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ASPEN, ELK, AND FIRE IN NORTHERN 

YELLOWSTONE NATIONAL PARK' 


1 . Mo\ t  \[and\ of trembling a\pen (Pop~rlrrc rr-ri ir~rloit l~~s) 1  1. in northern Yellow- 
stone National Park appear to h a \ e  become established hetween 1870 and 18C)0.\\ ith little 
regeneration \ ince 1900. There ha\ been contro\er\!  throughout thi\ c e n t u r ~  regarding the 
relative role\ ol' b ro~vs ing  b!, elk (C'c~~-\.ir. c>lilphiic) and tire \uppre\xion in pre\enting aspen 
regeneration. Fires in 1988 burned 22'3 o f  the northern ungulate winter range in the park. 
and created an unusual opportunity to in \e \ t lgate  interactions between fire. ~ ~ n g u l a t e  hro\vs-
in?. and clipen regeneration. We te\ted two hqpothe\es.  ( I )  The  tires w o ~ ~ l d  stilnulate such 
prolific sprouting of ne\\ a\pen sterns in hurned \[and\ that many \ten>\ would e\cape 
~lngula te  brow\ing and regenerate a canopy ol' large a \pen \ ten>\.  ( 2 )  Browslng pre\\ilre 
w ~ i ~ l dbe so Intense that it woulii inhibit aspen canopy regeneration in the h i~ rned  \[and\.  
de\pite prolific sprouting. but increased forage p roduc t~on  in the burned areas wo i~ ld  attract 
elk so  that they would not \eek o ~ ~ tremote aspen s t a n d .  and  hence. a\pen regeneration 
\\auld occur in unbi~rned aspen stand\ renlote from the burned areas. 

We \ampled aspen \prout densit!,. height. growth form. and browsing Intensity i n  six 
burned aspen \rands. S I X  unburneii stands close (<: 1 kin) to the hurned area. and \ix unhurried 
\tands remote (>Iknl) from the hurned area. Density of sprouts was generallq greater in 
the burned s t anc l  than in the unburned stands in \[>ring I990 ( 2  ) r  after the fire\) .  but \ \ a \  
approaching the density of unbi~rned stands b!, fall 1991. There u e r e  no \igniticant d ~ f -
ference\ in brow sing intensit) (percent ol' aspen sprouts browsed by ungulates) in I990 or  
199 I among burned. unburned close. or  ~lnhurned reliiote \[and\.  nor \ \ere  there differences 
In relation to gro\\ th form (juvenile \ i .  adult \prouts).  Unbroused sprouts g e n e r a l l ~  u e r e  
lower than the depth ol' the sno\\pack. quggesting that elk browsed nearly all sprouts that 
were uccess~ble .  

The age distribution of 15 aspen stands acre\\ the northern \ \ inter range indicated that 
refeneration of large canopy stems had been eplsodic even prior to the establi\hnient of 
the park in 1872. The p e r ~ o d  1870-1 890. \ \hen the present-day aspen stands were generated. 
ma\ hi\torically unique: nulnhers ol 'elk and other bro\vser\ were low. climate was relati\,ely 
\vet. extensive tires had recentl) occurreii. and large n~nnlmalian predator\ of elk ( e .g . .  
\volf. C'rrrzis I~ r / )~ r s )  \ \ere  present. This comblnation of e\ ,ents has not recurred since 1900. 
The recent puucit!, ot' a\pen regeneration i n  northern Yello\\ atone National Park cannot he 
explained h) an)  \ingle I'actor (e.2. .  e x c e \ \ i \ e  elk nurnbers or  firc \ ~ ~ p p r e \ \ i o n )  but in \o l \ ,e \  
a complex Interaction among t'actors. 

I N T K ~ I I I(' I - I ~ N  tional Park ( Y N P ) .  X\pen is a minor \pecies in YNP. 

hluch concern has been expre\ \ed  in recent decade\ co\er lng only ~ 2 ' '  ot' the park area (De\pi\ in 1990).  

that tr imhlinf :\\pen !PO[JL~/L/.\  Michx.)  is -vet i t  is ecologicall!, significant because it i \  the onl!, t~.t , t) i lr /~i(l t~s 
dcc l in~ng  in \ , i for  and abundance in Yellowatone Na- decic l i~oi~\t'ore\t t!,pe pre\ent.  i-\\pen fore\t \  \ ~ ~ p p o r t  

high numhers and diver\it!, of breeding bird\ and other 
animal\  (DeR!,le 108511). and are ~ i a u a l l y  atriking in 

31,1nu\cril?1~i.cci\i.J 24 .June IL)c)4: sc\i\i.d 23 Di.cc~nhcr tile f a l l  w h e n  I.ol iage t u rn ,
IOC14: ;~cccp~c '~l  I5 Januas) IUL)5. final \c l - \~on recei\cil I4 
\I;Ll.L.ll I OL)5 Many aspen stands in Yello\\stone appear to be "de- 

pI-i.\enla ~ ~ r e \ \ ,~ e , , a l - t l l l i . I 1 t  zclolog,, ~ i , , i , ~ ~ \ i t )(,f teriorating." These \ (and\  are characteri/ed b!, a can-
\ ' ~ I \ L Y J ~ \ I ~ .hlad~\oti. Mikconin 53706 L'S.4. op) of large. InatiIre \tern\ that are graduall) thinning 
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the action ol ' \ar iou\  di\ea\ea and other natural 
call\?\ (Hinds and Wengert 1977. Hind\ 1985. Hurt trees. except \ \here the smooth white bark has been 
I987 ). and little or no a\pen tlniier\tor) (Schier 1975). replaced b!, thick. black. corky hark in responw to 
.A\ rhe large. old aapen \{ems die. the) are not replaced injnr!.. Indeed. nearly L I I I  l a r ~ e  aapen stems i n  YNP 
b) ne\\ recruitment into the canop). and  \ arious \hrubs. have tlie thick bark on their bases. extending up as high 

t l i r o ~ ~ ~ h  Barto\ et al. 1994).  Elk a l \o  eat the hark of mature 

gras\e\.  or torbs ma)  e\,entuall) come to dominate tlie 
site (Ka)  1090l. Siniilar aspen "decline" 11:~s been re- 
ported t,l\e\\ here in the,Uockq hlountnin\. e.g. .  in Jack- 
s o n  Hole 100 km to the south (Krebill 1972. Loope 
anii Gruell 1973. Barto\ and hlueggler 198 1 .  Hart 1987. 
Bo)'e I ')XL). Bartos et al. 1994).  in the Wasatch Moun- 
rains of Crtah (Schter 1075). and in Rock) M o ~ ~ n t a i n  
National Parh in Colorado (Olm\trad 1979. Hart 1987). 
.4 lony-term \ t ~ ~ d )  Hole re\ealed a 39'7in Jnckwn 
dccrea\e in stem den\it) from 1970 to 1985. u ith great- 
c \ t  ~norta l i t j  in the \maller sten1 sire cla\ses (Hart 
10x7 ) .  

