs climax stage. Jordan et al. (1973) fbﬁnd.that

moose browse on Isle Royale contained extremely low levels of sodium.

Further south, studies relating the nutritional valué of shrubs
to white-tailed deer include reports by Alkon (1961), Hellmers (1940),
Swank (1956), Urness (1969) and Swift (1948).

Ullrey et al. (1964; 1970; 1972) studied the digestability of
cedar (Thuja occidentalis) and aspen‘(FbpuZué grandidentata) browse
for white-tailed deer in Minnesota. Short (1966) and Short and Reagor -
(1970) examined the effeéts of cellulose on cell-wall digestability of
4"§E:3b5‘used by muleldeerlin Cdlorado. In‘Texa;, Short et al. (1974)
.;eﬁorted that the cell-wall constituents were negatively related to
voluntary food consumption and the rate and extentbof forage diges-
tébility in small ruminants. Ward (1971) reported in-vitro digestion

coeffﬁﬁ;ents of 34.6 and 37.3 for saskatoon and red-osier dogwood

using bull elk (Cervus elaphus) Tumen imnoculum in Wyoming.

Seasonal changes in nutritive and mineral composition have been
" described for red-osier dogwood and mountain maple in Minnesota

(Fashingbauer and Moyle 1963), sourwood leaves (Oxydendrum arboreum) in .

~



Virginia (Harshbarger and McGinnes 1971); aspen (Pbpulns tremuloidee)
in Utah (Tew 1970) and for selected shrubs used by mule deer in
Colorado (Short et al. 1966; Dietz et al. 1958 1962). Dietz (1972)
illustrated the seasonal varlatlon of nutrlents‘and mineral content of
shrubs important to deer in South Dakota. Seasaonal thanges of
nutrients in selected shrubs used by black-tailed deer in Oregon were

reported by Hlnes (1973).

The general trend of the above studies illustrated'that protein.
levels were the greatest in young leaves and merlstematic tissues.
Protein 1evels in both leaves and stems decreased progressively through-
out the grow1ng season Translocatlon of nitrogen from the leaves to
the stems before leaf absc1551on was reported by Kramer and Kozlowsk1
(1960) Protein levels remalned relatlvely stable during théfdormant

. season, ‘although Dietz (1972) found that some shrubs showed an inc-
rease in protein from fall to winter. With a few exceptlons, acid-
detergent fiber, 11gn1n and: cellulose content of woody twigs increased
from sprlng through w1nter w1th the most rapid increase occurrlng -
during the transition from summer to fall. Fats tended to decrease
in shrubs with seasonal progression through July, then increased in
fall and winter (Dietz et al. 1962). Hines (1973) found considerable
variation in crude fat levels of four shrubs at different seasons.

Ash content of 1eaves tended to decrease through the growing seasom,
then increase from summer to fall. Ash content of stems decreased
during the growing season and appeared to reach a stable level during
the dormant season (Dletz 1972). Calcium content in browse generally
1ncreased and phosphorous generally decreased through the growing season;

- no consistent trend was observed durlng the winter.

33



,Ntﬂargue and Roy (1932) reported that in twenty-three sbecies of
deeiduous trees, the young leaves contained the largest percentages
. of phosphorous, potéssium ahd nitrogen. The mature leaves, at the
end of theggroﬁing seaeon, contained the largest pereentages of ash,
silica andvcalcium. Different species of trees showed considerable
variation in their content of copper, manganese, zinc, iron and mag-
nesium but showed no consistent trend through the growing sea;on.

/
Hundley (1959) found a difference in the available nutrients in

selected deer-browse species growing on different soils.

Fashingbauer and Moyle (1963) reported the protein, fat, nitrogen-
free extract and mineral content of the upper one-third of twigs were
greater than.that of the lower two-thirds. The reverse was found with

&

regard to moisture and crude fiber.

Kautz (1969) Bailey (1967) and Blair and Epps (1967) have‘shown
that termlnal sectlons of certaln browse plants.have a higher protein °
and lower fiber content than subterm1na1 portlons §hort et al. (1971)
illustrated that in-vivo dry matter digestibility were greater in the
terminal~segment of American beauty berry (Calltcarpa americana) twigs
than in lower segments. Digestibility of the?terminal twig portions

were found to decrease abruptly when twig elongation neared completion.
F. Shrub Response to Simulated and Natural Browsing

Browse utilization studies and ‘clipping projects in the Kaibab °

v
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\ The effecté,if clippingy

National Forest have provided information on some effects of twig
repval and the desirable level of use for quaking aspen (Populus

N . ©
tremuloides) and Stansbury cliffrose (CowdMia stanburiana) (Julander

'1'937) Young and Payne (1948) provided similar information from a
§ix year study on redstem ceanothus (Sp\othus sanguineus) , saskatoon‘

serv1ce berry (Amelanchier almfolm) Utah honeysuckle (Lonicéra

utahensis) and rose (Rosa spp.) in northern-Utah. Other simulated .

browsmg studies to determine the optimum level of use for shrubs M,
| \ were reported by Steinhoff (1959), Neff (1963) and Lay (1965). y

e hardwood trees and white cedar

(Muja‘ocaidentalis) in the ¥ s tes {'egion were investigated by

\Aldous (1952) After six years of study, Aldous concluded that for

* white ceda%“ less than 15 to 20 percent of the annual growth could be

removed without adverse effects. Mountain maple (Acer spwatum),

white b1rch (Betula alba) beaked hazelnut (Corylus comuta), w1110w

(Saluc Spp. ) and black ash (Fraxinus nigra) produced well under mod-

erate to heavy use whlle mountain ash (Sorbus amemcanus) , red -osier
dogwood and red- berrled elder (Smbucus racemosa) could not mthstand
heavy use, No “attempt was made to differentiate between the spec1es

of w1110w used in this study.

Garrison (1953) ihvestigated the resistance of five shrubs to
various intensities of twig removal by ciippi'ng in eastemn Oregon
and Washington. The species studied were antelope bitter, brush (Pur-

shia tridentqta), snow brush) ceanothus (Ceanothus velutinus), rubber

I

rabbit brush (Chrtysothamus nausepsus), creambrush rock spirea



(Holo [8cus dwcolor) and curl leaf mountain mhogany (Ceracarpus A
*ledt OZ‘LuB) 'I'he cllppmg intensities used were 25, 50, 75 and 100
per nt, and were conducted from four to seven years. Garrlson oon-

" clyded thdt c11pp1ng generally stimilated twig productlon to the

Al

- increase m a\ierage twig lengths were reported. :
‘ Oook and Stoddart (1960) reported that the cl1pp1ng of herbage
from one 51de of b1g sagebush. (Artemesw tmdentata) plants resulted

in hlgher 11gnm and cellulose concentratlons, whereas c11pp1ng of

half of each twig over the entlre plant gave hlg}{er y1elds of ether

' extract, proteln and carbohydrates. These authors also concluded

that there was. little or no translocation of manufactured food from
| one,51de of t_he plant to, the other.
\ s : ' LS
Kreftmg, Sten].und and Seemel (1966) studled the effects of sim-

.ulated and natural bmwsmg on mountaln maple durlng an eleven year
study in anesota ~ This study concluded that natural browsing and
art1f1c1al cllpplng of mountam maple stlmulated regrowth, but that
browsmg mtens1ty was not a domma.nt factor. On natural deer-browsed
hrubs, the total number of tw1gs and the total and average twig lengths
‘were greater’ than on unbrowsed clumps. W1th contlnued moderate
| clipping, the ‘total number of - tw1gs was found to decrease and the total
| and aVerage leng_th of tw1_gsc to increase in comg)atlson to unclipped
shfubs r‘I‘he wei'ght’ per 1,000 inches of annual growth was found to
.vary between years but 11115trated a d.1rect relat1onsh1p with ¢ pmg

mtens1ty e I | W

,ﬂul
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- Harlow and Halls (1972) reported that yellow poplar (Lzmodendmm
tultptfem) seedlmgs whose termmal and 1ateral twigs were cllpped in
sumner were 51gmf1cantly shorter, smaller m stem diameter and had

shorter twigs ’than those cllpped in w1nter Dogwoods (Comus ﬂomda)

cllpped in summer were s1gn1f1cantly larger in stem diameter, lower 1n

dry weight production and had shorter twigs than those'cllpped in wmter.‘
' The'response of old bitterbrush shrubs to topping was studied on
w1nter deer. range in Idaho (Ferguson and Basile 1966) . ToPped Shrubs
produced nearly nine tlmes as much twig growth as the control - shrubs
one year after man1pu1at10n In subsequent years, topped shrubs out-
produced control %hrubs, but at a decllnlng rate..
"Shepherd '(197]:) "examlned the effects of c11pp1ng on key browse

spec1es during a twelve year period in Colorado Plants of five species,

- including ser\nce berry, oak brush (Quercue gambellz), mountain -

mahogany, antelope bitter brush and b1g sagebrush were subjected to 20
40 60,, 8& ahd 100 percent cllppmg of the current’ annual growth1 "
and a "destructlve" level of treatment that ‘removed all the CAG and a

pOI‘thIl of: the older growth Browse productlon, in terms of number and

| welght of CAG stems, mcreased durmg the . study for service berry,

muntam mahogany Iand bl% sagebrush plants subJected to moderate and
heﬁ cllppmg Antelope bitter brush was found to be most sensitive
to clipping at all mtensn:les and decreased in both browse productlon
by weight and number of current annual stems. The "'destructive' clipping
treatment was found to have a general debllltatmg effect on all species

.lHe,reafte'r referred to as CAG.
. ¢ .



METHODS
A. Vegetation Measurements

The canopy cover and frequency of occurrence-of all plant species
_ in the sedge meadow w1llow savanna, pattemed fen and aspen w1110w
plant commmities ‘were measured during 6 to 21 July, 1972 and 1973
In each plant cormnm1ty, two 200 x. 500 m macroplots were establlshed
In each macroplot, 40 to 200 mcropiots were located on a stratified
random manner using a basehne dand a random nunbers table followmg
the method descnbed by DaLbenmlre (1968) In each 20 an'x 50 an-
0.1 m2) mlcroplot the canopy cover class mldpomts (%) were recorded

: for each species present. The canopy cover classes used were:

Range o Midpoint. ‘
0-5% - 2.5%
6-25% | 15.5%
. | o %

26 - 50% - 38.0% |
51 - 75% . 63.0%

76 - 95 co 85.5%

96 - 1008 . 98.0%

A B

T £
e

Frequénﬁi occurrence was calculated as a percentage of plots
B X E20 M
e 1n which each spec1es occl.ﬁ‘md in a partlcular plant cormmmlty

o “‘5 )

o
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The canopy cover. of shrubs and trees (greater than 0.5m in W

Ahelght) in the aspen-wnlow, willow-savanna, patterned fen and three

shrub con_mmties.. Saliz macaalZuma—BetuZa glandulosa, Salw dwcolor—
Salix bebbiana-Salixz maccallwna ‘and dense Sath bebbtana stands

were measured by the line 1ntercept method. Ten transect lmes, 30 m
‘in length were 1ocated in a random mamer m each colmmnlty The

canopy cover of each spec1es was calculated as perdent cover.

~ Annual herbage and br ol 1on'was measured at the end of
the grow1ng season, durlng 15 to 31 of August 1}372 and 1973 in the
sedge meadow willow. savanna, aspen-w1llow pattemed fen and W1llow-
‘shrub conmun1t1es. Location of productlon mlcroplots w1th1n the
nacroplots prev10usly establlshed followed the stratlfled random method
6 scnbed above Mlcroplot sizes were 20 am x*SO am (0.1 m2) for

Y
fiad .)

rbaceous vegetatlon and woody seedlmgs less than 40 cm in helght

”‘-fand 50 cm x 100 cm (0.5 m2) for shrLbs and traees greater than 40 cm

in helght Herbaceous vegetation was c11pped at ground 1eve1 wh11e

'current‘ annual growth (CAG) of woody vegetatlon was clipped from

, ground 1eve1 to 2 1 m in helght | Herbage and browse were chpped by

, hand sorted to: spec1es or forage type and placed in paper bags. e u

These sanples were oven-drled w1thln 24 hours at’ about 60°C and welghed _
to the nearest 0 1 gm. ’Ihe average dry welght of each species or

forage type (per mlcroplot in each cammm1ty) was converted to dry

' welght productlon per umt area (kg/ha) Woody plant productlon was

- 'expressed as avallable browse, that wh1ch was readlly obtamable by

noose (ground 1eve1 to 2 1m 1n helght) .« Summer brodse was converted to

: avallable winter browse usmg a coeff1c1ent of twig:“leaf ratios of



from the oven-dried wel.ghts of leaves and twigs separated for

determmatlon of mo1sture content. as described in.the methods for

nutnent analysis. Forage production among the three sedge- doxmnated

commmities and among the five wil],.ow and forest commmities were

statlstlcally compared by ana1y51s of var1ante and Duncan's new

nultlple range test. R o

~ B, Moose

Populatlon and Habltat Use

l . Aer1a1 Surveys

R4

"A oeneral recormalssance fllg,ht was conducted on 21 January<1974

tismg a Cherokee 6 aircraft. The reconnalssance fllg“ht was flown at

an alt1tude between 90 and 150 m- (ag‘l) and an air speed of about

210 km/h.-

The flight covered. a tlme between the North Channel of the

_ Mackenzn,e Rwer, the study area ’and Fort Provxdence. A br1ef searcn

' pattern was flown over the willow flats along the North Channel and

the Site Two study area. The two observers were the pllOt and the

» author. All moose observed and the plant commmity in which they were :

~ located wér,e recorded.

-

o

A strrp census of the ‘Site Two. .study area was conducted on 22

January 1974 usmg a Cessna 180 a1rcraft The strip cehsus was flown

at an altltude between 150 and 180 m (agl) ‘and an air speed of about -

- 140 km/h and covered 94 6 km of transect. Two observers, a551sted by

the p110t recorded all moose occurrlng w1tn1n a str1p 0.4 km w1de on

- either side of the aircraft. The angle of sight to ‘determine transect

o

40
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width was marked by guide's: one on the observer s' window and the other
m the strut of the a:u'craft. The plant conmniltles in which moose

were observed were also recorded

A winter moose dens1ty was calculated for the general regloh,
| wsing all moose observed on the two aerlal surveys. " Moose densities
in w1110w-dom1nated cammm1t1es in the Slte Two study area were
calculated from "the observatlons durmg the strip census. Moose.
‘densities were, calculated by leld:Lng the number of moose observed
. by the area covered (0 8 ¥m x transect length) in the respectlve

sx,lrveys

i
M
9

2. Pellet-group Counts

'P‘ellet-'-_group counts were conducted in mid-May durmg 1973 and 1974.
" A total of 947 belt transects, 2 m.x 50 m (a plot-size of 0.1 ha) ,
were located ina random manner within macroplots in tbe aspen—mllow,
w1110w savanna and, patterned fen conummltles 1n the Sité Two study
area. ~In each transect, all moose pellet groups of the previous winter

perlod were recorded

' Mogse utlllzatlon (expressed in days use/hectare) was calculated

for each plant commenlty 'in 1973 and 1974 usmg the follow:mg formula:

!
L.

D=1pt x50
it x 13
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where D = days-use/ha, Z:p1 = sum of pellei-g1oups recorded in the
.th '
i

ith plant c;omnumty The assumed m?ose defecatmn rate of 13 pellet-

plant’conmm1ty, and t1 = number of transects surveyed in the

groups per day follared that descrlbed by Neff (1968) and Timmermann
- (1974).

3. Moose Winter Food Hibits
Moose winter food hablts were exannned in the aspen—mllow, willow

savanna and patterned fen comrmm1t1es in the Site ’D\WO study area.

The relative use of avmlable browse was determmed on each macroplot

shortly after leaf-flush, in mid-May in 1973 and 1974. Browse species
g1'eater than 0.4 m in height were 1ocated using the point-quarter

' method (Smith 1966) . The availability of current annual browse and

the current and past use of browse by moose was recorded using the

browse use and ava11ab111ty hedgmg form classes (Tables 1 and 2)

. Browse availability was determned by observatlon of normal min-

imum and maximum brows1ng helghts ocarring on the study area. A ‘_

“shnb was judged to be en.t1-re1y available when more than 90 percent

- of the current annual leader productlon fell between 0.4 m and 2 S5m
in helght, partlally avallable when greate@t than 10 percent and less

:than 90 percent of the current amual growth fell w1th1n the browse
range and unava.llable when _greater than 90 percent of the curnent

%% ' of brawse outside the '

amual growth was above 2.5m in helght
a551gned avallablllty range, such as the break:mg of branches above

2.5 m, was recorded.
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' Table 1. Browse'uSe\claSSes indicating the percent of CAG! removed.

RANGE °  MIDPOINT

non-use L 0 i
1-9 s
10-49 30
50-89 70

- 90-100 - . 95

lourrent annual growth.

. Table 2. Browse évailability and. hedging fotm classes.

1. _All évéilable ~ no he&g}ng:f:ﬁr"

2, Ali available - lightlyfﬁggéed | ‘

3. A;lravailable -‘moderately hedged

4, All available - heavily hedged , ' : :j/
. 5. Partially avgilable'— hO‘hédging

6. Partially available - lightly hedged

7. Partially available
. .

moderately hedged
f'8.;‘Partiéllyiavailable - heavily hedged

+

9. Decadéht - due to overbrowsing

10. Una&hilable




|
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In this study the amount of previous browse utlllzatlon ona shrub
is defined as a degree of hedging. The degree of hedglng is used as
ameasure of the extent of repeated (yearly) use of a plant. A plant
#as judged to be slightly hedged if less than 33 percerit of the anmual
leader 'grwth of one preceding growing"season had‘been'utilized
_I\rbderate hedglng was deflned as browse u-%on of greater than
33 percent of one- prev10us season or repeated use of less than 33
percent of the CAG. Heavy h?igmg was defined as repeated use of
greater than 33 percent of the ava.llable leader production.

