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Abstract
This srudy tesred thc hyporhesis that (l) abundance and related demographic pdrameters of small nammal populalions, and (2)
species divcrsity ot small mammal communities, would be adversely aftected in herbicide lrealed habiots at 9 and 11 ycars allcr
treatmcn! in coastal conjferous forest. Study areas were located in sourh coastal British Columbia. Canada, in lhe Coastal wcrtcm
Henrlock (C\VH,L*,) biogeoclimaric zoDe where small mammal populalions were intensively sampled on paired control and treatmenl
sites. Average density of deer mice (Pdr"r?mls.ur ,?dni.!/.rtur) during summer periods ( I98l- 1990) was lo{'er in the treatment than
control in lhe immedi ate post-treatment (PT) period ( 19 82 ). with comparablc numbers in I 9 8 3. 1985. and 1990. Althe ll-year PT
arca. deer mouse numbers \\'ere similar on control and treatment sites in 1978, 1979, 1980, and 1990. Average densily of Oregon
yoles \Microtu s oregoni) was higher on treatment than control sites at 9 xnd I I years after lreatment. Townsend chipmunks (t&tdmidr

roirnrendii) tcnded to be less abundant on the treatment than control site 9 years IrI but were essentially absenl tiom thc 11 year PT
study area. Therc was no difference in averagedensity of shrew (Sor"e-r spp.) populadons belween confo] andtreatment sites at ei|her
study arca. It is likely that post-hanest successional change has more ofan impacr on small mammal abundance than changc induccd
by a herbicide lreatment. Our results suggest that glyphosate herbicide did not advcrscly aftcct rcproduction. survival. or growth of
deermjce and Oregon voles incoastal forest a decade alier application. Species richness anddiversity ofsmall mammal communilies
changed little over the decade following trearmenr. This study is the firs! invesligalion on the effect! of foresl herbicide ure on
demography and diversity ofsnall Inamlnal communities that ertends to a dccade.

lntroduction

Vegetation management is an inpoftant pafi of forest
rcnewal in the temperate coniferous forests of North
America. Silviculture programs must deal with the
problem of reducing woody and herbaceous veg-
etation which competes with desired coniferous trees
(McCormack 1985, Walstad and Kuch 1987,
Lautenschlager 1990, Newton et al. 1992). Use of
herbicides or manual methods as vegetation man-
agement tools are usually applied to early succes-
sional forest habitats for conifer release. This "re-

lease" from competing vegetation has consistently
increased growth and survival ofcrop trees (Walstad
and Kuch 1987), although herbicide treatments are
consistently superior.

Herbicide related changes in wildlife habitat (food
and cover) are a major gnvironmental concern
(Lautenschlager 1986, Freedman l99l). Recent
studies (Newton et al. l984,USDA 1984, Atkinson
1985, Feng and Thompson 1990) document that
herbicides, properly used for conifer release, pose
minimal toxicological hazard fbr terrestrial verte-

No hwest  Sc ience,  Vo l .  7 l ,  No.  I ,1997
O 1997b!tlcNonhwcnS.rcniil lcAssociarion.A1ligh6Esened

brates. Several studies, reviewed by Lautenshlager
(1993), have documented the response of small
mammal populations to herbicide-induced habitat
alteration in these young coniferous forests. ln
general, small mammal responses are species spe-
cific: some species are unallected, while some se-
lect and others avoid herbicidetreated areas. Al-
though much work has been conducted on the ellects
of herbicides on small mammals and their habi-
tats, no studies followed small mammal popula-
tions and habitat changes fbr more than 4 years
post-treatment (Sull ivan 1990a, b). Indeed, valid
generalizations about the effects of these teatments
on small mammals are limited to one, or two, grow-
ing seasons after treatment (Lautenschlager 1993).

