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Abstract

Non-native slugs, such as Arion, are becoming a concern for land managers in Nova Scotia, Canada, particularly in forested
wetlands. They appear to have a highly diverse diet and may pose a particular risk to native slug species and to rare or at-risk
lichens. We provide novel information on the distribution, abundance, arboreal tendencies, and seasonality of slugs in for-
ested wetlands across southwestern Nova Scotia. We collected a total of 402 slugs representing seven species including two
native species, Pale Mantleslug (Pallifera dorsalis) and Meadow Slug (Deroceras laeve), and five non-native Arion taxa.
The three most abundantly caught taxa were Northern Dusky Arion (4rion fuscus), D. laeve, and Western Dusky Slug (4rion
subfuscus). Arion fuscus and D. laeve were collected on the forest floor and on lichen-bearing trees, while 4. subfuscus was
collected only on the ground. All three taxa showed differences in collectability between July and September and low arbor-
eal tendencies. We highlight that further studies are needed to better understand the biology and ecology of this largely neg-
lected invertebrate group that seems to be dominated by non-native Arion species in the study region. Such information is
crucial for conservationists and forest managers untangling the question of how non-native slugs affect native slug taxa and

other groups including at-risk lichens.
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Introduction

Gastropods are an ecologically important inver-
tebrate group that constitute a considerable propor-
tion of the forest floor biomass in northern forests
(Hawkins et al. 1997; Jordan and Black 2012). They
are important decomposers of forest litter, contribut-
ing directly to soil formation and nutrient recycling
(Jennings and Barkham 1979; Oli and Gupta 2000;
Meyer et al. 2013), and are important sources of food
and calcium for several animal groups including
invertebrates (Symondson et a/. 2002) and birds and
small mammals (Allen 2004). They also play a sig-
nificant role in the dispersal of vascular plants (Lanta
2007), bryophytes (Boch et al. 2014), lichens (Boch
et al. 2016), and even some small animals (Tiirke et
al. 2018), mainly through endozoochory (i.e., dis-
persal of propagules via gut passage; McCarthy and
Healy 1978; Boch et al. 2011). However, such roles
may be significantly altered where non-native gas-
tropods invade ecosystems (Buschmann et al. 2005;
Holland et al. 2007; Strauss et al. 2009).

Biological invasions typically proceed in three
steps: introduction, initial establishment, and sub-
sequent spread (Robinson 1999; Suarez et al. 2001;
Diez et al. 2008). Over any significant distance, such
invasions are usually human-mediated (Hobbs 2000;
Cowie and Robinson 2003; Ding et al. 2008; Capinha
et al. 2015). Non-native slugs have become increas-
ingly serious agricultural pests in most European
countries where they are responsible for significant
economic losses (Runham and Hunter 1970; Cas-
tillejo et al. 1996; Koztowski 2012) and have seri-
ous negative impacts on natural biodiversity (Blatt-
mann et al. 2013; Zemanova et al. 2018). Such effects
are steadily becoming a worldwide problem. Since
the arrival of Europeans in North America, several
non-native slugs including a number of 4rion species
(Nekola 2014; Zemanova et al. 2018) have become
distributed across the continent (even a coarse esti-
mate of the number of taxa involved is difficult to
determine because it depends upon varying interpre-
tations of species complexes and cryptic taxa). Some
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of these slugs have become a great concern for land
managers (Hammond and Byers 2002; Hahn et al.
2011). In Nova Scotia, Canada, non-native slugs are
generally thought to increase grazing pressure on rare
and at-risk lichens such as the Endangered Atlantic
population of Boreal Felt Lichen (Erioderma pedicel-
latum; Cameron 2009; COSEWIC 2014; SARA Reg-
istry 2021). However, the prevalence and severity of
slug grazing on lichen communities have not been
well documented in North America.

In general, slugs have not been widely studied in
North America and most of what we assume about
their biology and ecology has been extrapolated from
studies of non-native slugs in European agricultural
environments (South 1992). Indeed, the ecological
functioning of non-native slugs in agricultural land-
scapes in Europe may not be similar to that seen in for-
ested landscapes in Atlantic Canada. Our aim is to pro-
vide new information on the occurrence, distribution,
relative abundance, arboreal tendencies, and seasonal-
ity of slug species across forested wetlands in south-
western Nova Scotia. Such information is crucial for
helping conservationists and forest managers to better
conserve native biodiversity in Atlantic Canada.
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Methods

Study sites

Slugs were collected in eight mixed-wood for-
ested wetland sites (intact stands >6 ha that had not
been harvested for at least 100 years) in southwest-
ern Nova Scotia (Figure 1). Overall, southwestern
Nova Scotia has a humid temperate maritime climate
with mean daily temperatures of —5.5°C in January
and 18.5°C in July and with annual average precipi-
tation of 1350 mm with >80% as rain (Environment
Canada 2017). The area falls within the Acadian For-
est Region, which is characterized by abundant Red
Spruce (Picea rubens Sargent), Balsam Fir (4bies
balsamea L.), Yellow Birch (Betula alleghaniensis
Britton), and maple (4cer spp.) trees (Rowe 1972).
However, our study sites, chosen specifically for their
association with rare lichens, are instead dominated
by Red Maple (Acer rubrum L.), Black Spruce (Picea
mariana (Miller) Britton, Sterns & Poggenburgh),
and Balsam Fir. Soils are poorly drained (remain wet
all year) and support a dense cover of Sphagnum spp.
and Cinnamon Fern (Osmundastrum cinnamomeum
(L.) C. Presl). The study sites were chosen primarily

F1GURE 1. Location of slug study sites in Nova Scotia. The black star indicates Halifax. Sites are indicated by numbers. NS
= Nova Scotia, NB = New Brunswick, PEI = Prince Edward Island.
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for a long-term study on lichen community dynam-
ics as they relate to logging and its interaction with
slug grazing (S.H. and K.A.H. unpubl. data). Crite-
ria for selecting study sites included: (a) presence of
Red Maple and lowland-associated tree species in the
canopy, according to provincial forest inventory data
(Province of Nova Scotia 2021), (b) an intact forested
portion of at least 6 ha, and (c) an estimated depth to
water table of <0.5 m (Province of Nova Scotia 2007).

Slug surveys

Slugs were collected using pitfall traps. Initially
we set out 224 traps in eight wetland forested sites.
At each site, there were seven 5 x 50 m plots spaced
20 m apart with three tree traps (one trap per tree on
canopy-height Red Maple; Figure 2) and one ground
trap (1 m away from one of the trees) in each of the
seven plots (8 sites x 7 plots x 4 traps = 224 traps).
We had more tree traps than ground traps because we
were more interested in potentially arboreal species,
a requirement for grazing on epiphytic lichens. The
efficacy of our tree pitfall traps was unknown com-
pared with ground pitfall traps and cardboard sheet
traps, which have been commonly used in previous
studies of terrestrial slugs (e.g., Moss and Hermanutz
2010; Rodriguez-Cabal et al. 2015; Lucid et al. 2018;
De Smedt et al. 2019). In addition to the initial 224
traps set out within the eight forested wetland study
sites, we also placed one pitfall trap on the ground
in an adjacent clearcut area to determine if additional
species were present in the disturbed areas around
these wetland forested sites.

All traps consisted of 100 ml plastic specimen
jars (6 cm diameter openings), baited with ~20 ml
of Budweiser beer (Anheuser-Busch, LLC [USA]J/
Labatt Brewing Company [Canada]). Pitfall traps on
the ground were pressed into the duff layer and cov-
ered with a 30 x 20 cm cardboard sheet that acted
as a protective roof. Slugs accessed the ground pit-
fall traps through a gap of at least 1.5 cm between
the cardboard and the trap. Pitfall traps on trees were
suspended from the rim of a wide hole in the bottom
of a wooden box (15 x 15 x 20 cm) affixed to a tree
trunk ~1.3 m above the ground (Figure 2). The inner
side of each box was open to the tree trunk and posi-
tioned carefully so as to frame a targetted lichen thal-
lus, most often Tree Lungwort (Lobaria pulmonaria).
The outer side of the box swung open to allow collec-
tor access to the enclosed pitfall trap. A gap of 1.5 cm
was provided between the inner edges of the wooden
box and the bark of the tree to allow slugs to enter
the box.