.Aspen a \  :I \pccie\ i a  in no in~rneiiiute danger of 
di5appcariny 1'roni YNP Thro~ighuut the Rock) hloun- 
tail]\ asper1 i \  a clonal s p e c i r  In which man) stems 
;~ r i \ ct1.0111 a ~0111111011root \)stem and are genetlcall) 
identical (Barneh 1966). Seedling r\tabli\hnlent of a \ -
pen ha\ hcen extremel) rare in the Rock) hloilntains 
cluriny tlie 20th ccntnr j .  although a\pen \redling\ ha \e  
become established in marig part\ of YNP that burneii 

a elk can reach. u i th  \\ hite bark aho\,e (De\pain 1990. 
Ka! 1990). 

Hart ( 1987 I reported that ~nortnl i t j  of aspen \tenls 
from pathogenic I'unyi in Jackson Hole u a s  po\iti\,elq 
correlated u i th  the amount of prior injur) b) ungulate 
brov sing. Pntton anii Jones ( 1977 I sirnil~~rl!ob\er\ ,ed 
that damage to aspen hark b j  elk pron~c>ted canker in- 
f e c t i o n .  In  m a n \  part5 o f  YNP 2nd J a c k o n  Hole. elk 
corntnonlq bra\\ je nearlj all of the root sprout\ preaent 
in aspen \t;uniis (Beetle 1974. 1979. Krebill 1972. Ka) 
1900. Barto\ et al. 1994).  Browsing b j  moose (,Al(,e.\ 
trl(~,.c tr17tlc,i.coili Peterwn) has \uppre\sed up l ings  of 
bal\:un tir (Ahic,\ 11tcl.ctri~ec~tr ( L . )  Mill .)  in portion\ of 
I\le Roqale National Park. and \ .wiou\ \pecies of \vild 
ungiilates are reported to l~nve  \uppre\\ed tree regell- 
eration in other areas (Brandner et al. 1990). In Ea\t 
Africa. bro\\\ inp h j  elephant. impala. and other t in -

gnlate\ haa been \how n to impair regeneration of Acw 
citr and other \vooii! plant \pecies (e.2. .  Prin\ anii Van 
der Sei~gii 1993).  Tlierel'ore. several in\,estigator\ ha \?  

In I988 ( K a j  1093: \I:. Uomme et al.. crr~/~irhli.\l~etl the major reawn H c~rgited that exce\\ive elk bro\v\ing I \  

i t~(ci~riro.i/~r).Ho\ve\er. seedling\ are infrequent in the 
stand\ that we \tudied. tund all of the re\ult\ to 

he p~e\entci i  belo\\ \ \ 1 1 l  deal onl! u ~ t h  ;I\pen root 
\prout\. not \ceilling\. Dominant apical merl\tenls pro- 
duce auxin\ that inhibit root sprouting. but the root 
\)\lc111 ~ ,un  produce l eu  to tn'lnq new \tern\ (leterred 
to ;I\ sprout\ or \ i~cI \cr \ )  ever) )ear in rehponxe to small 
01. 1;1rge i ~ i . j ~ ~ ~ - i e \  dominance of (hilt i11np;tir the ;~pic;~I 
the large stem\. E\,en if all large \tern\ die. the genetic 
iniiil idual ri.c.. the root x!\tem) can peraist for a long 
t i ~ n e .  perh;~p\ iniietinitel). in the I'ornl of \mall root 
\ lvout\  (x "\hruh ;1\pe11" (Uespain 1990: but \ee Ka) 
~und Uazncr.  ill IJi'rc,\, for a dissenting \ ieu ) .  DeB) le 
(10t3-4) rc1x)rted living root \)\tern\ as\ociated \\ith 

\ \h) ;ispen \lenlb are not regenerating i n  YNP. Jackson 
Hole. anii else\\here (e.g. .  Beetle 1974. 1979. Krebill 
1972. Ka! 1990. Bartos et 31. 1904). 

Fire i \  a l \o important in a\pen iiqnan~ics.  Fire kill\ 
tnature a\pen aten>\. but atin~ulnte\ abundant produc- 
tion of neu p r o u t \  from the root \)\ten1 (e .g . .  Loope 
and Gruel1 1973. Bro\\n and D e B ~ l e  1987). Fire re- 
curred e \ e r j  20-25 j r  in northern YNP prior to the 
ad\,ent 01' tire control policie\ in the late 1800s: I'rotn 
1900 until 1988 there mere alnlo\t n o  tire\ in this area 
( H o ~ ~ s t o n1973) .  There are area\ in Jack\on Hole \\liere 
ungnlate brou\ ing has been light, both historicall) and 
recentl). b e t  t'eu or no tree-si/ed \[ems h a \ ?  been pro- 
duced \ince the la\t eutensi\e tire\ in the late 1800s 

dead stcni\ in 50-1 r-old \[and5 of P o ~ ~ r ~ l e c r  (Loope and 1973) .  .Phu\. other in\estigator\,~ r t r i~ t l i t l r t~ - Gruel1 
i t r i r r .  and  h i t ? \  in Yello\\ \tone where all of (he mature 
,I\pcn \tern\ have died in recent iiecades \till \~ipport  
I ~ L I I ~ ~ I . O L I \a\pen \ p r ~ u t \  - I  111 tall. Ne\erthele\\ .  the 
I;u-ge \tern\ ol' trembling a\pen currentl) are not re-
genes,itlng in Inan! part\ of YNP. and thi\ rai\e\ tlie 

At least a part of tlie an\ \ \er  is hea \ )  brou\ ing b) 
clh (('c,i.i,ic\ c,lrc/~liir.\ Erxleben).  Most a\pen \(and\ in 
YNP al-e located in the northern winter range portion 
of the purh. \ \here t l l ~ ~ ~ \ ; l n i i \  of elh anii \n~a l l e r  num- 
her\ of other 11ati\e ~lngulate\ winter each \ e a r  ( H o u \ -
ton IC)X2~.A\pen i \  a highlq palatable I'ood for elk and  
other unyl~latcs in YNP. :I\ i t  i \  e l \e\\here in the Rock) 
hlot~~l t , i in \(.lone\ 1071. DeByle l985ti. Ro)ce 1989) .  
Elh eat the tip\ ol'a\pen \prout\ .  ;und \prc>uts are hea\ ily 
utili/cii in Inan) areaa. e\peciallj  \\ here elh congregate 
In \\ inter or along \pring/fclll n~igration route\ (e.g 

ha \e  argi~ed that elimination of tire i \  tlie most im-
portant reawn for poor regeneration of large a\pen 
stem\ i n  YNP and Jack\oti Hole (e.g. .  L-oope and  Gruell 
197.1. Hoils(on 1982). 

