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Abstract

This study was parl ol nvestigations on the Grand Fir Mosaic Feosystem in northern Iduho thal were undertaken because of poor
regeneration success in harvested forests. Lack of regeneration appears to be related to high popalations of nerthern pocket gophers
{Thomaomys talpoides), bracken fern (Preridium aguitinum), and western conellower (Rudheckia occidentalis). This study quantified
the effects of four treatments on survival and growth of planted conifers: unweeded with gophers, weeded with gophers, unweeded
withaul gophers. and weeded without gophers. Subalpine fir {Abies lasivearpa), grand v (Abies grandis). lodgepole pine (Pinus
contortal. and Engelmann spruce (Picea engefmannii) were planied al four stndy siles. After 3 vears. Engelmann spruce and lodge-
pole pine had the lowest mortality from gophers, whereas grand fir und subalpine fir had the highest mortality. Most mortality cansed
by gophers occurred during the first summer and the lirst lwo winlers alter planting. Lodgepole pine was the tallest of the four
species afler 3 vears; however, lodgepole pine appears to be suseeptible to snow damage. Engelmann spruce is the recommended
species Tor planting hecause of its good growth rate (even when growing with hracken fern and conellower), low mortality from

gophers, and s ability to withstand snowloads and senescing bracken fern.

introduction

Both animals and plants have eflects on the direc-
tion and rate of secondary succession in forest
ecosysiems. This seems cspecially truc in the
Grand Fir Mosaic FEcosystem where narthern
pocket gophers (Thomomys talpoides), bracken fern
(Pteridium aguilinum), and western coneflower
(Rudbeckia occidentalis) rapidly increase in cutover
lorests.

The Grand Fir Mosaic (GFM) is found in up-
land forests that form drainages for tributaries of
the Clearwater River in northern ldaho. 1t is named
for the dominant conifer, grand fir (Abies grandis).
and the variely ol sizes and shapes of natural open-
ings in the forest canopy. Sitka alder (Alnus
sinuata), bracken fern. and fool's huckleberry
(Menziesia ferruginea) are the dominantl species
found in these openings. Investigations on this ce-
osysletn were begun hecause of poor plantation
success and the slow rate of sccondary succession
1o weody vegelation (Sommer 1991, Ferguson
1991a}.

The CGFM encompasses approximately
200.000 ha, oceurring as scattered blocks of land
at elevations between 1,300 and 1,800 m. Forests
at these elevations in northern ldaho are usually
subalpine fir (Abies lasivearpa) habilal types, bul
the GFM is warmer than expected. The predomi-
nant habitat tvpe is Abies grandis/Asarum caudaiom

(grand fir/ginger), a cool-wel habitat Lype as de-
fined by Cooper et al. (1991}. Forests in the GFM
are located in areas that receive high snowfall dur-
ing the winter months. but the voleanic ash-
influenced soils are well drained. GFM forests arc
typically moist hillsides rather than riparian sitna-
tions such as forest meadows.

tes that occur in the
GFM is limited when compared to adjacent forest
types. Grand fir is found most oflen, followed by
Engelmann spruce {Picea engelmannii) and subal-
pine fir. Douglas-fir (Pseudotsuga menziesii), west-
ern white pine (Pinus monticola), and western larch
{Larix vecidentalisy are found infrequently. and ele-
vations in the GFM are too high for ponderosa pine
i(Pinus ponderosa). Western redcedar (Thuje
plicata} and mountain hemlock (Tsuge mertensiana)
are only found in certain parts of the GFM. In-
Lerestingly, lodgepole pine (Pinus contorta) is found
at higher and lower elevations, but not in the GFM.

The number of conifer spec

Table I shows an inventory of commonly found
plant species in cutover forests in the GFM. These
data were collected in 1989 from sites used in this
study. Percent cover is a visual estimation of plol
coverage for each species. Bracken fern has the
highest average coverage, followed by strawberry
(Fragaria vesca) and mitrewort (Mitella stauwro-
petala). Woody species are infrequent on these
sites, even though the areas were disturbed more
than 14 vears ago.
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TABLE L. Major plant species and uverage pereent coverage
for Grand Fir Mosaic siles used in this study.

