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INTRODUCTION 

During the past 30 years moose on the Alaska Peninsula have undergone rst 

a rapid increase, then a sharp and ~ustained decline in numbers. Recent 

papulation data collected by the .ll.laska Department of Fish and Game (ADF&G) 

suggest the rate of decline has slowed, but consistently poor calf recruit~ent 

and an increasingly old female age structure are p ir~ populatio~ g~owth. 

Field obs~rvations made during the mid to !ate 1S70 1 s ind~ca there had 

a change in the relative abundance of browse species with preferred willows 

being replaced by species virtually unutilized by moose (Faro 1974) .. Later, 

in the course of a moose physiology study, Faro and Franzmann (1978) reported 

heavy browsing had occurred and many individual plants of preferred willows· 

were decadent. At that time the decline was considered to be the result of 

poor reproductive success caused by past overuse of the range (Faro 1977). 

Tnat conc~usion was consistent with patterns founa on tne Kenai Penl·nsula and 

in interior Alaska where habitat related declines were characterized by poor 

reproductive success (Bailey 1978, Gasaway et. al 1977). 

Prior to 1982 no quantitative data had been collected an moose habitat on the 

Alaska Peninsula. Therefore, in April of 1982 and May of 1983, ADF&G con

ducted winter range inventories near Pumice Creek and Painter Creek, re

specitively. After evaluation of the 1982 results, different. more thorough 

methods were applied at Painter Creek in 1983. Sampling was conducted with 

the 	following primary objectives: 

l. 	 To document current species composition, availability and utiliza
tion of winter moose browse in selected areas of Alaska Peninsula; 

" . ,- •, ~ ..~ 

u·--· v 1 ;_!,: ~ 

3. 	 To develop an estimate of carrying capacity on key moose winter rarges. 
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4. 	 Assessing the nutritional quality of moose browse; 

5. 	 Identifying preferred bro~:se species; and 

6. 	 Developing standardized methods of range inventory that are time 
effic~ent and sufficiently accurate to yield an estimate of the 
current year's browse utilization. 

. 	 . 
tnsuta p;.. ~ ;~·:ar ~: ; ~'; it a band of shru 

vegetative communities south from the Naknek Ri ve·r sy_stem to i·i,:-;unt Veni ami nof 

ai ong ·the~'west srcip~:;:bf;~c-i'ft~::.A1euti an Range. ···Belifu.se 0-~ varying veg~ta'ti ve .. 
" . . . ..... '~-~-·-·-:·~~--- ···..-· .. --· . - . 

c~mpo.sjtion, ·pr.edator -~en~i ti es···~~d -~unti ng p:re.~~~-~~'~q~~~ ·-"~e.D.si ti_~s a·~e 
·; . ~- ~· ' ' · ..~-.-·:!'.!.."'~~-. ~-": .. ~_ ·--~-~· ·-.~-<···· _~:}·":"<-~"'?i~::~~::.t~~~::~~-~ ... < .. ~. ~- /.0 

not constant ·within that r~nge_: -~~()~~:~.~-a.,··~~ oc~~~ _at.--low_;·d~nsitie's. ~?·uth1
of Mt. Veniaminof and on the easfern·slope of the Aleuti~n Mountains. 

To adequately evaluate condition and trends in mbose habitat, sample stands 

must be established in various vegetative types and in areas with different 
·.· .. 

moose densities .. The six.study' areas outlined below· meetthose requirements.
. 	 -· . '-. . . . . . . ~ •, . - . ' -';:" 

Because most of the moose range on the Alaska Peninsula is on National Park 

Service (NPS); ~r ·"Fish ~n·d Wi 1dl i fe Service. (USFWS) 1ands, the· ADF&G en

cou~eges the NPS and the USFWS to assume the 1 role in future cooperative 

habitat assessment programs. 

Southern Katmai - Contact', .Angle, and Ta~ayoto Creeks converge to form the .. 
.-<--- -	 .. ... . . ~· .. 

King Salmon River in the southwest corner of Katmai National Park. Moose 

presently w1nter at higher densities in that area than in other drainages on 

the Alaska Peninsula and are not hunted on their winter range. Creek bottoms 

and adjacent low hills support 

... 
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~ccess during the spring is poss~ble on gravel bars along Contact and 

J::.r.gle Creeks. 

". 

Feathe1~J..y Creek. Feathel'ly Creek is located on the souther~n shore of._:_· 

Becharof National Wildlife Refuge. Hunting pressure in the Feath~~ly 

Creek drcina for moose is relatively light and moose de'nsities al-e 

Vegetative cmmnunitie? are dominated by willmv/alder shrub lands interspe_rs_ed. 

with tu~dra: 
the mouth of the ~~e~k. - :-~~~. ~ 

. ".::~ -~---

.:• .. . -~- .. 
Painter cr·eek. Painter Creek flow~-<n~~tl1-·into the King near 

the outlet of Mother Goos~ Lake and_over most of its ~~~~s~ li~~ with{n · 
. - -

t.ilt! Mli:l~Ki:i ~'t:liHlSUii:l ~~a"tlona-, w1.10i1fe kefuge.·- -up-lanas· 1n -"the drainage
-- - - • - ' ' _.,_. -: 7 • - "-- . - . " . : :-· • • - • • • - •. ._ . 

support vlillow/alder shrlib·_:co~unitiJs·':on lhe'':St~"ep slopes~ de-n"se stands 
~ ' ~ - - - ~ 

. - - ... -· -..; 
of balsam poplar with a vJillow/Viburnum understory on the benchlands and 

balsam poplar/willow communities in the ripadan zone. Moose and bear 

densities are relatively high in th~ P~inter Creek draihage and hunting 

th species is high. A 4,000' graded runway 1 mile west of 

Painter Creek provides access .. 

.
Preliminary res.ults of dat~ collected near Painter Creek in r~ay 1983 suggest 

moose densities are below carrying capacity, but many of the benchland and 

floodplain areas are dominated by low preference browse species. 
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• I 
-r ~iQPumi Creek. Pumice Creek flows north from .... ,....... foothi l1 s of 

range thl~ough extensive flat shrublands that contain high densities of 

wi.n.~ering ll_lOOSe. -Much or the moose habitat along Pumice Creek is on 

State larid. Huntin~ pressure in th~ area is relatively high, and a,rcraft 

access is possible on large ~inder patches along the .creek. 