The exten\i\ ,e Yellou\tone fire\ ol' 1988 provideii a n  
inu usual o p p o r t ~ ~ n i t jto disentangle the interactions of 
brow sing. tire. and a\pen regeneration in northern YNP. 
Fires in  that )ear  burned 22'; of' tlie northern range. 
including Inan) a\pen stwid\ (Uespain et al. 1989). The 
large acale of tlie fire\ ma) ha \e  been especiallj \iy- 
niticant. Earlier \\ark Inah \ i lggr ted  (hat ungi~lates ma\ 
be capable of hrou\ ing all of thc new \prout\ produceii 
in :I an~itll burn or clearcut (=5-35 ha)  and thu\ pre- 
\enting regeneration (Jane\ 1974. M ~ ~ e g y l e r  and Bartos 
1977. Barto\ et al .  1994) .  iHo\vc\er. there also are 
report\ of succe\\ful a\pen regeneration ?\,en in \ e r )  
\Inall I ?-ha] clear-cut areaa [June\ 1975. cited in Mueg- 



- - 

ASPFY F1 K AYII FlRF IY YLI I  OCVSTONI PARK 

, 

I . I ( , . I .  .A\~xri  \t;tiiJ\ i i i  nortliel.ii YNP ; 
\ , ~ i i i p I ~ J  /in [hi\  xtud). Stand\ Je\igiiateil "H" 
were bur-rieil i l l  IC)XS iFi-og Koch aiiil Geode 
C'rech \ i [ r \ ~ .  Ttiosc desigriatcd "CIC" \ \ere 
~iiihui-iicd ~ 1 i c 1  clo\c to [lie hurneJ arcirs 
I Cr! \ral Bench aiiii L,ama~- \ ire\):  "LrR" \ \ere 
uiihui-iiccl aiiil reiiiote fro111 the tirsx 
i \l;ic.\linn Bench t~riJ Cre\ icc Creek \ i tc \ ) .  

f l e r  a n d  Barto\  IC177).) With the ve r l  large Ycllo\\- 
\ tone fire\ in I9XX. it beciuiie po\\ ible to te\ t  hlpott i-  
c \ e \  ~ lbou t  ho\ \  the \tale of lire\ ma! interact n i t h  elk 
bro\ \ \ ing  to control :Ispen rsgener~rtion in northern 
YSP. 


M'c. de\igned a \ampliny proyrwii to tc\ t  t \ + o  hy- 
pothe\c \ .  I.ir\t. \ \e  \ ~ ~ g g e x t e i l  that e % t e n \ i \ e  lire\ might 
\ t imnl i~ts  the procluetion 01'  \o many a \pen \protit\ that 
rhz elk \ \ould  be unable to bro\ \ \e  all of them: \orno 

O L I I ~e \ c a l x  bro\+\iny long e n o ~ l g h  to g r ~ \ \  tip be lond  
the rc;rch of' bro\ \ \ ing  elk 1=2 m ) .  \ \I iere~rpon the!, 
co~llci gro\\ into large \ i / e  cla\\ex ztnd reestahli \h an 
n\pen canoph. Such a "[>redator-\ntiutio~i. '  mechanism 
i c . f . .  . lawen 1976)  co~r ld  be p o ~ s i b l e  \ \hen tire\ burn 
,I large pol-tiori o l  :I land\cupe.  Alternatively. conxid- 
ssirig that lire L I \ L I ; I I I  \ t i l i l~~l: l te\a11 i~icre;rse in her- 
I ? ; I L ~ C O L I \  p r o ~ l ~ i c t i o ~ ifor  \ c \ e r a l  > e a r \  (Bla i \de l l  1953. 
Barto\  anil hluc.gglcr 19x1. M'e\t arid Ha\ \an  1985. 
Bra\\ n and DeB! le 19x9. Bar-to\ ct  id. 1991. \V'itllace 
ct : \ I .  IC195). elk might be \o ;tttl-acted to the burned 
gr:~\\lancl\ ~rnd I'ore\ted area\  tliat the> \\auld be le\s 
Ilhel!~ to \eeh out \riiall a\pen \ tand\  remote I'ro~n the 
tirc. TIILI\  our \ecorid h y p o t h e \ i  u a \  that a \pen tree 
regeneration \+o~r Id  take place not i l l  the burneil arcax 
but in unburned \[and\ far 1'1-om tlie tire\. 

In tidilition to z\'uluating spatial el'f'ects of the I9XX 
tir-c\ on bro\ \ \ ing  in ten\ i t l .  \ \e  a l \ o  estimated the date5 
of e\tahli \hment of zutant a\pen stand\ in northern 
I 'NP.  and s ~ ~ m m a r i / c dother ecoloyii.itl e \ e n t \  and  con-
ilitiori\ that cxi \ t sd  concurrent l l .  The  ob,jecti\e 01' thix 

C 1 C  k-n 

.T<,uerJunction 

hi\torical ana l> \ i s  \\,irs to Llnco\cr correlation\ :mil to 
\Ligge\t itdditional mechani \m\  of the interaction of 
lire. elk. and :t\pen. 

MI.I .IIOI>S 

\+'e e\titbll\hed permanent \wmpling point\  \\itliin 1 X 
a \pen \rand\ di\tributed ttiroiighoiit northern Y N P :  6 
\ tand\  had been burned in I9XX. h \ \e re  ~ ~ n b u r n e d  but 
clo\e (.:- 1 h m )  to large burned areax. a n d  h \ \e re  [In- 
burned and remote (;.-I h m )  I'ronl the lire\ (Fig .  I ).  All 
\tandx con i s t e i l  of :I canopq of larye. matllre a \pen 
s tem\ .  a gro~rnil  la!er of small axpen sprout\  ~ u i d  herb\ .  
and no interri iediatz-\ i~ed axpen \tern\ or tree\ of other 
\pecie \ .  The  large \tern\ had all been hilled in the 
b~ l rned  \tunilx tliat \ + e  \:uiipleil. Sti~nilx r~uiged in area 
from 0 . 2 5  to 2.0 h a .  and  in ele\  :ition from 1750 to 7300 
m .  Mo\t  \ \e re  more or I ? \ \  dixcrete patehe\ of a\pen 
\ \oodland \\ithin an asen of \agebru\h gra\\ lanil  or ad- 
jacent to Dougla\-t ir  I'ore\t ( w e  Hou\ton [ I9821 and 
De\poin [ 19901 I'or de\cription of' tlie yerieral \ egeta-
tion pattern\  or1 tlie northern r ange ) .  

Each \[and \ \ a \  \ampled in \priny and l'i~I1of I990 
and I99 I .  Spring \ampling \\ a \  carried out in late Ma!, 
to niiil-June. ju\t  after the bud\ began to cupand.  Fall 
s~ui ip l ingwax cond~rcteil  in Septeliiber. \\~Iicri tlie !,ear'\ 
\ tcm elongation had \ topped. 

LVitIiin each \ t a d .  e\tahli\lied n central tran\ect 
through tlie lony auis of the \rand. Thi \  t ranwct  \\,a\ 
divided into f i l e  \ection\ of eclual length. and :I xhort 
triuixect \ \ a \  \tasted at the midpoint of each section anil 



cutenilcil pcrpendicularl) to the left or  right in a n  al-
ternating p;ittern. Shost [ransect\  exteniled otrt\r arc1 a \  
far ;15 : t \pe~i \proirt\ \ \ere pre\ent n i th in  I 111 of the 
tr;tn\ect. and \o  \\,ere o t  \;iriahle length. 