Trapping took place over two time periods in
2019: 11-29 July (19 days) and 23-27 September
(five days). In July, the traps were typically emptied
after nine days, allowing for two separate collecting
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events during the 19-day collection period. In Sep-
tember, there was only a single collecting event last-
ing five consecutive days. Once collected, the speci-
mens were preserved in 70% ethanol.

Slugs were identified to the lowest taxonomic
level practical by J.E.M. using standard references
including, but not limited to Chichester and Getz
(1973), Davies (1977, 1979), De Wilde (1983), De
Winter (1984), Backeljau and Marquet (1985), Back-
eljau and van Beeck (1986), Backeljau and de Bruyn
(1988), Garrido et al. (1995), Pinceel et al. (2004),
Skujiené (2004), Jordaens et al. (2006), Rowson et al.
(2014a,b), and Gural-Sverlova and Gural (2015). It
should be noted that slug taxonomy is still very much
in a state of flux. In recent years, ongoing refine-
ments in both morphological and molecular knowl-
edge have contributed to increasingly defensible spe-
cies descriptions and delineations. However, these
same refinements have also contributed to the discov-
ery of many new “cryptic species” (two or more spe-
cies formerly “classified as a single nominal species
because they are at least superficially morphologi-
cally indistinguishable” [Bickford et al. 2007: 149]),
and “genetically-defined forms”, both of which are
very difficult, if not impossible, to distinguish using
traditional morphological methods.

All slugs resembling either “Arion fuscus” or
“Arion subfuscus” were dissected and subsequently
assigned to one of these two taxa on the basis of their
distinct gonad morphologies (Garrido ef al. 1995;
Pinceel et al. 2004; Jordaens et al. 2006; Rowson et
al. 2014b; Gural-Sverlova and Gural 2015). How-
ever, each of these two taxa has been found to include
multiple cryptic forms (Pinceel et al. 2004, 2005a,b;
Rowson et al. 2014a), so each should more properly
be thought of as a “species complex” or a “species
aggregate”. Gastropod voucher specimens have been
deposited in the Natural History collections of the
Nova Scotia Museum in Halifax, Canada (accession
number N020-018).

Statistical analyses

We compared specimen counts between tree and
ground traps from the forested wetlands using a
Mann-Whitney U-test in the software PAST (Ham-
mer et al. 2001). The Mann-Whitney U-test is a non-
parametric alternative used to examine significant dif-
ferences between two groups of single variables with
no specific distribution (McKnight and Najab 2010).
Although the total number of traps was initially 224,
several traps were damaged or destroyed by wildlife
in both months and on both substrates. Moreover, the
number of sampling days varied among study sites
and the number of traps varied between substrates
(168 tree and 56 ground traps). Therefore, for a fair
comparison between trap types across study sites we
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FIGURE 2. A tree trap used to collect slugs on lichen trees in southwest Nova Scotia. A plastic jar baited with beer was placed

in the bottom of the trap. The inner side of the box was open, against the tree trunk. The outer side of the box served as a door
to retrieve collected slugs and to rebait the traps.
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used the number of slugs per trap per sampling day
(x): g

Ji
where for each site, y = number of slugs, j = number
of days traps were baited, and i/ = number of traps.
We included all active traps including intact traps
with zero slugs, but damaged and inactive traps were
excluded. The number of undamaged traps was 165 in
July and 152 in September.

We also performed a Mann-Whitney U-test to
compare the occurrence of slug species between for-
ested wetlands and adjacent clearcuts. For this analy-
sis, we used the number of slugs per trap per sampling
day in both forest and clearcut habitats. Only ground
traps were used in this analysis.

Results

We collected 315 slugs in the forested wetlands
(Table 1) and 87 slugs in adjacent clearcut areas
(Table 2), for a total of 402 slugs of seven species. Of
these seven, only two, Pale Mantleslug (Pallifera dor-
salis; Nearctic) and Meadow Slug (Deroceras laeve;
Holarctic) are native to North America, whereas the
other five species are non-native Arion species: North-
ern Dusky Arion (4rion fuscus), Western Dusky Slug
(Arion subfuscus), Forest Arion (Arion (Carinarion)
cf. silvaticus), Orange-banded Arion (4rion (Carinar-
ion) cf. fasciatus), and Dark-face Arion (Arion cf. dis-
tinctus). (Note: common names from Turgeon et al.
[1998] except for dusky slugs and Northern Dusky
Arion from Rowson ef al. [2014b].) Although the sin-
gle specimen of Arion (Carinarion) cf. fasciatus and
the two specimens of Arion (Carinarion) cf. silvaticus
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were clearly members of the Arion (Carinarion) com-
plex, they were in poor condition when examined and
could therefore not be identified with certainty. The
same should be noted for the single specimen of Arion
cf. distinctus.

Arion fuscus was present in all eight forested wet-
land sites and was the most abundant taxon, repre-
senting half of all slugs collected. Deroceras laeve
was also present in all forested wetland sites. How-
ever, A. subfuscus was present in only two forested
wetland sites (Table 1) and in an additional adjacent
clearcut (site 8; Table 2). Together, these three species
represented the vast majority of slugs caught in both
forested wetlands (Table 1) and adjacent clearcuts
(Table 2). More A. fuscus and A. subfuscus were
caught in July than in September in both forested wet-
land and adjacent clearcuts, whereas D. laeve showed
the opposite pattern in forested wetlands, with more
being caught in September than in July (Table 1). The
exception was site 1 where 20 individuals were col-
lected in July and only three were collected in Sep-
tember (Table 1). A total of six D. laeve were caught
in adjacent clearcuts (Table 2). Of the two uncommon
taxa, 4. cf. distinctus was caught at a single forested
wetland in July, while single 4. cf. silvaticus were
caught in both July and September in the same for-
ested wetland site as was A. cf. distinctus (Table 1);
neither species was caught in adjacent clearcuts (Table
2). Fifty-seven of the 66 individuals of 4. fuscus and
all individuals of 4. subfuscus, P. dorsalis, and A. cf.
fasciatus found in clearcuts were collected in July.

In forested wetlands, we recorded the native spe-
cies D. laeve and the four non-native Arion species:

TaBLE 1. Numbers for each species of slug caught at each of the eight forested wetland sites in July/September in southwest
Nova Scotia. The number in each cell is total number of individuals per month for July/September, whereas the numbers in
parenthesis are the total number of individuals collected per species summing all individuals collected in all the eight sites
and in both months. Exact locations of the trapping sites are available upon request for approved users.

Slug species Sitel Site2 Site3 Site4 Site5 Site6 Site7 Site8  Total
Arion cf. distinctus (Mabille, 1868), 1/0 — — — — — — — 1/0
Dark-face Arion (1)
Arion fuscus (O.F. Miiller, 1774), 16/6 9/2 3/0 2/0 6/5 32/5  33/10 1/6  102/34
Northern Dusky Arion (136)
Arion subfuscus (Draparnaud, 1805),  78/4 — — — — — — 0/1 78/5
Western Dusky Slug (83)
Arion (Carinarion) cf. fasciatus — — — — — — — — —
(Nillson, 1823), Orange-banded Arion

Arion (Carinarion) cf. silvaticus 1/1 — — — — — — — 171
Lohmander, 1837, Forest Arion (2)
Deroceras laeve (O.F. Miiller, 1774),  20/3 0/2 0/2 0/1 1/12 6/18 1/10 2/15 30/63
Meadow Slug 93)
Pallifera dorsalis (A. Binney, 1842), — — — — — — — — —
Pale Mantleslug

Total 130 13 5 3 24 61 54 25 315
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TaBLE 2. Numbers for each species of slug caught in adjacent clearcuts in July/September in southwest Nova Scotia. Similar
to Table 1, the column “Total” is the total number of individuals per month July/September and the numbers in parenthesis
are the total number of individuals collected in all the eight sites and in both months.