Results of vegetation samplins in the Pumice Creek are2 in 1982 indicated 

uti1izatior. of browse is light on the upland sites ana ~rate in the 

1:·_ 2 •:;:·,,"•.;~':.:::~;,.:... ~::~- . . :'' ;.··-~:,.,..,;, -.... . - .-··:::..~-~;~ ' ; 
_ : .:.: .·;·:.,.:-: -::•~,:-" ..:_-·~;<:-~~·~_.;. ·;.:.:t ·=:.:-~~::-:·:;· ....&._· >--r •:-··<:J:,~~:t .<::~: •.'·-~-"'-'...:'. ··.·: '7'·::::-~~'-'-• "',{;.'"· -~.~--~;,J ... ";.: ·> : -"'--;~' • · 

Cinder R~ ~e~ ~.: .. ~~--~~,;~_f)re< m_0~~-~~·:2~;~Ptt.~t' ._i_~·,;~·h= 5i;~~ex :__~it~ri~~l~ea 1 i es within 

the Aniakchak 'Nat1c)n,a),P~fk preser_ye~·s·An. a~~ivS:g~idin_g opera~~on_Jp the 
-; • . ···- ' ,. - ·- !; .. ~-. ~. '. 

area places relativelyhi~hhu~tir.g pressure on a moderate density of moose. 
~ .. . ·-.; ' 

Noose habitat is characte.r.{zed by__~jllow/alder sh;:ub stands on the_ steep slopes, 

and wi 11 ow fiats in. the ·upper. :d~~T~1:g~~-'·· A~~~ss E ·poss1b1e by aircraft on 

1_?rge C:_~Qder·_·patches and gravel bars along the River. 
-~ ' ·. -~ 

Black lake is located in a broad valley en the \;Jest slope of the 
-~:: -.:- ~ ._.:~._::: =··.: '."'~:_ 

Aleutian Range, wit~~n the Alaska Peninsula National Wildlife R~fuge. Moose 

habitat consists of scattered willow patches west of the lake and on the 

slopes north and south of the lake. -It ·marks the southern most extent of 

significantmoo~~ ~umbe~~-w-ithi~ !h.e.._Refug~ and hunting pressure is moderate. 
~: .•. ' .::. ...·;,. -·· -- -~ 

Aircraft access is ~ossible on cinder patches north of the lake. 

t,1ETHODS 

::; . - - - . 

determined from 1ine-intercept readings. Twenty-five 10m transects \-'let~e 

placed in an upland site and 5 in the riparian 2one. At the beginning and 



end pcint of each transect browsing intensity (percent of current annual 

growth twigs that had been browsed) was determined on 2 plants, the 

nearest on the left ~nd the nearest on t~e right. 

Twigs were clipped fran approximately 20 plants of each of 3 willovJ species 

(diamondleaf, feltleaf, and grayleaf) and alder (Jl.lnus sp.) for nutritioral 

analysis. Current growth twigs from willow clippings were seperated into 

and young plant samples far species. The 

dried leaves were stripped from _tbe_ old grow~h:'tw1gs,.and analyzed sep.erately. 

Aif'cif~G'l~g; ·. w:·:~ ~;r~~~~~~~~t1:~'f!1~~~~~,J~if~tb~f~~:~~riti& the . · 
Palmer_ •.el ~f1:t.,and. .SoiJ :1\f}alys5 s:.~abor.atorY., . Pa 1 mer.,·.~] ~sk.~,.for-..analysis •.....·-. 

-.~ . . "~ .,.·-.·,_.'_~:' ~ -~~~··: ~~-· ~~-~~:::-~~;:-:~t~· -~. ·~"_;~:>:-~;-.~~:.;~; ::~:::: 'l _: :<:->~ ·~-1~~· :;_~:~~~> ':· ...........,! :~· '. • - . !' ·: ·:~~-.:-·~~~- ·~~~.:: :=~.f4~~~~' :/~~;:y~.:.J-~~t\·-~~;~:·.:_> "-~~. . . '. . 
Each sample was analyzed by the Van technique ·and e~ch_ was also , 

"' :.~~.. -~:_· ....·. ... . -.. ~ .. ":··· ,..-_._·---- .: \'., .. --··. ;... 

ana 1 yzed for the .foll o~vi ng 7~Na, ppmCu, 

ppmZn, ppmMn, and ppmFe. . · 

To increase of current and past 
" ;~ . ' . ·•·--· 

u~e was ~ade at 103 rando~lj ~~lected po~nts. .ll.t each point the c·urrent 

and past use of the nearest plant r1as subjectively c1assified into : . _ 

4 use categories: 1. <i O~b 
2. 10-50% 

_j_ 51-907b 

4.;;:. 90% 


... ... ' _: ~~ 

Although methods used at: Pumice·Creek ~re .a~~e9ua~e for periodic habitat 

inventories, permanent transects br plots are needed ~or accurate trend 

assessment. In addition, most researchers from other areas of Alaska 

used stem density as a measure of relative abundance rather than percent 

--:.....-. ... -: .-:Q
;.._ .. -·;. I'-'..tc fa c i 1i 

da directly comparable with data coll~cted in other areas, a different 



1983..J..'study design was used in t.ne 

Two stands were deiineated based on their vegetative home neity and their 

repr·esentation of the most abundant vegetative t.ype~ a s nd on an 
.. 

upland site and a 1 .5ha stand on the Painter Creek floodplain. Per

~enently staked 2 x-sm quadrats were randomly located within each stand, 

20-in the upland stand, 15 in the lowland stand. lT r of shrub and 

and the number of brows 
. - . . . - . 

