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ABSTRACT

This study examined changes in terrestrial gastropod densities and species 

richness associated with alternative methods of managing competing vegetation on 

regenerating spruce plantations. Data were collected monthly from June to September in 

1995 and 1996, the second and third years following use o f four conifer release 

treatments (herbicides. Vision® and Release®; manual clearing, brushsaw and mechanical 

clearing, Silvana Selective/Ford Versatile) on each of four replicate blocks. A total of 

15,083 terrestrial gastropods, comprising 21 species, was collected from litter surface 

sampling sites (beneath cardboard sheets) over the two years. In 1995, recorded 

gastropod densities were low (4.2 ±  0.2m'^)(Mean ±  S.E.) during an unusually dry 

summer and were similar among all treated and control areas. With wetter conditions in 

1996, these numbers increased on all areas (6.9 ±  0.3 m '^, but were significantly lower on 

areas treated with herbicides (Vision®, 3.7 ± 0.4 m'^; Release®, 3.2 ± 0.3 m'^). This may 

be attributable to variability in near ground temperature and relativity humidity. As well, 

the decreased accumulation of broadleaf litter in these sites may have provided 

inadequate habitat conditions during dry periods. Despite this difference in surface active 

gastropods suggested by cardboard sheet collections, no difference in numbers was 

apparent in a limited number o f soil core samples taken from untreated and Vision® 

treated sites (258 ± 145 and 377 ±221 m*̂ , respectively).

Overall gastropod densities were highest where soil moisture, pH and calcium 

concentraion were highest. Gastropod densities measured by surface sampling cardboard
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sheets were greater on a regenerating plantation than on an unharvested forest and on a 

complete removal plot (CRV), where vegetation was removed a n n u a lly  using Vision® 

(9.4 ± 0.5,6.7 ± 0.4 and 6.4 ± 0.5 m'^, respectively). These differences may be 

attributable to the more abundant near ground vegetation and larger broadleaf component 

o f the litter layer in the regenerating plantation. Species richness was similar among these 

sites, but several species were not collected on all CRV plots.

m
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INTRODUCTION

Conifer release treatments have been employed to reduce the effects of 

competition from undesirable vegetation in young conifer plantations for several decades 

(Stewart et al. 1984; Campbell 1990). Potential reduction in yield and a possible 

increase in rotation time results from the loss of nutrients to competition (Sutton 1969; 

Radosevich and Osteryoung 1987; Freedman et al. 1993). A variety of conifer release 

methods have been practiced, but the use of herbicides is the most popular.

By 1991, Ontario had the largest aerial herbicide program in Canada (Campbell 

1990). In an eight year period (1983-1990), 430,000ha o f forest were sprayed with 

herbicide (Ghebremichael 1993). Despite the high treatment efficacy and cost 

effectiveness of chemical application (Campbell 1984; Bell et al. 1997a), recent public 

concern over the environmental effects of herbicides (Environics Research Group 1992; 

Campbell 1990; Freedman 1991; Burt Perrin Associates 1993) has prompted the search 

for alternative methods to control competing vegetation (Campbell 1991; Wagner 1993). 

Two such alternatives employ mechanical and manual cleaning methods. Mechanical 

cleaning involves the use o f a brush-cutting blade attached to a hydraulic boom and 

mounted on a tractor (Bell et al. 1997a). Manual cleaning involves the use of hand-held 

power brushsaws.

The effects of manual and mechanical methods of conifer release on forest 

ecosystems have not been widely studied (Wagner 1993; Lautenschlager 1993), as they 

are not common operational procedures. Yet, comparisons between these alternative 

methods and the favoured herbicide application currently used in forestry are necessary 

(Campbell 1991) since non-chemical release has the disadvantage of promoting rapid

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



regrowth through sprouting of freshly cut broadleaf trees and shrubs (Campbell 1984; 

Wagner 1993). The effects o f this and other potential responses can be examined using 

indicator species which in turn may reflect larger ecosystem changes.

The potential value of terrestrial gastropods as possible indicators o f ecosystem 

change is worth investigating for several reasons. Ecologically, they are an important 

component of boreal ecosystems (Mason 1970; South 1980; Churchfleld 1984; Digweed 

1993; Lankester and Peterson 1996), and are unique in being relatively immobile and 

therefore slow to vacate or recolonize disturbed sites (Strayer et al. 1986). Thus, changes 

in density and/or richness o f resident gastropod populations may reflect the immediate 

impact of natural or human induced disturbances. Reinink (1979) and Cameron et al. 

(1980) found decreased species richness in recently disturbed sites. However, Hawkins et 

al. (1997) reported no difference in gastropod density or richness one year after conifer 

release treatments, despite significant changes in vegetation.

Distribution o f terrestrial gastropods has been positively correlated with percent 

cover of near ground vegetation (Boag and Wishart 1982). Near ground vegetation and 

the structure o f the litter layer can influence near ground temperature and relative 

humidity (Hunter 1964), by creating a microclimate that differs from ambient conditions. 

Gastropods are most active under moderate near-ground temperatures and moist 

conditions (Boag 1985) that ensure optimal growth, reproduction and mobility (Boycott 

1934; Prior 1985; South 1992). Therefore, changes in microclimate and soil 

characteristics due to alterations in near-ground vegetation may affect the richness and 

abundance of gastropods.

As well as being influenced by vegetation, terrestrial gastropod distribution is also
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influenced by soil chemistry (LocasciuUi and Boag 1987; Gârdenfors 1992). For 

example, calcium (Ca) is important to gastropods, and its availability in soil is affected 

either directly or indirectly by pH. The cation exchange capacity (CEC) o f a soil (organic 

and mineral) is determined by the total negative electrical charge associated mainly with 

colloidal organic matter and clay particles. The CEC refers to the ability o f soil to adsorb 

available cations (Foth 1990; Krause 1991). Acid soil, generally having a lower cation 

exchange capacity, limits the availability o f calcium. Failure o f hydrogen ions to 

dissociate from soil particles in acid soils, especially in organic layers, limits the sites 

available for Ca to bond, resulting in the loss of these cations from the immediate habitat 

(Krause 1991).

Calcium availability in soil is an important component in the survival, 

reproduction and mobility of terrestrial gastropods (Baker 1958; Fournie and Chétail 

1984). Distribution of gastropods is often influenced by soil pH that may limit the 

availability of Ca (Cameron 1973; Walden 1981; Gârdenfors 1992). The Ca necessary for 

shell, egg, slime and epiphragm production is acquired from the soil and vegetation of the 

immediate habitat. Calcium can be absorbed through the epithelium o f the foot or 

ingested as a component of vegetation (Fournie and Chétail 1984). Therefore, by 

affecting available Ca, changes in vegetation and soil resulting from the application of 

conifer release treatments, may in turn affect gastropod populations.

The Fallingsnow Ecosystem Project was initiated in 1993 to study alternatives to 

spraying herbicides as a method of releasing conifer seedlings. This large scale project 

was established as a Randomized Complete Block Design to compare effects of two 

herbicides (Vision* and Release®) and two non-herbicide (brushsaw and Silvana
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Selective) methods with a control area (10 year old regenerating conifer plantation). 

Hawkins et al. (1997) measured the density and richness o f terrestrial gastropod 

populations one year before and after competing vegetation had been treated and found no 

apparent adverse effects. The present study continues to compare terrestrial gastropod 

populations two and three years post-treatment and examines associated soil and 

microclimatic conditions. In addition, gastropod populations in plots sprayed annually 

with Vision* herbicide and in plots within an unharvested forest (100 years old) were 

compared with those in the regenerating conifer plantation.
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MATERIALS AND METHODS 

Study area

The study area was located in Fraleigh Township (48*08' N, 89*47’ W), about 60 

km southwest o f Thunder Bay, Ontario, within the Great Lakes-St. Lawrence Forest 

Region (Rowe 1972). Within each of four replicate blocks, four experimental treatments 

and a control were assigned in a Randomized Complete Block Design (RCBD). The 

blocks, ranging in size from 27.8 to 52.4 ha, were surveyed and a 60 x 60 m grid pattern 

staked out in an alpha-numeric coordinate system, oriented north-south and east-west 

(Bell et al. 1997a).

Each block had been harvested and replanted prior to the initiation of the study 

(Table 1). Prior to harvesting. Blocks 1 and 4 were primarily coniferous and Blocks 2 

and 3 broadleaf. All blocks were planted with either Picea mariana (Mill)B.S.P. and/or 

Picea glauca (Moench) (black/white spruce).

Block 1 was situated on a south facing slope and had shallow, sandy loam soils 

with highly variable drainage. Block 2 was situated on a south-east facing slope, had well 

drained clay loam soils and was 170 m higher in altitude than the lowest block (Block 3) 

(380 vs. 550 m above sea level). Block 3 was situated on a south facing slope and had 

relatively deep silty soils with imperfect drainage. Block 4 was also situated on a south- 

facing slope and had relatively deep clay soils with moderate to poor drainage (Bell et al. 

1997a).

The conifer release treatments included one of two chemical herbicides 

(glyphosate [Vision*] or triclopyr [Release*]) applied aerially by a Bell 206 helicopter. 