Slug species Site I Site 2

Site 3

Site4 Site5 Site6 Site7 Site8  Total

Arion cf. distinctus (Mabille, 1868),
Dark-face Arion

Arion fuscus (O.F. Miiller, 1774),
Northern Dusky Arion

11/4

Arion subfuscus (Draparnaud, 1805),  5/0
Western Dusky Slug

Arion (Carinarion) cf. fasciatus
(Nillson, 1823), Orange-banded
Arion

Arion (Carinarion) cf. silvaticus
Lohmander, 1837, Forest Arion

Deroceras laeve (O.F. Miiller, 1774),
Meadow Slug

Pallifera dorsalis (A. Binney, 1842),
Pale Mantleslug

1/0

3/0

4/1 7/0 1/0 31/4  57/9 (66)

1/0 S

=
S

11/0 (11)

10 10 (1)

0/1 1/0 1/0 0/1 4/2 (6)

2/0 1/0 3/0 (3)

Total

11 42 87

A. fuscus, A. subfuscus, A. (Carinarion) cf. silvaticus,
and A. cf. distinctus. Arion fuscus was the dominant
species followed by, in order, D. laeve and A. sub-
fuscus. Arion fuscus, A. cf. silvaticus, and D. laeve
were caught on both the “tree” and the “ground” sub-
strates. The abundance of A. fuscus was higher in
ground traps (117 individuals) than in tree traps (19)
with significant differences found between substrates
(using the number of slugs per trap per sampling day)
for July (U = 7; P < 0.005) and September (U = 9;
P < 0.004; Table 3). Deroceras laeve was numeri-
cally more abundant in ground traps (81 individuals)
than in tree traps (12), however significant differences
between substrates were observed only in September
(U=4; P<0.001; Table 3). Arion subfuscus and A. cf.
distinctus were collected exclusively in ground traps.
In clearcuts, we collected a total of 87 slugs of
five species: two native species D. laeve and P. dor-
salis, and three non-native Arion species: A. fuscus,
A. subfuscus, and A. (Carinarion) cf. fasciatus (Table
2). For A. fuscus (the only species that showed high
abundance in both forested wetlands and adjacent
clearcuts and which was, overall, the most numerous
species caught), habitat comparisons were restricted
to July because of very low capture rates in Septem-
ber. We did not find a significant difference in the
abundance of 4. fuscus between forested wetlands
and adjacent clearcuts (U = 23; P < 0.366; ground
traps only). We collected the most slugs and the most
species of slugs in sites 1 and 8 (Tables 1 and 2).

Discussion
Understanding the life span and temporal cycles
of reproduction is critical to making sense of the

biology and ecology of slugs. Of the seven slug taxa
we recorded, the three species that were commonly
caught (4. fuscus, D. laeve, and A. subfuscus) varied
in the number of captures between July and Septem-
ber. More A. fuscus and A. subfuscus were caught in
July, while more D. laeve were caught in September
in seven of the eight study sites. The lower numbers
of A. subfuscus caught in July supports the generally
held view that A. subfuscus adults lay eggs during late
summer or early fall and die soon afterwards. This
slug has a life span of less than one year and overwin-
ters either as eggs or as newly hatched young (Tay-
lor 1907; Barnes and Weil 1945; Ord and Watts 1949;
Bett 1960; Chichester and Getz 1973; Jennings and
Barkham 1975; Bless 1977; Beyer and Saari 1978;
Hutchinson et al. 2017). The lower numbers of A4. fiss-
cus in July suggests a life cycle generally similar to
that of A. subfuscus. Unfortunately, there appear to
be no published seasonal data for slugs identified as
A. fuscus—a taxon long confused with A. subfuscus.
In contrast with Arion spp., D. laeve was more
abundantly caught in September. However, it is diffi-
cult to infer a seasonal pattern for this species because
it has a life span of less than one year (Faberi et al.
2006; Mohamed and Ali 2011) and lays eggs continu-
ously after maturity (Chichester and Getz 1973; Jor-
daens et al. 2006). All life stages of D. laeve can be
found throughout the year, including winter, suggest-
ing overlapping generations (Taylor 1907; Getz 1959;
Quick 1960; Chichester and Getz 1973; Boag and
Wishart 1982; Jordaens et al. 2006). Most D. laeve
we caught in September were extremely small, indi-
cating recent hatching. Approximately how many of
these very small young slugs might have survived to
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TaBLE 3. Descriptive statistics for the three most abundantly caught species (Northern Dusky Arion [Arion fuscus], Meadow
Slug [Deroceras laeve], and Western Dusky Slug [Arion subfuscus]) collected in the eight forested wetlands (adjacent
clearcuts not included) in southwest Nova Scotia. We tested for significant differences in the number of slugs between tree

and ground traps. Mann-Whitney values (U) and respective P-values are reported.

% traps with detections

Slug Sampling # Sitﬁs # traps with detections per trap-day, Number of slugs Statistical
species month 4l mean £ SD test
Tree Ground Tree Ground Tree Ground
A. fuscus July 8 6 24 3% 43% 0.02+0.03  0.24+0.26 U=T;
P <0.005
Sept 6 1 18 1% 32%  0.003+0.008 0.17£0.12 U=9;
P <0.004
D. laeve July 6 6 13 4% 23% 0.01£0.02  0.03+£0.04 U= 36;
P<0.73
Sept 8 4 22 2% 39% 0.01£0.08  0.26+0.22 U=4;
P <0.001
A. July 3 0 8 0% 13% 0  0.07£0.21 Absentin
subfuscus  gepy 2 0 0% 9% 0  0.03£0.06 treetraps

maturity is unknown, because survivorship curves for
slugs are not well reported.

So far, we have treated D. laeve as a native species
in North America; however, there is some uncertainty
with it being native or non-native throughout the con-
tinent. Pilsbry (1948) suggested that the species orig-
inated in Eurasia and arrived in the Americas by two
routes: once via Beringia during the Pleistocene i.e.,
native and once more recently via human transport
across the Atlantic Ocean from Europe. Preliminary
genetic analysis (Araiza-Gomez et al. 2017) has iden-
tified at least three, more or less discrete groups of
D. laeve, concentrated primarily in the United King-
dom, Ireland and Switzerland, and North Amer-
ica including Mexico. Rumi et al. (2010) had earlier
found D. laeve to be additionally present, supposedly
as introductions, throughout the Americas and else-
where. Given the number of slug species thought to
have been introduced to eastern North America from
Europe in post-Columbian times (Chichester and
Getz 1969; Nekola 2014; Zemanova et al. 2018) it is
possible that at least some Nova Scotian populations
of D. laeve are of European origin. Consequently, D.
laeve could be considered to be both native and intro-
duced within our region. Whether or not such a reality
might lead to different ecological impacts is unknown
because we do not know of any detailed compara-
tive studies of habitat preferences, food preferences,
or feeding behaviour involving both eastern North
American and European D. laeve populations.

Most Arion species are generalists that feed on a
wide variety of items including litter, herbs, ferns,
bryophytes, fungi, and lichens (Beyer and Saari 1977,
1978; Asplund and Gauslaa 2010; Boch er al. 2013,
2016), as well as animals such as worms and small

gastropods (Barker and Efford 2004). Some slug taxa,
including Arion spp., have definite food preferences.
For example, A. subfuscus and D. laeve have a sig-
nificant preference for mushrooms (Chichester and
Getz 1969, 1973; Beyer and Saari 1977; Maunder and
Voitk 2010). The apparent preference of A. fuscus, A.
subfuscus, and D. laeve for the forest floor may be
associated with a high diversity of edible plants and
fungi, coupled with a dense litter layer not available
on trees. Dense understorey vegetation contributes to
cool shade and abundant moisture, both of which can
be particularly important for slugs that are highly sus-
ceptible to desiccation (Thompson et al. 2006; Nico-
lai and Ansart 2017), especially small immature indi-
viduals during hot summer days.

The history of A. fuscus in North America remains
poorly known. It was first confirmed for the United
States using molecular methods by Barr et al. (2009).
L’Heureux (2016) and L’Heureux and Angers (2018)
subsequently found it to be common in southern Que-
bec, Canada, and additionally reported the first Nova
Scotia record from a single locality near Kempt in the
southwestern part of that province. During the pres-
ent study, we collected A. fuscus from eight additional
localities in southwestern Nova Scotia, suggesting
that it may be quite common in that region.

To our knowledge, our two specimens of 4. (C.)
cf. silvaticus represent the first likely records for Nova
Scotia. However, additional sampling and better-pre-
served specimens are needed to confirm its presence.
Although we did not record P. dorsalis within for-
ested wetlands, we did find it in adjacent clearcuts.

