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ABSTRACT 

The primary objective of this study was to document any changes in terrestrial 

gastropod species richness and density associated with alternative methods of managing 

competing vegetation on regenerating conifer plantations. Pre-treatment data were 

collected in 1993 and post-treatment data in 1994, following application of four conifer 

release treatments including, two chemical herbicides (Vision® and Release®), removal of 

vegetation by mechanical means (Silvana Selective/Ford Versatile), and manual cutting 

with brushsaws. Gastropod densities were estimated using cardboard sheets. A total of 

47,595 gastropods was collected over the two years, comprising 21 species. No change 

in gastropod richness or density was detected between the four conifer release areas and 

the control in 1994, despite changes in vegetation cover following treatmaits. This was 

attributed to rapid re-establishment of the herbaceous layer following treatments which 

probably continued to provide favourable conditions for snails and slugs. 

Species richness and density of gastropods in a 9-year-old regenerating conifer 

plantation and an adjacent 70-year-old mixedwood forest were compared. Gastropod 

density was higher on the regenerating plantation (15.5±1.3 m'^) than in the mature forest 

(9.4±0.6 m"^) and species richness was also slightly greater (20 spp. vs. 18 spp., 

respectively). These differences were attributed to the more abundant near-ground 

vegetation and the greater amoxint of deciduous litter characterizing the regenerating 

plantation. 

Near ground temperature was measured on the four conifer release areas and the 
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control using thermocouples. Temperature was measured 2 cm above cardboard sheets, 

directly beneath the sheets, and 2 cm deep in the humus layer. Results suggest that 

temperatures were not affected by the release treatments. Temperatures above and 

beneath the sheets were similar and greater than those in the humus layer throughout the 

early part of the summer. In August, temperature above and beneath the sheets cooled 

to below that in the humus layer. Gastropod collections were greatest when the 

temperature beneath the cardboard sheets was approximately 15°C. 

Possible limitations associated with the cardboard sheet sampling method were 

investigated. Gastropod collections from sheets enclosed with a barrier were compared 

to unenclosed sheets to determine the extent of horizontal movement. The mean density 

recovered beneath enclosed sheets (2.1±0.2 m'^) was less than that from unenclosed sheets 

(3.1db0.4 m'^) suggesting horizontal movement to the sheets does occur. However, 

whether gastropods are actually attracted to the sheets remains unknown. Gastropod 

collections from weathered sheets were contrasted with those from new sheets. Overall, 

total mean densities of gastropods from weathered sheets (27.3±4.1 m'^) and new sheets 

(16.2±2.6 m'^) did not differ, but four species were collected in greater numbers on the 

weathered sheets suggesting differential use of cardboard sheets by particular species. 
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INTRODUCTION 

Competition from undesirable vegetation is a common problem in young conifer 

plantations. Competing hardwoods, shrubs, and herbs limit the resources available to 

conifer seedlings, leading to a potential reduction in yield and a possible increase in 

rotation time between harvests (Sutton 1969; Radosevich and Osteryoung 1987; 

Freedman et al. 1993). To ameliorate the effects of undesirable vegetation, a variety of 

conifer release methods are practiced that reduce the density of competing vegetation, 

allowing young conifers to become established. 

The main method of conifer release in re-forested areas is the aerial application 

of chemical herbicides (Campbell 1990; Lautenschlager 1993). Although herbicides have 

proven effective and economical in the past (Campbell 1984), recent public concern over 

their environmental effects (Environ!cs Research Group 1989; Campbell 1990; 

Freedman 1991; Burt Perrin Associates 1993) has prompted the search for alternative 

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

alternatives to chemicals are mechanical and manual release. Mechanical release is 

accomplished by the use of a brush-cutting blade attached to a hydraulic boom and 

mounted on a tractor (Hunt 1993; Lautenschlager and Bell 1994). Manual release 

involves the use of hand-held power brushsaws. Both methods have the disadvantage of 

promoting rapid regrowth through sprouting of freshly cut hardwoods and 

shrubs (Campbell 1984; Wagner 1993). 

Any deleterious effects of mechanical and manual methods of conifer release on 
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forest ecosystems must be evaluated before wider use of these practices is 

recommended (Wagner 1993). In addition, comparisons between these alternative 

methods and the favoured chemical herbicides currently used in forestry are necessary 

(Campbell 1991). Impact studies of this nature must take into consideration all 

components of the ecosystem. It is particularly useful to document the effects of 

alternative conifer release methods on potential iudicator species. Terrestrial gastropods 

have previously been used as biomonitors to measure heavy metal contamination (Greville 

and Morgan 1989; Berger and Dallinger 1993). 

Snails and slugs are relatively immobile and, consequently, cannot escape areas 

that are subjected to disturbance (Strayer et al. 1986). Changes in density and diversity 

of terrestrial gastropods should, therefore, reflect the immediate impact of a natural or 

ejqjerimental disturbance on their habitat. Studies of the ability of snails and slugs to 

re-colonize a disturbed area have yielded conflicting results. Reinink (1979) found a 

positive correlation between species richness of gastropods and the age of forest 

plantations in the Netherlands. In addition, Cameron et al. (1980) found more species of 

gastropods in British hedgerow habitat established prior to the 20th century than in more 

recent hedgerows. However, Strayer et al. (1986), in a study of 16 forested sites 

distiubed by a variety of events, including small-scale clear-cutting, found no correlation 

between species diversity of gastropods and time elapsed since disturbance. 

Terrestrial gastropod distributions are positively correlated with percent cover of 

vegetation (Boag and Wishart 1982), with the greatest abundances occurring in habitats 

dominated by deciduous tree and shrub growth (Gleich and Gilbert 1976; Beyer and 



3 

Saari 1977; Kralka 1986). As well, snails and slugs ^parently are dependent on the 

nature of the litter layer (Baker 1942; Burch 1956; Karlin 1961) and on the amount of 

litter present in an area (Locasciulli and Boag 1987). Whether the litter layer is 

deciduous or coniferous in origin will affect the density and species composition of 

gastropods. It is possible that alterations to the near-ground vegetation cover, and the 

reduced accumulation of deciduous leaf litter associated with the removal of competing 

hardwood vegetation, will affect the density and diversity of gastropods inhabitmg an 

area. 

Terrestrial snails and slugs are dependent upon near-ground microclimatic 

temperature and relative humidity conditions to ensure their optimal growth, reproduction, 

and mobility (Boycott 1934; Dainton 1943; Cowie 1984; Prior 1985; South 1992). They 

are most active under moderate near-ground temperatures and moist 

conditions (Boag 1985). Ground and near-ground vegetation cover have been shown to 

influence the forest floor temperature and humidity conditions favoured by snails and 

slugs (Burch 1956; Hunter 1964; Beyer and Saari 1977). 

Terrestrial gastropods play an important role in the ecology of the forest floor. 

They provide food for a variety of soil arthropods (Newell 1971; Brandmayr and 

Brandmayr 1986; Digweed 1993), ground foraging birds (South 1980), and small 

mammals (Hamilton 1941; Whitaker 1966; Rudge 1968; Whitaker and Mumford 1972; 

Churchfield 1984). As well, they are important intermediate hosts for a number of 

helminth parasites affecting vertebrate wildlife (Lankester and Anderson 1968; 

Gleich et al. 1977; Rowley et al. 1987; Raskevitz et al. 1991). Snails and slugs also play 



4 

a role in litter decomposition and the nutrient cycle of the forest floor (Mason 1970; 

Richter 1979). 

The primary objective of this study was to docmnent any changes in the richness 

and density of terrestrial gastropods following various alternative methods of managing 

competing vegetation on regenerating conifer plantations. Differences in gastropod 

species richness and abundance between a 9-year-old conifer plantation and a mature 

70-year-old forest were also examined. Possible limitations of the sampling technique 

(cardboard sheets) were investigated, including the influence of near-ground temperature 

on terrestrial gastropod activity, the extent of horizontal movement of gastropods to the 

sheets, and the attractiveness to gastropods of weathered versus un-weathered cardboard 

sheets. 
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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 of 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 25.4 to 45.4 hectares (ha), were surveyed and a 60X60 m 

grid pattern staked out in an alpha-numeric coordinate system (Lautenschlager and 

Bell 1994). 

Each block had been harvested and replanted prior to the iuitiation of the 

study (Table 1). Block 1 was situated on a south facing slope and had shallow, sandy 

loam soils. The pre-harvest stand was a mixed hardwood-conifer forest consisting of 

trembling aspen {Populus tremuloides), white spruce {Picea glauca), balsam fir {Abies 

balscaned), black spruce {Picea mariana), white birch {Betula papyrifera'), and ash 

{Fraxinus spp.) (Lautenschlager and Bell 1994). Block 2, the smallest in area, had clay 

loam soils and was located on a south-east facing slope. The pre-harvest forest consisted 

of trembling aspen, balsam fir, white birch, and white spruce. Block 3, the largest in 

area, originally was a pure trembling aspen stand, with an understory of black spruce and 

balsam fir, prior to harvest. The block was positioned on a slope with a southern aspect 

and deep, silty soils. Block 4 was on a south facing slope consisting of deep soils with 

a large gravel component. The pre-harvest stand was comprised of trembling aspen and 
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TABLE 1. Cutover size, dates of harvest, site preparation techniques, planting dates, and 
replanted stock types of the four experimental blocks 

Block Area (ha) Harvested Site preparation 

1 

2 

3 

37.7 

25.4 

45.4 

25.9 

1986, 1988 

1987 

1985 

1987 

Power disc trencher 

Young's teeth 

na* 

Young's teeth 

1991 black spruce 

1990 white spruce 

1987 white spruce, 
black spruce 

1989 white spruce 

* information not available 
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balsam fir. The four blocks were harvested between 1985 and 1988 and were planted 

with black spruce and white spruce (Lautenschlager and Bell 1994; Wagner et al. 1994). 

The conifer release treatments included two chemical herbicides (glyphosate 

[Vision®] and triclopyr [Release®]) applied aerially by helicopter, cutting the vegetation 

by mechanical means (the Silvana Selective/Ford Versatile), and manual cutting with 

brushsaws (Stihl FS420 and Husquavama Professional). Each block also included a 

control area. Vision® and Release® were ^plied at 1.5 kg[a.i.]ha‘^ and 1.9 kg[a.i.]ha'^ 

respectively, on August 16, 1993. The brushsaw treatment was applied between 

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

October 19 and November 5, 1993. 