In the upl~nd stand tree densities we 

·'C!ei~'~·~.1ned·.;~t':'6·~·~·ca\·~er· point ·af each quadrat .~sing th~:·:~P~i ~t-ce.nte·red · 
... ~·.'.:.~ .. .''-:• ,• •- ~.:~ ..~::··,;;.,·,..,,•N,~~.i .~r:..~~:.~,J_,'~'.;'"~j•.'~·~·,:~.:.::.:.' w_.·,•• ,';'':·•'_ "'-t~':•'·,~-~~·.•-:.:_:.7-'•;,.--.·,_-.:•,'...._>',~··•-'!« ..._',<•' ~ :• • 

quarter method (MueJ ler~Dq~~ois' and.gl)en~~rgj 974). :: . 
~. ' •':: . --)~ ~.., L"'·:·: ::. ~<~·l-. -•:: -~-~~~:.. ·.- -~··..·; ~·---·:. 

""''. ~ . 

One hundred twigs of each wiliow species were clipped at mean browsing 
. -'=·:·..~.'::':.-·.:: ·~· .,.,... ·. . . ---··- ' 

diamete~, air dried and \<~eighecL o·ne hundred current annualgrowth twigs 

RESULTS AND DISCUSSION OF WORK TO 


Pumice Creek 

Shrub cover on the upland site was ~v diamondleef willow -_, 

(Salix pulchra), the riparian site by feltleaf willow (Salix 

(Tables 1 and 2). Total shrub cbver was 43% and 66% on the upland and 

________ . 

.. 
riparfan.. sites~· respectlvely-.·. ori .. the.. u'pland site" 7% or the shrub cover 

consisted of decadent willow, in the riparian area 15% of the shrub cover 
.... . 

was decadent willow. Results of random point sampling indicated that 

past use was greater th~n current use. (Tables 3 end 4). Greatest use 



-- i 
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Table l. ent cover, and brm'Js'ing intensity determined ftom line 
transects on upland sites near Pumice Creek. 

ol brt'\"'''..; nrr S<::.mple. /;.· ;v:r~_;:.::;i 

Species · intensity .size 

S. pulchra 25.9 3.6 3,298 

S. glauca 13.6 ' 3.7 l '119 
' 


~nt ~"li 11 C\\t 


(a~·i spp.) 

Nonbrowse,. spp ~--. 58.1 

.. .... :-~~~~~i£~~~~t~~~f;~2~,ij~~;~~~1i~:·c, .-,~~:~~~e 
Species 


·~ .. ;';". ~-· 


. S. pul chr·a 14.3 - 38.2 228 

S. glauca 14.9 20.4 98 

S. alaxensis 23.3 243 
' .. 


Alnus sp. -·o;.. "~ 


Decadent willow 
r_,, --- ' 
;,G i i :::.pp .. j 

Decadent alder 0.3 . 

a 
Note sma1l sample.~ize. 

:·· .' .. 

: . . 3 
"' 

. 42 ..· 

Nonbrowse spp. 



Table 3. Percent of plants clas~if ed i each of 4 use ca~egories a: 
randomly selected points n an land area near PJ~ice Creek. 

·current uco ca tegor~v a Pa_,-

Speci es 1 2 3 ...ll 1 2 3 '+ 
h 

s gl auca 83 17 56 1 2 21 
I".! = 24)\ " 

c .....r ~·- "':i 
; 75 '- :: 12. .).

~ :-·:...1. ' ~-·..I -· 2~)\~ 

Table 4.. Percent of plants cfais·i/1ed~ i:~f-6:~J~~h;:\;;:·_~ u~e:·ca·tegor 
randomly selected,.po·i_nt_? · · · near PumiCe· 

" 

· Current Past use categor,x:~ --:::-~ 

, 1 

· ...... 

S. 
( ~~ 

glauca 
= 12) 

67 
.. 

33 25 67 8 

S. 
Oi 

pulchra 
= 11) 

· . 64
... 

18 ,· ~n 

· iO 35 55 9 
·

S. 
Oi 

alaxensis 
= 23) 

48 22 4 17 44 26 13 

a Use c~tegories: 1 . 10%; 2 = 1Q::2Q% ;· 3 = ~l::-:_90%; 4 = 
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occurred at low densities, was heavily 

moose, but was not encountered in.the line transects or at the ra~dom pa1n 

o:~ species, 

averaging 9.1~6 among the} tltJig samples (Table ·s). In vitl~c dry matter 
'" 

sappearance values (IVDt-10' showe·a· a considera_ble difference in dioestibllity 

more 

\ 
However. there was virtually no di t.Y-:E:en the 

·gro.\~th..:Sample, but the ·residual 1 'ves of diamond-
·_ -.... :·~'W-; ;.: 

0 
• .;.. •.. Y·: ~;·~~·:;~•';·~·-:.~:':.~~:\::.·,:f:!;.~:~:.;:·•: .. --~.:·•:" .·: ·.·. • r~ .r,:. • --;~. ,· ... •"f 

Jeaf and feltJeaf willaw·.pr:oved:,_to_· ~?e virtuqlly:;jndigestible; .IVDMD·values. 
: .,,_ ·· .,_ •" -. -- ·. ··. · . ..:·<r?;~;:~:~:~;.r{~~0~.::./5·:~::·~.~;:.~~-:/··'.:_:.~:·:·::~~:::·;;::~"':··.·::· .. '":::··_. ~ ~:·· .;;. :. 
were li.h~ and 5. 7% resRectjv.elyJ\J:·sl!.rp~~-~~llgly; t_he.Jo~e?t:.l_ignin and · 

' -. ·. ~:;_;·-·:-::<·-;:.·:~:·.,,~:.:_~;-~":'"'".'.~: _;,~-:;~~:-·:·.~·-·.··.-- ;.:_-~:--··_,, .... -.... ---·-·:£-:·;-· -~ 

non-dete~gent fiber (NDF) values~ :w~1~e -in -~_8,e_ alder samp~e; hm•jever, 

"• 

. Mean nutritiona1 . va i u~~-.f-~~~- wfn_()\'1~ . Creek 
··:· -.'...... .·"'-.;- '- .~ .. .-;. ·--~ . 