Percent
;pf‘l‘il’n (:OlnnlUn narmee ('(J\f'l‘rdgr‘
Asurum caudaiun wild ginger 6.9
Cuarex sp. sedges 7.8
Cirsium sp. thistle 10.3
Fragara resca slruwbeorry 21.9
Grase EOITNEY 6.4
Mitella steurpetata milrewort 11.1
Penstemon altenuatus penstemon 8.2
Phacelia heterophylia virgate phacelin 2.0
Polygonum douglasii Douglas” knotweed 8.0
Preridium aquilinum bracken fern 38.5
Rudbeckia occidentalis western coneflower 9.3
Svmphonicarpos alhs snowherry 8.0
Vacoinium globulare huckleberey 8.3

Gopher populations are very high in the GFM.
Gophers inhabit natural openings in the forest
canopy, and their populations expand rapidly af-
ter forest disturbance. Three factors may contrib-
ute 1o high gopher populations in cutover forests:
deep soils thal contain voleanic ash, adequate soil
moisture during the summer months, and the es-
tablishment of forb communities.

Gopher predation on conifers is a major con-
cern for reforestation efforts throughout the west-
ern United States and Canada {(Marsh and Steele
1992, Crouch 1971). Gophers tunnel through the
soil feeding on forbs, shrubs, and trees (Teipner
el af, 1983). Smaller trees are usually clipped ncar
groundline with the 1op of the seedling then pulled
from below into tunnels (Marsh and Steele 1992),
Gaphers may eat all or most of the root system of
larger scedlings and saplings. This type of feeding
may nol become evident until the loliage turns
brown or the tree begins to tip over {Marsh and
Steele 1992), Under the snow, gophers ¢lip and
girdle the stems of trees.

While many herbaceous species are present lol-
lowing timber harvests in the GFM, bracken fern
and coneflower have. by far, the highest amounts
of above- and below-ground biomass. Bracken fern
and coneflower reach heights of 1.5 to 1.8 m.
Znerold (1979) calculated bracken fern frond den-
sity of 286,300 fronds/ha at Eagle Painl. a site
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we used in this studv. Bracken fern is more abhun-
dant than coneflower in northern parts of the GFM
while coneflower is more abundant in southern
parts. In discussions Lhat follow, bracken fern and
concflower will be abbreviated *PTAQ/RUOC” he-

cause they grow intermixed on the same sites.

Allelopathic potential has been demonstrated
for bracken fern and conefllower (Stewart 1973,
Gliessman 1976, Ferguson 199 1h). Muller {1969
uses the term interference to include the effects
of allelopathy and competition. Thus, removal of
PTAQ/RLOC can demonstrate whether interfer-
ence is oceurring, but cannol evaluate the relative
contributions of allelopathy and competition 1o
reduced survival and growth of other plants.

Tt is difficult to determine the separate cifects
of gophers and PTAQ/RUOC where they oceur 1o-
gether. A study was nceded 10 separate these of-
feets so the factors limiting suceesstul reforestation
could be determined. This study quantifics the sep-
aratc and combined effects of gophers and
PTAQ/RUOC on survival and growth of four
planted conifer species for the first 3 years after
planting,

Methods

Four study sites were chosen to represent GFM
conditions. A summary of site conditions is given
in Table 2, Three of the sites (Bertha, Dogleg, and
Lytle) are located in clearcuts where the habitat
type is Abies grandisiAsarum candatum. The fourth
site (Magle Point) is located in a 1.5 ha natural
opening where PTAQ/RUOC have probably domi-
nated for hundreds of years, as evidenced by the
current lack of woody vegetation and lack of char-
coal in the soil.

Gopher exclosures at Eagle Point and Dogleg
were construcled in 1987; those at Lvtle and Ber-
tha were constructed in 1988. At each site. a 13-
by 15-m exclosure was constructed. Narrow
irenches were dug 1 m deep around the perime-
ter. Seil from the trench was placed 1o the outside
of the exclosure to minimixze disturbance within the
exclosure. Vertical wooden posls were placed into
the trench o support 1.25- by 1.25-cm wire mesh.
The wire mesh was nailed to the wooden posts so
that the fence extended 1 m below ground and 1.5
m above the soil surface,

Soil was replaced in the trench, a wooden top
rail was added, and a gate was built, Gophers were
climinated from exclosures by poisoning and




TABLE 2. Deseription ol the four study sites,

Flevation Slope

Study site Location {m) Aspect M) Study site history

Eagle Point Clearwater N, FL 1.400 Lasl 20 Nalural opening
Narth Fork Disiricl dominated hy
T40ON, R7k, 535 PTAQRLOC