Winter use of the current annual leader growth by moose; was re-

orded as a percentage of the available browse on each m and assigned

the midpoint values of the leader use’classes in Table 1. An age class-
lflcatlon was 3551gned to each shrub to dlfferentlate availability due A
o shrub height, growth form and age. The age c1a551f1cat10ns used

was: seedlmg, young, mature, decadent and reSprout

/
L

Wmter browse use was analyzed by comparing the c0mp051t1on and
relative use of each broWse species in each plant community. Browse‘
e was converted to percent of shrubs and percent of CAG browsed of
each species, ’Ihe Chi- square binomial dlstrlbutlon (Steel and
Torne . 1960) was used to determine the goodness -of-fit by comparing
the overall observed and expected frequency dlstrlbutlons The
expected frequency distributions. were obtalned by mult1ply1ng totalt
daservatlons of use by the proportlon (percent conp051t10n) of each
browse species in the plant communi ties followmg the method des-
m'ibed by Neu et aZ. (1974). If a significant difference was found

44
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between the two distributions them it was concluded that moose were
not utiliz'ing‘browse species in proportioh to their availabili.ty.

\rhere a significant difference between species availability and use .
occurred, the Bonferrom 7 statistic (Bonferroni normal statlstlés
(Millar 1966)) was applied to the observed values, prov1d1ng confidence
: mtervals for each speC1es (Neu et al. 1974). - 1f the observed value
fell w1th;m the 1nteryqa1, it was concluded that moose were using the |
species in accordance with its avallab111ty If the observed value
fell above or below the interval, mOOSe Were C(Ebonsideved to be ex-
hibiting an avoidance of, or prefe'rence for'that browse species,

" respectively.

~ Ground observat.ions of moose forage use during winter were Te-
orded during 18 to 21 January, 1974. These observations were un-
systematlc and consisted of follomng recent moose tracks for |
approxlmately 100 m whenever tracks were encomtered during other
field work. Information recorded for each track observation included:
the plant commmity in which they occurxed the movement pattern
among shrubs during feeding, the browse species eaten, the height of

browse use and other observations such as cratering activity.

i

£

4. Moose Summer Food Habits

‘Moose forage use during Summer was recorded each time it wés éﬁ-
: oomltered during the May“te September field seasons in 1972 and 1973 :
and in mld-Augxst 1974. When recent tracks or evidence‘ of browsing

were encountered they were followed for about 100 m and the following



information recorded: the plant commnuty, the spec1es of herbaceous
or browse plants eaten and for shrubs the plant portions (leaves
and/or twigs) eatgn, the amount of CAG removed and the previous browsed

condition of the plant. i,

C. Investigation of Willow Nutrient Content

1., Collection of Browse Samples

" The CAG from six species of willow was collected at four week
intervals from 8 May to 1 Septenber 1973 and in ‘mid-Ja‘nuary 1974. |
Samples of ‘all species except Saliz candida, were from the willow
. savanna cormmmity; Saliz cdndida samples were from the patterned fen
comrmmlty ~Six individual shrubs were selected as replicates for each
of browsed and unbrowsed Salix bebbwna and S. dcscalor and browsed
- 8., candida. Pooled samples of CAG were collected for unbrowsed
Saliz candida, S. maccalliana, S. gracilis and browsed S. padophylla.
Pooled safiples of browsed Salix candida, S. bebbiana, and S. discolor
were collected for analysis of chemical content of twig portions

(thirds).

When a sample was collected from>anb individual shrub, the CAG was

'lcollected to represent all aspects of latcral and terminal’ secondary
stems within the avéila.ble moose browsing range (0.4 to 2.5m). For
a pcoled samplé the CAG froml a minimum of ten individual shrubs was
collected Each shrub was arbitrarily divided into quadra.nts, and the
CAG from one secondary stem at.1.5 m height was. collected from each

- quadrant.

\
\
y

/.'
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Individual willow shrubs were se;ected in a random manner within
a ‘regresentative portion of the plant cqmmnity’. “Where browsed and .
unbrowsed individuals were compared, the closest unbrowsed shﬁb to a
designated browsed individual was selected. On subsequent sampling
dates, plants were selected that had not been disturbed by previous
sampling or fecpnt moose browsing. I'ﬁ this part of the study, a
browsed shrub was req'ﬁired to have been moderately to heavily browsed

by moose for three years, including the preceding dormant seasons.

' The CAG of each browse sample was separated to 1eaves and twigs
and where tw1g portions were to be compared the lowq}' mid and upper
tW1g thirds were ,separateld. Leaves, twigs and twig portmm were
then weighed, oven-dried at 65°C for 48 hours, reweighed and the per-
cent moisture calcﬁlated. |

o/

2. Chemical Analysis

Proximate an:ilysis of willow browse samples was conducted at the
Uruver51ty of Alberta. A pooled sample of each species (5 - 10 in-
dividual shrubs) from the early summer and winter collectlons were
analyzed for crude fat (ether extract) and phosphorous at the 8011 and

‘Feed Te\iti_ng Laboratory, Alberta_Department of Agriculture, in Edmonton.

- The nitrogen content of browse samples was determined by tht ~ ~
Dumas method, using the Coleman Model 29A; Nitrogen Analyzer. A B
conversion factor of 6.25 was used to convert percent nitrogen to per- -

cent protein (Maynard and Loosli 1969). Acid-detergent fibefa.nd
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acid-detergent lignin content (Jigxtm) were obtained by the procedure
described by Van Soest (1963&, 1963b) The ash content was obtained
by the combustion of.a 2 gn sample in a muffle furnace, follw& a
method descnbed by Isaac and Kerber (1971). The calcium, magnesium |
and sodium conténts were determined with an atomic abx\orption spectro-
photometer (Isaac and Kerber 1971). g \ |

Sample sizes of the above nutrient deternunatmns (Jume to Janyary
samplmg perlods) were: for moisture, nitrogen, ~ac1d-deter\%ent fiber
and 11gm.n, five or six sanples each of leaves and Wgs for ‘browsed
and_ mbrqwsed Salix bebbiana and S. discolor Aand browsed S. candzda,
_ and a pooled saﬁplé of leaves and twigs from teﬁ indiyidual shrubs
for unbrowsed S. candida, S. maccalliana, S. gramlw and browsed
S. padophylla and-twig portions; for ash, calcmm, magneswm and SOdJ.Uﬂ\
three samples of twigs and a pooled sample of leaves (5 - 6 sh:-ubs)-

for browsed and unbrowsed S. bebbiana, S. discolor, vémd br)owsed S.

candida, and a pooled sample of each leaves and twigs (from I.Q
individual shrubs) of unbrowsed S. candzda, S. macc-allwna, S. ghacﬂz_n

and browsed S. padophylla and tw1g portions. Pooled samles'of thgs

(10 shrubs) of each species were used from the May collectiroﬁ‘*»peri d,~

Two repllcatlons of each sample were conducted for n1trogen, }aadv :

Yo
detergent fiber and 11gm.n. Only“®ne measurement of ash, calc"‘

b
¥
&

per sample. Nutrient levels were described by a mean and s' i

deviation (when gi\)en) using all replications fbr each sP'eé

)

browsed condition at a particular sampling period. Nutriens:
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among sampling periods for each species and briwsed condition were

tested for significant differences using the analysis of varimnce to
determine whether a significant difference occurred and Duncan's new
fltxltiple '@ito i&entify which means were significantly different.

D. The Response of Willows to Natural and Simulated Browsing

»

1. ”Simulated Browsing

Browse clipping studies, wluch simulate moose browse use, v":ere
conducted on two species of palatable willows to examine the effect
of varying degrees of browsmg on CAG production. Simulated browsing
treatments were condt.xcted on Salix bebbiana and S. 1cﬁi1lsoolor, in the
willqw.savanna c:onmmity of Site One. This area.was chosen because of
its iight brdwse use in previous years Salix candida was not in- |

cluded ir the simulated browsing study becaus*e‘ it could npt be found
y 0 , e

“in adequate density in the Site One area. Safia:’%émdida was abum-

Y, only in the patterned fen community of Site Two, where the dlS-
=R -4
tances were too great to fac111tate the transport and oonstrucuon of

protectlve wire cages.

Two 150 x 175 m macmplots, were delineated within representative -

portions of the willow savanna commmity in Site One. Within each
'mcroplot, points were located in ;al stratifie:d random, désign
(Daubenmire 1968) . At each point, the four closest willows were chosen
if they met the followi;lg critexjia:' a) appropriate species, b)
between 0.5 and 2.0 m in héight, c) relatively distinctly separated
'fr;m-other Shrubs, and d) had not been ?rowsed by moose. Measqre.;

49
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p f
: nents of he1g1t, crown dlaneter, bmal d.mmeter (15 cn ‘above tht;
ground) and ‘the nurber of main ‘stems recorded 'I‘reatments of each _
shrlb were deternnned ina randcm manmer and tagged with color coded
plastlc flaggmg Ten rephcatmns of each treatmnt were estabhshed
‘ The sﬁﬁulated brmsmg treatments removed 50 75 (hedged) and
100 percent of the CAG from the appropnate shrubs The 50 and 100
percent treament removed 50 or 100 percent of each current annual
Mg while t]"xe hedged treatment remorved about 75 percent of the outer :
'»lateral and termmal leaders. The 75 percent c11pp1ng treatment
) ;_descnbed in thlS study as 'hedged", was 1nc1uded to appromlate more -
close_ly. the actual effect of heavy moose ,brows,mg, it nomally _
, omrcehtrates on th'e..outer’, more available twigs. The control shrubs
‘_ {were&'nEasured 'and‘tagg'e'd , but not ‘protected by wire cages. . Ten” |
»xepl’icat_icx}s of cohtrol‘s' and each si:xmlated browsing treatment ;we/r’e

o establ"ished- for each species. . . 7

The dates of treatment were 21 June and 25 August 1972 to coin-
cide with the expected low and hlgh portions of the shrub carbohydrate
“ v cycle. Eight treaqnent repllcatlons were conducted on Salw bebbzana
dn'lng the dormant season, 28 Decenber 1972 to examine dlfferences
"between early: fall and w1nter effects of browsmg In both spec1es,
the CAG from the 100 percent c11pp1ng treatment was retalned oven- '

V dIlbdaad‘ld weighed. |

In August 1973, the CAG of treated and control shrubs were measured.

'Five secondary stems were removed from each shrub in a stratified man: |

L

30
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".er to 1nc1ude one stem from each lateral

‘ T
quadrant and from the -teré

‘minal portion of FJl:l'xe crown. 'I‘he nmber, lengths and oven—dned welght

of the cm'rent annual tw1gs were. measured and recorded ‘The diameter

and age of Secondary stems were measured j

| pomt (F1gure 2). ductlon and size of

‘ ages and stem dxameters were coupared annngntreatments‘, ;

just below the lowest branchmg

current ann_

of vanance and Duncan's new. nuluple range ‘test.

In this etixdy, a secondary stem was defmed as a wnit of shrub

,‘growth compnsmg a major branch supportmg the current annual grcmth

and ternpml bMe foliage’ zone

‘,ﬁus umy: was based on f1e1d observ‘atlons

(Flgure 2) Selection of i

of the relatlvely wuniform

' branchmg pattem and size of ma)or and sﬁcondary stems that were

dw.aractenstm of ‘each willow spec1es. ThlS unlfom branchmg pattern ‘

|

occurred 1n w1llows in both browsed and unbrowsed cond1t1ons

]
/

2. Natural Browsing - | j/

~ Two willow species in Site ‘Two yZvere selected to examlne the effect

of’ MooSse browsmg on the productlon/ of current annual tw1gs. : SaZ'Lx

\'beb‘b'iana was ‘the willow selected u}l the wi

Salwc candv,da was the other w1110d selecte

1low savanna- conmmlty and7

d in the patterned fen

o:rmumty - These’ 'species were chosen becgause they exhlblted notlceable

varljatlon in mtra—speaﬁc browse preference by moose.

Sv.hsamples of secondary stems fran moose browsed and mbrcmsed

_shrubs, were selected in a random manper £

rom f.he ‘total avallable w1th1n '

" 4
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Salix bqb'binna

-

Figure 2. Charac
Salix candida shr
secondary stem

" branches and current annual growth in the foliage zone,

Salix candiga®

e e

-

o

Secendary stem “units

— Secendary stam unit '

(__.‘___ Feliags zeme !

3

Ferist:ic branching pattern of Saliz bebbzana and "
8, 1llustrating the secondary stem units. Each
it comprises a major branch supporting the terminal

P



the macroplot. M)ose browsed shnbs‘»,w'selected, were required to have

three years, of moderpte to heavy utilization » includjng the preceding
{‘dormnt season.l_ ﬂ%e nufber, lengths and oven-dned weights of the |
“‘cm'rent annual tw1gs per secondary stem were measured at a point i:rmed
1ate1y below the last branch leferences 1n curren‘t annual twig pro-
duction and dlamter of Fecondary stens between browsed and mbrowsed -
: .shnbs were analyzed usmg an unpalred Student's test.

o SR L | o
W1th1n mature, mode rately browsed Salw, candtda clunps the nunber

and. 1ength of the curr it annual tw1gs were measured on seconda*ry stems
hav1ng dlfferent browse hlstorles These measurements were recorded
~in 1ate August 1972 [Iifferences in tw1g productlon among secondary

‘ stens were compared by lanalysis of varlance and Duncan s new nultlple
'range test: : i / o ) R |

‘ ) A l}/v : ‘ - .
F. Edaphic Variables | . y o ,
. } ’v: o i
5011 tenperature and 5011 mo:.sture were monl"tored at four week
Tk

:mtervals from 8 l»hy fto 1 September, 1973. The 5011 sampllng data
were comc1dent w:Lth samplmg of w111ows for chemlcal and nutrlent L

‘content . S | |
Ten sanplmg plqts were selected‘ on a stratlfled random ba51s in

the willow savanna, aspen-w1llow and %tteﬂed fen comnunltles At

. I I

each samplmg plot, one mmsture sanple and, two 5011 temperature -

\

1Browse use in prev10us years was. evaluated by exanu,nmg the tw1g : w;_- s
. branching pattern on secondary stems and counging the ‘number of .- o
term:mal bud leaf scars and dead browsmg pomts (Flgure 12). - - ";g :
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o /
. measurements (°C) wy/re collected at the following three depths:

/ : ‘ ¢
/ ) .
/o '

 Depth Class Soil Moisture  Tempe rature
. A / "~ 0-15cm . 8 cm
[P S 15-30 am .23 cm
; c - 0-45@m 0 Ba

Mm to frozen 5011 or permafrost were reoorded where appllcable.

In the wet sedge meadow, .soil temperature ‘and soil moisture were

nnmtored during June July and Aug'ust in comunctlon w1th forage pro-
| ,d.xctlon experunents No measurenentf were taken in May because these. ,
‘neadows were flooded durmg the spring snow melt Thl‘!'t)’ control
: sampllng plots w?rs%selected on a stratified random manner. Soil \ -

© moisture measmemnts were collected at the A, B and C depth classes

juc g ’

'prev1ously described, and 5011 temperature was measured at the 10 am

and 20 cin depths.

3
¢

Sq11 molsture samples were stored in soil moisture tlns welghed
/)

im

and then oven,-dned (65°C) for 48 hours. Samples were rewelghed and
o

R the pe‘rcentage ‘moi_sture}l calculated uSing the followmg equation: -

.oe
»

o . ' - (wet welght - dry weight) x 100.
N Percent mmsture S dry weight -

A 5011 p1t was dug near the cen-ter of each plant conununlty and

“the 5011 prqflle was c13551f1e?1 to ‘the approprlate order.

A - -
o ,»i:,}y . .,,\

N4

¥ e i .
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A, Vegetation and Soils
1. /Sedge Meadow Commumities

The wet sedge meadow or Carex atherodes-Caz’ea: aquatzlw-SaoZochZoa

o festucacea commmity was characteristic of lowland sites where surface

water generally per51sted to the m1dd1e of the grmung season. The
" so:.ls ‘were Rego Gleysols overlain by 15 to 20 cm of f1brous peat. 5011
noisture levels remalned hlgh dunng the 1972 grow1ng season but. dec-

Ieased rapldly durlng the 1973 growmg season due to an early spring

thaw and llmlted ralnfall. Soil temperatures reached a peak of 11.2°C at'

55

8 cm and 8.7°C at 20 cm below the grownd surface in mid-July 1973. The

- mi‘cfotoi)ography was characterized by peaty hmmpocks 15 to 45 cm in
| _height (Appendix B). o : r ‘

Wet sedge meadows were domlnated by Carex atherodes which con-
‘trlbuted about 70 percent (1,847 kg/ha) of the mean total amnual pro-
chctlon of 2, 535 kg/ha (Table 3). Carex aquatzlzs and Seolochloa
festucacea were 1oca11y abundant and had a mean production annually
of 227 kg/ha and 232 kg/ha respectlvely Calamagz’ost'bs ineapansa
grev. ma:mly on peaty hummocks and contrlbuted 180 kg/ha Common
| secondary sperzles mcludmg Galwm tri fv,dum, Mentha arvensis, k
Scutellama gaZemcuZata and Petasztes sagzttata, contrlbuted to ﬂ&@
46 ’kg/ha of forb production. " Less common ‘species recorded in this

‘ oormmmlty are listed in Appench)c A ‘
: e iR,
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J’ ~Table 3. Mean annual production (kg/ha, dry weight) of herbage
: and browse in sedge dominated communities.