\\'c tallied all a\pen sprouts \\ittiin 1 m ol ' the  \tiort 
tranwct line\. and rccoriled for each \prout its height 
i 10-cm c l a \ \ e \ )  and \\ hether i t  \\ a h r o ~ \\eil. Lln-
bra\\ \ed. or h;ld 11 ileaJ tip for other r eawns  (e .p . .  I'irn- 
~ L I \d i \ ea \ e )  During the sprinf \ampling \ \ e  also cia\-
\itied e:tch \prout a \  "nc\\" ( ( 1  yr olil) or "old" ( 1 1  
!r o ld ) .  "Old" \proutx \ \ere  r e c o g n i ~ e d  b) the pre\ence 
of' bud \tale \ c a n  on the \tern. I n  the fall \:tmpling. 
\ \hen lull^ cxpanileil Ie;t\e\ \ \ere p r e e n t .  u e  classifieil 
each \IXOLII ;I\ "juvenile" or "ailult." depeniling on 
the preilominant grout11 I'orm exhibited (Kramer  and  
I<o/lo\\ \ L i  1079. Chapin et  al .  1985. Basey et al. 1988. 
IC)9O). Ju\eni le  \ p r ~ i ~ t \  by large Icat \+ere  cti~iracterired 
blade\.  long internodes. and cordate or truncate leaf 
h a w \ .  ;uid adult \prouts bq small hlailes. short inter- 
node\.  ;uid o h t i ~ \ e  lcat hascs. The phy\iological ha\i \  
of these morphological ilifl'erences is not clear in a\pen: 
\\hilt \ \ e  citlled "jir\enile" sprouts 11ia4 simply he 1st- 
!r. indetcrminate-gro\% th adult sprouts containing a 
h ~ g h  prolmrtion of late Iea \c \  ( B .  Barnes, per..\-otirrl 
( ~ o ~ ~ i t ~ ~ i ~ t ~ i i ~ t ~ r i ~ t ~ ,19Cji) .  Ne\,erthcles\. the t \+ o morpho-
lozic lorm\  of \prouts were r e a d i l  distinguishable in 
the f~cli l .  and  there \%ere some differences in rcspon\e 
of the t\zo I ' o rm.  

Since the Ioc~rs  01'  this \ tud) \%;IS 011 potential rc-
generation of lar fe  a\pen stemx. \be recordcd both tlie 
total nuniher of \prouts present and  the number of 
sprouts that c o i ~ l d  c o ~ i c e i \ ~ ; i b l  g rou  into mature tree\ .  
\!'e often I'ound ilensc clump\ of 2-8 sprout\  ari\ing 
\% ithin 0 .5  ctii of each other. p o s s i h l  all l'roln one node 
on the root. Since o n 1  one o l  this c l u t e r  \%a\ likely 
to gro\\ into a tree. the clump \ \as  co i~n ted  a \  a single 
\prout tor the pilrIx)\e\ of this s t u a .  

A\pcn \prout den\ i t> .  relatibe abundance of newiolil 
or ju\enile/aclult sprouts. hro\+ \ ing inten\it>,  and  
liciglit ili\tribution ol' sprouts \ \ere calculated for each 
stand and \ampling period. and a text ol skcwnes\ and 
kurto\i \  \%as made (Snedecor and Cochran 1956).  Dil- 
fercnccs amonf \[and\ and qears \%ere ti.\ted u ~ i n y  
.'\NOV.A \I hen \aniples were normall) distributed or a 
Krushal-M':tlli\ tc\t when sample\ \%ere either ske\+ed 
or kurtotic. .All xtatistical :uiulq\e\ \%ere performed u\ -  
ing the SPSS stati\ticul package in a V A X  environment 
at Fort Lc.wi\ College.  M'e d isco\ered during analysis 
t t i i i t  tlic IC~igtti\ of the \tiort trarnects had bee11 irlcor- 
~rcctl> recorded during the spriny 19Cj I sampling: con- 
\cc1~tcntl! i t  \%a \not po\sible to compute .;prout ilen\it> 
tot- that \ampling period. hut the other paralneters \ \ere 
trn;tl'l'cctcd b thi\ tield error. 

To c\timnte the date\  of origin of extant ahpen \tanil\. 
\ \ e  collected increment cores from 5-1 0 dominant can- 
op! tree\ in sirnil~u-appearing stands located close to 
( \ +  ithin 500 111) I5  of the I X aspen stands in which 
hro\\ \ ing inten\it! \ + a \  measureil (Fig .  I ) .  Three of the 
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P = 0.127 
(6) 

(11) 

I 8 
B U B U 

SPRING 1990 FALL 1990 FALL 1991 

F I ~ ; .1. IIet,\~t)of a\pen \prout\ 11, \pr111gI')OO. ; ~ n dla11 
IOc)O a t~d1')') I \1;111i1\it1 h hut t~cd\tatid\ iB i and 17 L I ~ I ~ U I . I I ~ C I  
i L . 1 ,  i I l c ~ ~ \ i t )  t>ot I-PCOI-(ILYI i t 1  ~ ; I L , I I\t : I \  y>rit~g1'101.) t-01-

\ari;~hlc.the \ e ~ - t ~ c a l  \ ; I ~ I I P I C 'l~tic tcli~-e\et~t\ t;~t)gc: ho1-17otit;1l 
l i n ? \  I-cpre\ent maxinium. tilean. ;~nd mit~inium \slue\ oh-
\er\cd: \hatlet1 hoxi.\ d?pict one \tat~clard ?I-I-01- ; ~ho \cslid 
helo\\ t l i ?  1iie;11i. 111ld t i ~ ~ t i i h ~ t - I \  \ ; I I I I ~ I C  \ I / c .it1 ~ > ; ~ r e ~ i t h ~ \ c ~  
P \ \ a \  detern~it~etl lc\t.h >  K ~ L I \ I \ ; I I - \ V ;  

irnhurrieil re~i io te  stands u,cre in an area of diffict~lt  
a w e s \ .  \+hicti \\:is not \ampled tor  age.  Core\ \ \ere 
taken at a height of -- I  m bec~urse mo\t  stenis \+ere  
I'ound to be rotten at the hase. M'e chose not to take 
increment core\  from the \:ume \i te\  in ~ ~ h i c l i  our per- 
manent plot\ were located. hecause coring could cau\e  
\ome mortality of stem\ and t l i e r eh  al'lect I'uture 
sproiI1 d e n \ i t i c ~ .  

Increment cores were mounted and \anded. and the 
~ i n n i ~ n l  a di\ \ecting micro- rings \ \ere counted under 
\cope. Cross-dating \+ax not performed because the 
r in f \  \+ere  generallq colnplacent and very narro\+ in 
the outer portion ol' the cores. For core\  that i l i i l  not 
extend ilirectlq through the center ol' the tree but pns\ed 
claw by. \ \ e  estimated the numher of misseil ring\ 
b a d  o n  the cur\ati lre of the rings clo\e\t  to tlic center 
on the core. \Ve did not add a n  estimate ol 'ape at corinf 
height. heca~rse  aspen \prouts can elongate 2 I m/>r.  
Some of the \tern\ may he older than our estimate\  
hecn i~ \e  repeated hro\%sing had kept them helo\\ breast 
height ( = = I  m )  for all unkno\\n lerigtli of time. There- 
fore. our \tern age\  repre\ent either tlie approximate 
age.; 01' the stems or  the dates ot  "releu\e" \\lien the? 
hegall gro\%inp into larger xile c l a \ \ e \ .  