Gastropod collection 

The 1993 field season was devoted to collecting baseline data on terrestrial 

gastropod populations before the treatments were applied. Post-treatment gastropod 

collections were made in 1994. In early June 1993, ten cardboard sheets, each 0.85 m^, 

were placed in a systematic-random fashion on the forest floor, approximately 10-30 m 

apart, along each of three transects in the treatment areas (30 sheets per treatment 

area X 5 treatment areas X 4 blocks = 600 sheets total). New cardboard sheets were used 

for post-treatment sampling beginning in May 1994. 

Each block was sampled, over a period of 1-3 days, four times during the 

snow-free season in both 1993 and 1994. Gastropods located beneath and on top of each 

cardboard sheet were identified to species, counted, and removed. The sheets were then 
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replaced 1 m from the previously sampled location and left in position for approximately 

14 days before sampling again. 

Gastropods were identified usiag Pilsbry (1939-1948), Oughton (1948), 

Burch (1962), and Clarke (1981). Those species unknown to the collector or too small 

to be identified in the field were preserved in glycerin alcohol and identified later under 

a dissection microscope at 16X. Voucher specimens were sent to the Royal Ontario 

Museum, Toronto, where identifications were confirmed. 

Regenerating plantation vs. mature forest 

To determine if terrestrial gastropod species composition and abundance varied 

between a regenerating experimental block and a mature forest typical of the area, a fifth 

sampling site (three transects, each with 10 cardboard sheets) was established in 1994 in 

a 70-year-old forest adjacent to block 3. The site had a tree layer dominated by white 

spruce and trembling aspen forming a closed canopy. The shrub layer was sparse and the 

herb layer dominated by large-leaf aster {Aster macrophyllus) and bunchberry {Comus 

canadensis). 

Gastropod species composition and abundance from the mature forest were 

compared with those of the untreated control area on block 3. Both areas were sampled 

for gastropods five separate times (May 20, June 29, July 12, July 25, August 28, 1994), 

within 2 to 3 days of each other. The two areas were separated by ^proximately 1 km. 



9 

Vegetation response 

To determine how the treatments affected vegetation composition, 24 vegetation 

sample plots (2.26 m diameter = 4 m^) were randomly placed in each of the treatment 

areas on the four experimental blocks (120 plots per block, 480 total plots) 

(Lautenschlager and Bell 1994). On each plot, total percent cover was visually assessed 

for each species and categorized into six vegetation groups (coniferous trees, deciduous 

trees, shrubs, herbs, ferns, and grasses/sedges). Percent cover data were collected once 

for each of the four blocks, during late July and early August, in both 1993 and 1994. 

Relationships between these data and gastropod distribution and abundance on the 

corresponding treatment areas were examined. 

Microclimatic effects 

The effect of conifer release treatments on near-ground temperature and gastropod 

activity was studied in 1994. A thermocouple station was established at six cardboard 

sheets, chosen randomly, in each treatment area on block 3 (total of 30 stations). Each 

station included three type-T copper-constantan thermocouple leads, one placed 2 cm 

above the cardboard sheet, one on the forest floor directly beneath the sheet, and one 

2 cm deep in the humus beneath the sheet. Each of the 30 sheets was sampled for 

gastropods five times throughout the summer of 1994 between 0700 hrs. and 1100 hrs. 

Immediately prior to sampling a sheet, thermocouple temperatures were measured using 

a Cole-Parmer digital thermometer (Model 08500-41). The time and percent cloud cover 

at sampling was also recorded. 
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In addition to microclimate data, mean daily air temperatures and total monthly 

precipitation were obtained for April through September in 1993 and 1994. These data 

were provided by the Thunder Bay station of the Atmospheric Environment Service, 

Environment Canada (approximately 50 km northeast of the study area). 

Barrier-enclosed sheets 

An experiment was designed to determine whether cardboard sheets sample only 

gastropods residing beneath them or if collections also include gastropods immigrating 

from the surrounding area. Ten pairs of cardboard sheets were randomly placed at 

approximately 10 m iutervals on the ground vegetation in the control area of block 3 on 

July 20, 1994. One cardboard sheet of each pair was tightly encircled by a strip of sheet 

metal (22 gauge, 12 cm high) penetrating 7 cm into the soil and protruding 5 cm above 

the soil surface. The buried portion of the sheet metal barrier was intended to prevent the 

lateral movement of gastropods through the soil layer and into the area beneath the 

cardboard sheet. The corresponding control sheet (i.e. without a barrier) was placed 

approximately 4 m from the enclosed sheet. 

The above-ground surface of the sheet metal was coated with automotive bearing 

grease and covered with a mixture of coarse grain, black pepper and cayenne pepper (2:1) 

to inhibit gastropod movement over the barrier. In addition, any overhanging ground 

vegetation, which could have allowed gastropods to cross the barrier, was removed. Pairs 

of cardboard sheets were sampled simultaneously for gastropods, between 0800 hrs. and 
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1000 hrs., every 2-3 days until August 18, 1994, for a total of 11 sampling days. 

Gastropods were removed and each sheet returned to its original position. 

Weathered sheets 

An experiment was designed to determine if weathered cardboard sheets produce 

larger samples of gastropods than new sheets. In early June, 1993, ten cardboard sheets 

were randomly placed on the ground vegetation in the control area of block 3. These 

sheets were sampled five times over the 1993 field season and were left in position on 

block 3 over the winter. On May 2, 1994, 10 new cardboard sheets were positioned in 

the control area of block 3, each approximately 4 m from a sheet used the previous 

season. At the same time, the weathered sheets were moved ^proximately 1 m from 

their over-winter position and any gastropods adhering to the sheets were removed. Each 

of the 10 new sheets was sampled, simultaneously with its corresponding weathered sheet, 

four times during the 1994 field season (May 20, June 29, July 12, and July 25, 1994). 

Statistical analysis 

Tests for differences between terrestrial gastropod densities, within different data 

sets, were done using only those species with numbers exceeding 2% of the total 

collected. All differences were considered significant at p<0.05. 

To examine the response of individual terrestrial gastropod populations to the 

conifer release treatments, a repeated measures analysis of variance (ANOVA) 

(Appendix A, Table A1 and Table A2) was performed to determine if gastropod densities 



12 

varied between treatments (Meredith and Stehman 1991; Norusis 1992a; Gtunpertz and 

Brownie 1993) followed by a least significant difference (LSD) multiple comparison 

procedure (Steel and Torrie 1980). Tests for differences in densities between the four 

sampling periods through the summer and any treatment X time interactions were also 

done using this procedure. Data were first normalized using a logarithmic 

transformation (log^). 

The response of the terrestrial gastropod community to the different treatments was 

analyzed by means of a canonical variates analysis (CVA) (Pimentel 1979; 

Williams 1983; Morrison et al. 1992). To remove any multicollinearity due to time, 

numbers of each species of gastropod were summed over all four experimental blocks and 

a separate analysis was performed for each of the four sampling periods in 1993 and 

1994. Ordmation diagrams, based on the first and second canonical vectors, were 

produced and 95% confidence circles plotted around the treatment 

centroids (Pimentel 1979). 

Population densities in the mature forest and in the control area of block 3 were 

calculated. To test the null hypothesis of no difference between a mature forest and a 

regenerating conifer plantation, these densities were compared using a Wilcoxon Rank 

Sum test (Bradley 1968; Norusis 1992b). 

Changes in percent vegetation cover in treatment areas between the 

pre-treatment (1993) and post-treatment (1994) years were evaluated using canonical 

variates analysis. Two analyses, one for 1993 and one for 1994, were performed on the 

percent cover data of all species observed, combined over the four experimental blocks. 
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The first and second canonical vectors were used to construct ordination diagrams for 

each year, and 95% confidence circles were plotted around each treatment centroid. 

To detect differences in near-ground temperature among treatment areas and 

between the different thermocouple positions, a repeated measures ANOVA (Appendix A, 

Table A3 and Table A4) was performed. The dependent variable was normalized, for this 

analysis, using a square root transformation. 

The null hypothesis of no difference between enclosed cardboard sheets and 

control sheets was tested using the Wilcoxon Rank Sum test. To test for differences in 

gastropod densities between the 11 sample periods, a Kruskal-Wallis ANOVA was 

performed (Bradley 1968). The Wilcoxon Rank Sum test was also used to test the null 

hypothesis of no difference in the use of new and weathered cardboard sheets by 

gastropods. 
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RESULTS 

Popidation response 

Totals of 27,396 and 20,199 terrestrial gastropods were collected from the four 

experimental blocks, over the four sample periods, in the summers of 1993 and 1994, 

respectively (Table 2; Appendix B, Table B1-B5). Twenty-one species, including 19 

snails and two slugs {Deroceras laeve and Pallifera dorsalis), were collected from each 

block in each of the two years, with the exception of the snail, Pupisoma minus, which 

was absent on block 2 in 1993 and was not found on any block in 1994. 

The total number of terrestrial gastropods collected varied between blocks within 

each of the two years (Table 2). Block 3 had the greatest abundance of snails and slugs 

in 1993 and 1994, while block 4 had the lowest in each year. Total numbers of 

gastropods collected also varied between years for each block, with greater numbers of 

snails and slugs collected from each block in 1993 than in 1994. 

