
LAND SNAILS AND SLUGS AS ECOLOGICAL INDICATORS OF LOGGING 
PRACTICES: RECOMMENDATIONS FOR ADAPTIVE MANAGEMENT 

 
Gastropods as Focal Species for Adaptive Management: 

Western Forest Products’ Adaptive Management Program was established to help maintain 
biodiversity and ecosystem health on lands managed for timber and other resource values. The 
program strives to achieve this goal by adapting and improving forest management and 
stewardship activities based on ongoing monitoring and research studies. The variable-retention 
(VR) approach to silvicultural systems and logging is one management strategy that has the 
potential to help sustain biodiversity. It consists of retaining trees in various spatial patterns such 
as in groups or dispersed within the cutblock, to maintain attributes of mature or old growth 
forest. Western Forest Products’ biologists have selected a number of focal groups for study 
including songbirds, amphibians, ground beetles, and terrestrial gastropods (land snails and 
slugs). The selected organisms occupy different niches and habitats, thereby reflecting different 
aspects of the forest ecosystem. Here we report on the findings of a 6-year study using 
gastropods as a focal group to assess the effects of VR practices on forest floor biodiversity and 
ecosystem functions. 

Due to their low mobility and requirements for moisture and sheltered microhabitats on the forest 
floor, gastropods are often sensitive to environmental changes. Timber harvesting can affect 
gastropods through disturbance to the duff layer or understory vegetation, soil compaction, 
reduction in quality or quantity of coarse woody debris, and changes to humidity and 
temperature on the forest-floor. Studies in other areas and forest types suggest that gastropods 
are sensitive indicators of the effects of timber harvesting practices on forest ecosystems.  

Gastropod Studies at Experimental Sites: 
Initial studies on Vancouver Island from 
1999 to 2001 focused on characterizing 
gastropod faunas of different forest types, 
developing sampling methods, and 
investigating the sensitivity of different 
species to logging at operational VR-sites. 
In 2001, work began at experimental sites 
with the objective of comparing the 
effectiveness of VR-treatments and 
clearcutting on maintaining gastropod 
populations. We compared patterns of 
gastropod abundance and species diversity 
at six experimental sites that were surveyed both before and after tim
experimental approach provides a powerful method for examining causal effects of different 
logging treatments by taking into account pre-existing differences due to habitat or other factors
The pre-logging surveys took place from 2001 to 2003 and the post-logging surveys from 200
2007, 2 – 4 years after logging. The sites were located in coastal forests below 600 m in 
elevation on northern Vancouver Island (3 sites), coastal mainland near Powell River (2 sites), 
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Experimental sites with VR-Groups at three levels of retention: Tsitika, Hoodoo, 
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The experimental treatments at these three sites consisted of a 
clearcut and three VR-group treatments with retention levels of 
10%, 20%, and 30%, and an uncut
Retention in each 20 ha treatment area was in groups of trees o
0.2 – 0.5 ha in size, but most groups were near the minimum 
size. The Tsitika site was on north-central Vancouver Island in 
old-growth coniferous forest at elevations of 350–500 m asl 
within the Coastal Hemlock Biogeoclimatic Zone (CWHvm1 
variant). Pre-logging surveys were conducted in 2001 and post-
logging surveys in 2005, 4 years after logging. The Hoodoo s
was on Graham Island in naturally regenerated second-growth 
coniferous forest interspersed with patches of old growth at 
elevations of 65 – 80 m asl (CWHwh1 variant). Pre-logging 
surveys were conducted in 2002 and post-logging surveys in 
2006, 2 years after logging. The Goat Island site was in Pow
Lake on the BC mainland in naturally regenerated second-gro
coniferous forest at elevations of 540 – 640 m asl (CWHdm 
variant). Pre-logging surveys were conducted in 2003 and post-
logging surveys in 2007, 3 years after logging. 

