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Abstract
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gophcrs. and ir" dl,i]n' to "ithstaod suiLords rnrl senescing brucken lern.

Introduction

Both urr irrruls ancl planLs hare el lects on the direc
t ion and r i l tc of sccondarv succession in forest
ecosvslenls. This seems cspccir l lv truc in thc
Crand Fir X{osait '  Ecosrslem *,here northern
pcket gophcrs (Tiornonrl tal,rr.,ider). blacken fern

lPteri t l iun aLlui l i r tunt).  and \\esleln conellower
rRudbe rha , , '  i d '  n ta l l " t  r q ' i , l f  i n ,  11 . r . ,  i r , u tu \ ,  1

Thc Cranrl Fir N{osair:  (CFNI) is found in up-
lancl ibrests that ibrm clrainagcs irr l  t l ibLrtaries of
the Clearlater River in northern ldaho. lt is namccl
lbr thr: doninant trrnifcr. granrJ ltr lAbies granJl:\-
ancl Lhe rarietr ol sizes and sh:rpe-" ol natural open-
ings in thc lbrcst canopl ' .  Sitka ulJcr '  (A/nar

.sinaatn). l rracLen lern. and lbol 's hucklebenr
(l ' fenziesio femqineo) are the dominanL species
lound in these openings. lnvcstigations on lhis cc-
os!ste[] rrere begun because of poor plantat ion
. 1 , 1 1 - -  J n d  t l r ,  - - , , s  r . r t ,  u f - , , . , , r , L r r  - r r , .  - . . i o r r

lo \ \(xxl!  !rgeLatiorr (Sornrner 1991. lerguson
1991a ) .

The OF\' l  en.ompa-(se-r approximrtelv
200.000 ha, occulr ing as scatlefed blrt  ks oi land
at elelrt ions brtwccn 1.300 and I .800 nr. Folcsts
at Lhese elevations in northern ldaho arc usualh
srrbalpinc f ir  iAbies lasiot:orya) habiLat t , 'pes. bLrL
the CFN{ is $arrner than expected. The pledomi
rrut habitat tpc is,l bies guntlitlAsorum cautlatunt

(grand f ir ' /gingcr). a cool-ncl habitat Lvpe as de-
f inecl Ly Cooper el n1. ( l99I ).  l 'orests in the C! M
arc locatcrl  in areas that rer:eire high snr- '* l i r l l  dur-
ing the rdnter nronths. but thc volcanic ash-
influenced soils are rell dlainecl. Cl'\'I lorcsts arc
t r f  i ,  r r 1 l r  r n , ' i - t  h i l l - i , l - -  r . r t h . r  t l r r r r  r i l ' r l i a r r . i t r r . r -
tions such as fbrest meador,rs.

Thc numbcr of corr i fer species lhat tx 'cLrr in the
CFXI is lirnited then cornparecl to adl'acent forcst
tvpcs. Crantl  f i r  is irrrrnrl  m{)st ofLen. hrl l r led br
Engelmann sprucc {Picea engelmcnnii) an<l subal-
pine fir. Douglas lir ( Psettdotsu,ga mertzi.esii). riest-
crn nhitc pine (Piaas notLLico[a). ancl wester-n larch

\kti otridentaliil are ibund illiequendy. antl clc-
vations in thc CFN{ ale lq, high for ponder-osa pine
(PintLs porulentsa). We-stern redcedar (ThrrJa

plicata) aru) mountain hcmlock (Zrugo nLcrletL\LelLul
are onlv lbund in certain pa s of thc CF\'l. ln-
terestingly. lodgepole pine (l'inus corrro,ta) is lc-,und
rt highcr anrJ lolcr clcvations. but rrot in Lhe GFN{.

Table I shows an inventorv of commonly t'bund
plunt specics in cutovcr forcsts in thc CFI{. Thcsc
data viere collected in -[ 9l-i9 lrorn sites used in thi-"
studv. Perccnt covrr is a visual cst inrat ion of plot
co,'erapJe for each specie-e. Bracken lern hns the
highest aferage corerage. fol lowed bv stra$berrr-

lFrug1d,ia t:est:a) ancl rnitrewort \Mitello stounr
petnla). Wood,v species are infrerluent on tirese
sites. elen though the alcas l{crr disturbcd morc
than 14, , 'ears ago.
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htbgonunt taugto-:ii

Ptctirhn utuilittunt

Rut|be. lii a o.(i.Lttal )5

Stn4tlnru urpos alltL:

lui ntun slobulare

T ' \BLE l .  \ la jo r  pLut  spr r  i rs  an i l  a re ragr  q r . ' r . : "1  to reragc
n, r  Grdnd Fn Iosrn  s i res  u red  i , r  LJ 'L !  !L ror .

$c used in this studv. Brackcn Iern is rnore abun-
dant than coneflo*cr in nor.thern parls ol rhc Gl ' [ l
r,;hile coneflowel is norc abrurdanL in souther-n
parts. In rliscu,.sions Lhat ibllou. brackcn li:rn anrl
concfloler rdll be abbreviated "I'TAQ/RIIOC" be-
,  r . r . o  t he '  g r , , s  i n te r rn i , , ' r l  un  t l r e  - . r r r r ,  - i r e - .

