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Root Competit ion in a Low-elevation Grand Fir Forest in Montana:
a Trenching Experiment

Abstract
I ' 1 , ) rs  $ere  l r .n .hed ! r  an , ) l , l .e ro , i r l  l )o Iod lan . l  g r .nd  f t ,  Ah ics  g rand is ,  fo re ! t ;n  Nesten  \ ' l on tana Cor f t  nn i l  dens i t r  o f

herbaceou.  s t ,e . ies  inc r rs .d  th foughour  the  f i rs l  f i vc  Iears  in  rhc  r r .ncbed f lo ls  as .on l ras lc , l  { i th  tn l ren .h .d .on l tu l  I ) lo r ! .

The rc l rase  o f  rhe  u ' , te rg(Nrh  l i v  r . .nc } ing  d fn rons t .a res  rhc  inponancc  o l  roo t  coml ,c l i t ion ,  p resun,ahh lo .  n ro is lu tu  and

DUl r i .n ls .  in  r l ,p ress ing  th I  rLndergrowth  i .  these lo r f \1 .

fntroduction (Larix occidentalis) and douglas fir (Aezdolsaga

shady forest iloors rhat are nearh rrarren ,,f 6."J;::f i]!T;;"+i'""lilil]x:,i:':ffii,:11
pranrs are cornmon in rhc mesic 

i: l t]:: l l : ;;";J;;;; ";"; i;. poo, ond io* in cover. Bead_
forests of the l 'acif ic Northrvest. One's [ir\ l inr- 

t: ir- tCtr"ri,"i" "ri ioro) and Hooker fairv-bell
pression, thal l ight is l imiting thc un,l 'rgru*th 

ti ir 'r""rr*'nroi' i ;) ,r"r" the most prominc'r
(herb and shrub lavers)' mav be nrisleading- 

"J'"r*r", ' , ir spccies. tr-o plots werc beneath
Trenching cxperimenls in eastern North Amcrica 

;;;;; i ;"0, "; i "l l  vere simiiar in species com-
(Toumey and Keinh o lz 1931, Korsti"l '1"d 

,c*!: o,"i, i" """,ia i, i"L ""ver ar rhe ourset. Plo rs * ere
l93B) and Europe (Fricke 1904, Fabricius 1927) 

;;;; i ; i ;;"i ";;,,"rained no trccs. Control (un-
suggest that root comPelit ion mar bP mdrr 

i.fn"ir"al onJ trenched plots were close to one
strongll l imil ing than light under_dcn.e ,"a nol' ics. 

;"; i i ,"rirt - ou,J <i5 - upurt).
Thesc experimclls releasc undergrr-ruth l ion 

.. 
i..-"fr". *"* arg i. Julv,'19?'B to a .lcpth

root competit ion bl trees.Atrench isdug,uround 
,f O.S - ," th" p"ri-rrr"t". of the plots. This

a plot' sevcrirl€l all roots,-then.the lrenches rrc 
serered mo.t rrr,rts cntering or leaving the plot,

refi l led. Sr-ri l  moisture and nutrients (ritrate .rnd 
"" 'n* .,,",, ,r"* in thc tip 0.3 m ,_,i soil. fhe

ammoniunt' vitousck l9?7) in the pl.t increase 
,l"i "; i"" "r *. rrenche. *cre l inert with 4 mil

Lrecause of rcduced uptakc bv surroundinq trecs' '""lt",rrar."", 
rrr". *e trenches rvere fi l led. whilc

and the effect of this trcalrnent t" t i{. 
i-10::- i..."rr"l ' ,, ' ." Lcir,g dug, soil rvas piled on plastic

gro* th  i s  observed fo r  sevcra l  i " -=  t . i :  ' : l -  
.1 r . " , .  J i " " " " t  i r ' r t "  p tu r . .  co* " r .  *c ie  per '

per imcnts  hare  shovrn . tha t  roo l  co inpet i t iun  in -  
; ; ; . ; J i ; ; " ; k "J  w i rh  0 .5  m sec t ions  o f  I  c r

hibits the urrdergrolth. stccl rods.
I cstabli-.hed Lre.ched piots ", *, 

\::"l l i l :  
- ' ' 'Cuu". 

of "*h planr species was recorded in
in $esrern Nlortara to see if similar results rnnuld 

,"i.1";-;;; tf.,*"". S iul; and 4 August) by
be ob ta incd  in  c losec l -c i rnop,y  bo l tomland tunr le r  

, i . , r " t " . , i ,nu i ;oo in"ach l r lmqua. t " iu f  eac i r
forcsts. On these sites a high *ater tul, le r"orrld 

of"l. 1.""i,, *u.l lru.""ord",l fui those species
possibly ameliorate the $alcr stres-r un tlrc tnrtsst 

i lro"". iuaiti.r,,or. are relativel-l distinct. Data
f l , , u r  l , r  p r o r i J i r r g  a t r  a h u n ' l r t ' t  ' u p l ' l \  l o r  l r e c '  

, , " . .  " " | , . " , . J , .  ,  r  ) . a r i r u m  l q i 8  r h r . , u g h  1 9 g 3 .
and perhaps shrubs and herhs.