Experimental site with VR-groups of different sizes: Port 
McNeill 

The Port McNeill site was on northeastern Vancouver Islan
second-growth forest at elevations of 70 – 152 m asl (CWH
consisted 

d in mature, naturally regen
vm1 variant). The treatmen

of a clearcut and three VR-treatments (large groups of 0.8 – 1.2 ha; small gro
0.5 ha; very small groups less than 0.2 ha, referred to as VR-dispersed treatment), and 
control. The retention level in the cutblock was 15% for all VR-treatments. Pre-logging
were conducted in 2002 and post-logging surveys in 2006, 2.5 years after logging. 
 
Experimental site with VR-dispersed treatment at three levels of retention: Horseshoe L
The Horseshoe Lake site was northeast of Powell River on the BC mainland in mature 

ood, second-growth forest that had regenerated naturally. The site was at elevations ow
250 m asl (CWHdm variant). The treatments were clearcut and three VR-dispersed trea
with the retention distributed throughout the cutblock at 5%, 10% and 30% levels, and
control. Pre-logging surveys were conducted in 2001 and post-logging surveys in 2005
after logging. 
 
Experimental site with VR-groups at 15% level of retention: Moakwa 
The Moakwa site was located on north-central Vancouver Island in old-growth conifer
t elevations of 460 – 550 m asl (CWHvm1 variant). Together with the Tsitika site, thi

 old growth wer
a
represented the only sampling location in old-growth forest (patches of
interspersed within second growth at the Hoodoo site). The treatments used for pre- an
logging comparisons were a clearcut and VR-group treatment at 15% retention, and an
control. In addition to the VR-groups, we sampled the logged matrix surrounding the g
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trees. Pre-logging surveys were conducted in 2003 and post-logging surveys in 2007, 3 years 
after logging.  

Riparian experiment at Moakwa Experimental Site: 
To examine the effects of logging on riparian area use, we sampled gastropods with artificial 
cover-objects at four perpendicular distances from two small streams at the Moakwa 

ank), 5 m, 10 m, and 15 m. Both streams 

cts, constructed from 
 cardboard. Studies in other areas and our own previous studies during the 
oject indicated that these cover-objects are effective for sampling a variety 

are 
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 laboratory. We collected two 2.5 liter 
mples of litter next to the artificial cover-object stations from each plot during the pre- and 

Experimental Site. The distances were 0 m (stream b
flowed through a clearcut into the adjacent uncut, old-growth forest. 

Survey Methods:  
The main method to survey gastropods was using artificial cover-obje
sheets of corrugated
pilot phase of this pr
of terrestrial gastropods, which use the structures for shelter. The advantages of this method 
ease of sampling, minimal observer bias, and little disturbance to the surrounding habitat, 
allowing repeated surveys of sensitive habitats.  
 
There were four gastropod plots, each consisting of 10 sampling stations, at randomly selec
locations in each treatment and the control area, e
w
trees, but at one site (Moakwa) the logged matrix surrounding the groups was also sampled. The
artificial cover-objects consisted of two 1’ x 1’ sheets of corrugated cardboard stapled together a
one side. The design for the cover-objects evolved over the study. Initially, during the pre-
logging period at Tsitika, and Horseshoe Lake and Port McNeill sites, there were two small (1’ x 
1’) and one large (2’x 2’) cardboard cover-object at each sampling station. Subsequently, there 
were four small cover-objects per station, as small covers were found to be more effective t
large cardboards, resulting in larger sample sizes. The cover-objects sheets were laid flush with 
the ground on the forest floor and allowed to weather for at least two weeks before the first 
inspection. They were then inspected several times for gastropods that adhered to the surfaces of
the board or used the ground interface beneath the boards. 
 
To obtain an additional estimate of the abundance of small snails with adult shell width 5 mm or 
less, we collected samples of forest litter for analysis in the
sa
post-logging periods. Exceptions were the Horseshoe Lake site with only one sample per plot 
during the pre-logging period and the Port McNeill site with two samples per plot during both 
the spring and fall during the pre- and post-logging periods. We passed each dried sample 
through a set of three sieves and hand-sorted snail shells from the residues under a magnifier-
lamp for subsequent microscopic examination.  
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Cardboard cover-objects were placed on the forest floor and examined repeatedly for gastropods that adhered to 
the moist surface or sought refuge on the ground under the cover. 

