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Introduction

\ lountain goals har:e rrrLrnizccl virtual lr  the entire
O  r , n p r e  \ 1 , ,  r r l r  n  l l r r . . ,  - i r r , .  t h e i r  ; r r r u , l , . ,  t i , , l
in the 1920'-q 1N'loorhercl ancl Stoens 1982).
01r'rnpic \at iorral Park rras e.qtabl ishcci as a narur- iu
uea irr l93Bl goals ar.e r ielcd no\r as arl
undesirable. inrroduced -"per, ics bl the National
Prrk Scrr ice (\P-(. Enl irorrrnr:ntal :rssessmcnr on
rnounlain goi l l  r i i inagernenL in Ohrr4ric National
} ' a r l  1981 .  t 9 { l i ) .  l n  l 9 f l t .  Lh r '  \ l ,S  l aunchcd
a plogfanr to leno\r 'goats l i .orn thc parh. rrhich
conti luecl rr i th val l ' ing inlcnsitv through 1989
(l louston et al.  199I1. DeLcrminin€i goal popula-
l iorr lclels and t lends is i lnportanl to par.k
nlanagcls. {n irr i t ial  hel icolrtcr ccnsus conductecl
i n  J r r h  1 9 8 3 r e t u n r c d a r l e s t i r l a l c o l l L T 5  f  l ? 1
ISE) goats (Houston et ul.  I9B(t).  Herc le reporL
lhc fcsl l l ts l ionr a second r.angc-rr ' ide censl ls con-
ductecl r iul ing Jrrh I990.

Study Area and Methods

The lat ionale l i rr  c,hoosing the palt iculal neLrcoprer
censLrs dcsign has been lrreviousl l  describcd
(Houston er o1. 191161. l i iel lv. rno"r gt,ars .rrc
seasonalh rnigralon and r isiblc mainh during mid,
surntncr on suballr inc ranges aholc 1500 nr. The
ccnsus zonc inclucled al l  ofthe 50.063 ha ol land
l iee of glacial ice abovc 1520 nr (5000 l ier) in
the Ohrrrpic Nlountains. About 87t/o of the area
is norr rr i thin Lhc park: a sl ight increase 1ca. 20rir)
orer 1983 resrr l tecl horn l986 boundarv c,hrnges
rdth Olvrnpic National !olest (r-earJcrs need to bc
arrar-c of these changes i f  rnaps of the I983 trncl
1990 counts ere fonlpared). d block counl sarn-
pl ing rncthod las usccl and l irLrr ccnsus slrara lrcre
lecognizr:d:

212 \olthlcst Sciente. \ iol .  65. No. 5. I991

(l) Knolrr l  or suspected high densirv goat
areas: Olvmpus. Chimnev. Flapjack, Ro1al. Con-
- t . r r r ,  e .  B r r ,  l ho l r r  rF i g ' . r ,  l r .  h22q  hJ  t o t j r l  a r - J .
Acri l l  total counts tere conducted in each ofthese
uDits.

(21 Knor,;n or sLrspccted medium densit\ .goat
aleas. l2.267 ha. Thcse l .ere dir. ided inro 2,1
bloclcs of about 500 ha each. Sixteen blocks (6610)
lcre chosrn randornlv and censLrsed,

(3) Knoln or supse(,ted low densiLr gotrL areas
(densit ics thoughL to be 0.20 goats/km, or lcss).
29.570 ha. lhe-se lere dir. ided inro 59 blocks of
about 500 ha cach. Fif tecn blocks (2590J lere
r 'hoscn randomh and censuscci.

i41 Klahhane Ridge. 199i ha. An aer. ial  roLal
(ount rras conducted. This straturn las rctained
becaLrsc i t  has been the focus of intensir e popula-
t ion (Houston and -{tevr:ns l98tt) ancl vegetal ion
-qludics (Pl i tsch and Bliss 1985. E. O. -Schreiner
pers. comrn.) and a total coLrrt uas (rnsidcr.ed
necessarv. although goat nulrLcrs r{ere now.
thought lo bc lerl  lot.

