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AB?T~CT: The quality of moose (Alces alces gisa!) forage on the north.­

~·,estern r..ona1 Peninsula, Alaska was eva,Hia~d b}\det~.nnining (11yest1bilfty 

(as t'!. y_1tro dry n1atter disappearance) and levels of fiber, protein, and 

ttlfnerals for one winter and two summer collections. There \'lere significant 

changes in all parameters bebreen summer and winter 1n the major b~fse 

species - paper bfrch (Betula ~aptrffer:!), aspen {Pooul us ~rernu1o1des), 

r,rillow (SaJJx sp.), alder (Alnus sp.), and lowbush cranberry (Jacc1n1urn . 
.,-··· 
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_vitfi:..1daea) and significant differences among edes \'lithin seasons. 

Considering all factors; alder and willow r ked as the best summer browse 

plantS and lowbush cranberry as thfi oores ; in winter, aspen and lowbush 

cranberry ranked best and paper birch poor--est. rlowever, since the different 

SPecies provide different nutrients, sufficient quantf:ties of all five 
! . ' ,- '·. . > .. ' ' . ' ' ,_ ' ' . '• ', . ' 

s:pec1es could better meet the neeas of moos~ than any' one.. The northern I . . .· . . 
I 

Kena1 moose range, once mult1spec1es habitat, is now dominated by paper 
i 

birch; this 1s I ·' .. ,. ·' .... 
1fs decfin!ng. , 
I 
I 

relatively PQ()r __ ydnter\f()rage •. ar1d thfr mtiose· P'?Pulati~n ... 

'-------------~- -------·----------~----- ----
/ The quality of plants ttiat .wild ungulates eat has been given little 
I 

I . 

1 scrutiny. Yet, on both SUfllller and wfnter range, quality 1s as impor~nt as 
I 

quantity fn p;aintaintng healthy ungulaj:e population~~ Jn a study of moose 
' . ' . ' . 

forage C~an et al. (1950) r~c9gn1zed til~ relationships between range . 
. ·' 

quality, carrying capacity, and the success1ona1 stage of the forest. They 

notedspec1f1cally that fats (ether ext~cts), to.tal carbohydrates, and 

proteins in the vegetation of - 6- and a 20 to 30-year~ld forest were 

superior to thostf of a 70 plus-year-old forest; and th.at the most nutritious 

forage was founq 1n the younger forests. Klein (1970) discussed the rela- . 

!~ tionships betwe~n, quantity ()f. high-quality plants and deer growth rate and 

; ~ / body size, productivity and survival, and changes in age and s~_x ratio; ne 

J ~ 1

1 

concluded that h1gh~q_ua11ty range 1s necessary for healthy deer populations .. 
<0 ; ~ I 01etz (1970) <fef1ned a high-quality plant as one that 1s palatable to 
, LO I 

; ~ J the animal, has. adequate levels of necessary nutrients fn the proper ratios, 

!__j has a high apparent dfgestfb111ty, produces des1rable proportions of vola-

tile fatty ac1ds, has adequate levels of m1nerals and vitamins. and is 
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efficiently converted into components required by tnH consumin~ dnimnl. 

Some researchers have looKed at one or several of thes.e components of qual­

ity, but no one has looked at all of them with r0spect to wilJungulates. 

· This paper presents data we have collected to corrlj;iare and define the-quality 

of the important browse plants eaten by moose 1 n suuai1er and winter on 

Alaska's Kenai Peninsula~. The ch~racteristics we used~-.tO. describe brows~ 
. . 

quality were: in vitro dry-matter disappearance (IVDMD). fiber content~ 

pr:'Qte1n content~, and .. the cof)centra.tion of 18 min~ra:l ele.rnent~. . 
'' '"'. · : .' I, .,·,:.•. ' • • :·.~·~'-"::·.,• ,_<:' ·'/·._·.;·;·,_~.·:..·,-·,.. ,1:>:' 1"~/1 •:l '' ' ' ' ·. , ·,.· •,'· ". ' .. '··,~-··:~- ·, '.'.'" .·.·-·;' , • , ", , 

.·. -... · .·Til~ stu~ too~ place on the Kenai i1ation~J. r~ose;~Rd.•l9e at- the Kenai · .. :. · 

Moose Research Center~ a cooperative research project of the Alaska Depart .. 
- . 