 
Litter samples from top 10 cm of the duff layer were passed through a series of sieves and the residue examined for 
small snails. 
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Overview of the VR-
dispersed site at 
Horseshoe Lake 
showing 5%, 10%, 
and 30% retention 
treatments, clearcut 
and uncut control. 

 

 

 

 

Responses of Gastropods to Logging: 

Sensitive and tolerant species: 
Ten of 12 species of gastropod tested showed a statistically significant treatment effect relative to 
the uncut control in pre- and post-logging comparisons 2 – 4 years after logging. The effects of 
the treatments were negative for six and positive for two species. Two species showed mixed 
responses (positive or negative) depending on the site. Significant treatment effects, all negative, 
were also found for small snails as a group and for species richness at most sites.  
Gastropods sensitive to logging included Tightcoil snails 
(Pristiloma species), Northwest Striate (Striatura 
pugetensis), Western Broadwhorl (Planigyra clappi), Blue 
Glass (Nesovitrea binneyana), Vertigo snails (Vertigo 
species), and Robust Lancetooth (Haplotrema 
vancouverense). The Robust Lancetooth is a large 
carnivorous snail, whereas the other species are small forest 
litter snails with adult shell width typically 5 mm or less. 
Tightcoil snails and the Northwest Striate are widespread and 
abundant in coastal forests and particular suitable as focal 
species. Tightcoil snails showed consistent, negative 
responses to logging treatments at each site, and the 
Northwest Striate showed similar responses at most sites. 
The Western Broadwhorl was associated with very moist 
forest floor conditions and also consistently showed neg
effects to logging, but its aggregated distribution complicated 
analyses and diminished its value as a focal species.  

ative 
Examples of sensitive small snails: 
Tightcoil snails, Pristiloma stearnsii, P. 
lansingii  
Blue Glass, Nesovitrea binneyana 
Western Broadwhorl, Planigyra clappi 
Northwest Striate, Striatura pugetensis 

Sensitive large snail: 
Robust Lancetooth, Haplotrema 
vancouverense 

Examples of tolerant species: 
Pacific Banana Slug, Ariolimax 
columbianus 
Yellow-bordered Taildropper, Prophysaon 
foliolatum (slug) 
Northwest Hesperian, Vespericola 
columbianus (large snail) 
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Small Tightcoil snails (left) and the large, carnivorous Robust Lancetooth snail (right) were sensitive to logging 
treatments and useful as indicator species. 

Three common, ecologically important gastropods, Pacific Banana Slug (Ariolimax 
columbianus), Yellow-bordered Taildropper slug (Prophysaon foliolatum), and the large snail 
Northwest Hesperian (Vespericola columbianus) appeared to benefit from the VR-treatments at 
some sites. These gastropods help maintain ecosystem functions by consuming large amounts of 
live and decaying plant matter, so aiding nutrient cycling. They also consume and disperse seeds 
of understory plants and spores of mushrooms and other fungi, including fungi that form 
beneficial mycorrhizal associations with tree roots, thereby contributing to forest health.  

 
From left to right: Pacific Banana Slug, Yellow-bordered Taildropper and Northwest Hesperian, were tolerant of 
logging and in some cases benefited from VR-treatments. These species perform important ecological functions in 
the forest ecosystem. 

VR-group treatments at different levels of retention: 
Results from artificial cover-object surveys revealed that Tightcoil snails, small snails as a group, 
and species richness were negatively affected by all VR-treatments and the clearcut at the 
Tsitika, Hoodoo, and Goat Island sites. Negative effects of all logged treatments were also 
detected for the Northwest Striate and Robust Lancetooth at the Goat Island site and the 
Northwest Hesperian at the Hoodoo site. The VR-treatments at 10%, 20%, and 30% level of 
retention were no different from the clearcut or from each other for sensitive gastropods. Litter 
sample data showed a trend towards reduced abundance of small snails as a group in the clearcut, 
but there was high variability among the samples. 
 
