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; ABSTRACT: The quality of moose (Alces alces gigas) forage on the north~

) ; vestern Kenal Peninsula, Alaska was evaluated by. detemining digestibility

 (as in vitro dry matter disappearance) and levels of fiber, protein, and
winerals for one winter and two sumer col ],ections. There were sigmficant
changes in aﬁ parameters between summer. andl ﬁd nter in the major browse

species - paper bﬂ'ch (Betula papyﬁfeka) aspen (Punulus tremulotdes),

B P S

- OnReserve! f S

& w:«ﬂ*‘*”



" Oldereyer et al.

3 3755 000 59203 0

vitis-1daea) and significant di fferences amoig ecies within seasons,
Consiéering all factors, alder and wiliow'r ked as the best sumrmer browse
plaits and lowbush cranberry as the Qoores ; in winter, aspen and Towbush
cranberry ranked beStrand'paper birch péb}ést rowever, since the df fferent
species provide different nutrients suffic1ent quantxnies of a]] five |
species could better meet the needs of moose than any one. Tne northern
ﬁenai moose range, once muitispecies habitat, is now dominated by paper .

blrch this 1s relative]y poor winter fbrage, and the moose popu]ation ‘

ﬁs dec}ining e ..~;;§V A :>~, N“v ;m
| , e S N

|

The quality of plants that wild ungulates eat has been given little
j scrutfny. Yet, on both sumuer and winter range, aquality is as important as
quantity in maintaining healthy ungulate populations; -In a study of miose - .
forage Cowan et al (19a0) recogni:ed the relationships between range
quality, carnying capacity, and’ the successional stage of the forest. They "
noted specif#cal?y that fats (ether axtracts), total carbohydrates, and
proteins in the vegetation of a 6- and a 20 to 30—year-old forest were
supérior to those of a 70 plusgyear-o]d forest; and £h§t the most nutritious
forage was fcung,fn the younger forests. Klein (1970) discussed the rela-
tionships betueén}qugntity pf.hfgh-qQality plants and deer growth rate and
body sfze, productivity and survival, and changes in age and sex ratio; ne
concluded that high-quality range is necessary for healthy deef populations.
 Dletz (1970) defined a high-quality plant as one that s palatable to

the aninal, has adequate levels of'necessaryvnutrients {n the proper ratios,

has a high apparent digestibility, produces desirable proportions of vola-

|

tile fatty actds, has adequate levels of minerals and vitamins, and {s
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kéfffcient}y con#ertéd:intb components required by tne ébhsuming animal.

Sore researchers haQe ]ouked at one or several of these components of gual-
ity, but no one has loéked at all of them with respoc* to wild ungu]ates.

- This paper presents data we nave collected to coaware and define the qua1ity
of the important brawse plants eaten by moose 1n Suiuer ‘and winter on
:Alaska 5 Kenaf Peninsu]a The characteristics we used tc descrine brcwse

quality were 1n vitro dry-natter disappearance (IVBME) fiber cantent,

- iiprotein content, and the conuentration of 18 mxnera] elements.;_ 5;¢&,

Tne study tnok p]ace on the Kenai ﬂationa? Moose Rdnge at the henai
Moase Research Center. a cooperative researcn nroaect ef the A]aska Depart~ ,
ngnt of Fish and Ganm and the U S rish and Nildlifé Serv1ce The Center
is located in the nortiwestern Towlands of the Kenai Peninsula. About 40
percent sf the 10w1ands were burned durinq a 125 445-ha fire in 1947, The |
*land is rolling and covered by podsol scils that are' olacially scoured and |

' dotted wi»h numerous 1akes and bogs Mature white spruce (Picea gjauca),

.paper birch and aspen remain as. islands within the burn. Regrowth consists' |

hmstly of black spruce (P mariana), paper bfrch, willow and aspen. with
paper birch produc!ng over 80 percent of the annual browse productian. The
major shrubs of the unburned stands are aspen sap11ngs and highbush cranberry

(Viburnua eduie) Ground vegetation in both the burned and unburned stands

1s dominated by 10wbush cranberry, bunchberry (Cornus canadensis), rose

(Rosa acicularis), twinflower (Linnaea borealis), and fireweed (Epilobium
anqustifolium). | ‘