Vegetation was cut by mechanical means using either the Silvana Selective/Ford
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Table 1. Harvesting and silvicultural history of the four experimental blocks o f the 
Fallingsnow Study Area.*

Block Previous stand 
composition^

Study area 
(to)

Year of 
harvest

Stand age at 
harvest (yr)

Year and method 
of site preparation

Year and 
species planted

1 PojSwiBfjSb,
Bw,A,

37.9 1986/1988 77-79 1990-Power disc 
trencher

1991-black
spruce

2 PoJBfzBwiSw, 27.8 1987 100 1989-Young’s
teeth

1990-white
spruce

3 PO,o 52.4 1985 74 1986-Trencher 1987-white & 
black spruce

4 Pj.Po,Bf, 29.3 1987 84 1988-Young’s
teeth

1989-white
spruce

* after Bell et al. 1997a 
" P03 = 30% trembling aspen 
Sw; = 20% white spruce 
Bf  ̂= 20% balsam fir 
Sb, = 10% black spruce 
Bw, = 10% white birch 
A, = 10% ash 
Pjg = 80% jack pine
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Versatile or motor-manual cutting with brushsaws (Stihl FS420 and Husquavama 

Professional). Vision® and Release® were applied at 1.5 kg [a.e.] ha"' and 

1.9 kg [a.e.] ha ', respectively, on August 16, 1993. The brushsaw treatment was done 

between October 12 and 22, 1993, and the Silvana Selective/Ford Versatile treatment 

between October 19 and November 5, 1993.

In addition, a complete removal Vision® plot (CRV plots=30 m x 30 m) was 

located within the Vision® treatment area on each of the four experimental blocks. All 

broadleaf plants were removed aimually by the herbicide treatment in late summer - early 

autumn after the conifers had hardened off. This was accomplished by two applications 

of Vision® at 2.0 kg [a.e.] ha ' using a Solo backpack sprayer (W. Bell, unpublished data, 

Ontario Forest Research Ins^’**«te).

Gastropod collection

Gastropods were collected during the second and third summers (1995 and 1996) 

following treatments. A total of 20 unwaxed cardboard sheets, each measuring 0.85 m’, 

were placed in a systematic-random fashion, 10 - 30 m apart, along three transects 

(chosen randomly by Hawkins et al. 1996) in each treatment area (7 + 6 + 7 sheets x 5 

treatment areas x 4 blocks = 400 sheets total).

All four blocks were sampled each month from June-September. Monthly 

sampling was conducted, as much as possible, only during or following a rainy period. In 

1995, samples were collected within a 4-9 day period on June 20-23, July 5-10, July 26- 

August 1 and August 30-September 7 and in 1996, within 4-16 days on June 24-27, July 

9-15, July 31 -August 15 and September 3-11. Sampling of a block began at dawn and
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was completed by 1300 hrs. Gastropods beneath each cardboard sheet (as well as any 

on top) were identified, counted and removed. Sheets were then repositioned Im fi-om 

the previous location, weighed down with rocks or logs and sampled again the following 

month.

To study the effect o f repeated removal o f the herbaceous layer on gastropod 

populations ten cardboard sheets were placed in a systematic-random fashion (10 - 20 m 

apart) in each CRV plot and sampled the same day as the entire block (only in August and 

September of 1995, but in each of the four sampling periods o f 1996).

The gastropod species compostion and abundance on each regenerating 

experimental block were compared with those on an adjacent unharvested forest site. 

Typically, each unharvested forest site had a closed canopy and tree species similar to 

those thought to have been present prior to harvesting in the mid 1980’s. Twenty 

cardboard sheets were placed on two transects (10 + 10) on the sites adjacent to blocks 2 

and 3, and on three transects (7 + 6 + 7) on the sites adjacent to blocks 1 and 4. 

Unharvested forest sites were sampled on the same day as experimental blocks.

In addition to using cardboard sheets, an indépendant estimate o f gastropod 

density was obtained in 1996 using a soil core sampling method. Nine soil cores were 

extracted firom a 1 m^ quadrat in each of four areas (untreated contol. Vision®, CRV and 

unharvested forest on block 3) using a metal coring device measuring 8 x 7 x 10 cm 

(Hawkins et al. 1996). The samples were placed in polyethylene bags and stored in an 

environmental chamber at 20 °C until later examination (1-14  days). A soil sample was 

taken from each quadrat and analyzed within three days to determine moisture and pH. 

Temperature and relative humidity was measured every three hours using continuous data
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loggers at 2 m (ambient), 0.25 m (near ground) and -0.05 m (duff) above the forest floor 

at each sampling quadrat. Mean, maximum and minimum values were recorded for each 

time interval. Data were recorded in the CRV plots using temperature and relative 

humidity Stowaways (Onset Computer Corp., ) and in the Vision, unharvested forest and 

untreated control as described in Reynolds (1996).

Extraction of terrestrial gastropods from soil cores was accomplished in two steps. 

Individual samples were placed in a large container and sprayed with a jet o f water to 

break apart the soil core. After settling, floating organic matter was removed from the 

surface. A preliminary study determined that finely divided floating material contained 

no live gastropods.

The remaining mineral soil was washed through 4 selves o f decreasing screen size 

(12.5,2.0, 1.4,1.0 mm) and examined systematically 3-5 times for live gastropods using 

an illuminated magnifying lens. Shells were removed from the screens and examined 

using a dissecting microscope at 16x to detect living tissue or movement. The number of 

empty gastropod shells found in the sediment and those removed with the floating 

material were noted but not included in density estimates.

Gastropods were identified using Pilsbry (1939-1948), Oughton (1948), and 

Burch (1962). Those species too small to be identified in the field were preserved in 

glycerin-alcohol (10% glycerin in 70% ethanol) and identified later under a dissecting 

microscope at 16x. Voucher specimens were sent to the Royal Ontario Museum, Toronto, 

where identifications were confirmed.
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Soil analysis

Soil samples (IS x 15 x 15 cm deep) were collected during each gastropod 

sampling period within 2 m o f  every other cardboard sheet on all control areas and CRV 

plots. Four samples were collected from each of the three transects and 5 from each CRV 

plot (17 total X 4 blocks). A soil sample was also collected at the ends of each transect in 

the unharvested forest (4 or 6 total). Organic samples typically consisted of L / F / H 

layers, however, mineral soil was highly variable among locations. The organic and 

mineral layers were separated in polyethylene bags, labelled and refrigerated I to 3 days 

until processing.

Gravitational water was measured by weighing field moist samples before and 

after oven drying at 105 °C for 48 hours. Percent moisture was calculated by expressing 

weight loss of the sample as a percentage of the oven dry weight. The remainder of the 

sample was air dried (48 hours), sieved through a 2 mm screen and the soil acidity (pH) 

measured by suspending a 10 g sample in a 0.01M CaClj solution (soil-to-solution ratio 

of 1:2 for mineral soils; 1:4 for organic soils). Available cations were measured using 

inductively coupled plasma (TCP) analysis of ammonium acetate extractions (1995 

samples only) (Kalra and Maynard 1991).

Statistical analysis

In all tests, the maximum probability of a Type -I error was set at p< 0.05 (unless 

otherwise stated). Individual species analysis were performed only on those that 

exceeded 2% of the total collected.

Gastropod densities (numbers m'^) recorded from the four blocks were analysed

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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using a repeated measures analysis o f variance to test for differences between treatments 

throughout the 4 sampling periods in 1995 and 1996 (Norusis 1992a; Gumpertz and 

Brownie 1993). Interval means were used in a 1-way ANOVA followed by a Bonferroni 

multiple comparison to identify overall treatment differences in 1995 and 1996.

Individual 1-way ANOVA’s were performed as a multiple comparison (with a 

Bonferonni correction) to identify treatment differences among blocks in 1996 (Howell 

1997). Data were first normalized using a log,o (x + 1) transformation in 1995 and 1996.

Overall gastropod densities from each block were tested using a I-way ANOVA 

for each separate sampling period followed by Tukey’s HSD test in 1995 and 1996 (Zar 

1984). A Wilcoxon Rank Sum test was used to measure differences in gastropod 

densities between untreated control (UC) and complete removal Vision® plots (CRV) in 

1995. The same analysis was used in 1996 to compare gastropod densities among UC, 

CRV and unharvested forest sites (UF). Differences in soil core gastropod densities 

between Vision®, CRV, UF and UC sites were tested using a Kruskal-Wallis 1-Way 

ANOVA in 1996 (Bradley 1968; Norusis 1992b) since the data did not meet the 

requirements for ANOVA.

Soil moisture, pH and Ca were tested among blocks and treatments using a 1-way 

ANOVA (Zar 1984). Data were normalized using either a square root, log,o or 

logio (x + 1) transformation to meet the assumptions of normality and homogeneity of 

variance. Raw data on pH were first converted to concentration of hydrogen ions and 

then transformed using a -l(ln) transformation. A linear regression was performed to test 

gastropod density vs. available Ca concentration in organic and mineral soil (Zar 1984; 

Howell 1997).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RESULTS

Totals of 5,825 and 9,258 terrestrial gastropods were collected fix>m the 4 blocks 

over the 4 monthly sampling periods during the summers o f 1995 and 1996, respectively 

(Appendix 1-5). Twenty species were represented in total, including 18 species of snails 

and 2 species of slugs (Table 2) comprising 79.3% and 21.7% of the total gastropods 

collected in 1995 and 76% and 24% in 1996, respectively (Table 3). Some species were 

not recorded on all blocks (Carychium exile canadense, Striatura exigua. Vertigo ovata, 

and Punctum minutissimum). Mean gastropod densities estimated, using the cardboard 

sheet sampling method, varied among years and blocks (Figure 1) from 2.5 ± 0.9 m'^ on 

Block 4, to 6.1± 1.8 m'^ on Block 3 in 1995 and 4.4 ±  0.3 m'^ on Block 4, to 10.3 ± 0.5 

m'  ̂on Block 3 in 1996.