Bertha Clearwater N, F. 1,200 Sonith 20 Clearcul in 1975,
MNorth Fork District No sile preparation.
T39N, R5F, 51

Dogleg Nex Peree N, 1,740 South 3 Clearcul in 1973,
Selway District hulldozer piled and
T31IN. R6E, 523 burned in 1973.

lLvtle Nez Perce N. F. 1.585 st 13 Clearcut in 1973,

Elk City District
T31N. ReE, 831

bulldozer piled and
burned in 1976.

trapping. Poisoning or trapping gophers was done,
il' needed, each 1time exclosures were visited.

The fencing below ground kept gophers from
digging through the soil into the exclosure. Fene-
ing above ground kept gophers from tunneling
through the snow inlo the exclosure or from travel-
ing over the snow to enter the exclosure. The fence
above ground was important because il was not
possible to routinely inspect the exclosures for go-
pher activity during the winter.

Two additional 15- by 15-m plots were eslab-
lished at each site. These plots were treated the
same as the exclosures except gophers were not
excluded. Two non-exclosure plots were necessary
because of anlicipated higher tree mortality rates
caused by gophers. These plots had enough sur-
viving trees 1o compare growlh rates with trees in
the cxclosures.

Each 15- by 15-m plol where gophers were not
excluded wus surrounded by a 1.25 m tall com-
mercial snow fence made [rom vertical wooden
slats. The snow lence helped prevent cattle and
big game access. Also, the snow fence duplicated
any effects the exclosure fence had on wind pat-
lerns or snow deposition.

Each plot was divided in half in the direction
of the slope. One half was chosen at random to
be weeded, beginning in the fall of 1988, Weed-
ing was the physical removal of bracken fern and
coneflower 2-3 each growing scason.
Bracken [ern fronds were pulled from the so0il be-
cause digging up the rhizomes would have caused
too much soil disturbance. Herbicides were not

limes

used to kill bracken fern because rhizomes extend-
ing into the unweeded arca might have been killed.

Coneflower plants were removed by severing
lateral roots with a shovel, then lifting the caudex
from the ground. Loose soil was shaken from the
caudex into the hole where it had heen removed.

All weeded material was deposited at least 1.5
m outside the fence, but never on the uphill side
of the plot. This prevented leachates of decompos-
ing plant material from affecting the weeded arca,
Weeding also included removing PTAQ/RLOC for
1.5 m outside the fence around the weeded hall
of the plot. The last weeding of each growing sea-
son was done in the fall before the rainy season.

Thus, conditions were created for four treat-
ments: unweeded with gophers, weeded with
gophers, unweeded without gophers, and weeded
without gophers.

Containerized scedlings were grown in a green-
house in Moscow, Tdaho. Within species. the same
seed source was used. Species were subalpine fir,
grand fir, lodgepole pine, and Engelmann spruce.
Subalpine fir, grand fir, and Fngelmann spruce
were chosen as test species because they are com-
monly found in the GFM. Lodgepole pine was cho-
sen because it is a fast growing seral conifer that
is found at higher and lower elevations in lorests
adjacent 10 the GFM.

Prior to planting, the greenhouse potting mix
was gently shaken from the roots of the container-
ized seedlings. This insured that roots came into
contaet with the native soil when planted. Thus,
the potting mix did not buffer the trees from chem-
ical or physical properties of the soil.
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Sites were planted in the spring of 1989, Four
randomly chosen quadrats of 24 trees of each spe-
cies were planted on cach side of the exclosure
iweeded and unweeded) and each non-exclosure.
Spacing was 0.75- by 0.90-m. A row of border
trees (a mixture of the same four species) was
planted along the outside of the quadrats and be-
tween the weeded and unweeded portions of the
plots.

Mortality and tree condition were recorded
each spring and fall for the 2,304 trees. Tree
heights were recorded each fall. Seedlings that had
hecome entangled in seneseing bracken fern fronds
were uncovered in the spring and fall. Freeing
these seedlings may have resulied in less mortal-
ity from the smothering effects of bracken fern, but
it was necessary o determine seedling mortality,
tree condilion, and height. Whenever a tree was
uncovered, this condition was recorded lor later
analvsis.