Mean overall gastropod density, and the individual densities of the 11 most 

common gastropods, did not vary between treatment areas within blocks either 

before (1993) or after treatments were applied (1994) (Figure 1, Table 3). In 1993, mean 

gastropod density (Figure 2A) and the densities of six species (Euconulus fulvus, 

Strobilops labyrinthica. Vertigo gouldi, Striatura milium. Columella edentula, and 

Anguispira altematd) increased over the four sample periods during the summer 

(Figures 3-5; Table 3). In 1994, only S. milium increased in density over the summer 

(Figure 4C; Table 3). No treatment by time interaction effects were evident in either the 
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TABLE 2. Total nvimbers of terrestrial gastropods collected from each of the four 
experimental blocks in the summers of 1993 (pre-treatment) and 1994 (post-treatment) 

1993 1994 

Block Block 

1 Total 1 Total 

Zonitoides arboreus 3933 1688 1759 447 7827 2124 1050 1802 516 5492 

Deroceras laeve 607 1302 2257 951 5117 322 914 1284 672 3192 

Discus cronkhitei 1502 868 180 337 2887 800 420 326 119 1665 

Euconulus fulvus 643 507 1027 275 2452 354 906 963 284 2507 

Strobilops labyrinthica 304 265 791 523 1883 367 427 568 306 1668 

Vitrina limpida 253 263 1110 155 1781 62 135 291 45 533 

Vertigo gouldi 152 197 363 346 1058 218 214 396 252 1080 

Striatura milium 68 75 419 478 1040 77 81 85 251 494 

Succinea ovalis 62 155 345 355 917 67 136 370 214 787 

Columella edentula 89 127 217 174 607 347 301 219 144 1011 

Anguispira altemata 27 57 317 151 552 9 40 217 177 443 

Cochlicopa lubrica 84 18 173 17 292 73 36 171 9 289 

Pallifera dorsalis 20 19 121 46 206 5 15 41 17 78 

Zdogenetes harpa 13 16 91 78 198 ,9 36 46 37 128 

Vertigo ovata 38 40 59 61 198 39 47 70 85 241 

Striatura exigua 27 21 45 48 141 28 38 45 17 128 

Gastrocopta tappaniana 11 12 34 19 76 32 110 76 37 255 

Vertigo modesta 15 18 23 9 65 8 23 30 31 92 

Carychium exile canadense 2 10 13 34 59 23 5 51 15 94 

Punctum minutissimum 2 2 4 21 29 6 2 5 9 22 

Pupisoma minus' 2018 110000 0 

Total 7854 5660 9349 4533 27396 4970 4936 7056 3237 20199 

tentative identification by the Royal Ontario Museum, Toronto 
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FIG. 1. Mean densities (±S.E.) of each of the 11 most common species of terrestrial 
gastropod in the four conifer release treatment areas and the control area in 1993 (A) and 
1994 (B). [Z.a.=Zonitoides arboreus; T>.\—Deroceras laeve; T>.c~Discus cronkhitei; 
E.f=Euconulus fulvus', S.l.=Strobilops labyrinthica; 'V.l.=Vitrina limpida., W.g.=Vertigo 
gouldi; S.m.—Striatura milium, S.o.^Succinea ovalis', C.e.=Columella edentula, 
A.a=Anguispira alternate^ 
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TABLE 3. F-statistics and/j-values of main treatment and interaction effects, calculated from repeated measures ANOVA, for the total 
number of gastropods and each of the 11 most common terrestrial gastropod species in 1993 (pre-treatment) and 1994 (post-treatment) 

1993 (Pre-Treatment) 1994 (Post-Treatment) 

Treatment Time TreatmentXTime Treatment Time TreatmentXTime 

Total 

Zonitoides arboreus 

Deroceras laeve 

Discus cronkhitei 

Euconulus fulvus 

Strobilops labyrinthica 

Vitrina limpida 

Vertigo gouldi 

Striatura milium 

Succinea ovalis 

Columella edentula 

A nguispira altemata 

F^=0.52, p>0.05 

F=0.46, /7>0.05 

F=1.35,/7>0.05 

F=0.59, ;j>0.05 

F=0.76, /7>0.05 

F=0.29, ;j>0.05 

F=1.02, p>Q.Q5 

F=1.29, ij>0.05 

F=0.81, p>0.05 

F=2.33, p>Q.05 

F=1.46,/7>0.05 

F=0.94, p>0.05 

F^=6.52, ;j<0.05* 

F=3.21,p>0.05 

F=2.38, p>0.05 

F=3.62, p>0.05 

F=7.72, p<0.05* 

F=11.67,/><0.05* 

F=1.04, p>0.05 

F=36.93, ;j<0.05* 

F=9.86, ;><0.05* 

F=1.87, />>0.05 

F=58.75, p<Q.05* 

F=4.08, p<0.05* 

F«=1.64, ;7>0.05 

F=0.44, ;j>0.05 

F=1.54,;?>0.05 

F=0.84,;7>0.05 

F=1.33,;>>0.05 

F=1.08,;?>0.05 

F=1.00,;;>0.05 

F=1.46,p>0.05 

F=0.71,;)>0.05 

F=1.00,;7>0.05 

F=2,00, ;j>0.05 

F=1.33,/;>0.05 

F=1.16,/?>0.05 

F=0.87, /)>0.05 

F=2.43, p>0.05 

F=0.55, p>0.05 

F=1.92,/»>0.05 

F=0.79,;?>0.05 

F=1.00,p>0.05 

F=1.77,j?>0.05 

F=0.71,j?>0.05 

F=0.80, p>0.05 

F=2.11,p>0.05 

F=0.20, p>0.05 

F=0.26, ;j>0.05 

F=2.32, />>0.05 

F=2.03, /?>0.05 

F=0.87, ;j>0.05 

F=0.19, p>0.05 

F=1.77, p>0.05 

F=0.34, />>0.05 

F=1.68, ;>>0.05 

F=5.13,p<0.05* 

F=2.12, />>0.05 

F=3.09, p>0.05 

F=3.00, ;j>0.05 

F=0.71,p>0.05 

F=0.69, p>0.05 

F=0.67, p>0.05 

F=0.80, p>0.05 

F=1.18,;j>0,05 

F=0.67, />>0.05 

F=1.00, p>0.05 

F=0.80, p>0.05 

F=2.00, p>0,05 

F=1.50, ;>>0.05 

F=1.29, p>0.05 

F=1.00, p>0,05 

* significant at ;j<0.05 
fF 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 

00 
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FIG. 2. Mean densities (±S.E.) of terrestrial gastropods, in each of the four conifer release 
treatment areas and the control areas, through the summer of 1993 and 1994. Months 
with the same letter are not significantly different, with respect to mean density, at 
p<0.05. Total (A), Zonitoides arboreus (B), and Deroceras laeve (C). 
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FIG. 3. Mean densities (±S.E.) of terrestrial gastropods, in each of the four conifer release 
treatment areas and the control areas, through the summer of 1993 and 1994. Months 
with the same letter are not significantly different, with respect to mean density, at 
/?<0.05. Discus cronkhitei (A), Euconulus fulvus (B), and Strobilops labyrinthica (C). 
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FIG. 4. Mean densities (±S.E.) of terrestrial gastropods, in each of the four conifer release 
treatment areas and the control areas, through the summer of 1993 and 1994. Months 
with the same letter are not significantly different, with respect to mean density, at 
/»<0.05. Vitrina limpida (A), Vertigo gouldi (B), and Striatura milium (C). 
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FIG. 5. Mean densities (±S.E.) of terrestrial gastropods, in each of the four conifer release 
treatment areas and the control areas, through the summer of 1993 and 1994. Months 
with the same letter are not significantly different, with respect to mean density, at 
/7<0.05. Succinea ovalis (A), Columella edentula (B), aad Anguispira altemata (C). 
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mean overall gastropod density or any of the 11 most common species of gastropod 

during the summers of 1993 and 1994 (Table 3). 

Community response 

Canonical variates analyses produced ordination diagrams with overlapping 

treatment centroids indicatiag that gastropod community composition and relative 

abundance were similar in each of the five treatment areas, across the four experimental 

blocks, for each of the four sample periods in both the pre- and post-treatment 

years (Figure 6). The eigenvalues, and associated variances, of each of the axes of the 

ordination diagrams are presented in Table 4. 

Regenerating plantation vs. mature forest 

The species composition of gastropods in the regenerating and mature forests were 

similar (20 spp. vs. 18 spp., respectively) (Table 5). Overall, mean gastropod 

density (±S.E.) was higher in the regenerating forest (15.5±1.3 m‘^) than in the mature 

forest (9.4±0.6 m'^) (/7=0.008). This difference was due primarily to greater numbers of 

Zonitoides arboreus (/7=0.014), E. fulvus (p=0.01), D. laeve (p<0.0001), 

V. gouldi (p>=0.002), and S. milium (p=0.041) in the regenerating forest. Vertigo modesta 

and Punctum minutissimum were not found in the mature forest. One species. Discus 

cronkhitei, had a higher density in the mature forest (/?<0.0001). 
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FIG. 6. Ordination diagrams, produced from canonical variates analyses, of the terrestrial 
gastropod community in each of the four conifer release treatment areas and the control 
areas through the summer before (1993) and after (1994) treatments were applied. 
[V=Vision®; R=Release®; B=Brushsaw; S=Silvana Selective; C=Control]. 
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TABLE 4. Eigenvalues and associated percent variances, calculated from the canonical variates analyses, for the first two axes of the 
ordination diagrams of terrestrial gastropod communities over the four sample periods in 1993 (pre-treatment) and 1994 (post-treatment) 

1993 (Pre-Treatment) 1994 (Post-Treatment) 

Axis 1 Axis 2 Axis 1 Axis 2 

Eigenvalue ' % Variance Eigenvalue % Variance Eigenvalue % Variance Eigenvalue % Variance 

May 

June 

July 

August 

0.128 57 

0.106 38 

0.179 47 

0.191 48 

0.051 23 

0.085 30 

0.088 23 

0.105 26 

0.186 58 

0.169 50 

0.164 51 

0.115 45 

0.059 18 

0.073 22 

0.075 23 

0.075 29 

w 
o 
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TABLE 5. Mean densities (±S.E.) of terrestrial gastropods in the regenerating plantation 
and the mature forest 

Zonitoides arboreus 

Euconulus fulvus 

Strobilops labyrinthica 

Deroceras laeve 

Vitrina limpida 

Discus cronkhitei 

Cochlicopa lubrica 

Vertigo gouldi 

Columella edentula 

Succinea ovata 

A nguispira altemata 

Striatura milium 

Striatura exigua 

Gastrocopta tappaniana 

Vertigo ovata 

Zbogenetes harpa 

Pallifera dorsalis 

Vertigo modesta 

Carychium exile canadense 

Punctum minutissimum 

Total 

Regenerating plantation 

4.14±0.44 

2.17±0.23 

1.79±0.24 

2.20±0.20 

1.14±0.24 

0.41±0.08 

0.49±0.12 

0.77±0.16 

0.49±0.09 

0.47±0.10 

0.19±0.05 

0.34±0.09 

0.23±0.05 

0.19±0.09 

0.09L0.03 

0.05±0.02 

0.07±0.03 

0.12±0.04 

0.09±0.05 

0.02±0.02 

15.48±1.31 

Mature forest 

2.28±0.21 

1.17±0.12 

1.36±0.16 

0.72±0.09 

0.65±0.10 

1.28±0.15 

0.51±0.08 

0.16±0.05 

0.34±0.07 

0.23±0.05 

0.28±0.07 

0.10±0.03 

0.09±0.03 

0.04±0.02 

0.06±0.04 

0.09±0.03 

0.05±0.02 

0 

O.OliO.Ol 

0 

9.43L0.57 

/j-value* 

p=0.0\A 

^=0.010 

77=0.489 

p<0.001 

77=0.257 

77<0.001 

77=0.059 

77=0.002 

77=0.276 

77=0.143 

77=0.315 

77=0.041 

p=Q.0H 

77=0.063 

77=0.082 

77=0.570 

77=0.990 

77=0.002 

77=0.056 

77=0.157 

77=0.008 

* />-values based on a Wilcoxon Rank Sum Test 
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Vegetation response 

In the pre-treatment year, the vegetation communities on the designated treatment 

areas were similar and the treatment centroids were not sq)arated on the ordination 

diagram (Figure 7A). In 1994, after ^plication of the conifer release treatments, four 

structurally distinct vegetation communities became evident; two associated with the 

chemical herbicide treatments (Vision® and Release®), one with the 

Silvana Selective/Ford Versatile and brushsaw treatments, and one with the control 

area (Figure 7B). 