Total summer precipitation varied between years being much less in 1995 than in 

1996 (270 and 343 mm, respectively; Appendix 6)(P. Reynolds unpublished data, 

Canadian Forest Service). Precipitation also varied throughout both summers (Appendix 

1). June was the driest (11.75 and 68 mm total) and July was the wettest (117.5 and 

133.5 mm total) in 1995 and 1996 (Figure 2A). However, rainfall accumulation was 

greater and more frequent in 1996, with a large amount in early July (Figure 2B).

Overall gastropod totals and densities (mean of all four blocks) varied among the 

4 monthly sampling periods in both 1995 and 1996, being lowest in June (0.8 ± 0.1 m'  ̂

and 0.3 ± 0.04 m‘̂ , respectively), and increasing rapidly in July (6.1 ± 0.3 m'  ̂and 6.6 ±

0.3 m *, respectively)(Table 4). In 1995, densities declined in August (4.5 ± 0.3 m'^) and 

increased again in September (5.7 ± 0.3 m'^) but in 1996, densities continued to increase

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2. Total numbers of terrestrial gastropods collected using cardboard sheets from 
each of the four experimental blocks at the Fallingsnow Study Area in the summers of 
1995 and 1996.

1995 1996

Block Block

1 2 3 4 Total 1 2 3 4 Total

Zontioides arboreus 450 499 590 232 1771 227 223 391 132 973

Deroceras laeve 233 429 368 179 1209 765 547 783 279 2374

Succmea ovajis 22 163 229 166 580 88 200 358 225 871

Euconulus Julvus 60 249 235 33 577 260 368 203 169 1000

Sirobilops tabyrimhica 83 123 106 85 397 53 69 55 54 231

Ducus cronkhnet 94 84 75 24 277 112 140 162 55 469

Vitrtna limpida 13 97 95 5 210 383 322 1105 91 1901

Anguispira allernala 8 45 101 51 205 73 132 130 172 507

Cochlicopa lubrtca 18 17 63 7 105 26 9 110 16 161

Striatura mtltwn 1 37 57 25 120 8 7 31 112 158

yerligo gouldi 10 33 33 8 84 36 16 15 30 97

Zoagenetes harpa 2 30 28 22 82 46 66 47 59 218

Palltfera dorsalis 11 8 30 12 61 16 29 27 39 111

Vertigo modesta 10 19 17 2 48 10 12 41 27 90

Coliunella edemtda 19 17 6 2 44 18 11 6 21 56

Vertigo ovata 0 3 19 0 22 0 2 0 1 3

Gastrocopta tappaniana I 2 11 7 21 3 7 3 0 13

Striatura extgua 0 2 4 1 7 8 1 0 3 12

Punctum minutissimum 0 0 3 0 3 0 0 0 0 0

Carychium exile canadense 0 0 2 0 2 I 0 0 0 1

Pupisoma minus 0 0 0 0 0 5 1 1 5 12

Total 1035 1857 2072 861 5825 2138 2162 3468 1490 9258

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 3. Frequency (% o f  total) of terrestrial gastropod species in 1995 and 1996 from the 
experimental blocks and complete removal Vision* plots (CRY) on all four experimental 
blocks at the Fallingsnow Study Area.

Experimental block Complete removal Vision*

Species 1995 1996 1995 1996

Zonitoides arboreus 30 10.5 14.8 19.3

Deroceras laeve 21 25.6 22.6 13.5

Succinea ovalis 10 9.4 7.1 5.1

Euconulus fulvus 10 10.8 4.5 15.1

Sirobilops labyrinthica 7 2.5 15.5 25.5

Discus cronkhitei 5 5.1 11.6 5.1

Vitrina limpida 4 20.5 1.3 1.3

Anguispira alternata 4 5.5 3.2 3.6

Cochlicopa lubrica 1.8 1.7 0 1.3

Striatura milium 2 1.7 2.6 2.4

Vertigo gouldi 1 1 6.5 1.4

Zoogenetes harpa 1 2.4 0 0.9

Pallifera dorsalis 0.7 1.2 1.3 1.6

Vertigo modesta 0.8 1 3.2 0.2

Columella edentula 0.7 0.6 0.6 1.5

Vertigo ovata 0.3 0.03 0 0

Gastrocopta tappaniana 0.3 0.1 6.5 1.3

Striatura exigua 0.1 0.1 0.6 0.7

Punctum minutissimum 0.05 0 0 0

Carychium exile canadense 0.03 0.01 0 0.1

Pupisoma minus 0 0.1 0 0.1

Total 100 100 100 100

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 1. Mean (± S.E.) annual summer densities of terrestrial gastropods from 1993 to 
1996 on the Fallingsnow Study Area (data for 1993 and 1994 from Hawkins et al. 1997)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2. Summer rainfall events from 1995 and 1996 (A) and cumulative summer 
rainfall from 1994-1996 on Block 3 of the Fallingsnow Study Area (B) (after Reynolds 
1996).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 4. Gastropods collected using cardboard sheets at the Fallingsnow Study Area 
during the summers of 1995 and 1996.

Sampling period Total gastropods * Mean gastropod density (m'^)

1995 1996 1995 1996

June 271 107 0.8 ± 0.1 0.3 ± 0.04

July 2078 2300 6.1 ±0.3 6.6 ± 0.3

August 1532 3419 4.5 ± 0.3 10.1 ± 0 .4

September 1944 3432 5.7 ± 0.3 10.7 ± 0.4
* totals and densities represent specimens collected from all four blocks during each 
sampling period

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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throughout the summer.

There were also differences in gastropod densities among blocks at each sampling 

time. These differences were greatest during the August and September sampling periods 

(p < 0.000l)(Figure 3A). In 1995, late summer densities on Block 2 and 3 remained the 

same or increased slightly, whereas densities on Block 1 and 4 decreased. Generally, in 

1996, gastropod densities increased throughout the summer, with those on Block 3 

exceeding all others in August and September (p < 0.000l)(Figure 3 B).

In 1995, gastropod densities did not differ significantly among the 4 conifer 

release treatments and the untreated control area in each experimental block. However, in 

1996, significant overall treatment differences were detected among the 5 areas 

(p = 0.007). Densities on untreated control areas were significantly greater than on 

Vision® (p = 0.03) and Release* treated areas (p=0.008), but did not differ firom brushsaw 

and Silvana selective treatments (Figure 4). Analyses of individual gastropod species 

showed treatment, time and treatment x time differences in both 1995 and 1996 (Figure 

5)(TabIe 5).

These differences also varied among the four sampling periods (p=0.0246) and 

across experimental blocks (Figure 6)(Table 6). The June sampling period produced low 

gastropod densities across all treatments and blocks. However, densities increased in the 

following three sampling periods. In general, imtreated control areas had high gastropod 

densities across all 4 experimental blocks. Gastropod density was also high on the 

brushsaw area on Block 1, Silvana Selective on Blocks 2 and 3 and Vision® on Block 4.

Overall mean summer densities on CRV plots and unharvested forest sites, 

estimated using cardboard sheets, were lower than on untreated controls in both 1995 and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 3. Mean (± S.E.) terrestrial gastropod density on all four experimental blocks from 
each sampling period in 1995 (A) and 1996 (B) from the Fallingsnow Study Area.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4. Mean (± S.E.) terrestrial gastropod density from all four conifer release 
treatments and untreated control areas in 1995 and 1996 from all experimental blocks at 
the Fallingsnow Study Area. Bars headed by the same letter are not significantly different 
within each year at/? < 0.05.
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Figure 5. Mean densities (± S.E.) of each of the 9 most common species o f terrestrial 
gastropod in the four conifer release treatment areas and the imtreated control in 1995 (A) 
and 1996 (B). \D.\.=Deroceras laeve; Z.a. =Zonitoides arboreus; D.c.=Discus cronkhitei; 
S.l.=Strobilops labyrinthica; EI=Euconulus fulvus; A.?c=Anguispira altemata; 
S.o.=Succinea ovalis; V.\.=Vitrina limpida; S.m.=Striatura milium; Z.h.=Zoogenetes 
harpa]
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Table 5. F-statistics and /7-values of main treatment and interaction effects, calculated from repeated measures ANOVA, for the total 
number of gastropods and each of the 9 most common species in 1995 and 1996.

1995 1996

Treatment Time Treatment x Time Treatment Time Treatment x Time

Total F»=i.89./7=0.i77 F»=16.83./7<0.0I* F ‘=I.07,/7=0.41I F=5.9,/7=0.0071* F=6I,7,/7<0.01* F=2.34,/7=0.02*

Deroceras laeve F=4.73,y7=0.0!6* F=38.479.y7<0.0l* F=3.45tj=0.002* F=4.09t7=0.026* F=23.477<0.01* F=0.74,/7=0.706

Zonitoides arboreus F=1.447,/>=0.2784 F=96.997t7<0001* F=1.38,/7=0.2185 F=3.01577=0.062 F=18.85./7<0.01* F= 1.4877=0 .176

Discus cronkhitei F=I.589,/J=0.2402 F=4.46,/7=0.0352* F=I.798,/j=0.086 F=8.63,/7=0.002* F=II.8577<0.0I* F=1.24,/7=0.295

Euconulus fulvus F= 1.779,^=0.1979 F=27.68l,/)<0.00* F=0.96,/7=0.5016 F=6.85,/7=0,004* F=25.41,/7<0.01* F=4.9777<0.01*

Zdogenetes harpa F=0.47,/7=0.7606 F=25.25./7<0.01* F= 1.07,^7=0.416

Stobilops labyrinthica F=2.558,/7=0.093 F=7.58,^7=0.0078* F=2.04,/7=0.049* F=2.043,/7=0.152 F=I6.977<0.01* F=0.998,/7=0.47