The popuiat ion estirnate l i rr  slr l ta 2 and 3 was
calculated l i thJol lv 's (1969) methorJ for uneqLral-
sized sarnple units. as outlined bv lr-orton-Griifiths
{1976:72). I 'his approach uses r lrr dcnsitv ofgoats
falhcr than the number obscrrcd per block to pr.o-
. lucc estirnates. $hich $a,. nece-ssarv r luc to the
rariat ion in block sizes (, \  :  50,1 t .52.9 SD ha).
{s in 1983. the counts for srrata I ancl: [  r tere
added. without variarrccs. to the eslimates iof strdta
2 and 3. a rnolc analoEJous to "stratifving out large
hercls'  ( \orton-[.r i f i i ths 1978:84].

Ser -al steps wcrc taLen lo
palabi l i tr  Lurreen .ounts and to t tempt
pro\ 'e the pr-cci-sion ircpcatahi l i r \ ' )  ol  the
coutlt:
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Klahhane nidgc- mialnun dersih ldiasonaL hatchl and krr (l, nsir\ l.rpeDr areas rn' inrlirated. Ertensrl arcrs of glaciai
i ce  a re  r r , t  shr r r r .

( l l  ( lensrrs procedules rrere sirni lar. Lo*er
boundarics of each unit rerc f lorur I i r-qt.  and thc
unit las then sear-ched upslope at 70-100 m in-
tcNa.ls at speeds of 40-i0 mph. A rnarimurn of
l l0 rninulcs tas al located lol counting each block;
adual counting t imc avelaged lB.B a 7.15
minules (0.0.1.1 + .036 miniha: rvhich compares
to about 0.0jJ8 rr in/ha in 198i3). \o t irne l imit ras
placed upon counting the units in strata I and 4.
but search efforL las simiLu to the blocks (.0,11
t .015 rrr in/ha).

(2) The three person cel l-rus leam 1ms conl-
posed. fcrr thc most parl .  of thc same irrdir, iduals
in both counts. Hotcr.er. during 1990 a Hughe,r

500-D hcl icoptcr rras usecl instead ol the
-{erospatialc A-Stal i :}50D of 1983.

(3) ( ieneralh. the boundarics of the counring
units were lhc same in l toth ccnsuses. Horlevcr,
bv 1990. rnore information on felat ivc go:rt  den-
sit ies tas alai lable thloughout the park fol lol ing
cxtensive aerial capture efforLs crnducted frorn
1985 to 1989 (ca. 50-60 f l igirt  horus/vear). Pre,
sunptire goat densit ics in al l  park units" therel i l .e.
\ ' c f c  f e - \ H r . r r t , , l r n d .  r ' h - r -  n ,  , "  . - r n .  r r r r i t -  s , r ,
r c - l r . r l i f i c , l  I ' r  ' l e r r - i t r  ,  L - . .  I  r  r  l o  r  n  r ,  r  I  i ,  ,  r  r  , , r r  Fu . r l
harvest t lends and hunter ohser\al ions of goats
(\\  ashington Dept. tr  i ldl i ic. t lnpubi.) tas rrsccl ro
rcstrat i lv trnits outsit le the pa|k.
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. l )  Sride rarir t ion in goal densit ies counted
' l , . r i r r e  l q 8 3  s i t l r . r r  l , . r t r t i r -  r r r " , l i  r r n  d . n - i t r  . r r " . r .
{ tntr ibuted substlrnt ialh lo a starrdafd error that
s . r -  r l ' , ' r . t  l -  | - r c -  r t  o l  l l F  I ' o p  r ' . r l  " n  F . l i r n J l -
(Holrston ci ir1. I 98arl. In additi.tr to restratili ing
the counting units in 1990. $e inc|eased both the
intensitr of sarrrpl ing for rnediurn densitr blocks

t660,| in I990 rs..17lo in 1983) and the nurnber
ofhigh densit l  total counl units (6 vs.3) to attenlpt
to recluce the SE.