n~nt of Fish and Game and the u~s. Fish and Wildlife Setvice. The Center 

is located in the northwestern lowlands of the Kenai Peninsula. About 40 
~· ' ' ' ' ' ' - - . . . ' 

percent of the 1 ow lands were burned dur1 ng a 125,455-h.a. fire tn 1947. lhe 
·.--. _, , . . . . . . . :'. ., - ' 

land is _rolli~g: and covered by podsol so11s that ate· glacially· scoured and 

dot ted w1 th nUIIlerQUS. lakes anq j)ogs. M"ture Whit~ sp·t.~ce ·(Pi cea :i) aut;!)_,·_ , 
: •, '"{• 

paper birch, and aspen rerna1n as islands wtth1n the burn. RegrO\'ith cons.1sts 

mostly of black spruce (P. mariana), paper birch, willow and ·aspen, with 

paper birch producing OYer 8Q percent of. the annual browse prod~ct1on. The 

major shrubs of the unburned stands are aspen saplings and highbush cranberry 

(Y1burnum ~dule). Grqund vegetation in both the burned and unburned stands 

is dom1 nated by l~bush cranberry. bunchberry (Corn us J:anadensis), rose 

(Rosa ~cicularis), twinflower {l1nnaea borealis), and firetieed (Epilobium 

~!!,g!JSti fo 11 um). 

;11 though woody browse 1s poorest 1n quality of the year's food supply, 

1t 1s the r.tainstay of the moose's winter diet. LeResche and Davis (1973) 

studied food selection by moose at the Kenai f1oose Research Center and 
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fauna that paper birch and lowbush cranberry were by far the n10st important 

species eaten during the winter on normally bro\iSed range. Hillow, aspen, 

alders and dwarf birch (J!. nana) are sparse and thus ara not as ·1:aportant 

here as in interior Alaska (Coady 1973) or other parts of the range of 

moose (Peek 1974} • 

. ~•e '~ish t~ thank. V. J... Burton for in vitro and fi b.;r ana lyses ai1d 
'-- ,- '-- ' . - ' 

G. R •. Sm1 th for crude protein determinations done at the Palmer Research . ' . 

C~nt~r of the University of Ala$ka Institute of Agricultural~ Science. 

P~rts of the study we~ financed·:~~ Fe~e~al~td. ,~~· rJ1ldli:.i~j;~estoration. 
. - - . - ' ' ' . ~- - ' ' . :' 

Project i'J-17-R. A~ Loren Ward. Ann H. Jones. and Charlss· P. Stone cr1t-

1ca11i reviewed· the manuscript~· 
' • ~ < - .- ' ' 

i'l£THOOS 

,.,. ~ We eollect;d"pl~a~~··~t twC) periods of their ann~l Hfe cyc1~~ In. 

o~d~r to sa~le'n~tf"iehb present during the growing season, we collected . 
. . ., .' . ·, . . 

''· '' 

current annuol gro~th stemS and leaves during early Augus.t 1973 and early 
• • ' < ' ' ,· 

July 1!~74. Two or three. sarnpl~:s of each species were c:ollected in 1973, 

and only one. sample of ~ach species was collected in 1974. All plants in 
. . . 

these sunmter collections came from in or near the Moose Research Center, 

except for one sample of each species which canJ: from trie Kenai Mountains 

(elevation 610 m). To re.pres~nt the dor~nt p~r1od, we collected six . 

samples of each of five browse species in late January 1974 from ... sites in· 

or near the r.foose Research Center. The winter samples consisted of 

current-growth twigs except for the Saftllles of: 1owbush cranberry. Because 

th1 s shrub does not drop its leaves ·1 n w1 nter and rooose appear to browse 

·, ,., 

,., J ••• 



r
~ 

' l 
1 

"··""J 

01 demeyer et al. 5 

it to near ground level, that sample consisted of all above-ground por-:­

tions of the plant, 

Since earlier. studies (Oldemeyer 1974} showed l'ittln variation in 

IVOt4D anxmg 1nd1v1dual ·plants of a specie~ from the sarrte collection site, 

i'lll samples consisted of material clipped froni seve.rill plants within a 
"' ' -. ;_',· . . . . . '<·· . . " ···,·. 

sHe. unti 1 ·.at least 100 9rams were obtained:. ··.In a:H, c:a~.~t;·,·we attemptect . 

to obtai·n maxim~ diversitY,_ 111 cover, ~pographj, ~ncfsoils between. col~ 
. ;'; :~·-~ ·' 

lectfori sites. ' 
'' -?.r f:·--: ·~·· {:-~:·_. ·. ;· 

ground to pass' through a JO .. mesh screen. Each sample was divided into 

•.. three. portions: , One ··for Jn vft~ di~stfon, on'e for .. fioer and prot~in· 

analysis.; and one for mineral d~tennfn~t1Qn. · 
' . • • ' • • ) ·, c.' ' ' '" • 

THo series of IVottJ trials were conducted. one us1 ng moose inocula 
,. 

