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Comparison of Rumen and Fecal Analysis to Estimate Moose Diets
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Introduction

l . lst imates of. l iet r .onposit ion 1or large ungulatcs
arc basic to rnanv nlanagemenl programs and re
seardr eff t) f ls. A ral ictr.ol method-s are polential ly
avai lable and inlormalion on the rnagnilude and
dircct ion o1 r 'elat ire bias ftr l  r :ach tcchniclue uould
bc valuable in project Jr lanrr ing and in as-sessing
daLa on dict composit ion.

\ ' loose or:crrr in most region-s ol Al:rska and in-
habit a val iet l  of habitat tvpcs that di l lel  in forrgc
species composit ion. abundance. and quali t l '
r LeRe-e \e  r r  , t l .  l , t  ,  I  t .  H , , r r  e r  e r .  i n t , , r r n . r r i un  , , n
the diets ol moosc in Alaska is l imitecl to Lhe Kcnai
l)cninsula (LeResche and Dar.is l97il. Cushrra and
Coadv 1976. Regeiin er 41. l9B7o). l 'airbanks and
ricinitv iCushla ancl ( loadv l9i6)" Dcnali  Nation.i
P:r lL (Risenlroovcr 1989, \ran Ballenberghc et al.
1 989. Xl iquel le ct aL. l9()2), and a small  poprrla-
Lion in sl)uthc$t Al*ka (Doerr et el.  I9BO|.

This irr lormation gap is probabh dLrc to.r num
h- r  o l  f . r ,  t , ' r .  i n , l r r r l i  r g  l ae l  , ' l  , , , r r f d ,  r r , ,  i n  - " r ne
techniques (Regcl in et o1. 1987b). N' loosc folage
sclection in ^laska has bccn ini;lre.l frorn brousc
suncls { l 'eek 1971) arrd indircct l l  cst irnated frorn
lumen satnples (Cusl lr 'n and (baclv 1976. l)ocrr
et ol. 1980) or fecal sarnplcs (RegeJin el o1.

'Pre- .ent  addrr : : :  t l , l i ,  r  Anrhsis Crouf .  ( io11r 'gr .o l  I ,orcstrv
t r i l i l l i le .  ard Rargr.  Sr i rnrs.  LDirers i t r  of  tdrh, , -  [ ]ono$.
Id lho 8:181:1.
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1987b). Tn rddit ion. dire.L obscnation of tame-
habituated animals (LcRcsche and Dalis 1973"
Regelirr et al. l9B7a. lti-.enhoover. L9{3>y or a com
l r . r r . r t i , ' n  , ' l  t . .  r , n i nuc -  l \ r r r  1L ]1 ,  r l ,  13he  e r  ' r l .
I989. XlacCracken 1992) have heen used.

l 'he rnosl accuratc ntethod (r1 e-st imatirrg the
dich ofrnoose is probablv thr: bitc-count technique.
t 'here resul ls arc cxplessed as rnass ol dN matter
ingcstcd. Holever. this method is cxhemelv labor
intensire and fequifcs that tame or habitLratcd
animals b{r avai lable. I 'ol  rnost managoncnt and
fcscarch projects. rLlrnen and fccal nnalvses are
t l r e  rn - t l ^ , , , 1 -  , ,mm ' , r i '  r r - " , 1 .  T l ' '  r \ J i l Jb i l i t \  o l
nlmen samples can be l inr i lccl and skeued bv sea-
sonal mo alitv patterns. hut fccal samples are
potentialll' r'idell availablc.

' lhe 
purpose of Lhis sludv was to cc,npare ( l ;ct

est imaLes derived from the analvsis of pai lcd ru-
men and fccal sarnple-r of rnoosc on the ( iopper

l l iver l lel ta. Alaska.