At the Moakwa site (VR-groups at 15% level of retention), artificial cover-object data showed a 
significant treatment effect for three of seven species (Punctum randolphii, Pristiloma snails, 
Vertigo snails), for small snails as a group, and for the number of species. Effects of logging on 
the Conical Spot (P. randolphii) were positive with enhanced abundance in the logged matrix 
and clearcut, relative to the control. For all other species and groups, logging had adverse effects, 
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and their abundance was similarly depressed in all logged treatments. Similar to the Tsitika, Goat 
Island, and Hoodoo sites, the VR-group treatment was no more effective in maintaining patterns 
of sensitive species than was a 20 ha clearcut. 
 

The small size of the VR-groups (about 
0.2 ha) contributed to the drying out of 
the forest floor due to exposure to wind 
and sun, so reducing habitat suitability 
for gastropods. Furthermore, the Tsitika 
and Goat Island experimental sites had 
suffered extensive wind-throw after 
logging, greatly diminishing the number 
of standing trees in VR-groups, although 
fallen and suspended trees continued to 
shade the ground. The uncut control area 
retained the greatest abundance and 
number of species in pre- and post-
logging comparisons. The control areas 
consisted of 20 ha or larger patches of 
old-growth and mature forest and were 
valuable in maintaining species richness 
and abundance of sensitive species. 

VR-groups provided benefits to some 
tolerant species. The Pacific Banana 
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Examples of responses of gastropods that were adversely 
affected by VR-group treatments and clearcutting (PRI – 
Pristiloma species, Tsitika site; HAPVA – Haplotrema 
vancouverense, Goat Island site; STRPU-Striatura 
pugetensis, Tsitika site). The groups were about 0.2 ha in 
size. Average difference in relative abundance between pre- 
and post-logging periods is plotted by treatment. Whisker – 1 
standard error. 
lug increased in abundance in VR-groups when compared to the control and clearcut at Goat 
sland, and the Yellow-bordered Taildropper showed a similar increase in VR-groups at Tsitika. 
he VR-groups may have provided shelter and enabled the slugs to better take advantage of the 
opious herbaceous vegetation in the regenerating logged areas. The Northwest Hesperian 
ncreased in abundance in VR-groups at Port McNeill but was adversely affected by both the 
learcut and all VR-group treatments at the Hoodoo site on Graham Island, possibly due to 
xcessive browsing by introduced deer and lack of herbaceous vegetation in the treatment areas.  

R-dispersed treatments at three levels of retention: 
t the Horseshoe Lake site, artificial cover-object data showed a significant treatment effect for 
ine of 12 species for which sufficient sample sizes existed for statistical analyses. Species that 
ere adversely affected by logging included six small snails (Nesovitrea binneyana, Planigyra 

lappi, Punctum randolphii, Pristiloma species, Striatura pugetensis, and Vertigo species) and 
he large carnivorous snail Robust Lancetooth. Small snails as a group and species richness were 
lso depressed as a result of logging. The Northwest Hesperian responded positively to VR-
reatments.  

he VR-dispersed treatment with 30% retention level was most similar to the control for the 
obust Lancetooth, a species sensitive to logging. Its abundance was depressed in the 5% and 
0% retention level dispersed treatments and in the clearcut. The VR-30% dispersed treatment 
lso enhanced the abundance of the Northwest Hesperian, a common but ecologically important 
pecies of herbivorous-fungivorous large snail. This treatment also maintained species richness 
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better than did other logged treatments. In 
contrast, the abundance of small snails, 
individually and combined, was depressed 
in all logged treatments with no clear 
patterns among the clearcut and the differ
VR-treatments. Litter sample data showed 
that the overall abundance of small snails 
had decreased precipitously, between p
logging and post-logging surveys. The 
decline was most pronounced in the logged 
treatments.  

ent 

re-

VR-group treatments with three different 
group sizes: 
At the Port McNeill site, artificial cover-
object data showed a significant treatment 
effect for three of seven species for which 
sufficient sample sizes existed for statistical 

a
t
t

L
i
c
c
a

 