are c'ompared in Table 6-w-ith values from other studies in !i.li:ska. The 

v·alues :given:f~r~thr= Modse Research Cen_ter {HRC) special diet are con=··-,, ·--"':;'0:.·.:-~" ___ :::: :"': _:_, : :•••••. ••'' ,:::::. -.::•~r-~'_.;: • 
?.~ -,~- -- -. ';. •.:"r,- - -- • :•.. -.".'7 "·--~-:.:.!- -~-

sidered optimal. :' 

On the Alaska Peninsula during their i_n~estigation of moose physiology and 

produc"!;j vi ~y. Far9 ~.nd f:ra[lzmann '~{J gJ~)':'in-~lyzed ~.QJ~od _?ampl ~s Jhat ~indica ted 
--- :.:.:.:- -~:·_:;_:. :· . =----~~:::.·:....--~~.- .·.-.. :. :~ :::......:-.:::r:.'. :: ...;:~=- :~~-=-~-=~;..:_::_::;-~:.;:;:::: ~-·- -~::-.:.__ ·-~-.;~ ·.:··:::.- ·. ··:_·_-::__ ·-~- ~..::.:· .-- - 

a degree a·t'' nutritfona.l stress, i-ncluding:- low protein intake~ low fatty 
. ·~ .. ... 

acid -intake, and)no,dera_te)y 1ow "condition ·; ndi ces . However, based on·_the 
. ~·-- ~--- ·.··.:.·-::.:.:.. ..~ .... ;;; 
·/-· .. 

nutritional composition of browse samples analyzed from the Pumice Creek 

·- ~ .r,. ,..,_, .... 4" \ . ' ti""•ava1 lable to moose. basa~ay ana Loaay li~/ J reportea a mean Wlnter orowse 



!.0 

;;;., r~ ...... ~..,.. c-o..;, ......e ~ . Resul ts of c f""'' '-' vC 1!1 ana . Van S~ieS t an2l es Ui sampl es 
i l 2C naar- ' ce Cr . • 2a.1·1 y Apl~i 1 l 

' 9B2 . 

...-:, ·-·Crude . . - . .. 

OfP1~o ... ~.; "'al.t:IJI· % % /o ..~.. %-. ·- ...: ~~ % 
.. D/ 

~ ...Sample* NDF ADF Lignin CelJ ulose .. P.shfQ ...... '·' .. -..- 

S. alaxens1s 
o1 d grm>Jth 9. 4 50.3 36.1 14.4 r!..: • l 1 .5 2 

8.4 50.8 . 9 11 .6 21 .i 
1 1 t:. 

u 47 . v .,..._ ,...7 !) ; " j 
1 

f _j 52~2 47 v' Lj. L·· 
~J 7 ::. i ' ' 

. ? . --~-1-auta_~-->>· .:~-~ -; -'~:. ·;:~~~~- ]:i;~,:·l:;~~::·: ;~ci. 5'·.'_old ·growth; ' · · 8.3:_ 
young .grovJth · 9. 0 1·• 2 :~ ·: [':'39 ~]

"· ~: .... _ .: . ' .. 

Jl.lnus ·sp. 10.8 ·38.4··.· 24~1··· .·. ~- i j .;·~-~~-: ~ ~5 . 0 : 

-· 
* _A11 twig samp1es CUtTent 

a %N X 6.25 

.. :: . .~ : ' 

··--- _.,. ·. 



ll 

Ta.ble 6 .. 	 Purrtice Creek nutriti·onal values with those reported rr~·:~m other~ 
areas and in different se~s0ns. 

~: Digestibi.1 i 
_Source:&:~:_:_ --~·- .. -=~ .% · _ ir. vivo~ 

_S_ea_s_o-'n"-"--:.:..-.,.--:-----·_P_t'O_..._t.e'--i_n_ _,.;-;.N_D_..._F~--A-D_F___'L____,ig"-n_.i_n_.___c_e11 u1-Jse ----~-';n.......'-'ri-'t-'-r-'-o_0+i_ 

Da 

~="b6.9 44.9 40 ._6 18.2 	 42 • u 'i 

7.5 


.
.0 

Pumice Cr. .. 8 .8 . 38.8b 

1. Franzmann and Schwartz, 1982 

. ~. ~cnwar~z e~. a1. ~~~~ 

·3._ :·Gas:aw~:Y and Coady, 1974 (rumen samples) 

.· :· ·.· ( . 
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quired protein content for ru~inant~ as 7%. However, protein content of 

· areas~ nslocation pf nitrogen from below b~oun6 stems and the 
~ . 

system occurred throughout the summer {Chapin, et al. 1980). ~ne:ner the 

9.~% mear cru~e crotein value found in the ?ureice Creek twig sa~ple ~s-

seems unlikely co~sidering spring g~senup that occurrea on the 

.. 

The results cf macro and mi cr_(_~-~~!.i,~~\-~:~'~]~~-}_s are p.resentecfi n :Tah) 
cr-; . :. ~ . - ~.- . ;- ~ -~T. :: ;~\~_.~t~:; :-~~;-C;~ <-~;---~~ ··-~ ~ :_ 

The 1iterature lacks information on -th~: spedfic needs of. moos·e.for_rnost

of these nutrients, but some attention ha$ bee~ 

seasonal variation in dietary sodium and capper levels. On-Isle Royale· . 

terrestial vegetation 
.. 
containing 3- ppm sodium w2s the ht to prcvi 

' . - - . 
. only 3-:J~% _of,the ~s;pdi_t,flj'()~equ·~_rement. for adequate repmduction and main

--~--··:--::-.: ..·;-..:...:'":...".:::~--:.··.~::::.:~-~.::.-i?c.:....-.~:_.__;;~.;,;;:....:;._~--:·.";,''~,.:::--~---.;_:·.....~;;:_·~-~--:..i.::.:_,_;;:;. -. ~~ ' -- . -·- . ::· 

tenance in moose (8~tki~ ~:~ -·~~-:· .l£17·3; ~-;£~d b~/"B~lov~k~ -~nc{ jordan 1981 ) .. 