\
1 .

red

. PLANT COMMUNITY
"Wet Sedge Dry Sedge - Patterned

" Spec¢ies or ForégelGrouﬁ ‘ Meadow® - Meadow! Fen-Meadows?
" n3= 131 - 100 .90

Carex dtherodes 1,847 846 . 278
Carex.aquatilis S 228 122 i 455
Calamagrostis inexpansa - 183 . 191 B
Seolochloa. festucacea 232 . 152 »

. Forbs ' 46 234 : 10
Salix ecandida °~ - . 27
Salix bebbiana o 100
Saliz maccalliana . : - 16

' Total Herbaceous " 2,535 1,706 742
Total Available Browse - 116 27
Total Available Productios® 2,535 1,820 y 765

1MEan ﬁ%oduction from 1972 and 1973 growing seasons,
2production measured ‘only in 1973.

3n = numbers of 20 cm x 50. cm sample plots.

*Values'withln the same row followed by a common letter are not;
significantly different (p<0. 03)
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A "dry" sedge meadow communi ty was _recognized on better drained
' 51tes. This communi ty was dominated by C'arex atherodes, and had a
‘high cover of Calamagrostis mea:panaa (75%) and a greater variety
‘ad a higher production of forbs (234 kg/ha) than the wet sedge
neadqws Mean annual productlon was 1,704 kg/ha of herbage and
116 kgﬁna of browse (Table 3) “This conmumt;y appeared to be
transitianal between the wet sedge meadows apd the willow savama
communi ties.,

2. Pattemed Fen Commmity

This commmity was dlaractenzed by small sedge fens or meadows

separated by low dendr1t1c rldges that paralleled the dralnage pattem

(Flgure 3). The fens covered 75 percent and the ridges 25 percent of
the communlty The pattemed fens were poorly drained; surface water
was Present. in the troughs between the peat hummocks of the fens for
mst of the growing season. Although the ridges were somewhat drler,
‘the organlc soils retained a hlgh m015ture content throughout the
. frost-free season (Figure 4) The orgamc soils of the r1dges and
fens were described as Cryic Mesisols. They were underlaln by
permafrost which receded to about 75 cm in- August Temperature of
Surface 50115 at 8 am and 23 cm reached a maximum of 10°C and 6°C,

" respectively, in early Augmt 1973 (Floure 4) Anaeroblc condltlons
and calcareous marl dep051ts were characterlstlc of the saturated

fen soils,

Carex aquat‘LZ'Ls was the dominant plant of the sedge fens with a o

- 57



Figure 3.° The patterned-fen piént comnunity from aerial (aboviz)
and ground (below) perspectives, showing the distributionqvc?f sedge
fens and the intervening willow dominated ridges. e

5
.
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Table 4. Canopy cover (%) and fre

quency of plants 1n the aspen-willow,

and patterned fen communities.

o

willow savanns

. PLANT_COMMUNITY

Willow Savauna

Patterned Fen

Aspen-willow

SPECIES . ridges wneadows
Salix bebbiana _cover 22 36
frequency . 40 58
saliz discolor cover . 3 3 2
o : Frequency 6 4 ' 2 .
Salix candida cover +1 17 7. -
: o ' fraquency + 32 14 /
Salixz padophylla cover 2 10 .
) ' -frequency . 3 : 18
Salixz 'macaa}f;iana cover 1 10 + /4
. = frequency .4 - 14 1 / 7
Salix gracilis cover 7 '
R \ ~ frequency 16
Salix glauca cover /-8
frequency 18
‘Betula glandulosa cover + 30 + 12 ~
‘ frequency + 43 1 24
Myrica gale cover 18 + :
, - frequency 36 1
Shepherdia canadensis  cover + 13
frequency 3. 31
. Rosa acicularie cover 2 .. 5 . -3
' frequency 8 28 13
Ribes oxyacanthoides - cover 2 +
frequency 4 +
Ledum groenlandicus cover 1
' frequency 2 .
" Populus tremuloides cover 1 : 35
frequency 3 38
Populus balsamifera cover. . 4
. ‘ frequency 7
Picea glauca cover ’ + 9 .
| frequency + 19
Picea mariana ~ cover 4 :
, ' frequency : 8
Lariz laricina . cover - 1
" frequency ‘ 2
Carex, atherodes cover , 13 1 15 1
, frequency 36 - 3 1 3
Carex aquatilis cover 6 . 40 60 A
! " Frequency .15 81 94
Carex sartwellii cover 5 ' .
frequency 15
Carex aurea cover 1
: . frequency 3
Carex deflexa - cover 1
. frequency 7
Juncus balticus cover 4
« frequency 15
Calamagrostis inezpansa cover 74 20 22 1
frequency ‘ 95 49 40 39
Saolochloa festucacea ' cover ‘ 1 '
frequency T4

_ 1value less than 0.5 perceat.
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SPECIES ridges  meadows
Elymus innovatuse cover 5
) - frequency : 23
Agropyron trachycaulum cover 1
, frequency 17 : 2
Hordewm jubatum cover .
) _ frequenay 11
Poa palustris cover
frequency 7 -
Aster junciformis cover
‘ frequency 40
Fragaria virginiana cover - 10
frequeﬂ-ay i 31 66
Astragalus agrestis cover . 1 .
. frequency 16 , 3
Stachys palustris cover : 2
frequency 25 26
Achillea millefolium.  covexr "1
: ‘ frequency 11 21
Galiwm boreale cover 1.
frequency 11 19 .
 Thalictrum occidentale cover ' o
frequency 10
Petasites sagittata cover , 1
o frequency 7 2
Mentha arvensis cover +
B - frequency 6 15
" Epilobium anguatifolium cover L1 , 5 ‘
' frequency 3 - . 16 -7
Stellaria 8pp- cover 1 .
' . frequency 15 20
Triglochin maritima cover 1
v ) frequency 3 . 1
Rubus acaulis * - cover 1 + 4 ,
frequency 2?7 4 37
Arctostaphy Lo wa-ursi cover 1 4
. frequency 12 15
. Linnea borealis cover 1
. frequency &
Potentilla palustris cover 2 2
. . frequency 12 10
Pyrola asarifolia cover 1
frequency 14
Equisetum scirpoides cover 2
) frequency _ 10
Geooaulum lividum cover 1
frequency 10
Polygomum amphibium cover _ %@
. « . % '-~ 415

Table 4. continued.

Willow Savanna

PLANT OMMUNLTY

Patterned Fen

EA A A2 A e

Mgcn—villav

frequency
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‘canopy cover of 60 percent (Table 4) and a pmductmn of 455 kg/ha 71n
11973 (Table 3). Carex atherodss was locally abundant near the

penphery of the sedge fens Total shrub cover.in the neadows was ¢
d)out 11 percent.

/he low ridges vaned fran 0.3to 1.5min helght and 3tol5m
_in width. Many of the rldges had depressed centers and appeared to ; o
be formed by frost action in the adJacent fens. Black spruce and
larch were apparently the cln.max spec1es on the ridges, but only a
few remnants had survived the. fomer fires. Young black spruce and

larch had a ca;iopy cover of about 5 percent (Table 4).

- The ridges were dominated by a variety of shrubs ir'xrtwo overlap--
ping zones. [Saliz canduia and Myrica gaZe predominated on the 1ower
slope of the| ridge while Betula glandulosa, Saliw padophylla and Salw |

hmccalltcma shared domlnance of the upper slope and top of the rldge. .
Secondary shrub species 1nc1uded Salix dtsoolor, Rosa amculms
and ‘Ribes éxyacanthozdes The available browse prodnctlon on the
» ndges was 1 239 kg/ha in 1973 (Table 5). TForage production in mea-
dows 1s,shown in Table 3. | o
[ | G ;
Tht; herbaceous cover was dominated by Carex- aq:uatizis with Calama-
'g;z_'ostw; 1nexparl3q, Potentilla palustria and Equisetum scirpoides as
secohdéry species. muatz lis ?roduced 89 percent (223 kg/ha) of
‘the total herbage production in 1973 (Table 5).

h 4
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e 'l‘he total avmlable producmm of the patterned fen k:onmumty e
ms 548 kg/ha Helbaoeous forage cmtnbuted 65 pement (619 kg/ha)
and browse 55 percent (330( kg/ha)., The avallable wmter brwse was “
67kg/ha e 1

64
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L Poorly draimd 1owlands on mmmtmphic sous wem charactenzed' L

by extens:.ve stands of w:l.llw and bOg birch (Betula glandulosa)

50115 were c1a551f1ed as Rego Gleysols that have an orgamc surface - |
layer 10 to 15 cm th1ck over a tlun, da.a'k colored organlc-mmeral
lhonzon ovar strat1f1ed 511ty clay ’mese comnumues were flooded ;
dxrmg Spnng run-off and the 50115 remalned wet and cool throughout
,cthe summer.,: Frost cracks, up to 30 cm 1n depth and low spréadlng |
humocks were comnon in 1ocallzed areas. - ‘The dommant overstory PR
aes vaned w1th the site dmractenstflcs a.nd the m:xsture contmuun :

from the wet sedge meadows to the mllraw savanna. N

/

e

The Sazw maacaZana-Betula glandulosa cormuuty fonmed 1ow\ B

dense stands 1 2 to 2, 4 m m he1ght w1th a canopy cover: of about 65

»pef.cent{'l‘able 6) Secondary shrd:s 1nc1uded SaZu: dwcolor, S.’ beb-
bzma and S. amdtdar (haractenstlc tmderstoxy spec1es were Cczrex |
aquatzlw, Calwnagrost;a 'Lnewpmsa and Rubus acaulw : '

»

m tha study area, but fmd emmme stands 1n the surrotmdmg area

‘.\. Y e A N e IOV P . -

stands of a BetuZa gZan}iuZoaa cnnmnuty occurred mfrequently T

-
l\\
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' Table »6 Canopy cover (Z) of shrube in two willow dominated
o .counmmities., ‘ ‘ ¢ S \ o

- PLANT oomuurn - o
S 'Salix discolor-
L Saliz maccalliana- - Salix bebbiana- .
~ Shrub Species -~ Betula glandulosa SaZ‘w: chaallzana

S . ,,

Saliz bebbiaa . 5.8 . 9.0
Stz diseolor DR 6.2
| Saliz gracilia’ T 0.1 ERE T
SaZw: macaalhana "v22‘.9_ _ 9.4 .

' Sal'b.'c padophylla S 1.6 LR o ©o 1.0 *
" Saliz cana"zda o ‘ » o ‘l.v8"" '
. '9',,6‘
8.7

'f‘;f\

) 'SaZ'Lx 3pp, ;.f*.»b

Betula gZanduZosa ; i g
»Populus fremulozdes : 2{4 ' / 35,

»Rosa ac‘bculama e 0.3 o . o

| TOTAL SHRUB COVER #64.7-. =  40.6

- R - Lo . ’ ',..

. 1rl = nuij:?er of 30 m li;‘lé;j:ixt:e;c‘e:p't \;pl<o_ts‘.~ = '. e
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Salix discolor, S. bebbiana and S.. maccalliana occurred as co-
dminantovefrstory spec1es in shnb coumm1t1es charactenzed by num- T e

erous small sedge meadows Betuia‘ glandulosa was a coumon mderstory |
shrd) The, canopy averaged three meters in he1ght and had a 40 per-
mt cover (Table 6) C’are:z: atherodee and Scolochloa feetucacea |
danlnated the meadaws wh11e Carex aquamlw and CaZamagroétw ’
inezpansa 'we::? common under the willow cover. ~ The edge effect of
these small meadows appeared to 1ncrease the ava11ab111ty of brwse

- for moose. /

) Dense stands of mature w1llow, 1 8 to 4 6 m in helght we:
damnated by bahx bebbiana. - Assocxate shrubs were 'S, dtscoZoL.r' and
- 8. gz'acz,lts.: The understory was 11ght and dEractenzed by | \‘
Calamagrostw Lne:z:pcmea and shade toleralnt forbs. 'Ihe maJorlty of |
" browse was 1mava11ab1e to moose due to the helght and matunty QQ‘E IR

B , '_¢ )
- the stands B

sﬁ The avera.ge herbage and browse product1on of all w1110w domin-

ated comrmmtles conblned from 1973 ‘and 1974 are glven 1n Table 5, |

'lhe mean productlon of avallable browse was 1, 406 kg/ha and ranged

from a hlgh of - 2 225 kg/ha in dense low shrub canmunltles to -

702 kg/ha in dense stands of mature Saux bebbwna . Usmg the average |
leaf to tw1g ratio (3 9 1) of mllews m open shrub comnmules, _’
approx:mately 280 kg/ha of bravse 1s avallable to moose in w1nter |
'Ihe mean herbage productlon was 562 kg/ha - Carex aquatzlw and ‘ 4 |
C atherodes cmtrlbuted 62 percent and grasses, prlmarllyﬁpalmnagmstw v " ‘

mexpanstz pronded 26 percent of the total herbage product:.m. iy A

im
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4. Wi],lo\i’ Savamna (:mmnity

wxpmsa-c'arez atherodea grassland dom:mated by mllowsthat are
d:stnbuted relatwely \mlformly thrm:gho\xt the camutyw :

L (F1gure 5)-+ wnlows we‘re dx.stnbuted smgly or in smaJl ciusters
L'mth a mean dlstanoe of 6 5 n between shnbs greater than 0 Sm -

mhelght._ L ‘b R T iE _"

'Ihe 50115 of the mllow savmma coumnuty were ‘an Or'duc Gleysol
, 'mth,ﬁa dun orgamc surface 1a,yer (L—H), ‘3 t0 8 cm tlnck, over a .

black organlc mmeral honzon (AH) g 8 to’ 15 cm thlck over stratlfled

and gleyecl 511ty clay. “Thej

“ pe g r Rt EER
: :mchcates a development tcwa“ an Qrthlc Humic Gleysol - The 50115
d retained soil m01s1:1n'e above drought

' -poim: Ay oughout the grqmng season in 1973 (Figure 6) Soﬂ

tenperatm*es rose rapldly in June and reached a maxmun of 15 C at
.

' sg,\ranna commmlty are h.sted in Table 4 ‘The. total shrub cover was

e 38 6 percent and was domlnated by Saluc bebb‘bana (58 percent o£ the -

- mtal cover) Secondary specnes. Sahx gram,‘lxbs > S d’bscolor‘ S._

d S maccaluana contnbu'oed 19 7, 55 and 3 percerq:, .

67

. respemvely, of the shnb cover Salw candzda occurred sporadlcally *" o

m&becam more freq t tdward the transn:mn zone between the

g aﬂd P00r1)’ dralned cammmltles, partlcularly the B

RO
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Figure 5. The willow JSavanna: 'pian;- Qonﬁnuﬁity f-tjém aerial '(abové) v
.. -and ground (below) perspectives, showing the scattered distribution
of willows in a Carex atherodes - Calamagrostis inexpansa grassland¥ '

<
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pattemed fen commm.ty Scattered aspen clones were established ',
m better dra:med 51tes. mVasxon of aspen into the w111m1 sa\(anna
- commmity appeared to be lnxuted by seasonal fluctuations in 5011
) ,nmsture condltions The total productlon of browse below Z 1m “
was 442 kg/ha wh11e the wxnter browse was 87 kg/ha (Table S)
'I‘he grassland cover ‘was domlnated b)’ Cawnagrostw meacpansal
(74 3%) with Caves atherodes (12.68) » C. aguatilis (5-5%), C.
'éarmellw (S 4%) and Agropyron trachycaulum (6.1%) Ags secondary
»tspeC1es (Table 4) Common forbs included: Astragai\ys‘ agrestw, ’
‘;Aster' mfoma, and Fragaria m,rgzmana W1th akver of 7.5, 4. 2

and 6.5 percent respectlvely Total herbaceous p'gductlon ‘\'

Tt
¢ & s

averaged.‘678 kg/ha (Table 5).
-5, ,Asp,en‘-?willow Community . > L %

. The me'so‘phytic o,uplands and better dramed 1ow1ands were donlnated o
.by a Populus tremulmdes-SaZw bebbtana—Shepherdza canadensw-EZymuB
. movatua plant conmumty Occasmnal patches of white’ spruce occuv:ed
" a5 relics of the former chmax forest. Evidence of pYeviOus fires

were observed in,the form of charred logs - and flre -scarred: mature

e

aspen. Young, »<regeneratmg'wh1te _stce were conmon but of

) 3
G

sporadic occurrence. .
& :

'I'he nean frequency d canopy cover of herbaceous and brodse

e spec1es m the aspen-mllow cormmwy are given in Table 4, ‘\Both -

' jfrequency ad canopy cover vaned be?éen upland and 1ow1and sites

70
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A

d to soil moisture conditions. Generallyy.

ad appeaned to be relate
n stand of trees, 15 to-20 m in.

the aspen formed a mderately ope
helght and averaged 15 cm d.b.h.,? wh11e nature trees reached 30 an

d.b h. Aspen covexr vaned between 35 and 47 per

balsam poplar, generally 1
A dlstlnct tall s

cent.

ocated in moist sites, had a mean cbven

hruh layer was dominated by willows,
2

cover of 36 perc%gnt. -

"jow shrub layer.

of 4 percent.
p‘rumnly .@m bebbwna, and had a cmd%y
Shepher;dw canadenste

» p K ‘@“ %
“» Pb:baceomﬁoover was 'cﬁa“ractenzed by Elymus imovatus,
:"\

2 ’
’mexpanaa, Fragama znrgtmana and

Arctoe taphy
drier sites. s L '

8 and Rosa aabculams forned a
CaZamagres tis

Epi Zobzwn angus tzfohum

of ground cover on, the
4 eyt

los wa-ursi {formed the ma;orlty

R 2
L]

Total evailable ferage »‘prodnctlon vaned from 731 kg/ha in up- '

; (Table 5). Herbaceous

(196 kg/ha) than

lderably hlgher 1n upland sites
was 520 kg/ha,

productim was Cons
The mean. browse production

in lowland sites (39 kg/ha) .

k of whlch Sbepherdza canadenaw contributed 40 percent (207 kg/ha) ’

and mﬂows 43 percent (224 kg/ha)

w
\rfludlng Rosa acicularis, Ame
had a mean productlon of 89 kg/a‘na

Other avallable bro.vse ’ lanchier

. a_szoua aspen and balsam poplar,

‘1gbh = diameter at breast height

N
Vomge g
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Willows in the aspen poplar comumty had a leaf to twig ratlo of
9.4:1, reducmg ‘the ‘palatable winter browse to about 22 kg/ha

.»B - Moose Abundance -

A total @j '26 moose were observed over 309 kn flown durlng

3 aenal sm'veys fn Janudry, 1974. The average den51ty of moose in

i‘!" 7&‘:
the regmn vas Bstlmated at 0. 21 ‘moose per square kllometer.