The herbicide Vision® reduced the percent cover of deciduous trees and shrubs, 

and increased the herb community on the treated areas (Figure 8). Release® reduced the 

deciduous tree and shrub layer to a lesser extent than Vision®, and increased the 

establishment of grasses/sedges. The Silvana Selective/Ford Versatile and brushsaw 

treatments reduced the percent cover of deciduous trees in the post-treatment year. The 

percent cover of each of the different vegetation types remained the same on the control 

areas over the two years of the study. The species of vegetation identified on the 

experimental blocks, and their associated percent cover, are listed in 

Appendix C, Table Cl. 

The first canonical axis of the pre-treatment ordination diagram had an eigenvalue 

of 0.212, accounting for 42% of the variation within the CVA. The second axis had an 

eigenvalue of 0.168, accounting for 33% of the variation. The first axis on the 

post-treatment ordination diagram separated the four treatments and the control and had 
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FIG. 7. Ordination diagrams, produced from canonical variates analyses, of the vegetation 
community in each of the four conifer release treatment areas and the control areas, across 
the four ejq)erimental blocks, in 1993 (A) and 1994 (B). Circles represent 95% 
confidence regions for each treatment centroid. 
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FIG. 8. Percent cover of coniferous trees, deciduous trees, shrubs, herbs, grasses/sedges, 
and ferns in the four conifer release treatment areas and the control area in 1993 (pre- 
treatment) and 1994 (post-treatment). 
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an eigenvalue of 0.786, accounting for 52% of the variation present within the data. The 

second axis, with an eigenvalue of 0.386, accounted for 26% of the variation. 

Microclimatic effects 

Near-ground temperature was greater in the brushsaw treated area than in the other 

conifer release treatment areas and the control (Figure 9). However, there was significant 

interaction in near-ground temperature between the treatment areas over the course of the 

summer (F=3.17; /J<0.05). Near-ground temperature on the Release® treated area 

increased through early July while temperatures on the other areas declined. 

Interaction in near-ground temperature between the three thermocouple positions 

was also observed over the summer (F=l 1.75;/?<0.05). The temperatures 2 cm above and 

directly beneath (0 cm) cardboard sheets were greater than those measured 2 cm deep in 

the humus layer through July (Figure 10). In August, higher temperatures were measured 

2 cm deep in the humus layer than those above or beneath the sheets. 

Gastropod collections reached a peak when the temperature beneath the cardboard 

sheets was approximately 15°C and decreased at lower and higher temperatures 

(Figure 11). Temperature was more variable on clear days, ranging from 4°C to 30°C 

(X=13.5±0.56), than on overcast days, which ranged from 11°C to 22°C (X=15.8±0.33). 

Mean daily temperatures were similar in 1993 and 1994 (Figure 12A) but spring and 

summer rainfall was greater in 1993 than in 1994 (Figure 12B). 



38 

FIG. 9. Mean near-ground temperature on the four conifer release treatment areas and the 
control area of block 3 during the summer of 1994. 

FIG. 10. Mean near-ground temperatme, 2 cm above cardboard sheets, directly beneath 
sheets (0 cm ), and 2 cm deep m the humus layer beneath sheets, on block 3 during the 
summer of 1994. 
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FIG. 11. Scattergram of the total number of terrestrial gastropods collected beneath 
cardboard sheets and the temperature directly bmeath the sheets. 
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FIG. 12. Mean daily temperature (A) and total monthly precipitation (B), between the 
months of April and September, in 1993 and 1994. 
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Barrier-enclosed sheets 

Total mean gastropod density (±S.E.) was greater on unenclosed cardboard 

sheets (3.1±0.4 m‘^) than on sheets encircled with a barrier (2.1±0.2 m'^) (p=0.038), 

although no differences were detected between individual gastropod species (Table 6). 

Cumulative totals of 287 and 195 gastropods were collected from unenclosed and 

enclosed cardboard sheets, respectively, over the course of the experiment. Sixteen 

species of terrestrial gastropod were collected from the enclosed and unenclosed cardboard 

sheets. Two of these species, P. dorsalis and Gastrocopta tappaniana, were not collected 

from the sheets enclosed with a barrier. Zoogenetes harpa. Vertigo ovata, doidAnguispira 

altemata were not collected from the unenclosed sheets. The total density of snails and 

slugs, from both enclosed and unenclosed cardboard sheets, showed significant variation 

over the 11 sample periods (/?<0.0001) (Figure 13). Over the first five collection days, 

mean gastropod density (±S.E.) weis lower under enclosed sheets (2.0±0.21) than 

unenclosed (3.9±0.26) (p=Q.0029). The mean density of snails and slugs under both 

enclosed and unenclosed sheets increased sharply following rains on August 3rd and 7th 

totalling 35.2 mm and another on August 16 of 3.8 mm (Figure 13; Table 7). 

Weathered sheets 

Total mean gastropod densities on new (16.2±2.6 m’^) and 

weathered (27.3±4.1 m'^) cardboard sheets were not significantly different (p=0.09). 

However, of the twenty species of terrestrial gastropod collected (Table 8), four of the 12 

most common [E.fulvus (p=0.001), V. gouldi (p=0.018), Carychium exile 
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canadense (/7=0.0003), and S. milium (p=0.008)], were present in greater densities on the 

weathered sheets than on the new sheets. 
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TABLE 6. Mean densities (±S.E.) of terrestrial gastropods collected from cardboard sheets 
enclosed with a sheet metal barrier and sheets without a barrier 

Deroceras laeve 

Euconulus fulvus 

Columella edentula 

Zonitoides arboreus 

Striatura milium 

Succinea ovalis 

Vitrina limpida 

Vertigo gouldi 

Strobilops labyrinthica 

Cochlicopa lubrica 

Discus cronkhitei 

Pallifera dorsalis 

Zoogenetes harpa 

Vertigo ovata 

Anguispira altemata 

Gastrocopta tappaniana 

Total 

Barrier-Free Sheets 

1.90±0.280 

0.20±0.058 

0.27±0.076 

0.23±0.056 

0.04±0.026 

0.09±0.036 

0.10±0.034 

0.09±0.033 

0.02±0.015 

0.04±0.021 

0.02±0.015 

0.04±0.034 

0 

0 

0 

O.OliO.Oll 

3.05L0.349 

Barrier 
Enclosed Sheets 

1.18±0.152 

0.23±0.060 

0.12±0.034 

0.14±0.047 

0.12±0.062 

0.06±0.025 

0.03±0.018 

0.02±0.015 

0.04±0.021 

0.02±0,015 

0.03±0.018 

0 

0.04±0.026 

0.02±0.015 

O.OliO.Oll 

0 

2.07±0.228 

p-value* 

p=0.097 

p=QA12 

/»=0,328 

p=0.077 

;?=0,462 

77=0.974 

77=0.121 

77=0.088 

77=0.409 

77=0.409 

77=0.652 

77=0.156 

77=0.082 

77=0.156 

77=0.317 

-3 I ”7 

* p-values based on a Wilcoxon Rank Sum Test 
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FIG. 13. Mean densities (±S.E.) of slugs (A) and snails (B) from beneath cardboard 
sheets enclosed with a sheet metal barrier and sheets without a barrier, over 11 sample 
periods, July 22 to August 18, 1994. [R=rain greater than 3 mm] 
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Sample date 
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TABLE 7. Daily precipitation during the period of terrestrial gastropod collection from 
barrier enclosed and unenclosed cardboard sheets 

Date 

July 

August 

20 

21 

22* 

23 

24* 

25 

26* 

27 

28* 

29 

30* 

31 

1 

2* 

3 

Precipitation 
(mm) 

3.2 

0 

0 

0.4 

0.8 

1.3 

0.9 

0 

0 

0 

0 

0 

0 

0 

13.6 

Date 

August 4 

5* 

6 

7 

8* 

9 

10 

11* 

12 

13 

14 

15* 

16 

17 

18* 

Precipitation 
(mm) 

0 

0 

2.4 

21.6 

0 

0 

0 

0 

0.4 

0.3 

1.2 

0 

3.8 

0 

0 

* dates when barrier enclosed cardboard sheets and unenclosed sheets were sampled 
for terrestrial gastropods 
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TABLE 8. Mean densities (±S.E.) of terrestrial gastropods collected 
weathered cardboard sheets 

New Sheets Weathered 
Sheets 

Zonitoides arboreus 

Strobilops labyrinthica 

Euconulus fulvus 

Deroceras laeve 

Vitrina limpida 

Discus cronkhitei 

Vertigo gouldi 

Carychium exile canadense 

Striatura milium 

Succinea ovalis 

Columella edentula 

A nguispira altemata 

Striatura exigua 

Cochlicopa lubrica 

Gastrocopta tappaniana 

Vertigo ovata 

Vertigo modesta 

Zdogenetes harpa 

Punctum minutissimum 

Pallifera dorsalis 

Total 

5.12±1.03 

1.85±0.46 

1.71±0.42 

2.72±0.49 

1.30±0.49 

0.40±0.14 

0.35±0.18 

0.09±0.09 

0.20±0.15 

0.75±0.28 

0.46±0.19 

0.29±0.12 

0.23±0.12 

0.23±0.08 

0.06±0.04 

0.14±0.08 

0.14±0.10 

0.06±0.04 

0.06±0.06 

0.03±0.03 

16.19±2.61 

6.53±1.04 

4.51±1.08 

4.51±0.85 

2.23±0.35 

1.10±0.45 

1.30±0.38 

1.10±0.36 

1.24±0.38 

1.07±0.35 

0.52±0.12 

0.78±0.32 

0.69±0.29 

0.64±0.24 

0.52±0.30 

0.20±0.07 

0.12±0.09 

0.06±0.04 

0.06±0.04 

0.06±0.06 

0.03±0.03 

27.25±4.13 

from new and 

/7-value* 

/7=0.187 

p=0.072 

p=0.001 

/7=0.712 

/7=0.889 

p=0.110 

/7=0.018 

/7<0.001 

77=0.008 

77=0.665 

77=0.703 

77=0.631 

77=0.278 

77=0.863 

77=0.079 

77=0.655 

77=0.960 

77=1.000 

77=1.000 

77=1.000 

77=0.086 

* />-values based on a Wilcoxon Rank Sum Test 
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DISCUSSION 