,;quatic vegetation v;as high in sodium however~ and in that study was 

heavily utilized by moose~ Based on their~ figUJ~es, sodium concentrations 
:... -··-~ 

of ?00-400 ppm would saiisfy_:the .sodium'_req!.lirement___:- Sodium cc·once·nfr-ati.ons 
·- .. . --····· "''.. .·.. ---- --.. --- ... '"-- --" .. ·-"'"'·. ·-·-··- . ~;:;-:..-. ··--"--·- ~:~·-·- ·"--- -'"·-· .~ ·--·· -~;- ... -·- -- -~--

·• .. .. ~ ' : _.:-.. . : .. 

in twigs collected near Pumice Creek ra~ged from 200-1000 ppm. Assuming 

--:- h;; h. . .._ ,. .: ·-~ .. -.._: .. ,:__ ....-~ ..... .: .._~-, - i__b.:l.: .... .:IS. 11- "- ey?n~ 1g, er__:CO_ncen ~..ra 1:1 ons In C.l.jUC.l.1c Ve::Jt: l.Q l.l on' t.de vroua l ay sma . 

that sodium is limiting to moose in the Pumice Creek area. 



--

ble 7. Results of macro and micro nutri~nt 6nalysis 
browse samples, early April 1982. 

-- -.·-·~ 

.. 't:tl:>! C/ o;' 	
;-":1"'1:~:

/0 % 10 lc: 	 ppm· ppm pitim !•"r-"H<"' p - K- Ca i1g Na Cu Zn f-.in Fe 
-

I 


1 -:; 

s a ~1 e.xensis 

ol d growth :a.. 18 0 .44 0 69 0 . ._; 0 02 4 v n 47 :; 107' .-r 	 ,., n.YDUPg gro\~th 0. 15 0.39 0 :.o r'v 1 
I G G 'i 0 4 I i 9 .8 '30 v f ; 

n ?? 0 : ,.., ,.. 
(!("'; i) iJ ~: :-·
l 3\.. eS v.. 12 0 .16 l Fv i_.~ '-- ~- L D ' 

' ;_;...; v
-

S. 	 pulchra 
oid growth. 0.'17 0.39-:'· 0.41 - 0.]4 0.10 5 214.5 252.4 

... 
86.r~~~~s~~~t~~:~~~i43t~:1~c,;";t~~n- ~:~~ .. ~ ;~g:~ .. ;.~~:~ 

s. glauca~~ .- ~->-·"t~:~.-~.i-' ..~~_:t~:::{',~~:::i,·-;~;.,;., ;;_: ·- --· -,,:;; -,,_ ""· ,,.,--; .... r;'. ~~· ,;,._.-:;~:,.,_-- . "·; .. ·-. '... 
old growth/~-_0:14· .o-:44·-,~·.:.:r:.:::,0-40·'":,-·,;_:.o ]6':''"0 03~· ·g.:_:->152 7 ·· 131 5 · 64. 
Y?ung_ gr~wth- or 15 --~ o~·3a·.:-:;:··,·:·o::~3·;·'~c.J·H;,_o-:\{'~_.:,~~~}P:·~·-:r·\·/-176:3· .~~~- .79-:-4'· so. 

A 1 nu·s ·sp ~ ,-- -o.'1 5 o. 31 ·· o:·41·<· - o. 69 "o·. 1{( 4. . \':§~i}~'-:~·-,.::~\~;~~3 --- <. '· s1 



moose. 
. 

4 ppm 
. . 

.., . 
iEV€15 

I~~ean levels in dianHJnd1eaf and 

', 4 ' -. 

... 

14 


. . .Copper deficiencies have also b2en associa t;li th ~... eproauct1ve 

potential in rnoose. On the t~enai Peninsula a mean of 5.72 pp~f!! copper ~n 

b}·o\·1se plants \vas considered. rr::arginally sufficient and was 1inked to 

u1ty hoof keratintzation and decreased reproductive rates (Flynn et ar. 
1977). 

the Pumic~ Creek sstnpl~n:; i potential fo~ a co~per 

deficiency in Alaska Peninsula 
. 

the h-:igs of_a11. brov;se specjes 
.. 

fe1t1 eaf twig samp1es were 
' ~ ·. ·. ....r ~ ... , -.· ..• :: ~. ·. : 


~,· •. :1'· 


Painter Creek 
.• ·_, 

',' > 

r~uch of the upland area in the Painter ·creek drainage is covered by dense 

stands of balsam poplar (Populus.. balsamifera). Understory species include. 

11! !:Jll !.!.IJ_:;;_r"l cr·cmoer-ry \ v ., our·nun1 eou 1e J, gray 1ear w1 1 1 ow,. oarc 1ay w1 1 1 ow \::>a 11x 

barclat.J), and diamondleaf willow. Grayleaf and Barclay willow were the 

most common and were the only t\-Jo willow species encounter·ed in the upland 

sample quadrats. 

. ' 

brO\:.JSe species such as fe1t1eaf Viillo~-;, litt1et;ee ~..r~llof-; and 

d:amondleaf willow were observed in the riparian zone! but of those only 

diamondleaf willow occurred in the lowland sample stand. Most of the 
. . .. 

shrublands on the floodplain appea;~ed to be-:do~inated by Barclay willow. 

Hachida (1979) reported Barclay willow was the least preferred willow of 

moose in his Kenai Peninsula study area, and Milke (1969) gave both gray-

leaf and Barclay willow low preference ratings in his interior Alaska study. 

:. •'. 



Estirnated rcent y weight -, r ~i za on b:,-l ii10ose of v,;i 11 OV>i at Painter 

Creek was 9.8% ind 

',;!ere ver:Y 1~~oJ and none of the sampi? quadrats \·:t:re brov/sed: Results of 
) • .. • .,. 1 "' ...,.. I '1 t""l a~U3~rat samp11ng are sun~ar1zea 1n 1ao1es o a ... 

" .va : ~Jes 1 numb::rs in the 

. . 
is il~~~e_d · ~n other shrub communities ..· 

drainag·e that may contain a greater proportion of preferred 

?~v'~~w oF· PROPos ~~~.J+~tti~,;~i~~;G~t{~~PU~G ·••· ..••· 
. . .~ ·.~ ~ ·;: !.~~:'-#>-~ ;=:~ -~~~:~ .-~;:=::~~..:- ...:: ·:~::~~~.:-~~:_:. ?-~~~! - - ... ;:. ~ :::.~~ ··~:::·:.::.;~:-• .. ::: ~1 :f'>~:~-~:~~:·/~~~~~{: 

" ..,:•.:_. 