Although woody browse is poorest in quality‘of the year's food supply,
it 1s the mainstay of the moose's winter diet. LeResche and Davis (1973)

studied food selection by wmoose at the Kenai Moose Research Center and
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founa that paper birch and lowbush cranberry were by far the most important
snecies eaten durihg the winter on normally browsed range. Hillow, aspen,
" é]der, and dwarf birch (B. nana) are sparse and thus are not as‘importanf
here as in interior'hlaska {Coady 1973) cor other paris of the range of
noose (Peek 1974) ‘ | 4

e wish to thank V. L. Burton for 1n v1tro and fiber ana%yses und
- G. R, Smith for crude protein determinations done at the Palmer Pesearch

ACenter of the University of A}aska Institute of Agr1cultura1 Science

~ Parts of the study were financed by Federa] Aid in‘uildiifé Restorat1on
Projectlu-17~R5 A Loren Ward, Ann H. Jones, and Charles P. Stone crit-

fcally'fgvienéd'theJmanusctipt;1~'

ﬂgTH DS S
we colTeeted plants at twa periods of their annual Iife cycle. In

i arder to sampTe nutrients preSent during the growing season, we collected S

current annual growth stems and leaves during early August 19?3 and ear1y_ﬁu?fﬂjr . o

July 1974 Two or three samples of each species were collected 1n 1973 |
and on]y one samp]e of each species was collected in 1974 All plants in
these summer co]lections came from in or near the Moose’ Research Center,
except for one sample of each species which came from the {enai Mountains
(elevation 610 m). To represent the dormant period, we collected six
samples of each of five browse species in late January 1974 from sites in
or near the Moose Research Center. The winter samples consisted‘of
current-growth twig§ except for the samples offlowbush cranberry. Bacause

this shrub does not drop 1ts leaves in winter and moose appear to browse
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it to near qround level thatjsann1e>conststed ot-alT'aboVe;grounddnore
LfOHS uf the plant 4 | ‘ |

c1nce ear11er stuoies (Oldemeyer 1974) showed Tittle variat1on 1n '
IVDHD anmng 1nd1v1dua] p]ants of a species fron ne seme5c011ect10n site;v

all sanp]es consisted of mater1a1 c]ipped from séVér31? 1

ants w1thin a

5.4 ;we attempted

'f>!51to unt11 at least 100 grams were obtained I ’a,muw

| to obtain maximum diversity 1n cover, topography, and soils between col-

‘ Fground to pass through a 30-nesh screen B Each sample was d1v1Jed into
- three portions One fbr 1n vitro d1gestion one for fiber and protein
analysis, ond one for mineral determination.,

- Tm ser1es of IVD"'&J tr1als were conducted one udno moose 1noou]a

‘i'iiand one for compardson using 1nocu1a from a domestic ruminant. Thc tria]s

"iAﬂ:using noose inocu?avbegan within 3 weeks of each f ‘]1ection and

"followed the procedure described by Til1ey and Terry ('; B)ias mod1f1ed -
' by Pearson (1970) Dup11cate or trip]icate tubes were‘run of each sahnle.
%aix b]ank tubes and six tubes w1th a standard calf ration were run as ;{"
standards Rumen liquor 1nocu1um was from moose captured in or adjacent
to Moose Research Center enclosures presumably their d1et was the normal
seasonal forage eaten by moose 1n that area._ The rumen liquor was co]lected
1nto a preheated vacumm bottle by stonach pump from Tive moose -or from
freshly kil]ed moose;‘and the tria] began within 3 hours of the quuor
collection. - | : '
- The trda1s us¥ng fnocula from a domestic rusii nant were conducted at

the Palmer ReSearch,Center. The inoculum source was a rumen fistulated

.,&athe plants were‘oven dried at 4Dt for 4o hours andfoaeww;jﬂfh*f
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Holstein dairy conion a diet of wixed grass hay and blended dairy concen~ -
tratéc. The two-stage Triley and Terry (1963) procedure was modified by

the use of a carbonate—limifed buffer and direct afidification in Heu of
centrifuqation before secona-stage digestion with nep51n (R. # Meyer

1971, persona] commun1cat1on) Tﬁe3c tr1als with dairy cow’ 1nocula

" folloved those using noos e 1nocu]a Ly 8 4, and U week,, rcspect1Ve1y

Fiber was ana]yzed by the procedure cutlined in the USDA Agr1cu1ture

‘ dandbook #379 (Goerinq and Van Soest 1970) Crudc protein was nstinated

by usinn the factor 6 25 to convert nitrogen deter&
techniqu_ (A 0. A C. 1970).

‘ 'ed’ by the hJeldahl

Plant sampleS‘for minerclHanalysis were sent to the;Tracé Elewent
Center, Cleveland Metropolitan General dospita] Th;y’Wére"drféd at’SﬁC
for 45 nours then 100 g of each sann]e was digested at room tenperatur'
‘{% by 10 m] of a»4 b m1xture of concentrated nitric and perchloric acids.