All 21 species of terrestrial gastropod identified on the four experimental blocks 

were indigenous to North America (Pilsbry 1939-1948; Chichester and Getz 1969) and 

have previously been documented in Northwestern Ontario (Oughton 1948). However, 

a greater number of species is reported here than in previous studies of similar northern 

habitats. Kearney and Gilbert (1978) identified 16 species of terrestrial gastropod, 

including two introduced species of slug, from the Himsworth Game Preserve south of 

North Bay, Ontario. Van Es and Boag (1981), Kralka (1986), and 

Locasciulli and Boag (1987) collected 18, 13, and 11 species of gastropod, respectively, 

from a variety of coniferous, deciduous, and mixedwood stands in the boreal forest region 

of Alberta. In addition, Boag and Wishart (1982) identified a total of 15 species from 

nine different habitat types in southwestern Alberta. The greater number of gastropod 

species collected in the current study may be a result of more abundant near-ground 

vegetation typical of early, rather than late, stages of forest succession (Gratowski 1967; 

Kimmins 1987). Live vegetation is not considered essential as a source of food for snails 

and slugs, rather, they feed on decomposing organic material, soil algae, and fungal 

hyphae (Boycott 1934; Chatfield 1974). However, vegetation is important in providing 

the near-ground temperature and moisture conditions favoured by 

gastropods (Hunter 1964). 

Total mean density of gastropods was 12 m'^ and ranged from 6 m'^ to 18 m'^ on 

the experimental blocks. Using sampling techniques similar to those used in this study. 
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Lank ester and Peterson (1995) found gastropod densities of 2 m‘^ and 4 m'^ in two 

different habitats in northeastern Minnesota. As well, Boag and Wishart (1982) and 

Kearney and Gilbert (1978) reported total numbers of terrestrial gastropods from which 

mean densities on the surface of the forest floor were calculated to be 2 m'^ and 38 m'^, 

respectively. However, Kralka (1986) examined 5 cm deep soil cores and estimated a 

total mean density of 80 m'^, with maximum densities of Discus cronkhitei and Vertigo 

gouldi reaching 340 m'^ and 460 m'^, respectively, suggesting that large numbers of 

gastropods inhabit the superficial soil layer. Nelson (1994), working in the same area as 

the present study, compared the cardboard sheet and soil core sampling methods. Density 

estimates of 28 m'^ were obtained using cardboard sheets while a mean density of 

1610 m'^ of the same gastropod species was estimated to be in the 10 cm depth of soil 

beneath the sheets. Clearly, many more gastropods are present within the litter and 

underlying soil than are active on the surface. Although cardboard sheets provide a time- 

efficient method of sampling (Nelson 1994), numbers collected beneath them are likely 

to be influaiced by surface microclimatic factors important for gastropod mobility. 

Greater numbers of terrestrial gastropods were collected beneath cardboard sheets 

in 1993 than in 1994. Mean gastropod densities increased steadily over the summer of 

1993 to 21 m’^, but remained fairly stable throughout the summer of 1994 at 10 m'^. This 

difference between years was not related to the conifer release treatments since gastropod 

densities on both treated and control areas were lower in 1994. Rather, the greater 

amount of spring and summer precipitation in 1993 probably increased soil moisture on 

the blocks and may have improved the reproductive success of gastropods (Walton 1963; 



53 

Berry 1966) causing populations to grow over the summer. In addition, periods of raiu 

and increased soil moisture in 1993 may have caused gastropods to move toward the 

surface (Locascuilli and Boag 1987) where they were more likely to be sampled beneath 

cardboard sheets. 

Blocks 1 and 3 had the greatest densities of snails and slugs in both years of the 

study. Differences between the four experimental blocks were probably related to soil 

moisture. Although soil moisture was not measured directly, blocks 1 and 3 were low 

lying with poor drainage and were visibly wetter than blocks 2 and 4. Block 2 was 

situated on a steep slope and was more thoroughly drained. The substrate on block 4 was 

characterized by a large gravel component which would have led to greater percolation 

of soil water from the upper layers of the soil to deeper soil strata (Foth and Turk 1972). 

Positive correlations between soil moisture and the distribution of both snails and slugs 

have previously been demonstrated (Prior 1985). 

Canonical variates analysis of percent cover indicated that structural differences 

in vegetation had developed between treated and control areas by mid-summer 1994. 

Deciduous trees and shrubs were greatly reduced by all conifer release methods. 

However, herbs and grasses became widespread on the chemical herbicide treated areas 

while they remained at pre-treatment percent cover on the mechanical and manually 

released areas and on the control areas. Freedman et al. (1993) observed similar 

post-herbicide succession in a New Brunswick mixedwood forest. After releasing conifers 

with Vision®, mean vegetation cover was reduced from 95% to 64% the following year 

but herbs and grasses increased (Freedman et al. 1993). 
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Despite marked changes in vegetation structure on the conifer released sites, no 

differences were evident in species richness and density of gastropods following 

treatments. Removal of vegetation from an area may cause near-ground temperatures to 

be more extreme and relative humidity to decrease (Geiger 1957; Coates et al. 1991; 

Mclnnis and Roberts 1995). Terrestrial gastropods may respond to such conditions by 

moving deeper into the soil. However, once near-ground vegetation has regenerated and 

if soil temperature and moisture conditions are restored, resident snails and slugs may 

agam become abundant at or near the surface. Although tree and shrub cover was 

reduced following treatments in this study, the abundance of near-ground vegetation 

remained the same or increased the following year. Microenvironmental conditions 

experienced by snails and slugs were probably changed little and continued to provide 

favoruable habitat. Maze and Johnstone (1986) observed the greatest number of gastropod 

species and highest densities of snails and slugs in areas with dense near-ground 

vegetation. They attributed this to the shelter and protection provided by the abundant 

herbaceous vegetation. As well, Andersen and Halvorsen (1984) found the greatest 

numbers of two particular species, Cochlicopa lubtica and Vertigo modesta, in areas rich 

with ground vegetation. 

Strayer et al. (1986) studied the effects of three types of forest disturbance 

(agricultural cropping, burning, and clear-cutting) on terrestrial gastropods and concluded 

that any relationship between disturbance and short-term changes in gastropod numbers 

was unclear. Species richness and density appeared to decline following disturbance, but 

declines seemed short lived; sites disturbed 5 years earlier had already returned to 
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pre-disturbance levels. They also suggested that disturbed sites were recolonized as a 

result of gastropods moving in from surrounding, undisturbed habitat. However, rapid 

dispersal into large disturbed areas seems doubtful since terrestrial gastropods are assumed 

to be relatively immobile Considering findings reported here and by Kralka (1986) and 

Nelson (1994), a more likely explanation is that the large reservoir of gastropods in the 

soil is the source of colonizers and vertical movement may quickly restore the detectable 

community on the surface, provided that suitable microclimate is re-established for all of 

the original species. 

The density of terrestrial gastropods was greater on the regenerating control area 

of block 3(16 m'^) than in the adjacent mature forest (9 m‘^). Beach (1992) similarly 

found greater numbers of gastropods on 5-10 year old regenerating clearcuts than in 

mature forests. In my study, the regenerating area was characterized by a greater variety 

of deciduous species and an abundance of herbaceous ground vegetation. The mature 

forest, on the other hand, had a closed canopy dominated by white spruce and trembling 

aspen. The understory was sparse and the litter had a noticeably greater coniferous 

component. 

Gastropod densities typically are greater in deciduous rather than coniferous forests 

(Boycott 1934; Karlin 1961). For example, Boag and Wishart (1982) observed gastropod 

densities of 3.2 m'^ and 0.5 m'^ in mature deciduous and coniferous forests, respectively. 

Similarly, Gleich and Gilbert (1976) reported gastropod densities of 5 m'^ in a deciduous 

forest and 3 m'^ in a coniferous forest in central Maine. This difference has generally 

been attributed to the relative contributions of deciduous and coniferous species to the 



56 

litter. However, Locascxiilli and Boag (1987) found a strong positive correlation between 

gastropod abundance and the amount of litter, regardless of its composition. 

Species richness was somewhat greater on the regenerating control area than in the 

mature forest; V. modesta and Punctum minutissimum were not collected in the latter. 

Kralka (1986) also reported more gastropod species in deciduous forests (13 species) than 

in coniferous dominated stands (8 species). However, Locasciulli and Boag (1987) found 

the same nine species of gastropod in both a deciduous and a coniferous forest. 

The regenerating blocks appear more favourable to snails and slugs than the 

mature, original forest examined. Being in an early successional stage and having a 

greater variety and abundance of near-ground vegetation and deciduous litter, they may 

provide a wider range of suitable microsites for snails and slugs to inhabit. Although 

light mtensity and near-ground temperatures are greater on conifer plantations than in 

mature forests (Margolis and Brand 1990; Spittlehouse and Stathers 1990), soil moisture 

remains high because of less transpiring vegetation (Klinka et al. 1985). Relative 

humidity at ground level beneath a dense layer of herbaceous vegetation can approach 

100%, while the relative humidity immediately above it may be only 50% (Geiger 1957; 

Oke 1978; Begon et al. 1990). As well, pH values and available Ca^^ are higher in soils 

overlain by deciduous leaf litter (Burch 1955; Millar 1974; Swift et al. 1979), and the 

distribution of snails and slugs has been correlated with these conditions (Cameron 1973; 

Walden 1981; Gardenfors 1992). Gastropods require abundant sources of available 

calcium for shell precipitation and egg development during growth and reproduction 

(Wilbur 1964; Foumie and Chetail 1984). 
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The objective of conifer release is to suppress competing vegetation, allowing 

young conifers to become established and promoting more rapid succession of a conifer 

dominated stand (Freedman et al. 1993). Because much of the literature suggests that 

gastropods prefer forests with a strong deciduous component, tended conifer plantations 

would be expected, eventually, to become less suitable for them. However, over the 

medium and short term, habitat alteration spears to have other effects. Results reported 

here suggest that within 5-8 years of a disturbance such as logging, regenerating areas can 

be expected to have markedly greater density and somewhat greater richness of gastropod 

species than occurred in the original mature forests that they replace. The indication of 

increased richness is possibly due to previously rare species becoming numerous enough, 

as the area regenerates, to be detected by the cardboard sheet method. In the short term, 

immediately following management of competing vegetation on a regenerating plantation, 

no changes in gastropod populations could be detected, at least within one year of 

chemical, mechanical and manual release treatments. 