Anguispira alternata F=3.2495,p=0.050 F=12.07,/7=0.002* F=2.602,/;=0,01* F=1.22,/7=0.3541 F=I0.9t7<0.05* F=0.91,/7=0.546

Succinea ovalis F=7.997j7=0.002* F=42.43,/7<0.00I* F=4.864t7<0.01* F=4.1877=0 .024* F=II.077<0.05* F= 1.7777=0.092

Vitrina limpida F=4.1677=0.0242* F=44.2t7<0.001* F=3.51,p=0.002* F=2,21877=0 .128 F=6.76,/7=0.01* F=1.52,/7=0.163

Striatura milium F=0.555t7=0.6997 F=9.897,p=0.003* F=0.49,/7=0.9074
♦ significant atp< 0.05
*F distribution with 4 and 12 degrees of freedom
* F distribution with 3 and 9 degrees of freedom 
*F distribution with 12 and 36 degrees of freedom
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Figure 6. Mean (± S.E.) densities of terrestrial gastropods from all four conifer release 
treatments and untreated control areas during each sampling period in 1996 from each 
experimental block at the Fallingsnow Study Area. Bars headed by the same letter are not 
significantly different within each block and sampling period at/? < 0.05.
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Table 6. F-statistics and p-values of 1 -way ANOVA multiple comparisons for treatment effects based on total gastropod densities 
throughout the 4 sampling periods in 1996 within each experimental block of the Fallingsnow Study Area.

Sampling
period

Block 1 Block 2 Block 3 Block 4

June F|4,95) =2.47; p  = 0.049 Fi4 9s, = 1.69; p = 0.157 =4.33; p = 0.003 i^|4,95|=i-33;p = 0.263

July 1̂4,95) “4-32; p = 0.003 F(4,5| =5.43; p < 0.001 F,4 95i =8.06; p  < 0.001 F|4 95| =6.6; p < 0.001

August F|4„ , =12.59; p  < 0.001 ^14.92) =4.463; p  =  0.002 F,4 941 =2.098; p  = 0.087 F(4 95| =6.54; p  < 0.001

September Fi4 9|,=15.24; p  < 0.001 ^14,851 =7.136; p  < 0.001 F|4,86i =4.47; p = 0.003 F|49o) =10.55; p  < 0.001

wo
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Table 7. Mean densities (± S.E.) of terrestrial gastropods in 1995 and 1996 from the imtreated 
control, complete removal Vision® (CRV) and unharvested forest site on each of the four 
experimental blocks at the Fallingsnow Study Area.

Block Untreated Control CRV Unharvested Forest

1995 1996 1995 1996 1995 1996

I 3.5 ±0.4 8.9 ± 0.9 1.8 ± 0.4 11.0 ± 1.1 *n/a 9.3 ± 1.0

2 5.8 ± 0.6 8.7 ± 0.9 2.7 ± 0.7 3.2 ± 0.4 n/a 7.1 ±0.7

3 9.1 ±0.9 12.9 ± 1.3 2.7 ±0.9 6.7 ± 1.1 n/a 6.1 ± 0.8

4 3.6 ± 0.5 7.3 ± 0.8 1.8 ±0.5 4.5 ± 0.7 n/a 4.0 ± 0.5

Total 5.7 ±0.5 9.4 ± 0.5 2.3 ± 0.3 6.4 ± 0.5 n/a 6.7 ± 0.4
* Terrestrial gastropods were only collected from the unharvested forest during 1996
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1996 (p < 0.0001,/? = 0.001, respectively) (Table 7). Densities also varied among the 

experimental blocks in both years and not all species were collected on all blocks (Table 

8 and 9; Appendix 8 and 9).

Gastropod densities estimated from soil cores were similar among Vision®, CRV, 

unharvested forest and untreated control sites in 1996 and ranged from 178.57 ± 112.64 

m * on CRV plots to 376.96 ± 221.29 m * on Vision® plots (Table 10). Density estimates 

based on individual soil cores ranged from 0 - 1428.56 m'^. Soil moisture and pH in the 

organic layer were highest in the unharvested forest site and lowest in the CRV plot, but 

moisture and pH in mineral soil were highest in mineral soil in the Vision® and untreated 

control, respectively and lowest in the unharvested forest (Appendix 9).

Soil moisture was variable among the four experimental blocks and among the 

four sampling periods in 1995 and 1996 (Figure 7)(Table 11 and 12). Generally, in both 

1995 and 1996, Blocks 2 and 4 were drier than Blocks 1 and 3. Moisture levels in both 

organic and mineral soils were higher in 1996. Overall, moisture levels were similar 

among the imtreated control, CRV and unharvested forest. However, soil moisture was 

significantly greater in the unharvested forest organic layer on Block 1 than on the 

untreated control and CRV (p = 0.0119) (Figure 8), but that in the mineral soil layer was 

similar among these treatments across all blocks.

Within each block, organic soil pH was similar among CRV and untreated control 

areas in both 1995 and 1996. However, treatment differences existed in mineral soil on 

Block 3 (p = 0.04) in 1995 and Block 2 in 1996 (Figure 9 and 10). Organic and mineral 

soil pH in the unharvested forest varied among blocks, but was generally more acidic than 

the other treatments. Organic soil pH was usually higher than mineral soil pH, regardless

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 8. Total numbers o f each gastropod species collected from complete removal Vision* 
plots (CRV) within the four experimental blocks at the Fallingsnow Study Area in 1995* and 
1996.

Species

1995 1996

Block Block

1 2 3 4 Total 1 2 3 4 Total

Zonitoides arboreus 7 8 7 1 23 97 25 16 29 167

Deroceras laeve 3 24 5 3 35 45 38 21 13 117

Succinea ovalis 4 3 2 2 11 14 10 11 9 44

Euconulus fulvus 1 I 3 2 7 68 10 41 12 131

Sirobilops labyrinthica 1 0 13 10 24 74 4 86 57 221

Discus cronkhitei 12 5 I 0 18 24 5 8 7 44

Vitrina limpida 0 0 2 0 2 4 4 3 0 11

Anguispira alternata 0 2 2 1 5 10 5 2 14 31

Cochlicopa lubrica 0 0 0 0 0 11 0 0 0 11

Striatura milium 0 0 3 1 4 5 0 11 5 21

Vertigo gouldi I I 2 6 10 3 0 8 1 12

Zdogenetes harpa 0 0 0 0 0 3 0 5 0 8

Pallifera dorsalis 1 1 0 0 2 13 0 0 1 14

Vertigo modesta 0 2 2 1 5 0 0 0 2 2

Columella edentula 0 0 I 0 1 6 0 5 2 13

Vertigo ovata 0 0 0 0 0 0 0 0 0 0

Gastrocopta tappaniana 0 0 3 4 7 2 0 7 2 11

Striatura exigua 0 0 1 0 1 1 0 5 0 6

Punctum minutissimum 0 0 0 0 0 0 0 0 0 0

Carychium exile canadense 0 0 0 0 0 0 0 1 0 1

Pupisoma minus 0 0 0 0 0 0 0 1 0 1

Total 30 47 47 31 155 380 101 231 154 866

♦ collected in June, July, August and September sampling periods in 1996, but only in August 
and September in 1995
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Table 9. Total numbers of terrestrial gastropods collected using cardboard sheets from the 
unharvested forest site on each of the four experimental blocks of the Fallingsnow Study Area 
during the summer o f 1996.

Block

Species 1 2 3 4 Total

Zonitoides arboreus 94 76 80 46 296
Deroceras laeve 53 39 16 14 122
Succmea ovalis 11 13 2 15 41
Euconulus fulvus 91 68 39 20 218
Sirobilops labyrinthica 47 15 44 25 131
Discus cronkhitei 178 113 73 51 415
Vitrina limpida 19 18 10 9 56
Anguispira alternata 25 33 68 37 163
Cochlicopa lubrica 16 12 13 1 42
Striatura milium 8 0 2 3 13
Vertigo gouldi 14 2 0 5 21
Zoogenetes harpa 25 23 8 16 72
Pallifera dorsalis 6 10 2 3 21
Vertigo modesta 6 3 0 5 14
Columella edentula 9 3 5 1 18
Vertigo ovata 0 0 0 0 0
Gastrocopta tappaniana 9 0 0 0 9
Striatura exigua 3 0 4 5 12
Punctum minutissimum 0 0 1 2 3
Carychium exile canadense 2 0 0 0 2
Pupisoma minus 0 0 0 0 0
Total 616 428 367 258 1669
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Table 10. Mean densities (± S.E.) of terrestrial gastropods (m )̂ extracted from soil cores taken from Block 3 of the Fallingsnow Study
^ Area in 1996.

Species Vision® CRV UF UC *p-value

Zonitoides arboreus 119.04 ±66.55 0 119.04 ±66.55 59.52 ±42.09 p  = 0.10

Sirobilops labyrinthica 138.88 ±65.05 119.04 ±66.55 39.68 ±26.25. 79.36 ±31.37 p -  0.48

Cochlicopa lubrica 19.84 ± 19.84 0 0 0 p  = 0.39

Striatura milium 59.52 ± 42.09 39.68 ± 26.25 39.68 ± 26.25 79.36 ±31.37 p  = 0.71

Vertigo gouldi 0 0 0 19.84 ± 19.84 p  -  0.39

Zdogenetes harpa 0 0 0 19.84 ±19.84 p  = 0.39

Columella edentula 39.68 ± 26.25 0 0 0 p  = 0.10

Striatura exigua 0 0 19.84 ±19.84 0 p  = 0.39

Carychium exile canadense 0 19.84 ± 19.84 0 0 p  = 0.39

Overall Mean 376.96 ±221.29 178.57 ±112.64 218.25 ± 138.89 257.93 ±144.51 p  = 0.43
*p-values based on a Kruskal-Wallis 1-way ANOVA.
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Figure 7. Mean (± S.E.) soil moisture levels recorded from untreated control areas on all 
four experimental blocks in 1995 and 1996 from the Fallingsnow Study Area. Labels on 
x-axis refer to June (J), July (J), August (A) and September (S).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 11. Mean (± S.E.) soil moisture levels (%)totals from untreated control areas on each of the 
four experimental blocks (all four sampling periods combined) of the Fallingsnow Study Area in 
1995 and 1996.