ﬁ»After digestion the material was diluted with water and ana]yzed by

o f"atomic absorption spectroscopy.

RESULTS AND DISCUSSION
Digestibiiity |

In the past; analyses of forage quality have aliwost sqlely concentrated
on carbohydrates, fats, proteins, and minerals. While these indicate the
potential valne of the plant, determining its digestibility 1§.an 1mportant
additional step that.gives aymansurezof the availability of those nutrients
to the animalc We used IVDMD as an estjmate of diqestibilicy;'it was within

the range found by others working with nule deer (0docoileus hemionus) and

elk (Cervus canadensis) forage (Ward 1971, Dietz 1972) and simflar to what
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LeRescﬁe and Davis (1973) found with Kenai mmoose forage early in the

growing season. During the sunmer, alder and lowbush cranberry were
d %——.——_—-——.\ ~

stgnificantly m°f§ﬂ§1§£§£iéls than the other four plant species (Table 1).
In the winter, aspen and lowbush cranberry were the most digestible,
willow and paper birch were intermediate, and algfr.was 1?§§5L§ﬁ§f§§191§
'(Tab1e 1) of the five species tested at both seasons, IVOMD of all

but one (aspen) was greater in sunmer than in the winter, Dietz (1972)
also observed better digestibility in summer and reTéiégpitktgilqweraw

| acid- detergent fiber and Iigﬁin content at that time.

The corre1ations of IVDM& as determined with moose fnocula and dairy
cow inocula seemed to {mprove when we decreased the time interval between
trials. Pearson (1967) found that IVDMD of forage changed when inOcqum
- collection was de!ayed. He concluded that inoculum- source aninm]s shou]d
‘émbe grazing the kind of fbrage being tested and that trials should begin
"fsoon after fbrage co?lection. In August 1873, when the trial wjth cow
inocula began 8 weeks after the one with moose 1hocd?§jand almost 11 weeks
after forage collection, correlation between the th~fﬁO€ulum sources
was Tow (r = 0.24). We think 1t unlikely that the plants' digestibility
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 (r = 0.84). The sumer 1974 trials were run
simultaneously so that the two inoculum sources could be directly compared,
but the correlation did not improve (r = 0.83). As would be expected,

moose Tnocula tended to digest woody material better and dafry cow inocula
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tended to digest the grasses and forbs of the sumer 1974 trial better -
(Tables 1 and 2). | |

Fiber Content ,

Carbohydrates were analyzed by Van Soest s (1966) system. Rather thun
describing carbohydrates as nltrogen-free extract and cruae fiber, this |
-system uses the categories of cell-wall constituents acid detergent fiber |

(MDF) and llgnin, these reflect the value of carbohydrates to the animal

- The cell _contents. (l00 percent minus cell walls) are. the more readlly

© ents), and to voluntary 1ntake of feed by the anlmaf5

utllized nutrients and‘lnclude protein, soluble carbonydrates soluble
mﬂnerals and llpids.. Van Soest (1971) regarded the cell walls as the most
1mportant components of feeds of plant orlgln because they are. related to

net enerqy, to the efflciency ratlo (net enerQYItotal digestlble nutri- |

‘»cellulose portlon of the plant and 1ts determlnation allows one to calcu-
late hemlcellulose (cell walls minus ADF) and cellulose (ADF minus 1ignin).
| ‘emlcellulose tends to be of greater benefit to the animal than cellulose, S
o and llgn1n 1s the undigestible portion of the plant. ' |
o Table 1 shows the results of analyses for cell walls ADF and lignin. , o
In all f1ve specles we examined durlng both seasons (Table 1), percent cell
w@lls was greater in winter than in the summer, probably because we combineqv
’leéyes with twigs. Aspen ond:willon had slgniflcantly hlgher’percentage of
cell walls in the winter thenfthe other three species. Like Van Soest
(1871), we fbund-the percentage of'cell walls greatest in grasses and lowest -

in forbs (Table 2). Percentage of cell walls was intermediate in shrubs.
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sznin content during the sumier vas higher in aspen than in the other
Spécies, and beth aspan and wi%low had more lignin in ;he SLUBEEr thaa in
winter (Table 1). Inmterestingly, aspen had more lignin in leaves than in
twing ddr’ing suinzer, which may explain its Mghér suimer 1ignin content;

however, willow did not follow that pattern (Table 2) ~ The Tignin content

,1n the twigs and 1eaves of shrubs was higher than in any of the grasses,

forbs, or aquatics. During the wfnter, paper birch had significantly -

more 11an1n than the other species we analyzed

Protein cOntent

Most workers (Bissell and Strong 1955. Norrison 1954 Dietz 1970)