The range :uid r n ~ t r i m ~ t m  oti l e n \ i t  aspen \ p ~ - o t ~ t s  
\ + a \  greater in the burned \ ta~i i i s  t l ia~i in tlie ~ r ~ i h ~ i r ~ i e ~ l  
.;tanils in sprinf and I'all of 1090. ;tlthoi~gh the ~ i i e ; ~ ~ i x  
\+ere  not \igniticantl) dit tcrent ( F i f .  2 ) .  The o\er lnp 
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NEW SPROUTS JUVENILE SPROUTS 
JUNE 1990 FALL 1990 

Flc, 7 ,  Kclati\c ahulldarlcc of rlc\\ \ \ .  old a\pcn \prout\ 
In \[wing 1i)OO. atld ofju\enile \ \ .  adult \prou1\ in fall IC)e)O. 

Sec .\lci/roil.\ for di\linction het\\cen L)pc\ of \prouts. S k u -  
hol\ a \  111 kt?. 2 .  P \3a\  ilctrrnlilleil by Ksu\ka1-LVa11i\ 1 ~ 4 1 .  

in \tatixtical clistribution\ \+a\  in part a result ot' the 
tremendou\ variabilit) arnong \tands.  both burnecl ancl 
unhurnecl. .\lean clen\itq in the 6 burned \tands in tlie 
\[>ring of the 2nd qr after tire (lc190) way 3 8 0 0 0  
\ p r o ~ ~ t \ / l i a .comp;lrecl to I X 000 \prouts/hn in the 12 
unburned \tand\ (F ig .  2 ) .  Range and sample meall of 
\proilt Cle~ixit! 111 unburned \tanel\ remained relativelq 
con\tant throughout our \ampling period. but range and 
niean in the burned \lands graduall! decreased and 
\+ere approaching tlie \slue\ of the unburnecl stanel\ bq 
the fall of 1991-the 3rcl ~r after the fire\ (F ig .  2 ) .  

l'lie percentage of ne\\ \prout\  in the \[>ring \+a\  
\lg~iiticantl! higher in the burned \tand\ (mean  82%) 
t h ~ w  in the unburned \tand\ (mean hOGi)(Fig .  3) . The 
percentage of juvenile \prouts in the fall was also great- 
er In the burned \rands than in the unburneci stancls 
(mean 8 2 ' ;  compared to 65%).  although the difference 
i l l  the fall \+a \  not significant (F ig .  3 ) .  Brouxing in- 
t e n \ i t ~  in all \tancls wa\  much greater in the winter than 
In the \ummer: the mean percentage o f  brow\ed \terns 
\+a\  45-55'4 in \pring. but onl) 5-10% in t'all (clnta 
not \ ho \ \n ) .  Tlierel'ore all of our sub\equent ana l ) \ e \  
focu\ed o n  \+inter browsing. 

There were n o  \ignificant clifference\ in browsing 
inten\it! among the burned. i ~ ~ i b u r n e d  close. ancl iln- 
burned Iremote stands in the \pring of 1091 or 1992: 
percentafe of sproilt\ bro\v\ecl \+a\  ver) high (mean  
15-75'; ) in all three hind\ of stanel\ in both ) ea r \  (Fig .  
4 ) .  &or W:I\ there a \ignificant dil'ference ( P  0 .05)  
In bl-ousing inten\it) in new 1,s. olci sprouts in an! \et 
of \t;wd\ in either !ear (data  not \ l io\+n).  Height d i \ -  
tribution\ of \proiIt\ ;11\o \+ere not sipnificantl) cliffer- 
ent either between b i~ rned  ancl i~nburnecl stands or  be- 
t\\een bro\+\ed ancl unbro\+\ed sproiit\ in eitlier \ e a r  
(F iy .  5 ) .  Sprout\  fenerallq u e r e  short in all \[and\ 
(mean lieiylit 21-35 ern) (Fig .  5 ) .  

O I  
BURNED UNBURNED UNBURNED BURNED UNBURNED UNBURNED 

CLOSE REMOTE CLOSE REMOTE 
SPRING 1990 SPRING 1991 

Fic;. 4. Li'it~tet- hl-o\l\~ng it~(eti\il\ i l l  hul-net]. utlhu~-ned 
clo\r. atit1 ut~hu~-t~ccl 1900 and 1991. remote a\prrl \r,~ncl\ i l l  

c.\prc\\cd a \  pcrccrltase of \prou~s hl-o\\scd S>rnhol\ a \  In 
Fig. 2. P \+as tic~crmi~led b) an;~l)sls ol \ar~ancc.  

The tree age determination\ (Fig .  6 )  inclicatecl that 
mo\t  of the large a\pen alive toda! in northern YNP 
originated during a r e l a t i ~ e l )  brief period in tlie I X70\ 
ancl 1880\.  Ver) l'ew of the \tern\ alive toda) became 
established either in the 20th centur) or  earlier in the 
10th centill-). Notice that we cannot infer from tlie pre\-  
ent \urviving aspen \\hetlier stems did or clicl not e \ -  
tabli\h in those ) ea r \  for \+hicli todaq there are no 
\ i ~ r v i \ o r s .  A\pen maq have e\tablished in thaw !ear\ 
hut \ubsecli~entl) died. This i \  one of the limitation5 of 
a static age clistrihution. 

The peah in den\it! of aspen sprouts cluring the 2ncl 
\ r  post-tire that \ \e  ob\erved in YNP \+as  comparable 
to finclings reported el\e\+liere. For example.  an ex-
perimental burn in Jackson Hole {timulated a doubling 

BURNED CLOSE REMOTE BURNED CLOSE REMOTE 

-SPRING 1990 - -SPRING 1991 -

I 5 .  Height ili\trthutton ol' a\pen pl.outs tn burned. 
~~rlhur~leclclo\e. arld unhurncil reniote \lanil\ in \pring IC)c)O 

nrld 199I .  "B." brov \cd sprout\: "I;." ullbro\3 \eil \prout\. 
Syn~hol\a \  in Fts. 2 .  
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that regeneration ol ' larye a\pen stem\ will not be xtim- 
ulateci hq the 19x8 lire\. either in burned stnndx o r  in 
unburned stancis remote I'rom the til-e\. O n  the contrar!. 
the tires actunll! ma)  h a \ c  lia\tcned the proct'ss of 
"cic.tr~.ioration"of \ 'ello\\stone's aspen stand\ b! hill-
ing mo\t  ol' the rcrnaininy large stems in m a n )  \tancis 
wi tho~t t  prodiicinf ;I IIC'\\ co1101-t that i \ i l l  g~-o\ \ ,illto 
large si/e elasst.\ iBartos et al. 1901. Kaq and M'agner. 
ill l ~ t ' c \ \ i .\Vhi~t is the cause of t I i i \ ' !  

