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What is recovery?

Recovery of species at risk is the process by
which the decline of an endangered, threatened,
or extirpated species is arrested or reversed,
and threats are removed or reduced to improve
the likelihood of a species’ persistence in the
wild.

What is a recovery strategy?

Under the ESA a recovery strategy provides

the best available scientific knowledge on what
is required to achieve recovery of a species. A
recovery strategy outlines the habitat needs
and the threats to the survival and recovery of
the species. It also makes recommendations

on the objectives for protection and recovery,
the approaches to achieve those objectives,

and the area that should be considered in the
development of a habitat regulation. Sections
11 to 15 of the ESA outline the required content
and timelines for developing recovery strategies
published in this series.

Recovery strategies are required to be prepared
for endangered and threatened species within
one or two years respectively of the species
being added to the Species at Risk in Ontario list.
Recovery strategies are required to be prepared
for extirpated species only if reintroduction is
considered feasible.

What's next?

Nine months after the completion of a recovery
strategy a government response statement will
be published which summarizes the actions that
the Government of Ontario intends to take in
response to the strategy. The implementation of
recovery strategies depends on the continued
cooperation and actions of government agencies,
individuals, communities, land users, and
conservationists.

For more information

To learn more about species at risk recovery in
Ontario, please visit the Ministry of Environment,
Conservation and Parks Species at Risk webpage
at: www.ontario.ca/speciesatrisk
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be involved in recovering the species.
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information becomes available. Implementation of this strategy is subject to
appropriations, priorities and budgetary constraints of the participating jurisdictions and
organizations.

Success in the recovery of this species depends on the commitment and cooperation of

many different constituencies that will be involved in implementing the directions set out
in this strategy.

Responsible jurisdictions

Ministry of the Environment, Conservation and Parks
Environment and Climate Change Canada — Canadian Wildlife Service, Ontario
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Executive summary

Carolina Mantleslug is a terrestrial land slug with an adult size of 6 to 10 centimetres
and an ash-coloured mantle covering the entire body. The mantle is marbled dark grey
to brown with two central lines of black dots. The slug is usually inactive when seen, so
the head is not visible. An upper pair of light grey tentacles may extend from beneath
the mantle, but the lower pair of tentacles is not usually visible.

Currently, the Ontario range of Carolina Mantleslug includes at least seven known
subpopulations: Pelee Island (Stone Road Alvar area, including the campground; Fish
Point Provincial Nature Reserve; and Richard & Beryl lvey Property and Winery
Woods)), Wheatley Provincial Park, Grape Fern Woods, Rondeau Provincial Park and
Sinclair’s Bush. It is uncertain if the Leamington subpopulation is extant, although
habitat appears intact at White Oak Woods near Leamington.

Carolina Mantleslug is currently listed as threatened on the Species at Risk in Ontario
(SARO) List. Key threats for this species include climate change (droughts, changes in
frost regimes), prescribed burns, and habitat modifications due to invasive species such
as plants, earthworms and other gastropods. Additionally, pollution and any direct and
indirect human impacts (e.g., habitat alteration) specific to remaining sites are threats.

The recommended recovery goal for Carolina Mantleslug is to ensure the long-term
persistence of extant subpopulations. To achieve this goal, recommended recovery
objectives are identified below.

1. Engage the scientific community, government land managers, land trusts,
conservation organizations and private landowners in surveying suitable habitats
to determine the current range extent in southwestern Ontario.

2. Assess and mitigate threats at all known extant and historical occurrence sites in
Ontario.

3. Conduct and/or support research that fills knowledge gaps related to biology,
population size, and habitat requirements that inform recovery efforts.

4. Enhance and/or create habitat, where feasible and necessary, to increase habitat
availability for extant subpopulations.

Information on the spatial limits of habitat used and dispersal by Carolina Mantleslug is
lacking. When information on home range size, dispersal ability and key habitat features
critical for supporting the species lifecycle becomes available, the area prescribed as
habitat could be described more precisely and should be revisited. Based on the best
information available, it is recommended that the entire Ecological Land Classification
(ELC) ecosites occupied by extant subpopulations be prescribed as habitat in a habitat
regulation, because given the rarity of the species, it may be present throughout the
habitat but not be detected everywhere. It is recommended that the regulated area
should be defined using a contiguous ecological area encompassing all occupied



Recovery Strategy for the Carolina Mantleslug in Ontario

ecosites and any suitable unoccupied ecosites immediately adjacent to occupied
ecosites. This recommendation increases the probability that all habitat elements
necessary for foraging, mating, nesting, aestivating and hibernating for several
generations are included.

It is further recommended for the species that a buffer of 90 metres be added to the
defined ELC ecosite polygons and adjacent suitable unoccupied connection ecosites to
allow for population augmentation, to maintain important microhabitat and its properties
(e.g., leaf litter, decaying logs), to reduce edge effects and to account for temporary use
of neighbouring habitat. Habitat known to be unsuitable (e.g., roads, farmland, urban
areas, gardens, parks on the mainland, and lakes) should be excluded from this buffer.
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1.0 Background information

1.1 Species assessment and classification

The following list provides assessment and classification information for the Carolina
Mantleslug (Philomycus carolinianus). Note: The Glossary provides definitions for
abbreviations and technical terms in this document.

e SARO List Classification: Threatened

e SARO List History: Threatened (2022)

e COSEWIC Assessment History: Threatened (2019)

e SARA Schedule 1: No schedule, no status

e Conservation Status Rankings: G-rank: G5; N-rank: N1N2; S-rank: S1S2.