Vcoastder protein the most important plant nutrient because 1t provides
nitroqen requ1red by rumen microorganfsms for grnuth and is essential for

“‘féfbody maintenance. growth. reproduct1on and lactation. axcept for }qg-j )

bush cranberry, the pIants wa examined had considerab]y ‘higher protein ;, ,
levels in summer than w1nter (Tab}e 1) In summer, all piants butiiowbusﬁ ’
cranberny had more than 12 percent protein, in winter, none had as much as -

10 percsnt protain and 1owbush cranberty was Towest with 5.4 percent. The

| scasonal changes in protein levels of deciduous shrubs have been well docu-

mented (stsell and Strqng 1955, Tew 1970, Dina and Klikoff 19?3) and
apparent}y'fefféct differences in &oisture and phéhoibng Beééuse 1t is
an evergreen shrub, lowbush cranberry apparently maintains a re1§t1ve1y
uni forw protefn level year-round (0ldemeyer and Seemel 1976). Alder and
papar birch had winter protein levels hiéher than the 7 percentroiétz et
al. (1962} recomﬁanded as minimum for browse on good rmule deer range.

Milke (1969) reported winter protein levels of less than 7 percent in three
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of four species of Alaskan willow he anslyzed; nis values were not greatly

different from ours.

‘Minera3 Content

Kubota (1974) and Franzwann et al. (1275) discussed the importance of
. dietary minera]s to the basic body processes and the difficulties of inter-
preting the results of forage minera] analyses. In our study, only eight
alements consistently appeared 1n amounts over 1 ppm (Tables 1 and 2).
'kthe others mercuny and selenium consistently occurred in.trace amounts
(less than 0_05 ppi) in all species, lead consistently occurred in trace
amounts in a!der, cobalt occufred sporadically at trace levels in all
species, and chramium, cadmium, nickel, molybdenum, arsenic, and aluninum
were not detected.
.1 The seasonal differences in mineral concentrations (Table 1) were
‘ kstriking. For the five species co?)ected at both seasons, calciun, potas-
sium, and rmagnesium concentrations were 126 to 501 tinmes higher in surmer
than in winter; copper, wron, and zinc were S to 129 times higher; and
sodium was 2 to 3 times higher. Winter mineral levels, in general, were
lower than‘those required by domestic cattle for optimum nutrition (Church
1971); but, most minerals attained acceptable levels during summer. Manga-
nese was not detected in alder, aspen, and willow in summer 1973; in winter,
manganese was present but extremaiy Tow (1 ppm). Rojas et al. (1965)
observed deficiency symptoms in calves from cows fed less than 17 ppm
mancanese during gestation. In»summer 1973 we found more than 17 ppm man-
ganese only in lowbush cranberry, but the summer 1974 samples of paper

birch, willow and lowbush cranberry contained much highar levels than in
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suimer 1973 and in most cases, more than 17 ppn (Table 2). Kubota (1974)
reported still higher manganesé levels in birch (735 ppm), willow (309 ppm),
and aspen (61 bpm) coliected.from the Kenai Peninsula.

Consistent df fferences 1n mineral concentrations were observed betweer
_tmigs and leaves in the sumner 1974 sanp]es Except for potassium and
sodiun, paper birch leaves had nfgher levels than twius and the COhblned
~sample was intermediate. Aspen leaves had higher lgvg]s than twigs for
- all minefa1s, and willow folidyeq that pa#térﬁhexééﬁi*fb%”qbppef and'

Mineral values for cher shruﬁé‘and some herbaceous plants browseg
by moose 1n tl‘ze.,swmier are also;“]isted in Table 2. ‘Kuhﬁta et al. (1970)

, reporfed some mineral values-for fireweed,, bluejointw(CaJ&nagrostis

"'canadensis and 1upi1e ( up1nus sp ) fron the Kenai Peninsula that -

ézdif?bred substnntially from ours. Since we navL observed great differenC¢s

'1n the same species between years even when wany of the samples were col-

1ected from ‘the same or nearhy areas, the differences between our results :$?f

and »heirs may perhaps be explained as natural yearly variation.
. —— A A R

Brbwse'Qua11ty

Gthers (Short 1966, brown and 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
guality. For winter browse, we obtained low or insfgnificant correlation
coefficients between IVOMD and percent cell walls (r = 0.15), ADF (r = 4.04),

~and liénin (r = -0.44). In sunmer 1974 we made an effort to collect a
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greater variety of plant types and observed better correlations between
IVEID and cell walls (r = -0.36), ADF (r = -0.%4), and Tignin {r = -0.51).
While these showed real and expected relationships between digestibility
and the factions of fiber, the relationships were unet strong enougii to
'warrant estimatian through regression.