The cardboard sheet sampling technique has been employed in a number of field 

studies (Lankester and Anderson 1968; Gleidi and Gilbert 1976; Boag 1982; 

Strayer et al. 1986). It is clearly a convenient method of collecting large numbers of 

terrestrial gastropods but several poorly understood factors must be considered when using 

the technique to estimate their relative densities. For example, does this method sample 

only those gastropods living directly beneath a sheet, or does it also include individuals 

that have immigrated from the surrounding area? An experiment designed to detect 

horizontal movement involved counting and removing gastropods from paired cardboard 
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sheets every 2-3 days for a period of 28 days. One sheet of each pair was enclosed with 

a barrier intended to prevent gastropod movemait in or out of the area beneath the sheet; 

the control was unenclosed. With repeated sampling and removal, the mean number of 

gastropods collected beneath both sheets would be expected to decline. However, if 

individuals were continually immigrating from the surrounding area, the mean density of 

individuals found beneath the enclosed sheets should fall to a lower level than that under 

control sheets. In fact, this was observed over the first 5 collection days (9 day period). 

The mean density recovered beneath enclosed sheets (2.0±0.21 m'^) was half that from 

unenclosed sheets (3.9±0.26 m'^) suggesting that horizontal movement does occur. A 

more direct demonstration of this behaviour was provided by Boag (1990) who marked 

mdividual snails and found up to 5% of D. cronkhitei and 12% of E. fulvus collected 

beneath cardboard sheets had immigrated from the surrmmding area. 

An additional observation made during the experiment using enclosed cardboard 

sheets confounded conclusions regarding horizontal movement but nonetheless revealed 

another response of gastropods that undoubtedly influences the numbers of animals 

sampled. Qn the seventh day, after several days of declining numbers, the mean density 

of gastropods collected from beneath both enclosed and unenclosed sheets increased 

markedly. A second increase occurred beneath unenclosed sheets on the eleventh 

sampling day. These increases followed rains of 35 and 4 mm, respectively. Although 

the increase on both occasions was greatest beneath the unenclosed sheets, indicating that 

some increase in horizontal movement had probably occurred, an increase beneath the 
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enclosed sheets suggests that individuals moved vertically in response to the wetter 

conditions, even beneath sheets where the ground was protected from direct rainfall. 

The extent to which gastropods might actually be attracted to cardboard sheets has 

not been determined, yet there is some empirical evidence that they accumulate beneath 

more permanent sampling structures (Boag 1990). These animals can be observed moving 

openly across the surface of the litter at night and on overcast and rainy days until 

moisture, temperature, and/or light conditions become unfavourable (Boag 1985). Under 

natural circumstances, their most direct route to refuge would be downward into the litter 

and soil. Conditions that discourage gastropod movement on the surface may be delayed 

in onset and be less severe beneath a cardboard sheet and gastropods near the perimeter 

likely would sense this. However, sheets seldom remain suitable refuge for long. They 

dry readily in the sun and the vegetation beneath them dies back if left covered for more 

than 2-3 weeks. In some circumstances, the litter beneath a cardboard sheet may be drier 

than its surroundings, for example if a sheet has been put in place before a light rain or 

heavy dew occurs. Horizontal movement of gastropods clearly occurs and the extent to 

which this affects population estimates probably will vary with microclimatic conditions 

and the relative mobility of different species. Similarly, the movement of gastropods up 

and down in the litter layer will also affeet estimates. This expected variability can best 

be minimized by placing already dampaied sheets in a new location during or 

immediately after a rainy period and by checking the sheets only in the early hours of 

the morning. 
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Vegetation is thought to influence terrestrial gastropods indirectly by moderating 

near-ground temperature and moisture conditions (Burch 1956; Hunter 1964; Beyer and 

Saari 1977). In this study, near-ground temperature was highest in the brushsaw released 

area in late July and August. The remaining released areas and the control had similar 

near-ground temperatures throughout the summer. The higher mean temperature recorded 

on the brushsaw area was probably an artifact of the sampling design on three particular 

days. Based on random draw, higher temperatures recorded at three of the six 

thermocouple stations on the brushsaw area were taken late in the morning on three days 

in late July and August, all of which were clear sunny days. If the higher temperatures 

on the brushsaw treated area were a consequence of the sampling design, results would 

suggest that near-ground temperature was not greatly affected by any of the conifer 

release treatments. 

The mean temperature immediately beneath the cardboard sheets was always 

similar to the air temperature 2 cm above them. Both were slightly higher than the mean 

temperature 2 cm deep in the humus layer throughout the early part of the summer but 

in August they cooled to below that in the humus layer. This probably occurred in 

response to lower early morning temperatures in August and soil heat retention later in 

the summer. The thermal conductivity of soil is a function of its moisture content (Foth 

and Turk 1972). Block 3, where near-ground temperature was measured, had imperfect 

drainage (Lautenschlager and Bell 1994). Wetter soils take longer to warm early in the 

summer and cool more slowly later in the season (Foth and Turk 1972). This usually 
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results in maximum seasonal soil temperatures being reached after surface temperatures 

have begun to cool (Kimmins 1987). 

The temperature beneath cardboard sheets spears to influence the number of 

gastropods that can be collected using this method. Collections were greatest when the 

temperature beneath the sheets was approximately 15°C. Boag (1990) reported the 

greatest nrunber of gastropods beneath masonite boards at ambient air temperatures 

between 7.5°C and 17.5°C and direct observation of snails in terraria indicated greater 

activity on the surface of the litter at temperatures ranging from 6°C to 15°C (Boag 1985). 

Snails and slugs most likely take refuge deeper in the litter and underlying soil when 

temperatures reach lower or higher extremes. Temperatirres beneath the sheets varied less 

on overcast mornings (11°C-22°C, X=15.8±0.33°C) than on clear mornings 

(4°C 30°C, X=13.5±0.56°C). The time of day and amount of cloud cover will clearly play 

a role in moderating the temperature beneath the sheets. On suimy, hot days, favourable 

temperatures beneath the sheets will only prevail for a limited period of time early m the 

morning. On overcast days, however, daytime temperatures will remain cooler and larger 

numbers of gastropods are likely to be found baieath cardboard sheets later into the day. 

The ^parent relationship between temperature beneath the sheets and the number of 

gastropods collected should be considered when using this technique in field studies of 

terrestrial gastropods. 

Although temperature appears to influence the number of gastropods found beneath 

cardboard sheets, other aivironmental conditions may also play a role. Light intensity 

will influence near-ground temperature (Geiger 1957) and is an important consideration 
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when examining animal distributions and activity (Begon et al. 1990). Boag (1985) 

studied the effects of light on snails in terraria under ambient field conditions. There was 

no difference in the number of snails visible between dark and light periods but more 

snails were active in darkness. Generally he believed that light had little effect on the 

microdistribution of snails. In addition to near-ground temperature, soil moisture and 

near-ground relative humidity play an important role in determining the distribution and 

activity of terrestrial gastropods (Cowie 1984; Arad 1993). It is likely that near-ground 

relative humidity beneath cardboard sheets is at times, greater than that experienced on 

the surrounding forest floor. When this occurs, it may account for some of the horizontal 

movement of gastropods to the sheets which appears to be occurring. 

Using masonite boards, Boag (1990) found greater numbers of gastropods beneath 

them in the latter half of the summer This result could be interpreted several ways. 

Gastropods may be moving to the surface from deeper regions of the litter layer and 

underlying soil in response to improving near-ground microclimatic conditions over the 

summer (Boag 1985; Locasciulli and Boag 1987). Another possibility is that populations 

of gastropods may be increasing over the course of the sampling season with the 

maturation of individuals hatched in the spring and early smnmer (Gleich and 

Gilbert 1976). Alternatively, as the cardboard sheets weather over the sampling season, 

they may become increasingly attractive to gastropods. The latter possibility was 

investigated here. 

Overall, the mean densities of gastropods collected from weathered and 

unweathered cardboard sheets were similar but greater densities of four species 
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(Euconulus fulvus, V. gouldi, Carychium exile canadense, and Striatura milium) were 

collected from beneath the weathered sheets. Weathered sheets appeared to absorb more 

moisture and retain it longer following a rain. A similar increase in use of weathered 

boards was seen by Boag and Wishart (1982) and Boag (1990). It was suggested that 

boards exposed for long periods to the elements may become more attractive as a result 

of having dissipated any possible repellant chemicals, or acquiring fungal hyphae and 

slime trails on their lower surface. Boag (1990) also suggested that various gastropod 

species may use sampling boards differentially. This factor may also explain, in part, the 

greater collections of particular species from weathered sheets here and underscores 

another limitation to using cardboard sheets to estimate terrestrial gastropod densities. 