Study Area and Methods

Rumen and fccal s:rmples were collccted ilom
moosr on the ( iopper River Dclta (CRD) in south-
cental llaska. The CRI) is immediatelv east ol
Print'e S'illiarr Sound and enu)rnpasscs lboul
3.200 krrr'. N'lacClar.ken (1992) described the studv
afi'a in dct{il. the habital tvpes ;mporlJnt to moose.
lrnd othef espects of rnoose ecolop- on thc CIiD.



Samples lbr Lhis studv camc liom thc \rcst CRD
(tr CRD) subpopulrt ion dul ing t9B7 1989. Sanr-

! , 1 '  -  \ '  n  , , , 11 , .  r . , l  l , r  l r u r r t - r - . r r r d  r , ' o j ee t  pe l - . , 11 -
ntl .  Twr:ntv-f ivc faired fLrnen:ud 1;ca1 snmples
rrcr-c cxanrined in this stucl l .  \ ineteen ol the sam-
plcs wcrc col lecLcd dLrring the hunting season. l  hc
remaindel were col lcctcrl  in October (21. \ovem-

ber (2). and L each in lcbruarr and \ ' lar.

\ ' loose rurnens l , ;crc samplcd bv taking 4 sub-
sRmples ironl et lch qu.rrtcl  ofthc r-Lrrnen-relr( ulum
conpie\. .4. haIrdl l  of matcl ial  consl i lLrLr( l  a sul)-
sanlple and the subsamplcs 1r 'crc combined in a
plastic bag. malin:i an appro\irnatc 1-2 l. sarnJrle.
A 0.25-0.5 T. fecal sanple las talen direct lv from
the rectlrm. Both rumcn and frcal sanl lr les \{ere
olen-dried at 60"C for '18 h for storage.

Thl 'rurnen sanrple-r rer-e :rnrlvzed usinpi 2
procc'r lrrrcs. First.  a macroscopic e\amination

i lrrncn-macro) r)f  Lhe contenls \ \as condlrcted

\Zac:h et a\.1982). Thc drierJ rrrmen sample-s l 'ere
soaked in water 1or >48 h thcn tashr:rJ through
a series ol siere-". Nlatel ial  that accumulatcd in a
sicvc r i th a 4-mm ol)ening $as air dried then
splcarl  onlo a white enamel t f l rv that \ras markcd
rri th a grir l  srsLern del ineal ing 100 cel l- .  that tere
8 cnr c'aclr.  ThirLr ol the I00 cel ls lele selected
at landorn and lhc conlents irJenti f iecl to species
p.rrt  rdth the aid of a cl issccting microscnpe ( lo

r. porrer). The iclentilied material tas dricd at 60oC
lbr,1{: l  h Lhen weighed to the nearest 0.01 g. A
pcrccnt drv leight ior each slecies part rras cal
crr laterl  for each sample. The identi l iecl material
\ \as Lhen added to lhe.ontenls remaininf( on thc
trur ' .  and the remainder of the nrmen sample that
had passccl through thc 4-rrnr rrcsh siere and .ol-
leled in a 2 mrn mesh siele.

' lhc 
rccombinccl rurnr:n sarnplr- 's were Lltert ana-

I lzcd microhistological l l ' '  i rurncrr-rrr ic rol.  The sarn-
ples rrcrc glound in r I  i ]cr '  rni l l  to pass throLrgh
a l-n1m mcsh sclccn. A port ion of thc ground ma-
' e r ; , r l  I n r  e . r r h  - . rm l ' 1 .  " . , -  n r r r l e  i r r t o  J  r n i " r , , - , " ' 1 '
sl ides and 20 f ields/sl ide ex:unined Ibr identi l ia-
blc planl fragrn('nls. A ral id l leld had at least 2
idcnti f iablc planl fragrrcnts and arr identi [able
plturt l iagmcnt had at lcast 2 rrnit lLre char-acteris-
t ics. Plant fragnrcnts r, ;crr:  identi f ied lo lhe lo$e-ql
ta\onomic lclcl  possiblc, mosL r)f tcn genus. and
lrerpentll spt'cics. Fiach slidc las a sLrbsanrple and
the counLs olidentiliable plant liagmcnts/100 ficlds
ucrc qrrarrt i f ied as percenl relat i , ie deD-ri tJ. a close

approxirnation to pelccnt dry l ,cight (Sparks and
N'lal:r.hek -t96lt). The iical san4rles lcrc also ana-
11zr:rl rricrohislologicall,v lbllordng thc samc
proccdurcs.