Telfer {1974)'_.descrf1JeCI·:.t.t1eF.a3or:·pr·6blerns' l.nherent H1.·sampl rig 
• . - •• -- ••• :t-~..::..~ •• ~:.E:~~. -.:_....__:_'__ ~ ~ ·- . .. . .~.. ... ...::.. ...·..._:·.::.::..:-... . ; -~-1. ;_ - 

as tha.t ·~sed at PUmic-~~-cfeeitJi{'~fsf82.>. He' rioted~ ~~-Periodic 1n~entories' at.e:· . --··· .,_- ..._ ~. ·:, . ···-. "" . . . . ~ ·... ·.. ." . 
'-- .· .. 

·tf.~ :c·:·., .. 
SUUjeVL tO dfl crTOf' TcH.:t.or· t.flil~YGIF-Ie!:twli.lt t.fit:!.:!:>.!.£e. 

·

survey design in relatitfn tef_-thet·-~i~fabilit.Y .. o{·_th_e·.)~·egebition·.:- ~-:T:lJe ~~rors. 

range from no 25 Pe;c~~-~~r ~~~~~~--??~~\fF~f'§~;f~~~~~~~i~~ {~j(¥~ 'f;;mthe , 

same stand in two c~msec1Jtiye yea~s would probab1y result in_ di_fferen.~ 

esti·m~tes' of stem 'der~sity end' species composition; and it 'woui~d.:.tl~~~~;fnpq'~'s'tbfe-
~ ...~ ·-". .. - :..··. ~ ::- 7 '{• -: .• •.. 

=-~o-.::.to differentiate ~r-·:-·"-" 

variation. However, definite, consistent trends in estimates over a period. 

of several· to actual range ·- · 
. - . . -- . 

cond 
~~ 

i fi on-~.:<:., ... 

. . 
.. 

Pe.rmanenfmarked plots, po1nts, stems, or line transects allo~J remeasurement 

of the individ~al plants and therefore produce a real indication of 

::s ':;' 

uni should initially, be chosen randomly. However, because of a tendency 

http:t.flil~YGIF-Ie!:twli.lt
http:TcH.:t.or


Stern aer:s 
fr'om 2 x 

Ste_~ :~· .:.~: ---· Br·o~·r:;e _ 
QensitY Pr"oducti on Util izc.ti::::-1 

Species Stems/ha_ (SE)- Kg/ha Kg/ha 

S. barclayi 2,aso( no4L 12.. 7 0 

~· glauca 2 '150(805) 11.3 

19,G30(3369) 

.,_-·P. ba1samifera:__(s~~P1 fngs~} ~--~- ·a-~_60_G {93.9J _ .. .. . . . . ..~-

•. . -.:<--'"":"" _. 7.-::- ---~·:-:: =--~- :.·~- ·---~-:..,::.": ~:"· -- _;_ ·. . ·:. ... -- . ·:... -·:· :'.··-·- . 

p, tats!>']~~~f~f~~~,~~:~~~ili'~ti?z1~"ti:{1ct,S{ j'j},,; c "~ · ••·.·•· ••···.· .. i '· ... _ 
1.-~~;. : 

- '-· . - :. ,--;- .. ;.: :_ ·:-· ~:-·~[-- \~:-~:: 

.. --- >::~:;~~s~F~:_:}/''} ... __ -.'._ .....>'· . :,,,:.::):: .; ·· · _,, ·_ 
...· .-.· . -. . . - . ;~ -: .:;_ 

. · ·-'~abl~~--:~~::(f~~~~--density, browse produc-tion·; <~nd br~ws~ -~,t·i.l~~fiicf~ri-::Ji:f~~~~~~~Jf;om 
2 x 5 m quadrats on a 1:J\·!1 and ___ ~si te ne3r- Pai r:t~!~ c~~-e~k (-N=l5)": ~--~ 

..JVCU1. !o I W l !::JS ih ~ ~eF1S 
density Production Utilization orO\•!Sed Erm1sed 

Species. stems/ha (SE) Kg/ha Kg/ha (SE) (S. E) 

16 ""''ll :-\s. barclay 35,500(6820) 18.2 2.9(0.9) . I \. .. ;:; J 

-.LJ _( 0_. 9) ._ 7.4(7.0)
:...•...:.:.·:.::-:..·:·- . 

·
-- --- . -- . --· 

--· . - - ----. -·-- ...;..··.:;. ·~ 



- -

,, 
l.! 

ror c1 distributions v;-j in vegetative communities, pu:-ely random 


selection may not give a representative esti at practical e sizes. 


. .
comprom1se a rana.om_1 ed in the Painter 

sampli~g. Each starid was divided into a number of systematically delineated, 

·equal si blocks. Then, a sample quadrat was randomly located within each bl~ck. 

but!! plot

less mp1~ units _are also applicable of s:.eJn d2-ns i 


intensi 


par~d" 9~e~h-~~:~~;~!~ic:.~~\)~:;~~~~~::;~~ 7-~~~-1 ~<<-~-~-~- .. _ ,~:"·}J~1~~~:~t~L~=~~,~o~: _.,.,__ ._,. __,, ,-.
cl uded 6 pl otles~'_)nethods:;i_rlq :.:3:·-~lffeh~nt·:si -qua.dratsc··(lxim:'· X5ni,:~ and. 2x5m)•. 

