
SUSITNA
HYDROELECTRIC PROJECT
FEDERAL ENERGY REG ULA TORY COMM ISSIO N
PROJECT No . 7 114

MOOSE FOOD HABITS AND

NUTRITIONAL QUALITY FORAGE

IN THE MIDDLE SUSITNA

P.IVER BASIN, ALASKA

PREPARED B Y

FINAL REPORT
UN DER C ONTRACT T O

[}{]~~~~=~[lli~®OO
SUSITN A J OINT VE NTU RE

MAY 1988

DOCUMENT No. 3422

Alaska Power Authority =====::::::=.-



Dacu_nt No. ,.22
Suoltno Fllo No. 4.'.'.2

SOSl:TIIlA HYDROELECTRIC PROJECT

MOOSE POOD HABITS AND IIO'1'RITIOIIAL QOALITY PORAGE
I. THE MIDDLB SOSI'1'& RIVER BASI., ALASKA

Report by

LGL Alaska Research Associates, Inc.

William D. Steigero, Jr., LGL
Earl F. Beeker, ADF&G

Under Contract to

Harza-Ebssco Susitn8 Joint Venture

Prepared for

Alaoka Power Authority

Final Report
Hay 1986



1II0'l'ICH

AllY QtJBS'fIORS OR COIIMI!MfS CORCBRHIlIG
'fBIS UPOIl'l' SHOULD BE DIRBC'l'BD oro

'l'RB ALASKA POND AO'1'IIORI'l'Y

SUSI'flQ PROJEcr ORICH



r

II !
r
I .1

~oo........................................................ 1

SEJ:'rI~ I - S'1tJ[)I:E:S, •••••••••••••••••••••••••••••••••••••••• •••••••• !" 3

Winter Food Habits of tb:>se in the Middle Susitna River Basin,

Alaska..... ..................... .. ............................. 3

()Ji>lity of Winter M:lose Forage in the Middle Susitna River

Ba.sin, Alaska.: 25

SECTION II - MODEL INPUTS •••••••••••• •••• ••••••• •••••••••••••••••••• 48

K:xIthly Diet CalJx>sition, Digestibility, and Crude Protein••• •• 48

Monthly Diet Substitution•••• •••••••••••••••••••••••••••••••••• 51

Literature Cited• ••••••••••••••••• •• •••••••••••• ••••••••••••••• 53

i



r
[

r

I
f:

I

I

IIITRODUCTION

The proposed Susi~na Hydroelec~ric Projec~ i n ~he mddle S..si~na

River basin of sou~hcen~ral Alaska would pe~nen~ly re.ove habi~a~ used

by ~ intering moose. In early 1983 the Alaska Power Authori~y _de s

decision to pursue assess.ent of proposed project impacts on W)ose

hsbitat by developing es~ima~es of loss of nu~ritional carrying

capaci~y. Nu~ri~ional carrying capaci~y can be defined as ~he size of a

heal~hy and produc~ive population ~ha~ ~he ava"lable food resources of a

uni~ of land can _in~ain without pe~nen~ly degrading habi~a~ quali~y.

A ruainant compu~er st.ula~ion model specific to moose being developed

by the Alsska Deparblent of Fish and Gam'_ (ADF&G~ was ee be used ~o

develop nu~ri~ional carrying capacity estimates. This model integra~es

nutritional requirements of the animal with those forage nutrients

supplied by the hsbitat. F rage nutrients generally considered most

impor~an~ (limiting) to r.umi nan t s are energy and nitrogen. For

ruminan~s such as moose. diges~ibility of win~er forages is also

important. The ruminant slimulation model was developed and ~es~ed by

ADF&G on t he Kenai Peninsula . Specific i nformation was r equ i r ed ~o

adapt t he mode l eo predic t carrying capacity for the Susi~na projec~

area.

This report is di,·id.d in~o 2 sect ions. Section I doc.-nts the

results of 2 studies designed to prov Lde information specific to

project area . In the first study. winter food habits of IIOOS. ill

middle Susitna River basin were determined from fecal pellet aaaly.

The second study documents seasona l nutritional quality

digestibility of those plant species eaten

results of these 2 studies have been
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their ...baiss1on for journal publicstion, aDd sre presented in that

for-at. References to figures, tsbles, snd litersture citstions within

t he text of each study in Section 1 are specific to the respective study

only.

Section Il of this report combines and s..-arizes tbe results of

the 2 previous studies into ..aningful inputs to the carrying capacity

_odel. This section also provides justif~cation, ratioual, and

rec~ndations for certain related assumptions that viII be ..de in the

carrying capacity ~el s~lation ruDS. References to figures, tables,

and literature citations vithin Section II are specific to this section

only .

t;
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WINTER FOOD HABITS OF MOOSE IN THE MIDDLE SUSITNA IlIVER BASIN. ALASKA

1Willi.. D. Steiaera. Jr •• LGL Alaska Ilesearcb Associates . Inc •• 50S W.

Nortbern Liabts Blvd • • Suite 201. Ancboraae. AX 99503

Wayne L. Ileaelin. Alaeka Departaent of Fisb and Game. 1300 Colleae Road.

Fairbanks. AX 99701

Earl F. Becker. Alaeks Departaent of Fisb and G.... 333 llaspberry Iload.

Ancboraae . AX 99502

2Charles L. Elliott. University of Alasks. Fairbanks. Fairbanks. AX

99701

James G. MacCracken. 3, University of Alaska. Fairbanks. Agricultural and

Forestry Experiment Station, 533 E. Fireweed. Palmer, AX 99645

Abstract: Winter food habits of moose (~~ £!&!.!) in tbe middle

Susitna River basin of soutbcentral Alaska were determined from

adcrohistological analysis of fecal pellets . Pellet samples were

collected from line transects and analyzed separately for 9 areas within

1 Present address: SIl.D. Box 9038-A. Palmer. AX 99645

2 Present address : University of Kentucky. Department of Biology.

Richmond. IY 40475

3 Present address: USDA Pacific Northweat Ilesearch Station.

Institute of Nortbern Forestry. 308 Tanana. Fairbanks. AX 99775-5500
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cbe scacly area. Willow (~) was cbe dOllinanc ca.ponenc in fecal

saples, nerallinll 72% for all areas and raDlinll fr<lll 40-87%. Resin

bircb (Bnula 1l1andulou) sveralled 11% for all areas (ranlle 3-16%).

Houncain cranberry (Vacciniua viUs-ideea) was billbesc ac 2 wesUm

sius (27% and 41%) buc was relaUvely low in ocbec areal'. Ocber

species were minor cOllponencs of fecal samples. Rellional abundance and

discribuCion of willow appeared Co influence dieC composicion. We were

unable Co cal1brace fecal pelleC analysis by differenUal in viero

dillesUon and microhiacolollical frasaenc idenUficaUon of residue for

che ..jor dieury companenu. Accuracy and rel1abiliey of daca is in

quesCion whenever che aicrohisColollical cechnique is used.

KEY WORDS: Moose. Alces alces ~. Susiena.

wincer. food hab Lt.s , diec. foralle. willow.

dillescibilicy. IVDDM.

souchcencral Alaska.

in viero .

Several scudies on 1OO0se and chair hsbHac in che middle Susiena

River basin implicated woody browse species a s the major component of

winter diecs. McKendrick e t al. (1982) reponed cha t willows were

observed Co be the mosC henily browsed species in all vellecacion scands

sampled. Resin birch shrub cOllllll11nieies were noted to have received

moderate use. while only individual American Ilreen alder (Alnus crispa)

plancs appeared Co be heavily browsed (McKendrick eC al. 1982). Ballard

eC al. (1982) suggested thac discribucion of willow strongly influenced

seasonal distribution of moose . and thec willow distribution was useful

in deceraining the !aportance of habitats to moose populations.

Sceigers eC al . (1983) reported twig ucilizacion by moose in 9
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STUDY AREA

7

The study are - was located in the .tddle Susitna River hasin in

southcentral Alaska (Fig. 1). Generally. the area was a broad U-shaped

valley occupied by the Susitna River. Numerous tributaries drained into

the river along its course. River elevations ranged from about 270 • on

the weatern end of the atudy area to approxiJIlately 750 m on the east.

Topography has been strongly influenced by glacial action and associated

river and stream erosion. Extensive sedimentsry terrsces perched sbove

the river channel were approxiJIlately 610-760 m in elevation. and made up

a majority of the study area. The specific areas from which samples

were collected generally bordered and paralleled the Sudtna River for

approxiJllately 120 km along its east-vest orientation.

Numerous plant coaaunities characteristic of the northern boreal

forest occurred in the study are.. . R.A. Kreig snd Associates. Inc.

mapped 92 vegetstion types to levels I II snd IV of Viereck snd Dyrness

(1980; 1982 revision) . Distribution of plsnt communities was strongly

influenced by site topography. soils. and moisture regimes • . Feltleat

willow (Salix alaxensis) was the predominsnt shrub growing along

riverine snd stream riparian zones and on disturbed sites . Steep,

well-drained river channel slopes were dominsted by comm~nities of mixed

paper birch (8etula papyrifera)-vhite spruce (Picea glauca) forests and

open coniferous spruce forests. Terraces at higher elevations above the

river were primarily shrub communities dominated by resin birch

on the drier sites. with white spruce forests on moderstely drsined

slopes. and black spruce (Picea mariana) forests on wetter. poorly

drained sites. Willows. priJllarily diamondleaf willow (Salix pulchra) .

grayleaf willow (~. glauca). and Richardson willow (~. lanata) .

l D
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doaiaated the shrub c_ities in vetter dtes on upland slopes and

inte~ed vith resiD birch in coniferous forests. Alpine veletation

types occurred at the h1lhest elevations.