Al lelopathic potential has been demonstraled
for br-acken fern and coneflrr lcr (Stet 'art 1975.
Cliessrnan 1976. Felguson 1991b). N' lLr l ler (-t969)
uses lhe telrn intc i ' rence to i lclude the cffccts
of al lelopaLhv ancl competit ion. ' lhu-". 

removat or
PI 'AQ/Rt,OC can dem{)nstrate lhethcr interfer-
ence is occurring. but cannoL e\ aluate the relat ivc
contr ibutions of al lelopathv rnd compcti t ion 1rr
reduccd sur! i \al  and pponLh oI other plants.

I t  is dif f i rult  to detefmine thc sepafate ciGcts
ol gophers and PTAQ/RITO(l l  here thcv occur Lo-
geLher. A study was nceded Lo scpurate thesc ci-
li'cts so the lactors limiting srrcccsslirl reftrrcstation
could be drtcnnined. This studv quantifics the sep-
aralc and combincd el le(, ls of plopners ancr
PTIQ/RLTOC on survival ancl gror,".th ol four
planted conifer species for lhc f irst 3 vcam after
planting.

Methods

Four sludr sitcs lere choscn to r.eprescnt GFN{
c , , r r , l i t i un - .  \  - rmrnJn  o l  - i t -  ,  L ,nd i t i on -  i -  s i r ,  n
in l 'able 2. Three of Lhe sitcs (Berrha. Dogleg. ancl
Lvtl f  are locatecl in clearculs lhere the hrbitat
npe is,'16ler granlisl,l sanmt carulaLunt. The iburrh
site ( l iaglc Point) is located in a 1.5 ha natural
opr:ning vhere PTAQ/RIIOC har.e probably domi-
nated lbr hunclrcds of vears. as evidencr:cl bv rhe
currcnt lack of * oodv vegetal ion and lack of char
coal in the soi l .

Cophcr cxclosur-es at l iagle Point and Dogleg
$crc con-elru(.Lcd in l987; thosc at Lvt le and tser-
tha \{ere oonstmcted in 1988. At ear.h sitc. a I .->-
bv l5-m exclosure \ras construdccl.  Narro\r
lrenchcs rrere dug I m deep around the perirne-
ter ' .  Soi l  l rom the trench rvas placed lo the oulsidc
ofthc erclosure to minimize disnrrbance r,ithin the
err: losLrrc. Vert ical wooden posls.rr.cle placed into
lhe tcnch to support I .25- bv 1.25-crn l i rc mesh.
' I  

he uire mcsh t 'as nai lccl to the wooden posts so
thaL thc fcnce extendccl 1 m belr* ground and 1.5
rn above the soi l  surlace.

Soil  t 'as replacctl  in the trcnch. a \ \ 'oodcn top
rail l,as addetl. and a gatc $,:r-s built. Gopbers wuc
elininated from erclosurcs by poisoning ancl

; .u
1 0 . :

2 l . 9

6. .1

l  t . l

8 _ 2

2 . O

iJ[ ] .5

$esterD . , , , . l l oN 9 .3

sno$ber r\ 11.0

huc t lehcr r r  l l . l l

Copher populat ions are vcn high in Lhc G! frI .
Cophers inhabit natural openings in the forest
canopv, and their populat ions cxpand rapidlv 11-
tcr. foresl dislurbance. Thrcc factors mar,- contrib-
ute to high gopher populat ions in cutovcr forests:
decp soi ls thaL contairr r .olcanic ash. aderlrLatc soi l
moisture during the sunmcr months" and t ire es-
tabLishment of forb communit ies.

C u p l , e .  p r - , l r t i , ' r r  o n  , , , n i L  r .  i -  I  r n o j n r  , , , n -
ccrn Ior reflncstation elft)rts throughout thc .wesl-

eln l lni tcd States and Canada (\Iarsh and SLet: lr :
1992. Crouch I971l. ( lophers tunnel through thc
soi l  l iedirrg on forhs. shrubs. and trees (Teipner
et a!. I9B3l. -(mallcr trees are usualf clippecl ncar.
grouncl l inc l i th the Lop of the seedling then pul led
from belou into tunnels (N{arsh und Steele 1992).
Gophers mrv eat al l  or rnost ol Lhe r()ot svstem of
l . r r ; - r  *  ndL i r r p - . l r l l  - : r 1 ,L i r r e . .  T l r i -  r r  pe  o i  r i - - ' l i n ;
rnav nol becomc evident unti l  the fol iagc tuns
broun or lhc tree begins to t ip over (Nlarsh ancl
Stcclc 1992). [ .nder the snot, goplrers c, l ip and
gircl le thc stem-r of trccs.

WhiL: marv helbaccous sper:ies ar-c present lol-
louing t imber hancsts in Lhe C[[1. bracken fcrn
and coneflo*r- 'r  have. by iar, the highesr amounts
of abor'e- and belot-grouncl biomass. l]racken fer-n
and coneflo$er rcach heighrs of 1.5 to 1.8 m.
Znenrld (19791 calculatcd bracken fcrn frond den-
sitv of 286.i100 fronds/ha at Eagle Poinr" a site
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trappi lpi.  Poisonin€i or tral4ring gophels tas r lonc.
i f  neecled. each l ime r:xclosurcs rrcrc r. isi tcd.