_' Afte~ .eva 1u~t~:n.~ ~-t~-~, ~~~-h~-a~---·3~~-~:~;~~s:\ff~~~-:known .s~~~_:d~~~·?:~J"~~i:·th~i,:_· re-.- ··..-. . 
. ·- - .· .. . ' . .. . .. . . .. :-:- ~:~~; .:::~·::~~:.-:..;:·_.;:._;:-"'::>-· .., ·..·· ··-· ::':~ -.=.•·::.-::::;._:~~-;··::~-~~:~~·-:::::--·-:"_,.;;.;.-~:: '.';' ..- ~-.:~..:.·--.-- -~-

commended the 1x5m rectangular "qu~~i~'is~· b.e<:a:us?_ of_ j:j_·m~:J~ffi~i_ehcy at accept~-: : 

:~1 ;·_ un; ts of ace uran~y:: . In ~i~J~{iT{~~~~;~;~4;ii:~}[~{~~g :.:,-;· o~s. ~1) ·s_h r~~~:;:~?~;e_s . 

in the stand to be 

The accuracy of shrub density estimates has also n cc~sidered by Lyon 

He concluded that only square and rectangular quadrats! and the wandering 


q~arter method produced acceptably accurate density irr.ates, but the 


S2mple sizes requir~~-- ~0 rn·oduce _that _accUl-acy were impractical .. According 

. ' - -~-

~ 

to Lyon a sea·rch of 0.4ha vms:req.ui:re(·-tp ~P..t:~duc~---~:9~%. ~9~:f:.ice~ce interval 
--'--'--------~; ~---- ~--"':- ~~ ~-- . __:;.. ___ .;:__ ...;...;;-. 

.J..

precise to within ~ 10% of the mean. However, s~ch precision is not often 

achieved in ''""'"'T. "'T• -ivo 5::-~mpnutn *·'ng , ,_vc::;e .... u..,!Y'- t u."'!1,-l 

considered a 95% confidence interval precise to within~ 28% of the mean to 



us ing a modification of the Shaefer twig coun~ met hod 

1a7g· To~1 .;:,er ~ 0 7.1 1.:,; .;: ;;.r,-l t!o 1f f(Shaefer 1963 , ..J1 ' 1 - - ~ - •) ' :!:-•t _• .!U 

t h2 r.ece5$ary c,J;r21 a ti ons . ;: r·: .·.-s i ~~ ; . ~ ~< T'=r: :;. i :y , the fE !:t.: ~ :-. t ~ :; ~ c·f {;Wi gs . 

brm·;s~d, _ was ~~ed by ~-ioif and_Co';.rling {19qlj_~~~ ..-~-~:\-ndex .. to Jti i ·i zat·i ~n_:':;;_,-:·~ ___ 
- . - ~- -1--~ -~~-_:5.:..::. -·· -.- T-"- • _ --- - - ~-~- ~:::-=-:-~~-;:.:~=-~~§T-=-i.~:--:-~-~-:~~-=.:.-..:.-·-· --. . ~ -:. ---.;::~-::-i~::~~;~.; :-: - ~ 

and by l•li1ke (i969) a$ an indiCatio.n o-f browse preference. An even rr.ore 
. . .... - •. . •' . -- .. - ..:. . 

..... • :.. ---~ ' - • -~t. ,·. · -.- -~... - ~ .... ·. ·-__ .;-.~;.:~;-. ~ ., ~-- -":'.~7;.;:. .... . • ... :- . • -~ ... ....... ·•· 


easily applied index to utiliz~tion · suggested by Regelin (pe_rs·.corrm.) was 
• • 	 I •. •-• '":: \. • l·' • - ,_ "' • - •• ,•- • • ~ .- ~ ""'•· • - • ·-~ • 


. ·. .. !> : ;'.. • . - . 
.~ 


percent stems br~ws·e~L, : However, at Pai oter Creek, _th'~ -;-~r~erhag~ of~sterri~ ·.·:· .. 
o',-;,•, ~ ~· • 'M p 0 .. 0 	 - ... ... ... . .. ·-"":!.·_.... • •• 

. -----. 
. . brav.•sed . - ' 

--= ·... -- 

stams had o nly a few -twigs removed . : Neverthe1 ~ss , repeated sampling could 
- f 	 . - -- .•.7- :: .-:.---:.~ ·:;:::-:;:7· -:-=-::;;~_~~_. .=:-:•. ~.:..-.:.·..-:;-.:::-: . - ... -- - -::~: .::..:;.:::~-=-= .--:-;. ;- :...: · 

es ~ablis h a consistent relationsh ip . between . percent twi~s br owsed and per
-·r - - --- -:--:'...P.._---~- - ···-. - - - . . .. . :=- ! .. . ... 

• • -.... ~ ,..... -- - • •• --·-	 ..: • : .... % • 

c ent stems browsed4 ,· ' :·C· ... · :-.. -_--.~~-~-::·;··~-· · - · .: ---- ..-::~ .. . ----~~-- ::-_ -..:.....::.. =:.-.:. 
. ·- ___.. ·- - .- .. .... 	 ..--. -···' ... 

A problem in all vegetative sa~pling i s ger: erati~g an estimate with a low 

variance at practical sampl e s izes . .L.itnough Hachi da (i979) :achi e veci 

accepta ble r·esults v:ith 20 q0a.:i r ats in a 2ha stand ir: an i ~: ter io r .L. ~ :: sl.: a 

study, that sar,~ pling intensity in oyr study at . Pain te r Cre eK resu l ted in 

95~ confidence levels tha t varied from: 38~ 1Q7~ _qf . the mean. -That . high 
.. 

variabi]ity in the Painter Creek data could have resulted from inadequa t e 


- - . -· . 

sample sizes or f rom i ns uffici ent homog2~e i ty i n the sanp1 e s t ands . ~ Be- · 


cause both stands we re selected to ta ke advant2ge ··· 

': =.-:-:~ ~ ~ - .. ...... ; ._ 	 - -.. - .. 
~ .. 

i;;eans of reducing tne va ri an ce . 



lS 

-. . . r- . I"": - • .L. d +' +' . ~.'"'.t: r-·in nter· ~.xeel~ iX:Jm qt.:ae!ra ~..s ~·Jel~e L!Se , ra ... ner ..,nan tne 1x5m qL!adrat 

s 

the l x5m quadr·a t is rnore-

time effic{ent~ fut~re s~m~ling. ih5uld ~mploy a large~ number of 1x5~ 

quadrats. Density/ area curves c·ould b~-deve1oped o_n experir:~entai stands 

P.,1

,·samoi ·; ng ~:be condl!cted:~~i-n -early . 
·:(~ • - ~ .· . - --~-~ .. "~~~-~:·:·§"~~~.:~~--.:::-~<-:::;:-:.·-~:_·_. 