KETBODS AND IlATEIlIALS

Winter fecal pellets of aeose vere collected along 32 line

transecta as part of a~her study (Belli and !layer 1985) during early

Sprinl (late April through early !lay) 1983 (Ftg. 1). At each of 9

aress. 2 non-randoaly placed parallel transects spproxiJlately 100 •

apart on either or both the north- and south-facing slopes of the

Susitna River chanoel vere valked by observers. Twenty-eight transects

at 8 sites extended fro. the up~and terraces dovnslope to the Susitna

River or major tributary. Four transects at 1 site (Fog Creek) extended

generally downslope parallel to a tributary located on a terrace above

the Susitna River. Transects ranged in length from 1.2-1 .6 km.

Fecal pellets vere collected opportunistically from atop meltiDg

snow along the transects to ensure they had been r eliabl y deposited

during the vinter .onths. Four pellets vere randomly collected from

each pellet group. Pellet samples vere composited vithin each of the 9

areas. Because pellets vere collected opportunistically, total sample

size in the ca.posite varied among areas. Fecal samples were forced-air

oven-dried at 60 C for 48 hours, then ground once through a Wiley mill

using a 1 mm screen (Bolechek and Gross 1982). For each area.

subsample~ vere taken equal to one-half (1 extra if a fraction) of the

total number of samples iD ea~h composite.

Ilicrohistological examination vas used to identify food items in

fecal pellets (Srarks and !lalecheck 1968, Free et al. 1970 , Dearden et

al. 1975). This procedure has many advantages as discussed by Holechek

. I
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... (b. wb1ch ... e.....14.red to provide .dequ.te • ..,UJlI iDtensity

for -Jar epeci.. iD the fecal pellets. Tventy v.Ud aicro.cope i e l de

ver. rw .t 125& on e.ch .Ude (Bolechelt .nd Gro.. 1982) . A v.Ud

fiald had to contsiD at laut 2 diacemihle plant fr....nt.. A

phloem were not recorded.

of occurrence of diacernible fr.a-nts iD a field in relation to the

dbc.rnibl. plat fr...."t v.. defiD.d by Johnson et al. (1983) a. a

species. Ubiquitous fraa-nts of plants such ss xylem. protoxylem. and

\lnly the frequency of

Thia has been called the "percent

Discernible fragments i~cluded both known snd unknown

fr....nt "haviJll .t leut 2 distinct anatoaical characteristics. such u

totnl nUllb.r of fi..ld. read .

recorded.

statistically evaluated in their study.

f r equency .ddition" procedure by Bolechelt and Gross (1982). and vu

occurrence of di.cernible fragaents in the microscope f i e l d were

8ilica bodi... tricba.ea. or eta.atea". Data vaa recorded a. frequency

I
r
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L
r
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All plants were identified to species when technicslly po_ssible.

Forbs and gr.-inaids were identified snd compiled as life form

cstegories. Every effort was made to identify to genera aod species all

unknown plant frapents that made up a substantial proportion of the

sample composition. Viereclt and Little (1972) was used as the

t:
,

!.

vernacular authority for scientific and common names of plant species .

To calibrate f or possible differential digestion of the major plant

species found in the fecal samples, in vitro digestible dry matter

(lVDDK) wss determined ' for p lant species alone snd i n combination as

test diets. Curnnt annual growth twig.. of willow, resin birch, whol"

mountain cranberry plants (twigs and l e av es ), and 1ll0SS (primarily
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1Iplwj;_ .,.) ..n coll.cted 'uri... October fro. tb. Uudy ar"a.

forced-air ..........ried for 48 bOl1u at 60 C. and ar"",o' onc. tbrouab a

Vil.y aill a.ina a 1 ...creea. For tbe~e analy.es. 60:40 villow va.

c..,...ed of aroua4 curreat aaoaal arc~b tvia. of .i,.-mcIleaf villow aa'

feltleaf villow. reapective1y. in a 60:4/) ratio ~ry veipt mbture.

Five test .iets eacb co-pd.e' of 60:40 villow. resia bircb• ..,.",taia

Residue from each replicate of the IVDDM trials for tbe 5 test

technique. Methods followed those previously described except 5 slides

cranberry. and ~•••ere prepared. Levels for eacb 'f or aae in tbe .iet

veiabed usina a Kettler

IVDDK vas determiaed Dsiaa

Diet proportions vere

-4to tbe aearest 10 a.

diets were analyzed for dietary composition using the microhistological

electronic balaace

iaocul... obta1aed frna a asture Holsteia dairy cow fed brOlH (Brouus)

pellet analy.i••

tbe ..tbod of Tilley and Terry (1963) as aod1fied by Goedna and Vaa

dry ..tter .

bay and dairy ration. All IVDDM analyses were run concurreatly frna the

Soest (1970). IVDIlM tdals vere run ~a triplicate usiag bovine raMO

.... inoculum source. and tbe data expressed as a percent of digested

.tzture. r ....ed over tbe approxiaate perceataae. ob.erved fro. tbe fecal
r
Ii.

r:

r
["

r.
I'

~:

. ~ I ~
•

were read per residue sample. The same observer and reference slides

were used for both tbe fecal and residue analysis. Neither compoaition

or proportions of plant species in the IVDDM residue were known to the

technical observer conducting the microhiatological analyais.

RESULTS

Fecal Analysis

A total of 199 fecal samples were collect..d from pellet groups

along transects at the 9 areas. Twenty-six samples were collected from



Devil Creek, 9 frOll Tauaena Creek, 31 frOll Fog Creek, 33 fro. Vatana
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Creek, 14 frOll Vatana Slide, 14 fro. eaaaie Creek, 23 fro. EDaina Creak,

11 frOll Clarence Creek, and 38 from Oahetna River traoaects (Fig, 1). A

total of 102 subsamples were prepared from the fecal asaples .

Analysis of the winter fecal s.. ,les showed that willow was the

dOllinant component for all areas sampled in the middle Susitna River
" . .

basin (Table 1). Epideraal trichomes characteristic of the genera could

not be used to distinguish among individual species of willow vsing the

aicrohistolpgical technique. Based on percent dry weight composition of

identified fragments, villow ranged frOll a high of 87% at the Watana

Slide area to a low of 40% at the Tsusena Creek area. Within the 7

areas in the eastern half of the study area bordering the Susitna River

(Watana Creek to Oshetna River), percent composition of villow vas 77%.

These eastern transects generally traversed a greater propor:'ion of

upland benches and coniferous forests where willow forage biomass vas

higher than in the deciduous forests common in the western half of the

study area (Devil Creek to Tsusena Creek) (Becker and Stalgers 1986).

Fecal compos i tion of willow was lowest in the western half where it

averag~d 46% from the 2 areas (Table 1) •

Composition of resin birch in fecal samples vas 11% for all areas,

ranging from 3-16% (Table 1). Excluding the lowest value at the Tsusena

Creek area (3%), resin birch composed a fairly consistent but moderately

low percentage of fecal samples over the entire study area.

Fecal composition of mountain cranberry was greatest in the 2

western areas (Table 1). Forty-one percent of the fecal samples

collected at the Tsusena Creek area were composed of mountain cranberry .

An increased component of mountain cranberry at. the 2 vestern areas

,
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lichens, and forbs and otber shrubs were minor components in fecal

to be moose forage. Because the dwarf shrub mountain cranberry grew

12

Percent composition of gr8lll1noids was

Field observations of mountain cranberry foraged from

In the preliminary analysis of the fecal samples. moss was

Paper bircb was found to be present in fecal samples only at the

cranberry.

cr a t er s dug in the snow by moose Iended support for this argument.

Sia1lar to mountain cranberry, percent cOlDpositio:l of grlUainoids

inadvertently consumed in the process of foraging for mountain

interspersed with the moss, i t was conjectured t ha t moss might have been

predOlainant and the primary food source of villow was less abundant

except Cassie Creek and KGaina Creek, vhich had 11% and 15%,

in the western part of the study area where deciduous forests were more

initially identified as both a consistent and relatively i mportant

component . Proportions of moas ranged from 12-23% over t he 9 ar eas ,

Ste1gen et al.

was also greater at the 2 western areas (Table 1). PrellU1D8bly, lDOose

and Steigers 1986). Percent cogposition vas low for all eastern areaa

respectively (Table 1).

not easily explained . Though it was the dominant ground-layer plant

species in the study area (Steigers et al. 1983), i t was not considered

averaging 18% for sll areas. Prevalence of m"ss in fecal samples was

were foraging more at the dvarf shrub and ground layer vegetstion levels

Watana Creek area (Table 1). Quaking aspen (Populus tremulotdes) alder.

relatively low in the fecal samples at all western aeeas (Table 1).

aight have been related to the decreased availability of villow (Becker

samples throughout the study area (Table 1).

Di etary Calibration

(Becker and Steigers 1986).

r

I-

I.



However. .".ses vere reported to be "completely indigestible". highly

fragmented. end ea.ily identified in aicrohistological aualysis by

Dearden et al. (1975). Thus, calibration of differential digestibility,

fragmentation, and fragaent identification rate vas undertaken to

prevent overestimation of mosses and underestimation of other forages in

•>

r
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our data.