~>2nd one for. co~anson using inocula from adomestic. rumi~ant. The trial.s · 

'using 'moose inocula b~gan ~1 thf n' 3 week~ of. each fo f#~''tbllect,fon af}d .··' 

. ioll~~e;d .· ~te ~roced~~e ~~cribed, b; Tilley :and Ter~.·~;·.~~~; as·. ~~~i~1ed .. 
. . , ·_ 

by Pearson ( 1970). Dup11cat:ct or triplicate tubes .were -t"un of each satitple. 

Six. blank tubes i;irld six tubes with a standa.rd calf radon were run as 

standards. Rumen liquor inoculum was from moose captured in or adjacent 

to t~1oose Resear"ch. Center enclosures; pres~ly their diet was the noru~al 
\ . . . -, ,;_.. ', '. ,. ·.'.' . . '' ' . . ··. 

sea.sona1 fo~ge eaten by moose 111 ~at area. The rumen liquor ~as collected 
. . d . 

into a preh~ted vacubfilbottle, by stolnach puffip from live w.oose:.or frc)m 

freshlykilled moos~. an(! the trial began within 3 hours of the liquar 

collection. 

The trials using ·inocula from a domestic rum1 nant were conducted at 

the Palmer Research Center. The inoculum source was a rumen f1stulated 
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ilolstein dairy co\'i on a diet of mixed grass hay and blended.dairy concen­

trates. The t\'lo-stage Tilley and Terry (1963) procedu1·e \'tas modified by 

the tise of a carbonate-limited buffer and direct acidification in lieu of 

centrifugation before second-stage di g.est1on with pepsin {R. i-t. r·1eyer 

1971lt personal colllmunication). These trialS with dai-ry cowinocula 

,, f~'lloVied those. usi'ng moo~e inocula; by &~ 4 ~ and 0 \lieeks' ·respectiv~~y. 

Fiber was analyzed by the procedure outlined in the. USDA Agriculture 

Handb()ok tf379 (Goering an~ V~n- Soest 1970L . Crucie pro.tein was estimated 
• • ' • ••• • ,' ' • < • 

s•: ~· : 

by using 'the. factor 6 ~25 to convert nftrogen detcrn11:n:ed· 'by the Kjeldanl 
'· ._.,::< . •' :·, ~-· · .. ' ·, ·,_ ·.· ·· ...... 

technique (A. l).A. C. 1970) •. 

Plant sa~_les for m1 neral an~ lysis were sent to the- Trace Element 

Center, Cleveland Metropolitan· General Hospital. They· were dried at 55C 

for 48 hours; t~en 100 mg of each sample was digest~d at room ter:1perature 

by 10· nd 'of a, 4:l'.;m1~ture· of- ·eon~ntra.ted nitric. an;cr per¢hloric acids .. 

After d1gestiot1-· t~e material was diluted with water and analyzed by 

· atomic absorption. spectroscopy .. 

RESULTS AND DISCUSSION 

Digestibility 

In the past, analyses of forage qualt ty have alniost solely concentrated 

on carbohydrates, fats~ proteins, and minerals. While these indicate the 

potential va·lue of the plant, detenn1n1ng its d1gest1b1li ty 1~. an important 

additional step that gives a measure o_f the availability of those nutrients 

to the animal. we used IVDMD as an estimate of digestibility; it was w1ti11n 

the range found by others working with mule deer {Odoco11eus ilem1onus) and 

elk (Cervus canadensis) forage {Ward 1971, Dietz 1972) and s1m11ar to what 
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leResche and Davis {1973) found with Kenai moose forage early in the 

growing season. During the ~r, ~der ~nd lowbush cranberry were 

significantly 100re digestible than the other four plant species (Table 1). 

In the winter, asp~ and lowbush cranb~ were the most digestibles 

willow and paper birch were intermediate, and alder was least digestible 
. : . --- --::::___--

(Table 1). ·Of the five species tested at both seasons, IVOMD of all 

but one (aspen) was greater in sun:mer than in the winter. Dietz {1972) 

also obs~rved better d1~~st1bt11ty in swr•mn· and relatet;Llt to l~er 

acid-detergent fiber and 1tgn1n content at that tilTS. 