There is a paucity of lolg-term studies on her-
bicide use in the forest environment. This is par-
ticularly relevant to concerns regarding the poten-
tial long-tenn toxicological effects of herbicides
on wildlife. Thus, this study was designed to test
the hypothesis that (l) abundance and related
demographic parameters of small mammal popu-
lations, and (2) species diversity ofsrnall mammal



communities, would be adversely affected in her-
bicide-treated habitats at 9 and 11 years after trcat-
ment in coastal coniterous fbrest.

Materials and Methods

n d c . r  ^ t l ^ .  ^ f  q t ,  r d \ /  A r a r <

This study was located at the University ofBritish
Columbia Malcolm Knapp Research Forest near
Maple Ridge. B.C., Canada (49'16'N; 122"34'W)
on sites in the Coastal Westem Hemlock (CWHd-)
biogeoclimatic zone (Meidinger and Pojar 1991)
between 140 and 400 m elevation. Paired control-
treatment sites comprised the 9-year post-teatment
(PT) study area. The control site (24.0 ha) was
clear-cut harvested in 1973, slash-burned in the fall
of 1974, and planted with Douglas-hr (Pseudotsuga
rzen:lesii) in the spring of 1975. The area was pre-
viously covered with a mature (70- to 9o-year-old)
forest dominated by western henlock (Tsirga
heterophy'lla'), Douglas-fir and westem rcd cedar
(Thuja plicata) (.Feller 1977). Cover included well
decomposed slash with an abundance of decidu
ous trees, shrubs and herbaceous vggetation. As-
sociated with the Douglas-fir stand were western
hemlock natural regeneration and deciduous tree
species such as red alder (Alniis rubra) and papet
bi:rclt (.Betula pap-rrilera). Shtub species included
sal (.GeuLtheria shallon), willow (Sali-r spp.), vine
m^ple (Acer circinatum), blaak raspbeny (Rabas
lettcodemris) and salmonbenl (RuDrls spectabilis).
Bracken fem (Prerldium aquiLinum) and fireweed
(Eltilobium angustifti lium) were the dominant her-
baceous annual species. The treatment site (23.1
ha) was also clear-cut in 1973 and planted with
Douglas-fir in 1975. This area was not burned.
The previous forest was also dominated by mature
westem hemlock, mixed with Douglas fu and west-
ern red cedar. The main cover was well decom-
posed slash with a similar vegetation composition
as the treatment site. Control and treatment sites
were sepanted by approximately 1.2 km which was
a suffrcient distance to limit small mammal dis-
pe$al between the two sites.

Pafued contrcl-treatment sites also comprised the
I  l - )ear  PTstud)  a rer .  Thecont ro l  s i te  wa.or ig i -
nally an untreated young successional stage reported
by Sull ivan and Sull ivan ( 1981, 1982), but because

LCommercial formuladons (trademarks of Monsanto Company)
containing glyphosate, 356 g/l- prelent as isopropylamine sah

of subsequent silvicultural treatments, this site had
to be replaced for the current study. Therefore, a
new control site (5.0 ha) clear-cut haNested and
slashburned in 1958 and planted with Douglas-fir
in 1959 was selected for sampling in 1990. This
site was previously occupied by a forest composed
of Douglas-fir, western hemlock, and westem red
cedar which originated after a wildfire in 1868.
Because of comparable standhistories, we assumed
that this site had a similar vegetative succession to
that ofthe teatment. This site was dominated by
Douglas-fir with a minor component of westem
hemlock, western red cedar, red alder, and cascara
(Rhamnus purshiana) in the overstory. The un-
derstory was composed of salmonbeny and sword
fem (.Polystichum munitum) wrth some salal, red
huckleberry (Vaccln ium parv (blium), :Jtimbleberry
(Ruhus pat'viflorus), trailing blackberry (RuDrs
r.rrslnas), deer t'ern (.Blechnum spicanl) and spiny
w oodf em (D ry opt e ri s a s s imil i s).