Results of in vitro digestion showed mountain cranberry vas the

most nighly .. 'lestible species, vhereas IIIOSS vas the lowest (Table 2).

IVD~ for the 60:40 villow suture (34.3%) vas close to the predicted

IVDDK from proportionalized individual values for dialllOndleaf villow and

feltleaf villow (33.9%) (Table 2). IVDDK of moss (20.3%) vas

substantially higher than the "completely indigestible" of Dearden et

a!. (1975). IVDDK results closely paralleled those reported for the

same study area by Steigers et al. (1986) using moose rumen fluid.

We vere unable to calibrate results of the fecal sample

microhistological analysis because reliable linear regression

relationships could not be developed betveen true proportions and

proportions resulting from analysis of IVDDH res idue of the test diets

(Table 3) . High variation between true proportions and residue

proportions, high variation alllOng residue replications, and

misidentification of species in IVDDK residues vere the primary causes.

Differences ranging to 67% IVDDK between true and individual replication

proportions of residue were found in several test diets .

Kicrohistological analysis of undigested fractions of the test diets

yielded similarly variable results for many the same rea ,ons (Table 3) .

It vas learned during the course of the microhistol ogical analysis

of IVDDK residue, however, that vhat had originally been identified as

"•



in the test d i et s .

DISCUSSION

14

Experimentally dete~ed digestibility of tbe .ued test diets

types where they occurred; diamondleaf willow was the most common of the

between the 2 values as a result of changing proportions of the species

This study has shown that willows were the _ jor component of

exempt from .tsidentificstion using tbe microbistcl~!~cal technique.

Stelgers et al •

dietary fragments did not allow separation of the willows by species.

dominant components of the vegetation communities of the study area all

contribute to the forage resource. Studies conducted by Steigers et al.

Furtbetwln, it va. leamed tbat none of tbe species unde" study vere

digestibilities of the component diet items veighted by proportion

winter diets of moose in the study area . The technique used to identify

However , other studies bave shown that the species of willows that are

willow, and feltleaf willow wer~ the most common willows in vegetation

(determined IVDIlII) vas found to be very similar to the s......tion of

(predicted IVDDK) (Table 3) . There did not appear to be general t renda

(1983) documented that diamondleaf willow, graylesf willow, Richardson

• osses vere 111 fact stu structures (laticifers) of v illow• •

willows. Diamondleaf willow had the highest current annual growth

bio_ss of all willows in the study area (Becker and Steigers 1986) .

Other species of willows also grow in the study area, but they generally

make up a ~ll proportion of the willow biomass (Becker and Stelgers

1986). Stelgers et a1. (1983) reported that individual species of

willows were browsed by moose in approximate relative proportion to

! their stem density.
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different vegetation type. and alolll a continuua of elevational

gradients. There vas no definite aean. to deteraine exactly the area

vhere the forage vhich va. the aource of the pellet. va. con....d.

Pellet slUlJllea vere grouped by geograpbic area primarily to represent

possible variation in diets alolll the east-vest orientation of the

Susitna Iliver drainage vithin the defined study area boundar i es . The

results indicate .tailar diets throughout the ea.tern half of the study

area. with villow predom.natiq. The ve.tern half of the . tudy area had

Ie•• willow bioma.. in the understory layer in the river canyon (Becker

and Steigers 1986). and thi. was reflected in the fecal analyses.

Ilesin birch was a common shrub species in the study area. It was

Dot considered a preferred forage species for moose. and was utilized

only lightly in relation to its availability (Steigers et 31. 1983).

Availability of forage biomass of resin birch was not a factor limiting

its intake by moose (Becker and Ste1gen 1986). However. it appears

that moose will voluntarily consume resin birch up to approximately 15%

of the diet. Kurie (1944) reported that dwar f birch (Betula ~) was

regularly browsed by .aose in Denali National Park.

The frequency of occurrence of mountain cranberry in fecal pellets

of moose was high in the Devil Creek and Tsusena Creek areas. Hoose may

have been expending more effort locating and consuming mountain

cranberry growing at the dwarf shrub layer in the western part of the

study area where willow wss less abundant. While tracking moose through

snow near the mouth of Tsusena Creek in Karch , it was observed that:

mountain cranberry vas exposed dlrect:ly beneath the canopi e s of spruce

trees whi le between tree canopies it was covered by snow app roaching 75
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I- ca de.p. Tracka led fra. tree to tree aa .acae were apparently feadiog

on tbe expoa.d BOuntain cranberry and other ground-layer vegetation.

LeResche aod Davis (1973) described a1a1lar cratering by .aca. for

aGUntain cranberry on the Kenai Peninsula. On a depleted Kenai

I-

Peninsula winter range , BOuntain cranberry composed 51% of observed bite

counts (LeResche and Davis 1973). Deep snow cover persists throughout

IDOst of the vinter in the study area, 1I8k.ing mountain cranberry,

lichens, and other ground-layer plants of li.lted availaboUty ss BOOse

forage. Mountain cranberry is only considered l1a1ted to a aaxt-wa of

20% of the average BOOse diet in the study ares during the period

January through April in winters of light or average snowfall and during

the period Deceaber through April in winters with early, deep snowfall.

Paper birch as forage for .oose occurs in the study srea primarily

as adventitious basal shoots from mature trees, and to a lesser extent

in disturbed areas such as streaabanks and slides (Steigers et a1.

1986) • Observations of only light browsing pressure on paper birch

throughout the study area support the conclusion of low dietary

composition fou nd in this study. However, it i s unknown whether this is

a result of fewer nuabers of moose utilizing the steeper canyon slopes

where paper birch grows, or the possibility that the paper birch forage

available to moose is in some way less palatable than regrowth available

in other areas such as the Kenai Peninsula. Higher phenolitic resin

content in adventitious basal sprouts than in mature tree crown tvIgs

(Bryant 1981) may hav.. inhibitory effects on digestibility of paper

birch (Reisenhoover et al , 1985), thus affecting its rate of ingestion

as forage by aoose (Steigers et a1. 1986). Paper birch as a dietary



cOllpOnant in the atudy area is II.ited priaarily by availability of

foraga bi....a.

Quaking aapen occurred infrequently in the aiddle Susitna River

basin. Alder vaa a relatively coaaon speciea, but observationa during

previous atudiea (Steigera et al. 1983, Steigera and Hela 1984)

doeu.ented that .case avoided b'lD-.Ili:!.ng alders growing 1n dense stands.

Certain individual alder planta, especially those vith nev twig regrowth

following previous browsing and those growing on recently disturbed

sitea vith a high villow:slder rstio, vere occasionally browsed.

The inability to accurately and reliably eatimate true proportions

in teat diets uaing the microhistological technique throwa soae doubt on

the validity and accuracy of the original analysis of fecal aamples. On

one hand, ve might partially explain the decrease in villow and increase

in mountain cranberry at th.. 2 vestern areas by misidentification of

species. On the other hand, other evidence on differential regional

forage availability exists (Becker and Steigers 1986) that auggeats

there are viable reasons to support the results 8S presented. In our

studies the technical observer was not informed of the species

composition of the test diets; the results vould likely have been less

variable had the technician been informed. The technician did, however,

use the same reference slide collection and knew they were winter test

diets for moose.

Obviouuly, misidentification of identifying characteristics aod the

inherent difficulty in identifying fragments from voody tissue vere the

major problems encountered using the technique. Probably the greatest

lesson learned though the analysis of lVDDH residue vas that the

microhistological technique should be used only to obtain probable

•
r
I~

r

r
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speci.. ca.posttioa in diats aDd aDd ,anerally broad raDSas of percent

cGaposition. This technique is not a sufficiently reliable tool to use

for dietary aulyais otber than to obtain ,ross estiaates of

c.-position. With the above auidelines in aind. we can doc:u.ent that

the doainant cGaponent of 80Gse winter diets in the aiddle Suaitu ~ver

basin is willow. DuriDB aid- and lste-vinter (Dece-oer through April).

willow ..y c.-prise up to 90% of the diet . A maxt-ws of 15-20% of the

winter diet 18 resin birch. Mountain cranberry and gr_iooids are

usually covered by snow during winter when forsge availability becoaes

liaiting; their use is probably governed by accessibility during the

.. id-and late-vinter critical periods . Other species are minor winter

dietary components .
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aTabla 1. Parcant dry weight compoaition of winter fecal pelleta of mooaa for 9 araaa in tha .iddla Suaitna Rivar

baain. Alaaka .

Diatary Devil Tausena Wetana Watana Fog Caaata Koaina Clarenca Oahatna All

Component Creek Creek Creek Slide Creak Creak Creak Creak River ar•••

Willow 49 40 71 87 80 80 69 84 80 72

R..in birch 10 3 14 7 9 7 10 9 16 11

Papar birch -- -- 4 -- -- -- -- -- -- I

Mountain cranberry 27 41 1 1 3 11 15 1 1 8

Quaking aspen -- -- 5 -- -- -- -- -- I 1

Aldar -- -- -- -- -- -- -- -- <I <1

Lichen -- I -- <I -- -- -- -- -- <I

Grsminoid 12 14 2 3 5 <1 4 5 1 4

Forb & Other Shrub 2 2 3 3 3 2 2 3 2 2

--
a Due to rounding error, the dry weight msy not totsl 100%.