Implications for biodiversity conservation
Non-native gastropods, such as Arion spp., can
alter the structure and functioning of ecosystems and
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may contribute to the loss of native species (Brown
and Gurevitch 2004; Zettler et al. 2004), includ-
ing native gastropods. In Nova Scotia, Davis and
Browne (1996) suggested that Arion species restrict
the occurrence of the native P. dorsalis to forest hab-
itats, but evidence for this is scant and we found P.
dorsalis (n = 3) only in the adjacent clearcuts. Com-
petition between non-native and native slugs in
North America may not be as strong as has gener-
ally been thought; native gastropods also appear to
be less abundant in urban areas which are dominated
by non-native species (P.M. Catling and B. Kostiuk
unpubl. data). Paustian and Barbosa (2012) examined
food and microhabitat preferences of Carolina Man-
tleslug (Philomycus carolinianus) and Changeable
Mantleslug (Megapallifera mutabilis), both native to
North America, as well as of the non-native slug A4.
subfuscus (possibly A4. fuscus), in Maryland, United
States. They found that although the overlap in food
use was greater between A. subfuscus and P. carolin-
ianus than between P. carolinianus and M. mutabilis,
the overlap may have been low enough to keep com-
petition to a minimum.

Because Arion species, including A. fuscus and A.
subfuscus, are known lichenivorous grazers (Asplund
and Gauslaa 2010; Asplund ef al. 2010; Asplund
2011), their spread into southwestern Nova Sco-
tia might be expected to increase grazing pressure
on at-risk tree lichen species including E. pedicella-
tum. Given that we collected A. subfuscus only on the
ground, and that D. laeve prefers mushrooms and we
found more of them on the ground than in the tree
traps, it seems likely that most of the grazing pres-
sure on tree lichens in southwestern Nova Scotia is
attributable to A. fuscus. Additionally, 4. fuscus was
recorded in all eight study sites and is much larger
in size than D. laeve (adults of A. fuscus are around
50-70 mm in length while D. laeve are 15-25 mm
long; Rowson et al. 2014b). In Quebec, L’Heureux
and Angers (2018) also found 4. fisscus to be the most
abundant and widely distributed slug species. While
Cameron (2009) found “Arion subfuscus” to be com-
monly recorded on E. pedicellatum thalli in mixed-
wood forest remnants in central Nova Scotia, from his
description, these slugs may well have been 4. fuscus.

Due to limited mobility, non-native slugs probably
use passive means to quickly colonize new sites. For-
est roads are the main access for logging, monitoring,
and management of forest resources but can also act
as corridors that facilitate the introduction and disper-
sion of alien species by increasing human activities in
previously inaccessible areas (Mortensen et al. 2009).
Anthropogenic activities, such as clearcut harvesting,
can also favour the colonization of non-native slugs
including Arion species (Kappes 2006). This seems
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to be the case for A. fuscus, which did not differ in
abundance between forest and clearcut habitats. As
the eight forested wetlands were adjacent to 2—5 year-
old clearcuts, the non-native species, particularly 4.

fuscus, may have been spread by anthropogenic vec-

tors such as off-highway vehicles and forest harvest-
ing equipment then spread to the intact forest. Haugh-
ian and Harper (2018) surveyed lichens in our eight
study sites and found a higher proportion of gastropod
grazing on lichens near clearcut edges than in the for-
est interior. Despite this evidence, additional exami-
nations of the prevalence, abundance, and effects of
Arion species on native slugs and lichens in undis-
turbed habitat are needed.

We have provided novel information on the ecol-
ogy of slugs in Nova Scotia. There did not seem to
be anything special about sites 1 and 8, where we
captured the highest diversity and numbers of slugs,
except that the traps were open for more days at these
two sites than at the other six. Additional studies in
different habitats and at multiple spatial and tempo-
ral scales are needed to better understand patterns of
seasonality, food and habitat preferences, and disper-
sal capacity of this neglected group. Such information
will enable a better understanding of how environ-
mental factors regulate interactions between slug spe-
cies and between slugs and other taxa, such as lichens
and fungi, which will aid conservationists and forest
managers to conserve native biodiversity and mini-
mize the spread of non-native species.

Acknowledgements

H.R.M. received a Mitacs Accelerate Postdoctoral
Fellowship in partnership between Mitacs and Port
Hawkesbury Paper Inc. Funding was also provided
by Nova Scotia Habitats Conservation Fund and the
Natural Sciences and Engineering Research Coun-
cil of Canada (NSERC Discovery Grant to K.A.H.).
In-kind support was provided by Saint Mary’s Uni-
versity, the Nova Scotia Department of Lands and
Forestry, the Nova Scotia Museum, and the Mersey
Tobeatic Research Institute. We thank Andrew Fedora
for the support, Alex Setchell, Chad Simons, Cole
Vail, and Rowan Kernaghan for field assistance, and
Mindy-Lee Romo for the sorting the collected inver-
tebrates. We also thank the valuable comments and
suggestions from the editor Dr. Dwayne Lepitzki and
the reviewers Dr. Paul Catling and Dr. Annegret Nico-
lai as well as a third, anonymous, reviewer.

Literature Cited

Allen, J.A. 2004. Avian and mammalian predators of ter-
restrial gastropods. Pages 1-36 in Natural Enemies of
Terrestrial Molluscs. Edited by G.M. Barker. CABI Pub-
lishing, Wallingford, United Kingdom. https://doi.org/10.
1079/9780851993195.0001


https://doi.org/10.1079/9780851993195.0001
https://doi.org/10.1079/9780851993195.0001

2021

Araiza-Gémez, V., E. Naranjo-Garcia, and G. Zuiiiga.
2017. The exotic slugs of the genus Deroceras (Agrio-
limacidae) in Mexico: morphological and molecu-
lar characterization, and new data on their distribution.
American Malacological Bulletin 35: 126-133. https:/
doi.org/10.4003/006.035.0205

Asplund, J. 2011. Chemical races of Lobaria pulmonaria
differ in palatability to gastropods. Lichenologist 43:
491-494. https://doi.org/10.1017/s0024282911000387

Asplund, J., and Y. Gauslaa. 2010. The gastropod Arion
fuscus prefers cyanobacterial to green algal parts of the
tripartite lichen Nephroma arcticum due to low chemi-
cal defence. Lichenologist 42: 113—117. https://doi.org/
10.1017/s0024282909990284

Asplund, J., P. Larsson, S. Vatne, and Y. Gauslaa. 2010.
Gastropod grazing shapes the vertical distribution of ep-
iphytic lichens in forest canopies. Journal of Ecology
98: 218-225. https://doi.org/10.1111/j.1365-2745.20009.
01584.x

Backeljau, T., and L. de Bruyn. 1988. Notes on Arion hor-
tensis s. 1. and A. fasciatus s. 1. in Denmark. Apex 4: 41—
48.

Backeljau, T., and R. Marquet. 1985. An advantageous
use of multivariate statistics in a biometrical study on the
Arion hortensis complex (Pulmonata: Arionidae) in Bel-
gium. Malacological Review 18: 57-82.