The correlations of IVDMD as detennined wfth moose inocula and dairy 

C0\'1 inocula seelll!:·d to tmprove when we decreased the time interval between 

trials. Pearson (1967) found that IVDMD of forage changed when inoculum 

collection was delayed. He concluded that inoculum-source animals should 
• < • "• ' 

' '{/'· 

,, be grazing the kind of forage being tested and that trials should begin 
: f . 

soon after forage collf!ttion. In August 1973, when the trial with cow 

inocula began 8 weE!kS after the one with moose inocul'i ~nd almost 11 weeks. 

after forage collection, correlation between the two tnocul um sources 

was low (r = 0.24). We thin~ it unlikely that the plants' d1gest1b111ty 

changed radically while in storage, and since the Holstein's food supply 

was constant, we cannot explain the poor correlation. That winter, the 

trial with cow inocula began 4 weeks after the one with moose inocula, and 

the correlation was better Cr. • 0.84). The sumuer 1974 trials ·\>1ere run 

simultaneously so that the two inoculum sources could be directly compared, 

but the correlation did not improve.(~ • 0.83). As would be expected. 

moose inocula tended to digest woody material better and dai~ cow inocula 
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tended to digest the grasses __ imd forbs- of tho surll!r..er 1974 trial better · 

(Tab 1es 1 and 2). 

F1ber Content 

Carbohydrates were analyzed by Van Soest •s- (1966) _system. Rather than 
•' .. ··' 

descrfb1ng carbohydr~tes as_ nitrogen-free extract·aft~',crude fiber, this 

system uses the categories of cell-wall constituents·. a~id detergent fiber 

{ADF) and l1gni11; these reflect the value of ~rbohydta~es. to the ari1mal •. 
" ·.' ; , .. , ' ,··-. ·:· ,··: :•' ' . ·,· ·_. :.':"'· . -; , .•. ., · .. J ·:. :.·· .· " ·- ,_-. 'F'·' : . . . ,; ' 

The cell conte11ts (}00 perc;ent minus· c~ll walls).. (lre -~the- more readily 

utilized nutrients andiinclude protein, soluble carbohydratess soluble 

minerals and lipids. Van Seest· (1971) regarded the cell walls as the most 

. important components of feeds of plant origin bec~use they are relat~ to 
o -. ; ' • • ' ' ' ' • ' ' A 

-_ net energy~ to the efficiency ratio (net energy/to~~l ~igestible. nutr1-
,·.. ·, ' ,\ ··.: ,, . 

ents), and to voluntary intake of feed by the ·ait'illiar.: ADF 1s the 11gno~ 

cellulose portion of the;plant, and its determ1mtt1orfa·hows one to calcu­

l~te hemicellulose (cell walls minus ADF) and cellulose (ADF minus lignin). 
' ' r • ' ' ' ' 

Hemicellulose ~enqs to be of greater benefit. to the animal than cellulose, 

. and 11gn1n 1s the undigestible portion of the plant. 

Table 1 shows the results of analyses for cell walls. AOF, and 11gn1n. 

In all five species we examined during both seasons (Table 1), percent cell 

w~lls was greater in winter ~an in the SUIIJJler, probably because we conb1ned 

, lg~\les with twigs. Aspen and willow h•d s1gn1ftcantly higher percentage of 

cell walls 1n the winter than the other three species. Like Van Soest 

( 1971), we found the percentage of cell walls greatest 1 n grasses and lowest 

1n forbs (Table 2). Percentage of cell walls was intermediate in shrubs. 
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liGnin content dur1 ng tl'iC! Silil'lllier \'J~s higher 1 n aspen than in the other 

species, and both aspen and Yrillow had oore lignin ·in the summer than fn 

vl1nter (Table 1}. Interestingly, aspen had more l1gnin in leaves than in 

twias Juring su1rar.er, which ~nay explain fts higher summer lignin content;· 

however, willow did not follow that pattern (Table 2) •. The lignin content 
'. -· . _. . ' ' . 

1n the tWigs' and leaves of shrubs was higher than in any of the grasses, 

forbs, or aquatics. Our1ng the winter, paper birch had· significantly. 

mor~ lignin than the: o.ther species we analyzed. 
,_. --- . . ·. ' . 