N
N

~
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Tabh 2. rereent IVDIlM of 1DcIividuai plant

speeies and species eoab1netions in the

aiddle Suaitna liver basin aa deterained

using bovine ru-ec Inoculua.

23

...

I
IVDDK

I; Speetes " SD

I Diamondleaf willow 39.8 a

Feltleaf wil~ov 28.0 a

60:40 willow 34.3 1.3

I Resin bireh 27.8 0.6

Mountain eranberry 44.2 1.6

i. H!::-s 20.3 0.8

I a 1 in~ replieation

i·
I

L. .
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Table 3. Percent dry weilht compoaition and IVDDH uoinl bovine inoculum of 5 t a.t diet • •

Teat

Diet Treatment

60:40

willow

aeain Hountain

birch cr anber ry Hooo Alder

D.terained Predicted

Aopan IVDDH(SD) IVDDH(SD)

1 True proportion 70 10 19 1 0 0 33 .9(0.1) 35 .4

i Undileated 85 10 n 0 5 0

i Dileoted(SD) 69(4 .7) 5(6 .4) 26 ( 1. 7) 0 0 0

2 Tru e proportion 67 1 29 3 0 0 37.9( 1.1) 36 . 7

i Undileated 66 7 4 0 0 23

i Dileoted (SD) 59(1.7) 3 ( 1. 0) 38(2.0) 0 0 0

3 True proportion 45 25 10 20 0 0 27 .1 (0 . 8) 30.9

i Undiluted 63 34 3 0 0 0

ii Dilested(SD) 66(5 .1) 22(3.1) 6(7.4) 0 4(3 .5) 2(4.0)

4 True propo rtion 86 6 1 7 0 0 34 .4(0.6) 33.0

i Undileo t ed 81 19 0 0 0 0

ii Dileoted(SD) 85(13 .3) 9 (8 .2) 1(1.7) 0 5(4.0) 0

5 Tr ue propor tion 25 15 50 10 0 0 33 .8(1 .0) 36 .9

i Undiluted 59 21 20 0 0 0

'"ii Digeoted(SD) 72(1 7 . 3) 5(0.6) 17(13.5) 0 6(6 .0) 0 ....

•
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Dr. WIlli8m D. SWp,.., Jr.
SR. D. Box 9038-A
Pll..r, AI( 99645
(907) 745-6218

Runnino 1leId: WIfTEJl tblSE flJl~~ITY .. ILISf.A.~IIII.

QUALITY OfWINTER t1XISE fORAGE IN THE MIDDLE SUSITNA RIVER BASIN,AlASKA

Williem D. steip,.., Jr.,1 LGL Alulel Reaeerch Associetes, Inc., 505 W. Northern Ligbb Blvd.,

Suiu 201, Ancbor89t, AI( 99503

Earl f. Becker, Alulel Depart ·nent offi.hnd Game, 333 Rupberr, Road, Ancbor89t, AI( 99502

We,ne l. Re,.lin, Alub Department offiah end Game, 1300 Coll.,. Road, feirbeAb,AI( 99701

Abstrect: Nutritiollll quelit, of Yinur for.... of rnooae (AI_ el_ gi.9!!> in the middl. SUlit..

Ri....r besin of soutbcentrelAlutewereeYllueted for in vitro digestible dr, metter (JVDDM) end

crude prot.incontent. Currentennuelgrwlh tYigafrom 6 deciduous herdwood Ihrubs end l_

and atelll3 from 1 evel"lJreen Mrf shrub werecollected durino 2 Yinter IImple periods. There

...... no lignificant diff.rence in IVDDH between IImpl. periods for the 7 lpecies end no difference

in crude protein between IImple periodss for ell species excludino paper birch. Crude protein ......

different between IImple periods onl, for peper birch; differences were probably ertifecb of

samplino rether then chenoes OYer time. The Mrfahrub mountain crenberr~ (Vecclnium n!i!=.

ideee) bed the highest IVDDM but the1000000t crude protein content of the 7 thruN. IVDDM ...... not

different emono diemondleef (salix pulchre). greyleef (~. gl.uca), end Richardson (~. l.netI)

Yillws, but fe!tleef Yillov (~. alexenaia) _ subst.nti.ll, lower. IVDDM of both peper birch

(8etul. P!2lIrifere) end resin birch (II. glenduloae) _lower then en, of the Yillws. Crude

I Present address: SR. D. Box 9038-A, Pel mer•AI( 99645.
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~...' l'~~ ' - "
-



r
I
i"

,
I,,

I·

,..
I

27

SteiljenetII.

pl'1ltelncolllent Jri,hest for pa..r birtb Ind resin lrirtb, Ind IG'tleSt for moulllein crtnberrv-

Di.mondl.f'allll hid the hipeet,lnd,rtVI.fand l!ichenllon Yill.... thelOlfllt, crude protein

velues ofthe 'all1I Asi,nificont ilM,.. correlation.... found vllen IVDDN and crude protein

velues ....re compared for the IIlIlIapeeill YitJrin December (r--0.82) nd Marth (r--0.81)

sample ..riods,and pooled eerosssample ..riods(r=- .75,exeltllill9 ....r birch) .

KEY WORDS: t1ooae, Alees olees tiJ.!L Susitna, southeentrtl Alan, Yinter, nutrition, fortlje,

Yill...., Salix. Invitro. digestilrilitV, IVDDN, crude protein, nitrOljen.

Tile quelitV of fortlje is an lmpomnt consideration vllen evaluetill9 tile copeeitv of

rtll9ll.nds tosupportYildlife popul.tions. fortlje quelitv has been commonlv reported in terllll of

cellular constituents ineltllill9 fiber components .nd proteins. III vivo or in vitro drV IIlItter

digestibilitv of plants eaten bV ruminant animols are .Iso usuallV reported. SeYlral yorken

(Short HI66, Br....n end Radcliffe 1971, Robbins et e1. 1975, Robbins end Moen 1975,

mdemover et el. 1977) heYI attempted Yith limited success tocorrelete drv metter digestibilltV

Yith verious nutritive peremeten such a crude protein, or"nic meterial, enerllV di,estion,

crude fiber, cellulose content, otller crudefiber constituents, end minerels.

Most yorken (Morrison 1954, Bissell end Stroll9 1955, Dietz 1970, OIdeme\llr 1974)

consider dieterv crude protein tile most importent plant nutrient because it provides nitroven

required bV rumen microorganisms for digestion of eerbohvdretes , end is essential for ruminant

bodV mointonanee, ,ro'aIIh, reproduction, and IlICtetion. Crude protein is oftan the most limitill9

nutriant for Yild ruminants, perticularlv durill9 vinter vllen voodV plants vhich are I.... in

protein dominate tilediet.

DigestibilitV is elso en important determinant of tile qualltV of forage. An evaluation of

for. digestibilitV determines tile amount of nutrients utilized per unit consumed. Lover

digestibilitV herdvood brovse speciesoften dominate Yild ruminantdiets inYinter.
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s.....relltudi....... report8d ontheqUilit, offerIge in AI..kan _ di.... Much of till

wrt reported InAI..ka btI!leeROn the ICIIl1i Penillllule. LeReache end Devil (\973) de8cribed

the in vitI'! lIigeltilrilit, end nutritiono\ enol"i. of fOr81J81 eaten b, Kellli _ . Oldeme\llr

(1974) ellO reported the resultt of In vitro di9lltion of 3 brovse .peeles used on the Kenol. In

vitro digeltibilit" nutrientcontont, end minere\ compotition of Kellli for.. Iillrede8cribed b,

Oldeme\llr et el. (1977) . fOf89ll quem, determined from rumen contentt ..... reported for

interior Aleska _ b, ......., end Coed, (1974). Crude protein content of 'a'ill....., .....

deacribed for sites in interior Aleska b, Milke (1 Q69)end for both interior "Ieska end the Kellli

Penillllule b, I1echide (1979) . Crude protein end in vitro di9lltibilit, of repr_nteti..... diett of

ICIIl1i Penillllula _ ..... de8cribed b, RegeJin et al. (1986) .

Thete .tudi.. provided .peelfic nutritionel quelit l1 informetion onfOf89ll .peeI.. used b,

_In their respecti..... erees of.tud,. Ilo\illver, .imiler informetion ..... not availeble for the

micldle SUlilne llI.....r blain ...here plent apeel.. compotition end dieter, proportiOIlll differed

'a'idelV from resulls reported from other geogrephicellv distant studies (S1ei98n at al. 1986).

The primervobjecti..... ofthis stud, ..... to provide area-.;l8Cific informetion onthe di9llt' JilitV

end crude protein content of'a'inter fOr81J81 used bV moose in the micldle SUlitne illY'. blain of

lOuthcentrel "leska. "seconderv objective ..... to determine if di9lltibilit, and crude protein

content of the dorment .hrubs cheR98d over the course of the 'a'inter. This informetion .....

required as portofa la~r progrem to estimate nutritional cerrVi ng cepeeltv ofthe.tudV area.

R.H. Pollerd of Lel Aleste Jlesearch Associetes, Inc. (Lel) end M.G. McDonald, TJ.. Otto,

end R.W. Cestleof the"l..te Deportment of fiah end Ceme ("Df&C) esailted 'a'ith field collection

of plant samples. l.D."umiller of"Df&C and R.H. Pollard of Lel prepored samples for laboretorv

anelpi •. M.E. Hubbert and c.c.SChlillrtz of"Df&C are thented for their _btanca in conducting

in vitro dioestion anal pes. R.l. fairbanks of Harza-Ebasco SUlitna Joint Venture, R.C.B. Senner

of Lel, and K.B. SChneider of ADf&G provided program support end criticell, evelueted the



r
r ~.