Backeljau, T., and M. van Beeck. 1986. Epiphallus anat-
omy in the Arion hortensis species aggregate (Mollusca,
Pulmonata). Zoologica Scripta 15: 61-68. https://doi.org/
10.1111/5.1463-6409.1986.tb00209.x

Barker, G.M., and M.G. Efford. 2004. Predatory gastro-
pods as natural enemies of terrestrial gastropods and
other invertebrates. Pages 279-403 in Natural Enemies of
Terrestrial Molluscs. Edited by G.M. Barker. CAB Inter-
national, Wallingford, United Kingdom. https://doi.org/
10.1079/9780851993195.0279

Barnes, H., and J. Weil. 1945. Slugs in gardens: their num-
bers, activities and distribution. Part 2. Journal of Ani-
mal Ecology 14: 71-105. https://doi.org/10.2307/1386

Barr, N.B., A. Cook, P. Elder, J. Molongoski, D. Prasher,
and D.G. Robinson. 2009. Application of a DNA bar-
code using the 16S rRNA gene to diagnose pest Arion
species in the USA. Journal of Molluscan Studies 75:
187-191. https://doi.org/10.1093/mollus/eyn047

Bett, J.A. 1960. The breeding seasons of slugs in gardens.
Proceedings of the Zoological Society of London 135:
559-568. https://doi.org/10.1111/j.1469-7998.1960.tb05
865.x

Beyer, W.N., and D.M. Saari. 1977. Effect of tree species
on the distribution of slugs. Journal of Animal Ecology
46: 697-702. https://doi.org/10.2307/3635

Beyer, W.N., and D.M. Saari. 1978. Activity and ecological
distribution of the slug, Arion subfuscus (Draparnaud)
(Stylommatophora), Arionidae). American Midland Nat-
uralist 100: 359-367. https://doi.org/10.2307/2424835

Bickford, D., D.J. Lohman, N.S. Sodhi, P.K.L. Ng, R.
Meier, K. Winker, K.K. Ingram, and I. Das. 2007.
Cryptic species as a window on diversity and conser-
vation. Trends in Ecology & Evolution 22: 148-154.
https://doi.org/10.1016/j.tree.2006.11.004

MEDEIROS ET AL.: SLUGS IN NOVA SCOTIA

313

Blattmann, T., S. Boch, M. Tuerke, and E. Knop. 2013.
Gastropod seed dispersal: an invasive slug destroys far
more seeds in its gut than native gastropods. PLoS ONE
8:¢75243. https://doi.org/10.1371/journal.pone.0075243

Bless, R. 1977. Saisonal bedingte Abundanzverschiebun-
gen einiger Schneckenarten des Naturparks Kottenforst-
Ville. Anzeiger fiir Schédlingskunde, Pflanzenschutz,
Umweltschutz 50: 65-68. https://doi.org/10.1007/b1021
79525

Boag, D.A., and W.D. Wishart. 1982. Distribution and
abundance of terrestrial gastropods on a winter range of
bighorn sheep in southwestern Alberta. Canadian Jour-
nal of Zoology 60: 2633-2640. https://doi.org/10.1139/
z82-338

Boch, S., M. Berlinger, M. Fischer, E. Knop, W. Nentwig,
M. Tiirke, and D. Prati. 2013. Fern and bryophyte en-
dozoochory by slugs. Oecologia 172: 817-822. https:/
doi.org/10.1007/s00442-012-2536-0

Boch, S., M. Fischer, E. Knop, and E. Allan. 2014. Endo-
zoochory by slugs can increase bryophyte establishment
and species richness. Oikos 124:331-336. https://doi.org/
10.1111/01k.01536

Boch, S., D. Prati, and M. Fischer. 2016. Gastropods slow
down succession and maintain diversity in cryptogam
communities. Ecology 97: 2184-2191. https://doi.org/
10.1002/ecy.1498

Boch, S., D. Prati, S. Werth, J. Riietschi, and M. Fischer.
2011. Lichen endozoochory by snails. PLoS ONE 6:
¢18770. https://doi.org/10.1371/journal.pone.0018770

Brown, K.A., and J. Gurevitch. 2004. Long-term impacts
of logging on forest biodiversity in Madagascar. Pro-
ceedings of the National Academy of Sciences of the
United States of America 101: 6045-6049. https://doi.
org/10.1073/pnas.0401456101

Buschmann, H., M. Keller, N. Porret, H. Dietz, and P.J.
Edwards. 2005. The effect of slug grazing on vegeta-
tion development and plant species diversity in an ex-
perimental grassland. Functional Ecology 19: 291-298.
https://doi.org/10.1111/1.1365-2435.2005.00960.x

Cameron, R.P. 2009. Are non-native gastropods a threat
to endangered lichens? Canadian Field-Naturalist 123:
169-171. https://doi.org/10.22621/ctn.v123i2.697

Capinha, C., F. Essl, H. Seebens, D. Moser, and H.M.
Pereira. 2015. The dispersal of alien species redefines
biogeography in the Anthropocene. Science 348: 1248—
1251. https://doi.org/10.1126/science.aaa8913

Castillejo, J., I. Seijas, and F. Villoch. 1996. Slug and snail
pests in Spanish crops and their economical importance.
Pages 327-332 in Slug and Snail Pests in Agriculture.
Edited by BCPC Symposium Proceedings. University of
Kent, Canterbury, United Kingdom.

Chichester, L.F., and L.L. Getz. 1969. The zoogeography
and ecology of arionid and limacid slugs introduced into
northeastern North America. Malacologia 7: 313-346.

Chichester, L.F., and L.L. Getz. 1973. The terrestrial slugs
of northeastern North America. Sterkiana 51: 11-42.

COSEWIC (Committee on the Status of Endangered
Wildlife in Canada). 2014. COSEWIC assessment and
status report on the Boreal Felt Lichen Erioderma pedi-
cellatum, Boreal population and Atlantic population, in
Canada. COSEWIC, Ottawa, Ontario, Canada.


https://doi.org/10.4003/006.035.0205
https://doi.org/10.4003/006.035.0205
https://doi.org/10.1017/s0024282911000387
https://doi.org/10.1017/s0024282909990284
https://doi.org/10.1017/s0024282909990284
https://doi.org/10.1111/j.1365-2745.2009.01584.x
https://doi.org/10.1111/j.1365-2745.2009.01584.x
https://doi.org/10.1111/j.1463-6409.1986.tb00209.x
https://doi.org/10.1111/j.1463-6409.1986.tb00209.x
https://doi.org/10.1079/9780851993195.0279
https://doi.org/10.1079/9780851993195.0279
https://doi.org/10.2307/1386
https://doi.org/10.1093/mollus/eyn047
https://doi.org/10.1111/j.1469-7998.1960.tb05865.x
https://doi.org/10.1111/j.1469-7998.1960.tb05865.x
https://doi.org/10.2307/3635
https://doi.org/10.2307/2424835
https://doi.org/10.1016/j.tree.2006.11.004
https://doi.org/10.1371/journal.pone.0075243
https://doi.org/10.1007/bf02179525
https://doi.org/10.1007/bf02179525
https://doi.org/10.1139/z82-338
https://doi.org/10.1139/z82-338
https://doi.org/10.1007/s00442-012-2536-0
https://doi.org/10.1007/s00442-012-2536-0
https://doi.org/10.1111/oik.01536
https://doi.org/10.1111/oik.01536
https://doi.org/10.1002/ecy.1498
https://doi.org/10.1002/ecy.1498
https://doi.org/10.1371/journal.pone.0018770
https://doi.org/10.1073/pnas.0401456101
https://doi.org/10.1073/pnas.0401456101
https://doi.org/10.1111/j.1365-2435.2005.00960.x
https://doi.org/10.22621/cfn.v123i2.697
https://doi.org/10.1126/science.aaa8913

314

Cowie, R.H., and D.G. Robinson. 2003. Pathways of intro-
duction of nonindigenous land and freshwater snails and
slugs. Pages 93—122 in Invasive Species: Vectors and
Management Strategies. Edited by G.M. Ruiz and J.T.
Carlton. Island Press, Washington, DC, USA.

Davies, S.M. 1977. The Arion hortensis complex with notes
on A. intermedius Normand (Pulmonata: Arionidae). Jour-
nal of Conchology 29: 173-187.

Davies, S.M. 1979. Segregates of the Arion hortensis com-
plex (Pulmonata: Arionidae) with the description of a
new species, Arion owenii. Journal of Conchology 30:
123-127.

Davis, D.S., and S. Browne. 1996. Natural History of Nova
Scotia. Nimbus Publishing, Halifax, Nova Scotia, Can-
ada.

De Smedt, P., L. Baeten, E. Gallet-Moron, J. Brunet,
S.A.O. Cousins, G. Decocq, M. Deconchat, M. Diek-
man, B. Giffard, O. Kalda, J. Liira, T. Paal, M. Wulf,
M. Hermy, and K. Verheyen. 2019. Forest edges reduce
slug (but not snail) activity density across western Eu-
rope. Pedobiologia 75: 34-37. https://doi.org/10.1016/j.
pedobi.2019.05.004

De Wilde, J.J.A. 1983. Notes on the Arion hortensis com-
plex in Belgium (Mollusca, Pulmonata: Arionidae). An-
nales de la Société Royale Zoologique de Belgique 113:
87-96.

De Winter, A.J. 1984. The Arion hortensis complex (Pul-
monata: Arionidae): designation of types, descriptions,
and distributional patterns, with special reference to the
Netherlands. Zoologische Mededelingen 59: 1-17.