A simple gopher activily index was recorded
cach spring. Six 4.6-m long line intercept transects
were systematically laid oul behween the four Lest
species; three each in weeded and unweeded
areas. The index was the number of times the line
intersected a winter gopher mound. soil plug, or
cast.

Analysis

Gopher activity indices were analyzed using the
General Linear Model (GLLM) procedure in SAS
iSA5 1985}. The GI.M procedure was uscd to per-
form analysis of variance and repeated measures
analysis on these dala. Differences between means
were determined using Dunn’s procedure at the
0.05 significance level. Tndices entered into the
analysis were spring counts for 1989-1992. The
spring 1939 index characterized gopher activity
at the time trees were planted.

Scedling mortality was also analyzed with GLM
and Dunn’s procedure at the 0.05 signilicance
level. For cach species. the ratio of dead trees was
caleulated for each quadrat of 24 trees 3 vears af-
ter planting. The inverse sine transformation was
used to analyze these binomial mortality data as
suggested by Stecl and Torrie (1960). The trans-
formation also resulted in additivity of effects (no
interaction between studyv sites and ircatments)

(Kirk 1982).

Seedling heights alter 3 growing seasons were
analyzed using GLM and Least Square Means
(LSMEANS) {SAS 1985} for comparison of treat-
ment means at the (.05 significance level. Surviv-
ing trees were analyzed by species. Study site and
seedling height at planting were included as in-
dependent variables in CLM and TSMEANS in or-
der to account for their sources of variation, The
resull was a smaller error variance and a more
powerful test 1o detcet differences between treat-

ment means (Kirk 1982),

Results
Gopher Activity Index

Fencing used to cxelude gophers was most ellec-
tive at Bertha and Lytle (Table 3). At the other two
lecations, fencing greatly reduced gopher activity.
The averages shown in Table 3 reflect winter ac-
tivity. During the summer, gopher activity was ef-
fectively controlled inside exclosures through
periodic poisoning and trapping.

Winter gopher activity indices were examined
as a repealed measures analysis because the same
line transects were measured over several vears.
There was not a significant time effect at any of
the study sites. Time-lreatment effects were also
non-significant excepl al the Dogleg study site, At
Dogleg. gophers gained access 1o the exclosure and
were more aclive in two measurement periods than
in the other two periods.

TABLE 3. Winler gopher activily indices. Means are for lour spring counts taken in 1989-1992_ with three replications. Within
study site, different letters indicate significantly different means al the 0.05 level using Dunn’s st

Study Site

All 1
Copher control Weeding Eagle Bertha Dogleg Lytle Sites
Non-exelosure Nol weeded A.12m 1.584 3.62° 1507 3.71%
Non-vxclosure Weeded 158" 2.29¢ 5.46° 3.58= 4.05*
Fxclosure Not weeded 1.08° 0.00% 2.42* 0.67¢ 1.04%
Exclosure Weeded 1.83% 0.00% 3.178 .83 1.46"
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TABLE 2. Percent of trees that died within the first 3 vears alter planting, Within species and cause of death, different letiers
indicate signilicantly different means al the 0.05 level using Dunn’s test. Numbers in the tahle are percentages: how-

cever. the iverse sine lranslormation of the ratio of dead trees was nsed o determine differences between means.

Gopher control

Weeding

Specics

Subalpine fiv

Grand fiv

lLodgepole pine

Engelmann spruce

All 4 spacies

Mortality cdue to causes other than gophers

Non-exelosure Nol weeded 1G.3¢ 42.7¢ 11.5° 7.4° 2().2¢
Non-eaelosure Weeded 23.4° 44,87 1.0° 2.3 19.4°
Fxclosure Mol weeded 26.0° 4.5, (1 A.1¢ 12.5¢ 22.7¢
Faclosure Weeded 30.0¢ 65.6° 0.0" 8.3+ Al
Mortality due 1o gophers
Non-exclosure Not weeded 46,48 40.1° 47.9° 35.4% 12.4°
Non-exclosure Weeded 63.5" 12.2* 45.3¢ 38.0° 47.3°
Exclosure Nal weeded 10.4¢ 20.8¢ 20.8° 6.2¢ 14.6"
Fxelosure Weeded 12.57 22.9¢ 6.2° 5.2" 11.7%

Non-gopher Causes of Mortality

Of the four species tested, grand fir had the highest
mortality from causcs other than gophers (Table
4). Within the first month of planting, 34.2% of
the grand fir were killed by voles (Microtus sp.).
Vales stripped the bark off trees beginning at
groundline and exlending upward 5 10 8 em. Mor-
tality from voles occurred at three of the four study
sites. the exception being Eagle Poinl. After 3
vears, 20.0% of the grand fir were dead from
causes other than gophers.