1.2 Species description and biology

Species description

Carolina Mantleslug (Philomycus carolinianus (Bosc, 1802)) is a terrestrial land slug in
the family Philomycidae. It is a large slug with an adult size of 6 to 10 cm (measured as
body length in active individuals) and an ash-coloured mantle covering the entire body
(Pilsbry 1948). The mantle is marbled dark grey to brown with two central lines of black
dots (Figure 1) (COSEWIC 2019). The slug is usually inactive when seen, so the head
is not visible. An upper pair of light grey tentacles may extend from beneath the mantle,
but the lower pair of tentacles is not usually visible (COSEWIC 2019).
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Figure 1. Carolina Mantleslug (Philomycus carolinianus). Photos by A. Nicolai.

Care must be taken when identifying Carolina Mantleslug because its mantle
colouration is highly variable within the species and is therefore often confused with
other Philomycus species in many collections (e.g., Oughton 1948) (COSEWIC 2019).
Based on external morphology alone, it can be confused with slugs in the genera
Pallifera and Megapallifera. These genera are distinguished from Philomycus internally
by their absence of a dart (Pilsbry 1948). It appears that Megapallifera mutabilis and P.
carolinianus coexist in the same habitats. Genetic analysis is generally required to
definitively identify Carolina Mantleslug. Specimens of Carolina Mantleslug from Pelee
Island have been sequenced by the Biodiversity Institute of Ontario and their genetic
fingerprints are available from the BOLD website (BOLDsystems 2022).

Species biology

Carolina Mantleslug is an air-breathing slug that is a simultaneous hermaphrodite
(possesses both male and female reproductive organs) and lays eggs (Pilsbry 1948).
Generally, both members of a mating pair exchange sperm and produce eggs; self-
fertilization is possible but may result in lower reproductive success (COSEWIC 2019,
White-McLean 2012). Reproduction usually occurs in spring in temperate regions
(COSEWIC 2019) and clutch size ranges between 65 and 75 eggs with a hatching
success varying between 40 and 75 percent (White-McLean 2012). Embryonic
development has a duration of 22 to 45 days (White-McLean 2012). Under laboratory
conditions, reproductive size (about 4.5 cm) was reached between 120 and 220 days
after hatching (White-McLean 2012). May 2018 fieldwork in southwestern Ontario
resulted in many records of large juveniles, suggesting that they hatched in the summer
the year before (COSEWIC 2019). It is thought that the slugs may reach sexual maturity
after one year under natural conditions since they hatch during the summer and growth
is seasonal (COSEWIC 2019). Carolina Mantleslug, like other slugs of the same size,
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such as Tawny Garden Slug (Limax flavus), may live three to four years (Welter-
Schulter 2012). The generation time is estimated to be about two years (COSEWIC
2019). Some reproductive processes in Carolina Mantleslug are sensitive to diet and
temperature (White-McLean 2012), the latter being relevant to the threat of climate
change (COSEWIC 2019). Laboratory studies found that at temperatures ranging from
10 to 21 degrees Celsius, hatching success is highest, and it decreases by more than
half at 25 to 29 degrees (White-McLean 2012). Embryonic development is fastest at 25
degrees Celsius (about 17 days) and reduced at lower temperatures (White-McLean
2012). This indicates that eggs laid in fall may overwinter and hatch in spring, as
observed in other slug species with freeze-tolerant eggs, such as Arion species (Ansart
and Nicolai unpubl. data). The diet of Carolina Mantleslug is uncertain, although
observations of its location, the colour of its feces and the colour of nearby fungi and
lichen, suggest that it eats fungi and lichen (Nicolai, pers. obs.). It may also feed on
decaying wood or other decaying plant material.

Carolina Mantleslug is crepuscular (active at dawn or dusk) or nocturnal, but will
emerge from under logs or from holes in logs during the daytime provided the log is
moist (Pilsbry 1948). In Ontario, it is found in leaf litter in moist conditions, but is only
found under or in logs during dry summers (COSEWIC 2019). Carolina Mantleslug may
have increased drought resistance because it has a high desiccation (loss of moisture
to the point of drying out) tolerance (Thompson et al. 2006) and forms huddles of
several individuals, which has been shown to reduce water loss by 34 percent in Limax
species (Cook 1981). Carolina Mantleslug is more active at warmer temperatures
(25°C) and inactive at cooler temperatures (15°C) (Rising and Armitage 1969). Carolina
Mantleslug hibernates, as indicated by their low metabolic rate at five degrees Celsius
(Rising and Armitage 1969), as opposed to European slugs, such as Arion species
(Slotsbo et al. 2012) and Deroceras species (Storey et al. 2007). European species
from these genera are found in Canada in Carolina Mantleslug habitat and may stay
active under the insulating snow cover (COSEWIC 2019). The European species are
freeze-tolerant. Their body fluids freeze between minus one and minus five degrees
Celsius, allowing them to survive freezing for up to two days (Storey et al. 2007; Slotsbo
et al. 2012). Carolina Mantleslug may exhibit similar freeze tolerance, but this has not
been confirmed.