Diez, J.M., J.J. Sullivan, P.E. Hulme, G. Edwards, and
R.P. Duncan. 2008. Darwin’s naturalization conundrum:
dissecting taxonomic patterns of species invasions. Ecol-
ogy Letters 11: 674— 681. https://doi.org/10.1111/j.1461-
0248.2008.01178.x

Ding, J., R.N. Mack, P. Lu, M. Ren, and H. Huang. 2008.
China’s booming economy is sparking and accelerating
biological invasions. BioScience 58: 317-324. https://
doi.org/10.1641/b580407

Environment Canada. 2017. Canadian Climate Normals
1981-2010. Ottawa, Ontario, Canada.

Faberi, A.J., A.J. Lopez, P.L. Manetti, N.L. Clemente,
and H.A. Alverez-Castillo. 2006. Growth and reproduc-
tion of the slug Deroceras laeve (Miiller) (Pulmonata:
Stylommatophora) under controlled conditions. Spanish
Journal of Agricultural Research 4: 345-350. Accessed
21 October 2021. https://pdfs.semanticscholar.org/21fc/
545¢98c1bcc0643d6c89c7e4b876f282¢53.pdf.

Garrido, C., J. Castillejo, and J. Iglesias. 1995. The Arion
subfuscus complex in the eastern part of the Iberian Pen-
insula, with redescription of Arion subfuscus (Drapar-
naud 1805). Arkiv fiir Molluskenkunde 124: 103-118.
https://doi.org/10.1127/arch.moll/124/1995/103

Getz, L.L. 1959. Notes on the ecology of slugs: Arion cir-
cumscriptus, Deroceras reticulatum, and D. laeve. Amer-
ican Midland Naturalist 61: 485-498. https://doi.org/10.
2307/2422516

Gural-Sverlova, N.V., and R.I. Gural. 2015. Slugs from
the complex Arion subfuscus (Arionidae) in the plain
area of Ukraine. Ruthenica 25: 99-102. [In Russian]

Hahn, P.G., M.L. Draney, and M.E. Dornbush. 2011. Ex-

THE CANADIAN FIELD-NATURALIST

Vol. 135

otic slugs pose a previously unrecognized threat to the
herbaceous layer in a midwestern woodland. Restoration
Ecology 19: 786-794. https://doi.org/10.1111/.1526-100
x.2010.00710.x

Hammer, 9., D.A.T. Harper, and P.B. Ryan. 2001. PAST:
paleontological statistics software package for education
and data analysis. Palaeontologia Electronica 4: 1-9.

Hammond, R.B., and R.A. Byers. 2002. Agriolimacidae and
Arionidae as pests in conservation-tillage soybean and
maize cropping in North America. Pages 301-335 in Mol-
luscs as Crop Pests. Edited by G.M. Barker. CABI Pub-
lishing, Wallingford, United Kingdom. https://doi.org/10.
1079/9780851993201.0301

Haughian, S.R., and K.A. Harper. 2018. Distance of clear-
cut edge influence for epiphytic cyanolichens in old, wet,
mixedwood forests of Nova Scotia: Year 1 of the L-ACER
field study. Page 12 in Abstracts of the 9th bi-annual East-
ern Canada-USA Forest Science Conference: Balancing
Forest Production and Conservation. Edited by D.A.
Maclean and N. Hay. Fundy Model Forest, Fredericton,
New Brunswick, Canada. Accessed 14 September 2021.
https://www.fundymodelforest.net/images/agenda_v1_
abstractgs.pdf.

Hawkins, J.W., M.W. Lankester, R.A. Lautenschlager,
and F.W. Bell. 1997. Length-biomass and energy re-
lationships of terrestrial gastropods in northern forest
ecosystems. Canadian Journal of Zoology 75: 501-505.
https://doi.org/10.1139/297-061

Hobbs, R.J. 2000. Land-use changes and invasions. Pages
55-64 in Invasive Species in a Changing World. Edited
by H.A. Mooney and R.J. Hobbs. Island Press, Washing-
ton, DC, USA.

Holland, K.D., M.J. McDonnell, and N.S.G. Williams.
2007. Abundance, species richness and feeding prefer-
ences of introduced molluscs in native grasslands of Vic-
toria, Australia. Austral Ecology 32: 626-634. https://
doi.org/10.1111/1.1442-9993.2007.01749.x

Hutchinson, J.M.C., H. Reise, and G. Skujiené. 2017.
Life cycles and adult sizes of five co-occurring species
of Arion slugs. Journal of Molluscan Studies 83: 88—105.
https://doi.org/10.1093/mollus/eyw042

Jennings, T.J., and J.P. Barkham. 1975. Slug populations
in mixed deciduous woodland. Oecologia 20: 279-286.
https://doi.org/10.1007/bf00347478

Jennings, T.J., and J.P. Barkham. 1979. Litter decomposi-
tion by slugs in mixed deciduous woodland. Holarctic Ecol-
ogy 21-29. https://doi.org/10.1111/1.1600-0587.1979.tb
00678.x

Jordaens, K., J. Pinceel, H. Krieckemans, and T. Backel-
jau. 2006. Accurate identification of cryptic slug taxa of
the Arion subfuscus/fuscus complex by PCR-RFLP (Pul-
monata: Arionidae). Journal of Molluscan Studies 72:
323-325. https://doi.org/10.1093/mollus/eyl012

Jordan, S.F., and S.H. Black. 2012. Effects of forest land
management on terrestrial mollusks: a literature review.
The Xerces Society for Invertebrate Conservation, Port-
land, Oregon, USA.

Kappes, H. 2006. Relations between forest management
and slug assemblages (Gastropoda) of deciduous re-
growth forests. Forest Ecology and Management 237:
450-457. https://doi.org/10.1016/j.foreco.2006.09.067


https://www.sciencedirect.com/science/article/pii/S0031405619300083?casa_token=7mQnM-XX-1sAAAAA:NEOhYld2emhBhQN_BobCSCZjk-P58k0_1XXfPB5BcW-Q0PGscNXF049JDjoHkFMDibCaTyEF6g
https://www.sciencedirect.com/science/article/pii/S0031405619300083?casa_token=7mQnM-XX-1sAAAAA:NEOhYld2emhBhQN_BobCSCZjk-P58k0_1XXfPB5BcW-Q0PGscNXF049JDjoHkFMDibCaTyEF6g
https://www.sciencedirect.com/science/article/pii/S0031405619300083?casa_token=7mQnM-XX-1sAAAAA:NEOhYld2emhBhQN_BobCSCZjk-P58k0_1XXfPB5BcW-Q0PGscNXF049JDjoHkFMDibCaTyEF6g
https://www.sciencedirect.com/science/article/pii/S0031405619300083?casa_token=7mQnM-XX-1sAAAAA:NEOhYld2emhBhQN_BobCSCZjk-P58k0_1XXfPB5BcW-Q0PGscNXF049JDjoHkFMDibCaTyEF6g
https://www.sciencedirect.com/science/article/pii/S0031405619300083?casa_token=7mQnM-XX-1sAAAAA:NEOhYld2emhBhQN_BobCSCZjk-P58k0_1XXfPB5BcW-Q0PGscNXF049JDjoHkFMDibCaTyEF6g
https://www.sciencedirect.com/science/article/pii/S0031405619300083?casa_token=7mQnM-XX-1sAAAAA:NEOhYld2emhBhQN_BobCSCZjk-P58k0_1XXfPB5BcW-Q0PGscNXF049JDjoHkFMDibCaTyEF6g
https://www.sciencedirect.com/science/article/pii/S0031405619300083?casa_token=7mQnM-XX-1sAAAAA:NEOhYld2emhBhQN_BobCSCZjk-P58k0_1XXfPB5BcW-Q0PGscNXF049JDjoHkFMDibCaTyEF6g
https://www.sciencedirect.com/science/article/pii/S0031405619300083?casa_token=7mQnM-XX-1sAAAAA:NEOhYld2emhBhQN_BobCSCZjk-P58k0_1XXfPB5BcW-Q0PGscNXF049JDjoHkFMDibCaTyEF6g
https://www.sciencedirect.com/science/article/pii/S0031405619300083?casa_token=7mQnM-XX-1sAAAAA:NEOhYld2emhBhQN_BobCSCZjk-P58k0_1XXfPB5BcW-Q0PGscNXF049JDjoHkFMDibCaTyEF6g
https://doi.org/10.1016/j.pedobi.2019.05.004
https://doi.org/10.1016/j.pedobi.2019.05.004
https://doi.org/10.1111/j.1461-0248.2008.01178.x
https://doi.org/10.1111/j.1461-0248.2008.01178.x
https://doi.org/10.1641/b580407
https://doi.org/10.1641/b580407
https://doi.org/10.1127/arch.moll/124/1995/103
https://doi.org/10.2307/2422516
https://doi.org/10.2307/2422516
https://doi.org/10.1111/j.1526-100x.2010.00710.x
https://doi.org/10.1111/j.1526-100x.2010.00710.x
https://doi.org/10.1079/9780851993201.0301
https://doi.org/10.1079/9780851993201.0301
https://www.fundymodelforest.net/images/agenda_v1_abstractgs.pdf
https://www.fundymodelforest.net/images/agenda_v1_abstractgs.pdf
https://doi.org/10.1139/z97-061
https://doi.org/10.1111/j.1442-9993.2007.01749.x
https://doi.org/10.1111/j.1442-9993.2007.01749.x
https://doi.org/10.1093/mollus/eyw042
https://doi.org/10.1007/bf00347478
https://doi.org/10.1111/j.1600-0587.1979.tb00678.x
https://doi.org/10.1111/j.1600-0587.1979.tb00678.x
https://doi.org/10.1093/mollus/eyl012
https://doi.org/10.1016/j.foreco.2006.09.067