Protein Content 

f-1ost workers (Bissell and Strong 1955, f'ilorrison 1954, Dietz 1970) 

cons1der protein the most important plant nutrient because it provides 

nitrot:Jen required by rumen microorganisms for gr-oWth and 1s essential for 
' .. -~ , 

body maintenance, growth. repr()duct'lon, and lactation. Excep·t for low-

bush cranberry, the plants we examined had considerably higher protein . 

levels in SIJIJiner than wfn~r (Table 1). In sunxner, all plants b~,tt lowbush 

cranberry had mo" ~an 12 percent protein; in winter. none had as much as 

10 percent protein and lowbush cranberry was lowest with 5.4 percent. The 
,'f·• 

seasonal changes fn protein levels of deciduous shrubs have been weli docu­

mented (Bissell and Strong 1955. Tew 1970, Dina and Kl1koff 1973) and 

apparently refle~t 4ffferenc~s in moisture and phenology. Because 1t 'is 

an evergreen shrub, lowbush cranberry apparently maintains a relatively 

un1 font protein level year-round (Oldemeyer and Seemel 1976). Alder and 

paper birch had winter protein levels htgher than the 1 percent Dietz et 

al. (1962) recommended as m1ninwm for browse on good mule deer range. 

Milke (1969) reported wfnter protein levels of less than 7 percent in ~1ree 
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of four species of Alaskan willow he ana·iyzed; his Villuts vJere not greatly 

di ffer·ent from ours. 

1·11 ne ra 1 Content 

Kubota {1974) and Franzmann et al. (1975) discussed the importance of 

dietary minerals to the basic body processes and the difficulties of inter­

preting the results of forage mineral analyses. In our study. only e1 ght 

e 1 ements consistently appeared 1 n amount$ over 1 ppm (J'a~les 1 and 2). Of 
' '' 

the others, B&rcury .. and selentum co.ns1stently occurred 11'1 .. trece amounts 
'. . ·.;:· ./' ; ' - ·- ·: -'.-, ,, - .. . 

(less than 0.05 ppm) 1n all species, lead consistently occurred 1n trace 

amounts in alder, cobalt occurred spoNdically at trace levels in all 

species, and ch~9011um, cadmium, nickel, molybdenum, arsenic, and aluminum 

were not detected. 

The seasdnd' difference$ in m1.nera1 concentrations (Table 1) were 
' . 

striking. For the five species collected at both seasons, calcium, potas-

sium~ and magnes1UID concentrations w~re 126 to 501 t1n~e~ higher 1n sunmer 

than 1n winter; copper, iron, and zinc were 9 to 129 tin-es higher; and 

sodhcn ~.,as 2 to 3 times higher. Winter mineral levels, fn general, were 

lower than those required by domestic cattle for optimum nutrition (Church 

1971); but, most minerals attained acceptable levels during sunrner. Manga­

nese was not detected in alder, aspen, and willow in sllnmer 197~; in winter, 

manganese was present but extremely low (1 ppm). Rojas et al. 0965) 

observed deficiency symptoms in calves from cows fed less than 17 ppm 

manganese during gestation. In sUJIIller 1973 we found more than 17 ppm man­

ganese only in lowbush cranberry, but the swnner 1974 samples of paper 

birch~ willow and lowbush cranberry contained much h1ghar levels than 1n 

. ··,,· 
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sunvner 1973 and in most cases, more than 17 ppm (Table 2). Kubota (1974) 

reported still higher manganese levels in birch (7$8 ppm), \'11llo~J (309 ppm), 

and aspen (61 ppm) ~ollected from the Kenai Peninsula. 

Consistent differences in mineral concentrations were observed between 

twigs and leaves in the swm1er 1974 samples. Except for potass1 um and . 
. . . . . 

s~diwn," pilper birch leaves had higher levels than t\'1fgs ai1d the co1ibined 

· s~mple was intermediate. Aspen leaves had higher levels than twigs for 

all minerals, an~. '~illow followe~ ~hat patt.!rn excep~j~o-r copper and: 

sodi llli.~ 

M1 nera 1 values for other shrUbs and some herbaceous p 1 ants browsec1 

by moose in the .sUillller are also·listed 1n Table 2. Kubota et al. (1970) 

report~d S()lile mineral v~l ue$ fQr f1 rt}\ri~eq,; bJtjEJ~int, (~"alarnagros~t1s 

· ~anadensis) and lllpine (Lup1nus sp.) from the Kena:f P~.n.fn~ula that .. , . 

,, ·; .· 

. ·:, dft'fe~dslibstan~ially. fro~ 6~r~~ Since we have observed gr£:at differences · · 
' . . . ~-~-~~~;,:_:_.~:__:__:;."--='-= 
I. 

hi the ~arne species betwee11 years even when many of the· samples were col-
. --.------
lected from the same or nearby areas, the differences between our results ? 
and theirs may perhaps be explained as natural yearly variation. 