'l'his 
analvsis assumcd that nroost diets clid not

change  s i gn i i i can tLv  bc t l ccn  t he  mea l ( s )
rcpfesenLed br the leces and the r lrmcn. Sch$artz
et al.  (1988) rcpoflcd LoLal mean relentlon t lmes
oi licluid inge-<a bv nroosc of 38 and 5,1 h for high
and lol clualit_v clicts, rcspcdivclr. Ilrbber (19[ti)

reported a high correlat ion bctrrccn passage raLes
of l iquid nnd part iculatc ingcsla in moose. Hanler
et al. (19fi5) conductecl a similrr unalysis with,Sitka

black-tailrd cleer lOtLotrtiLetts Aenionzs ritAensis)
aDd st i l ted thal conslanl for-age selecl ion a $eek
prior to samplingi was assumcd. Signif icanl changes
in Lhe diets oi rnoose on the \\  Cl l l )  occurrcd dur-
ing Apri l-Nlav. Julv. and Nolembcr ( l l lacClackcn

1992). Based on these 1acts. thc assurnpl ion ol
()nslanl diet conlpo-r i t ion 1tas l ikcly mct for a
majori t_-r of sanples anallzed in this studv.

The samples \\ere not independent rthich l io-
lated a major dssLrmplion of mosl stat i-rt ical tests.
Horrercr. our objcct irc 'rvas to assess the rar- iat ion
among dict cst imation leclrrr iques u'hich was most
accuratelv r lctcnnincd $ith dependent samples.

Tlo questions $ere addres-red. lhe l i rst was

thethcr thcrc \Lcfc an! signif iranl cl i f l i rences in
diet composit ion cst irndtcd bl thr: 3 procedures.
This was eramined with a 2 wav \ lANOlA. block-
irrg on indir idual animals. L)ue to the prepondcr-
an(,e of estimate-r 2 800/o and S 5Yo in the data
rnatr ir .  per-centages were converted to lanks prior
to analvsis (Conorer and Lnan 1981, K. Stcinholst.
pers. conrmun.! 1 991). The canonical strucl lLre ol
the \TA\OV{ model $,as e\amined to dctcrrninc
which diet i tems lcrc lcsponsiblc irrr arrv dif fer '-
cncres (SA-( InsL.. Inc. 191l l l ) .

The second quesl ion consiclercd trc orgrcc or
associal ion i lmong the procedLLres. This ras.r-"
ses-red bv plott ing thc data for cornparisorrs be-
l $ccn  l he  rumen-nac ro  ana l vs i s  and  t he
rumen-rnicro and {eca.l analvscs. src assurrcd lhal
l \ lmcn-macro csl imalcs $ere closesL to the true
diet. since most mateial col d bc posit ir .clv idcn-
t i f icr l  and di l ferenLial cl igestion of plant species
toulcl bc nrinimal. Four foragc caLegories $ere
eraluated in this analvsis: rrillot's. othr:r'brortsc.
total forbs. arrd toLal grarninoids. A least -cquales
regression line \ras estimated and plottccl for cach
compar. ison,

Estirnating \'loose l)icts 231



Results and Discussion
'f 

lre twigs and leaves of Barcla,v t'illor (5. barclati)
Nere lhc most abunrlant i tems identi f icd bv rhe
rumcn-macro proccclure ( i35oi and,120l0. respcc
tivcly). Wil lorv twigs that <.ou]t l  not be identi f ied
to specics were the ncxt most abundant i tem
(230lo). follor,;ed bv Sitka aldcr |A/,nus t;inu,ata)
leavrs {970), srveetgalc (M1nra gdle) twigs (80/o).
wood fragmr-'nts (50/o) and srvcctgale leaves and r-il
lo$ catkins (30/o and 290. respectively).