2021

Koztowski, J. 2012. The significance of alien and invasive
slug species for plant communities in agrocenoses. Jour-
nal of Plant Protection Research 52: 67-76. https://doi.
org/10.2478/v10045-012-0012-9

L’Heureux, K. 2016. Une invasion dans la discretion: repar-
tition, origins, et expansion des limaces européennes du
complexe d’Arion subfuscus s.l. au Québec. M.Sc. the-
sis, Université de Montréal, Montréal, Quebec, Canada.

L’Heureux, E., and B. Angers. 2018. A discreet invasion:
distribution, origins, and expansion of the European slug
complex Arion subfuscus s.l. in Quebec. Canadian Jour-
nal of Zoology 96: 325-331. https://doi.org/10.1139/cjz-
2017-0171

Lanta, V. 2007. Effect of slug grazing on biomass produc-
tion of a plant community during a short-term biodiver-
sity experiment. Acta Oecologica 32: 145-151. https:/
doi.org/10.1016/j.acta0.2007.03.013

Lucid, M., S. Ehlers, L. Robinson, and S. Cushman.
2018. Beer, brains, and brawn as tools to describe terres-
trial gastropod species richness on a montane landscape.
Ecosphere 9: €02535. https://doi.org/10.1002/ecs2.2535

Maunder, J.E., and A.J. Voitk. 2010. What we don’t know
about slugs and mushrooms. Fungi 3: 36-44.

McCarthy, P.M., and J.A. Healy. 1978. Field and study
notes: dispersal of lichen propagules by slugs. Lichen-
ologist 10: 131-134. https://doi.org/10.1017/s00242829
7800016x

McKnight, P., and J. Najab. 2010. Mann—Whitney U
Test. Corsini Encyclopedia of Psychology 1. https://doi.
org/10.1002/9780470479216.corpsy0524

Meyer, W.M., R. Ostertag, and R.H. Cowie. 2013. Influ-
ence of terrestrial molluscs on litter decomposition and
nutrient release in a Hawaiian Rain Forest. Biotropica
45:719-727. https://doi.org/10.1111/btp.12057

Mohamed, M.I., and R.F. Ali. 2011. Laboratory studies
on the terrestrial marsh slug Deroceras laeve (Miiller)
(Agriolimacidae: Mollusca). Animal Biology Journal 2:
133-141.

Mortensen, D.A., E.S.J. Rauschert, A.N. Nord, and B.P.
Jones. 2009. Forest roads facilitate the spread of inva-
sive plants. Invasive Plant Science and Management 2:
191-199. https://doi.org/10.1614/ipsm-08-125.1

Moss, M., and L. Hermanutz. 2010. Monitoring the small
and slimy — protected areas should be monitoring na-
tive and non-native slugs (Mollusca: Gastropoda). Nat-
ural Areas Journal 30: 322-327. https://doi.org/10.3375
/043.030.0307

Nekola, J.C. 2014. Overview of the North American terres-
trial gastropod fauna. American Malacological Bulletin
32: 1-35. https://doi.org/10.4003/006.032.0203

Nicolai, A., and A. Ansart. 2017. Conservation at a slow
pace: terrestrial gastropods facing fast-changing climate.
Conservation Physiology 5: 1-17. https://doi.org/10.10
93/conphys/cox007

Oli, B.P., and P.K. Gupta. 2000. Land mollusc fauna of the
Kumaon Himalayan forest and the role of snail in plant
litter decomposition. Tropical Ecology 41: 247-250.

Ord, M.J., and A.H.G. Watts. 1949. New records for the
distribution of certain land Mollusca in Nova Scotia.
Proceedings of the Nova Scotia Institute of Science 22:
16-34.

MEDEIROS ET AL.: SLUGS IN NOVA SCOTIA

315

Paustian, M.E., and P. Barbosa. 2012. Overlap of food and
microhabitat preferences among some native and nonna-
tive slugs in mid-Atlantic forests of eastern North Amer-
ica. Journal of Molluscan Studies 78: 92-99. https://doi.
org/10.1093/mollus/eyr041

Pilsbry, H.A. 1948. Land Mollusca of North America (North
of Mexico). Volume II, Part 2. Academy of Natural Sci-
ences of Philadelphia. Philadelphia, Pennsylvania, USA.

Pinceel J., K. Jordaens, and T. Backeljau. 2005a. Extreme
mtDNA divergences in a terrestrial slug (Gastropoda,
Pulmonata, Arionidae): accelerated evolution, allopatric
divergence and secondary contact. Journal of Evolution-
ary Biology 18: 1264-1280. https://doi.org/10.1111/j.14
20-9101.2005.00932.x

Pinceel, J., K. Jordaens, N. van Houtte, G. Bernon, and
T. Backeljau. 2005b. Population genetics and identity
of an introduced terrestrial slug: Arion subfuscus s.l. in
the north-east USA (Gastropods, Pulmonata, Arionidae).
Genetica 125: 155-171. https://doi.org/10.1007/s10709-
005-5816-3

Pinceel, J., K. Jordaens, N. van Houtte A.J. De Winter,
and T. Backeljau. 2004. Molecular and morphological
data reveal cryptic taxonomic diversity in the terrestrial
slug complex Arion subfuscus/fuscus (Mollusca, Pulmo-
nata, Arionidae) in continental north-west Europe. Bio-
logical Journal of the Linnean Society 83: 23-38. https:/
doi.org/10.1111/§.1095-8312.2004.00368.x

Province of Nova Scotia. 2007. Nova Scotia Wet Areas (GIS
Data). Department of Natural Resources, Truro, Nova
Scotia, Canada. Accessed 16 December 2020. http://
www.novascotia.ca/natr/forestry/gis/wamdownload.asp.

Province of Nova Scotia. 2021. Forest Inventory - Current
Forest Data (GIS Data). Department of Natural Re-
sources, Truro, Nova Scotia, Canada. Accessed 15
December 2021. https://novascotia.ca/natr/forestry/gis/
forest-inventory.asp.

Quick, H.E. 1960. British slugs (Pulmonata; Testacellidae,
Arionidae, Limacidae). Bulletin of the British Museum
(Natural History) Zoology 6: 105-228. https://doi.org/
10.5962/bhl.part.26845

Robinson, D.G. 1999. Alien invasions: the effects of the
global economy on non-marine gastropod introductions
into the United States. Malacologia 41: 413-438.

Rodriguez-Cabal, M.A., T.C. Gibbons, P.M. Schulte, N.M.
Barrios-Garcia, and G.M. Crutsinger. 2015. Compar-
ing functional similarity between a native and an alien
slug in temperate rain forests of British Columbia. Neo-
biota 25: 1-14. https://doi.org/10.3897/neobiota.25.8316

Rowe, J.S. 1972. Forest Regions of Canada. Fisheries and
Environment Canada, Ottawa, Ontario, Canada.