Results and DiscussionMethods

Two pairs of similar control and lreatrnent plots Overal l  Response
(2  x  2  m)  nc rc  se lec ted  a l  a  mo i s t  bo t t om land

site $ i th supprcsse t l  undergro$ th at thc U n ir  er- Total plan t cover increased from 7 percent ( 1978)

sitr of N{oniana Biolosical Stat ion (4?o52'35"N, to 55 perccnt (1983) in tbe trenchcd plots, nhi lc

l l 4 ' 01 ' 50 "W)onF la tbeadLakc .Thes tand$as  covc r  i n  un t r cnched  con t ro l  p l o t s  r ema ined

on soi l  derelopccl fronr sandr and gravcl l l  al- relat ivelv constant at about 6 perccnt for the f ive-

luviurn. Thc site nas dominate(i  Ll grand f ir  ycar period (Figure l) .  Thcreslonseto lrenching

(Abies grand.is), nith occasiortal rvestern larch t las similar in both Flathead Lake plots'
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Figurcs 1,4.  Changes in r renched ( f )  and contro l  (C) p lots at  Fla ihcad l -ake f ron 1978 through 1983. l .  lo ia l  tcrcet t .o\er .
2.  Planr species r icLncss.  3.  Corer and densi t )  of  CLintni t  uni foro.  4.  Aterage corer of  i rd iv idual  ranrets o l  Cl iz
tonia Lnifiorc.

The nurnber of species shovcd l i t t le overal l
change on both trenched and control plots at
both sites. Hovevcr, trenched plots at Flathead
Lakc shorled greater f luctuations l iom lear to
year than did control plots (Figure 2). Thesc f luc-
tuations (net loss or gain of 3-4 species per year)
resulted mainly from f luctuations in scedl ing
establ ishment and survir.al:  seedlings observerl
in one year nere comrnonly absent the next.

Components of Response

Changes in overal l  covcr and densit,v on the plots
can be broken down into scveral aspects of

populat ion dynamics: (a) changes in the size of
individuals result ing from gro$th and en
vironmental f luctuations. (b) recruitmcnt oI ncw
ind i r i due l s .  r n t l  ( c )  mor l a l i t r .  Ea rh  as fee l  i s  ' , , n -

sidered beiow. Sincc changes in the abundance
ol CLintonia untflora acconnted for most o[ the
increase in covcr on trenched plots, i t  is the for:us
of the fol louing analysis of populat ion dlnarnics.

Changes in size of indiuiduaL rarnets. Tbe in-
e ree . , .  i n  r o re r  o i  t hc  rno . r  o1 . rn6 . l n1  . p , ,  i o - .
Cl intonia unif lora (Figure 3), {as part ly due to
the production of nrore above-ground leaf arca
from exisl ing ramets. Alerage cover ol individual
ramets on trenched plots rosc from 0.9 drn2 in
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1978 to a p^eak of 1.6 dm2 in 1980, then decl incd

to 1.3 dmz b-' . '  1983 (Figure 4). The drop in

average size altcr l9B0 may ref lect thc increase
in density of small  f i rst- and second-year Clia

,orl id ramcts. Bl contrast, avcrage cover of in-

dividual C/intozia ramets on control plots f luc-

tuated betwcen 0.? and 1.2 dm2, then fel l  to near

0.5 dm2 in 1982 and 1983 (Figure 4). These f luc-
tuations apparently rverc causetl  b,v changcs in

the leaf area of individual ramcls, assuming that

mortal i tv and rcLrmitrnent of ramets i !ere

negligible.
Recruitment. ln the f irst -year after trenching,

density of Cl intonla ramets at Fiathead Lake tas
nearly unchanged. Since then, densit.r '  increased

at a fair l-v constant rate of 5-B rnmets/m2iyr
(Figurc 3), a rapid increase considering thc lorv

stait ing dcnsit ies of < l0 rametsim2. Densit l '

ol CLtntonia remalned nearly constanl in the con'
trol plots.

Mortal i ty. Because individuals were not

marked and fol lowed, mortal i ty can only be in-

ferrcd from f luctuations in density. Fluctuations
in numbers, and hence probably mortal i ty, of thc

major herbaccons species rvere small  in both con-

trol and trenchccl plots. There wcte, however,
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pronounced f luctuations in shrub and trcc seed'
l ings in both control and treatment plots. First-
year seedlings of Rocky Mountain maple ( lcer

globrzm), serviceberrt (AmeLtLnchier alnifulia\,
4biet grandi,,  ancl Pteurlot 'uga menzie' i i  uer"

frequently found, although very few of these sur-

vived a second year. Leaves on the shrub seedl-
ings rvcre often partly eatcl, sug€lesting that her-
bi1.or) may account for nuch of their mortal i ty.

This cxperirnent shows that root competit ion,
presumably for rvater and nutr icnts, can l imit the
development of hcrbs beneath a ful l  coniferous

canopy, even on moist al luvial bottomlands.
While this experiment suggests an important rolc

of root competit ion in l imit ing thc undergrotrth,
i t  does not imply that l ight, al lelopath,v, or othcr
factors are not importanl.
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