The ffeatment site (15.0 ha) was harvested and
burned in 1959. A Douglas-fir plantation was es-
tablished in 1960. This site was previously occu-
pied by the same forest composition which origi-
nated fiom the 1868 wildfire. Dominant vegetation
on this site in 1979 was Douglas-tir, vine maple,
red aldeq bitter chery (.Prunus emarginata). and
bigleaf maple (A. macrophyllum), with an under-
story of salmonberry, sword fem, and elderbeny
(Sambucus racemosa). ln 1990, this site had a similar
species composition to that of the control. Control
and treatment sites were separated by approximately
2.0 km.

App cation of Herbicide

The g-year teatment area (14.2 ha ofthe 23.1-ha
site) was aerially sprayed with Roundup@ (or Vi
sion@) herbicide' at the rate of 3.0 kg/ha of active
ingredient on l8 June 1982.

The I 1-year ffeatment area (4.9 ha of the 15.0-
ha site) was aerially sprayed with Roundup@ at
the rate of2.2 kg/ha ofactive ingredient on 12 Sep-
tember 19?9.

Small l\,4ammal Populatlons

One sampling grid (l ha) was located in each of
the 2 contol and 2 treatment sites. On each grid,
49 (7 x 7) trap stations were located at 14.3-m in-
tervals and one Longworth live-trap was placad
within a 2-m radius of each station. Traps were
baited with peanut butter, whole oats, and coarse
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brown cotton was supplied as bedding. Traps were
set on day 1, checked on days 2 and 3, and then
Iocked open between trapping periods. The fbur
grids were live-trapped at 3 week intervals from
May to November 1990, which was 9 and I I years
after treatment, respectively, for the two study ar-
eas. For the g-year PT study area, the sampling
grids were originally live-trapped fromApril 1981
to September 1983 and liom April to October 1985.
For the I 1-year PT study area, the sampling grids
were live-trapped fiom July to November 1978,
May to November 1979, and April to November
1980.

All small mammals (except shrews, So,'e.r spp.,
American shrew-moles, Neuroti t:hus gibb s ii, and
weasels Mr,rtela spp.) captured were ear-tagged with
serially numbered fingerling fish tags, sexed, re-
productive condition noted, and weighed on Pesola
.pring baluncer. ReproJuctive performance uas
noted by palpation of male testes and mammaries
of the f'emales (Krebs et al. 1969). Small mam-
mals were released on the grids immediately after
processing. The major small mammal species cap-
tured included the deer mouse (Peromyscus
manit:ulatus) , tnd Oregon't ole (M ic rotus orego ni).
Other less common species sampled included the
Townsend chipmunk (Tumios town s e nclii), south-
em red-backed vole ( Clethrionom,-s gappe ri),long-
tailed vole (M longicaudus), andPacific jumping
movse (Zapus t r inotatus).

Body weight was used as an index ofage. For
the nunerically dominant deer mice and Oregon
voles, animals were classified as juvenile or adult
by weight (deer mice: juv = 0-16 g, adult ) l7 g;
voJes: juv = 0-20 g, adult ) 21 g) alier Sull ivan
(1990b). Juveniles were considered to be young
animals recruited during the study. Recruits were
deflned as new animals that entered the popula-
t ion  rh rough reproduc t ion  und immigrar ion .

Demograph c Analys s

Minimum number of animals known to be alive
(MNA) (Krebs 1966) was calculated for popula-
tions of deer mice and Oregon voles. MNA was
selected (Hilborn et al. 1976) because the gener-
ally preterred Jolly-Seber probabilistic estimator
(Seber 1982) became unreliable and impossible to
calculate for voles and chipmunks with low recap,
tures of previously marked animals (Krebs et al.
1986). Boonstra (1985) found that the MNA and
Jolly-Seber techniques provided similar estimares

of small mammal population size under field con-
ditions when trappability exceeded 507o. The to-
tal number of individuals captured was used to
compare control and teahnent populations of south
ern red-backed voles, long tailed voles, Pacific
jumping mice, and American shrew-moles: and
MNA was calculated for Townsend chipmunks.