Bias en'ott. Aclirl ccnsus is Lnorn generallv
lo underesl i lnate the actual nulnbcrs of i tninral-c
plescnt (c.g..  CaLrghley 1977. \orton-Crif f i ths
I9i{: i ) .  and thi-q is true ibr mounlain goats as \rel l
(Houston ca dl.  l986). Three estimates ofthe bias
clror for goit ts iu the census zonc lrcrc avai lable:
(-[)  Johnson (1983:68) used rat ios oi markecl to
ru n rnar-ked goats ob-serred cluring a 1 98 1 helitopter
count lo calcLrlaLe a bias enor o1 .3i ( i .r- ' . .  a
' 's ightabi l i tv '  oI ccnsus eff i . ienc! oi .63) in thc
Charl ia Lal ies area ol the northeast Olvnrpics. (2)

Houston el o1. (1986) estirnate. l  a Inean bias of
.34 r .05 (.66 sightrbi l i t l )  l rom 3 ' ' inclex-

manipulat ion-indc\" cst inrates (Catrghler I977:.17)
fcrl  I( lahhane Ridge using thc cxlcnsive gr)at
l cmor r l s  o f  l 9 [ ] 1 - t 98 l l .  ( 3 )  Ho i lman  ( l 987 )

estirnntecl :r bias of .29 t . 1 7 (.71 sightabilitv) us-
ing up to 7 r 'acl io-col lared goats/count during 5 cen-
slLses ofthc \'ll. Appleton and Nlt. (lanie areas dur-
i ng  1985 -  19136 .

S i g l r t r l ' 1 . t r  1 ' r ,  l , , r h '  ' . r r i " -  r r r n u n g  " , ' . n l i r r F

rLnits in the celsus zonc (H{)Lrston eI al.  1986) and
l iLhin Lhe serne unit L'vcr t imc; hotever. the
ar,ailablc esLinrates of bi.rs en or nre bloadh sim ilar-.
( lrmsequentlv. \rc Llscd Lhe estirnate ol 0.66
sighLahil i tr  (also usecl in 1983) to prorJuce a rnore
accl lr ' : r te e-(t imatc ( i .c..  nearer the tfue total j  1oI
thc 1990 corrnt. The nurnber of gouts obselved
in e:rch census unit l r i ts lhefei)fe mLrlt ipl ied bv
1 i>2 (the leciplocal of 0.66]. Clcarlr.  Lrse of the
1 , , . r -  ,  r r " r  , , r  r - t J r t  , , I l \  - r l c r r , l -  t l r c  ,  - t i r n . r t ' -

unifol-rnh; iL does nol other\Lise enhalcc aspccts
of stat ist ical r igor.

Results and Discussion
' l 'he 

ccnsus \ras (ondrlcted in seven earlv nrorn-
i r r g  f l i g r t -  h " t s e e n  l t  - 3  |  J . L  , .  T , ' t ; l  , . r r - ' r -  t i m e
(including trar,cl among countin!( blocks and rcfucl-
ing staLions) \ras 21.3 hours.

A roraL ol I?2 goats (136 aduhs. :16 kids) $as
counlcd in the i [  sirata (Fig. I ,  Tablc l ] .  Counts
rtere highlv rariable t i thin the mediurn dcnsitv
slraturn and total count uni ls.

^ l 'he estimatcd goat popLrlat ion Ibr slmi,r 2-3
(Yr : l  was ralculaled a-r:

2 i ld i  l .ns i l \ l

3  tn r r l i r r r  r l c rsnr l

i-,, r '" 'r i,t
10.1. :1 1.095.1
t 5 0 . ;  1 0 .  r ; ? . 8

2 5 ;  I 1 . 2 5 2 . 9
' lhe 

standarcl e., , ,r  ( i ' ,  .1 i-" Jf in.t i , ,  . t  u. tO6
goats. \\'hen the 131 goats in thc high densitv units
ancl thc 3lro,r Klahhane Ridge or" n. ld", i .  i ' -o
totdls :189 t 106 (SE) goats for the populat ion in
the census zonc during Juh 1990.