The different life histories of gastropod species can also be expected to cause 

seasonal fluctuations in collections from beneath cardboard sheets. For example, Vitrina 

limpida has a one year life cycle (Comfort 1957; Uminski and Focht 1979). Eggs 

over-winter and hatch in the spring. Individuals reach maturity by late fall, lay eggs and 

die. On the other hand, species such as E. fulvus and C. lubrica, lay eggs in the spring 

and early summer (Livshits 1983). Eggs hatch in late summer or early autumn and the 

young overwinter, reaching reproductive maturity the following year. The possible effects 

of differential seasonal recruitment on the sampling estimates obtained using cardboard 

sheets should be investigated in the future. 
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TABLE Al. Model equation used in the repeated measures analysis of variance to test 
conifer release treatment effects and the description of model parameters 

Model Yy^^„„p=p+Bi-HyQ^j+Tt+BTit+5(ijk)i+t„+Bti„+Ttk„+BTtii^+E(ijkta,)n+P(ijktan)p 

Parameter 

ijklmnp 

P 

Bi 

Y(i)j 

T, 
BTy, 

S(ijk)l 

Bt, 
Tt 

BTt ikm 

P(ijklmn)p 

Definition 

=the gastropod density 

=the overall mean 

=the random effect of the i* block (i=4) 

=the restriction error due to blocking 

=the fixed effect of the k* treatment (k=5) 

=the interaction effect of the i*** block and the k^** treatment 

=the experimental error due to treatmait (random) 

=the fixed effect of the m* time (1=4) 

=the interaction effect of the i* block and the m* time 

=the interaction effect of the k* treatment and the m* time 

=the interaction effect of the i* block with the k* treatment and the 
m* time 

=the experimental error due to time (random) 

=the sampling error (random) 
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TABLE A2. Expected mean squares and associated degrees of freedom used in parameter 
estimation in the repeated measures analysis of variance to test conifer release treatment 
effects 

Parameter 

Y(i)j 

T, 

BT;. 

Bh 

Tt. km 

BTt. ikm 

^(ijklm)n 

P(ijklmn)p 

Expected Mean Squares 

c^p+3 0a\+120a V600a''y+600o^B 

a^p+30a^g+l 20a^s+600a^^ 

a^p+3Oa\+12Oa%+12Oa''BT+48O0(T) 

a^p+3 0a^g+120a^5+120a\ j 

a^p+3 0a^g+12 Oa^s 

a^p+30a^g+l 5Oa\,+6OO0(t) 

a'=p+30a\+150a^Bt 

a^p+3 0a^,+3 0a\x,+12O0(Tt) 

a^p+30a\+30a\xt 

a^p+30a^. 

df 

3 

0 

4 

12 

0 

3 

9 

12 

36 

0 

2320 

degrees of freedom 
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TABLE A3. Model equation used in the repeated measures analysis of variance of 
near-ground temperature and the description of model parameters 

Model Yjj,j]j^^=p+Tj+Sj+TSjj+5(ij),j^+ti+Ttjj+Stj,+TStjj,+e(pi)„+P(ij,;ij„)„ 

Parameter Definition 

Yijkhnn =the near-ground temperature 

p =the overall mean 

Tj =the fixed effect of the i* treatment (i=5) 

Sj =the fixed effect of the j*"* distance from the ground (j=3) 

TSjj =the interaction effect of the i* treatment and the j*'' distance from the 
ground 

=the experimental error due to treatments (random) 

t, =the fixed effect of the 1* time (1=5) 

Tty =the mteraction effect of the i*** treatment and the I'*' time 

Stj, =the interaction effect of the j* distance from the ground and the 1'*’ 
time 

TStjj, =the interaction effect of the i* treatment with the j* distance from 
the ground and the 1* time 

=ihe experimental error due to time (random) 

P(ijkim)n sampling error (random) 
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TABLE A4. Expected mean squares and associated degrees of freedom used in parameter 
estimation in the repeated measures analysis of variance of near-gromd temperature 

Parameter Expected Mean Squares df 

T; a''p+6a\+3Oa%+9O0(T) 4 

Sj a''p+6a\+3Oa"5+3O0(TS)+15O0(S) 2 

TSij a^p+6oV3Oa%+3O0(TS) 8 

5(ij)k a^p+6a\+30o% 0 

t, a^p+6a^g+9O0(t) 4 

Tty CT^p+6aVl80(Tt) 16 

Stj, a%+6a\+3O0(St) 8 

TStij, cf*p+6aV60(TSt) 32 

£(ijki)m 0 

P(ijklm)n  375 

degrees of freedom 
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TABLE B1. Total mimbers 
Vision® treated areas on the 
1993 and 1994 

of terrestrial gastropods collected from Pre-Vision® and 
four experimental blocks over the four sample periods in 

Pre-Vision® (1993) Vision® (1994) 

Species May June July Aug. 

Zonitoides arboreus 

Deroceras laeve 

Discus cronkhitei 

Euconulus fulvus 

Strobilops labyrinthica 

Vitrina limpida 

Vertigo gouldi 

Striatura milium 

Succinea ovalis 

Columella edentula 

A nguispira altemata 

Cochlicopa lubrica 

Pallifera dorsalis 

Zdogenetes harp a 

Vertigo ovata 

Striatura exigua 

Gastrocopta tappaniana 

Vertigo modesta 

Carychium exile canadense 

Punctum minutissimum 

Pupisoma minus'^ 

Total 

120 

43 

18 

23 

10 

33 

1 

0 

30 

4 

9 

4 

0 

0 

0 

0 

1 

1 

0 

0 

0 

297 

563 

240 

122 

55 

94 

63 

24 

8 

52 

19 

66 

23 

17 

8 

7 

3 

2 

4 

0 

0 

0 

1370 

334 

290 

143 

90 

162 

200 

54 

77 

64 

53 

52 

20 

71 

30 

19 

16 

5 

2 

4 

1 

0 

1687 

461 

302 

283 

257 

201 

78 

144 

157 

50 

66 

41 

13 

7 

12 

24 

18 

3 

4 

4 

8 

0 

2133 

May June July Aug. 

293 

65 

122 

124 

141 

13 

38 

7 

27 

108 

26 

12 

5 

7 

1 

5 

15 

15 

2 

2 

0 

836 

228 

173 

63 

133 

110 

23 

46 

10 

45 

78 

38 

13 

2 

5 

9 

3 

17 

6 

2 

0 

0 

928 

262 

254 

102 

102 

71 

21 

40 

7 

66 

33 

25 

20 

9 

3 

10 

1 

17 

3 

9 

4 

0 

1241 

205 

160 

129 

236 

93 

17 

129 

75 

19 

68 

8 

11 

4 

7 

16 

19 

7 

2 

6 

1 

0 

1672 

tentative identification by the Royal Ontario Museum 
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TABLE B2. Total numbers of terrestrial gastropods collected from Pre-Release® and 
Release® treated areas on the four experimental blocks over the four sample periods in 
1993 and 1994 

Pre-Release* (1993) Release® (1994) 

Species May June July Aug. 

Zonitoides arhoreus 

Deroceras laeve 

Discus cronkhitei 

Euconulus fulvus 

Strobilops labyrinthica 

Vitrina limpida 

Vertigo gouldi 

Striatura milium 

Succinea ovalis 

Columella edentula 

A nguispira altemata 

Cochlicopa lubrica 

Pallifera dorsalis 

Zoogenetes harpa 

Vertigo ovata 

Striatura exigua 

Gastrocopta tappaniana 

Vertigo modesta 

Carychium exile canadense 

Punctum minutissimum 

Pupisoma minus 

Total 

153 

66 

11 

33 

8 

7 

1 

0 

20 

1 

4 

7 

0 

0 

0 

0 

1 

2 

2 

0 

0 

316 

615 

263 

217 

90 

55 

95 

4 

0 

41 

3 

42 

23 

5 

10 

1 

0 

0 

2 

0 

0 

0 

1466 

399 

309 

291 

95 

156 

132 

27 

246 

53 

10 

32 

13 

15 

35 

14 

29 

18 

0 

3 

5 

8 

1890 

526 

190 

311 

391 

155 

47 

277 

104 

16 

146 

5 

28 

2 

9 

37 

19 

11 

15 

39 

5 

0 

2333 

May June July Aug. 

367 

58 

142 

119 

164 

10 

94 

30 

38 

124 

31 

22 

1 

13 

18 

5 

21 

13 

9 

0 

0 

836 

311 

153 

120 

207 

73 

17 

52 

20 

44 

66 

26 

21 

12 

12 

26 

4 

24 

3 

22 

1 

0 

710 

231 

86 

91 

146 

69 

12 

72 

76 

32 

45 

12 

16 

3 

7 

22 

6 

29 

4 

5 

0 

0 

880 

119 

115 

68 

191 

96 

32 

138 

43 

12 

60 

6 

13 

2 

10 

17 

11 

14 

4 

0 

5 

0 

1281 
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TABLE B3. Total numbers of terrestrial gastropods collected from Pre-Bmshsaw and 
Brushsaw treated areas on the four experimental blocks over the four sample periods in 
1993 and 1994 

Pre-Brushsaw (1993) Brushsaw (1994) 

Species May June July Aug. 

Zonitoides arboreus 

Deroceras laeve 

Discus cronkhitei 

Euconulus fulvus 

Strobilops labyrinthica 

Vitrina limpida 

Vertigo gouldi 

Striatura milium 

Succinea ovalis 

Columella edentula 

A nguispira altemata 

Cochlicopa lubrica 

Pallifera dorsalis 

Zdogenetes harpa 

Vertigo ovata 

Striatura exigua 

Gastrocopta tappaniana 

Vertigo modesta 

Carychium exile canadense 

Punctum minutissimum 

Pupisoma minus 

Total 

165 

80 

17 

36 

4 

4 

1 

0 

25 

1 

10 

7 

0 

1 

0 

0 

1 

1 

0 

0 

0 

353 

623 

284 

146 

78 

88 

67 

8 

1 

60 

13 

49 

13 

1 

3 

0 

0 

1 

1 

0 

0 

0 

1436 

279 

287 

112 

108 

100 

38 

37 

71 

66 

10 

53 

16 

12 

8 

18 

5 

7 

2 

1 

0 

0 

1230 

532 

180 

205 

213 

145 

52 

113 

75 

23 

71 

18 

4 

10 

22 

19 

13 

2 

1 

0 

0 

0 

1698 

May June July Aug. 

327 

80 

89 

95 

66 

2 

31 

11 

50 

51 

27 

11 

1 

1 

15 

5 

13 

17 

6 

1 

0 

1627 

218 

200 

50 

65 

38 

11 

17 

3 

70 

24 

28 

6 

0 

6 

6 

0 

8 

1 

2 

0 

0 

637 

254 

173 

50 

78 

62 

17 

26 

2 

51 

20 

20 

16 

3 

2 

11 

0 

4 

1 

1 

0 

0 

1032 

98 

149 

40 

156 

68 

33 

38 

17 

33 

16 

2 

7 

3 

8 

13 

9 

4 

0 

0 

1 

0 

914 
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TABLE B4. Total numbers of terrestrial gastropods collected from Pre-Silvana and Silvana 
Selective treated areas on the four experimental blocks over the four sample periods in 
1993 and 1994 

Species 

Pre-Silvana Selective (1993) 

May June July Aug. 