Minimum survival rates for all males and t'e-
males in control and treatment populations of deer
mice and Oregon voles were summed over each
summer period with an individual animal being
tallied each time it was captured. Early juvenile
survival, defined as the percentage of observed
juveniles/expected number of juveniles, was cal-
culated for deer mice and Oregon voles. Expected
number ofjuveniles was the product of the num-
ber of successtul pregnancies (based on consecu
tive captures oflactating f'emales) and the average
number of juveniles per litter as recorded in the
literature: 4.5/litter for the deer mouse (Sheppe 1963,
Sadleir 1974): 3.2/l iuer for the Oregon vole
(Gashwiler 1972).

Mean body weights of male deer mice and Or-
egon voles during summer periods were used as
an index ofcondition within control and teatment
populations. Female weights were omitted because
these data are complicated by undetected pregnan-
cies, and hence tend to be more variable than those
for males.

Species Richness and Diversity

Species richness was measured by the total num-
ber ofspecies sampled (Krebs 1989). Species di-
versity was measured by Simpson's index of di-
versity (Simpson 1949) which is sensitive to changes
in the more abundant species. The Shannon-Wiener
index of diversity (Pielou 1966) was also used be-
cause ir i\ sensitire to changes in the rare specie,
rn a community sample. These diversity measures
were calculated using MNA values for the three
common species and number of individuals cap-
tured for the less abundant specie. in a given sam-
pling period and represented by an average value
for each year

Statistlcai Analysis

Average density ofanimals per ha and 95% confi-
dence limits were calculated for the populations
ofdeer mice and Oregon voles in all pre- and post-
trcatment periods for each study area. A paired
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sample t-test was used to compare average denslty
of shrew populations between contol and teatment
sites for the 9- and 1l-year PT study areas. A chr-
square analysis was used to compare proportion of
breeding animals, observed versus expected num-
ber ofjuveniles, and total minimum survival rates
for summer periods between paircd control and treat-
ment populations. Because some samples were not
completely independent, these comparisons werc used
as an indication ofthe degree of difference between
sets ofdata. Comparison ofbody weights and aver-
age diversity values between control and ffeatment
populations was done with average values and957c
confidence limits. In all analyses, the level of sig-
nificance was at least P = 0.05.

Results

Abundance

Average density ofdeer mice during summer peri-
ods from l98l to 1990 indicated a lower abundance
in the treatment than control in the immediate post-
treatment period (1982), with comparable numbe$
in 1983, 1985, and 1990 (Fig. lA). Average den-
sity of deer mice during summer sampling periods
on ll-year sites was similar between control and
pre-treatment sites in 1978, higher on the pre-treat-
ment than control in 1979, and similar in the post-
trcatment years of 1980 and 1990 on control and
treatment sites (Fig. lB).

Average density of Oregon voles was similar
between control and treatment sites in the g-year

PT study area up to 1990 (Fig. 2A). As in the 9-
year area! the treatment population of voles was
higher than the control at the I 1 -year area in 1990
(Fig. 28). Average densify of voles was higher on
rhe control than ffeatment site in 1978 to 1980 at
the I l-year area.

Average densities of shrews per trapping period
provided a relative abundance of this insectivore
on control and treatment areas, despite a high mor-
tality because of the ovemight tapping technique.
Before ffeatment there were 2.1 times as many
shrews per ha on the treatment than control slte at
the g-year PT study area in 1981 (Table l). There
was, however, no statistical difference (, = -1..+6,

P = 0.21) in average density of shrews between
control and treatment sites over the period of this
study. At the I I -year PT study area, average den-
sities of shrews were similar between control and
treatment sites before treatment (1978, 1979) and

during the first post-ffeatment year (1980). There
were, however, 1.9 times as many shrews on the
treatment than control site in 1990 (Table l). Overall,
there was no diff'erence (t = -1.32, P = 0.30) in
average density of shrews during the course ofthis
study.