\\'e uere un-"uccesslirl in lcclucing the lelatir'e
,sE (2iYo of Lhe e-qtirnated populat iorl ]  bv reslral i-
fving the blocks and rc-dl local ing the sampling eI '
ibrt. ' Ihis mar ref led greater relat ivc clumping ol
goats at iouer population levels. Tt rno-r be Possible
to reclucc thc SE in futLrre count-r bv moclifling thc
cen-"u-" desi!(n. This could inrlude conducting
Icstrat i f icat;on f l ights immediatelv prior- lo lhr cen-
sus ond attcmpting to optimize sampling effort clur'-
ing the count (Casalral el 41. 1986)

Despitc thc lafge sLandard erlors. the 1990
populal ion estimate dif fered signif icrnt l l  i rom the
L9B3  es t ima tc  o f  I I  i 5  an in ra l s  ( t  t es t  oco  o . r r t .
t*,r .d"ta :  l : i .90. \olton-Gri i l i ths 1978:80. Casa-
war er al.  l986:62) and \re conclude that goat
nLlmhers decl ined considerabh ()\er lhe selen

T:\ l l l  l i  1 .  \na sam| led end nounran solrs cornr. , l  in  r l l .  Ol \ tu ln 'Range. Julr  1990.
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tears. Strihing dilllrences occurred bct\rccn counts
in f ir 'e of sclcn large areas censused both vears
i lable 2). There tele no dif fer-errcres. holrclcr ' .  ln

€(rolLl) sizes (n :_162 \ = 2. i ,1 : t  3.51 gotrts in
1983 ;  n  :  84  \  2 .05  t  L .B0  i n  1990 :  N lann -
\{ hitnev. } '  )  0.051 ol in the estirnated rat ios of
kids to olcler anirnal, .  (0.21? t .0i16 and 0.26,>
t .0.11 , lg/ad. respecL;\ 'el \ ' ;  t  tcst for '  Rrt io
Esl inrators. I '  > 0.05. Cochran 19i7) betleen

r \ B l f  2 .  \  r , \ " r , . ' r , . . . . r , .  I ,  . , . . , . r . , .
ofthe O1r npn: Rarrsc , lur ing Jrr v 1983 and 199{)
cer - lse ; .  \umbers  rc t ) res . , , t  dL ! r  , r ) r , , l s  ! fd
te re  ro t  ad jus te t l  fo r  " ig | t l l i l ,1 \ .

remo!als probabl\ '  contr ibuted lo sl lbstantid
decl incs at l lana Vi lder {43 goals removcrJ
1983'B9l and Ro,-al Basin (1,1 renrovcd).

ln rclat ion to the ef lect i \eness of rernovals
(roint 2). aerial dart ing and net gunning Iclc used
to caplure goats l iom 1985-1989 (Houston ct d1.
1991): onl,v larelv lere kicls capturccl rr i th these
t - ,  h r r i , 1 . r , : , l r r r  i n E  t h "  J L I '  t p . i m a r i l r  r , ' t , c f J t i , , n . .
Ahorrt 6610 olthe J02 adult fcrnales captured \\'ere
lactat ing. anrl  rre suspect that l i : rr  oI their kids. i f
anv. sur' ! i !ed. I ' loleorer. sonrc rcar- l ings rnav con
tinue to delend heavi l l  on matcrnal female-r
(Hutchins 198.1). ( ionsequentlv. the populat ion cf-
lects of NP-\ renolals lere likeiv somclhat greater
than indicated.

Sti l l .  the incl icated pol)Lrlal ion declrncs sccrn
disprolrortionate to thc r-cmor:rls imposecl rn sevelill
oLher areas of thc park. l 'or erample. Sterens
(1983) estimated the \I t .  Appleton subpopulat ion
at about lJ5-60 goats in 1980. rnd 46 r 'ere
countcd dul ing the l9B3 census. Horever. onlv
l l3-21 goaLs lere rccor-dccl during 4 subsequent
censuses fiorn 1984-t9tt6 (the area las not drarrn
for census in J990). Elelen animals rrele rerrored
lq  i r  l oBB , .  B r  l q8o .  r r n  g , , a t - .  ' , "  t l r . , r  . i g r r .  s ,  n
obselved during the rernrxal ploglam despite three
ae|ial sear-ches. S.c suspcct that substantial \ ! inter
rnortality may hale allictecl Lhis. and othcr. sub

lropLrlat ions as $intcl snolrpack returned to more
'lrorrnal" ler el-". follot i ng unusuallv low. ler els frorn
abouL 1976 to l98l (Stevens l9B3). -Such patterrrs
are not unusual lor rnounta;n goats: Srnith (198.1).
for erarrple. docunrcntcd strong densit!  - indepen-

dent morlal i tr  arnong goat populat ions in souLheast
Alaska cluring ser ere r inlers.