Thc ierrcing bclow ground kept gophers l iom
digging through the soi l  into lhc cxclosur-c. Fcnc-
ing abolc ground kcpt gqrhers l iom tunneling
through the -snrxr,inLo Lhe e\cl)srrrc {)r from tr-ar'cl-
ir lg over Lhe snow l(r entcr thc crclosurc. l  he l i :nce
. l Lu \ ,  e r , , u  J  \ \ J -  im fo f t j  r t  hc ,  a  - .  i t  \ . ' ] .  l | , , 1
possible to routinel,v inspect the e:rcbsures for go-
pher actir i tv dLtl ing thc r,r inter.

Tlo addit ional 15 b1 1.5-m plots \ fere eslab-
l ishecl at each siLe. Thcsc plols rrcrc trcated the
samc:rs thc c\closules e\cept ga,phers !!ere not
elicluded. Trro non-e-rclosure phls u'er,: "cccsslrv
bet:ause olanLicipatccl highcr t lee mo al i ty rates
causrrJ b,v gophcrs. lhese plot-e had enough sur-
r ir ing trees io compare gfo$,lh ratcs rvith trces in
lhc crclosurcs.

Each 15- bv I5-rn lr loL rhere gophcrs lrcrc not
crdurlcr l  r las surrouncled bv a 1.25 m tal l  corn-
mcrcial snor' 1ence rn:rde from vertir:al rrrxrde'n
slats. ' fhe 

snorr fenr:e hclpcd prcvcnt crtt le and
big garne acccss. Also. thc snot ience duplicated
anv effects the exclosure fence hacl on rrind pat-
Lerns or sno$ dcposit ion.

Each plot t '*  divided in hal l  in the r l i rcct ion
oi the sb1re. One' half  las choscn at random to
be lcc'r lcrJ, bcginning in the ial l  of l9l3l l .  S eed-
ing was the phvsic lernoval oi bracken fcrn and
coneflo$'er 2-j l  t i rnes each grol, ; ing scason.
Brackcn fcrn froncls lere pul led lrom the soi l  be-
c:ruse digging up the rhizornes rrould havc caused
loo nuch soi l  disturbance. Herbicides u'ere nor

usccl to kill bracken lirn because rhizonres ertcnrl-
ing into the unr,ccdcd arca might har.e been killed.

Conrf lolcr pl i lnts $'ere lemoved bv selering
lateral rools with a shovcl. thcn lifting the cauclex
l iom the ground. Loosc soi l  vas shaken frorn the
caude\ into the hole *here i t  had bocn rcmor.cd.

All r,".eeded m:rterial nas deposited at least I .5
m oulsidc thc fcncc, but never on the uphil l  side
ol the plot.  This prerenLed lcachalcs ofdecompos-
ing plant material frorn aflecting lhe I'ccdcd arca.
S'ccding ulso included removing PTAQ/Rl,OC lor
l .5 m outsir lc the fence around the u'eeded hal l
, , f  t l r -  1 ,1 , ' t .  Th -  l r . l  \ \ ' ,  d i ng  o t  c . r ch  g r " r ' i ng  - . a -
-on  * . r -  d , , n -  i n  t h ,  f . r l l  L ,  f , ' r ,  t he  r . r i r r \  - e r . o r r .

'fhus. 
conditions \!ere crcalcd for four treat-

mcnls: un*'ccdccl rdth plophers, *eeded wiLh
gophers, Lrnu'eederJ without gophers. and weeded
'withoul gophers.

C , , ' r u i r ,  r i l ,  ' l  ' ,  dL ino {  $p re  e rosn  i r r . r  g r - - r r -
house in NIoscorv. Tdaho. Within spccies. the s:rme
sccd source lras used. Species rere subalpinc l i r ,
grand f ir .  lodgcpole pine. and Engelmann sprur:r: .
Subalpine f ir .  grand f ir ,  antl  l ingclmann spruce
llcre chosen as test -(pecies because licv arc com-
monlv found in the C! M. Loclgepole Jrine was cho-
sen becausc it is a fast growiDg -re.al conifcf that
is found at highcr and lover eler.ations in lorcsls
adjacent to the GFI\I.

Prior to planLirrg. thc grccnhouse pottmg mL\
r r . r -  g ,  n th  -h r kcn  l i on r  t h "  r " " t -  ' , t  t he , , r n t r i n ,  r -
i zed  - - ' , l l i r r g - .  Th i -  i n . r r r ' , 1  t h r t  r oo t .  . rm .  i r r , ,
contact lr ' i lh the natire soi l  whcn planted. Thus.
the potting mir did not bLrlfcr thc trces irom chem-
ical or ph1'sical plopert ies of Lhe soi l .

Survival ancl Clo*th of I'lantcd Conilers 24:J



-Site-s r, ;ere plantcd in the -spr. ing of 1989. lbur
randornh chosen quadrats of24 trees oleach spc-
cics lere planterl  on crch side of thc crclosure
(teeded and rrnrrccded) and eacfi  non-exclosure.
-\pacing rras 0.75- bv 0.90-rn. A ror,;  of borclcr
lrccs (a mi\ lure of thc same four spccics) rras
planted along the outsicle of thc quadr.ats and bc-
hrccn the r leeded and Llnrreeded port ions of the

f l oLs .