Details of changes in abundance of these two
rodent species and Soi.er spp. pdor to 1990 are re
ported in Sullivan and Sullivan (1982) and Sullivan
(1990a).

Feproduct on

There were no differences in proponion of breed-
ing males between control and treatnent popula-
tions of deer mice at either ofthe 9- or J l-year PT
study areas in 1990. There were significantly more
reproductive female deer mice in the contrcl than
trcatment population in 1990 for the 9 year Pl but
no difference for the I l-year PT study area. There
were no signihcant differences in proportion of
breeding Oregon voles between contol and treat-
ment populations in 1990 at either study area.

The contol population of deer mice had twice
as many successful pregnancies as the teatment
population in 1990 at the g-year PT study area,
with the same number ( 19) at the l1-year PT study
area (Table 2). However, percentage recruitment
ofjuvenile deermice in control and treatment popu-
Iations was similar at both areas. The number of
successful pregnancies for Oregon voles tended to
be higher in treatment than contol populations. This
was reflected in the significantly higher (3.2 times)
percantage of recruits on teatment than confol sites
at the g-year PT study area, and relatively higher
(2.2 times) numbers treatment vs. control at the
ll-year PT study area (Table 2). Details of this
measure of reproductive success and early juve-
nile survival on these areas prior to 1990 are re
ported in Sull ivan and Sull ivan (1981) and Sull ivan
(1990b).

Surviva

Total suryival of deer mice and Oregon voles dur-
ing summer periods showed no consistent differ-
ences between conhol and treatment populations
in 1990 at the g-year nor I l-year PT study areas.

Body Weight

Populations of male P nanlcrlatas had similar body
weights during summer 1990 at the g-year PT study

Lonsterm Herbicide and Small Mammals
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Study arca Number of
rnd year sampling periods

TABLE l. Alcrase densily ol individual shrews (So.ej spp.)
capturcd per ha on control and trearmenr slres rn
rhe g-year and 1l-year post treatment (pT) study

weight in 1990 in the control (21.3 g; 17.1-25.6)
and treatment ( 17.7 g; 15.5-19.8), respectively.

Spec ies  F ichness  and D ivers i ty

Species richness of the small mammal communi
ties was similarbetween control and treatment sites
1br all periods at the 9 year PT study area (Fig.
3A). Both measures of species diversity also fol-
lowed this pattem with average values ranging from
0.,17 to 0.67 for Simpson's Index (Fig. 3B) and fiom
1.34 to 1.7,1for Shannon Wiener (Fig. 3C). At rhe
I 1-year PT study area, species richness was srmt
lar between control and treatment sites but diver-
sity declined in 1979 on the pre-trearment, and in
1980 on the post treatment, compared with the
control site (Fig. 4A). This decline coincided with
the drop in Oregon vole abundance (Fig.2B).
Species diversity tended to be higher on the treat-
ment than control in 1990 (Figs.48 and C).

Discussion

Experimental Deslgn

This study investigated the 9- and I l-year responses
of small mammal populations to herbicide use for
coniferrelease in young (7-year-old) and older (20-
year-old) Douglas-ffu plantations, respectively.
Based on the classification of forest successionai
stages in westem North America (Thomas et al.
l979), over the decade since treatment, the ?-year-
old plantation changed successionally from the
shrub-seedling stage ro pole-sapling (16 yea$ old)
and the 2o-year-old plantation changed frorn the
pole-sapling to young (31 years old) srand stage.