~ I·
I
I

I
I;;..
~ .~

r
I
r'
r.
I

29
Ste1genet II.

IIlInlDCrip!. funding VIS provided bV the AllSb PO'tIer AuthoritV in support of the Susitlll

HljdrolllCtric ProjlCt.

STUOYAREA

The ,tudv'" VIS I_ted in the mldclll Susltne Riwr bISln in lOuthcentrel AI..b (fl,.

I) . Generellv. the 1m VIS I broed U-sheped Vlllev oc:eupied bV the Susltlll River. Numerous

trlbuterl.. drelned intothe riwr Ilong its coune. Riwr aleYltlolll renged from about 270 mon

the-' to .pproxllllltelv 750 m on the eest. Surrounding peeks of the Tllkeetne ttountelnt

renged to 1,907 m It the top of MI. Wltane. Topogrephv .... been stronglVinfl uenced bV gleelll

eetion.ndessoellted river Indstreemerosion. Extensive !ledlmentlrv terreees perched lbow the

rlwr chennel wre IpproxlIIlItelV 610- 760 min elevetion. and mede upa mejoritv of the study

I,..

Numerous plant communities cherecteristic ofthe norlhern boreel forest oc:eurred in the

,tudvaree. R.A. Kreig and Associates, Inc. (Anchorege, Aleske) mepped 92 wgetetion tVpes to

levels III Ind IV of Viereck and DVrne=s (1980; 1982 revision) . Distribution of pllnt

communties VIS stronglV influenced bV site topographv, soils, Ind moisture regimes. Felt1eef

villOlo' VIS the predominent shrub groving along riperian zones ofstreemsand on disturbed sites.

Steep, wll -dreined river chennel slopes wre domineted bV communities of mixed peper birch­

..,hite spruce (Pieee glauce) forests and open coniferous spruce forests. Terreees at higher

elewnont lbow the river wre primerilV shrub communities domineted bv resin birch on the

drier sites, vith ..,hite spruce forests on moderately drained slopes, Ind bleck spruce (Pieee

merilne) forests onwttar sites. Will....., primerilV diamondleef villOlo', grlVleef villOlo', and

Richerdson villOlo', domineted the shrub communities in wtter sites on upllnd "opes and

intermixed vith resin birchin coniferous forests. Alpine vegetation tVpes occurred at the highest

alewtioRS.
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SIIr.... wre colllCtell frolil 15sit.,.lolllJ I 100 tm Itrell:hofthe Susit,. Riwr (fit- I)

duri.. 2 ""'.r Slm,l. periods: December 11-13. 1984 .1lII Mereh 5-7. 1985. Prier

tllO\fledge ofgenerelahrubapecies cemposition occurrilllJ et_b site. the need tosemple the..t­

wit 9Adi.nt of the ltudV .ree• • nd helicopter _ coneideretione guided eelection of lite

l_ti.ne. T.rget ahrub apecies wre Slmpled opporturristicellV et _h lite durilllJ the fim

semple period to mexirrrize the number.f lites re,.....nted bV etCh speci... Stmpl.. of 7 shrub

speeies tllO\fn to be mejor components of moose diets in the study aree (Steigen et .1. 1983.

Steigert at .1. 1986) Wrt collected n.bl. I). Shrub apeci.. originellv colllCtell durilllJ the

December SImple period wre egein sampled. if possible....hen the site 'tIllS revisited durilllJ

Mereh.

At _h lite. current annual 9ro'a'\h M9S ofshrubswre clipped at the bud scale scar.1lII

begged bV apeci... Only unbr"""" Mgs ....re collected, ...hen possible. Approximetelv 50-1009

....t ....ight of plant meterial 'tIllS collectivel Vaccumulated from etCh species present at etCh site

durilllJ each SImple period. Approximetelv l S M 4jS ofdiamondleef Yille«, grevleef YiIl......1lII

Richercbon \fille«, 20 Mgs from resin birch. lO M9S from peper birch, and 3 M9S from

felUeef Yill........re collected from etCh shrub. One or more hendfulls of ...hole mountain

crenberrv plants .... re elipped at ground level from pits dug through the SIlO\f cover. Avariable

number of individual shrubs ofeach species .... re sampled in order to meet the minimum ....ight

90tlat each lite .

Plant eampl88 ....re fr02lln until immediatelv prior to procesoilllJ. Stmpl88 ....re OYen-

dried.t 60 Cfor approximetelv 72 hours. Dried leaves and other litter ....re remowd from the

Mgs ofall speei.. except mountai ncranberry, ...hich is a dYerf evergreen shrub thet retaine its

leaves durilllJ \finter. Stmples ....re ground once through a Wilev mill fitted \fith a 1 mm screen.

Equal proportione ofground meterial from all collection areas....re composited bV speci.. for each

sample period.
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strIgernhl.

ColftllOSlte SImples 'titre mil_ted fer in mm digestible drV IllItter (IYDDM) usi...

( MAC). IYDDM 1..llJM wre cellductld It MRC flCilitiel follwilllJ the method outli'" ..

PIItw_ (1970). IVDDM npliCllet wn run in tripliCIlefor _h ..",pl".lId thedtlllIX""

II percelll of digested dr, IllIIter. Cr. protein I..IV- determined bV the bloek digestor

tlclNliqut (11ICe IndJoh__ 1976) wn conducted in duplicele onthe..me composite ..mpltl bV

tilt Pel.r (Altla) Plllllind Soill A..IVIi. lI...,..•. Cr. proteinWI estillllted b. usi..,

the fIcItr 625 to CllMrt nitrogen.

AIlIIVIi' of verilACI (AIIlYA) 2-fector fletorill1 design usilllJ .pecies .nd Slmpl. peri"

tI fleton WI used to detect .leti.tieel difftreACII. Multiple comperillOn of meena ..,.. conducted

usi.., I protected LSD procedure. Si,nifieeACI 1.....1 for III IItti.tieel !tell VII ..t .t IIphi •

0.05.

RESULTS

There ..... no si,nifieent differeACI (P>0.36) in IVDDM betwen Slmpl. periods for .nv of the

.hrub .peciesSlmpled (Fi, 2). No si,nifieent (P>0.06) 2-.....Vinterectiona betv.:en .pecies .nd,
SImple periods 'titre detected, which .llowd poolilllJ ecrossSllnpleperiods (Iable 2) . Elimillltion

of nlOuntein crenberrv, Slmpled onlvdurilllJ December, did not effect the results of the 111I1VIi'.

l10untein crenberrv hed the hi,hest IYDDM 'nlOlllJ the 7 .pecies Slmpled; deep s_
• .....-; ~ 1.)

prec:ldd ils collection durilllJ the Mlrch SImple period (Table )2) ."' ·There 'Were Ii,nifieent

diff.r.nces in IYDDM pooled ecross Slmpl. periods amolllJ the 7 shrub species. Multiple

comperison ofSImple meena shoYlld It t IYDDM...... not differentamolllJ diamondleef, ,reVleef,.nd

RicherdllOn Ifill....., but fe\tleaf lfillw hed .i,nifieentlv lowr digestibility . than the other

Ifill IYDDM of both peper birch and resin birch .......ignifieantlv lever than all of the

Ifill lfith the exception of fe\tleaf lfillw. IYDDM of peper birch \iSS signifieantlv different

from thatof resin birch (Table 2).
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There vas. si,llIfictllt (P<0.OO4) 2-....~ inten.dion for crude protein between epeciet

......mple ~riods .....n per birchvas included in t.. AIIlYA. W" n peper birch vas excluded.

t"n vas no ei,nlficlftt (P>0.42) Inlenctiln lAd no difflrence (P>O.t 5) he"-n Mmpll period

IIl8lIM forcrude proteinef t.. relllllAi ng 6speciet. Eliminetion of mountei n cnnberr~. MmplM

Inl,during December. did IlOteffect t.. fetulb oft.. lnehpis . Crude protein vas pooled eros;

Mmple periods for comperison ofMmple meens for.1I species except peper birch (Tlble 3) .

A.....,. crude prel8in co.nt vas hi,hest for resin birch. Ind levast for mountein

cnnberr, (Tlble 3) . Crude protein \eveb for peperblrch ....re slmiler to too.. fer resin birch

In both.m~11 periods (fig. 3) . Di.mondl.fYiIl load t.. hi,hest. Ind,n~l.f Ind Ihcherdson

viII.... t.. 10Yet1. crudeprotein velues of t.. Yill (T.ble 3. fi,. 3). T..re ....n si,Aificent

diti. re ~ in crude protein lawll lmong the 6 ehrub epeci.. pooled ovar IImpl. peried (Tlbll

3) . With t.. exception of ,n~l.f viII.... Ind Richerdson vill ........hieh re simil.r in ,roYth

formIndsizeofcurrent InnUlI ,roYth Mgs. t.. meens ofIII ot"r epeelet re differt,t.

T"re'alllS hi,h correlation (r=0.95) betveen crude protein velues of t.. same species

(excluding mountein cranberr~) compered betveen December end Mlrch SImple periods, but

trends over time ....re not consistent (Table 3) . Crude protein velues for peper birch. retin

birch. and ,ra~leaf Yill.... increesed from December to Mereh. ...hile velues for diamondleef

viII..... feltleaf viII.... , and Rieherdson Yill.... decreesed (Table 3. Fi,. 3) .