Nloltalitv arrd llcc conclition rer-e rr:cordcd
erch spring and fal l  lbl  the 2.30,1 tr.ees. ' free
heights lcrc recorded each fall. Seedlings rhat had
bccrme entangled in scncscinpl hracken lcr-n froncls
r,;ere uncorcred in the spring and fal l .  Freeing
thcse -.eedl ings rnav have resulLed in L:ss rnort:r l-
i t l  frorn lhc smotlrerirrg elfccts ofbracken fern. but
i t  las necessarv to dctcrmine seecl l i rrg mortal i ty,
tree conrl i l ion. and heighL. Srhcncver.tr tree r\ ,as
Lrncovt:rccJ, this condit ion las recorded ftrr latcr
analvsis.

-{ simplc gopher acLi\ i lv indcx las recordccl
cach spling. Sir ,tr.6-m long line interccpt tr-ansects
ter-e svslcmrtical lv laid out bctrreen the lour Lr:st
spccies: three each in r,".eeded and unrrceded
areas. The indcr lr .as the nurnbrr of t ime-. the l ine
inLersectcd a l inter gopher-nround. soi l  plug. or

Analysis

Gopher actir i tv indices were arralvzccl using the
Cencral l , inear X' lodel (CLl\ ' l )  procedure in SAS
(SAS l9B5). The GLN'I procedure rras rrscd to per-
lorm :rnalvsis of variance and fepeatcd mcaslrres
anal!sis on these daLa. f)iffcrcnces betlreerr rncans
tele deter-rrr incd using l lunn's proccdure at the
0.05 signi l icance levcl.  Tncl ices entefed into the
analysis $er(- '  sprinpi counts irrr l9B9-1992. The
spring l9B9 index charatJcrized plopher actir . i tv
at thc t i lne l fees w{rl-c planted.

Sccdling mortalitr' rvas also analvzed with GLII
and Dunn's plocedurc at the 0.05 signif icrnce
level. For cach species. Lhe ratio of dead lrees nas
calculated lor each quadrat of 24 trees 3 vcars al
l ' f  l , l l r l i r r r .  l l ' e  i r r r e r . .  - i n ,  t r . r n - l b l r n r t i n r r  r r . r -
used to analvze thcse binonial nortal i tv data as
suggestecl bv Stccl and 

' forr ie (1960). The trans-
lormation also lesultcd irr ndditiritv of cfitct,. (no
intrr ct ion hetwecn studv site-c and trcatments)
{K i r k  1982 ) .

-sccdl ing heights after 3 groving seasons ucre
anai,lzed rrsing CLM and Least Square I'leans
(LSfrIEANS) (SAS l9B5) lbr cornpar. ison of trear
menl mcans at the 0.05 signif icance lerel.  Sun iv-
ing lrees wcle analvzed bv spr:cics. Studr site and
seecl l ing hcight at planting wcrc included as in-
dependent rariables in CLM and LS\' lEA\S in or-
dcr to account lor lheir sources of ral iat ion. The
resulL was a smaller err{)r var- iance and a morc
polrerful lest Lo rlctcct clillerences bet!l;ccn treat-
mrnt rnean-e (Kjfk l9B2).

Results

Gopher Act v i ty Index

['encing used to crclude gophers rr.as most ef[ec-
tivc at Bertha ancl Lvtlc (Table lj). At Lhe othcr tl.o
locations. Ie'ncing greatl . ,-  reduccd l iopher activi tr .' l - l r e  

a r - rag ,  -  - l r " r '  r r  i r r  1  , r l , l .  3  r ,  f lm t  r '  i r r t - r '  . r ,  -
tivitv. DLlfing thc sllmmer'. gophcr activitv r,as ef-
f , ,  r i r e h  ,  n r r r r , , l l , . l  i r r - i , l e  e r ,  1 , , - r r r , .  t h r o u ! l r
pcl iocl ic poisoning and trapping.

V intel gopher acl;vi tv indices rrere exarnincd
as a r-epcalcd measures analysis bccause the sarnc
l ine t lansects rverc mcasured over scvcral vears,
Thcrc l,".as not a sig ificant time effect at anv ol
thr sludv sites. 

' l ' i rne-tr-eatmcnt 
el lects u,erc also

non-signi l icant ercepL at the Do€ileg studt s;te. At
Dogleg. gophcrs gained access lo thc exclosure ancl
1\er'e more active in hr.o melsuremenl pcdods than
in the othcr two periods-

lAB l . l l  3 .  $ in le rgopher  a . t ; r iL r  in , l i (es .  \ leans  are  fo r  l i ) ! r  iP I ing  couDts  tako i  in  1989 1992.  r i th  thnr i  r ( l , l i cd r ions .  Wnh;n
s tud_r  s i te .  d i f f r 'a .n t  l , l1 ( . ru  ind ic r te  r igD i f i ia , ,1 l r  ( l i l l e fen t  means rL  rh .  0 .05  le re l  usnrg  l t r r r r -s  rcs r .

Lagie I )ogl  s L,d.

Studl Snc
All '1

Er i los r rc S erdr i

i1.12" '

1.511"

t . 0 8 .

1.11:J-

1 . 5 8 '

2.29"

0.00!

0.00,

3.()2"

;.d6"

2.12"

3 . 1 7 j

I  r ,0 '

3.88d

0.6?'