Browse Quality 

Others (Short 1966, Brown;md Radcliffe 1971) have attempted to cor­

relate dry-matter digestibility with various other nutritive parameters 

(cellulose content, organic matter, energy digestion) in an effort to bet­

ter understand the meaning of IVDMD trials and more easily describe browse 

quality. For winter browse, we obtained low or 1nsfgn1f1cant correlation 

coefficients between IVDf.10 and percent cell walls tr • 0.15), AOF (r. • 0.04}, 

and lfgnin (! • -0.44). In soomer 1974 we made an effort to collect a 

~ ---~- ~- - ------------------:---:-,--. --~:----· 
·- ... -"-- ----··· -----.. -- -· ----- --. -·-"-.---·---··-'""':"-~---~----- ' 
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greater variety of plant types and observed better cm·rt:lations between 

IVDi·1D and cell walls (!. • -0.36), ADF {r • -0.54)~ ar.d lignin (!_ = -0.51). 
' . 

While these. sh(1,11ed real and exper;ted relationships oetHeen digestibil'ity 

and the faction$ of fiber, tlie relationships ~tere not strong enough to 

warrant est1mat1.on through regression. 

The pre,c1se detenn~n,ation ~f the highest quality forage species is 

probably impossible. for example there are complex i ntetactions between 

a plant's cOmponents, their chemical. dynamics, their dtgest1bfl1ty, their 
. •: ·,, ; . . ' ' ~ ' . ' ' (. ·. 

efficient use by the anfmal •. and. the animal's mini1num requ1 rem:!nts. How-
. ' ' '")\ .· ,:;·· ,· .'·i~·/··~··:<-',,.'·~"···:"'·h~· . '.•:/·•/ .·· ! • 

. c;:ver: 1n an attempt to rank .the species 1n terms of general qualit.y,, we 

~:~sed " Frfedmar:t Tes.t. For each constituent (TabT~ l} we ranked the species 
·. ·.t:·: ' . 

from best (rank 1) to poor•st~ and sur.aned those ranks over all the analyses 
'. 

perforn:ed. By this criteria, there were no significant differences among 

·Van Soest {1971), Walters {1971),· •nd Ammann et al. (1973) discussed 

the relatfon.,betwe~n rat~ e>f d1ge$tfon and voluntary intake of forage by 
• •. . I • •' ', ,, - . ., :·' '•. > • ' ' 

ungulates •. At low lew,tl$ qf 4ey matU,rdfgestib111ty. A111nann et al. {1973) 

found lower 1ntake with lower-quality forage. Since law-quality forage 1s 
: 't. 

hi the rumen longer, it· pro~bly undergoes more complete ligno-cellulose 

d1gest1on but provide$ less available energy than high-quality forage which 

passes through the animal rapidly. Thus, the anin~l may not obtain enough 

energy from low-q~al1ty browse to meet its requirements. Cra~ton (1957) 

thought tha~ 1 f a forage we lit. consumed f n amounts to meet energy needs, it 

\'lould nonnally meet the anfma1's needs .w1th respect to prote,1n, calci~, 

and phosphorus. While we have not fnvest1gated energy relationships between 

moose and their w1nter diet on the Kenai, paper birch!) the most comnnn and 
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. ·most used of the five majot" browse. species ranked fourth in digestibility, 

hitd the highest lignin content, and ranked fHJorcst overall as ~vinter brm·;se.­

Thus we suspect that the winter· diet for moose on tile_ K~na1 is energy 

deficient. 

coi-,t(us 1 oas _ 

Data, on the productivity of the Kenai moose popul:ation ~~pport our­

concl us1on th~t this are~ 1s pQor win~ ... raoge.- Tti~J~ffeC~$ of_high ana 
; ... ,·. ' '. . "":.. . - ; . . ·--;,· ·.- ) { ·', . .. :~· ·i,:, -: '.: '"•: ·. ;::~--' ·::- :"----- ---:. ,.,: __ '\',· - _; •. ·;_ ._,. : ' ' ; -- . ' • . -

-clearly· demonftrated (Cheatum and -Severinghaus lS5tJ, ld~1n 1964~- Venne, 

1965). ---_ K1e1~ (-1970) _reported that deer on a poor qual fty range weighed·· 
·,. -••. ·:. . . . ' - •.• -. -·. - ' ·l 

- less. The average weight ()f .1& lldult noose_ of both ~exes trapped out,st~e 
• - _. ~ --- • -. ... ' - • ' • • • • -- ' ' -- ! • -.' 

the Kenai Noose Research Center during the fall, winter, and spring 1973 

~s ."38519; -~~p~re(j ;~ith 4~'tg rfor 19 adult -·mQb$~ f~m the Tima~a valley 

on poor quality range$ have,_.l~r f~rt11,tty an(J poor~r f(1Wn-.surv1v~l. __ 
'• > ' \ • '' '• ' • ', " ' ' r ·, 

Fra~zr•1anna~d:-Ameson (1973!2_3, 1974:16) rep~rted low pregnancy rate$ fo~ . 