Studies in Aliiskii and in LTtali h a \ c  demon\trateci 
that browsing b! sno\\slioe hart'. heal er. anci other \ er-
tebrates s t i m ~ ~ l a t e s  increased prc,duction of the j ~ t \ c n i l e  
gro\+tli f'orni in aspen. and that these ju \eni lc  \prouts 
contain high l e \ e l \  o f  resin\ atnci other s ~ ~ b \ t ~ w c e s  that 
deter bro\ \sc~- \  ( c . 2 . .  Brhant 1981. Chapin et al. 19x5. 
Baseq et ul. I O X X .  1900) . I t  is possible that t h e , j ~ ~ v c n i l r  
sproLIts ill Yello\\stone's burneel aspen stands also con- 
tained higher le\,els o f  herbivore deterrent\ .  b i ~ t  the elk 
dici not appear to bro\\se older sprouts or ~ ~ d u l t  forlii\ 

~ ~ ~ ~ gg
o m o r n o j , o ~ n ~  O  

g ~ g gselectivel!. Rather the) bro\\sed all sp ro~ t t \  lieavilq. 
apparcntlq \vith little ciiscrimination. Thi \  ma! be be- 
cause of the liigli ciensitq 01' u n g ~ ~ l n t e \on the nol-thern 
Yellou \ tone \\ inter ranyc in the \ \ inter\  of 1989-1 990 
:11ic1 1990- I99 I ( =  I2 000 :111ci I X 000. r e \ [>ec t i \~e I~  

ol' \ J > I . O L I ~  c i e n \ i ~  In the 2nd yr after the tire. hut hy the 
3rei !I. c ien\ i t~  \ \ a \  onl) \ l i y h t l  Iiiglier than hefore the 
lire I B;u.to\ and blueygler 198 I ) .  Bra\\ n and DcR) le 
1IC)X7.I C ) X O )  ob\er\~ecl maximum \proLit densit) 1-2 gr 
al'tt'r fire. anci Jones and Tru j~ l lo  ( 1 0 7 5 )  reported that 
maximum \proLit c l e l l \ i ~  L I ~ L I L I I I )  i \  seeti the !e;~r after 
,I tire u ith a friiciual ciecreasc thereafter. \Ve \ampleit 
onl! in the 2nd ancl 3rci ) r  after lire. and so cannot rille 
out the po\xib~lit! that sprout densitic\ n r r e  \omen  hat 
Ii~ghel. In the I \ t  11.: ne\crtheless n e  elearl) s an  a 
ciecl-c;i\e b! the 3rd yr. C1i:ingc.s in \oil temperature\ 
anci rrlatecl a ~ i \ i n  procluction ma! account for tht\ tem- 
poral pattern In \ ~ ~ U L I I  after fire iSchier procluction 
IC)75. Hungerforci I O X X  1. 

The rarige in r n a \ i r n ~ ~ m  sprout dell\itie\ fo l louing 
fire that n e  found in Yel lou\ tone (7000-125000 
\p ro~ i t \ / ha )also \ \ ; I \  rouphl) u itliin tlie ratige reported 
e lsenhere  in the R o c h  hlo~intainx. Other reports in- 
clucie 26 000-38 000  spro~~txl l ia  in Neu  Mexico (Patton 
,inel ..\\ant 1070).  35 000-250 000  sproi~t \ /ha  in the 
\ o ~ ~ t I i u e s t  1975. Patton ancl .lone\ 1Joni.s and T r ~ ~ ~ i l l o  
1977 ). 27 000-35 000  sprout\lha in Jachson Hole (Bar- 
to\  ~und bluefgler I O X  I ). ancl C)000-58 000  \ p r o ~ ~ t s / h a  
In Idaho and \\ester11 Wloni ing (Bro\ \n  ancl D e b  le 
19x7. 19XC)). 

,4ltlio~1ylithe s p r o ~ ~ t i n g  u eresponxe that measureil 
\ \ : I \  c\pecteci o n  the b a \ ~ \  o f  pre\  ~ o u x  t u d ~ e s .tlie lach 
of \ig~iificatit clil'l'rrences in hro\\ \ ing Intensity :urnon$ 
burned. ~ ~ n b u r n e d  relnote stanclx cloxe. and ~ ~ n h ~ ~ r n e c l  
\ \ a \  ~ ~ n e \ p e c t e d .;uid ca~~xecl  to reject both of L I \  our 
li!~>othr\e\ about aspen regeneration. I t  appear\  nou 

( S ~ n y e ret al .  IOX9: J .  h1;ich. /I~>I'.\OII~I/c ~ o ~ r ~ ~ r ~ ~ o z i c ~ r r t i o ~ ~ ,  

1992) .  \\.~tli l o u e r  elh clen\~ties. h rou \ ing  ma! he more 
\c lec t i \e .  For ex:unple, loocl-l~tnitecl hare population\ 
in ..\laska c o n \ ~ ~ m e c i  greater quan t~ t i e \  of t \ \ ig \  coated 
k i t h  e\tracts o f ' j u \ cn i l c  spruLlt\ th;l~i ciici Ies\ f'uoci- 
limiteci pop~~l ; l t ion\ .  :ill populations testeelb ~ ~ t  \till 
\honeel a \iynificant a \o idance of the coateil t u iys  
( B r a n t  I C ) X I  1. 

This \uggcstion of' r c l a t i \ e l  inciiscriminant bro\\s-  
Ing b! Yelloustone elh is turtlier \~ ippor tcd  by the 
height distrlhut~onx of brouxeil and unhroused aspen 
sprout\ .  111a11 st;iticlx these d~stributiotis u e r e  not \ig- 
niticantl! different (F ig .  5 ) .  bloreo\er.  mean heifhts of 
bron\ecl and ~lnbrousecl \pt-outx In tlie spring ot  I090 
and I991 n e r c  on15 21-35 em-appro\imatelg the 
clepth 01' an a \ e r a f e  sno\\pack in thi\ LII-ea. This s ~ i g -  
gcxtx that mo\t  of the ~ ~ n h r o n \ e c i  sprout\ \ \ere mi\\ecl 
b! ungulate\ simply hecau\e the! h e r e  beneath the 
snon anci thus una\ ailable. Aspen \p ro~ i t s  i l l  \oiile part\ 
o t  Jachson Hole also remain gene ra l1  - I m becuu\e 
of Ilea\! anci s~~sta ineci  broiising h) elk anci m o m e  
(Bartos anci blueggler I98 1. Hart 19x7. Barto\ et al. 
1904) .  In contrast. aspen xprouts produceel after the 
I O X X  fire\ in another portlon ot Jachson Hole u h e r e  
~ ~ n g u l a t eb ron \ ing  is 1.e1.1 light are elongating rap~cll! 
( K .  D q le. c . o r r t ~ r ~ l r ~ t i c . t r f r o r ~ .  , ispen/~ct . \or~c i l  1092 1 .  

sprout5 p r~ t r c t ec l  I'rom bron \lng mq 91-ou 2 I m in I 
r on gooci \ i te\  ( June \  1971. .lone\ and T r ~ ! j ~ l l ~1975. 
C r o ~ ~ c l i198 1 ) .  