0.8:1, ,

: J . ; 1 "

.1.05"

l 0.1'

1.16' ,
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in ( l i ( r t (  s ign i l i i  rn lh  , l i l l i  r J r l  n r . lns  !L  th r0 .05  le rcL  usnrg  l \uns  les l .  \umbers  iD  the lah le  a re  percentages :  ho* '
. \ . | ' t l j . i | t f | s ( j s i l | t | ! | s | ; m a l i l l n r r l L h r r u l ] o o l . r l r l u r l l l ! ] s r L a s | | s ( ! l t o l l i ] | . r m i n l .

a  ' t , h '  r  ,  , ' r r L r  J  \ l  , , . 1  r  ; \ , 1 , - 1 1 1 , , , ,  l l ,  , : r  r l  l r l .o ( l s , rh l , .  r ) in f  f ingcLmrnn spruce l l l  1  spec ies

Xlortrlitr due to causes othef than g.ph.rs

S eer le r i

S  eeded

W{{.rl

1.1.3"

23. ,1"

26.0.

;0.0.

1tr.:l'"

{ t3.5"

12.5"

t 2 . ; "
:l,l.iJ"

,t9.0"

65.6'

| . 5 .

1 .0 '

tJ. t '

0.0"

,-.:1"

8.3',

12 . ; '

8.3"

: J5 .1 "

38.0"

6 .2 "

5 .2 "

2t).2"

19.,["

22.1"

3 t . 0 .

12.\"
,1t.3'

t  1.6' ,

1 t _ ; '
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Non gopher Causes of \,4orta ity

Of the l i rur species tested. grand l ir  had thc highest
rno al i tv f i -om rauscs othcr thur gophcrs (Tablc
,11. Within the i i |st rnonth ol planting. i3,tr.2oi of
the grand f ir  lere ki l lcd bv lolcs ( ' l l icrotr l  sp.).
\  ' , 1 ,  -  - t r i pp " ,1  t h r  L . r r k  o l l  t r ee -  Leg i r r n i r r :  . r t
groundline and e\tencling upt';rrcl 5 b {l cm. N{or-
tal i lv from rolcs occLrrrcd al lhrcc ofthc fcrul stuclv
sites. the e\ceptidr being l iagle PoinL. After: l
vcals, 50.5?o of thc grand lil t'ere dead from
c:ruses olher than gophers.

Subalpine 1ir had the ne\t highest morl itv rale
(29.70lr) fnrm caLr-se-r othef Lhan gophers. For rnosl
ol these trees. wc lcrc unablc to dctcrminc thc
cause of mo llitv. although the alerage size .,1
srrbalpirre f ir '  ut thc t irnc of planting was thc smallcst
of the ibur specie-r te-rted.

f)ul ing the nintel of 1991-1992. a l i rngus
ki l led narv seedlings of al l  sJrccics at Lvt lc. Dam-
agc appcalccl sinri lar to a snol mold c\ccpt the
maiu stern ol the seeclJing became blackened and
ras girdled.

Lodgepole pine arrd Engclrnann sprrrcc
sufli'rcd thc least mo nlitv liorn non gopher
t 'aLrses. Lodgepole pinc'avcragcrl  3.9(/o and En-
gclm:rnn spmct avcragccl 9.170 moltalitv alier ll

\ {ortal i t l  rrav havc br:cn highcr i f  tc had not
unco\.er'ed seedlin€is that rrere smothered b!
I , r . r , l - n  i ,  r n .  T . , ' l g , 1 ,u l ,  p i n ,  r ' . s t \ ,  - p , . i , - r no . t

oi ien smothefe.l  bv bracken fern. a, 'eragirg l l .00lr

lbr the l3-,vear peliod. For granrJ fir ancl lingclmann
spf.lcc. rX.2l0 of cach species had been srnothered.
Onl,v 1.0olr of subalpinc f ir  trr :c-. had been
smothclrd bv bracken Iern.

Gopher-caused N4orta ity

l lorLal i tv caLrscrl  b1' gophcrs is ulso sumrnarizecl
in Table,1. Subafuine l i r  had the highest rates of
rrortal i t ,v causccl by gophcrs, averaging 55.00/o in

Lodgcpolc pine had the second highest rate of
mortalitv caused by gophers. An arerage oi,16.6lo
of the seedlirrgs r,cre ki l lcrJ bv gophcls cluring the
fir-st 3,vcars in the non-exclosures.

Grand f ir  had thc ncrt highc,.t  rate ol mort
i l \  dup  l o  gophc r -  i r r  r r on - ' r l l o - . r r . - .  r v  r r " i r r "
ztrl .29o. \lortalitv lould undoubtedlv har,e been
higher i i  voles h:rd not Li l led manv sccdl ings bc-
fore gophers had a chancr:.

l lngelnrann spruce had the lorrest rnorLal in
caused b! gophers. averagirrg 36.7?o in non-
crclosures. Overal l .  spruce had goocl sLrr 'r i r 'al  be-
carrse of Lrl gophcr<raLrscrJ morlalitv and lorr. mor,
talitv tom othel i;ctors.