Rumcn-micro anrl fccal pror:edurcs could not
distinguish among spccies of willrw or specific plant
parts. Thus. statistir:a] cornparisons among the 3
proccdures were made by lurnping willo&'s and not
dillerentiatinpJ plant Jrarts.

Thcre were signif icant dif ferenccs (I '  :  4.1.
P = 0.0001) in d;et est imatcs among the i3 proce-
dures (Tablc l) .  However. these dif ferenccs oc
curred onlv lbr i terns that 1,!ere a minor port ion of
the diet (i.e.. Epiloblum spp.. Popu,lus tnctutcarya),
or plant parts that \ ' !crc unidenti f iablc microhisto-
logical lv ( i .r . .  rvood fragmcnts, catkins). Est;mates

T.{llLE l N'I.!n (-sE) pen,int ol irems i.l.rLiljirl in pded
rurncn anrl lecal sarl,lr* ofmoose or rhr: wcsr Cop
per  R i r r : r  De l ta .  A1ash.

of other i terns in the diets rvcrc not di i lerent (1, >
0.05) among the 3 procedures. There were also
signi i icant t i i f ferences among animals (I '  = 1.25.
P : 0.02). but again, these rvere att iblr led ro c's-
t imates of relat ively minor i tcms ( i .e.,  Epi lobiunt
spp.. EtpLietum spp.. antl Corc.r spp.).

R ,  - r r l t -  o t  t l r -  r ,  y r , - - i on  a r r . r I s r - -  se re  r r r i . r -
ble. For * i l lorcs, Iecal est;mates werc closesL to
rumcn-m:rcro estimates (Figurc l) .  This rclat ion
ship was also true for forbs {l'igure 2J. Howerer.
for the other browse and graminoicl categories, the
two rumen estimates produccd the closcst results
(Figurcs 3 and ,tr).  ' l  his inconsistcncv has no ap
parenl cxplanation. Wc lould have predicted Lhat
cst imates l iom fecal samplcs l ,ould havc consrs-
tcntlv deviateri thc most from thc rumen-rnacro es
timates due to dif fcrcntial digestion of plants,
variablc passages rtrtes. and grcater am()unts oI
unidenti l iable material in fcccs (( i i l l  er o/.  198i3).
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ligd.2. l'l(ns ofper.ent forbs in moose nnnen rnd le(ial "!',

p ler .  The sol id Lnre is  rhe l :1 rc l r t ionship.  1hc
l ' - \ , J  l i , -  - r l - 1 " , -  -  t , , r - .  , ,  s r ' - - , .  '

Overall. agreement amon€t the 3 proccdurcs

$as grcatcst  for  graminoids.  fo l lowcd bl  rv i l lows.

other browse. then forbs. These results were .r-s e-r

pectecl basccl on thc known biascs ol cach procc-

durc {Wcstoby et  o1.  1978. Vavra ancl  Holecheck

1980. Hanley et nL. I9BS).

I)cspitc t lose agreement for major diet compo
nents. each [)rocedure had shortcoming,e. I lumcn-
and fecal micro procedures could not idcnti f ,v wi l-
lcxvs to spccics and could not identifv specrific plant
parts. These traits are a major Jimitation of this
proccdurc $hcn applicd lo moosc samples sin.re
ri l l rrs are lhe primarv diet i tem in manv areas.
numerous species of willow are often availahle. and
1nn , ' - e  p re l i r e r r t i r l J r  f b r . r ge  u r r  . e1ne  -pe ,  i ,  -

(Risenhoover 1987). However. l ical analvsis in
comh ina t i on  r . i t h  ' l i r e l r  ubsen r r t i , , ns  . , 1  f . , r r g i ng
moosc (Van l3al lcnberghe et al.  1989). examina-
tion of feeding sites. and brovse sun'evs (Peek

1974, MacCrackcn 1992) mar rcasonably esti-
mate the relat i le imporLance of ui l lows and sea
sonal trends in use as well as prefelences for
species and planl par1s.