"ﬂsma S

Seventeen mpose were recorded in the Site Two study area, yielding

an observed dﬂ%u of 0.47 moose per square- kllometer. The density
of moose in g& dominated commimitils was 0 9 moose per square
k:.lometer. No moose or moose tracks were observed' 1n the aspen-willow
| or mlxedwood commurutles. “ | |

L4

C. Winter Habitat Usg'
~w 1. Use of Plant Cammmities

[

\

”Iﬁe pellet-groﬁﬁ eawey'sl1owed moose;used the willow savanna and
' pattewmed fen communltles con51derably more than the adj acent aspen-
W1110w commmuy (Table 7). The w1110w savamma comm.m1ty sustalned
3.2 and 1.3 days-use per hectare in 1973 and 1974, respectlvely,
/) : “wlllle the pattemed fen conmmnlty sustained similar use in both |

-years (an average of 2 4 days-use per hectare). The aspen-mllow
, e
oonmnmlty sustalned 1ow use, averagmg 0. 4 days use per hectare,

- in both years.
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Observations of pellet—gr@ distribution w1thin a com§im1ty ‘," |
showed that localized areas received greater us;?thrm other portians
of the same commmity. Field observations a]so. irldicate a change
in Flant commm.lty use during the winter. In mid-winter, nearly
alll moose and moose feedind activities were observed in the
patterned fen community. In the followmg spring, c_on51derab1y
- rmremoose winter browse activity was observed in the willow savanna | o
than had been observed during mid-winter. Local residents reported
greater mov%nents of moose, parélcularly crossmg the hlghway near
the study area, dunng 1ate February\and in March than during early

winter perlods This mcrease 1n moose actnn.ty was also reported

T to generally occur when snow depths increased ‘and began &iﬂg.
» :". . \) . ) .

The change in intensity of use of plangiommmities Between

~ years shown by pellet-group- counts (Table 7) is also sb'own by the
amounts of CAG browsed by moose (Table 8); The magnitode of chabge |
" in total browse use in the w1110w savanna between the winters of
1972-1973 and 1973-1974 is smular to the decrease in days use per
hectare between these winters. This relatlonshlp between total '
browse use and days use per hectare also follows for the -
pattemed fen and aspen—w1llow cc%mnmtles (Tables 7 and 8).
; : K
2. Moose Ninter Food Habits
\
Moose w1nter browse use was examlned in three plant commmities '

by companng the composn:lon and relatlve use of dec1d110us browse

(Table 9) Goodness Of-flt compansons showed that the expected

3



Table 8. Percent of available CAG' browsed by moose
' in three plant communities during two winters.?2
PLANT COMMUNITY _
Winter Willow Savanna Patterned Fen Aspe‘n—ﬂrillow ;o
\a \“‘ h

1972-73 . 12,4 5.9 ‘ 2.2

1973-74 4.5 8.2 1.0 -

MEAN 7.8 7.1 1.5

lcurrent annual growth. :
" 2Data derived from Table 9.
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N m‘u.

‘ ,‘l‘
] diStributim of browse use d.iffered ugmﬂcmmm the ocwmm

. of P"'W‘“ SPOCiOS in eath blant cqmuxity (Table fq) '

.A‘ -

Wk

In the willow sav vanna cmnmity, ‘the m.nber of Sa‘l.iz bebbwna
5. candida ad S. padophy‘im shrubs browsed were sigxxificsmtly '
‘greater th.pn expectod according to availablility. No Salix:
} aalzwna and S. gram:ua Shrd:s were browsed. - They were "
: a:msidexed unpalatable SpeCZLeS avoxded by moose. The nurber of
Saliz discoloz;', Populua tremuloides and P. balsamfara ‘Shrubs brodsed
fell within tﬁe ‘range expected acoording to avallabxhtx
: A snnllar trend of browse preference and avoidance afs slmm by

the amount of CAG browsed~from each specms (Tables 9 and 10). \

Salwrpadaphyua had the hlghest proport:.on of mdiv1d:ﬁal shrubs brawsed'

(68 8%) and the most CAG browsed (46. 3%) folloded by Salw canchda /

/.

w1th 36. 5% of the shrubs browsed and 18.3% of the CAG browsed. The | -~
‘ ammt of browse removed from both spec:.es ‘was s1gmf1cant1y greate/

than expec;ted a‘tcordlng o avallaﬁlhty roxse use of Saliz beb
ad S. discolor, 8. S% and 8 9% respectwe}Z*, fell mﬂﬂn the ran
expected ‘whilé the ‘hunber of Sajiz bebbzma shr\bs, byowsed W

mf1cant1y gxeater than expected the tetal amomt of /CAG ¢
. was not, mdn.catmg that moose removed 1ess CAG: from. each bow
' “Salw: bibbmana(gju‘\b than brcused Saluc padophyl;a aad 5. cm.dtda

—

"y . L~ O ”‘-

In the pattemed fen commlty cnly Salw cand‘bda susta.med

4, /\

‘-','}'si,g*m;fimtl,y greater use than expected B—fewsm on about 40 peroent
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o "A h \ ,‘.. . o ".l N ) ‘;
of Saluc acmdtda shnbs removed about 14 percent of the GAG Saux -

beblnana 5. dz.soolar and padaphylla were browsed in appmximate |

pxoportlms of thelr aburyda ce in thlS oommnuty SaZw macoaumr‘m
and Betula gl;mdulasa sustamed slgmfﬂ!ant]y 1ess browse use%than
expected accord.mg te then avaa.labllity

| “ In the aspen—mllow camumty, the mmber ‘of San.xbebbwna and
Pbpulua tremuMdea shrubs browsed were' s1gmf1cant1y greater than (
‘ expected Salw b\bhtana cclnpnsed 52 percent of the avznlable browse
shrubs and- contnbuted 66 pe;‘cent of the total brcmse use from about
8 percent of its pq)ulatlon. Brosv’se use of uncommon palatable mllows :
-including Salw dtscalar, S. padophylla and S. glauca fell w1th1n
“the range of use expected acoordmg to avallablllty Salw mccalzma
md betula glanduloaa “did not sustam any ‘browse use. Because of
the small smnple size. of CAG browsed L S%GF‘EHat m the
i aspen-wﬂlow ccxnmumty, no 51gn1f1car1t dlffenences between ob(«erved
4<mde:q3ectedugeofCAGwerefomd B
A compan‘son of broxse use.in relatlon to. shrtb height of conmon
‘mllows in® each commmuty showed the use .of CAG on shrd)s t.hat were
~all avallable were not greatly dlfferent from Shrubs that were _ |

3

partlally avéulable (Table 11). However, in "v1dua1 shrubs of SaZuc

ebbtana and S dwcolor that were all aVa}}abJp generally had a .
greater amomt of. the CAG browsed m the 70 percent class than shrubs

that were partially avallable. S et



80

e ...?uwﬂﬁamaam\rmv uswam.:”n:usm 03 UOTIET®1 UT 9smo1q

7

/o

/
/

/

,.,#...u.mwﬂon 5 w m._,u.ma.m w y*0 udamiaq avyD 30 No,m.. ueyd mmwﬁ. pue %01 ueyy 193eaid - mammﬂﬂé.»ﬂmﬁuum: o
R 0 e3ysSyey uF WoG'Z PU® w 40 -usdMIaq HVD JO %06 ueuUd 19312918 - BTqETYEAR TTVe
T B : . -1 91qel U} uUMOYs- 918 SIBSET- asn. asmoiq jo Buey,
- ﬂ . *yImoa8 Tenuue 3ua1IN),
€€, R T A T EZEL | e
_ T°C T 4 ] €6 142 1w - puw1qqeq S mOTTEM-uadsy
, PP SRR SRS ST) SR ST €6 reraaed |
8 ¢ - 18 88 € A DpIPUDO- °S )
K z 8 v 88 8y Ter3aed I T
g TI1 % 08 49 w 4070087p *S - uag pauiailed
) 0 oot €€ Teyazed | ¥
, Y - 001 99 1y, sppwevab c
o ;/ .. 0 , 00T Ly . " Teyizeq
0 —— © 00T 6% . 11V pupi]1ooovul °S
. o981 € o1 6T 8 - - 29 143 \ 1eylied .‘ . o
et T €2 %9 89 9 © Iy 401008 S R
. rAd'S ‘1 ¢ .8 L 08" 115 LIer3IEd. , /
91T ¢z -ore_or 9 v W ¢TIV puprqqaq 'S BUUBAES MOTTTM
L —¢6 oL ot S O T N s 7 —
_ () pesn oV T®3IOL ° 8988 1) 98M 38MO1Y ~uoyzerndod TAITTTUBTIEAV: . sayoads ~/ A3punmmo) IUBTd -
E LT
. _ yoeg uy pesmoig S : ;
8qnays 3o u0idd - . Tyl ) ; / S L

mOTTFM J0 @50 “TT 9198



’

'In the w1110w savanna and aSpen-willow ommmltms,

obtaa.ning browse above the arbltrmly ass1gned avauabnxty he1ght
(2 5 m) by breaking down upper branches and fee&mg on the términal -
1eaders. Although a small peroentage of the total shn.bs weze .
sub)ect to this type of browse use, four or more broken upper’
branches was common on_selected shrubs,. - '\‘\' Y
» L : i

The degree of prenous browse “usé of varjous willow slmjhs was
~ found to have a marked 1nf1uem:e on the current wintt\ar brokse use
- 'pattem (Table 12) Prevmusly unbrowsed w1llows sustalned very
- little current use while moderate to hea\rlly hedged w1110ws sustamed
- mch greater current use (Flgure n. In all prefemd willows, the
"probablhty that a shrd) would be browsed durlng the current w1nter
mcreased w1th the 1ncrease in tne degree of prevmus use. For
o exanple, in the w1llow savanna,, only f1ve percent of prevmusly
_mbrowsed Salw bebbuma shrub}d weze broutsed durmg the current wmter /
vdule 93 pereént of the shrubs that nad sustalned heavy use in prevmus ’

“le

. again browsed by moose.

The degree of previous use also influenced the amount, of CAG.

removed from a shrub (Table 12). On pre\rlousi'y unbrowsed shrubs the

e

tens«xty of current browse use was low, generally w1th1n the 5 and

%0 percent use classes On mderate to heav11y hedged shrubs the

current browse use removed a con51derab1y hlgher proportlon of the
: CAG genera],ly w1thln the 30 and 70 percent .use classes. Thls
dlregt relatyshlf of greater use of CAG on shrubs with greater

‘of previous use is best 11115trated by moose’ selectlon and use
- /s

. - H
poo ‘ : >




.

Figure, 7. - The difference in browse use sustained by these adjacent
Salizx ‘bebbwna shrubs. exemplifies moose browse selection in the
study area; the shrub on-the right sustained repeated heavy use
while the shrub on the left received\nd apparent browse use.

82
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.
lof Salix dwcolor shnbs in the w1110w sa amna. ' The amount of CAG
\'browsed by moose from P owsed or 11ght1y hedged shnbs

. was generally within pin f ‘ k kent use classes, while |

| rroderately and ,hea‘ oy " R rally sustamedvuse wrthm -
the 30, 70 and'.9/5 pe ‘ ‘

" than 100 m. Alth'o many of the pre erred Saliz candida clumps

‘were ngarly obscured by snow c;over an poorly v151b1e, moose appeared

In some instances a muted number of] termlnal 'shoots protrud.mg
through the Suow cover may have been a visual guide used by moose to
. |

detect this [low growing species. ' o ,

: | :
Field observations showed that moose were cratering to obtain

Salix:eandida Drowse € snow cover. Although the

PN . i, T
forelegs ‘wéne used in some gnstamoe%, the loose snow was nomally

moved aside by muzzle action to. exx%se the current annual twigs.




3. Summer Habitat Use | Lo

Moose tracks and brpwse use were mfrequently encountered in the
study area. durmg the ngng season (May to September) . ()nly/a
few moose Were estimated to remain in the study area durmg the

Snow- free’ pgnodz

' ’ L}
Moose activity was most frequently encountered

between .the willow savanna and patterned fen commmities. Use of
. LY
other willow dominated commmnities was generally light. No moose

activity was observed in the aspen-willow commmnity in this season.

Nlllow browse canprlsed the greater portion of the observed
forage use during the\ sprlng and summer. Moose commonly strlpped

the leaves from longer terminal leaders and rank growth but also
” \ , y ;

wsed the upper portions of the current twig growth. - Saliz bebbiana
and 5. discolor were the major spec’ies browsed. . Use of Salix candi
was only observed on two occaSions No apparent dlfference in browse
use was observed between prev.Lously browsed and unbrowsed willows. -
e of aspen browse was recorded only once.

Small patches of seaside/ar‘rowgrass (Triglochin maritima) were
heavily grazed by moose and appeared to be preferred ‘to other
available forage in June and: July. |

*
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D.‘ Nutrient Content of Willow Browse

Y1, Moisture . . ‘ "
& . ‘

. p ,
The seasonal trend in moisture content of the total CAG ‘in all

willows declined steadily from a mean high of 63 percent in June

to a mea!t of 53.1 percent in September (Table 13). Winter twigs

- averaged 46.1 percent mbisture. The moisture cohtent of over-

wmtermg twigs, collected at the onset of leaf flush in May,

o averaged 8.4 percent hlgher than those during the dormant season.

In January, only Salix'bebbiana showed a signifit:ant diffemnee
(P<0.0S) in moisture content between browsed énd unbrowsed plants.' |
, Misture content in the totak CAG of browsed Saliz bebbtana,
dLSCOZOI’ and S. candida was generally higher than unbrowsed mllows
of the same species. ’Dus trend was most marked during June and the
dormant season. The moist_ui'e content of the non-preferred ﬁllows‘,
Saliz maecallia;zct' and S. gracilis, generally fell within the range .
of values oggined from p_referr’ed:willows'. A .considerabie variation ‘
in moisture content was found a:ﬁong indi/vidlrel willows within a
1 species and bi'owse_d ‘condition at each‘ sampling period as revealed

by the standard deviation of the mean. | ¥

The m01sture content of leaves and twigs durlng the growing
season showed the same seasonal trends described for the total CAG.
Ibwever, the absolute moisture values'were sllghtly lower than
expected Tnls was apparently caused by de51ccat10n during the sep-
aratlon of plant parts The mean nxolsture content of leaves and

. twigs at ,each sanplmg period are glven in Table 13.
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\

« . 7
The moisture content in upper, middle .and lower thirds of willow

twigs showed the same seasonal trends described above. Moisture
content was highest in the upper and lowest in the lower twig
portions for all species and collection periods (Table 14).
?
2. Crude Protein
a. Mnt Amual Twigs

The seasonal c;)ntent of crude i)rotein was highest in June,
averaging 10.4 percent, when willow twigs were actively developing,
. declined rapidly by July and reached thetr lowest levels, averaging
5.3 percent, in August (Table 15). A moderate increase in protein
concentrations occurred before leaf abscission in September,
followed by relative}ly stable protein levels, averaging 6.3 percent,
during the dormant stason. The protein content of overwintering ”
twigs increased during the onse.t of leaf-flush in May. Unbrowsed

* Salix bebbiana willows contained considerably more -protein than browsed

S.- bebbiana willows during this season.

Twig protein content varied considerably among individuals of
‘a species and browsed condition at most sampling periods. Statisticai
différences between speciéé within a brc‘rksed condition were found
at each sampling period but: these were not consistent throughoﬁt the
lyear. No species of willow was markedly different in protein content

in any collection period.
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‘ Table 14, Seasonal mutrisat mm* (%) i wpper O, -)un. O and lowar (L) twig pertions
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“ R ’Ihe‘ c:rude prote{n ontent ef browsed- and unbrowsed willows of
N ﬁ1e saue specles d:Lffe d at each collectmn period; hmever due to
- ‘the variation among 1nd1v1dua1 shrxbs w1th1n a brmrsed condltlm,

‘ few of these were stat15t1ca.11y dlfferent (P<0 05). D1fferences

N

between browsed and unbrcmsed w1110ws were. not conslstent through a11 :

collectmn perlods (Flgure 8. - '-

v Crude protem levels were’ hlghest in tl'ie ternnnal third and
j_lowest in lower twig portlons (Table 14)
b. Leaves - A

9.