A ei,nificent illYlrSl correletion _ found betveen IVDDM and crude protein velues

compered for t.. Slme species vithin December (r- -0.82) and Merch (r--0.81. using

December velUi for mountain crenberr~) SImple periods, Ind.....n pooled ecrosa IImple periods

(r--0.75.excluding peper birch).

DISCUSSION

!.!l vitro digestibilities ofindividUlI Yill.... species reported in this stud~ vere similer to

too.. reported b~ ot"r reseerc"n. OIdemever (1974) reported IVDDM using _ rumen

inoculumaveraged 34.5X and 37.3X for Iittletree viII.... (salix arbusculoides) collected on t..
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\vi9S frtlll JIMnile pllllbcont.in nre digesti.n-lnhibitilllJ subst.nces. Both IClein (1977) IIlIII

BrlJllll (1981) reported thet '"'" resin cent.nt If betel .Iloob If peper birch det.r .... brWllng

b, SllOVSho'tt here (l.pus lmericenus). Ilael slloots frem birch trees (Betull pendul••nd )!.

PVbelcellS) .... re ,ho'ttnIe rKIi... lowr brwsilllJ presture frem nunt,in hara (l.pus timid.)

II nertherns-ten (Danell.nd Husa-Danell 1985).

t1est.fthe peperbirch _nlble IS brwse in the,tudy lrea is bIIallhaetl.rililllJ frtlll

owr-lIIIture trees. lvlg amples collected fur this study....re _nti.lly III frem betel .beets.

The pre,,~nderence If thalll.....r digestibility betel .110..1tlt'I9Iln the amp'" 1liiy <lXpl"n the

Ipperentdiacrepency in IYDDM beMlenthis studyInd results reported frem the Kenll Peninsul.

Ind interier AlISb v here .hru~IiZlld peper birch pllnts .... re importalll in _ ....

(lellllSche Ind OM. 1973), theugh lOr resul11 Ire _rl!' identicel to theee ef Ae,lU. It 11.

(1986). !!vitre digesti.nIf peper birchInd resin birch tlt'I9IIIIIY II. be l.....r then the ·.pea

11...• '!litem If rumen digestion ...here remowl or dilution If toxic relillS 1liiy .nhence

digestibility (Per..net II. 19BO).

Mountain cnnberry had the highest digestibility ofthe sevenspecies tested. Sevenlother

.tudies hIYlI .1...uggested thet digestibility of mountein crenberry ..... ceno' ·tanUy high in

reletionto other wedy furages eeten by IIlOO3t durilllJ vlnter. For exlIr. .che Ind Davis

(1973) reported 50.1~ IYDDM usilllJ bevine inoculum, .nd Oldemever ~ II. (1977) found

41.8~ usilllJ moose rumen Iluid Ind 40.8~ usilllJ dairy _ inoculum on the Kenei Penillilul•

...here mountein crlnberry ..... In importentvlnter fonge perticullrly ...hen '1lO'w' ..... not deep.

Our observations ,uggestthet moose in the middle Susitne basin .tudy lree entered through light

'1lO'w' cowr «25 em) in December to reechmount.incnnberry. But by March, ...hen SIlO'w' depthl

tied lCCumuleted to over .pproximetely 60 em, creterilllJ for this l....-grO'a'iIllJ dverf shrub .....

nre. OldemelJlr (1974) reporM l.....r IYDDM ...hltS for mountain cnnberry then other

studies: 36.0~ end 37.4~ usilllJ IIlOO3t rumen inoculum for Februarv 3nd March semples,

respectively.
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Dietz et e1. (1962) recommended e minimum of 771; crude protein for brwee OR ...

condition mule deer (lldocoiltus helnion.) vinter relllJl. Similerly, Ilegelin II II. (1986)

recommended thet vinter requiremenb IG meinteiR nitrogen bellnee ofedull _ .hould M met

by dietery crude protein le''lI1s of 6.5". Three of 4 vin..., .pecies Ind mountlin crenberry In

hid crude protein levels I......r then the recommended 6.5lt>. The crude protein velues for the

.hrub .pec:ies investi9llted during vinter in thi••tudy ....re generilly compereble vith other

publi.hId informetion. Average crudeproteincontent 017.Olt> ..... reported for felll..f viII..., in

interior Aleskl (Milke 1969) compered to our 6.24lt>. Diemondleef Yin..., in interior Alesa

renged from 5.4- 5.6lt> (l1IIchide 1979), vhich ..... I r then the IYerage of 6.92" crude

protein in our .tudy aree. Crude protein IYeraging 5.4lt> found for mountain crenberry by

both Lellesc:he end Devi. (1973) and OIdemeyer II e1. (1977) onthe Kenei Penineule, compend to

5.25lt> during December i n theSusitne besin. Because it i. anevergreen shrub, IllOIt .tudies heYe

.......n thet mounteincrenberry meinteined e I..., but relelively uniform crude protei nleYel yeer­

round (Oldemeuer and Sternel 1976, RegeHn et e1. 1986) . In eentrest, Scotter (1965, cited in

OIderneuer 1974) found higher level. of crude protein in mountein crenberry of northern

Suskatchevan; 7.9lt> and 6.3% in September and March, respectively. OIdemeuer et at (1977)

reported 8.5%crudeprotein in peper birch during Jenuery, and cited Kenei NIltionel Moose IleIllJl

(Kenei NationelMoose Refuge narretive report: May-August, 1963. Kenei, Aleska. 25pp.) es

heving a YinterIYerage of 7.5%onthe Kenei Peninsule. Coven et e1. (1950, cited in OIdemeuer

et e1. 1974) found crude protei n levels IYerag; ng 6.1 %during Yinter compered to 8.25lt> in our

lIudy.

It is possible both crude protein and digestibility could very ovar time es a result of

chenges in lYeilability of different plent perts. 1\$ Yinter progr_, fever current annuel

grovlh tvigs remein to be br~. Those Mgs vhich do remein can be of I......r nutrilionel

quelity if they heve been previously br~. 8rovsec! Mgs heve a larger remaining diameter

and lack terminel buds, vhich contain the highest ~rotei n content (Coven et el. 1970, Wolff

_. -,,- --;-- .~- "y' ---•• -"'-
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1977) and ere IIlOA digesli~le . If this .... the cae, then a consistent declining tAnd O'Ier lime

wuld lie expected. Our lllte III IlOI ,w this tAnd. Our aeloction of predomi nentl VunbnNaed

M9S in both semple periods ....uld tend toartificiall9 suppress this trend O'Ier the M9S a _

might chooae. Though ,teli,licel tosb ,hwed a ,ignificent incr_ in crude protein contont

be ~n IIImple period means for peperbirch. it is our conclusion thet the detected diffeAnce \r'l'lI

an artifact of field IImpling and 1010' temple ,ize end do not represent reel che"", through time

the! wuld directlg influence nutritionof foreging _ . We knw of no biological reeson ""hV

crude protein content of peper birchwuld incr_ during the \finter dormencv period. Further

support for the conclusion thet crude protein levels probablg did not chenge in the interim

betwen December end t1erch comes from Beilev (1967) end Lagcock end Price (1970) ""ho

found thet crude protein content of brwae does not change epprecieblv during the non-gro..,;ng

_no

IMPLICATIONS

These results heYe shwn that digeslibilitg end crude protein content of mejor food items

eveHeble as forage for _ lfinteringin the middle Susitne RiYer basin verV bgspecies. Neither

digestibilitV or cr ude protein content probeblg verg once the plents heYe become dorment in the

fell; thus e single \finter-long everage should be obteined for each species using theIIIte from both

semple periods. The results suggest thatdigestibilitg emong diemondleaf, grevleef. end Richardson

\fillws ....re not different; theg could be combined end e single everage digestibilitv (3S.2\\,;)

used. IlweYer, differences in crudeprotei ncontent emong thalfillw species suggests that velues

should be individuellV determined. An everage crude protein content (S.94\\,;) could be used for

gregleef\fillw end Richardson lfillw. Mountein crenberrv heel the highest digeslibHitg but the

lwest crude protein content of the species tested Its d"Yllrf grwth form mekes it of limited

eveHebilitg es forege in thestudg ereaduring the period Jenuerg through April in \finters of light

or everage snowfell end December through April in vinters \fith earlg. deep snowfel1.
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LIST OffiGURES

fig. 1. Sites ..,here shrub samples ...ere collected for nulritioll81 all8lysis in the middle Susitlll

River basin, Alaska.

fig. 2. Comparison of percentlYDDM ofcurrent annual grwlh 1'wIig3 of 7 shrub species collected

during 2 ..-inter sample periods in the middle Susitll8 River basin, Alaska.
~

fig.;t. Comparison of percent crude protein ofcurrent annual grwlh 1'wIig3 of 7 shrub species

collected during 2 vinter sample periods in the middle Susitlll River basin,Alash.
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a B= Bolhsample periods; 0 = December 11-1 3 sample period only.

Tlble 1. S1tes ",herecur rent Inn..l gnl\l1h Nlgs from 7 shrub specIesYerecollected during December 11-13,

1984100March 5-7, 19851n the mIddle 5usltlll RIver besln, Alask1l.

semple SizeSite

Z 3 4 5 6 7 8 9 10 II IZ 14 15 16 Dec. Mar.