\ ' lountain goals in Lhe Olvnrpic I talge appe:rr
to havr: clccl inccl consider:rbl,v lrom 19t]3-1990.
but the large standard errors for orcral l  popula-
t iorr sizc (ancJ for Klahhane Ridge-a major srrb-
populat ion. Houston anclSterens l98B) nrakcs us
rr'arr ol ploposing deLaileri 'crplanations'' for these
tlharrges. Park managers. moreover. should recog-
nize thal the LrncerLaintv associated rr.ith the popLrla-
l ion cst irnate translates di lect lv to uncerlarnt l  nl
the scale of renror.al cffirrts requiled in the futrrre.

Al ien species. such as goats in the C)lvrnpics.
pose spccial nanagcment problerns for natiorral
parks Lccausc thev ol ien cl isrqrt establ ished Lio-
logical processes. Ferl peoplc apprtciate the -rcale
of this problcm: ln a l9B0 r 'eport to Congrcss 300
\PS areas leportcd 602 "threat-s'  to natLrral

l9il:J 1990

hlahhane

Dana S'ilder
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l l : r | ingr \ \  a 'h in" ton 13 B

l lelat ive contr ibutioms to Lhe apparcnt dccl inc
in goat nurnbers irv thc NI'S r-emoval program or
other l ;rces are uncledr. and arc considelet l  in
detai l  elserrhcrc (Hotnton er al 1991). Kno\\n golr l
remov s totaled i : i26 anirnals f fom autumn 1983
through autumn 1989 121-, (?5.290) removea lr
\P,s. 80 i2:1.50/0) legal lv harvested outsicle Lhe
park. I  t0.30/o) i l legal lr  ki1led in thc palkl.  Annual
renovals rerc highl l  variable (, \  = 46.6 t l l 'X.7
goats/vear. range l3-911. and tould have averaged

,..{iilll. 
a". pcrccnt of the estimated l9lli3 poprr-

Holclcr '"  such surnm:rn calculat iorrs rnav Le
misleading because: ( l)  renovals t loc nu cl istr ib
uted across lhe populat ion in rr lat ion to goat den-
sit ies. but were sometimes (oncenlralcd on par-
t icuLar srr l ipopulat ions (Houstorl  et al.  I99IJ.
(2) NI'S lernolal-" could havc bccn cffectivelv
g r c r l F f  l h J n  t l r i  l u l J l -  i l d i . r l c  I n  r " h t i , , r '  t , ,  - ' . 1 .

populations {point 1). NPS rernovals lcrr: proboblr.
the lbrce drir'ing the dedine ofthc Klahhane Ridge
goats (Table 2. 43 animals rcmored 198,1-89J. but
c1.en therc goat numbers continued Lo detlinc lhcn
removals were discontinuccl from l9B5 to 1987
(Houston and Stelens 19fl8j.  Similar\.  park

\ ' lountain Coat Trerrr ls 215



re-(ources that invohed al icn plant-s and anirnals
(\PS ,qtate oi the parks- 1980). Thr.eaLs tcre par-
t iculal lv selere in thc Halai ian parks. Introduced
nramrnals hare lrr:cn surpri-.inglv clifllcult to con-
Lrol.  clue i l  paft to thci l  versati le l i fe historv pat-
tcms trnd Ir arr incrcase in pol i t ical,  cconomic. and
social c onccrns. l t  lenrains to be seen i f  the \I ' j -S
till receilc the required support for control of alicn
nrarnmals as publ ic avareness increascs on the
\aluc of conser\ ing thc natural biot ic . l i lcmitv in
nal ional parks.
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