Levels of crude protein. in willow le?ves were highest in June
*when leaves were actlvely develop:mg and decreased steadlly w1th
. maturlty (Flgure 8) Proteln concentratlons in June averaged 15, 4
- percent and were 51gmf1cant1y hlgher (P<O 05) than the average- of

- 8.6 percent 1n September (Table 15)

. ~Differences in protein-COntent among specieSjoc'curre"d at eac':h‘

sampling period but were not consistent throughout the growing season.

-

3. Aci'd—detergenthiber ’
N Q )

a. Current Annual Twigs * ‘ -
“w. . The acid-detergent fiber (ADF) content in willow twigs was gen-

| erally lowest in JLmeq, averaging 38.3 percent, increased rapidly

, by July end reached an average maximum of 47.9. percent, during mid

e

-

91 -



A Percent Crude Protein
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Iite sunuer (Table 16). _The sanphng per'iods when ‘maximum ADF. -

| , ’ levels were recorded vaned among species and beﬁveen browsed

‘ wndruons After the seasonal hlgh, the ADF content eth.blted. a

\

shght- to. moderate decrease and then remained relatively stable or e

decreased during the domant sw (Figure 9).

Within'species all ADF levels, with the exceptio‘n of Sali:c
gram,lw, were 51gn1f1cantly lower in June than 1n July. (P<0. OS)
Salix grac‘b Zv,s malntalned a relatlvely constant ADF content averaglng
42.7 percent, ~ from June to Septenber and then showed a 51gnlf1cant
dsclme to 38. 4 percent dm'lng the dormant season. Browsed Salw
oandtda and S. padophyZZa and unbrowsed S. macealliana also showed -
a significant decline 1n ADF content from the September to the

January collection perlods

Differences among species within a browééd condition did not

~ exhibit a consiStent pattern through the seasons. The ADF content

of “salix padophylla malntalned a relatlvely high 1eve1 ~during the

growmg season but was 51gmf1cantly lower (P<0.05) than other browsed

spec1es durlng the dormant season. The ADF c;ontent of browsed Sa_Zw

candida was 1owest in June and hlghest in January in relatlon to other

.browsed WlllOWS (Flgure 9) Of the unbrowsed w1110ws Saliz candz,da

mmtamed the hlghest and SaZw maccalluma the lowest ADF levels in

nearly all seasons.
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Browsed plants of Salix bebbmna and s, chacolor were
51gruf1ca1t1y hlgher in ADF content than unbrowsed plants of . these | |
y spec1es at most. collectlon penods an average dlfference in all o |
‘ seasons of 6.3 and 6.7 percent for Salix bebbuma and S dwaolar,
respectively. Th.LS relatlonshlp d1d not hold for browsed and »

mbrowsed Saltx candtda plants.

&

The ADF content 1n upper, middle and lower thirds of mllow twigs
showed the same. seasonal trends descrlbed above. ADF content was
always lowest in termlnal twig portlons and hlghest in #he lower

tw1g portlons (Table 14)

. b. Leaves

LR

"

Seasonal trends of ADF in w1110w leaves varled con51derably among
species (Table 16) ADF content in SaZw bebbwna and s. padophyZZa

plants vaned little from the1r seasonal means of 26,2 and 19.2 per-

e

~ 34

P

" cent » respectively. Salix dwcolor showed a marked increase in ADF
from a mean of 19.7 percent in June to 31. 5 percent 1n September

Saliz candida containéd the hlghest seasonal ADF levels averaging

.36, 5 percent, and showed a moderate 1ncrease from June to' Septenber.

S o

The ADF content in Saltx maccaZZtana and S. gractlw dec:reased from
~June ‘to August and then 1n/:reased Sllghtl)’ in A‘September

Browsed and unbrowsed w1110ws of the same species showed sunllar
seasonal trends in ADF content (Flgure 9) Browsed Saliz bebbuma

-and S, dwcolor plants were sllghtly hlgher in ADF- content than -

96



.m SaZw ecandida leaves.

4. Ac1d-detergent L1gn1n (ngmn) | ' ‘
a. Current Annual Twlgs e { : i -
'Ihe seasonal trends 1n 11gnm content varled among the willows
examlned (Flgure 10). 'Ihe 11gn:1n content of Sahx dv,s_coZor and ’
candida was lowest in the developlng tw1gs in June, 1nqreased& s
- the tw1gs matured reached a ma)mmm level 1n August or Septexrher and
was followed by a moderate decline by Janua.ry (Table 17) Salwe o
maccallwna and S. bebbwna showed a smular trend except for a
: decllne in 11gn1n content in August followed by an 1ncrease in September .
before decreaslng or remaining relatlvely stable durlng the dormant
season. The lignin content qf Salix gractlw and S. padophyZZa was
_hlbhest in June and generally decreased during the growing and dormant
seasons. _ | |
_ lefexences among spec1es varied at each collectlon perlod
‘Browsed plants of Sach candtda and S. bebbwna were 51gn1f1cant1y
higher (P<O 05) in’ 11gnln content than other w1llows in the dormant

season. ) °

Few dlfferences in 11gn1n content were found between browsed
ad unbrowsed willows of the same species.’ Unbrowsed plants of

Saliz dtscolor contalned slightly lower 11g'n1n levels than browsed

~ plants at a_11 samphng periods.
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The terminal rd of wiilow twigs generally contained less
hgnm than sub-terminal portions dm'mg the growing season (Table 14) .
The m1dd1e portlons conta.med the highest lignin centent in July
or August The terminal third of Saliz ca(tdzda twigs contamed the

mst llgmn during the dormant season.
b. Leaves

The lignin content Of Salix discolor and S. candida leaves increased
steadily during the growing season (Figure 10). Salix discolor
-showed the greatest seasonal change in lignin, averaging 8. 8 percent
1n June and 19.8 percent in September (Table 17). Lignin content
of Salix bebb::ana leaves initially 1ncreased by July, then generally
cbcllned as the leaves matured The lignin content of Salix |
maccaZana and S. grach‘Ls decreased between June and August, then‘
mcmased sllghtly by September The lignin content of Salix
padophy ZZa ‘averaged, 7.8 percent varied 11tt1e durlng the growing

_‘season and was 51gnlf1cant1y lower than other willows (P<0 05)
/
~ ~ No significant differences .were observed between leaves of
browsed and unbrowsed w1llows of the same species.
5. ADL:ADF Ratio
¥ Current Annual Twigs

- The ac1d detergent lignin:acid- deteroent flber (ADL ADF) ratlos

in w1110w twigs generally remained fairly constant or increased

99
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sliéhtly from early to late summer before decliningduring the

dormant season (Table 18). Salix grc;ailis and S, éadophylla showed

a general decline in ADL:ADF with seésonal progression. Differences '

in A\Ni:ADF between species were not consistent at all collection |
penod\s, There was a consistent trend for the ADL:ADF ratios of L.
browsed ﬁllws to be lower than that of unbrowsed willows of the same

species.
b. Leaves

The ADL:ADF’ ratlos in w1110w leaves showed no. general trends

between early and late summer collectlon perlods ('I‘ab],e 18)

6. Cellulose

a. Current Annual Twigs

The cellulose content of w1110w twigs showed a general increase’
with seasonal progressmn averaglng 19. ? percent in earLy summer
and 23.6 percent durlng the dormant season (Table 18). Prenously
browsed willdws averaged 4 to 7 percent more cellulose than unbrowsed '

willows at all collection periods. ST .
v, ) .. . e . “

-

. .b. Leaves

Cellulose content of willow leaves remained relatively constant

-

between early and late sumer (Table 18). Saliz candida leaves

oontained the highest cellulose levels, averaging 19.8 pércent, in

o
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*

comparison to all other willows which averaged 11.7 percent cellulose.

7. Ash

i

a. Current Annual Twigs o

The seasonal levels of ash content in fwigs were similar in all
willows (Table 19). Ash content was hxg’nest in Jme, averaging 5, 4
percent decreased through the growmg and do t seagns and
averaged 2.7 percent in January (Figure 11) Overwintering tw1gs {”,
increased in ash centent at the onset of leaf- flush and averaged o

. 3.6 percent.

)y

Dl;fferences among species and between browsed and unbrwsed
willows of the same species were not consistent through thc study.
Uhbrowsed willows often contained slightly higher ash levels than
browsed willows of the same species during 'thle l‘atte-r part of the

growing season and the dormant season,:
<

Ash content in 1 willow twigs was always lnghést in the terminal

) thlrd and 1owest in the lower third {Table 14).
{ :

b. Le:i\{es . ~ '
- . ) ‘54'/
The ash content ef willow leaves generalfly increased through the
growing season from an average of 4.8 percent in June to 6.4 percent

in September (Table 18) In Saluc discolor and S. gramus, the ash

levels showed a marked decline in July before 1ncreasmg in 1ate

s
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sumer. The ash oonvtent of Saliac padophylla averaged 8.5 .'peroent
ﬂu-ough the summer and was 51gmf1cant1y hlgher (P<0. 05) than other
| w1110ws at ‘all sanpllng penods) o © o

8. Calcium
a. C‘urrent.Armual Twigs
Seasonal levels of call’ciun content in ﬁllw-twigs were generally ‘
1owest in June and July when twig; were actively developing, | B
reached peak levels in August'?))r September and declined or remamed
relatively constant during the dormant season Ovemlntenng tw1gs
of unbrowsed Salw: bebbwna and browsed Salwc awcolor contamed

con51derab1y higher calc1un levels than tw1gs of these spec1es durlng :

the dormant season. Calcium’ levels in ovexwmterlng twigs of browsed

© Salix candtda and unbrcmsed Sa?xz,:z: maccaZZ'Lana were slightly less than

twigs of these species during the dormant season.

.Differences among spec1es and browsed conditions were not con- '
sistent through the study (Table 20). Calcium levels of unbrowsed
preferred spec1es (x = 3 '19) ‘were generally higher than the non- -
preferred spec1es Salux: macecalliana and S. gracnlv,s (x =-2.3%).

’ throwsed Salixz bebbiana; S. dzscolor, -and S. candzda generally

' contained higher calcium 1evels than browsed willows of these species.

Calcium levels were lrighest' in the upper third and lowest.in the -
 lower third of Saliz candida, S. bebbiana aid Su discolor twigs in

* all collection periods (Table 14).
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The average ca1c1un content in 1eaves of all willows ‘combined
showed a marked 1ncrease thr0ugh the growmg season from 0. 73 percent
in June to 1. 51 percent 1n September (Table .20). The ca1c1um

tent of Salix gram,lw and S. bebbiana was: 51gnlf1cant1y higher .
(P<0.1) than other willows at most sampllng perlods Browsed
w1110ws“of Salix bebbic'ma'and $. discolor were generally hlgher in .
calcuxm content than unbrodsed w111cms "of these species. Salix

%’

candida showed the converse of this relationship.

9. Phosphorus' |

a. Ourrent Annual Twigs

- The phosphorous content of w1110w twigs averaged 0.27 percent
in early summer and 0. 12 percent in.the dormnt season (Table 21).
vDiffve'rences between brcmsed and unbrowsed willows of the same species
- were not conslstent among Salix bebbtcma, S descolor and s. candtda
or between samplmg perlods Salq,x padophylla contamed the highest
phosphorous content (0.15 percent) of palatable browsed species 1n

~ the donnant season.

Py

The phosphorous content in tw1g portions of browsed Salix oandida
durlng the ‘dormant season were hlghest in the terminal third (0. 12

ﬂpercent) and "lowest in the 1mwer third (0 09 percent) (Table 14).



Table 21, Phosphorous

early

content (%) of
summer! and the dorma

wiliow. b

"

rowse &uring

nt seasonz.

Early Summer

- Dormant Season -

. Browsed
Species . Condition -leaves twigs twigs
Salixz bebbiana " BR3 0.38% 0.30° 0.10
Saliz bebbiana uB“ 0.24 0,24 0.14

‘”Sblix’discolo;' BR 0.23 . 0.28 0.11
Saliz discolor | 0.28 0.3 0.12
Salix candidg BR ;9t?fém' 0.24 0.10

B SaZix.c‘,andida o 019 0.0 -
SaZix'péEprQZZa BR 0.38 “0.25 0.15

‘Saliz mcealliong UB 0.32 0.28 0.13
Saliz gracilis uB 0.33 0.3 0.10
Mean 0;29 0.27 0.12

1Saﬁiples collecte

d June 6, 1973,

Samples collected January 20, 1974,

Browsed in previ

ous years,

.. sample (n= 5 to 10

109

shrubs)
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| phosphorous content between, browsed and unbrowsed plam:s of the same -

- species showed the same trend as willow tw1gs in _:eaﬂy sumer. -

- b. -Leaves
- The phosphorous content of w1110w leaves in early summer .
averaged 0.29 percent (Table 21) ‘ Salw padophylla and browsed

bebbiana, contained the hlghest phosphorous levels (0.38 percenf) ‘

whlle browsed and unbrm'sed Saluc ccmd'bda plants ccmtamed the lowest

‘]:evels (0.22 and 0.19 percent) respectlvely lefenences 1n

10. Calc1um-phosphbmus Ratlos
af. Current Annual TngS ‘

The ca1c1um phosphorous rat1o m mllw twlgs averaged 2.1:1

- in early summer and 4.9: 1 in the dormant season (Table 22). Salix

| 'oandzda had the hlghest ca1c1un~phosphorous ratlos in both seasons,

Mo consistent relat1onsh1p was ‘found between br/o:ased and unbrowsed

willows within a species.
b. Leaves

- The calcidn-phosphorods ratio of willow leaves averaged 2.7:1
02 . : Cod . \"

in early summer F(Table" 22) . Leaves of browsed and unbrowsed Salix

" candida plants contained the highest ratios (3.9:1 and 3.7:1,

respectively), and Salix padophylla ‘go’ntlained the lowest ratio,

It
I

azn. =
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Table 22. JAVérage calciumrb 6sphorous ratios of willow browse.
 during early summér! and the dormant season?.

{

’ - Brovsed Early #Lmﬁef: Dormaﬁt Season .
Speciesi' Condition Leaves/ Twigs Twigs !
S ‘. ,
Saliz bebbiana BR3 S 2.3:1 | 5.0:1L 1 ¢
Salix bébbfiana uB* 2.8:1  4.6:l |
Saliz discolor BR 1.6:1 - r‘  3.5:1
Salix discolor ; UB 1.9:1 N 4.8:1
Salix candida BR 3.1:1 7.8:1
Sabiz candida  UB 2.9:1 -
Salix padophyZZa BR 1.6:1 4.2:1 S
' Salix maccalliana -~ UB '1.8:1 1.3:1 0 4.0:1 )
Saliz gracilis - W 3.5:1 . 1.5:1 5.1:1
MEAN . | 2.7:1 2.1:1 4911

1Samples collected.June 6, 1973..
2Samples collected January 20, 1974,
3Browsed in previous years.
ﬂUnbrowsed in previous years.
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11. Magnesium
a. Current Annual Twigs

) The magnesium content of willow twigs highest in June, ave-

raging 0. 38 percent, declined rapidly in md-smmer and reached the :

¢

lowest levels, averaglng 0.24 percent 1n the late sumer or dormant
.

season (Table 23)7/ A slight to moderate increase in magnesium content

/

/

)
7 occurred in most unbrowsed willows m August /
The maféne‘s:,mn content in Salix macca‘éliana and S. gracilis twigs
were genera-lly ngwer than imbiowsed willows of palatable species.’
" thbrowsed Salizx discolor plants contained higher magnesium levels
than browsed plants of this species from mid-summer through the.dormant‘
season. Differences between browsed and unbrowsed plants of Salixz
. bebb'z,ana and S. candida were not consﬂtent through the season.
The magnesium content of the terminal third of willow twigs
was markedly higher than the lower two-thirds (Table 14).

-

.b. Leaves

The magnesium content in leaves of all willows except Salix o

dzda and browsed S. dzscolor showed a marked increase through t}u

- growing season. The magneswm content of all spec1es combined aver-

aged 0.52 percent in June and 1.Q4 percent in September (Table 23).;“' it

! ‘\

~—
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. \)\“ |
Salix padophylla and S. g’ebbuma ma.lnta.lmd the hlghest

. magnesium levels, averaglng 0.97 ‘and 0.79 percent respectlvely, .

through the growing season. =~ R ‘Q

12. Sodium

a. Current Annual Twigs |

Sodlum content of willow twigs ranged from an average hlgh of -
O 029 percent in Jtme to 0.014 percent in January (Table 24).
Sodium 1evells generally showed a marked decrease by July when twigs
were actively elongating, increased by August and then decr'eased
again during the late summe and dormant seasons. The con51derable
variation in sodium content found within replicated treatments is
shown by the standard deviation (Table 24). No diffenences between

species or browsed conditions were evident.

.Sodium content of SaZi.%: candida twig'portions was generally
nlghest in the termlnal third and lowest in the lower two-thirds,
averaging 0.042 and 0. 034 respectlvely, through the growmg season
(Table 14)

- b, Leaves

The average sodium content in willow leaves from all species
during the summer was 0.026 percent (Table 24). The seasonal trends
in sodium content varied among species. Salix bebbiana and S. discolor

showed a general decline in sodium content through the growing season.
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W also cont

0.005 percent in September.