0111.tree-;lge clata indicate that mo\t  of the extant 
aspen trees in northern YNP hecilme e\tahlishecl in the 
1870s ancl 1880s (fZig.  61. I t  1 5  possible that aciciitional 
large a\peli \tern\ originatrci before anci at'ter this pe- 
riod. hut h a \ e  ciiccl anci are no longer e~ ic i en t .  H o n e ~ e r .  
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Flc,. 7 .  Pri.ltminat-!. \utntnal !ol' ch;lngc\ \ilice 1810 111 ecological facrol-\ rhat :~P~>c;II  :~spelr 11.c~ 1 0  itrt111~11ce I-egc'ne~.~rion 
111 notrhc~nI ' N P  Ilarc\ of fi~-e\ I'lorn I l o ~ ~ \ r o ~ i  197.7). IIIC:II~ tree-lit12 i l r i l c ' \  ill each dc.c;~dr c:~lculareil fro~ri d;11;1 in Ilre\\ I 
( I075 I .  l-cl;it~\i.nutnhcl-\ of elk I'lom I I ~ L I \ I O I ~  1'182) and Scti~~llcl-! ( 1'102). gel~rral i .n~pt ia \~\  I anil \Vliitrle\s! i l l  elk manu:elrrc'rir 
ttolrr I Io~~\ to t i  I lVX2). and c\tal,li\Ii~~ielir ot a\pcn atrlnh modilieil f ~ o m  Fig. (1. 

\ \e  helie\ e that \ cr)  feu  \tern\ g reu  to large \ i /e  either 
in the \c \era l  dec:ide\ prior to 1865 or after == 1900. 
ha\ccl o n  historical recorclx. photo\.  anit ohser \n t ion\  
(Ll'arrcn 192(1. Ho~i \ ton  1982. Sch~i l lcr )  and L\.hittle\e) 
1902 ) .  frnr example.  L'arren ( 1  936: 179) cteterminect the 
age di\tribution of'an aspen st;lncl in northern YNP. and 
relx)rtcd that all but 2 of 3 1 \:urnpled trees had become 
e\tahli \hed betuccn the mict- 1860s anct miit- I X X O x .  He 
iilxo cxpre\xed concern that aspen stanctx u e r e  being 
clccimatcct h) ti.\bea\,er iC'cr.sroi. c.err~rrrlc,/~ Kuhl)  and 
u c r e  not regenerating. The p:~uci( of axpen reyener- 
ation pt-ior to 1 St10 (F ig .  (7) coulcl be a n  artifact rclateci 
to the \hart life \pan o f  aspen \ tern\.  H o u e \ e r .  a\pen 
stems 170-200 ) r  0111 h a \ e  hecn reported in the \o~ i th -  
u e s t  (.\lucpgler and Barto5 1977. Patton anit J o n e  
1977).  ancl the presence in o ~ i r  st~icl) 5itc5 of a feu  
\ k m x  f'rom the 1 8 3 0  inciicates that tree5 can l i \ e  at 
lea\t I50 r in thi\ area.  Moreo\,cr. earl) photographs 
ol' the Ycllon Stone area from the late 1 800s con\ i \ -  
tcntly shou  loun:  aspen \tands u i t h  f eu  or no older 

cannot do \o toda) ' I  Wc cannot bet a n s u c l  thi\ cl~ic\tion 
delinit i \el) .  hut \ \ e  can tcntati \cl)  iclentii') some of. the 
critical factors in\ol\ecl  ifZig. 7 ) .  L1'e \Li:gest that thix 
hixtorical analy\i \  is \ alu:thle in x t ~ i c l )iny such a com-
plex prohlcm hecau\c i t  can Linco\,cr correlation\ 
among factor\  and t h c r c h  \ugge\ t  testable h p o t h e s z \  
about mechanism\.  

I t  xeems certain that elk u e r e  present in \\tiat is no \ \  
northern YNP in the 1800s anct earlier, hut n c  prohahl) 
u i l l  n e \ e r  kno\\ their exact number\ or hou  tho\c num- 
bers il~ict~intccl 1982. S c h ~ i l -  from year to ) ea r  (Ho~i \ to l i  
lery ancl Whitt le\e) 1992: hut w e  K q  I990 for a elis-
scnttng \ ieu  ) .  hlarhet hunting in the 1860\ anit I 870\  
reduced elk number\. p r o h a h l  substantially (Fig .  7 ) .  
Protec~ion of u ilcllife anil other resources hec;l~nc more 
cf f rc t i \e  in the ISSO\. ancl elh numbers began to rt\c 
(Ho~i s ton  1983. Schuller)  and h'hit t lcsey 1992) .  There 
i \  consicierable unccrtaint) ahout uct~inl elk number\ 
from 1886 to 1930. but t h q  prohahl) \ \ere nulneroLix 
t h r ~ ~ i g l i o ~ i tthat period (Ho~ixton 1982) .  

stands (Ho~i s ton  1976. 1982: h l .  hleagher. ~~c~i- . sor~tr l  The perioci from 1930 to 1968 \ \ a \  a time of artificial 
c~o/?~r i r~o~ic~i i t ror~.1993) .  Therefore. u e  believe that the 
r c l a t ~ \ e  lack of treex from the periocl 1 8 1 0  I St10 in our 
wmples  reilectx poor recruitlnent ci~iring that tilne. 

The age distribution of extant aspen \tanel.; in north- 
ern YNP xugge\t\ that repensr:ition of large axpen trees 
\\ax cpi\oclic e \ c n  before the parh's e\tahlishment in 
1872. The sit~iution appears i imilar in Jnchxon Hole. 
iihel" mo\t  of the extant :i\pen stanit\ there hecame 
e\tablishcci bet\ \ecn 1850-1890 (Krehill 1972. Loope 
anit Gr~ie l I  I973 1. HOM then \i as i t  poxiible for large- 
\tern axpen \tanci\ to heconie cstahli\heci in norttiern 
YNP iluring the period I 8 7 0 1  890  u hen they e \  iciently 

recluctionx oi'the elk hercl to millntain \ \hat \ \ a \  thought 
to be :In appropriate herit si /e t3000-t1000'ani11i:1l\ 
(Houston 1983)) .  111 1969 YNP began i t \  polic) of nat- 
ural reg~ilation. in nhicli  n o  artificial recluctionx u e r e  
attempteel (De\pain  et nl. 1986) .  The elk popult~tion 
preu r:~picil) during the earl) part of thi\ period. ancl 
then le\ elecl off arouncl I5  000-30 000 in the late lC)7O\ 
(Ho~ixton 1982).  