Rowson, B., R. Anderson, J. Turner, and W.0.C. Sy-
mondson. 2014a. The slugs of Britain and Ireland:
undetected and undescribed species increase a well-stud-
ied, economically important fauna by more than 20%.
PLoS ONE 9: €91907. https://doi.org/10.1371/journal.
pone.0091907

Rowson, B., J.R. Turner, R. Anderson, and B. Symond-
son. 2014b. Slugs of Britain and Ireland. Identification,
Understanding and Control. FCS. National Museum of
Wales, Cardiff, United Kingdom.

Rumi, A., J. Sianchez, and N.S. Ferrando. 2010. Theba


https://doi.org/10.2478/v10045-012-0012-9
https://doi.org/10.2478/v10045-012-0012-9
https://doi.org/10.1139/cjz-2017-0171
https://doi.org/10.1139/cjz-2017-0171
https://doi.org/10.1016/j.actao.2007.03.013
https://doi.org/10.1016/j.actao.2007.03.013
https://doi.org/10.1002/ecs2.2535
https://doi.org/10.1017/s002428297800016x
https://doi.org/10.1017/s002428297800016x
https://doi.org/10.1002/9780470479216.corpsy0524
https://doi.org/10.1002/9780470479216.corpsy0524
https://doi.org/10.1111/btp.12057
https://doi.org/10.1614/ipsm-08-125.1
https://doi.org/10.3375/043.030.0307
https://doi.org/10.3375/043.030.0307
https://doi.org/10.4003/006.032.0203
https://doi.org/10.1093/conphys/cox007
https://doi.org/10.1093/conphys/cox007
https://doi.org/10.1093/mollus/eyr041
https://doi.org/10.1093/mollus/eyr041
https://doi.org/10.1111/j.1420-9101.2005.00932.x
https://doi.org/10.1111/j.1420-9101.2005.00932.x
https://doi.org/10.1007/s10709-005-5816-3
https://doi.org/10.1007/s10709-005-5816-3
https://doi.org/10.1111/j.1095-8312.2004.00368.x
https://doi.org/10.1111/j.1095-8312.2004.00368.x
http://www.novascotia.ca/natr/forestry/gis/wamdownload.asp
http://www.novascotia.ca/natr/forestry/gis/wamdownload.asp
https://novascotia.ca/natr/forestry/gis/forest-inventory.asp
https://novascotia.ca/natr/forestry/gis/forest-inventory.asp
https://doi.org/10.5962/bhl.part.26845
https://doi.org/10.5962/bhl.part.26845
https://doi.org/10.3897/neobiota.25.8316
https://doi.org/10.1371/journal.pone.0091907
https://doi.org/10.1371/journal.pone.0091907

316

pisana (Miiller, 1774) (Gastropoda, Helicidae) and other
alien land molluscs species in Argentina. Biological In-
vasions 12: 2985-2990. https://doi.org/10.1007/s10530-
010-9715-x

Runham, N.W., and P.J. Hunter. 1970. Terrestrial Slugs.
Hutchinson University Library, London, England.

SARA (Species at Risk Act) Registry. 2021. Species sum-
mary: Boreal Felt Lichen (Erioderma pedicellatum),
Atlantic population. Accessed 10 May 2021. https:/species-
registry.canada.ca/index-en.html#/species/702-71.

Skujiené, G. 2004. Arion distinctus Mabille, 1868 (Gastrop-
oda: Pulmonata: Arionidae) in Lithuania. Acta Zoologica
Lituanica 14: 71-76. https://doi.org/10.1080/13921657.
2004.10512582

South, A. 1992. Terrestrial Slugs: Biology, Ecology and Con-
trol. Chapman & Hall, London, England.

Strauss, S.Y., M.L. Stanton, N.C. Emery, C.A. Bradley,
A.C. Dylan, R. Dittrich-Reed, O.A. Ervin, L.N. Gray,
A.M. Hamilton, J.H. Rogge, S.D. Harper, K.C. Law,
V.Q. Pham, ML.E. Putnam, T.M. Roth, J.H. Theil,
L.M. Wells, and E.M. Yoshizuka. 2009. Cryptic seed-
ling herbivory by nocturnal introduced generalists im-
pacts survival, performance of native and exotic plants.
Ecology 90: 419-429. https://doi.org/10.1890/07-1533.1

Suarez, A.V., D.A. Holway, and T.J. Case. 2001. Patterns
of spread in biological invasions dominated by long-dis-
tance jump dispersal: insights from Argentine ants. Pro-
ceedings of the National Academy of Sciences of the
United States of America 98: 1095-1100. https://doi.org/
10.1073/pnas.98.3.1095

Symondson, W.0.C., D.M. Glen, A.R. Ives, C.J. Langdon,
and C.W. Wiltshire. 2002. Dynamics of the relationship
between a generalist predator and slugs over five years.
Ecology 83: 137-147. https://doi.org/10.1890/0012-9658
(2002)083[0137:dotrba]2.0.co;2

THE CANADIAN FIELD-NATURALIST

Vol. 135

Taylor, J.W. 1907. Monograph of the Land and Freshwater
Mollusca of the British Isles. Testacellidae. Limacidae.
Arionidae. Taylor Brothers, Leeds, England.

Thompson, J.M., A.G. Appel, J.L. Sibley, G.J. Keever,
and W.G. Foshee. 2006. Comparative water relations
of three sympatric terrestrial slugs (Stylommatophora:
Agriolimacidae, Limacidae and Philomycidae). Journal
of the Alabama Academy of Science 77: 181-192.

Turgeon, D.D., J.F. Quinn, Jr., A.E. Bogan, E.V. Coan,
F.G. Hochberg, W.G. Lyons, P.M. Mikkelsen, R.J.
Neves, C.F.E. Roper, G. Rosenberg, B. Roth, A. Schel-
tema, F.G. Thompson, M. Vecchione, and J.D. Wil-
liams. 1998. Common and Scientific Names of Aquatic
Invertebrates from the United States and Canada: Mol-
lusks. Second Edition. American Fisheries Society Spe-
cial Publication 26, Bethesda, Maryland, USA.

Tiirke, M., M. Lange, and N. Eisenhauer. 2018. Gut shut-
tle service: endozoochory of dispersal-limited soil fauna
by gastropods. Oecologia 186: 655-664. https://doi.org/
10.1007/s00442-018-4058-x

Zemanova, M.A., O. Broennimann, A. Guisan, E. Knop,
and G. Heckel. 2018. Slimy invasion: climatic niche
and current and future biogeography of 4rion slug invad-
ers. Diversity and Distributions 24: 1627-1640. https:/
doi.org/10.1111/ddi.12789

Zettler, J.A., M.D. Taylor, C.R. Allen, and T.P. Spira.
2004. Consequences of forest clear-cuts for native and
nonindigenous ants (Hymenoptera: Formicidae). Annals
of the Entomological Society of America 97: 513-518.
https://doi.org/10.1603/0013-8746(2004)097[0513:cofc
fn]2.0.co;2

Received 9 December 2020
Accepted 14 July 2021
Editor: D.A.W. Lepitzki


https://doi.org/10.1007/s10530-010-9715-x
https://doi.org/10.1007/s10530-010-9715-x
https://doi.org/10.1080/13921657.2004.10512582
https://doi.org/10.1080/13921657.2004.10512582
https://doi.org/10.1890/07-1533.1
https://doi.org/10.1073/pnas.98.3.1095
https://doi.org/10.1073/pnas.98.3.1095
https://doi.org/10.1890/0012-9658(2002)083[0137:dotrba]2.0.co;2
https://doi.org/10.1890/0012-9658(2002)083[0137:dotrba]2.0.co;2
https://doi.org/10.1007/s00442-018-4058-x
https://doi.org/10.1007/s00442-018-4058-x
https://doi.org/10.1111/ddi.12789
https://doi.org/10.1111/ddi.12789
https://doi.org/10.1603/0013-8746(2004)097[0513:cofcfn]2.0.co;2
https://doi.org/10.1603/0013-8746(2004)097[0513:cofcfn]2.0.co;2