13. Ether Extract
a.. Current Annual Twigs

v Le\}els of ether €
(P<0.05) in young twigs (3
twigs (x = 4.0%
sistent differences 1

and unpalatable s_pecies, or

Ether extract
season was higher. in the

thirds (1.7%) (Table 14)-

b. Leaves

Tne ethe

- in the early summeY

speci

E. Effects of Brow

- The
current axmual twig

smulated brcms ing w

a

xtract (crude fat) were
3 = 2.1%) in early smner

) during the dormant S€

in ether extract were fo

between browsed conditl

in Salix candida twWig P

temlnal thlrd (2.

T extract content in will

(Table 25).

sing on Willow Twig Pro

general procedure of usin,
productlon under va

as found to be workable

116

.

evels, averaging

ained the lowest sodium level
' 1

-~

significantly lower
than in mature
ason (Table 25) . f'lo con-

und between palatable

jons. within species.

sortions during the dormant .

4%) - than in the loweTr two-

ow leaves averaged 2.4 percent

Little variation was found between

es and browsed condltlons

duction

g secondary stem units to measure

I'lOUS dEgrees of natural and

an,d« s oundly conce 1ved
. e d

<
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Table 25. Ether extract (X) in leaves and twigs of six willow
species and two browsed conditio\ns during early
sumper! and the dormant seasonZ.

\
w

Browsed @ —Early Summer. :\;\. Dormant Season
~Species ' Condition Leaves Twigs Twigs
Saliz bebbiana BR3 2.45 1.9 4.6
Salix bebbiana - st 2.2 3.1 3.4
S;Zix discolor AR\ 2.4 1.6 ® 36
Salix disoolor — EETC R N
Salixz candida ~ BR  7,\ ' 2.2 2.2 3.4
Saliz candida W 2.5 Le -
Saliz padophylla R 2.9 2.0 - 4.0
Salix maccalliana UB 2.2 1.8 4.6 |
Saliz gracilis o 2.6 2.9 - 4.6
MEAN . s 2.1 4.0

%Samples‘col‘lectedv June 6, 1973. //
2gamples collected January 20, 1974
3Browsed in previous years. = _

“Unbrowsed previous years. : :
SValues are f¥ one determination of a pooled sample; n=5 to 10 shrubs

. (Alberta Soil andy d Testing Laboratory).
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No statistical difference (P<0.05) in twig production was found be-
tween shrubs within a treatment. Some variation, found among the

' five secondary stem samples within a shrub, was expected due to the
stratified random sampling method that included both lateral and

terminal stems.

1. Simulated Browsing
a. Saliz bebbiana
-‘
The results from the simulated browsing treatments showed that
. both intensity and season of clipping had a marked effect on the
growth of twigs during the following season (Table 26). Season of
cliinping had a.gre(ater effect on twig growth than clipping intensity.

The average number of twigs per secondary stem were genérally s
Méher on shn_i;s clipped in spring and iower on shrubs clipped in
fall and winter than the controls. The 100 percent ;vinter clipping ’
treatment showed -the most pioﬁounced and sjignificant (P<0.05) decrease  *
m twig numbers whilé ;:he 50 pefcent spring clipping treatment showed .

the greatest and significant increase in twig numbers.

-

The average length of twigs produced on shrubs sﬁbject to the
100 percent clipping intfen‘sity in sp;fing' was significantly shorter -

’ than control shnbgs. The average twig length was signiﬂfic‘antly
larger on the 50 and 100 percent fall clipping treatments and ‘évlil

. winter clipping treatments than the control shrubs.
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The total weight of twigs per secondary stem were signi‘ficantly
hJ.gher in the 50 percent cllppmg intensities in fall and wmter @
than in control shrubs. Willows subJected to the 100 ‘percent cllppmg

‘ mtensrty in sprmg responded with a decrease in total welght of

twig productlon but were not 51gnlf1cant1y dlfferent from the controls.

The remaining treatments showed a 16 to 42 percent increase m total

"ﬁeight.'of twigs (produced but were not significantly higher than the

120

control shrubs. B - L - .
‘ N)' | | | | | | | b |

|
The meain_ twig weights of the i 50 and 100 percent £a11"and winter
ttealtments and the Hedgecl winter: treatment were significantly highef
“than the controls’. Hedged tteatment's in s’pri.ng and fall responded
with.a moderate increase in mean tw1g weight. The 50 and 100 per-

cent spr1n<7 treatment showed a decrease in mean tw1g weight but were

not 51gmf1cant1y dlfferent from the control shrubs.

: 'TheWWeié;}\t— length relationship showed that 50 and 100 pefi:ent
clipping treatments durmg spring resulted 1n shorter smaller twigs
than the controls These dlfferences however were not 51gnlf1cant'
- (P<0.05). F1fty and 100 percent cllppmg intensities in fall gnd |

winter had _slgnlflc“antly higher weight- 1.ength ratios than the controls.

The weight-length' ratios of hedged clipping interxsities in all

\seésons were greater than but not signifl tly different than the

controls.
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'Ihe effect of smmlated browsmg on twig productlon under all

: c11pp1ng 1nter351t1es were similar in the fall and w1nter treatments.
Although smulated browsmg in the fall and winter seasons decreased
 twig production, the conblned effects of increased twig lengths and
weights resulted in a 51gmf1cant 1ncrease in the avallable
‘productlon of twigs. Simulated browsmg under 50 and 100 percent

' c11pp1ng in spring resulted in an 1ncrease in tw1g nunbers but a

’ -'general decrease in tw1g productlon Hedged c11pp1ng treatments
responded with a moderate increase in twig productlon and showed the

least variation among seasons.
‘b. Salix discolor

The results frcm snnulated browsmg treatments on Salix d’LSGOZOP

Co _showed several effects on the growth of twigs.in the followmg ‘season

-. (Table 27) However only the 100 percent c11pp1ng intensity in
fall showed a 51gnlf1cant (P<O 05) dlfference from the control snrtbs :
w1th an’increase in mean twig welght and wel,ght per umt length of

“twigs.

Ry
The average number of twigs produoed per secondary stem on 100
»percent and hedged spring tre nts and 50 and 100 percent fall
'treatments were lower than the control shrubs 'Ihe 50 percent spring
cllppmg treatment showed a 22 percent increase in tw1g numbers (Table 27)
AL c«iipping treatments except the 100 percent spring and 50

percent fall treatments responded with an increase in total and mean
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- percent

twig length and total and mean twig weight. The 100 percent‘sprmg

treatment showed a decrease in these parameters. Twig product.wn .

in the 50 percent fall treatment was sllghtly lower in total tw1g

length and slightly hlgher in mean tw1g length total and mean tw1g a

welght than the controls . (These dlfferences were not 51gmf1cant

P<0.05). ©

Fall treatments of all c11pp1ng 1nten51t1es responded w1th an

increase in. tw1g size as expressed by the welght length relation-

' slup. Sprlng t.reatments of 100 ‘and 50 percent clipping lntens;ties

showed a decrease in twig size.

Hedged c11pp1ng 1nten51t1es showed less varlatlon between sprlng

and fall treatments than other clipping 1nten51t1es. One hundred

‘gllpplng intensities showed the most variation with the

grea'tesvt decrease in twig numbers in the fall treatment and greatest

increase in average twig weight and length. .

2. Natln'ai_Brovvsing
a. Salix candida
L

Wo_qdy twig production in Salix cmdidc_z plants that were heav_ily

»browsed by moose were significantl}"r (P<0.05) greater in wean length,

total 1ength welght and. welght per unlt length than unbrowsed plants ’

(Table 28).

123
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Table 28. Current annual twig production of unbrowsed and moose-‘f
browsed Saltx candzdb shrubs.'

UNBROWSED . MOOSE-BROWSED

BROWSE PRODUCTION  . . _SHRUBS  SHRUBS
‘ Number of twigs! Y 11.7a? ~ 7.6a
Total length of tﬁigs (cm)i . _ 42.7a ' ., 76.fb
. Mean twig length (cm) . ’ L,Oa . 11.65
 Tota1 wefght of twigs (gm)1 SRS NI 6a | i 22.15 A
‘MEan'Weight per twig (gm) | | B 5. 4 x 10‘2 33.6 x‘iO;zb

‘Meén Qeight.per unit length (gm/cﬁ) 13.1 x 10 3a * 29.0 x 10 3b

1Production per secondary stem.
2Means within the same row followed by a common 1etter are not
significantly different (P<O 05) :
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-

Wlﬂun browsed Salw eandida clumps, the mtenslty of prev.tous
'browse use1 also affected twig productmn on those secondary stems
: ’d,n'mg the followmg season (Table 29) In heavily browsed Saluc
aandv,da clunps, the total length and mean length of tw1gs on browsed
‘ secondary stems was significantly (P<0.05) greater than unbrowsed

stems.

In. moderately browsed Sa‘Zw candida shrtbs the tw1g productlon :
of unbrowsed secondary stems were' conpared to three intensities of
br(:wsq.ng1 (Table;.'SO) . Secondary stems' browsed the preceding domant
season were signific‘antly ‘(P<0 05) higher in total twig lengths than
unbrowsed stems or browsed stems tf)at d.ld not sustain any use in the
, precedlng season. Average tw:Lg lengths were 51g1uf1cant1y (P<0.05)
greater on secondary stems browsed only in the previous dormant
season than other 1r_1ten51t1es of use. The nunber of twigs per secondary
stem were not significantly different among treatments.

‘ 1Determlnatlon o1 1nten51ty of prenous browse use is shown in’
Flgure 12.



|

)

terminal bud
leaf scar

browsed only the previous

- unbrowsed secondary stem . ,
' dormant seasont

v

dead browsing
' point

_browsed in the last’ " browsed in two-previous seasons
_ three dormant seasons but not the preceeding season

Figure 12. Comparison of Salix candida secondary stems with

. different "browse histories', showing how the degree of
browse use in previous. years is evaluated by examining
the twig branching pattern and countingrtﬁe number
of terminal bud leaf scars and 'dead browsing points.
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-
"Table 29, Current annual twiéxbxoduction
,] on browsed and unbrowsed secondary
- .~ stems within heavily browsed Sqliz
7" candida shrubs. _ )
' UNBROWSED BROWSED
BROWSE PRODUCTION _ STEMS STEMS -
- o
Total number of twigs S
Per secondary stem 4.4al - 3.4a
~ Total length of tﬁigs :
per secondary stem (cm) 47.1a 65.3b
. ) ) ’ [
‘Mean length of twigs ' ‘ " -
peér secondary stem (cm) 10.7a 19.2b
IMeans within a row foklowed by a_éommon .
letter are not signifilcantly different (P<0.05),
o , ) .

/‘_
/

/
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Table 30. The effect of browsing intehsity on secondary
stem twig production within oderately browsed
Salix candzda shrubs,

-

DEGREE OF BROWSE UTILIZATION!
'BROWSE PRODUCTION ~ - - -« A B o C D

Number of twigs per.

secondary stem : 16.7a%  .13.8a 18.9a 18.6a
Total length (cm) of CAG //
per secondary stem J0.9a 134.2b  145.6b 103.1a
- ) . :
Mean twig length (cm) 5.6a 10.4b 8.5a,b 7.1a

1A,  No previous browsing (control).

B. Browsed only the previous dormant season.

C. Browsed in two or more dormant seasons, including the
preceding season..

D. Browsed in previous dormant seasons, but not the preceding
season. .

2Means within same row follow by a common letter are not’

significéntly different (P<0.05).

;

— 7 . ! ‘ \.'ﬁ; ) . . j
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b. Saliz bebbiana

£

B

Twig production’ in browsed Salix bebbiana shrubs was signifi-
cantly dlfferent from unbrwged shrubs (Table 31). 'Iﬁe mean length
and weight of twigs, total twig length ‘and mean weight per unit
length of current twigs per secondary stem were significantly (P<0.05)

greater in browsed shrubs than unbrowsed shribs. The total weight
of twig growth per secondary stem on browsed shrubs (6.7 gm) was
nearly double that bf \'nbro'wsed shrubs (3.5 gni). The difference

+ was 51gmf1cant at P<0.1. Although the tota.l length of .twig pro-
| duction on umbrowsed shrubs ‘averaged about 50 percent hlgher than
browsed shrubs, t]us dlfference was not 51gmf1cant (P<0 i). Tthe
" mean age and diameter of secondary stems at the base of the first
: lateral branches in unbrowsed w1110ws were not 51gmf1cant1y dlff—

erent than browsed willows.
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DISCUSSION -

A" Nutritive Value of Willaws for Moose

A- good quality forage is cmsldered to be highly palatable, _
havmg optmun levels of various nutrlent ccmponents, a high apparent
' d1gest1b111ty, optimum proportions of volatlle fatty ac1ds adequate
levels of mmerals v1tam1ns and trace elements and-is eff1c1ent1y ‘
converted into the components necessary for the animal body ‘(Dietz
1970’) Kobota et al. (1970) found the seasonal avallablllty of
browse and herbaceeus forage largely determlned the levels of nutrlent
elements in the diet of moose. The level of nutrient intake is Y '
generally high in summer when many different kinds of plants are .
available, and low in winter when twigs are the primary source of

feed.

1. Crude Prote:}n
|

The cn:de‘protein:content of willow 1ee\;e$ and twigs generally
»‘, decreased as the current annual growth matured (Fig’ure 3). The
" protein content of willdw leaves declined from an a%rage high of
15.4, percent in June to 8.6 percent in September A more I'apld de-
crease in-leaf protein cq%ent ‘between the August and. September
sampllng perlods comc:1ded with a general increase in twig protein |
1evels. - Kramer and Kozlowski (1960) attributed this type of seasonal

- change to traris4locat_ion of niat:rogerxous compounds from leaves to the. '



&

st?ms befoi'e leaf-abscission. The crude protein content of willéw v
twigs wi\s highest in June, averaging 10.4 percapt, decreased rapidly
durmg the period of active twig elongation in July, increased
before leaf-abscission and then remaimd fairly constant or s}mted
a.slight increase during the donﬂnt season. Protein levels of
winter twigs averaged 6.3 percent. The seasonal changes in protein
1evels in willows were similar to the seasonal changes reportec'): for
three Alaskan browse plants; aspen, paper b1rch and w1110w (Salsw spp.)

(Kobota et al. 1970). gver, the Alaskah plants showed no appre-

c1ab1e drf ence in protdaconcentrations between summer- twigs and N

winter tw1gs. Tew ‘(19748 gl that the protein content of aspen o
leaves decreased with matuM™Uy, averaging about 17 percent in Juﬁe, |
conpdmﬂ to 11.8 percent in September. chfter (1972) found the crude
protein levels in Saziic glauca twigsyne;ar 111uvik, Northwest Texzrii:ories,
were lower during the growing season than during the dormant season.
The prbtéin content in leaves ‘and twigs generally showed little
variat-ion among the six species of willow at most sampling periods.:
Differences among species were not consistent thro.ughcmf. the year~.

_ This may be due to the bhenologicai characteristics of plant

nutrients that are spec1f1c to each spec1es (Short et aZ 1966) . The »
protein content of willow-twigs during the donnant seasoﬁ ranged be--.
tween 5.7 and 6.7 percent. Due to the variation among willows of the
same species, few' significant différenceso were found among species of
the same browsed condition. Considerable irar'iation in nutrient .

’ content w1th1n spec1es/ has also been shown for aspen in Utah (Tew. 1970)

. The protein content in w1110w twigs during the d_ormant season was

i
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o

) and S. candzda s,hrubs contaaned more’ protem than unbrowsed w1llows

<t

. _.? similar to protem levels reported for mllows in Alaska (M11ke 1969;

Kobota -at aZ 1970) and Wyaning (Houston 1963)

e

- -

Browsmg was found to have a sma.ll mfluence on the protem
content of the CAG Leaves of browsed willows averaged 8 percent

nm'e protem than unbrowsed w1110ws Twigs of browsed Salix bebbwm

of these species durmg leaf-flush (early June) however, this
dlfference was. not cans15tent durmg ether seaSDns These data .