~ The precise deternination 6? the hignest quality forage species i3
probab]y 1npossib]e. For examp]e there are complex interactions between
a plant s components. their chemfcal dynamics. their digest1bility, thexr
heff1cient use by the aninal and the anima}‘s m1n1mum requirements How~
ever, fn an attempt to rank the Species 1n terms: of general quality, we
‘used a Friedman Test. For each constituent (Table 1} we ranked the species

from best (rank 1) to poorest and sunmed those ranks over all the analyses

nerfbrv@d Ey th1s criteria there were no significant differences among

"‘~i§:the species éun‘él(u - 10)

. Van Soest (1971) walters (1971), and Ammann et al. (1973) discussed
the relation betueen rate of digestion and voluntany intake of forage by
unnuiates. At low levels of dny matter digestibilit/.immmnn et al, (1973)
fbunu lower intake with louer-quality forage. Since IOw—quality forage 1s
in the rumen longer, 1t probably undergoes more complete ligno-cellulose
digestion but provides less available energy than high-quality forage which
passes through the animal raéidly. Thus, the animal may not obtain enough
energy from low-quality browse to meet 1ts requirements. Crampton (1957)

hought that 1f a forage were consumed in amounts to meet energy needs, it
vould normally meet the animal's neéds‘uith respect to protein, calcium,
and phosphorus. While we have not {nvestigated energy relationships between

moose and their winter diet on the Kenal, paper birch, the most common and



"‘;‘ {‘ on pcor qualfty ranges have Iawer ferti!ity and poorer fawn survival.

_{‘ccnclusion that this area 15 paor winter range Th‘°

F Franzmann and Arneson (}973 23 1974 16} reported low pregnancy rates for

Oldemeyer ot al, , o ;

{"' mc§t used of tﬁe‘fﬁQévmajor‘BhowtefspeéiéS rankedff0uﬁih‘1n digestibility,

?ﬁéd the highest lignin content, and'rankéd bdcf&st overall as winter brow e,

n‘us we saspect that the winter d1et for moose cw tae kena1 is enerqy ,‘

defic:ent

" ccucu wws

Data on the productivity of the “enai moose population support our

o low, quality ranges or diets on deer productivity and growth nave been
‘clear]y denmnstrated (Cheatum anid Severinghaus 1350 Kletn 1964 Verﬂm
‘1-; 1965) Klein (1970) reported that deer on a poor qual1ty range neighed
 ?j1ess The average weight of 18 adult moase of both sexes “trapped outside ,‘j

l{ the kenai Moose Research Lenter during the fall winter, and spring 19?3

,;‘h g4385 kgs compared with 409 kg for 19 adult moose f mmthe Tanana Valley o
"Vf,near Fairbanks where Coady (19733 fé]t the weight
| matcated fdvoruble ranqe conditions. Klein (1970) r'iportea that dee"

, f”cow rodse they examﬂned between January and April at the Hoose Research

| Center. In 1973 62 percent of 21 cows in Center enclosures and 76.5

-g....—--—--'—"'

~‘percent of 34 free-ranging cowWs were pregnant, and in 1974 5& percent of 1_ ;¢U

‘10 enclosed caws and 64 percent of 14 free—rangi ng Ccows were . pregnant. In

M__

“ﬂcontrast, Houston (1968) 1n Wyom{ng and Rausch and Bratlie (1965) in

 Alaska reported»pregnancy rates near 90 percent, Finally.rthe Ken;ikmudSe o

populatfon is decreasing. Mid-winter aerial surveys showed that the moose

population on the northern twe—thirdsAof the Kenai fational Moose Range

growth of moose RN

i'fects of high and . :V;f[f'vj |
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decreased froiw an estimated 7,906 in 1971 to 3,560 in 127% (Kenai national
Moose Range files).