Silvana Selective (1994) 

May June July Aug. 

Zonitoides arboreus 

Deroceras laeve 

Discus cronkhitei 

Euconulus fulvus 

Strobilops labyrinthica 

Vitrina limpida 

Vertigo gouldi 

Striatura milium 

Succinea ovalis 

Columella edentula 

A nguispira altemata 

Cochlicopa lubrica 

Pallifera dorsalis 

Zdogenetes harpa 

Vertigo ovata 

Striatura exigua 

Gastrocopta tappaniana 

Vertigo modesta 

Catychium exile canadense 

Punctum minutissimum 

Pupisoma minus 

Total 

163 

161 

15 

26 

14 

62 

0 

0 

58 

4 

11 

11 

0 

4 

1 

0 

2 

4 

2 

0 

0 

538 

602 

420 

149 

82 

106 

122 

20 

1 

86 

8 

37 

30 

22 

9 

7 

0 

4 

2 

2 

0 

0 

1709 

291 

323 

89 

135 

96 

183 

51 

88 

80 

34 

30 

27 

20 

24 

14 

8 

9 

10 

0 

0 

1 

1513 

518 

405 

289 

315 

159 

161 

218 

164 

39 

125 

22 

13 

11 

7 

25 

18 

7 

2 

0 

8 

1 

2507 

373 

87 

no 

113 

80 

21 

58 

23 

54 

46 

48 

13 

2 

7 

12 

6 

8 

4 

0 

1 

0 

1304 

283 

222 

45 

56 

41 

53 

19 

1 

48 

42 

32 

7 

11 

10 

6 

2 

7 

2 

3 

0 

0 

1033 

280 

231 

73 

64 

42 

21 

26 

26 

51 

22 

14 

6 

4 

11 

13 

1 

16 

0 

0 

0 

0 

494 

159 

152 

81 

111 

48 

22 

56 

62 

22 

52 

4 

8 

2 

7 

14 

3 

7 

0 

1 

0 

0 

859 
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TABLE B5. Total numbers of 
four experimental blocks over 

terrestrial gastropods collected from control areas on the 
the four sample periods in 1993 and 1994 

Control (1993) Control (1994) 

Species May June July Aug. 

Zonitoides arboreus 

Deroceras laeve 

Discus cronkhitei 

Euconulus fulvus 

Strobilops labyrinthica 

Vitrina limpida 

Vertigo gouldi 

Striatura milium 

Succinea ovalis 

Columella edentula 

A nguispira altemata 

Cochlicopa lubrica 

Pallifera dorsalis 

Zdogenetes harpa 

Vertigo ovata 

Striatura exigua 

Gastrocopta tappaniana 

Vertigo modesta 

Carychium exile canadense 

Punctum minutissimum 

Pupisoma minus 

Total 

129 

100 

12 

50 

26 

42 

2 

0 

19 

2 

7 

5 

1 

0 

1 

0 

0 

2 

0 

0 

0 

398 

492 

327 

111 

35 

41 

51 

2 

0 

70 

1 

15 

7 

5 

1 

0 

2 

0 

0 

0 

0 

0 

1160 

327 

513 

93 

112 

75 

242 

6 

7 

47 

6 

30 

18 

6 

6 

1 

2 

0 

2 

0 

0 

0 

1493 

535 

334 

253 

228 

188 

102 

68 

41 

18 

30 

19 

10 

1 

9 

10 

8 

2 

8 

2 

2 

1 

1869 

May June July Aug. 

523 

111 

84 

132 

135 

40 

27 

23 

32 

23 

52 

13 

4 

3 

6 

16 

2 

8 

2 

5 

0 

1870 

383 

273 

63 

108 

87 

70 

53 

17 

43 

62 

29 

27 

3 

5 

15 

10 

21 

4 

1 

0 

0 

1029 

330 

245 

55 

115 

90 

58 

38 

2 

42 

15 

8 

29 

4 

0 

1 

2 

18 

0 

10 

0 

0 

661 

248 

205 

88 

156 

94 

40 

82 

39 

8 

56 

7 

18 

3 

4 

10 

20 

3 

5 

13 

1 

0 

355 
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APPENDIX C 



TABLE Cl. Species of vegetation and associated percent cover, in each of the four conifer release treatment areas and the control area, 
averaged over the four experimental blocks, in 1993 (pre-treatment) and 1994 (post-treatment), according to vegetation category’ 

Percent cover 

Group Species 

1993 1994 

Pre-Treatment^ Treatment 

1 1 

Coniferous trees Abies balsamea 

Picea glauca 

Picea mariana 

Pinus banksiana 

Pinus strobus 

0.5 

1.3 

0,4 

1.2 

0.5 0.5 

0,08 0.05 

0 0 

0,4 0.7 

1.5 1.3 

0.2 0.6 

0.2 0 

0 0.03 

0.3 

1.4 

0.3 

0.5 

0 

0.7 

2.4 

0.5 

0.2 

0 

0.5 

1.9 

0.4 

0.2 

0 

0.5 

1.7 

0.5 

0.3 

0 

1.2 

1.8 

2.4 

0 

0 

0.7 

1.5 

0.8 

0.9 

0 

Deciduous trees Betula papyrifera 

Populus balsamea 

Populus tremuloides 

1.4 

0.5 

1.6 

1.0 

0.9 1.0 

0.2 0.6 

1.8 

0.4 

10.8 10,5 13.3 14.2 10,6 

0.7 0.4 1.3 

0.2 

2.5 

1.0 0.2 

4.9 6.5 

0.9 

0.4 

2.5 

0.5 

6.5 12.9 

Shrubs A cer ntbrum 

A cer spicatum 

Alms crispa 

0 

4.2 

0.5 

0 

3.6 

0.2 

0 0.03 

3.2 4.8 

0 1.2 

0 

2.8 

1.6 

0 0 

1.9 2.5 

0 0.05 

3.5 5.1 

0.4 0.2 0,05 0.5 

0 

4.2 

2.5 

00 



TABLE C1. (continued) 

Percent cover 

1993 1994 

Group 

Pre-Treatment 

Species 1 

Treatment 

1 5 

Shrubs A Inus rugosa 

A melmchier spp. 

Apocynum mdrosaemifolium 

Comus altemifolia 

Comus stolonifera 

Corylus comuta 

Diervilla lonicem 

Lonicera canadensis 

Lonicera hirsuta 

Prunus pensylvanica 

Prunus virginiana 

Ribes glandulosum 

Ribes hirtellum 

0.9 

0.4 

2.0 

0 

2.1 

7.9 

4.4 

0.08 

0.6 

0.4 

0.2 

0.08 

0.05 

1.5 0.6 0.7 

0 0.5 

0.3 0.7 

0 0.03 

2.1 2.1 

5.1 

1.8 

0.1 

0.8 

1.6 

0.7 

0 

1.9 

5.0 7.8 

2.2 4.9 

0.2 0.05 

0.1 0.05 

0.8 0.2 0.1 

0.1 0.3 0 

0.1 0.4 0.1 

0.2 0 0 

0.1 

0.7 

1.8 

0.03 

1.7 

5.4 

2.7 

0.05 

0.2 

0.4 

0.2 

0.2 

0 

0.03 

0.05 

0.2 

0 

1.3 

1.8 

1.3 

0.2 

0.1 

0.05 

0.3 

0.2 

0 

0.7 

0.03 

0.4 

0 

0.6 

3.0 

3.4 

0.2 

0.2 

0.2 

0.2 

0.2 

0.1 

0.6 

0.5 

1.0 

0.03 

3.0 

4.7 

2.8 

0.5 

0.1 

0.3 

0.5 

0.4 

0 

0.5 

0.7 

4.0 

0 

2.6 

5.6 

5.6 

0.4 

0.4 

0.1 

0.08 

0.1 

0 

0.2 

0.8 

1.4 

0 

2.3 

7.6 

4.6 

0.5 

0.3 

0.4 

0.2 

0.3 

0.05 

00 



TABLE Cl. (continued) 

Percent cover 

Gh'oup Species 

1993 1994 

Pre-Treatment Treatment 

1 

Shrubs Ribes oxycanthoides 

Ribes triste 

Rosa acicularis 

Rubus idaeus 

Rubus parvifloms 

Salix spp. 

Sambucus pubens 

Shepherdia canadensis 

Sorbus americana 

Sorbus decora 

0 0,05 

0.2 0.5 

0 

0.3 

7.7 7.5 

3,2 5,0 

0.08 

0 

0 

0 

0.2 

0 0.4 

0.1 0.08 

0 0 

0 

0.2 

0.8 0.4 0.7 0.6 

10.3 11.1 10.2 7.9 

0 

0.3 

1.0 

8.7 

7.8 10.1 5.3 

2.3 0.7 2.9 

0 0.03 0.08 

0 0 

0 0.2 

0 0 

0 0,03 0.03 

0.2 0.6 0.5 

0.8 0.8 1.0 

10.8 

13.3 12.5 

1.5 

0.05 

7.8 16.1 

8.4 

2.5 2.3 

0.2 0.05 

0 0 0.2 

0 0.05 0.08 

0 0 0.05 

0.05 0 

0.3 0.7 

4.0 1.6 

16.2 14.0 

10.3 10.4 

1,2 2,3 

0.03 0.1 

0 0 

0.08 0.4 

0 0 

Herbs All herbs grouped 36.2 34.2 42.2 38.1 41,6 55.0 39.2 53.9 56.0 55.8 

00 
0\ 



TABLE Cl. (continued) 

Percent cover 

1993 1994 

Pre-Treatment Treatment 

Group Species 1 2345 1 2 345 

6.3 

7.9 

0.8 

Ferns All ferns grouped 6.4 3.1 5.6 5.7 2.8 4.8 7.8 8.5 7.8 

Grasses All grasses grouped 4.3 3.1 6,5 2.5 3.9 6.7 15.9 10.3 5.6 

Sedges All sedges grouped 0.6 1.9 1.2 0.8 0.5 1,5 3.2 2.0 2.0 

data provided by Mr. F.W. Bell, Vegetation Management Alternatives Program, Ontario Forest Research Institute, Sault Ste. Marie, 
Ontario. 
^ treatment l=Vision®; 2=Release®; 3=Brushsaw; 4=Silvana Selective; 5=Control. 

00 
o 