J.ndlcate that brows:.ng may have dela ed the phenolog:.cal mnturlty

| of tw1gs resultmg in comparatlvely hlgher protem levels early in

the growmg season. Nutnent quahty has been shown to vary dlrectly

- w1th growth stage (Short et aZ 1972) 'I'he absence of cons:.stent

-

dlfferenCes in prote:m ,content between browsed and unbrowsed shrubs

of\the same spec1es agrees w1th the f1nd1ngs of other studles '

Shepherd (1971) reported no 51gmf1cant dlfferences in protem content
#shrubs subjected to seven yms of cllppmg trea,tments D:Letz

(1965) concluded that prolonged heavy brows:mg would probably not

affect shrub nutr1ent content o

A s o

bg

O il
Exammatlon of consecutlve tw1g segments “from browsed w1110w
shnbs showed a progre551ve decrease 1n protem content from ternunal

to 1ower twig portlons (Table 14). . This trend was found at a'il
collectmn perlods and was most marked in the overwmtermg tmgs

in May and 4dn. the new succulent growth 1n early June._ Short et aZ. ,
(1972) showed the relatlve d1gest1b111ty of cur%t t‘;%cs 15
d1rect1y affected by the changmg nutrlent content associated w1thf‘,l :

133
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phenologlcal change. Dlg}sublhty and nutrlent quallty of woody
cells was shown to dmmsh as cells matured because cell walls

thlckened and became llgmfled and cellular protoplasm decreased

meferences in m/ntmnal quality between termmal and . 1ower tw:l.g ~
portlons may also be f‘elated to the relatlve amounts of hlghly ‘

' d1gest1b1e inner bark tissues and relatlvely mdlgestlble woody
, ‘t1ssues found in each segment. " Inner bark. and canblal tissues

_ oontam more mmerals, sugars and protems than woody tlssues \durmg

w1nter (Short et al. 1972) 'I‘he progress:we decrease 1n crude proteln

from the apex to the distal portlons of twigs has also been found

- Jin red maple (4cer mbrum) » 'black cherry (Prunus serotma) (Cowan

Rocky l\buntam Junlper (Jumperus scopularwn) (Kautz 1969). Cowan '

’et al. 1970), red-os1er dogwood (Fashmgbauer and Moyle 1963) and

et al. (1970) also found that the 1eve1 of,érude protein mcreased

"'m tne terminal portlons of dormant tmgs as the growmg season

' approached

LIS

The nutr1t10na1 requ:.rements for moose have not been establlshed

a,)

' ‘but mformtlon on the nutr1t10na1 reqmrements for domestlc

i rum.nants (NAS NRC 1970) and whlte—talled deer (Dletz 1965) prov1de a

ccmparatlve bgsm. Dletary protem levels for whlte-talled deer

'have been suggested as 13 to 16 percent for opt:umzm growth and as 6

’ _»to 7 percent f/f malntenance (French et al. 1955) If crude’ proteln

[

oA

,"’nrpalred glhetz 1965) \IAS NRC (1970) recormend a mlmmum of 5.9

o

 levels fall below 6 to. 7 percent rumen functlons are serlously

to 7.8 percent crude protem for mamtenance of beef cattle. If R

mose/ requs.rements are smllar, the mllow browse 1n the “t

, oo . o 8 L
s . : . PR " B o
/ e Lo .



contained adequate:f’anmmts of cnﬂe protei.n for growth and

» lactatlon during sprmg and early sunmer, but the wmter diet of

woody twigs- would be margmally adequate for mamtenance. The.
average protem in winter tw:;.gs of preferred w1110ws (6 2%) does

not reach the 7 percent level reconmended as a mlmnmm for browse

on good deer: range (Dietz et aZ 1962 Dietz 1965).

However, the protein content of browse selected by moose may -

. be expected to be higher than that reported for the total CAG.

Termmal portlons of winter Salw candtda twigs contamed 7.2 per-

cent proteln, about 13 percent more than the total CAG. Comparlson

- of protem 1evels in the entlre tw1gs of browsed and unbrowsed

: shrubs of the same spec1es reveal that termlnal port1ons of less-

rank growth would contam an even higher crude protem content
Varlous food habit studles have shown that donest1c and natlve

Ungulates can select forage contalnmg more crude protem than the ‘

o averaue avallable on the site (Hardlson et al. 1954; Heady 1964;
. M::Clymont 1967). D1etz and Ye%ger (1959) found thaat mule deer

i preference for b1g sagebrush 1n late w1nter and early spring. was due

to its havmg lngher 'ﬁroteln levels ‘than other spec1es during that

‘ perlod Mooser have also been found to select malndual plants or

specms contalnlng hlgher protem levels than the average avallable .

in the ar'e “LBergerud and%m&‘l 1968 Mlll\e 1969; Peek 1974).

135
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' 2. Carbohydrates

The seasonal trends of acld-detergent fiber (ADF) and ac1d-det—
ergent’ llgnm (ADL) vaned among spec1es and broksed conditions
w1th1.n spec1es. 'I'he generahty that ADF and ADL in current annual
leaves and tw1gs mcrease w1th seasonal progression (Dletz et aZ
1962 Van Soest, 1962 Layeock and Pnde 1970) did not hold for a.ll

ing: -
‘and ADL content in twigs of ‘most species

Lo ’,,. 4y ’ w
showed a marked 1ncrease durlng the summer and a moderate decline

willows examned’

“during late sumer or dormant season. The leaves and tw1gs of
Salw graczlw showed a progressive decl:.ne in. ADL with seasonal
progress1on,' 'I'he cellulose content and ADL*ADF ratio in tw1gs also
mcreased in most spec1es from early to late sumer then remamed
relatlvely stable or showed a sllght declme in the dormant -
‘season Cellulose content in leavee remamed aabout the _Same or
mcreased from early to late summer Levels of ADF ADL and
cellulose were cons1derab1y hlgher in stems “than. wm 1eaves,
however, the ADL : ADF ratlo was the same in both plant parts durmg :
the growm‘, season Seasonal levels of the flbI‘OUS carbohydrate o
components 1n wlllow browse were smular to those reported for other

dec1duom browse (Urness, 1973 Tew, 1970 Short et al., 1972)

Sllver (1976) reported the seasonal levels of 11gnln in Salw:

| ! scoulemana and S. bebbwna browse generally declmed from autunn

to wmter " Dietz (1972) found that with the exceptlon of aspen
and fr:mged sagebrush {Artemsm fr’igtda) both ADF and ADL in-
creased markedly from sprmg through wmter in shrubs: fed upon by
deer 1n Sonth Dakota. Aspen showed a moderate decllne in both

ocmponents fran Summer through winter.

y oL
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The data show the nutn !«v"alue “of willow browse generally
decl:mes w1th seasonal progressmn through September, then .
increases shghtly during the dommant season. Urness (1973) found
"the consumption and nutritional value of ‘central Arizona deer )
: forages were primariljr influenced by phenologlcal development.

. He found the 1n-V1tro d1gest1b111ty of browse declmed as the
1evels of ADF mcreased»w1th seasonal progression. The d1gest1b111ty’
of cell walls is variable and depends upon several factors of Wthh
llgrun is the most important . (Goermg and Van Soest 1970)\ Lignin
acts as a barrler to micro- orgamsms and is negatlvely correla;;ed

“with both dry matter and proteln d1gest1b111ty (D1etz, 1972). ~ Since
the digestibility of cellulose depends uppn 1ts state ‘of 11gmf1- ..
catlon, the lignin frac‘itlon is best expressed as a rat@ of ADF
(Goering and Van Soest, 1970) - Using the lignin ratio method

the eStJmated cell—waall dlgestlbﬂlty of w1llow browse 1n th"s study

“varied from 13 to Zl percent. 'These values are lower than those
' reported from washed moose rumen conten&ﬁ in Alaska (Gasaway
.and Coady, 1974) and other deciduous browse (Short 1971; Dviet ,,197'2').
‘Several factors indicate that tﬁe data may tmderestjmate ‘the
nutritire_' valuej of Wilchws for‘moose_. Drylng of ‘samples at 65°C
" has been shown to artificially increase the acid—detergent fiber and
l1gnm fractions through heat damage (Van Soest, 1964)4. Moose were also
’found'to select 'plantvparts‘ and to discriminate among species of
w1110w and among individual willow plants: The browsek samples .
,oollected represent the total ammal growth of leaves and twigs ‘and

do not_account for selectlve feedlng behavior or the use of only

"
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“the upper portmns of tw1gs whlch contain less ADF and lignin

“than lower portlons and are more dlgestxble.. ST o |

3. Crude Fat
/ | S

The ,crude fat (ether extract) content of w1llad ‘twigs was |
1_oWer in _developmg twigs in early summer than in mature tw1gs
durmg the"\dormnt_ season.- rude fat content in’ shrubs generally
shows }a decrease with seasonal prOgression through July, then an
mcrease in fall and winter (Dietz 1972). Tew (1§70) found that -

crude fat content in aspen leaves mcreased greatly from sprmg

to fall. o o

-In this 'Study, w1110w twigs in the dormant season averaged
4 percent crude fat and ranged from 3.4 to 4 6 percent. These
values are comparable to the crude fat content reported for w1llows

in Wyoming  (Houston 1968) and Alaska (Milke 1969)-

The nutr1t1ve value of crude fats is not con51dered to be as
mportant m rummant nutrltlon as they were formerly thought to
be (Dletz 1972) ThlS is because ‘the erude fat determlnatlon
méludes other fractlons such as terpenes, resins and essent1a1
oils which are not dlgestlble to any extent, and may e\'ren inhibit
Tumen functlon (Nagy et al.’ 1964) It is not known whether the
crude fat fractlon of willow browse contains apprecmble amounts of
non-dlgestlble essentlal 01ls. Smlth (1950; 1952) reported the

" '“dlgestlblllty of ether extract ranged from 23 3 percent to
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68.3 percent among elght shrub spec1es of mportance' to wintering

- mule deer Although the d1gest1b111ty of cmde fat in willow

\ &

. browse is n%t known, the dlgestlble fraction may be ap efficient

‘source of metabohzable energy. This would be partlcularly :

| mportant to moose dunng the long, cold winters experlenced m

northern reglons ' Essent1a1 fatty acids provide approxlmately

2. 25 times more energy than ca‘ohydrates or proteln (Morrison 1954).

A‘calc1um levels, a dequate phosphnmus levels and an acce

4. » Mi.neralaL\/

Ash, calcium, magnesium, phosphorous and sodium concentrations

" were variable among species and between browsed, condltlons - The

highest during the spring and generally decreased W1th seasonal
progressmn. The phosphorous content of young tw1gs (0.27%) was
more than twice that of twigs during the dormant ‘season (0.12%) .
Calcium content o‘f willow twigs was hl,,hest in, 1ate sumer. In
willow 1eaves, a11 mlnerals, except sodlum, showed an mcrease in
concentration with maturity. Sodlum levels 1n leaves were highly
vanable. Similar seasonal trends for these minerals were ‘reported
for W1llow (Salv,x Spp. ) and other shrubs in Colorado (Short et al
1966) and for a varlety of br%wse species used by deer in South
Dakota (Dietz 1972). |

) \
early summeT containedlample

.hllow browse in spmng

table

- calcium-phosphorous ratio. In winter, willow twigs contamed

(‘)
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adequate calcium cohtent , but appear deficient in phosphorous and
had a high calcium phosphorous ratio (4.9_:1) . The minimum calcium
‘and phosphorous requiramnts generall')'_reomutended for maintenance
of domestic livestock under range conditions are 0.32 and 0.17 '
percent, respectively (‘\IAS/NRC 1970) " Beef cattle require 0. ‘1'6

to 0.60 percent calcium and 0. 16 to 0.43 percent phosphorous,
depending on sex, age and condltlon. The desirable calc1un—phosphdrots
ratio is 2:1 or 1:2, although ratlos greater than 2:1 are

_‘ perm1551b1e 1f suff1C1ent v1tam1n D is presbnt in the forage

(Dietz 1970). McEwa.n et al. (1957) found that white- ta11ed deer
could tolerate lower calcium levels than those recommended for
domestic livestock. He concluded that the diet of deer became.
deficient in calciumla:id.phosphorous at about 0.27 and 0.0é percent,
respectively. |

¢ T ek

P a2
~ The magileeiwn concie.nt&a‘t’ion in willow twigs ’ciecreased from'

0.38 to 0.21 percent and in leaves increased from 0.52 to 1.04

percent with.'seasonal progression. These values are considerably

hlgher than magneswm concentrations reported for aspen leaVe¥

(0.03 to 0.25%) in Utah (Tew 1970) and for natlve forage plants near

Inwik (Scotter and M1_1tmore 1973). Short et al. (1966) also re-

ported that magnesiwn values in willows were generally higher than

' ‘thos,e of other forage plants in Colorado. Maynard antl Loosli (1969)

in‘dicated the magneéium requirements of domestic“l stock for growth ‘

was in the order of 0.06 percent ‘of the dry ratlon assum{ngs that

calcium and phosphorous intakes were adequate but not excessive.

If moose requirements for magnesium are similar to that reported
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for domestic livestock, willow browse contains ample magnesium
le\fels\. |

Sodlun content in w1110w leaves and twigs was low durmg all
seasons, It is recomnended that forage of domestic 11vestock con-
tain from 0.05 to 0. 15 percent sochum (\IAS/NRC 1970). Sodium levels

1n W1110w leaves and tw1gs averaged 0. 021 and 0.026 percent,

respectwely . /

The deta snow considerable variation in sodium content. }'I‘nis.
nay be due to contamination during handling of samples a.nd Wthh
often is the oreatest ‘source of error in sodium determnatlons
(Lowendorf 1974) 1 The lowest concentrations of godium recorded are
~about 0. 005 percent. Jordan et al. (1973) found that sodlum
concentratlons 1n woody plants eaten by moose on lee Royale were
so_low, averagmg 0.001 percent, that he doubted moose could meet
their mlm.mum requireQnts from browse alone. He suggested that in
order for nEoose to surv1ve in this habitat, they needed specialized
feeding strategies and unusual physmlovlcal adaptatlons for finding,
stormg, and conserving -sodium. * Jordan et al. (1973) found aquatic
plants contamed 50 to 500 times more sodium than terrestrial plants
.and felt that moose on Isle Royale and" p0551b1y in other reglons

where aquatlcs» were eaten, depend in large part upon this source to

meet their annual requirement for sodium.

| lpersonal commmication, H. Lowendorf, 1974.
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A sodium deficiency in the browse diet of moose may explain
the apparent preference shown for seaside arrowgrass in the study
area. Seaside agrowgrass is noted for its relatively high salt
" (sodium chloride) content iri comparison to other herbaceous forages
(McLean' and Nicholsan 1958). Although seaside arrowgrass is
p0150nous to domestic livestock (Kingsbury 1964) there are [
indications tha:c_ native ungulates are not as susceptlble to plant

poisoning (Johnston et al. 1965).
" B. Response of Willows to Natural and Simulated Browsing

- Results of the simulated browsmg study 1nd1cate that Saliac

_bebbiana and S. dwcolor shrubs are stimulated to greater pro-

‘ duct1v1ty when chpped during the inactive rrrowth perlod or the

: dormant season. Although the number of tw1gs was reduced by all .
clipping intensities, the length and weight of the new CAG was
greater than unclipped (control) shrubs, resultmg in an over£1
increase in browse production the year following simulated browsing.
Removal of the temminal ‘bud and lthus the aplcal dominance has bee}1
sh_own by several researchers to stmmlate tw1g production ‘from the .
dormant lateral buds (Garrison 1953, 1972; Ferguson and Basile 1966)
Fergus:m and Basile (1966) found that tgpping of bitterbrush shrubs
resulted in a nine-fold increase in tw1g production and speculated
that topping catt;ed an unbalanc:e of root: shoot ratio resultln;, in
'a relative abundance of water and mineral nutrients Wthh favors :

-

% shoot growth..
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The: response of CAG to sxmulated.brow51ng in spr1ng was more
dependent upon the intensity of clipping than were the fall and
winter treatments. Fifty and 100 percent clipping 1nten51t1es in

‘spfing generally resulted in an 1ncrease in the number of tw, //1gs

but a decrease in the 1ength and.welght of tw1gs produced the

next growing season. "In spring the 100 percent clipping treatment
had a lower tw1g production than other treatments These findings
are similar to those reported by Garr1son (1972) Garr1son concluded .
that browse utlllzatlon was least detrlmental to shrubs du 1ng &f
fall and winter, when non-structured carbonydrates reserves are

highest, and most damaging during late spring and eafly sumer |

when non-structural‘catbohydrate reserves are the lowest; “

“The response of w1110ws to natural brows1ng was 51m11ar toh
simulated browsing during the dormant season. Salex candida and
S. bebbiana shrubs which were heavily browsed by moose for two or
more winter seasons had fewer twigs but a greater production (weight)

Qf wop&y shoots than unbrowsed shrubs. Different grewth Tesponses
“to browsing were also apparent between species. Browsed Salix
bebbzana shrubs had a three fold reduction in the number of tW1gs
produced w1th a two-fold increase in total twig weight while browsed
Saliz candida shriubs responded with a small decrease in . twig nun-

bers and about a four-fold increase in total weight of twigs

produced.
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-~ Within moderately and heavily browsed Salix candida clumps,
individual seéondary stems responded variously to different
_intensities c;f browse use (Table 30) Browsing during the pi‘pceddng . '.’
dormant season stimulated the greatest twig production. Stems
browsed in‘pre\'rious' years but not the precéding season outprdf&’gted
‘the control stems I;Ut pmduceq less than stems browsed the
precedin'gi season. Ferguson and Basile (1966) found thevincreased. .
growth respbnse of bitterbrush shrubs to topping continued in |
subsequent ‘years, bu; at a déclining.rate. Cémparison of un-
‘browsed stems within mbrbﬁse;l (Table 23) and browsedb (Table 30)
Salix candida clumps in my study, indicated that brdvsing may
have stirﬁulated twig growth (rmmber/ and I'éhgth of twigs per secondary .
stem) throughout ‘the shrub. Cook and Stoddart (1960) however, cogl—‘

cluded that there was little or no -translocation of manufactufed\ ;,

food from one side of a plant to the other when clipping of %
- from one. side of big sagebrush plants caused death of that half of

the plant while the unbrowsed half grew vigoroﬁsly.‘ ' \

_ Stimulation of new fwig growth as a result of-removal‘ofv the
terminal bud is "éom‘monly 'vexplaihed by suppression of aﬁcal dom-
inance (Garrison 1972) Suppression of -apical dominance oenerally
allows two or more lateral buds tor develop as new leaders In
this study, the:\ }villows. subjected to simulated or natural browsing
during the domént season genera'l“ly responded with a decrgase in thé
number of new twigs or leadefs | .The marked increase in total twig

productlon follow1ng browsmg may be due to the change i

ToO0t: shoot ratlo causmg a hormonal mealance (Berg and Plumb, 1972) )

or an overabundance of water and mineral nutrients (Ferguson and -
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Basile, 1966), both of ‘which may favor vigoroustwig growth.