to mid .n:pril befo~e bud de_v_e JO~i~~/'~~-~- e~~e-r:J_men~a~ -~a~p1e·~j ta;,~ -;h9;u1 d 

be established a:.fter 1-ea:('dt~~~C-~:]~~1-h~~~:~~~~---~j~-:arepresentative area near 
·e .. ·- •· ·,.- ·'"~· '.,.·~'·.,~-~::~~-:..: • ...... :~.~.:...·.~,..~.·~ ·-:•·•·~-7~~ ......,_... _- >~-!:":, :.;:::·~-~.:'!",......:_~ _,. ' ·~....: . .,.- •• 

deve i Cip ··a f}~>~efj_r1e:_sa_~·pl ng ··:fe.cii'r;i q"~e_~--~nd. 11Ca·l ib~ateu ob
· .·-~ '"~~--:-:-:~•.''<",•..::._:_:_--'·~.··"~'":.·. ;;(t,".-'--:-.~ •,• ,· • """- ,: :---;:~ .. .:! ;_~-~-~- • ..;,._;:. n-- '··-· ' 

servers.· 

-. ~ • ··-1?· ·'· 
·- •••• "•"0" :'-"',"" 

.,~f-fth.in~:~:~-{h~~:s.tudy a-t~a f"ina.Y "be<desit~able- to establish more thar. ane s2.mp1e 

1aw density moose population, each study area should be sampled every third 

year.· A_,rotati_~g sampling sche_duJe_,Jn,\·j·hich_t\-Jo ·st;udy areas are sampled 

Year ; nterva1s > 
If, however, moose densities increase,· bie.nnial Ol"' annual 

--- . 

be··used; the choice dependent ·on· the observed rate of i ncr'ease. 
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sl rcconnaissanc:e~ ;··e:cnna 1 ssa nee, end use of deta~led 
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APPENDIX A 
... . 

-- 
..:.. __ .:::.----~- . '· 	 -:--- METHODS OUTLINE- _ 
--.,..---- -· 

_.. -	 .:.___._- --- ·.:. ~·.:-.... ____.;__.. -_- -- -- - - ---- -- - -.-
---"" 	 ·- ______ ,... --- · ...: __::--:::::;·.---~- --

~---~-~:-~ ~~~--~-~-- :_ i::-:=r~~~~~:~~:i~~~~;~~1 i-~e~i~-h~~~;e~~~~ -~~-~:~~d ~~~~ -1 ea:~ t 2ha in s i ie. 
:• 	 -:.--;_··_:_ ",, ·-__-__·_ "1_':~~--~---.,:-=-..:N~-~-.=-· :~- .-_··.- .. ,:"::~;-~--~----....:·_-_..._:···- ..:_ ---~--- __ -._._·.--:

• 	 ----~--=--- ~-· 
2. Quadrats· VIi 11 be _placed -by -a _randomized b 1 ocf-aes i gn. Number of quadrates -

. -- -:·· ---;·:-::-.-:· -. -.- -- -- 

should be determi~e?. fr_~~~~~~~-::·:ae:6_s-ity/are,a-<:urv~s~ 
3. Establish a ·lx5 l!leter quadrat at each_random ·point. Stake and string 

Record sterns by sped ~s-:'~::' .I-r.-·-_un·i dehtjfi abl_'!~·-.1_~.foeT"'9-:S- ~spe(i"es- A-~tc :: -_ - , 

~-- . - _·-and atta~h-_ i ;l~sti-~:£:~~~>~;;.t~~:~~Wf~~~~f~1~~tJ~~~~~-~~=~~.;~~~~~z~i~---- ~-- 
.: 

-...--,_,~- -o,. -\..ount numoer or orowsea- ana unorov-1sea tw~gs _on eacn s~em, recm~a ny.
~: -:. - -	 - . . 

1 11: ~-----; ~--;_:~~---~~~---- ·s·pec·; es. A twi ~f is :-considered to- be. gr-eater than in 1ength and . 

~::;_:~~:t~d~::=~~~i:::i~~~T4;:~t/~t-:r-?6~:u~~~(-~~{i~~:~~~~~~;:~f:~~-~-~~-~ grm·/ing season.-- Ori each -~~~~- :h~~-~:-

~·:.-._.:: .·-. 
--~-	 - ~---~ ~ 	 ~~~~~ 

d~ Leav:e· -tWo -d~agona_1-·-·:eor~r.~.r5--StGkEd (random pc!if"it ·Gnd -iliGgonal-) and -- · 

___ move t() n_ext point_ ... - --:.. _. ::~_: _ 

5. Ne:~~~~~~~~~r~¥~-~s~o~::'i\~:i~g:~~J~~--;~ach>~(peci es-~'~ CJip i oo. ekch:-~;e;i~s at dpb ~ 
6; 	 -~;~~~--Ylt~~~ft:;~~~~6t~;~:~;~~iJfi~~t\j~~~fi~~bt~~~rr~1~s~~?.t~~~~3~~Ic~~~~:~~~z~] 

- All cl i ppi_~~ )nust be ~6,~-~~~~·~~~t~t"t~~~i~:f~:~_-P~~~ \•li ihi ri ~ha_ s~a·n~·~:-~:-:\_:~:';'_:'~:._i~~~j~~-:~ 
.. -·---~----

•• _,.__":J." - •• --~7~.~---r~~e;·-d.~~-s-i:~}-t;ij'~~Ji~~~~~ltir~~~"~~~7i~~-~~;cii~~~~~:~tei~~:d--~~~~-t~i-~~~:(~~~?f~!~~:~~2~~ 
point will be defined by the random point used to locate the quadra~s'-

At each point record dist~-~ce-"·t·o nearest tree in each qua·~-t-e~;~- .,~ec-Cd :·~.: .· 

species, dbh, approx_imate height~- and if available to moose, as t;r.::i::~c-·:5 
-	 . .. : . . . -. . .. - ....· .. ~ 

or 	unbJ-owsed. . . -
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