Dead moose are comuonly observed in winter and necropsy indicates
starvation; ihevfdgfcai conclusion fs fhat the winter range is not suffi-
cient in quality or in quantity to support the population. 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 Tow winter levels
of protein in all plant specles, as well as low Te?éié*of mangatiese and
several other trace elements, but we see no reasen to:presume th‘af these

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

only change that is apparent on the northwestern Kenai fs_the change in °C
plant species comy We now have a winter range dominated by paper P

birch where once there was a multispecies range of Lirch, willow, aspen,
j?% and perhaps some alder. | .
| The results of our analyses demonstrate the impo?tance of browse
variety in the diet of moose. For example, alder and paper birch supply
higher winter levels of protein, whereas willow and lowbush cranberry are
better digested and contain higher winter levels of calcium. 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 1ife of
& burn as good moose rahge is 20 years. By now the 1947 burn on the Kenai
lational Moose Range is probably marginal moose range; low-quality winter

browse predominates and the moose population fs declining.



Table 1. Quality of moose browse cojlected in August 1973 and January 1974. "Analysis of variance with Séheffe'g test was performed within seaso
means followed by the sape superscripts were not different (o« = 0.1).

Sum
: of
Season, species IVDMD (%) ] Fiber (%) Protein Macroelements (ppm) . Microelements (ppm) rank
and number of Dairy . Cell o %) . ~
sites sampled Moose Cow - Walls ADF Lignin Ca K Mg Na Cu Fe Mn Zn
Summer
Alder 3 48.0%8%  34.6%7 43.420  26.9® 10.9°° 15.8% 6063%'° 5913% 20222° 6.7 17.5% 87.3®  w*  23.3%P 6.0
S : oo 5 ' b ; |
Dwarf Birch 2 41.4%  34.2°. :29.4P 23.3% - 13.9% 14.9% 3920°  5550% 1730 55.00 11.3% 60.5%® 4.9 45.0% 50.0
Paper Birch 3 37.7%  30.8%- 37.42 30.5%:b 13.9®  13.72  4608P 6520 2038%'P 66.72 7.5 82.7%P 12.3 69.22 46.0
Aspen 3. 40.8%  42.12738.2% . 39.3% 21.8% 12,5 8672% 7217% 2147 65.0° 5.22 51.0° ND 50.02:>  50.0
Willow 57 42,22 4032 32.4%° 33.8%P 16.1%P 14,0 8759%  5906"  2100%® 65.0%° 14.9% 85.0° w  41.0™P 375
Lowbush 3 50.7% - 39.1% 7 33,1%b 29,3 12,6 5.7 4920  4383* 1328 . 55.0% 5.8 s51.3°  17.6 8.3  53.5
cranberry L : I
Winter ST
Alder 6 20.65  28.1% 412®  33.5°  14.7°  9.6° 19° 26 5P 22,82  0.32 5,67 0.9 0.2%d 41,5
Paper Birch 6 33.8%¢ 25.8%% 471" 3s.7% 1842 8.5 1uC 22b 5 22.7%  0.32 5,32 1.4% 072 455
Aspen 6 44.8% 42.0% 52.9% 39,830 1490 6.1%90 17> - sg? 62 23.2° 0.3 5,08 0.7° 0.6%:b:c 31.5
' Willow 6307 - 32.2%7510% 0 gas? 138 6a®d 2P 3P 4 2af 0 sa1f 0.8° 0.6%PC 0.0
Lowbush 6 41.8% < 40.8% 37.7% 31.9¢ -13.2° 548 272 o3P 5P 2382 022 3.2 1.9 0.3%:%9 36,5
_ - cranberry : ‘ : ' T

* IVDMD = in vitro dry-matter disappearance;

ND = not detectgd.~



Table 2. Quality of moose forage cqllected.during July 1974,

IVDmnff%) - Fiber (%) Protein Macroelements (ppm) Microelements (ppm
- pairy Cell (%) | , ‘
Moose cow . walls ADF Lignin Ca K Mg Ra Cu Fe Mn
Grass o
Bluejoint 48,1  55.9 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
. Menyanthes trifoliata 92.3  85.9° - 30.4 16.1 3.6 13,9 1080 10954 1007 718 19.1 113 36.6
Fireweed 62.2 64.7 23.8 19.3 5.4 11.9 4588 7863 2008 76 12.2 62 23.7
Lupine . 56.9 -+ 84.4 23.1 18.8 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
fShrubs‘ |
i Paper. birch N . N
: Leaves 43.1 47.6 29.0 19.5 8.3 16.9 1543 7273 2128 23 20,9 105 181.8
5 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
i' pwirf birch 42.6 ,ff§§.i 36.5 27.3 14.5 16.8 631 © 5503 . 646 74 - 15.2 86 109.1
- Aspen o o o o
] Leaves 56.8 ... 357.6 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
E Combined - . §7,4' 3.8 - 28.6 14.4 12.6 2126 7516 - 1818 106 - 11.9 . 81 - 15.1
" Willow e o _— |
% Leaves 54.8 " 41.2 27.6 22,2 011.6 13.5 2613 - 8519 1891. 93 15.8 115 ~ 66.2
~ - Twigs : 42.6 - 43.3 44,9 40.6 18.2 - 6.9 1198 3878 714 110 20.3 87 0 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 Lf 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