The species prefer-c'ncr:s bv gophcrs uc maskecl
bv trccs thrt died frorn other causes. Fi[iure L
shot's the resuhs of an anallsis ol mor-talilv in non-
err losures thrre lrccs ki l lcd bv causcs other th:rn
gophers lrere not includecl. In lhesc percental lcs.
lhc numcralor fol cach quadrat of 24 oliginal t|ees

' . n : ' r 1  un ,  l , r o r . t l r  o f  P l . r r r t - , 1  C , , r r i l - r -  211 ;
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rras thc nurnLer ki l ler l  bv gr4rhcrs rnd the rJenomi-
natof \ras 24 minus the nurnber- oi t lccs ki l led br
r) lhcr causes. lhest 'r l 'sults shol the areragr: pcr-
c'enL ki l l {r( l  bv gophers in non-c\dosur.es r las
t- 5.2t lo |ot gland f ir ,  68.57o lbl srrbalpinc f ir ' .
.19.99t for LxJgcpolc pine. and 139.9?o l ir  Engel-

Gopher caused Morta l ty  by T me Per iods
. l  

he pen ent oi trccs ki l led lrr gophcrs cluring sun-
rrrcl and l inter t i rnc pcriods is shorrn in Tablc 5.
D c t , ,  s - r . , , l , t . r i r ' ,  ' l  t u r  - . r ,  h  - 1 , , ,  i , .  I , r  r r e r , r g i ' r g
Inoflal i lv in the fuLrr studv sitcs i i rr  etrch ntelsrrrc-
nrcnt period.

l \ Iortal i tv caused br gophcls rras highest t Ic
l i lst surnmer ancl lhc nc\t t \ro r{ inters aftcr plant
ing. Gopho-caused rnortal i tr  *as lolest in the secr-
oncl and Lhircl sLrrnrncr pcl iocls. Fol a1l frrrrr spccics.
gophr:r-caLrscd rnoltrr l iLr arc'r ' lgcd 13.00/o the f irsr
su rnn rc r ' .  15 .0% lh (  l l l s t  \ r i n te f .  end  I l . l l n  t hc
second rr;nL( f .  Moltal i t l  the set onrl  and thir.cl  sum
rners lvt:ragr:t l  onlv 2.[J anr] 0.89o. rcspectirelt .

leler trees tcr.c ki l led b,- golr lrr :rs during the
t I i r d  l i n t c r  ( 1991 -1992 ) .  bu t  r nanv  t r ees  l c r c
loo-.e rrhen gcnl lv tufged al jrroundlinc in the

216 l  clguson and ArJarrs

Percent

75.2
oat-c

4g.g ao

39.9r)

Grard fir Subalpine fir Lodgepole pine Ergelmann spruce

Species

spring ol 1992. I ' r ior to the spl ing 1992 meas-
urcmcnt (3 vears afLc'r 'planting). onlv onc trcc w:rs
recorded as bcing loose in thc soi l .  1'he sprirrg
I 992 talh, lound 7iJ loosc h.ees. Nlost of the loose
trees u'cr( i  ol  the larger spccics - lodgepole pinc
anrJ Engelmann sprucc. Obsen':rLions on l  t frr  ot
these trees showr:d that gopher's had scvcr.ed man\.
buL not .r l l .  latcral root-s.

Seed ng He ghts

Seecll ing hcights rt  the enrl ol the third grot ing
scason \rere analvzcrl  bv species. Onll  trccs l iLh
no lop darnagc wcre used in this analrsis becausc:
tfees \\ i lh top dam:rge nrask hcight gr.orrLh r.atcs.
\ inch-thlee trees *crc cl imjnated ber.ausc oi top
clarnage:29 sLrbalpinc i i r .  t9 grancl i i r .  i30 lodge-
polc pine. :rncl l5 l i rrgclnrann sprLrce. Tops had
been chelcd bv aninrr ls or tcrminals h:rd r l i r :cl
l i -orn othel r:auses.

,sccdl ing heights altcr 3 groringl scasons are
shorr 'n in Table 6. Thcse means accrount 1or studr
-  t -  j , r , l  - " , 1  i ' r e  h r i g h t  . r t  t l .  t i n ,  , , t  l , l J r r i n S  , r - -
ing T.S\ ' l l . lANS (SAS l9t l5). Ihel i lsttrerrrJ cvident
rrn-. tal ler lrccs in the ercLrsrrrr:s than irr the non-
l ' rclosules. e:.r 'e1rt fcr l  spmce. This provit les



T, \BLE 5 .  I 'e rcc r t  rn , ) r t i l i t l l ! , -  to  gophers  b l  t ime f . lu ls  f i , r  , r ,n . \c losu fes .

Time perid

t q 8 9
tr intef
r9 i l9 i90 1990

Sin ter
r990/91 lqr) I

\\ iritcr

t99 t i  92

tr eedrd

12 . ;
12 . ;

I  i . 2
16 . ;

I  l . ;
t : l . ;

7. i l
L 3.0

12 .2

13 .0

12.;

; . ?
L ; . 6

1 6 . 2

8 . 9

| . 0
l { ) .0
t ; . 0

t : l . 5
B..]

i 5 .J

t  +.{r
l t . 5

1 2 . 5
t 2 . 5

t 2 . 5
9.7

| _ t

o . ;
0 .0

1 . 6
1 . 0

0 .0
0.r;

1 . 0
0 . ;
0. lJ

1 , 2
1 . 0

:J.1
0.5

1 . 5
2 . 1

2 . 9
t . 2
2.\)

Subdpnre fiL
2 . 1
,t. ;

t . 2
3 . 1

2.(t
1 . 0

2 .6
2 . 1

2 .4
2.t j
2. i l

T \ B l , I . 6 . ] I e a | s . { r l ] i n g h . i g l | | s l ( n r ) o l l t ' e a r s u s i | g L s u } - A N S ( S A ' s | . l 8 5 t . * h i c h a c c o u n r r ' d | r
s i re and seedhig hr ighr ! t  r )hnr ing.  \ l i rh in species.  rneans l i , l lor l , l l  b '  d i f ferenr lerrr rs . r -  . i l , i  L  Jrr  \  ,ht lp,enr Jr
L l r . 0 . 0 ;  l . r ! e l .