Treatlnent

g-vear PT

1981 pre-T

1982 pre T
1982 post T
1983 post-T

1985 post-T

1990 post-T

l1'vear P] '

1978 pre T
1979 pre-T
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1990 polt T

I

4
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It)

l l

t{J
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2.6
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4.8
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3 .5
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area with average values and 95olc confidence lim-
its in the control ( 15.8 g; 15.2- 16.5) and treatment
(16.2 g; 15.6-16.9), respectively. M. oregoni had
heavier male animals in the control (22.6 g;21.8-
23.4) than the treatment (20.5 g; 19.6-21.5)in 1990.
However, adult male voles tended to be heavier in
the treatmenr (24.I g; 23.5-2,1.7) than control (23.2
gt 22.8-23.5).

At the 1l-year PT study area, populations of
male deer mice in 1990 had similar average body
welghts in the contlol ( 15.6 g; 15.0- 16.3) and treat-
ment (15.0 gi 14.5- I5.4), respectively. Populations
of M. oregoni were also similar in average body

TABLE 2. Successtni pregnancies lbr Pclomr.r.us nankuldtus a l Mi(:rotus orcla i. antl
observcd and expected numbers olJU\cnile( recrurreil inrn conrrul and ire.rtmenr
populalions duri ng I 990 lbr &e 9-year and 1 1 -year pon{reatmenr (pT) srudy arcas.
Pcrcentage ofJuveniles (observed/expected) is given in parentheses.

Control Treatmenl Control TreaLmenr

9 .""ear PT
No. of successful pregnancies
Expected no. of juveniles

Observed no. of juveniles
I I rear PT
No. of successful pregnancies
Expected no. of juveniles

Observed no.  of  juveni les

t 2  6
5.1.0 21.0
40 (7,1.1) 26 (96.3)

1 9  1 9
85.5 85.5
39 (45.6) 44 (51.5)

1 1 0
22.1 32.0
10 (,1.1.6)" 4s (1'+0.6f

1 7
12.8 22.4
s (39. r) 19 (s,t .E)

a-a, l'< 0.01. Values followed by same letrer are significantty dillerenr by Chi square.
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This difference in successional stage precludes the
classification ofthese control-treatment pair\ J\ lrue
replicates (Hurlbert 1984) and our results should
be interpreted accordingly. Although we did not
have similarity of sites and timing of treatments
lbr adequate replication, pre-teatment sampling was
conducted at both study areas and long term re-
sponse data were collected. Thus, two of the three
requirements were met tbr providing accuracy and
predictive power in forestry-wildlite studies
(Lautenschlager 1993).

The g-year PT study continued on the same
contol and treatment sites (l981 to 1985) init ially
rcpo ed by Sull ivan (1990a, b) using exactly the
same grid positions and methods ofintensive sam-
pling of the small nammal communities. In the
ll-year PT study, the control site (1978 to 1980)
had to be changed fiom that reported by Sullivan
and Sull ivan (1981, 1982) to a 30-year-old Dou-
glas-fir stand with a similar history to that of the
treatment. Identical sampling rnethodology (and
grid position for the treatment) was also used for
this study area. Again, however, our results must
be viewed within the context of this confounding
factor of a "new" control.

Another difference between our two study areas
was the June and September applications of herbi
cide. The June application provided pre-treatment
and post ffeatment periods within the summer of 1982
since there was clearly a dramatic change in habitat
during the growing season (Sullivan 1990a). The
mid-September application wa-s at the end of the grow-
ing season and herbicide-induced leaf fall could not
be distinguished trom that occuning natumlly (SulJivan
and Sullivan 1982). Thus, both summers of 1978
and 1979 were considered pre-treatment years for
the I I -year PT study.