Uldemeyer et al. 15

LITERATURE CITEL

Armiarn, A. P., R. L. Cowan, C. L. Mothershead, and &. R. Daumgardt. 1973.
- Dry matter and energy intake in relation to digestibility in white-

tailed deer. J. Wildl. Manage. 37(2):195-201.

Association of Official Analytical Chemists. 1970, Official Methods of -
~ Analysis. 11th Ed. MWashington, D. C. 1015 pp.

bissell, H. D. and Helen Strong. 1955. The crude protein variatfons in
the browse diet of California deer. Calif. Fish and Game 41(2):145-
185. | | - -

-

"~ UBrown, D. C. and . C. Radcliffe. 1971. Prediction of in vivo dry matter, .

CU% - organie ﬁétigr; and energy digestibiiities of siféée'by in vitro diges-
- tion techanues. Aust. J. Agri. Res. 22(5):787~7§6?

- Chieatun, E. L, and C. W. Severinghaus. 1950. Variations 1n'ferf111ty of
white-tafled deer related to range conditfons. Trans. No. Amer. Wildl.
Conf. 15:170-190. |

Church, 0. C. 1971, Digestive physiology and nutrition of ruminants.
Vol. 2. Oregon State Univ. Bookstores. Corvallis. 401 pp.

Coady, J. W. 1973. Interior Moose Studies. Alaska Dept. of Fish and
Game. P-R Proj. Rept. W-17-4&5. 54 pp.



(lderever et al. 16

Cowan, I. M., H{. S. Hoar and J, Hatter. 1950. The effect of forest suc-
cassfon upon the guantity and upon the nutritive values of woody plants

used as food by moose. Can. J. Res. 28 Sect D.(5):249-27.

Crampton, E. W. 1957.. Interrelations between digestible nutrient and
erergy content, voluntary dry matter intake, and the overall feeding

value of forages. J. Anim. Sci. 16(3):546-552.

Dietz; D. R.-»IQ?O; Animat.production,and-forage guality. Pages 1-9 in
H. A, Paulson, Jr. and E. H. Reid, Cochairmen. Range and wildlife
habitat evaluation - a research symposium. U.S. Dept. Agric. Misc.

Publ. Mo. 1147. 220 pp.

7 Dietz, D. R, 1972. Hutritive value of shrubs. Pages 269-302 in C. M.

McKell, Cha1rman. Wi{ldland shrubs - their biology and Qtilization.
U.S. For. Serv. Tech. Rep. Int-1, 494 pp.

Oietz, D. R., R. H. Udall, and L. E. Yeager. 1962. Chemical composition
and digestibility by mule deer of selected forage species, Cache la
foudre Range, Colorado. Colorado Game and Fish Dept. Tech. Publ. 14.
39 pp.

Dina, S. J. and L. G. Klfkoff. 1973. Effect of plant moisture stress on
carbohydrate and nitrogen contént of big sagebrush. J. Range Manage.

26(3):207-209.



17

Oldereyer et al;, g
Hoose Research Center Studies.
Alaska Dept. of Fish and Game., F-R Proj. Repttfw~17-6, 17 pp. ‘

Franzmann, A. . and P, D. Arneson. 1973,

Moose Research Center Studies.

1974.
65 pp.

Franzmann, A, lii, and P. 0. Arneson, .

X Alaska Dept. of'Fish‘and_Ggme. P;R'Rrej, Rept. W-17-6.
Franzmann, A N., J L. Oldemayer, and A. Flyin.
ch N Mer Moose Cﬂnf. and workszmp, Proc., bﬁnnipeg,

19?5, Minerals and

!
F‘%OOS e

Manitoba Can. (1n prﬁss)
. K and P. J. Van Soest 1970 Foragé;¥i5ef[analy5is;‘zAgfg"

aaarinq,
. Govt. Print. Gff. 20 pp..