Subalpine fir had the next highest mortality rate
(29.7%) from causes other than gophers. For most
of these trees, we were unable to determine the
cause of mortalitv, although the average size of
subalpine fir al the time of planting was the smallest
of the four species tested.

During the winter of 1991-1992, a fungus
killed many seedlings of all species at Lytle, Dam-
age appeared similar to a snow mold exeept the
main stem of the seedling became hlackened and
was girdled.

Lodgepole pine and Engelmann  spruce
suffered the least mortality from non-gopher
causes. Lodgepole pine averaged 3.9% and En-
gelmann spruce averaged 9.1% mortality after 3
vears.

Mortality may have been higher if we had not
uncovered seedlings that were smothered by
bracken fern. Lodgepole pine was the species most
often smothered by bracken fern, averaging 8.0%

for the 3-year period. For grand fir and Fngelmann
spruce, 4.2% of cach species had been smothered.
Only 1.0% of subalpine Nir trees had heen
smothered by bracken fern.

Gopher-caused Mortality

Mortality caused by gophers is also summarized
in Table 4. Subalpine fir had the highest rales of
mortality causcd by gophers, averaging 55.0% in
non-exclosures,

Lodgepole pine had the second highest rate of
mortality caused by gophers. An average of 46.6%
of the seedlings were killed by gophers during the
first 3 years in the non-exclosures.

Grand fir had the next highest rate of mortal-
ity due to gophers in non-exclosures, averaging
41.2%. Mortality would undoubtedly have heen
higher if voles had not killed many seedlings be-
fore gophers had a chance.

Engelmann spruce had the lowesl morality
caused by gophers, averaging 36.7% in non-
exclosures. Overall, spruce had good survival be-
cause ol low gopher-caused mortality and low mor-
tality from other factors.

The species preferences by gophers are masked
by trees that died from other causes. Figure 1
shows the results of an analvsis of mortality in non-
exclosures where trees killed by causcs other than
gophers were not included. In these percentages,
the numerator for cach quadrat of 24 original trees
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Figure 1. Average percent mortality due Lo gophers in non-eaclosures. Pereentages were caleulued afler eliminating rees killed
by causes other than gophers. Means Jollowed by different leters are significantly different af the 0,035 level using Dhimn's test.

was the number killed by gophers and the denomi-
nator was 24 minus the number ol trees killed by
other causes. These results show the average per-
cenl killed by gophers in non-exclosures was
75.2% for grand fir, 68.5% for subalpine fir,
49.9% for lodgepole pine, and 39.9% for Engel-
mann spruce,

Gopher-caugsec Mortatity by Time Periods

The percent of irees killed by gophers during sum-
mer and winter lime periods is shown in Table 3,
Data were obtained for each specics by averaging
morlality in the four study sites for each measure-
ment period.

Martality caused by gophers was highest 1he
first summer and the next two winters afier plant-
Ing. Gopher-caused mortalily was lowest in the sec-
ond and third summer periods. For all lour species.
gopher-caused mortality averaged 13.0% the first
summer, 15.0% the first winter, and 11.1% the
second winler. Mortality the second and third sum-
mers averaged only 2.8 and 0.8%. respectively.

Fewer trees were killed by gophers during the
third winter (1991-1992), but many trees were
loose when gently tugged at groundline in the
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spring of 1992, Prior 10 the spring 1992 meas-
urement (3 vears aller planting). only one tree was
recorded as being loase in the soil. The spring
1992 tally found 73 loose trees. Most of the loose
trees were of the larger species —lodgepole pine
and Engelmann spruce. Observalions on a few of
these trees showed that gophers had severed many,
bul not all. lateral roots.

Seedling Heights

Seedling heights at the end of the third growing
season were analyzed by species. Only trees with
ne lop damage were used in this analysis because
trees with top damage mask height growth rates.
Ninety-three trees were climinated because of top
damage: 29 subalpine fir. 19 grand fir. 30 lodae-
pole pine. and |5 Fngelmann spruce. Tops had
heen chewed by animals or terminals had died
[rom other causes.