FOrlge Species

Paper birch II' B B B B 5 5

ResIn birch B B B B B 5 5

Otamoncl1esf 'w'tllov B B B B B B 6 6

Feltlesf 'w'tl1ov B B B B B 5 5

Graylesf 'w'tllov B B 0 0 4 Z

RIchardson 'w'tllov 0 B 0 0 0 B 6 Z

Mountain cranberry 0 0 0 0 0 5 0

r
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a Pooled means Yithin column fallOYed by a different letter are significantly different.

bOnly 2 raplications.

e December sample period only.

T.... 2. IM~ S !.!mrt*, ..Iter-,estl~llt,.r current annUll VMh M9' (Yllole

"'lit ftr lIlOunteln cran.rr,)., 7 .Ilru~ .peci.. cellecWdurilllJ2 Yi.,. _mph peri.. ln

tile llliddle Suslt.. River besin. Alaska.

Paper birch 24.41 3.0 24.4 0.9 24.4 Ab 1.7

Resin birch 25.5 0.5 27.0 1.4 26.3 IlC 1.2

Felt1.f Yillw 28.8 1.6 26.5 1.1 27.7 C 1.8

Grayleef Yillw 34.9 2.3 35.1 0.3 35.0 D 1.5

Riclllnbon Yillw 34.7 1.5 35.4 0.5 35.1 0 1.1

DiamondleefYill,"", 36.8 0.4 34.3 1.0 35.5 0 1.5

Mountain cranberry 42.6 0.6 42.6c E 0.6
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Both Periods
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Tillie 3. Aver.,. K crude protein centent of current enllUll grwth \vi" (",hole plent for

mounlein cnnberrv) of 7 shrubspecies cellected durin, 2 vinter semple periods in the middle

Susitne River belin.Al"bl.

47

Foreve Speci., December 11 - 13 Merch 5-7 Both Periods

I I1een SO I1een SO I1een SO

I:: Mountein crenberrv 5.25 0.0 5.2S'Ab 0.0

I Richerdson villov 6.03 0.04 5.75 0.27 5.89 B 0.23,
Gn Vl..f villov 5.97 0.23 6.00 0.0 5.99 Be 0.13

I Feltl..f villov 6.25 0.08 6.22 0.04 6.240 0.06

I'
Diemondleef villov 7.00 0.08 6.85 0.05 6.92 E 0.11

Resin birch 8.25 0.0 8.26 0.18 8.25 F 0.10

r Peper birch 7.97 0.04 8.53 0.04
__c

I e December semple period onlV.

I·
b Pooled means vithi ncolumn folloved bV e different letter ere . ignificentlv differ.ent.

c Significent 2- ....Vinterection be!veen species end semple periods.

I
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SECTION II - MODEL INPUTS

Honthly Diet Ca.position, Digestibility, and Crude Protein

I\uulta from the food hsbits study (Section I) documented the

genera, allld in soae cases species. of plants doainant in the diets of

middle basin ,""oBe. There was variation in proportiona of each food

item among areas, though the basic food items were present in all areas

sampled. Laborstory calibration of diet proportions through

differential digestion and frsgment identification was not successful

primarily because of misidentification of species using the

microhistological technique. Though these results highlighted the

imprecision of this technique, they still provided needed quantitative

insight into the presence o r absence of major dietary items and gross

dietary percent compos ition .

To arrive at monthly d ietary composition from dietary information

summarized over the entire proj ect area was an exercise in combining

both documented data and undocumented field observations into a best

educated estimation. Willow made up the largest proportion of the

average moose diet in the project area. The major willow species

present and browsed by moose were diamond leaf willow. graylt:af willow.

Ri ch a r ds on willow, and f e l t l e a f willow . Diamondleaf willow was most

abundant, while feltleaf willow was the tallest growing and p rovided a

mid- to late-winter f orage r e s our c e growing along riparian streams .

These 4 willows were used in preparing the willow component of the

,I.

average monthly winter moose diet i n the project area (Table 1).

Percentages of each willow species were estimated based on known

availability, abundance, distribution patterns, observed patterns of use

by moose , and height structure . The dietary proportion of resin birch
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v.. establiahed as a aax~ but consistent 15% throughout the vinter

and spring months (October through Hay) (Table 1) . Kountain cranberry

vas stabilized at 20% of the diet during the October through December

period. decreased to 10% during the vinter months vith deeper snow

(January through Karch), and then increased again during April (15%) and

Hay (25%) reflecting progressive .elt of the snov pack and its

availability as browse prior to spring plant phenological development

(Helm and Hayer 1985) (Table 1) . Primarily because of its low

availability and limited distribution. paper birch vas limited to a

maximum of 4% of the diet during mid-vinter (Table 1) .

Average digestibility and percent crude protein values used for

calculating predicted values fra. the sum of the component forages are

also shown in Table 1. Nitrogen was calculated from percent. crude

protein for direct input to the carrying capacity model. Calculated

results for average monthly diet digestibility and crude protein content

are summarized in Table 2. Diet digestibility and crude protein values

f or the summer months (June through September) were obtained from

studies conducted on the Kenai Peninsula (Regelin e t; a l. 1986) a nd are

also shown in Table 2.

Digestibility values were calculated from entire current annual

growth twigs clipped at the bud scale scar. The average digestibility

values assume, in theory at least . complete utilization of the entire

tw ig at one t ime . When utilization levels are less than 100%. (e .g • •

50%) , it i s p robable t ha t av e r a ge digestibility of the terminal portion

of the twig ingested may exceed average digestibility obtained from the

entire twig. Koen (1985) has documented that red maple (Acer rubrum)
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twigs sre .are highly digestible (up to 164%) at the distal teratnal bud

than at the prnxtaal bud scale scar.

Field observations have suggested that, in a high-use area, moose

browse twigs of feltleaf willow progressively shorter through the winter

rather than consuming an entire twig during a single feeding. However.

for the shrub species we have used in average monthly diets (Table 1).

only felt leaf willow has sufficiently long twigs that an upward

adjustment in average digestibility and crude protein levels could be

considered necessary. The other 3 willow species and both paper birch

and resin birch all have small current annual twigs that are usually

almost entirely removed in a single bite. The entire mountain cranberry

plant Is also consumed in the same manner. Observations of the degree

of utilization of feltleaf willow in the project area suggest that this

species I s very heavily browsed, with almost the entire current annual

quality ter1llinal buds in December would subsequently be consuming ther.
growth twig having been removed by spring. Hoose consuming higher

lower quality proximal end of the twig in March and April. This would

r esul t in an average dige.. . i b i lit y and crude protein content over the

winter similar to that calculated for the entire twig. but a decreasing

digestibility curve over the cour s e of the winter .

The digestibility and crude protein values reported in the Sus itna

studies (Section I. Forage Quality study) were comparable to those

reported by other researchers in Alaska. Diet digestibilities

calculated from sums of the component forage items were very close to

those experimentally determined (Section. Food Habits study). In vitro----
digestibilit.ies using bov ine rumen inoculum also compared well with

t bos e obtained from moose rumen inoculum. Because the willow s pe c i e s



r

! r
I"

~
..

f

I;;

51

were eoabined for forage bioaa•• ealeulations (Beeker and Steiger. 1986)

and the above arauaent.s, it 18 not recommended that a correction factor

be applied to .anthly diet digestibility or erude protein values

ealeulated in Table 1.

Monthly Diet Substitution

In eOlRputing carrying eapadey, total available forage bioaass of

all subjeet spedes is offered for eonsumption over the speeified tlloe

period (e.g.. 100 days) the .aose are expected to be on their winter

range (proposed iapoundments). Allocat.ion of forage biomass resources

is constrained by max1lllua percentages of each spedes allowed in the

diet. When the upper lilll1t of the allowable dietary proportion is

reached for diet it.... A. diet item B is substituted until its upper

limit is also reached. and then diet item C is substituted, etc.

Maximum allowable contributions of each diet item for project area

moQ·.~ were derived from the literature and from field experience. The 3

plant species requiring estimates of upper lilll1ts were paper birch.

resin birch, and mountain cranberry. The contribution of willow in the

diet is eonsidered limited only by availability of total forage b Iomass

once allowances have been made for environmental limitations such as

snow depth.

Research on the Kenai Peninsula has suggested tbat a reasonable

maximum contribution of paper birch in the diet of wintering moose is

about 70% on a nearly monotypic paper birch study area (LeResche and

Davis 1973). There Is evidence that at higher percentages rumen

activity may be inhibited by the resin content of paper birch

(Reisenhoover et al. 1985) . Paper birch is limited in abundance and is

sparsely distributed in the project area. The 70% maximum dietary
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contribution vas used for paper birch even though project area an"se

could not likely achieve this level for those very reasons.

Resin birch vas not sampled for forage biomass in the project areK

because of its rather ubiquitous distribution and virtually unlimited

abundance of forage biomass. Information from the food habits study

(Section I) identified a maximum dietary contribution of 16%, averaging

11% over the entire project area . Murie (1944) reported :hat resin

birch vas regularly browsed by moose during vintet in Denali National

Park, though LeResche and Davis (1973) and Spencer and Hakala (1964)

considered resin birch of minor dietary importance. For the S'-Jsitna

proj ect area. we recommend a maximum but consistent dietary percentage

of 15% resin birch throughout the period October through May .