B j © iandbook 9. U.3
; :

R Houston, D 8

.
IR Tpton Nat Hist Assoc Tach Eull No. 1.

e Ca

1968 The Shiras moose in Jackson Ho]e Hyoming. eraﬁabvf
]10 pp.

;gA <1nin, D R. 1964“ Range related differences in growth of deer reflected ,
in skeletal ratics J Mamma]. 45(2) 22&-435 \ '

Klein, 0. R, 19?0;‘ Food se]ectfon by North &merican deer and their -
fésbonse to over-util1zation of preferred plant species.. Pages 29-46 -
Animai popu]atfons in re1ation to their fbod ‘

1n A.‘Watson, ed
Blackwe]l Sci Publ . Oxfbrd

' sources. Brit. Ecol Snc Symp. 0.

| 477 pp.



sldemeyer et al. - 15

~h

Kubota, J. 1974. Mineral composition of browss piants for noose.

Haturaliste Can. 101(1):231-305.

Kubota, J., S. Rieger, and V. A, Lazar. 1970. Mineral composition of
herbage prnnsed by moose in Alaska. J. #ildl. Hanage. 34(3):565~-563.

LeResche, R, E. and J, L. Davis. 1973. Importance of nonbrowse foods to

#ilke, G. C. 1?69. Some moose-willow relationships in the interior of

Alaska. M.$. Thesis. Univ. of Alaska, College. 79 pp.

Morrison, F. B. 1954, Feeds and feeding., 21 ed. The Morrison Publ. Co.

Ithaca, N.Y. 1207 pp.

(ldemeyer, J. L. 1974, Nﬁtritive value of moose forage. Naturaliste

Can. 101(1):217-226.

Oldeeyer, J. L. and R. K. Seemel. 1376. Occurrence and nutritive

quality of lowbush cranberry on the Kenai Peninsula, Alaska.

Can. J. Bot. {la-press). 54(7).'4[‘-770-

Pearson, H., A, 1967, Effect of delays in inocolun collection on

artificial rumen digestibilities. J. Range Manage. 20(5):332-333.



© C

Widemever et al. 19

Pzarson, d. A. 1970, Digestibility trials: 1in vilro tecihniques.

Pages 85-92 in H. A. Paulson, Jr. and E. i, Reid, Cochairmen.
Range and wildlife habitat evaluation - a ressarch sympusium.

U.S. For, Serv. Misc. Publ. No. 1147, 220 »p.

Peek, J. M. 1974. A review of moose food habits studies in North

Anerica. HNaturaliste Can. 101:(1):195-215.

Rausch, R. A. and A. Bratlie. 1965. Annual assessrents of moose calf
preductioh and mortality in southcentral Alaska. Ann. Conf. W.

Assoc. State Game and Fish Comm. 45:140-146.

i

" Rojas, W. A., I. A, Dyer, and W. A, Cassett. 1965. Manganese deficiency
| in the bovine. J. Animal Science. 24(3):664-667.
|

Short, H. L. 1966, Effects of cellulose levels on the apparent digesti-

!
[
!i
!

bility of feeds eaten by mule deer. J. Wildl. Manage. 30(1):163-167.
; .
Séencer, D. L. and J. B, Hakala, 1964. Hoose and fire on the Kenat.
; Tall Timbers Fire Ecol. Conf, 3:11-33.
5
ﬁ%w, R. K, 1970. Seasonal variation in the nutrient content of aspen

foliage. J. Wildl. Manage. 34(2):475-478.

Tilley, J.M.A. and R. A, Terry. 1963. A two-stage technique for the
in vitro digestion of forage crops. J. Br. Grassl. Sec. 18(2):104-111.



Y . . g, o

Gldemeyer et al, = | 20

Van Soest, P. J. 1966. NcnnutkifiVe raesidues: a'system oannaiysie for
the replacement of crude fiber. J. Assoc. Uff. Agric. Chem. 49(3):

546-551.

Van Soest, P. J. 1971, Estimations of nutritive va]ue from 1uuoratory
| ana]ysis Proc._ 1971 Cornell Nutrition Conf Pages 106-117.:
- Verme L J.” 1965. Reproduction studies on penned white tAIIeu deer

o J Wid1. Manage. 29(1) 74-79

":v*Nalters, R. J K. 1971. Variation in the relationship between in vitro ‘
| digestibility and vo]untany dny-matter intake of different grass
varieties. AR Agric. Sci. 76(2) 243-252.

fjwqrd.'A;.L," 1§7T In vitro digestibility of elk winter forage in soutnern
wynnﬂng J. Hi]dl Hanage. 34(4) 681-68. |