The rumen-macro procedure can be alfected
bv choice of sieve size in the preparation ol sam-
plcs. N_rgrcn and Hoffrnan (1990) repc.,rted that
the average rumen particle size in moose changcd
with {oragc digestibi l i ty and runren relent;on t ime
from approxirnattll- 2 mm in winter samples to >ll
mm in summer sarnples. Addit ional ly. we obsened
nurnerou-c fragments of horsetail (lqaisetzrn spp.)

1 ' a - - i r r g  l h ro r rgh  t he  4  mm me .h  - i . \ . .  - r gg . - l i nE

that pa iclc sizc also varics arnong Jrlanl species
and mav bc relatcrl to cell wall struclure and frac
ture characteist ics. 

' lhcsc rcsults suggcst lhal lhc
anal_lsis of rumcn samples should use a 2-mm
mcsh sicvc.

W i l l e r  J i . l '  o i  m , ' , ' r  r . - r e  d i f f i c r r l t  1 , ,  ( - l i r na l c
rvith cithcr rurnen or fecal sarnples. The February
rumcn sample examined in this stud_v las domi-
nated bv rclatively large fragments ofwood deroid
of idcntifying characteristics. This rvas typical ol
moose rumcn cdrtcnts in wintcr and !!as proba-
bl,v thc sour(c oI somc of thc problems reported
bv Rcgdin et cl .  (J987b:263). i .e..  ' ' t rashv" sarn-
ples uith lots of unidenti f iable material.  ln addi
tion, rve rela-:ied the criteria defining an idcntiliablc
fragmcnt rurd a r.alicl ficld to I charalteristic/lrag-
ment. anrl I fragrnent/field for the microhistologi
cal anal_vsis of t'intcr rumcn and fccal samplcs.

Oul results support I 'cck's (1974) conclusion
that a varicty of proccdurcs mav bc nccded lo es-
t imltc moosc cl icts. For stucl ics having objectives
that rcquirc rcplicatecl samplirrg from a large num
bcr ol animais. lecal analysis is probabl_-v thc onlv
method that carr meet thosc goals (I lanle;- et nl. .
l9B5). Thc biases assor: iated l , i th fecal analvsis
have ireen thoroughly examincd (Holcchcck 1982.
Oil l  et al.  1983. Holccheck and \raldez 1985.
Vavra and Holcchcck ]980, I l innant anrl  Koth-
mann l9BB) and can be part ial ly orercorne b;- in-
(,orporaLjon of the results oI other methods. ! 'n e
lbund relativel_v good afrccmcnt bchlrcn fccal an{l
nrmcn analvses. and Van Ballenber'gI: ,e et a[.
(t9t l9) reported similar results lbr lccal onalvsis
and bitc-count mcthods during sLrmmef. These
conclusions sul lgcst thal investigabrs can confi-
dcntlv usc fcc:r l  analysis to est;mate trends i l l
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Figure 3. I'lots of per.,inr browse. excluding $iltin$ (Sa/il

spp . ) .  in  nn ,s , ,  rumen s .mples  ard  fcca l  s rmples .
The * r l  l i rn  i r  rhe  1 : l  re la r ionsh ip . ' lh , i  { lash .d
iine is thc L:ast squrres regressnD.

willow consumption and the relative importance of
lillows in thc diet, realizing that rvintcr diets and
dctai ls on species and plant parl  select ion during
any season will have to be assesscd usin€{ other
methods.
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Figur. 1. Pli,Ls ol tercenr o{granirhids in moosr rumen an.1

irr al samples. The solid line ;s rh,i I : I relarionship.
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