\ , ,  l i r r ; Subalpnre fir Lodgepol"  I ' i r ' r

r { . 7 ,
t6.0- ,

t  5. i l "

l ; . 3 '

1 9 0

: t .6e

3 t . 1 1 !

1 0 7

{ 0 .1 '

;2. l ' ,

19.51

;9.9"

32(t

j 9 . ; ,

10.7"

12.0"

:19.7"

396\uDbd 0 f  t r ! s  in  unr l rs is :

evidence that gophcrs ncgativelv rf fer:L gro*th on
seedlings thcv clo not kill. Redu< ed grrx,;th is prob-
ablv caused b,v partiallv devourcd roots and/or soil
d i s t r r r bancc .

For sulralpinr: fir. r,reeding ancl gophcr control
had signi l icantlv posit ire effccts on 3 veal seed-
Jing heights trrrrparcd to the contlol (gophers l  i th-
orrt  weerl ing). Hol,ever. subalpine f ir  is thc slorrcst
glowing of the lbul species; r,;cccling and gopher
contlol onlr i rnprorcd 3-vear heights bv 2.al rrn.

Grand l ir  las sholtrr in thc rrceded areas than
irr Lrnr,;ccdcd areas. although Lhe r l i f fcrcnccs l 'ere

not signi l lcanL. The nurnbcr oi grand f ir  avai lablc
Ibr analvsis (107) r las lorer than frrr othcr spe
cies in Lhc studv bec:ruse of high mortalitl rates;
further, the lotest nurnbcr of grand 1ir seedlings
tas in Lhe wccclcd areas. Crancl f i r  *crc signi l i -
canl lv tal lcr in un$,eeded sections of exclosures
(39.4 crn) than in wecdcd sections of non-
e'rclosures ( l l1.B cm).

Lodgepole pine ras thc tal lcst of the lbrrr spc-
cics idter il veals. s'eeding I'TAQ/RtlOC resultcd
in increased hcights of 10.,1 cm in lhe rxclosure
and 12.3 cm in the non-e-rclosLrrc, an average ol

Srrn'ir.al and Orolth of Plantccl Conifer-q 24i



11.,1 crn i i l  r ,reeding. Provicl ing prolecl ion fr(rm
gopht rs incrcascd hcights of sLrrr ir . ing lodgcpole
pinc 9.,1 on in the unweeded and 7.5 cm in the
teeded rreas. an a\ 'erage of 8. ' l  rrrr fol gopher
pfotection. S irh b(nh l  r :cding oi I 'TAQ/Rt OC and
protcttion ol tlccs liom gopirers. the gain in height
areragerl 19.[]  cnr af lef :J \eafs.

Engelmann spluce shorred no st:rti-qticall,v siil-
rr i f i r 'ant dif ferencr:s in hcights anrong thc lbur trcat-
nrcnts. ' lhis is somethat surprising and is an
important l incl ing. Eridentlr.  neiLher gopher ar:-
l i \ iLr nor interleferrce irorn I 'TAQ/RfTOC Ias
detimental to heif(lrt grol{h of }ingelmann spruce.

Discussion

Nlortal i tv causecl br gophers ras highest cluring
\\ ' intr- ' r  rnonths. cornparccJ to summcl months. cx-
cept for the i i lst surnmer al iel  the seedlinf ls *efe
pl:rnted. High rr inter-mor-tal iLr Lo seedlings is con-
sistcnt rt i th othcr studics in thc Ncstcrn United
S t r t es  ( \ ' l a r sh  : r nd  SLee le  1992 .  C loL rch  l 97 l ) .
'l 

hclcforc. thc nlost irnportrnt time to reduce go-
pher populat iorrs is just beforc u' inlcr. l i l iminat-
ing ol clrasticallv lcducing gophcr populations in
the 1:r l l  should lesult  in le*er seecl l ings ki l led drrr-
ing the rr inter.

High gophcr-causccl molti ity following splm€l
planting is circumslanl ial eriderrce thaL gophers
iountl mrrscn-gloln sccdlinEp quite palatable. An
other possibi l i t r  is that nurserv-grotrr seerJl ings
har,c not dcvclopcd cnough tlefense chemicals to
discoulage gopher' lieding.

Oophels prel ir led subaIine l i l  ud grand f ir '
orcr locJgcpolc pinc ancl Engclnrann spruce.
( lrour:h (1971) lound no golrher prefererrces
anong thlcc pinc -.pccics: ponclerosa. Jefl ie_l '{ l ' i
tnts jel !  el i l  ancl lodgelrole 1rine. rhere two-thirds
rrr:rc ki l lcd Lrv gophcrs within 3-1/2 lcnrs in south-
ccntral Oregon. Okello (19913) reported the highe-"t
gopher feecl ing pleierente for ponderosa pinc.
modcralc prcfcr-cncc for Douglus-fir. and lo$est
prehrence [ ir '  wesLern rer]r 'eclar.

Sihcle plotected from gophers. plnnted -"eed-
l i ngs  i n  t l r i - r  s t udv  r -ead i l v  s r r l r i r ed  i n  p l an t  ( on r -
munit ic,.  donrinatccl b1 P' l  A{)/ l tUOC. l  his is
consistent l i th l) imock (1961). lho reported 790i
sur! iral after 5 vears for- Douglas-f ir  seedlings
plantcd in dcnsc brackcn fcrn: holcvcr. grorrth
\ras redLrced. -(eecl l ings arelaged orr11 zl5.5 or tal l
after 5 renrs ol a high site in western \\ ashington.