. cow moose t11ey:;~xalJI1ned between January ~nd. Aprfl at the Moose Research 

Center:, In 1973':,. 6~ percent of 21 cows 1n Center enclosures and 76.5 
-~ ' . . . ~-- : . - -· . . . . . . . . .. . . ,_ 

percent of ~ free-ranging tOwS ~re pf:egnant; and in l974. 50 percei.t -of -
···'. ' ~ ;·, --· ; - , __ _. .. ~ . 

10 enclosed ·cows and .fiil pe~rit of 14 ·tree-rangfng coWs were ,pregnant. In-

. ·.contras.t, Ho~ston (196~8} .in ;:m1ng.and:Rausch and Brat11e (1965) ~n-
i\laska reported pregnancy rates near 90 percent. Finally. the Kenai modse 

population is decreasing. M1d-wfnter aerial surveys. snowed that tne moose · 

population on the northern two-thirds of the Kenai National Moose Range 
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decr~ased from an estimatt:d 7 ,:JOO in 1971 to 3,~00 in Un (Kenai l~ational 

Moose Range files). 

Dead moose are commonly observed tn winter and necropsy 1nd1cates 
. . . 

. . . 
starvation; the logical conclusion is that the winter range 1s not suffi-

cient in quality or 1n quantity to support the populathm. If the Kenai 

range supported a larger population 5 or 10 years earlier, why won't it do 

the same now? Are nutrients deficient? Our data show low winter levels 

of protein 1n all plant species •. .s well as low levelS· of manganese and 

several other trace elements. but we see no reason ta,,pr~swne that these 

levels are greatly different from what they were several years ago. The 

only change ·that 1s apparent on the northwestern Kenai~ ij_t_he .tnange 1n 
. ---

plant species composit1~ We now have a winte:t rarjge;. dom1na.ted by paper 

birch where once there was a multispec1es range of birch, w111ow, aspen. 

and perhaps some, alder. 

The results of our analyses demonstrate the importance of browse 

variety in the d1et of moose. For example, alder and paper bfrch supply 

hi9her winter levels of protein, whereas willow and lowbush cranberry are 

better digested and contain higher winter levels of calc1wn. Sufficient 

quantities of five winter browse species can more adequately meet the 

nutritional needs of moose than one species, however abundant. 

Spencer and Hakala (1964) have estimated that the productive life of 

a burn as good moose range is 20 years. By now the 1947 burn on the Kenai 

'~nt1ona1 Moose Range 1s probably marginal moose range; low-quality winter 

browse predominates and the moose population 1s decl1 ning. 



Table 1. Quaiity of moose browse collected in August 1973 and January 1974. Analysis of variance with Scheffe's test was performed within seaso 
means followed by the· same superscripts were not different (Cl ... 0.1). 

Sum 
of 

Season; species IVDMD ~%) Fiber (%) Protein Macroelements C:el!m) Micro elements C:l!2m~ r.ank 
and number of Dairy' Cell (%) 
sites sampled Moose Cow· Walls ADF Lignin Ca K Mg Na Cu Fe Mn Zn 

Summer 

Alder 3 48.oa* 34.6b._: · :J3.4a,b 26.9b 10.9 b· 15.8a 6063a,b 5913a 2022a,b 66.7a 17.5a 87.3a ND* 23.3a,b 36.0 
. b" .. 

·.'19 4b b 0 14.9a 3920b 55 50 a -1730b 55.0a 11.3a 60.5a,b 45.0a,b Dwarf IU:rch 2 41.4a 34.2 . 
.l. '. 