Seedling heights afier 3 growing scasons are
shown in Table 6. These means account for study
site and seedling heighl al the time of planting us-
ing T.SVIKANS (SAS 1985). The first trend evident
was taller trees n the exclosures than in the non-
exclosures, except for spruce. This provides




TABLE 5. Percent mortalits duc 1o gophers by time periods for non-exclosures,

Time period

Summer Winter summer Winter Summer Winter
Weeding 1939 198990 1940 1990/91 1991 1991/92
Subalpine fir
Mot weeded 12.5 12.5 2.1 13.5 1.6 4.2
Weeded 12.5 3.4 4.7 8.9 1.0 1.0
Grand fir
Mot weeded 17.2 5.7 4.2 9.4 0.5 3.1
Weeded 16.7 156 3.1 6.3 0.0 0.5
Lodgepole pine
Not weeded 11.5 16.1 2.6 14.6 1.6 1.5
Weeded 13.5 16.2 1.0 11.5 1.0 2.1
Engelmann spruce
ol weeded 7.8 9.4 2.6 12,5 0. 3.1
Weeded 13.0 8.9 2.1 12.5 0.5 1.0
All 1 species
Mol weeded 12.2 11.0 2.3 12,5 1.0 2.9
Weeded 13.9 19.0 2.3 .7 0.7 1.2
Asverage 13.0 15.0 2.8 11.1 0.8 2.0

TABLE 6. Mean seedling heights {em) at 3 vears using LSMEANS (SAS 1985), which accounted for variation attributable to study

site and seedling height al planting. Within species, means lollowed by different letters ave significantly different at

the 0,05 level.

Species

Gopher control Weeding Subalpine fir

Grand fir Lodgepole pine Engelmann spruce

Non-exclosure Not weeded 14.7%
Non-exclosure Weeded 16.0°"
Fxclosure Not weeded 15.8%
Exclosure Weeded 17.3¢
Number of trees in analysis: 190

3.6 40.1¢ 39.7°
31.8° 32.1% 40.7¢
39,40 40.5% 42.0°
35.7 86.09" 39.7+

107 326 306

evidence thal gophers negatively aflect growth on
seedlings they do not kill. Reduced growth is prob-
ably caused by partially devoured roots and/or soil
dizturbance,

For subalpine fir, weeding and gopher control
had significantly positive effects on 3-year seed-
ling heights compared to the control (gophers with-
oul weeding). However, subalpine fir is the slowest
growing of the four species; weeding and gopher
control only improved 3-vear heights by 2.6 em.

Grand fir was shorter in the weeded areas than
in unweeded areas, although the differences were

not significant. The number of grand fir available
for analysis (107) was lower than for other spe-
cies in the study because of high mortality rates;
further, the lowest number of grand fir seedlings
was in the weeded areas. Grand fir were signifi-
cantly taller in unweeded seclivns of exclosures
{39.4 cm) than in weeded sections of non-
exclosures (31.8 cm).

Lodgepole pine was Lhe tallest of the four spe-
cics after 3 vears. Weeding PTAQ/RUOC resulted
in increased heights of 10.4 cm in the exclosure
and 12.3 ¢m in the non-exclosure, an average ol

247

Survival and Crowth of Planted Conifers




11.4 em for weeding. Providing protection from
gophers increased heights of surviving lodgepele
pine 4.4 cm in the unweeded and 7.5 cm in the
weeded areas. an average of 8.4 cm for gopher
protection. With both weeding of PTAQ/RLOC and
protection of trees from gophers, the gain in height
averaged [9.8 em afler 3 vears.

Engelmann spruce showed no statistically sig-
nificant differences in heights among the four treat-
ments. This is somewhat surprising and is an
important linding. Evidently, neither gopher ac-
tivity nor interference rom PTAQ/RUOC was
detrimental to height growth of Engelmann spruce.

Discussion

Mortality caused by gophers was highest during
winter months, compared to summer months, ex-
cept for the first summer after the seedlings were
planted. High winter mortalily 1o seedlings is con-
sistent with other studies in the western United
States (Marsh and Steele 1992, Crouch 1971).
Therefore, the most impertant time to reduce go-
pher populations is just belore winter, Eliminat-
ing or drastically reducing gopher populations in
the fall should result in fewer seedlings killed dur-
ing the winter.