-0.4

0.0

0.4

0.8

1.2

1.6

Clearcut VR-
Dispersed-

5% 

VR-
Dispersed-

10%

VR-
Dispersed-

30%

Control 

M
ea

n 
di

ffe
re

nc
e/

A
C

O
 st

at
io

n HAPVA 
VESCO
No Difference

Example of a sensitive species (Haplotrema 
vancouverense – HAPVA) and a tolerant species 
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nalyses, as well as for small snails as a group and for the number of species. Tightcoil snails and 
he Northwest Striate were negatively affected by the logging treatments, whereas the effects for 
he Northwest Hesperian were positive and it had increased in the clearcut. 
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Of all logged treatments, large VR-groups 
(0.8 – 1.2 ha) were most similar to the 
control for the relative abundance of the 
Northwest Striate and small snails as a 
group, and for species richness. The relative 
abundance of Tightcoil snails was depressed 
in the clearcut and small group treatments 
(0.2 – 0.5 ha), and was most similar to the 
control in the large groups and VR-
dispersed treatments. The many small 
patches of trees interspersed throughout the 
dispersed treatment area may have provided 
a suitable combination of shelter and forage 
for some gastropods. The clearcut was the 
least effective for small snails. 
 
 

itter sample data showed a significant treatment effect for all five species of small snails tested 
ndividually and for small snails as a group. The relative abundance of four species (Planigyra 
lappi, Pristiloma snails, Punctum randolphii, and Striatura pugetensis) was depressed in the 
learcut, whereas one (Vertigo snails) had increased in the clearcut. There were no clear patterns 
mong the VR-treatments in the litter sample data, due to high variability among samples.  
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Riparian experiment: 

Six of 13 gastropod species detected 
during the riparian study at the 
Moakwa site occurred at sufficient 
numbers to permit statistical analysis 
of their patterns of distribution in 
relation to the streams. Two small 
snails (Planigyra clappi, Punctum 
randolphii) and small snails as a 
group showed a different pattern of 
riparian area use between the 
clearcut and old growth control area. 
Snails in the control area were 
concentrated very close to the stream 
bank, whereas their distribution was 
more even in the clearcut. The relative abundance of P. clappi and small snails as a group was 
higher in the control area than in the clearcut. Apparently, logging had degraded the narrow zone 
of riparian vegetation and moist microhabitats used by these gastropods on the stream-bank. 

All small snails
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χ 2 = 43.62; df = 3, P < 0.01

Number of small snails found at different distances from stream bank at 
the Moakwa experimental site in 2007.  

Rare species: 

The results of this research focused on gastropods that were relatively common and occurred in 
sufficient numbers to allow statistical comparisons of abundance estimates between treatments 
during pre- and post-disturbance periods. Several rare species of gastropods occur on forestry 
lands in coastal British Columbia. Responses of these species to timber harvesting are difficult to 
study directly, but it is important to accommodate their habitat requirements and to preserve 
occupied sites. These efforts help conserve unique populations and minimize loss of biodiversity.  

Examples of rare forest species include the Dromedary Jumping-slug (Hemphillia dromedarius), 
a species with unique behaviour and appearance, which depends on old-growth forest attributes. 
It was designated as threatened by the Committee on the Status of Endangered Wildlife In 
Canada (COSEWIC) and is listed on Schedule 1 of the Species at Risk Act (SARA). Therefore, 
maintaining old growth remnant stands is particularly important for this species. This slug occurs 
on forest lands on Vancouver Island, including moist forests on the west coast and mountainous 
habitats in the interior of the island.  

An undescribed slug, related to the jumping-slugs, was first documented during this study at one 
of the experimental sites (Hoodoo site on Graham Island). This slug represents a new genus and 
species and appears to be endemic to the Queen Charlotte Islands. Its status is yet to be assessed, 
but on forestry lands it would most likely benefit from the retention of moist forest floor 
conditions and coarse woody debris. 