21A Ferguson and Adarrs

Slaebler et al.  (195.1) dlso rcported thal
bracken l irn leduced gfo\!th oi Douglas-f ir '
rF t r r l c r : l r i o r l .  P  , r t -O r i , , r l - , "  , l r r l  Chun ,o . ,  , pn i '
kutoniuno.l rcgcncration had a moder':rte reducr-
tion in heights r,".hen gron'ing in dense bracken ftr-n.
but r, 'esLern henbck heights *erc not af i ictcd.

Conclusions and Recommendations

This snrdv scpi lr [ tcd t] t  cl fccts oi gc,phefs lrom
inter'lerence caused br PTAQ/RllOC. Eren Lhough
it las not possible to kccp al l  gophcrs out of the
e.rllosurcs. lhcir adivitv insidc thc cxclosures r,ras
drastical l l  reduced. fesult ing in rel iablc'  r lata.

None of the lrccs in this sludy appcarrid to die
l iom al lelopathl.  probablv because planLirrg slock
was largc cnough to buflcr aclr.erse soil chemical
plopcrt ies. Convelselv. for natural fe: ieneraL;on.
Felguson and Bord (19[tt t)  frrund that foul spc-
cies ofconifcr sccd so\rn at thc l iaglc Point studv
site died al ier '  germitrat ion but before sherJrJing
seed c,oals. Nalural rcgcncration is not a rel iahle
relbreslation option in the OFI\{.

Ste recommencl plantirrg 2 or 3 vcar old nurs
crv stock 1r'ith large basal diameter. Lnrgel seed-
Jings rdl l  -rurvive betLer and become big enough
lo u' iLhsLand gopher activi t l  rrrorc quicklv. l ,arge
calipcr sr:ccJlings rdll rvithstancl the smothelirrg ef-
lect-s oi braclen fern. Plant prornptlv af lcr harr.cst
bcforc } 'TAQ/ltLO(i become tal l  and . lense.

lntcrfcrcnr:e i iorn PTIQ/RIIO(i can slor
gfo" th of seedli ' rgs. Ercnlualh. sccdl ings t i l l  over-
top I 'TAQ/RUOC and shade them out. O1 the four
-pee ie -  t e . t ed .  l o t l 2epo l -  1 , i n .  $a -  l l r '  " , , , - t  -Fn - i -

tir.e to interftrenr.e frorn PTA{)/RtiOC. Lodgepole
p  r r ,  ; r u l ' i r r g  i n  r ' " . , 1e ,1  J r cJ -  . t  I '  o r -  $ r r c  - i g -

l i l: l:,Ur 
,t". than thosc sr.on'ins in unweecred

Although lodgepole pine gre\r the faslesl of thc
frrrLr species Lcstcrl  anrl  is sun iving tcl l  in the non
crclosurcs. \rc cannot rccornmend its widespreacl
use lbr lelblestin€i clltover foresLs in the CFI\I.
Boyd and Zncrold ( in prcparation) have tound e)i-
ten-sir:e snorv clanrage to loclgelxrle pirrc plantccJ al
thc Eaglc Point study -. i te in 1978. Snot has
calrsed extensile clamage to oLrr gophers extlosurcs
anrl to thc snorv fcncr that surlounds the non-
crclosurcs. I'crhaps loclgepole pine is noL adapted
to the kind-r of snou'packs that o(,cur in thc CFNI.

( lr :rncl l i r  tas shorter in reeded areas oI plots
al lcr 3 ycls. so thcrc appears to he no adrantage
1rl weeding PTAQ/RI,OC hrr grand f ir  growth.



\ \rccding l 'TAQ/RLIOC also dir l  not implove 13-rear
he ighLs  o I  suba lp ine  l i r .

E r r3 - l r n . rn r r  - p ru ,  e  i l  r - c "  l r e i g l r t -  $p r .  nu l  - . 8 -

ni l icantly di i ierenL in leeded remus un\reeded
areas or in rxc]osurcs ,;crsus non-exclosLrres. In
addition. it lud the lolrest monalitv iiom gophcrs.
othcr-causcs ol morlal i l l  rvcr-r:  lor. ancl i t  had the
fer,!esl trees $'ith lop damage. Although lingeLnann
sprl lcc gcncr.ol lv grc$ rnorc slo\\ lv tharr lorJgepole
pine. it las as 1:rll as lodgepole in the contlol whelr
gophcrs tt :re not e:tr lLrded and PTAQ/RII(Xi nere
not r{ccdcd. Wc also obscncd thal sprLrcc ls n(}re
resistaDL to being bent oler by sno\r and scncsc-
ing brackr:n l 'crn. I ingdrnann sprute is the best
choice among the four species tested 1br rclbrcst-
ing cntovcl forcsts in thc CFNI.

Engelnrann sprucc is comrnonlv founrl in Lhe
()FN{. and long-term sLU-lival oI Engelmann sprucc
should bc rerr '  good. EsLablishment ofspruce plu
tat ions lould lppci lr  to bc th{r ( 'asicsl r ' r  av lo re-
fofest lhese sites: hotever'. species diver-*itv could
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