1995 1996

Organic Mineral Organic Mineral

Block I 115.7 ±7.8 26.6 ± 1.7 264.4 ±22 .1 79.5 ± 12.1

Block 2 78.5 ± 6.7 22.5 ± 1.0 154.1 ± 18.2 61.1 ± 10.4

Block 3 119.6 ± 12.6 25.9 ±3.8 190.9 ±15.4 19.5 ±  1.6

Block 4 95.2 ±9.7 34.2 ± 7.0 147.5 ± 13.3 28.7 ± 1.9

Mean total 102.3 ±92 27.3 ± 3.4 189.2 ± 17.3 47.2 ± 6.5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 12. Mean (± S.E.) soil moisture levels (%) collected from imtreated control areas during 
each sampling period (all four block combined) in 1995 and 1996 from the Fallingsnow Study 
Area.

1995 1996

Organic Mineral Organic Mineral

June 55.4 ± 6.8 26.7 ± 9.3 88.9 ± 9.2 26.8 ± 4.0

July 151.2 ± 12.0 29.8 ±1.5 234.5 ± 13.3 38.5 ±4.0

August 103.0 ±8.3 28.9 ±3.7 297.4 ± 22.9 104.8 ± 13.9

September 122.5 ± 8.3 23.3 ± 1.3 160.4 ± 12.2 27.4 ± 2.3

Mean total 108.0 ±8 .9 27.2 ± 4.0 195.3 ± 14.4 49.4 ±6.1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 8. Mean (± S.E.) soil moisture levels from complete removal Vision® (CRY), 
unharvested forest (UF) and untreated control (UC) areas on all four experimental blocks 
of the Fallingsnow Study Area in 1996. Bars headed by the same letter are not 
significantly different within each block a t/7 < 0.05.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



41

400
Block 1

350

300

2 250
3
%
O
E

200

150o
CO

100

CRV UF UC

Block 2

Mineral

CRV UF UC

2
3

O
E
o

CO

Block 3 Block 4

CRV UF UC CRV UF UC

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



42

Figure 9. Mean (± S.E.) pH values from the complete removal Vision* (CRV) and 
untreated control (UC) in 1995 on each o f the four experimental blocks of the 
Fallingsnow Study Area. Bars headed by the same letter are not significantly different 
within each block at p<0.05.
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Figure 10. Mean (± S.E.) pH values recorded from the complete removal Vision® (CRV), 
unharvested forest (UF) and untreated control (UC) in 1996 on each of the four 
experimental blocks of the Fallingsnow Study Area. Bars headed by the same letter are 
not significantly different within each block at p<0.05.
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of treatment.

Available Ca concentration did not differ significantly among the four 

experimental blocks (Figure 11), but both organic and mineral soil Ca concentrations 

were slightly higher on Block 3. Calcium on untreated control and CRV plots varied 

among blocks (Figure 12). On Block 1, mineral soil Ca was higher in untreated control 

areas than in CRV plots {p = 0.0096). However, on Block 2, organic soil Ca was greater 

in CRV plots than in untreated control areas (p = 0.0158). Calcium concentrations were 

similar between untreated control areas and CRV plots on Blocks 3 and 4. No 

relationship existed between gastropod density and available Ca concentrations in organic 

or mineral soil (Figure 13).

Microclimatic conditions varied among the 4 areas in which gastropod soil cores 

were collected (Vision®, complete removal Vision®, untreated control, unharvested 

forest). Overall ambient (2 m) and near ground (0.25 m) temperatures were highest in the 

CRV plot (Table 13 A-D). Overall ambient and near ground relative humidity was lowest 

in the Vision® area. Duff soil temperatures were lowest in the unharvested forest and 

highest in the CRV plot. Fluctuations in temperature and relative humidity over 24 hours 

were greatest on CRV and Vision treatments (Figure 14-15). Differences between 

ambient and near-ground temperature were greatest on treated sites. In contrast, relative 

humidity differences between ambient and near ground locations were greater on 

untreated sites. Temperature and relative humidity were inversely related across the four 

areas.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 11. Mean (± S.E.) available calcium levels from organic and mineral soil samples 
collected in 1995 from all four experimental blocks of the Fallingsnow Study Area. Bars 
headed by the same letter are not significantly different within each block at p  < 0.05.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 12. Mean (± S.E.) available calcium levels from the untreated control (UC) and 
complete removal Vision® (CRV) on each experimental block from the Fallingsnow 
Study Area in 1995. Bars headed by the same letter are not significantly different within 
each block at ;K0.05.
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Figure 13. Scattergram o f gastropod density and available calcium levels measured from 
organic (A) and mineral (B) soil samples collected from all four experimental blocks of 
the Fallingsnow Study Area in 1995.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 13 A. Microclimatic conditions in the complete removal Vision* plot from August 1-31
1996, on Block 3 o f the Fallingsnow Study Area.

Time

Ambient (2m) Near ground (0.25m) Duff
(-5cm)

Temp.(“C) RH(%) Temp.(“C) RH(%) Temp.(“C)

0:00-2:59 14.1±0.13 95.4±0.49 11.7±0.15 97.7±0.35 16.3±0.1

3:00-5:59 12.7±0.09 97.6±0.45 10.2±0.12 99.3±0.19 15.4±0.1

6:00-8:59 13.7±0.12 95.9±0.48 11.3±0.13 98.8±0.24 14.8±0.1

9:00-11:59 21.2±0.11 74.1±1.11 21.7±0.14 72.4±1.1 16.5±0.13

12:00-14:59 24.3±0.12 59.7±1.0 27.0±0.15 52.6±1.1 21.5±0.16

15:00-17:59 24.9±0.11 58.2±01.2 29.1±0.19 50.2±1.2 22.5±0.17

18:00-20:59 21.0±0.14 69.4±1.2 21.3±0.17 68.4±1.2 20.4±0.13

21:00-23:59 15.2±0.12 92.5±0.6 13.1±0.13 93.9±0.4 17.7±0.1

Overall 18.4±0.7 80.32±0.5 18.16±0.1 79.14±0.6 18.16±0.1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 13B. Microclimatic conditions in the Vision* area from August 1-31 1996, on Block 3 of
the Fallingsnow Study Area.

Ambient (2m) Near ground (0.25m) Duff
(-5cm)

Time Temp.(®C) RH(%) Temp.(“C) RH(%) Temp.(°C)

0:00-2:59 15.3± 0.6 84.4± 1.4 13.2d= 0.58 96.8d= 0.5 16.5d=0.2

3:00-5:59 13.6± 0.7 90.1± 1.2 11.5±0.71 99.0d= 0.5 15.5db 0.2

6:00-8:59 12.3± 0.6 92.9± 1.2 10.4d= 0.67 99.8± 0.5 14.8d: 0.2

9:00-11:59 12.5± 0.6 93.5±1.1 10.9d= 0.6 100± 0.4 14.4± 0.2

12:00-14:59 18.9± 0.5 72.8± 2.2 19.5± 0.45 83.0± 1.5 15.7±0.1

15:00-17:59 22.2± 0.6 60.3d: 2.4 24.7± 0.71 64.0± 2.3 17.7± 0.2

18:00-20:59 23. Id: 0.6 59.3d: 2.5 23.7d= 0.6 66. Id: 2.4 18.3d: 0.2

21:00-23:59 20.8± 0.6 65.6d: 2.0 19.6± 0.49 78.9± 1.3 17.9d: 0.2

Overall 17.3± 0.3 77.4± 1.1 16.7±0.4 86.0± 1.0 16.4±0.1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 13C. Microclimatic conditions in the untreated control area from August 1-31 1996, on
Block 3 of the Fallingsnow Study Area.

Time

Ambient (2m) Near ground (0.25m) Duff
(-5cm)

Temp.(“C) RH(%) Temp.(®C) RH(%) Temp.(”C)

0:00-2:59 15.3±0.57 86.1±0.92 14.5±0.5 96.1±0.4 16.1±0.3

3:00-5:59 13.8±0.64 89.8±0.88 13.4±0.57 97.5±0.4 15.0±0.33

6:00-8:59 12.7±0.54 91.6±0.82 12.4±0.49 98.3±0.4 14.3±0.33

9:00-11:59 12.6±0.5 93.9±0.66 12.4±0.47 99.3±0.3 13.7±0.31

12:00-14:59 16.7±0.4 87.0±1.08 16.8±0.41 91.8±1.0 14.4±0.28

15:00-17:59 21.0±0.6 67.9±2.05 20.7±0.59 76.4Ü.9 16.4±0.28

18:00-20:59 21.9±0.62 63.9±2.4 21.0±0.55 75.8±2.0 17.6±0.3

21:00-23:59 19.3±0.56 72.5±1.5 18.2±0.49 86.7±1.0 17.5d=0.3

Overall 16.7±0.29 81.6±0.85 16.2±0.27 90.3±0.7 15.6±0.14

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 13D. Microclimatic conditions in the unharvested forest site from August 1-31 1996, on
Block 3 o f the Fallingsnow Study Area.