High gopher-caused mortality following spring
planting is circumstantial evidence that gophers
found nurserv-grown secdlings quite palatable. An-
other possibility is that nursery-grown seedlings
have not develeped cnough defense chemicals to
discaurage gopher feeding.

Cophers preferred subalpine fir and grand fir
over lodgepole pine and Engelmann  spruce.
Crouch (1971) found no gopher preferences
among three pine speceies: ponderosa, Jeffrey (£
nus jeffrevi) and lodgepole pine, where two-thirds
were killed by gophers within 3-1/2 vears in south-
central Oregon. Okello (1993) reporied the highest
gopher feeding preference lor ponderosa pine,
moderate preference for Douglas-fir, and lowest
preference for weslern redeedar.

Where protected from gophers, planted seed-
lings in this study readily survived in plant com-
munitics dominated by PTAQ/RUOC. This is
consistent with Dimock (1964}, who reported 79%
survival after 5 years for Douglas-fir seedlings
planted in dense bracken fern: however, growth
was reduced. Seedlings averaged only 45.5 em 1all
after 5 years on a high site in western W ashington.
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Stacbler et el (1954) also reported that
bracken fern reduced growth of Douglas-fir
regeneration. Porl-GOrford-cedar (Chamaecyparis
lawsoniana) regencration had a moderate reduc-
tion in heights when growing in dense bracken flern,
but weslern hemlock heights were not affected.

Conclusions and Recommendations

This study scparated the effects of gophers from
interference caused by PTAQ/RUQC. Even though
it was not possible to keep all gophers out of the
exclosures, thelr activity inside the exclosures was
drastically reduced, resulting in reliable daia,

Norne of the trees in this study appeared to die
from allelopathy, probably because planting stock
was large enough o buffer adverse soil chemical
properties. Conversely, for natural regeneralion.
Ferguson and Bovd (1988) found tha four spe-
cies of coniler seed sown at the Eagle Point study
site died after germination bul before shedding
seed coats, Natural regeneration jg not a reliabie
reforeslation option in the CFM.

We recommend planting 2 or 3 year old nurs-
ery stock with large basal diameter. Larger seed-
lings will survive betler and become big enough
1o withstand gopher activity more quickly. Large
caliper seedlings will withstand the smothering ef-
fects of bracken fern. Plant promptly afier harvest
before PTAQ/RLOC become tall and dense.

Interference from PTAQ/RUOC can slow
growth of seedlings. Eventually, scedlings will over-
top PTAQ/RUQC and shade them out. Of the four
species tested., lodgepole pine was the most sensi-
tive Lo interference from PTAQ/RUOC. Lodgepole
pinc growing in weeded areas of plots were sig-
nificantly taller than those growing in unweeded
arcas,

Although lodgepole pine grew the fastest of the
[our species lested and is surviving well in the non-
exclosures, we cannot recommend its widespread
use for reforesting cutover foresis in the GFM,
Boyd and Znereld (in preparation) have found ex-
tensive snow damage o lodgepole pine planted at
the Fagle Point study site in 1978, Snow has
caused extensive damage 1o our gophers exclosures
andl 1o the snow fenee that surrounds the non-
exclosures. Perhaps lodgepole pine is nol adapted
to the kinds of snowpacks that occur in the GFM.,

Crand fir was shorter in weeded areas of plots
after 3 years, so there appears to be no advanlage

to weeding PTAQ/RUOC for grand fir growth.




Weeding PTAQ/RUOC also did not improve 3-vear
heights ol subalpine fir.

Engelmann spruce 3-vear heights were not sig-
nificantly different in weeded versus unweeded
areas or in exclosures versus non-exclosures. In
addition, il had the lowest mortality frem gophers,
other causes of mortality were low, and it had the
{ewest trees with top damage. Although Engelmann
spruce generally grew more slowly than lodgepole
pine, il was as lall as lodgepole in the contral where
gophers were not excluded and PTAQ/RUOC were
not weeded. We also observed that spruce is more
resizlanl o being bent over by snow and scnese-
ing bracken fern. Engelmann spruce is the best
choice among the [our species tested for reforest-
ing cutover forests in the GFM.

Engelmann spruce is commonly found in the
CFM. and long-term survival of Engelmann spruce
should be verv good. Eslablishment of spruce plan-
tations would appear to be the easiest way 10 re-
forest these sites: however, species diversity could
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