"

C. Rela,timfhips Between Mse and Willow
Moose were found to concentrate on g}ulow dominated commmities
.'dxrmg winter 1n the lowlands near Fort Providence. Aspen and i
pm-w1llow communi ties were the cumnnest forest cover but recelved
relatively llght use. In the willow domnated commmities, the
willow savanna and pattemed fen, w1110ws comprlsed 97 and 72 percent
of the avallable browse and 97 and 99 percent, ‘”respectlvely, of
the browse used by moose. SJ.mllar habitat use was described by

s
Berg and Phillips (1974) in ecologically similar areas charactenzed

by broad expans_es of willow and marsh, commonly found from north-

eastern Mimmesota to north-central Alberta within the transition ’ \\‘{

zone between pralrles and nort.hern comferous forests. These . . .

willow spec1es (Table 10).
E I
and use of willows in each conmmty showed moose were s‘é‘l ¢
certain spec1es of w1110w and avoiding other spec1es of

vd" w‘ i .

Browse preference varied among communi ties but was not- ? 6&1 b . a

to the a.bundance of preferred spec1es. Salw candida w : rq"»ferred:v “
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that willows may be ranked ifl ofder of low to high preference, tm
 use of g particular willow dependent upon the availabiii;y‘of
more preferred species and the site or plant commmity in which

it was growing. Milke (1969) also listed willows in an order of
preferenoe‘md indicated that neither the relative abundance nor

»

species density affected the preferential use of browse by moose in
his Alaska study area.

>

Although preferenoe ;m t}us study was detemuned on browse

_ use thrOughout the winter, field observations 1nd1cated a change

in the mportan::e of plant communi ties and browse species used by ’
nnos'e as the winter progressed» The shift in moose activities from
the pattemed fen, where the 1ow-growmg and highly preferred Saliz
candida was: abundant, occurred about the time of increasing snow‘c "

~ depths and snow crustlng condlthns §1ate wanter). Shring
dbservations showed the use of talI ﬁshrubs Salw bebbiana and
Salix dwcolor, in the w111ow savamma had increased in late w1nter
Severa'l authors (Kelsall and Prescott 1971 Coady, 1974 Krefting,
1974) have shown the nuportance of snow cover as a factor influencing
the availability of orowse, the distrioutioﬁ of moose and moose use
of plant ¢ommmities. . Dorn (1970) ‘found that- as ’vth“e snow depths

- increased during ‘Winter,'the importance of tall species increased .

- while that of short 'soecies decréasedﬂ While snow conditions may
have inflvenced the use of Salix cand‘bda in the study area dumng
late wmter m1d—w1nter observatlons of moose cratering act1v1t1es
111ustrate the high preference or importance attrlbuted to tius

- species, con51der1ng the app;rent effort expended in obtaining'this

browse ﬁrom beneath the Snow.
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‘ 'Ihe hlgh degree of brwse selectwéty shown by moose 1n the
| study area 1s exempllfled by theu' dlscnminaum ammg 1nd1v1dua.1 .

fshnbs withm palatable spec1es » notabiy a Selectxon for those

90

E »mllows vduch had been bmsed 1n prenous seasons (F:.gure D. 'I‘he

\

dl{ect nelatlmshlps betwem the degree of current and prenous use

‘ of 1ndiv1dua.1 wulow shnbs indicates that brwsmg mﬂuenced some

L stlnulated a selective mponse by moose. Se'veral othér studles 'jv v /

- -'pa.latabll;fty" factqr of the next seasgn's grmth Whld’x 1n tum, : ,

have- also noted preferent1a1 browsmg of selected shrubs within a ’ﬁ - /-
»-_'specles (Bergerud and Manuel 1968 Houston 1968) Bergerud and - / -

E Manuel (1968) found moose preferred mCh\rldual balsam f1r with /‘/ '

i ':dark green needles over chlorotlc, 1lght green colored ba.lsam { :

- v_-'Ihese authors found that. pmtem levels 1n dark green f1r were L

o hlgher than in chlorot1c f1r and suggested that. moose were selectmg T

the most nutr1t10us plants Houston (L&S) reported indl\rldual
subalpme f1r trees were often heav11y browsed by moose and suggested._ o
that dlfferences in palatablllty may occv.n' amon,g 1nd1v1dual trees.

-

)

: Other workers (Jardlson et az., 1954 Marten, 1969 Mlll\e,

1969 Westoby, 1974) have examlned the relatlonshlps between pre-
| ﬁerence and palatabihty factors. Spec1f1cally, Heady's (1964)

a ,reuav of palatab111ty showed that h13h p051t1ve correIatlons haVe

‘ ‘been found between forage preference and protem content ‘sugars'

and ether extract wh11e 11gnln and crude f1ber often shoWed a’

negatlve relatlonshlp w1th mcreased preference. In my study, no

51gn1f1cant relatlonshlps between chexnlcal comp051t10n and broyse

o preference of mllows'were found Although chfferences in average



o . smnlar to unbrowsed shrubs of preferred spec1es. The 1nf1uence

B S R o ‘f 18

_ émtnent content beuveen preferred and non-preferred specres of
. 'ullow and between browsed and’ u:ﬂ:rowsed willows of the same spec1es
'was not great, the general trend mdlcated that moose were selectmg

ed mllows were

‘ﬁxer extract and hlgher e

”browse of lower nutnent content. : "
‘ generally lower 1n crude protem, ash!‘_'
m ac1d-detergent flber and 11gnin than mllows of non-prefemd
spec1esﬂo; mbrmsed md1v1duals of the sane spes:ies. Only
nmsture content showed a posn;we although non-51gm.f1cant
‘ ‘xelatmnshlp w1th selectmn for prekusly browsed 1nd1v1duals of

o preferred spec1es. Nblsture content of non—preferred spec1es were

of succulence on palatabll'ty of ’pasture grasses for domestlc

hvestock was 111ustrated _y Dav1es (1925) Swank (1956) found
that forage w1th a cons1s ent hlgh m01sture content was preferred

by deer and cattle. Ml (1969) found that w111cms most preferred

by moose also contalned he h:.ghest mo:Lsture content. Pavlov (l9/73) o0

suggested moose prefef‘ d balsam f1r and mllows durlng the w:Lnter

c becmse mmsture does npt freeze in, the tw1gs of these spec1es

™
Al

}I.n th15 study, 0ose showed a marked preference for 1nd.1V1dual )

“shrubs of palatable s] ecies that had been browsed 1n pre\n.ous

seasons Willows brwsed durlng the dormant season were shown to o

i 9 L]
respond w1th a decrease in tw1g nuxbers and a dramatlc 2to4 fold |

- mcreaSe in the sxze, length and welght “of tw1gs produced the next . ,'
' season. Descnptlons of moose browsmg behavmr mdlcate that moose . |
T Wlll often select indlndual tw1gs and mnipulate them so they can |
vbe consunbd butt flrst (Ge1st 1963) Dur1ng mld-wlnter collectlcms |

£ ,‘.'5 A . ) . E
g A, . -l o . . . :
o oy Y =Y oL . A v
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of browse sanples and sunulated brws”g treatments m this study, |

a greater dlfflallt)’ was encomteteda 1n mampulatmg short tmgs ‘ PR
without breakage of older wood than in mii&pulatmg longer twigs : |

~ from temml leaders or fran pre\rlously browsed shrubs. 'Ihese |
obsemtlms 1nd1cate 1t would be d1ff1cult for moose to- select |

: Jthe relatlvely short current year & tw1g gro.n:h fran unbrowsed -

shrubs w1thout obta:mmg quantities of older wood Such selectlon

. would be partlcularly chfflcult in cold weather when tw1gs are

brittle.

Slnce moose consume 18 to 23 kg of browseg (wet we1ght) pesg - o @
‘ day in w:mter (Verme 1970) ’ conslderable mobility and energy
| expendlture would be reqmred to obtam sufficient browse to nmﬁ-» - | B
tam the Tumen f111 Selectlon of larger twigs from prevmusly
| brmsed shrd)s would reduce browsmg time and feedlng movenents o BRI
,mqulred to ma:Lntaln rumen fill and thus be more eff1c1ent than -
| bro::smg of smaller tw1gs from unbrowsed shrubs (Flgure 13) A
pRF sunllar concept was descrlbed by Des Meules (1965) R who postulated R
that heavy util‘fzdtlon of balsam fu' ﬂ\oose m 1ate w:mter may | ‘
" save energy, smce f1r tw1gs we1gh elght to tlnrteen t:unes more
| than dec1duous tw1gs of smu.lar 1ength and therefore requn'e less y

. time and effort to consume equ1valent amounts

s study, moose were consmu.ng only. the upper half to two R
thlrds of |selected tw1gs Chemlcal analysis of lower, ‘middle and
teminal }V"g portwns showed that the ternunal thlra contamed s

.'hl.gher c icentratlons of crude pmtem, crude fat, and mnerals and
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lower }/evels of acid-detergent f1ber and lignm than lower twig
port1¢ns or the total twigs fram unbrcmsed shrubs. " In browsed
Sau/z oandzda shrubs the crude protem content of termmal tW1g

) porfmns in January exceeded the 7 percent level corxsldered

necessary for Tuninant mamtenmce. Selection of hlgher quallty“
browse by moose may also increase food intake, digestlb,ility and a
lpassage fate‘~through the gut (Gésbw,ay and Coady, 1974). | |

|

These observations\lexld eviden‘ce'.that noése in the study area

were select:mg for the more avallable as well as the more nutrltlous

brow§§ at was readlly obtainable from prevlously browsed shrubs.
ST o
'”Ihls preference for longer twig growth may also explain: why moose

o expmde,d‘addltvlonal effort in cratering through snow to obtaln

" browse from low growing Salix candida clumps or in breaking the

~ wpper branches of Salix bebbiang shrubs to obtain the temminal

L

| oommm1t1es where moose congregated dunng winter, only 7 to 8 percent :

,leaders,

Examin'ation'of moose- food habits in this study indicates that

browse abundance was probably not a la_mltlng factor to the moose

populatlon in the: Mackenz1e lowlands axea In willow dommated

’ of the aval.lable browse was: utlllzed by moose other areas and

a

' winter condltlons may cause a considerable energy a.nd nutr1t10na1 =

plant comnunltles #xamined sustained even less use during winter.

s It is e)qJecteci that, at this latltude the duration and severlty of

strain on’ moose Moose normally experlence a loss of up to 20 -25

v 'pe?céht of body weight between fall “and ‘sprlng (Gasoway and Coady

151
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1974) The relatzvely short growmg season at this latltude wquld‘
A also lmnt the time avallable for we1ght gain fmn the more
mxtr1t1ous summer forage. The marked selectlon of winter browse,
- partlcularly from prekusly browsed -shrubs, observed in thls
| study may be a behavioral adaptatmn to max:unlze lntake of the
nore palatable and perhaps the more nutnuous browse ava1lab1e
wlnle minimizing energy expended during feedlng mergy |
‘conservation through forage eff1c1ency may be extremely mportant
for moose survival through the long and severe northem winters.
. Because of the growth response of mllows to brcmsmg and moose
~ selection of prev10usly browsed shrubs, *this relatlonshlp also acts
. ‘to pexpotl,jate a source of preferred_and perhaps important w1nter

browse.

S

'
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gt T

As as conducted to examine the,, plant commmities and
,«nnose hab1tat use in the 1owlands near Fort Prov1dence, Northwest
Terntones. The prmary Ob] ective was to examine the relatlonshlp

between moose. and willows on a moose winter range.

~Species. oonposulon, herbage and browse productlon and soil
| characteristics‘ were descrlbed for flve plant commun1t1es: sedge
neadow pattemed fen, w1llow-shrub, willow - savanna and - aspen-mllw
.oommm1t1es. Willows were the dominant browse spec:.es in all but
the sedge meadow comnunlty Mean annual production ranged from
| 530 kg/ha in the aspen-w1llow to 2535 kg/ha in the sedge meadow
oomxmmlty Browse productlon in shrub donilnated communities. ranged
from 442 kg/ha_ln‘ the willow savanna to 1406 kg/ha in the willow-
shrtb-conmmiv'ties.. .Availabvle winter brdwse averaged -about 20 |
percent of summer browse in all shrub commmities ‘and about 10

3 /

percent in the aspen-willow commumnity. .
Moose abundance was estmated at 0.21 moose per squape

;A‘lq.lometer 1n the general 1ow1and area and 0.90 per square kllometer ]

in the wgllow commm1t1es used as winter range. in, the study area. \

Total broWSe use and pe, ’et-group counts shcwed moose used the
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Durtu'}g winter, moose e)dxil‘d a marked selection of browse

* -from particular species of willows and from individual shrubs with-
in preferred specles. ‘In the willow savanna .cmm;mity, SaZix
‘bebbiana, S. eandida end S. ‘podophy‘ua shrubs received-sigﬁficmtly
more use while Saliz gracitis and 5. maccalliana shrbs received
51gmi,f3,cantly less use than expected.. Similar trends of preferehoe
_or av01dance of partlcular brow5e species were also found in the
pattemed fen and aspen—w1llow cormugities. * The degree of prevu.ous
browse use (hedging) of individual palatable willow shrubs was
found to have a positive i'nfluence on the probab-ility that the_

~ shrub would be again browsed by.moose. The degree of previous use

also had a d1rect relatlonshlp with the amount ‘of current annual

;growth (CAG) browsed by moose in subsequentyears.

. k_The seasonal nutrient content of six species of willows and
two browsed ‘conditions 'Cbrowsed and mlbroweed shrubs of oalateble
!specms) were examned at four dates durlng the growmg season
' .and once durlng the dormnt Season (January) Crude proteln and
nnlsture levels were greatest in young leaves and twigs and generally
decreased progresswely through the grw:.ng season. A general
increase in twig protem levels (x = 1% of dry _welght)’ occurred
before leaf abscission at the end of the growing season. A'cidi
detergent f1ber and lignin levels in w1llow twigs increased
| sharply early in the growing season before show1ng a sllght general
_ declme in the latter part of the growing season and in the domant
season. vAc;d-detergent‘ fiber and lignin levels in willow leaves

showed a moderate increase throughout the growing season. Ash,
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calcium and magnesium levels in mllow twigs showed a progressive
decline and in leaves a ‘progressive increase with seasonal
progression. Phosphorous content of twigs sha«ed a two fold
_decline between early sunmer and the dormant season. Calcmm?
,phosphorous ratlos 1ncreased from 2.7:1 1n early sunmer to 4.9.1

in the dormant season. Sodiug levels were low 1n willow twigs and
leaves (x = 0.026 and 0.021,- respectively) in a;ll seasons. Average
.crude fat jevels in willow twigs showed a two fold increaseé from

2.1 'percent in early summer 1O 4.0 percent during the dormant season
Differences in nutrient levels were found among species of the

same browsed condltlon but these differendes were 'generally not -
consistent throuJIout the sampling perlod Browsed willows generally
oontamed lower 1evels of crude proteln,\ ash and mlnerals and
hig,her 1eve1s.of ac1d-detergent fiber, llgmn ﬁi moisture than
wnbrowsed vwillo\«}s of the same species. Variation among replicated
‘samples resulted in few significant ﬁlfferences between species or
between browsed conditions within spec:.es I found no relationship

between browse selectlon by moose. and bTowse nutrlent content.

Chemical analyses of consecutwe twig segments showed a
progressive decrease in moisture, crude protein, ash, calcium and v
gnesmm and an 1nc:rease in ac1d-detergent fiber and 1ignin from

the temlnal to dlstal twig portlons

«a

@ i
é af;rmg the

dormant season responded with 'a decrease in the nunbe;‘ of twigs

Willows sub;) ected to simulate

ad a significant (two to four fold) increase 1mproduct10n

. ' K ca
' . !
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(total welght) of tmgs per secondary stem in the followmg g'rowmg
‘'season, The respanse of shrubs to smulated browsing early 1n the
growing season had variable results and depended upon the mtensuy ‘
of c11pp1ng ’I’he 100 percent clipping treatment had the greatest
debilitating effect. an increase in tW1g nm'bers and a decrease
in total weight of twigs produoed per secondaxy. stem. Simulated

| browsmg of shrubs in late summer (August) and in the domant season
had similar effects on tw1g productlon in the following growmg

season.

——

\\\ -3 . » 3 s
It was ‘postulated that moose selection of browse fromkpdjeviox‘jslyw

Srowsed shrdbé of palatable species may be related to_the 'relati/ire
easé of obtalmng sufficient quantities of the current year s
tw1g growth to mamtaln the rumen fill, Selectlon of .the longer
tw1g growth may be a behavioral adaptatlon to maxlmlze intake. of

. palatable and perhaps more nutritious browse (terminal tw1g portlons)
avallable wh;lg mn,ujuzlng energy expended during feeding.®* qurgy
conservation through forage efficiency may be extremely important

for moose survival through the long and severe northern winters.

P
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Appendix B. Mean soil moisture (% dry weight) and soil temperature (°c)
e - at different depths in the wet sedge meadow community in

1973. .
' SAMPLING DATE
30il Depth 25 June 19 July 20 August

Class , -
‘Soith61sturé ) ~ - B ¢
n= 30 0-15 cm 67.2 56.4 ~ 56.4
15-30 em 28.0 23.3 o 22.3
30-45 cm o 22.0 19.8 - 19.7

Soil Temperatu}e -

' n= 60 : 10 cm 9.4 11.2 6.3
20 cm - 6.6 8.7 6.1