Ambient (2m) Near ground (0.25m) Duff
(-5cm)

Time Temp.(“C) RH(%) Temp.(“C) RH(%) Temp.("C)

0:00-2:59 16.7±0.47 81.4±1.22 14.8±0.68 96.1±1.16 15.6±0.18

3:00-5:59 15.2±0.51 85.4±1.11 13.9±0.85 98.4±1.08 15.1±0.19

6:00-8:59 14.0±0.48 87.6±1.0 12.9±0.88 99.8±1.05 14.7±0.19

9:00-11:59 13.3±0.45 90.0±1.0 12.0±0.83 lOO.Oil.O 14.4±0.18

12:00-14:59 16.2±0.42 88.1±1.19 15.2±0.6 97.5±1.21 14.8±0.17

15:00-17:59 20.2±0.55 69.9±2.0 19.9±0.69 80.9±2.1 16.4±0.21

18:00-20:59 21.0±0.57 67.8±2.18 20.0±0.70 82.4±2.09 16.7±0.2

21:00-23:59 19.4±0.49 75.5±1.46 17.7±0.67 92.4±1.38 16.3±0.18

Overall 17.0±0.24 80.7i0.72 15.7±0.4 93.6±0.69 15.5i0.08

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 14. Microclimatic conditions measured on the Vision® (A) and Complete removal 
Vision® (B) treatment areas from August 22-August 24, 1996, on Block 3 of the 
Fallingsnow Study Area. [Ambient = 2 m ; Near Ground=0.25 m above forest floor]
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Figure 15. Microclimatic conditions measured on the untreated control (A) and 
unharvested forest (B) areas from August 22-August 24, 1996, on Block 3 of the 
Fallingsnow Study Area. [Ambient = 2 m ; Near Ground=0.25 m above forest floor]
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DISCUSSION

The ability to detect treatment effects using terrestrial gastropods in large field 

experiments is confounded by several problems. One is the limitations of the cardboard 

sheet sampling method (Boag 1982). Hawkins et al. (1997) found that the number of 

gastropods collected on the litter surface using cardboard sheets was influenced by 

weather conditions. Greater numbers were collected when conditions were cool and wet; 

extended dry periods reduce the surface activity of gastropods. To m in im ise  this type o f 

sampling error in my study, all collection off cardboard sheets was conducted during 

periods of rain whenever possible, or at dawn when conditions were cool and wet. 

Another apparent problem is large fluctuations in surface activity of gastropods resulting 

from random changes in annual and seasonal rainfall.

The results of this study and those of Hawkins et al. (1997) suggest that terrestrial 

gastropod ecology is intimately associated with precipitation. Increasingly drier summer 

conditions from 1993-1995 (Reynolds et al. 1997) reduced gastropod densities collected 

from the Fallingsnow Study Area. In particular, summer precipitation (June 1- September 

12) in 1995 decreased by 15% from the previous year and recorded gastropod numbers 

decreased by over 50%, yielding the lowest densities in the 3 year period. However in 

1996, with an increase in rainfall of almost 40%, recorded gastropod densities increased 

by almost 60%.

During the summers of 1995 and 1996, monthly changes in recorded mean 

gastropod density parallelled changes in precipitation. The overall density of gastropods 

during the very dry June sampling periods in both 1995 and 1996 was extremely low, but 

densities increased in the remaining months with an increase in rainfall. Despite more

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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favourable sampling conditions, density estimates from July-September were still lower 

than those of the two previous years (Hawkins et al. 1997), suggesting that the prolonged 

dry period in June o f 1995 and 1996 may have reduced gastropod populations, either by 

increasing mortality, decreasing recruitment, or both. Despite the low densities found in

1995, all but one {Pupisoma minus) of the 21 species found by previous workers were 

present in samples (Hawkins et a/. 1997).

Gastropods were consistently more abundant in some locations than others, 

despite annual and seasonal changes in numbers related to rainfall. In both 1995 and

1996, animals were most dense on Block 3 and least dense on Block 4. Hawkins et al. 

(1997) similarly ranked Blocks 3 and 4 as having the highest and lowest densities, 

respectively. High densities on Block 3 may be attributed to several factors related to the 

species composition of the previously established forest.

Block 3 was mainly a broadleaf forest composed of Populus tremuloides prior to 

harvesting in the mid 1980's, whereas Blocks 1,2 and 4 had a large coniferous component 

(Bell et al. 1997a). Since the leaves of trees are the main contributor of organic matter to 

the forest floor of upland boreal sites (Lutz and Chandler 1946), the yearly input of 

broadleaf litter to the organic layer on Block 3, was presumably greater than that of the 

coniferous stands on the remaining blocks. Several studies have found that the overall 

depth of the organic layer influences the density and distribution of gastropods by 

providing better habitat conditions and increased food resources (Burch 1956; Phillipson 

1983; Livshits 1983; Locasiulli and Boag 1987). Organic matter accumulation on the 

forest floor provides material that is important for water adsorption (Bleak 1970; Foth 

1990) which increases suitability of the habitat for gastropods. Therefore, the high soil
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moisture levels on Block 3 in both 1995 and 1996 may have resulted from this organic 

accumulation.

As well, the decomposition of certain species o f leaves can influence soil 

chemistry in the organic layer. The pH level in surface soil is ofren a frmction o f the 

vegetation growing in that area. The breakdown of broadleaf leaf litter tends to result in 

less acidic soil conditions than coniferous needles (Karlin 1961; Millar 1974). Although 

soil acidity affects snails more than slugs (Boycott 1934), several studies have recorded 

higher gastropod densities in broadleaf stands compared with coniferous forests (Karlin 

1961; Chichester and Getz 1969; Gleich and Gilbert 1976; Beyer and Saari 1977;

Kearney and Gilbert 1978). The increased gastropod densities in broadleaf stands may 

have been attributed to less acidic conditions.

Tree species present on a site not only affect the amount of litter, pH and moisture 

retaining properties of soil, but certain species contribute more Ca than others. For 

example, P. tremuloides is able to concentrate large amounts of Ca in its tissues 

(Andersen and Halvorsen 1984) that can be returned to the system as breakdown products 

o f decomposition (Kimmins 1987). Gastropods can utilize this Ca that would otherwise 

be lost from the immediate habitat. Studies have shown that gastropod density increases 

with increasing Ca levels in soil (Burch 1955; Wârebom 1969; Howard and Howard 

1990) and that low Ca levels may restrict reproduction in some species (Wârebom 1970).

Although Ca levels were highly variable and no statistical difference could be 

found among blocks, mean values were highest in both organic and mineral layers on 

Block 3. The lower elevation of Block 3 and its position along a slope may account for 

increased Ca concentration due to seepage water.
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Available Ca levels in soil are also affected by the rate of litter decomposition. 

High lignin concentration in coniferous litter tends to slow decomposition rates compared 

to higher decomposition of broadleaf litter with less lignin (Taylor e ta l.\9 9 \) . When 

decomposition rates are slow, nutrients tied up in litter are taken out o f circulation for 

long periods of time, thus deceasing nutrient cycling and productivity. Organic matter 

decomposition rates are highest under warm, moist conditions and Ca (and other 

components) is rapidly returned to the soil (Kimmins 1987).

Gastropod densities in 1995 did not differ among the conifer release and control 

areas (two summers after application of treatments). Similarly, Hawkins e/a/. (1997) 

found no significant effects of the manual, mechanical or chemical removal of vegetation 

on gastropod densities one year after treatment. The rapid re-establishment of the 

herbaceous layer following application of the conifer release treatments was thought to 

minimize impacts on gastropod populations (Hawkins et al. 1997). In addition, it was 

estimated that only 12% of the applied herbicides reached the forest floor vegetation 

(Thompson et al. 1997). In 1995, gastropod density in the herbicide treated areas tended 

to be lower than the untreated controls, but significant differences were not detected.

In 1995, overall gastropod densities were lower than densities collected in the 

previous two years, but populations did not differ among the conifer release treatments 

and the untreated control. Gastropod densities in 1996 however, were significantly lower 

in the herbicide treatments than in the untreated control. The increase in precipitation and 

soil moisture in 1996 may have caused an increase in gastropod activity on the surface of 

the litter layer (Boag 1990) resulting in more effective cardboard sheet sampling. As a 

result, differences in 1996 may more accurately reflect changes in the abundance of
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gastropods below the surface of the soil on treated and untreated areas.

Higher densities on the untreated control may also be attributable to increased 

organic layer depth in these areas, resulting from potentially higher annual broadleaf litter 

input (Lutz and Chandler 1946 ). Vegetation indices (% cover x height) for broadleaf 

woody species increased 48% in the untreated control from 1993 to 1994 (Bell et al. 

1997b). In contrast, decreases of 69% and 48% were measured in Vision* and Release* 

treatments, respectively.

On herbicide treated areas, the reduction of woody broadleaf species may have 

resulted in decreased accumulation o f litter on a yearly basis. This lowered accumulation 

of litter may have been slowly affecting gastropod populations over the previous two 

years, finally making treatment differences measurable in 1996. As well, these poor litter 

layer conditions, compounded by increasingly drier summer conditions over two years 

may also have contributed to lower gastropod densities being measurable three summers 

after treatment.

As well, changes in microclimatic conditions resulting from the application of 

herbicides may have also contributed to lower recorded gastropod density in these areas. 

Conditions within the litter layer may have decreased suitability for gastropods. 