Other rare gastropod species in coastal forests of British Columbia include the Warty Jumping-
slug (Hemphillia glandulosa – special concern), Blue-grey Taildropper (Prophysaon coeruleum 
– endangered), and Threaded Vertigo (Nearctula species – under assessment by COSEWIC). 
When logging is planned in areas near known localities or within suitable habitats for these 
species, surveys should be conducted to elucidate their presence, so that habitats can be managed 
appropriately. Remnant old-growth and mature forest stands of 20 ha or more were valuable in  
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The impacts of logging on rare species are difficult to study because of low densities and patchy distributions. A 
conservative approach should be taken when logging near occupied sites or in particularly suitable habitats. The 
Dromedary Jumping- slug (threatened; left) is found in moist old-growth and mature forests on southern Vancouver 
Island. The “Haida Gwaii Slug” (right), an undescribed endemic species was found on forestry lands on Graham 
Island during this study. 

maintaining patterns of abundance and diversity of gastropods at the experimental sites and have 
the potential to protect rare species as well. The larger area and moist interior forest conditions in 
the remnants ensure that old-growth features are maintained within the landscape. 

Management Recommendations: 

The following specific recommendations were developed based on research at experimental sites 
and short-term (2-4 years post-logging) responses of gastropods to experimental treatments. The 
recommended measures are intended to help maintain gastropod populations and associated 
ecosystem components on the forest floor. 

• Where group retention is used, retain trees in groups of 0.8 – 1.2 ha or larger. Large 
groups retain moist forest-floor conditions better than smaller groups. 

• Where dispersed retention is used, retain at least 30% of the trees. 

• Use strategies that conserve moist conditions on the forest floor, including anchoring VR-
groups on wetlands, streams, or moist depressions. 

• Maintain riparian vegetation along all streams and wetlands, regardless of size or 
presence of fish (e.g., sizes S5 and S6). 

• Where possible, retain larger (>20 ha) remnant patches of old growth or maturing forest, 
especially at lower elevations below 600 m.  

The following features of mature forest and landscape features are likely to benefit gastropods 
and other forest floor organisms and maintain important forest ecosystem processes: 

• Maintain habitat connectivity through riparian buffers, networks of maturing upland 
forest, and long-term management of forest age distribution across the landscape. 

• Manage for multi-layered canopy including uneven aged and diverse stands with canopy 
gaps. Canopy gaps allow for growth of herbaceous vegetation and diverse understory, 
thereby increasing biodiversity of forest floor organisms. 
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• Manage for a succession of coarse woody debris, including large-diameter logs, root 
systems, snags, stumps, and piles of bark. Coarse woody debris provides moist refuges 
and egg-laying and over-wintering sites for gastropods. These microhabitats are also used 
by many other invertebrates and by small mammals, amphibians, and other vertebrates.  

• Avoid compaction and degradation of the forest floor during logging and silvicultural 
activities. Undisturbed litter layer, crevices, and underground burrows form important 
refuges for gastropods and other forest floor invertebrates.  

• Avoid filling or degradation of wetlands and moist depressions and associated riparian 
vegetation. 

Next Steps: 

The experimental sites provide a unique opportunity to document long-term effects of the 
logging treatment and recovery rates of gastropod populations over time. Therefore, periodic 
revisits to the experimental sites, for example at 5-year intervals, are recommended. Although 
most VR treatments adversely affected sensitive gastropod species 2-4 years after logging, the 
retention of old-growth or mature forest attributes, such as large coarse woody debris, old trees, 
tree roots and burrows, may increase habitat diversity and benefit gastropods and associated 
forest floor organisms over the long term. 

 

 
VR-dispersed logging with 30% 
retention was better than lower level 
retention treatments and the clearcut in 
maintaining some sensitive species of 
gastropods. 
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VR-groups of 0.8-1.2 ha were better at 
maintaining gastropod species than 
smaller groups or the clearcut but were 
not equivalent to the uncut control. The 
forest floor in small groups tended to 
dry out as a result of edge effects, 
reducing their suitability to gastropods. 

 

 

 

 

 

 

 
Remnant areas of uncut forest are valuable to 
gastropods such as this mature second-growth 
stand at the Horseshoe Lake site with very 
moist forest floor and small canopy gaps. 

 

 

 

 

 

 
VR-groups anchored on wetlands or moist 
depressions provide moist conditions and 
support a high diversity of gastropods. 
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