Success  ona l  S tage and Herb  c ide
Treatment

Although not documented by data on habitat struc-
ture, our control and featment areas changed dra-
matically as vegetative succession occurred over
the post trcatmentdecade. Most herbicide-induced
changes in herbacaous vegetation persist lbr only
2-.1 1ears. wherca. imfrct' on shrub \pccie. mr)
be considerably longer (Lautenschlager 1990, New-
ton et al. 1992, Freedman et al. 1993. Sull ivan et
a1. 1996a). Habitat alteration from these herbicide
treatments appeared to have little effect on the dis-
tribution and abundance of small mammal popu-

lations in the immediate post-treatment years (Figs.
I and 2; Sullivan and Sullivan 1982. Sullivan 1990a).
Other studies in the Pacitic Northwesthave reported
that the application of several herbicides altered
the species composition of small mammal com-
munities in Oregon one year after treatment (Black
andHooven 1974, 1979). Similar results were ob-
tained tbr glyphosate herbicide in the first year at'-
ter treatment with a retum to prespray conditions
in the second year (Anthony and Morison 1985).
Coleetal. (1996) reported litde change in small [ram-
mal populations after herbicide teatment in hard-
wood conversion areas. Similarly, Runciman and
S ullivan ( 1996) found no signilicant effects of manual
cutting or cut-stump herbicide treatment on small
marmal populations two yea$ post-treatment.

It is likely that post-har"'est successional change
in vegetation has more ofan impact on small mam-
mals than that induced by a herbicide treatment.
Abundance of deer mice was generally similar on
control and treatment areas over the post-teatment
decade in the transition fiom shrub-seedling to pole
sapling to young stand stages. This is not surpris-
r\g as P. mdniculatus occupies many different habi-
tats runging tiom open fields to old growth forests
(Baker 1968).

The higher abundance of Oregon voles on the
ffeatment than contrcl at 9-11 yeius after herbi-
cide application suggests that openings in the plan-
tations encouaged development of understorey herb
and shrub species that persisted through time. ln
1990, M. oregoni populations were, on average,
2.5-3.1 times higher in the pole,sapling (9-year PT)
than young (l l-yearPT) stand. This difference in
vole numbers was also evident between control
(shrub-seedling) and treatment (pole-sapling) sites
in 1978- 1980 (Fig. ,1B, Sull ivan nnd Sull ivan 1982).
The Oregon vole occurs primarily in early succes-
sional stages after logging as well as in the edges
of tinber and abandoned brusbland (Gashwiler 1970,
1972, Hooven and Black 1976, Sull ivan 1980,
Sull ivan and Krebs 1981). Because canopy clo-
sure in our 30-year-old plantations averaged 90clo
(P Sanders, pers. comm.), it is not surprising that
Oregon vole numbers were low. In addition,
Townsend's chipmunks were essentially absent from
these stands, since they prefer high quality habitat
associated with early successional stages after har-
vesting (Tevis 1956, Anthony and Morrison 1985),
mature-old growth forests (Gashwiler 1959,
Rosenberg and Anthony l993), and riparian areas
rn second-growth conit-erous forests (Anthony et
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al. 1987). Where the canopy is opened by stand
thinning or conifer release treatments, understory
development can provide habitat tbr various early
successional species.

Demography and D versi ty

As discussed by Newton et al. ( 1984), it is likely that
small mammals do have sornc glyphosate residues
within their body systems during the post teaturent
period. What, then, arc the potential long{erm (10-
ycar) eff'ects of these residues on demographic at
tributes of small mammals such as the decr mouse
and Oregon vole? Our results suggest that this for
est herbicide did not adversely all'ect reproduction,
surr'ival. or growth of animals in heatment areas a
,le.aJe rlter uppliclt ion. These results are con:i.-
tent witl earlier studies,l ycars post-treatment in
coastal coniterous fbrest (Sullivan 1990b) and 5 years
post-teatment in sub boreal spruce forest (Sullivan
et al., unpubl. rnanuscript).

Species richness and diversity of the small mam-
mal comnunitics showed litt le change over the
decade since teatment. The lower diversity indi-
ces on the prc-treatment in 1979 and post-treat-
ment in 1980 can be linked to low vole nunbers.
Similarly. the lower species diversity on the con-
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