Specifically, duff temperatures were significantly higher in Vision* treated areas 

compared to untreated controls (Reynolds er a/. 1997). Near ground relative humidity 

was highest and lowest in untreated and Vision* treated areas, respectively.

Conditions provided by the litter layer may also influence over-winter 

survivourship of terrestrial gastropods. Energy released from the decomposition of large 

quantities of organic matter can contribute to warming or thawing at the soil surface
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under the snow (Bleak 1970). In conjimction with this, early and increased snowfalls in 

1995 may have improved over-winter survivourship o f all gastropods, since they were 

often found in the upper stratum of the organic layer upon spring melt (personal 

observation). Temperature in the subnivean environment can provide gastropods with 

winter conditions that improve with increasing snow depth. When covered with 40-60 

cm of snow, temperatures on the surface o f the litter (max. -0.4 “C, min. -2.5 “C,

X = -0.9"C; Forrester 1997) and 2 cm below (max. +1.1 “C, min. -2.2 “C; Bleak 1970) can 

be considerably higher than above snow air temperatures (max.+1.3“C, min.-33.7“C,

X = -13.9“C; Forrester 1997). Several gastropod species overwinter as eggs, as juveniles 

or as adults (Comfort 1957; Lankester and Anderson 1968; Uminski and Focht 1979;

Boag and Wishart 1982) and winter conditions experienced in this layer can greatly 

influence densities found the following season. Livshits (1983) found densities of mature 

individuals to be high in autumn but low in spring. Furthermore it was also stated that up 

to 43.7% of adult and 18.3% of juvenile gastropods may experience winter mortality.

Low terrestrial gastropod densities recorded on plots where all vegetation 

regrowth was prevented by the annual application of Vision* (CRV plots) are more likely 

attributable to the herbicide-induced habitat disturbance, rather than the toxic effects of 

the chemical. Mobility of Vision* in soil is low due to this herbicide’s high adsorption to 

soil particles (Sprankle 1974). It can degrade completely within a few days, with the rate 

depending on soil type (Grossbard and Atkinson 1985). Hawkins et al. (1997) reported 

no decline in gastropod populations within blocks associated with the application of this 

herbicide.

The removal of the herb layer drastically alters the near ground microclimate, with
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relative humidity decreasing and solar radiation/temperature increasing near the surface 

o f the soil (Geiger 1957; Coates et al. 1991; Reynolds et al. 1997). Near ground humidity 

and temperature approached ambient (2 m) conditions and probably reduced gastropod 

mobility, recruitment to and retention o f gastropods by the cardboard sheets. Since most 

gastropods are active on or near the surface of the soil during the summer months (Boag 

1985; Locasiulli and Boag 1987), they require adequate microclimatic conditions for 

survival. Poor environmental conditions may cause gastropods to migrate deeper into the 

soil where cooler, wetter, conditions exist (Hawkins et al. 1996a).

Furthermore, gastropod densities obtained using soil cores, from the Vision®, 

CRV, untreated control and unharvested forest sites on Block 3 showed all populations to 

be similar. Densities in CRV plots were again lower than controls (as with cardboard 

sheets), but not statistically different. The discrepancy between sampling techniques 

suggests that no increase in gastropod mortality results in CRV plots where near ground 

vegetation is repeatedly removed, but instead that gastropods retreat deeper into the soil 

as a result of hot, dry conditions and become less active on the surface of the soil.

Species richness was similar among the CRV, untreated control and unharvested 

forest, but the frequency of species was different in the CRV plots. Four species {D. 

leave, Z. arboreus, S. labyrinthica and D. cronkhitei) which represented 64.5% of the 

total gastropods in 1995 and 73.4% in 1996 (£. fulvus replacing D. cronkhitei) were 

collected on all CRV plots. Several species were not collected on some or all CRV plots, 

especially in 1995 when only two collecting periods were conducted later in the summer.

Differing reproductive cycles may account for the absence o f certain species. 

Populations of gastropod species peak at different periods throughout the summer
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(Lankester and Peterson 1996). For example, densities of S. ovalis peak in spring 

whereas V. limpida increases toward autum n. Therefore, limiting collection in the CRV to 

August and September may have decreased the possibility of collecting species more 

abundant in early summer. However, the frequency of these species was similar in both 

years despite different sampling periods.

More importantly, the predominance o f certain species may indicate a greater 

resistance to desiccation and an ability to survive or continue to be active on the surface 

of the soil under drier conditions. Getz (1959) found that D. laeve did not become more 

active after periods of rain and that this species can tolerate drier conditions than other 

slugs. Stobilops labyrinthica and D. cronkhitei are two other species able to tolerate, and 

even thrive in drier conditions. In contrast, certain species (V. limpida and S. ovalis) may 

be restricted to the cool, moist soil below the surface when inadequate herbaceous cover 

exists and are therefore not sampled as effectively using the cardboard sheet technique.

Removal of trees and shrubs by conifer release treatments was shown to increase 

soil moisture levels beyond those in untreated areas (Reynolds et al. 1997). Subsequent 

removal of the herb layer on CRV plots in the present study might be expected to have 

increased soil moisture even further, but this was not observed. The increased solar 

radiation reaching the forest floor may have negated reduced plant transpiration. 

Nonetheless, under these poor surface conditions, gastropods probably remained in the 

cool, moist soil below.

Terrestrial gastropod density was greater in the regenerating plantation (untreated 

control) area than in the unharvested forest that was adjacent to each experimental block. 

Hawkins et al. (1997) also found higher gastropod densities in a regenerating untreated
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control area than in a surrounding unharvested forest. Untreated control areas across all 

four blocks were characterized by a greater diversity of broadleaf species and an 

abundance of herbaceous ground vegetation (W. Bell, unpublished data, Ontario Forest 

Research Institute). However, all unharvested forest sites had closed canopies with 

sparse herb layers. Organic layers in the unharvested forest sites were thicker than 

untreated control areas, but were usually more acidic and contained a greater amount of 

coniferous material. Soil moisture between the sites was similar, except on Block 1 

where the unharvested forest was significantly wetter.

Despite lower gastropod densities in herbicide treated areas in 1996, data 

collected from both summers suggest that gastropod populations respond more to 

changing environmental conditions (monthly and yearly) than to changes resulting from 

conifer release treatments. Gastropod densities, recorded using one sampling technique, 

declined annually from 1993-1995. However, this decline is thought to be a result of 

increasingly drier summer conditions; densities increased in 1996 with an increase in 

precipitation. In addition to rainfall, vegetation cover, soil moisture and temperature 

continually change within the gastropod microhabitat. Habitat changes resulting from 

conifer release treatments coupled with hot, dry summer conditions can decrease surface 

activity over summer and possibly population recruitment and over-winter survivourship 

of gastropods.

On the basis of this study, it is apparent that several factors contribute to the 

overall, long-term success of terrestrial gastropods in boreal ecosystems. Primarily, large 

recorded changes in gastropod density are directly correlated with annual fluctuations in 

rainfall. As well, differences in density occur among habitats with varying soil type.
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depth, chemistry and drainage. Finally, gastropods may show a decline in surface activity 

following the application o f herbicides. Although the short-term effect of herbicides 

alone on gastropod populations appears to be minimal, when combined with poor 

climatic and habitat conditions, significant reduction in numbers may result.
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Appendix 1. Total numbers o f terrestrial gastropods collected from Vision* treated areas
on the four experimental blocks over the four sampling periods in 1995 and 1996.

Species Vision* 1995 Vision* 1996
June Julv Aug. Sept June Julv Aug. Sept

Deroceras laeve 7 89 63 99 15 67 151 194

Pallifera dorsalis 0 14 1 0 0 6 14 7

Zonitoides arboreus 18 121 50 27 5 61 60 10

Striatura milium 0 0 7 3 0 0 3 2

Discus cronkhitei 4 21 12 6 2 20 14 25

Cochlicopa lubrica 0 3 3 4 0 7 11 18

Zoogenetes harpa 0 0 6 5 I 13 19 8

Columella edentula 1 1 6 0 0 1 1 1

Strobilops labyrinthica 2 38 33 30 0 16 19 15

Euconulus Julvus 1 17 22 25 0 27 66 51

Anguispira alternata 0 9 22 6 2 43 32 3

Succinea ovalis 0 50 33 54 2 100 126 43

Vertigo modesta 1 0 0 0 0 0 0 3

Vertigo gouldi 0 2 3 4 0 12 9 5

Castrocopta tappaniana 0 0 0 0 0 1 0 0

Carychium exile canadense 0 0 0 0 0 0 0 0

Vitrina limpida 0 1 0 35 0 13 214 134

Striatura exigua 0 0 0 0 0 1 3 0

Vertigo ovata 0 1 0 1 0 1 0 0

Pupisoma minus* 0 0 0 0 0 3 1 0

Punctum minutissimum 0 0 0 0 0 0 0 0

Total 34 367 261 299 27 392 743 519
♦tentative identification by the Royal Ontario Museum
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Appendix 2. Total numbers of terrestrial gastropods collected from Release® treated areas
on the four experimental blocks over the four sampling periods in 1995 and 1996.

Species Release 1995 Release 1996
June Julv Aug. Sect. June Julv Aug. Sent.