C'lim:~tic \ariation in northern YNP (F ig .  7 )  \ \ a \  in-
ferr.ecl from tree-ring iticlice\ cle\~elopecl from Do~iglas-  
tir ( l ' \ c~~ /c i e ) t , s~~g i~  \ar .  fr1-i~tico)near/IIC,/I:I(,SI~ ~ I ( / I I ( , ~ I  
Ga~.cliner. Montana .  act,iacent to YNP. M'e computed 
mean tree-ring index in each clecacie from y e a r 1  \slue.; 

reportecl in Dreu 11975).  Ba\ecl o n  documenteel re-
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\ pon \e \  ut' D O L I ~ I - r  to climatic \ ariation e lseu  here 
111 the Roch) h l o ~ ~ n t a i n \  1965). u e  ( e .2 . .  Fritts et  211. 

a\5umcci that trec-ring indicex 100 inclicatecl gener- 
,III! moixt c o n d ~ t ~ o n s ,  heres\ inelices < 100 indicated u 

~ e n e r a l l  d r )  conelition\. Th15 analyxi\ s ~ ~ g g e s t e d  that 
the period 1 8 7 0 1  890 u as characterired by generall) 
molst condition\ (F ly .  7 1 .  This could ha\ ,e  enhanced 
a\pen trec regeneration9 ia better s ~ ~ n i m e r  g rou  ing con- 
elition\ ancl more rapid elongation of root sprout\  he- 
yoncl brou sing height. .Alternati\el). cleeper u inter 
\ n o \ \ \  could h a \ e  macle it more diflicult for n in ter ing  
~ ~ n g u l a t c \to reach aspen Sprouts. especially consider- 
ing that m a n  a\pen stanel\ in northern Y N P  are located 
in \mall clepressions ancl elrainages u here u inci-hlon n 
\ n o \ \  tenel\ to accu~nu la t e .  

Se \  era1 tire\ n e r e  clocumenteci in northern Y N P  prior 
ro 1886. \ omc  of them \er! extensive.  hut no large 
tire5 occurrcd fro111 that time until 1988 (Fig .  71. Other 
po\\ihl! important factors in aspen regeneration are 
den\i t ie\  of u olf ( C'ri/~i.c1 ~ r p l r . sI > . ) ,  hea\  er. ancl moose 
(no t  \ h o \ \ n  in f:ig. 7 ) .  N ~ ~ m h e r s  of \b(>I\es \ \e re  recluced 
grcatl) b) 1880. t h u ~ ~ g h  the! u e r e  not tinall! evtirpatecl 
until the 19205 (Schul ler )  ancl M'hittlese! 1992) .  I t  i x  
unlikely that u o l \ , e \  altereel the o ~ e r a l l  geographic dis- 
tribution of n in ter ing  elk herds. hut they llla) h a \ e  
caused the elk to Ino\.e ahout more f r e i l uen t l  o n  the 
u i n t e r  range and hrouxe individual stands l e \ \  hea\  i l) .  
Bea\,cr. u l i ~ c l i  nay b ronse  a\pen h e a ~ i l y .  appear to 
h a \ e  been reci~~cecl substantially h) trapping and shoot-
Ing In the periocls 1820-1 810  ancl 1870-1 900,  but ap- 
parently the! u e r e  nbunci:unt in the earl)  1900s: their 
n ~ ~ n i b c r \11;1\ e been lo\\ since about I910  for unhnou n 
r e a w n \  ( S c h ~ ~ l l e r )and Whitt lesey 1992).  h loose .  
u h i c h  also h rouse  aspen. apparentl! u e r e  absent or 
rare in the Yellou stone region prior to the earl) 1900\ 
but h a \ e  been present in Ion numbers \ ince then 
iSc11~1lleryand Whittlexey 1992) .  

\Vc \Llgge\t that a complex interaction. In \o l \ l ng  elk 
abundi~nce .  climatic \ariation.  fire. and  pos\ibly also 
~nammal i an  predators and other herbi \ore \ .  controls 
the d)n;l~ii ic\  of a \pen tree regeneration in northern 
YNP. None of t h e w  factors i \  s ~ ~ f t i c ~ e n tin itself to  
explain the temporal patterns we  obse r \ ed .  The  last 
milior episodc of aspen tree regeneration apparentl) 
occurred in 1870-1 890. a h ~ s t o r i c a l l ~~ ~ n i c l u eperiod 
when n ~ ~ m h e r s  moose ivere loiv.of elk. bea\er.  and 
tire\ had occurred recently. climatic conditions ivere 
moi\t .  and ~ , o I \ e \  \\.ere present. 'Illis combination of 
condition\ has not occurred again \ ince then (Fig .  7 ) .  
For example.  the d r a m a t ~ c  e lk  r e d ~ ~ c t ~ o n  in the I950\  
and 1960s occurred during d r )  climatic periodx w.ith 
n o  tires. A moi\t  decade in the 1910\  c o i n c ~ d e d  w,itIi 
nLlmerou\ elk. numerou\ bea\er.  and no  tires. The  ex-  
t e n s i ~ e  tires of 1988 were accompanied by high elk 
den\i t ie\  and g e n e r a l l ~  d r )  c l i m ~ i t ~ c  conditionx. 

haxex of all of these interaction\,  o r  e \ e n  to xay con-  
ticientl) nhich are of greatext importance. hut u e  \ug-  
yest that t \ \o  important concluxions arixe froln thls 
pre\ent \tud!. First. regeneration of large-stem axpen 
in northern YNP ( a n d  perhapx e l senhe re  In the Koch! 
M o ~ ~ n t a i n )  occurred epihodically e \  en be-e \  i d e n t l  
fore the a r r i ~ a l  of Europeans in the region. This idea 
is counter to a pre \a i l ing  popular conception that pre- 
settlement e c o \ > \ t e m \  and land\capes \ \e re  \ o ~ n e l i o u  
conxtant and unchanging before European\ a r r i ~ e d  to 
alter them (Sprugel I99  I ) .  .A \ imilar s i t~ la t ion  ha\  been 
d e s c r ~ h e d  in p;u.t\ of Eaxt .Africa. \ \here  episodic re- 
generation ol',2~,rrc,ir ihuhh cluring the la\t 200 yr has 
coincicleci n ith periocls u h e n  a major hrouser ,  the im- 
pala. n a s  clecimated h! disea\c (Pr ins  and Van cier 
Jeugcl 1993: also see Kreb\ [ 1988: 1 0 6 1  1 I ] anci Walker 
[ 1 9 8 9 ]  for other interpretation5 of the ~ ~ n g ~ ~ l a t e l p l a n t  
"problem" in ..\frica). It f o l lous  that the p a ~ ~ c i t j  (01' 
aspen tree regeneration in Y N P  d ~ ~ r i n g  the 20th century 
is not necessarily a ~ n a j o r  departure from "natural" 
conditions.  It a l \o  ma)  not be necessary,  o n  ecological 
g ro~~nc l s ,to regenerate t r e e - s i ~ e d  aspen stands in north- 
ern YNP: the) apparentl) n e r e  rare in the mid-1x00s. 
and pos ih l !  at other t imes in the past as u e l l .  

Our  second c o n c l u i o n  is that a single-factor ap-  
proach to understanding and managing aspen 4 namics 
in YNP is not sufficient. If managers clo clecide that 
they u a n t  to regenerate the \tancis that n o u  appear to 
be "declining"-for re;isons o f  aesthetics. uilcllife 
habitat. landscape di\ ,ersi t>.  o r  othcr\\i\c-thcn i t  is 
n o r  enough to focus \ o l e l  clk n ~ ~ m b c r s ,  on lire oc- 
currence. or any other \ ingle factor. ,Adclitional rese:~rcIi 
is neecled to more clearly identify the critical ~ a r i a b l e x  
in the aspen equation and to eluciclnte the mechanixms 
01' their interactions. 
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