Hountain c ranberry bas been reported to comprise up to 51% of the

vinter diet of moose on a depleted range on the Kenai Peninsula

(LeResche and Davis 1973) . Hoeeve r , on a norme L -luality range on the

Kenai Peninsula the maximum winter dietary proportion of mountain

cranberry vas 21% (LeRes che and Davis 1973). On the depleted range but

not on the normal range , mountain cranberry made up nearly half of the

diet (LeResche and Davis 1973). Cushwa and Coady ( 1976) also noted that

frequency of mountain cranberry in mOOSL rumen samples was higher during

spring than during winter on the Kenai Peninsula, but that { t was nearly

absent from samples taken from the interior near Fdirbanks. Deeper and

more persistent snow accumulations in the interior make mountain

cranberry less available that on the K~nai Pen insula.

The Susitna project area 1s in a trans itional zone between the

interior and southcentral coastal climatological zones . Average snow

depths exceed those on the Kenai Pen insula (compare Steige r s et al . 1986
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and LeResche and Davia 1973), but are lees tha.. t h '8e in the interior

neer Fairbanks. Thus lDOuntain cranberry 1& conaidered to be available

for a shorter period during the winter than on the Kenai Peninoula.

Die t a r y composition in the Susitna project area ranged from 1-41%,

averaging 8% over the entire area (Section I, Food Habits study).

Mountain cranberry is considered to be at its lowest availability during

the January through April period. For purposes of diet substitution, a

maximum winter diet contribution of 15% is considered to be reasonable

for proj ect area Iloose. Mountain cranberry as a dietary component 1s

not 111liting i n total biomass production, but rather solely beca~se of

limitations in availability.
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Table l. Monthly diet composit ion and percent di gest ibi l i ty, pro t ein, and

I, nitrogen con tributions to the winter diets of moose in the middle Susitna

R.iver basin. Alaska.

I
Honlh =00_ Ditt MlH) Prot... Hitr_
Ditt Itfm "" Ditt "'~. '" MlH) '" centr. .., Proton '" centr. centr.
...mow 64 64

Dlimondlo.f ss 41.6 3:I.:i 14.77 6.92 2.88 OJlO4606

I Gr.,INf 10 6.4 3:lD 224 5.99 0.38 0D00613
RicNrdsolI 10 6.4 3:1.1 225 5B9 0.38 0000603
r.ltINf 15 9.6 n.7 2.66 624 0.60 0DOO9SJ

I PoporIlhll 1 I 24 .4 024 825 ODS ODOOI32
Rorilllhll 15 15 26.3 3.95 825 124 ODOI980
Cra>orry 20 20 42.6 8.:12 525 I.Il:l 0001680

I
TOTALS 100 100 34.62 6.61 ODI0S73

Honlll=Nonnat' DIot MlH) Prot.n rtltrOl)Oll

I' Dittll....
'" I>itt "'~. '" MlH) '" centr. \IJProt.... \IJcentr. centr.

...mow 64 64
Dlimondloof 6S 41.6 3:lS 14.77 6.92 2.88 OJlO4606

I' Gr.,lt.f 10 6.4 3:lD 224 5.99 0.38 0D00613
RicIIordson 10 6.4 35.1 225 5B9 0.38 0000603
Ftltlt.f 15 9.6 zt: 2.66 624 0.60 ODOO9:l8

I
Poporllhll 1 I 24.4 024 825 ODS ODOOI32
RtstI8trdl 15 15 26.3 3.9:1 825 124 0001980
Cr-..., 20 20 42.6 852 525 IDS ODOI680
TOTALS 100 100 34.62 6.61 ODI0S73r
11onIh=_ I>itt MlH) Prot... Hitr_

r DIot Iltm '" DIot "'~ . '" IYDl'I) '" Ccntr . '" Pro_ '" centr. centr.
...mow 64 64

Dlimondlo.f so 32 3:I.:i 11.36 6.92 221 OD03:l43

I
GrOll_ 10 6.4 35D 224 5.99 0.38 0D00613
RicIIordson 10 6.4 3:1.1 22:1 5B9 0.38 0000603
FolllNf 30 192 27.7 5.32 624 120 ODOI917

Popor8trdl 1 1 24 .4 024 825 ODS ODOOI32

I· IMtIIlhll 15 15 26.3 3.95 825 124 ODOI980
:ra>orry 20 20 42.6 852 525 Ul:l 0001680
TOTALS 100 100 33.87 654 ODI0468

I
Honlll=J........, Dirt MlH) Prot... HitrOl)Oll

I
Diotll....

'" I>itt "'~. \IJMlH) '" centr. '" Prot... '" centr. centr.
...mow 72 72

Dlimondloof 40 28.8 35S 1022 6.92 1.99 0D03189
Gr.,lt.f 10 72 3:lD 2.:12 5.99 0.43 0D00690
RicIIordson 10 72 35.1 2.53 5B9 0.42 0D00679
r.lllt.f 40 28.8 ztr 7.98 624 1.80 OD0287:l

PoporIlhll 3 3 24.4 0.73 825 025 0.000396
_Ilhll 15 15 26.3 3.9:1 825 124 0001980
Cr-..., 10 10 42.6 426 525 0.53 00DD840
TOTALS 100 100 32.19 6.66 ODl0649
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t Month.r*-'J Diot I'JDI1) Protein Nih""
Olot_

" Olot "~. " Mlt1) " QIntr. "Proltin l" Contr. QIntr.

.....1low 71 71

I O\omondlNf 3:1 24.B:l 3:1.:1 8.82 6.92 1.72 0.0021:11
Gr.,lNf 5 3.55 35.0 124 5.99 021 0000340
RtcNrdson 5 3.:15 3:1.1 125 5.89 021 0.'""033:1
r.ltlNf 55 39.05 21.7 10.82 624 2.44 0 1X3899

p... - 4 4 24.4 0 .93 825 0.3! 0JXJ0528__
IS 15 26.3 3.95 825 124 0.001980

Cr-.v 10 10 42.6 426 525 0.53 O.llOO84O

I TOTALS 100 100 31.31 6.67 0.010673

I Month=MwdI Olot I'JDI1) Prot.in "III 09'"
Diot 110m " Diot "c..... " Mlt1) " QIntr.

9l> Prot.in 9l> Contr. Contr.
YfIloy 71 71

,., I>iomondlNf 30 21.3 35,5 7S1. 6.92 1.47 O.llO2358

Gr.,loof 5 3.:15 3:1.0 12 4 5.99 021 0D00340
RicNrcIson 5 3.55 35.1 125 5.89 021 0.0D0335
r.ltlo.f 60 42.6 21.7 11.80 624 2.66 0D04253

I p... - 4 4 24.4 0.98 825 0.33 0.D00528RHin_
15 15 26.3 3.95 825 124 0.001980

CrriomJ 10 10 42.6 426 525 0.53 0000840

I TOTALS 100 100 31D3 6.65 0.010634

r
Month=Apnl Diot MlK) Prot.in Ifitro9on
Olot It"" 9l> Dlot 9l>c..... 9l> Mlt1) 9l> Contr. 9l> Proltin "Contr . QIntr .

r ...i1Iow 67 67
DIomondloof 3:1 23.45 3:1.:1 8.32 6.92 1.62 0Dll25'96
Gr.,lNf 10 6.7 35.0 2.35 5.99 0.40 0D00642

I RtcNrdson 10 6.7 3:1.1 2.35 5.89 0.39 0D00631
FoltlNf 45 30.15 21.7 8.35 624 1.88 0D03010

p... - 3 3 24.4 0.73 825 025 O.llOO396

Ii -- IS 15 26.3 3.95 825 124 0.001980
., Cr-.v 15 15 42.6 6.39 525 0.7'3 0.001260

TOTALS 100 100 32.44 657 0.010516

Month=t10Ij Dlot I'JDI1) Prot.in rtttrogfl'
Diot It"" 'iii Diot 9l>c..... 9l> Mlt1) 9l> Contr. 9l> Prot.in 'iii Contr. Contr.
...i1Iow 59 59

l>iomoncIIo<of 70 41.3 46,5 1920 9.73 4.02 0006430
Gr.,lNf 10 53 46.:1 2.74 '1.73 O~ O.llOO'119
IOcI..rdsGn 15 8.85 46,5 4.12 9.73 DB(, 0.001378
Foltlo.f 5 2.95 39.0 1.15 9.73 029 0D00459

p... - I I 33,5 0.34 liDS 0.11 0.000177RHin_
IS 15 34.:1 5.17 12.53 1.88 0D03007

CrriomJ 25 25 42.6 10.65 6.43 1.61 0.D02572
TOTALS 100 100 43.37 9.34 0.014942

Not. : Mlt1)...s CPv..... ror t10Ij ... 5usltno wintor v. .... pm 1/2 tho dirt........
botw.... S.....tn..ncllJldomoo,j....101. (1977; 537, T01>10 2) --"'I v......

I •,
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Table 2. Average monthly percent digestibility
and crude protein content of calculated moose
diets to be used for carrying capscity model
estimates for the midrlle Susitna River bas fn ,
Alsska.

Month Digestibility Crude protein

Septembera 42.00 13.38

October 34.62 6.61

November 34.62 6.61

December 33.87 6.54

January 32.19 6.66

February 31.31 6.67

March 31.03 6.65

April 32.44 6.57

!'lay 43.37 9.34

June 53.10 18.75

July 53.10 15.63

August 44.70 15.63

a Values for June through September were from
the Kenai Peninsula.
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