23.3. 13.9.·. 4.9 50.0 

Paper Birch 3 37. 7a 30.8b .. · J7.4a 3o.5a,b 13.9b 13.7a 4608b 6520a 2038a,b 66.7a 7.5a 82.7a,b 12.3 69.2a 46.0 

Aspen 3 40.8a 42 .1 a'.< ' 38 • 2a 39.3a 21.8a 12.5a 8672a 7217a 2147a 65.0a 5.2a 51.0b ND 5o.oa,b 50.0 

Willow 5('1 42.2a a· 40.3. · .. J2.4a,b 33.8a,b 16.la,b 14.0a 8759a .· 5906a 2100a,b. 65.0a 14.9a ss.oa,b ND 41.0a,b 37.5 

Lowbush 3 50.7a . 39.18.:· .. 33.ia,b 29.3b 12.6 b 5.7b 4920b 43838 . 1328c ss.oa s.sa 5l.3b 17.6 8.3b 53.5 
cranberry 

Winter .· 

Alder· 6 29.6c 28.1 c ~ 41:2b 33.5c 14.7b 9.6a 19b 26b sb 22.8a 0.3a 5.6a: . c. 
0.9 0.2c,d 41.5 

Paper ~irch 6 33.8b,c ·. 8c,d ,7 b.· 25. . .. q .1' 38.7b 18.4a s.sb · llc. 22b 5b 22.7a 0.3a: 5.3a b' 1.4 . 0.7a 45.5 .... 

Aspen 6 44.8a 42.0a·: · 52.9a 39.8a,b 14.2b 6.lc,d 17b sa a 6a 23.2a 0.38 . 5.98 0.7c 0.6a,b,c 31.5 
.. 

Willow 6 34.7b 
. b. 

32.2 ·. .SLla· 44.58 · · 13 .. 8b 6.4c,d 2lb 37b 4b 22.78 0;38 S.la o.sc. 0.6a,b,c 40.0 

Lowbush 6 41.8a · 40.8a~ 3i. 7b. 31.9c 13.2b 5.4d 27a ;' .36b 5b · 22:sa 0.2a 3.2a 1.9a 0.3b,c,d 36.5 
. cranberry 

* IVDMD • in vitro. dry-matter disappearance; ND • not detected. · 



Table 2. Quality of moose forage CoJlected during July 1974. 

IVDMD i'%) Fiber (%~ Protein Macroelem:ents (J2J2m) Microelements (E,em: 
'Dairy Cell (%) 

Moose cow walls ADF Lignin Ca K Mg Na Cu Fe Mn 

Grass 
Blue joint 48.1 s·s. 9 69.8 37.8 3.7 9.8 617 9799 1481 74 22.3 58 30.9 
Carex sp. 41.4 53.8 78.4 33.4 5.9 9.9 2107 8330 2056 93 33.1 70 38.7 

Fqrbs 
Meily<tnthes t:rif91iata 92.3 85.9 30.4 16 .• 1 3.6 13.9 1080 10954 1007 718 19.1 113 36.6 

62.2 
. ' :~ '· 

5.4 4588 Fir'eweea ·· 64.7 23.8 19.3 11.9 7863 2008 76 12.2 62 23.7 ' 
Lupl:ne 56.9· 84.4 23.1 1s:.8 3.7 24.3 11425 7413 1052 75 20.6 119 7.1 
Potamogeton sp. 73.1 80.7 32.2 17.7 2.4 17.1 5690 10032 1072 3919 24.2 130 28.2 

! Shrub.s 

I Paper. birch 
n.i3 Leaves 43.1 47.6 29.0 19.5 8.3 16.9 1543 2128 23 20.9 105 181.8 

Twigs 25.8''· 23.5 56.1 43.2 16.8 9.0 586 4905 - 1842 81 16.6 67 62.8 
Combined 42.6 38.6 38.3 26.0 11.0 13.9 773 7479 -1892 63 16.7 78 141.0 

bwarf ~birch .42.6 ~.8.1 36.5 27.3 14.5 16.8 631 5503 646 74 15.2 86 109.1 
•:' ·, 

Aspen " 

Leaves 56.8 57.6 36.3 29.9 17.6 13.8 2377 10478 1997 100 14.5 96 31.3 
Twigs. 64.1 ' 56.1 46.2. 36.5 13.4 8.3 791 7492 1286 88 11.3 78 9.4 

.Combined 57_.4 36.8 28.6 14.4 12.6 2126 7516 1818 106 11.9 81 15.1 

Willow 
Leaves 54.8 . 41.2 27.6 22.2 11.6 13.5 2613 8519 1891- 93 15.8 115 66.2 

.- 43.3 .... 

-Twigs 42.6 ' 44.9 40.6 18.2 6.9 1198 3878 714 110 20.3 87 ' 13.0 
Combined 57.8 41.7 26.6 23.9 12.7 13.2 788 5055 893 105 22.7 92 21.9 

Lowbush cranberry 44.3 38.5 50.5 44.6 23.8 7.6 699 3691 1426 72 13.8 44 111.8 

Highbush cranberry 52.8 64.4 37.8 28.2 13.1 10.3 3284 10798 2112 106 21.0 50 24.4 
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