Deroceras laeve 7 74 90 88 8 55 120 150

Pallifera dorsalis 0 4 1 1 0 5 3 8

Zonitoides arboreus 36 249 56 32 5 104 39 20

Striatura milium 0 0 0 16 0 0 52 22

Discus cronkhitei 6 19 14 4 0 8 10 4

Cochlicopa lubrica 0 10 7 10 0 12 11 5

Zoogenetes harpa 0 6 2 12 0 9 15 18

Columella edentula 0 1 4 3 0 5 4 2

Strobilops labyrinthica 11 16 22 29 0 8 18 15

Euconulus fulvus 1 36 30 55 0 15 40 89

Anguispira alternata 1 17 31 8 0 51 33 9

Succinea ovalis 2 40 25 47 0 35 45 28

Vertigo modesta 0 2 3 4 0 0 0 4

Vertigo gouldi 0 4 3 16 0 1 9 7

Castrocopta tappaniana 1 1 1 2 0 1 0 0

Carychium exile canadense 0 0 0 1 0 0 0 0

Vitrina limpida 0 4 6 40 0 5 103 109

Striatura exigua 0 0 0 1 0 0 0 0

Vertigo ovata 0 0 0 4 0 0 0 0

Pupisoma minus 0 0 0 0 0 0 1 0

Punctum minutissimum 0 0 0 0 0 0 0 0

Total 65 483 295 373 13 314 503 490
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Appendix 3. Total numbers o f terrestrial gastropods collected from Brushsaw treated areas
on the four experimental blocks over the four sampling periods in 1995 and 1996.

Species Bnishsaw 1995 Brushsaw 1995
June Julv Aug. Sent June Julv Aug. Sent.

Deroceras laeve 8 51 88 88 8 87 177 223

Pallifera dorsalis 0 1 0 0 0 3 5 9

Zonitoides arboreus 26 154 61 28 2 105 48 22

Striatura milium 0 0 0 6 0 0 3 12

Discus cronkhitei 3 29 8 7 0 21 8 21

Cochlicopa lubrica 0 9 7 2 0 2 2 3

Zoogenetes harpa 0 3 0 7 1 6 34 12

Columella edentula 1 5 0 1 0 1 0 3

Strobilops labyrinthica 12 26 9 19 0 13 13 12

Eucomilus fulvus 0 37 15 63 0 27 48 123

Anguispira alternata 1 21 16 7 0 27 21 7

Succinea ovalis 1 43 20 39 0 59 50 25

Vertigo modesta 0 1 1 11 0 0 0 16

Vertigo gouldi 2 0 0 7 0 2 0 7

Castrocopta tappaniana 1 0 0 3 0 1 0 0

Carychium exile canadense 1 0 0 0 0 0 0 0

Vitrina limpida 1 2 3 38 0 11 222 218

Striatura exigua 0 0 0 1 0 0 0 0

Vertigo ovata 0 0 0 0 0 0 0 0

Pupisoma minus 0 0 0 0 0 0 0 0

Punctum minutissimum 0 0 0 0 0 0 0 0

Total 57 382 228 327 11 365 631 713
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Appendix 4. Total numbers o f terrestrial gastropods collected from Silvana Selective treated
areas on the four experimental blocks over the four sampling periods in 1995 and 1996.

Species Silvana Selective 1995 Silvana Selective 1996
June Julv Aug. Sent June Julv Aug. Sent.

Deroceras laeve 3 50 81 103 6 129 177 284

Pallifera dorsalis 0 10 2 1 0 7 9 14

Zonitoides arboreus 45 215 118 66 7 113 32 13

Striatura milium 0 0 0 1 0 1 2 10

Discus cronkhitei 10 21 26 21 1 71 22 66

Cochlicopa lubrica 0 7 5 8 0 15 18 15

Zoogenetes harpa 0 4 3 9 0 6 16 10

Columella edentula 0 0 0 0 0 4 3 6

Strobilops labyrinthica 9 17 23 23 2 11 5 14

Euconulus fulvus 3 - 7 7 31 0 14 65 89

Anguispira alternata 1 11 10 4 0 83 41 15

Succinea ovalis 0 61 23 64 1 109 100 27

Vertigo modesta 5 0 0 1 0 6 2 2

Vertigo gouldi 0 1 1 7 0 7 0 8

Castrocopta tappaniana 0 0 1 2 0 2 0 0

Carychium exile canadense 0 0 0 0 0 0 0 0

Vitrina limpida 0 1 0 31 0 10 225 196

Striatura exigua 0 0 0 0 0 2 0 0

Vertigo ovata 0 0 0 0 0 0 0 0

Pupisoma minus 0 0 0 0 0 0 1 1

Punctum minutissimum 0 0 0 0 0 0 0 0

Total 76 405 300 372 17 590 718 770
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Appendix 5. Total numbers o f terrestrial gastropods collected from untreated control
areas on the four experimental blocks over the four sampling periods in 1995 and 1996.

Species Untreated Control 1995 Untreated Control 1996
June Julv Aug. Sent. June Julv Aug. Sent.

Deroceras laeve 2 47 77 94 20 110 155 238

Pallifera dorsalis 0 15 4 7 1 7 4 9

Zonitoides arboreus 30 262 118 59 10 192 79 46

Striatura milium 0 7 20 60 0 6 6 39

Discus cronkhitei 0 18 15 33 5 72 24 75

Cochlicopa lubrica 0 6 10 14 0 14 19 9

Zoogenetes harpa 0 5 2 18 0 12 20 18

Columella edentula 3 1 14 3 0 8 8 9

Strobilops labyrinthica 2 13 28 35 0 18 20 32

Euconulus fulvus 0 25 73 129 1 34 120 191

Anguispira alternata 0 13 20 7 0 60 64 16

Succinea ovalis 2 24 29 23 2 48 46 25

Vertigo modesta 0 0 13 6 0 3 4 50

Vertigo gouldi 0 1 18 15 0 4 4 22

Castrocopta tappaniana 0 1 0 8 0 4 3 1

Carychium exile canadense 0 0 0 0 0 0 1 0

Vitrina limpida 0 3 6 39 0 39 245 157

Striatura exigua 0 0 0 5 0 6 0 0

Vertigo ovata 0 0 1 15 0 0 0 2

Pupisoma minus 0 0 0 3 0 2 2 1

Punctum minutissimum 0 0 0 0 0 0 0 0

Total 39 441 448 573 39 639 824 940
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Appendix 6. Precipitation totals (mm) on Block 3 of the Fallingsnow Study area from 1994-
1996.

1994 1995 1996

Month Sample Month Sample Month Sample

June 98 n/a 11.75 0 68 2

July 89.25 n/a 117.5 38.75 133.5 50.5

August 49.75 n/a 57.25 0 72.5 56

September 45.25 n/a 83 40.25 69 27.5

Total 282.25 n/a 269.5 343
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Appendix 7. Total numbers o f terrestrial gastropods collected from complete removal
Vision* treated areas on the four experimental blocks over the four sampling periods in
1995 and 1996.

Species
Complete Removal Vision* 
June Julv Aug.

* 1995 
Sept.

Complete Removal Vision* 
June Julv Aug.

* 1996 
Sept.

Deroceras laeve $ * 21 14 11 20 39 47

Pallifera dorsalis 1 1 0 10 2 2

Zonitoides arboreus 16 7 6 72 44 45

Striatura milium 0 4 5 0 11 5

Discus cronkhitei 6 12 4 17 8 15

Cochlicopa lubrica 0 0 0 2 7 2

Zoogenetes harpa 0 0 3 1 0 4

Columella edentula 1 0 4 1 3 5

Strobilops labyrinthica 7 17 35 37 68 81

Euconulus fulvus 1 6 22 20 42 47

Anguispira alternata 2 3 0 12 14 5

Succinea ovalis 4 7 1 18 16 9

Vertigo modesta 1 4 0 1 1 0

Vertigo gouldi 3 7 3 0 6 3

Castrocopta tappaniana 3 4 2 0 6 3

Carychium exile canadense 0 0 0 0 1 0

Vitrina limpida 0 2 2 0 6 3

Striatura exigua 0 1 1 0 0 5

Vertigo ovata 0 0 0 0 0 0

Pupisoma minus 0 0 0 0 1 0

Punctum minutissimum 0 0 0 0 0 0

Total 66 89 99 211 275 281
^Samples collected during the August and September periods only, during 1995.
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Appendix 8. Total numbers of terrestrial gastropods collected firom unharvested forest
areas on the four experimental blocks over the four sampling periods in 1996.

Species  Unharvested Forest 1996______
_________________________________________________  June___ Jiilj_________ Aug.________ Sent______

Deroceraslaeve 3 33 32 54

Pallifera dorsalis 0 10 5 6

Zonitoides arboreus 2 126 91 77

Striatura milium 0 0 0 13

Discus cronkhitei 1 179 96 139

Cochlicopa lubrica 0 10 13 19

Zoogenetes harpa 0 9 25 38

Columella edentula 0 5 2 11

Strobilops labyrinthica 0 21 47 63

Euconulus fiilvus 0 25 76 117

Anguispira alternata 1 95 55 12

Succinea ovalis 1 10 22 8

Vertigo modesta 0 0 4 10

Vertigo gouldi 0 0 0 21

Gastrocopta tappaniana 0 3 1 5

Carychium exile canadense 0 0 2 0

Vitrina limpida 0 1 16 39

Striatura exigua 0 4 2 6

Vertigo ovata 0 0 0 0

Pupisoma minus 0 0 1 2

Punctum minutissimum 0 0 0 0

Total 8 531 490 640
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Appendix 9. Soil moisture and pH from sampling quadrats within Vision®, complete removal 
Vision* (CRV), unharvested forest (UF) and untreated control (UC) areas on Block 3 of the 
Fallingsnow Study Area.

Moisture (%) pH

0 M O M

Vision 122.77 24.43 5.7 4.6

CRV 84.87 22.57 5.1 4.9

UF 196.67 16.58 5.8 4.4

UC 192.28 20.69 5.7 5.8
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