Physiological processes of Carolina Mantleslug may be impacted by heavy metals and
pesticides in the soil as they accumulate in tissues (Barker 2001). Please refer to
section 1.6 of this document for more details.

Carolina Mantleslug is a mostly inactive slug, resulting in very low dispersal capability
compared to introduced exotic slug species, such as Arion or Deroceras species
(COSEWIC 2019). While the exact dispersal capability of Carolina Mantleslug is
unknown, Arion species have been recorded moving several metres per day with a
mean speed of 11 cm/minute (Honek and Martinkova 2011). Eggs and immature stages
are not known to be dispersed by wind and the likelihood of aerial or aquatic transport of
adults is unknown, but likely small (COSEWIC 2019). However, some slug species can
survive periods in water, and may be transported by water, such as exotic Arion species
(Nicolai pers. obs.) and Sheathed Slug (Zacoleus idahoensis) (COSEWIC 2016). Slugs
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may also disperse through passive transportation by rafting on floating objects such as
logs (Vagvolgyi 1975).

Due to the poor dispersal capability of Carolina Mantleslug, it is unlikely that dispersal
from populations in the United States into Ontario is occurring (COSEWIC 2019).
Historical and current habitat loss and degradation are likely factors preventing
expansion outside the current occupied sites (COSEWIC 2019). These are both
important factors to consider for species at the edge of their range, such as Carolina
Mantleslug in Ontario, that may need to expand their range northward due to climate
change (Gibson et al. 2009). Furthermore, since Carolina Mantleslug is not linked to
human activities it is unlikely to be accidentally introduced as an accidental stowaway
on vehicles or clothing. Similarly, because the species does not forage for fresh plant
material, it is unlikely to be accidentally introduced to new areas via transporting
horticultural or agricultural goods (Robinson 1999; Robinson and Slapcinsky 2005).

Carolina Mantleslug is a known host for the nematode Meningeal Worm
(Parelaphostrongylus tenuis), a parasite of deer in North America (Rowley et al. 1987),
but generally the parasites of Philomycidae are understudied. Nonetheless, information
on parasites of other slug and land snail families is suggestive of avenues of
investigation that may lead to greater knowledge. Trematodes and free swimming or
attached flagellates have been observed in Polygyridae snails (Barger and Hnida 2008;
Barger 2011; Current 2007). Parasitic mites and nematodes are also commonly
observed in snails in general and can cause high mortality, reproductive disturbance,
and reduced cold hardiness (Baur and Baur 2005; Morand et al. 2004; Orstan 2006).
Slugs can also disperse other organisms essential for litter decomposition, including
nematodes by transitorily ingesting them (Peterson et al. 2015), and oribatid mites
through ingestion and egestion (Turke et al. 2018).

Gastropods are an important food source to a large variety of taxa, including
salamanders, frogs, toads, turtles, snakes, lizards, birds, shrews, voles, moles, rats,
mice, chipmunks, squirrels, sciomyzid fly larvae, firefly larvae, parasitic wasp larvae,
beetles, ants, spiders and harvestman (Jordan and Black 2012). Predators specific to
Carolina Mantleslug are unknown, but are likely to include many of the above-
mentioned taxa.

1.3 Distribution, abundance and population trends

Carolina Mantleslug has a range across eastern North America. The northern limit is
southern Ontario, Michigan and Vermont, while the east-west distribution is from Maine
to Minnesota in the north and Florida to Texas in the south (COSEWIC 2019). In
Canada, the current range of Carolina Mantleslug includes at least seven known
subpopulations across Pelee Island, Wheatley Provincial Park, Grape Fern Woods,
Rondeau Provincial Park and Sinclair's Bush (COSEWIC 2019) (Figure 2). The Pelee
Island population is divided into three subpopulations (Stone Road Alvar area [SRA],
including the campground; Fish Point Provincial Nature Reserve; and Richard & Beryl
Ivey Property [RBIP] of the Nature Conservancy of Canada [NCC] and Winery Woods)
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following NatureServe’s Element Occurrence standards (2022), which account for
dispersal barriers (roads, unsuitable habitat) and distance (up to 1km between
subpopulations when habitat is suitable for connectivity). Carolina Mantleslug is also
historically known from Leamington, Ontario, but has not been observed at this location
since 1994 (COSEWIC 2019). Due to a lack of access during recent gastropod surveys
conducted by Nicolai (2013-2019), it is uncertain if the Leamington subpopulation is
extant, although habitat appears intact at White Oak Woods near Leamington
(COSEWIC 2019). The Rondeau population appears to be quite strong, with specimens
easily found when conditions are favourable, as recently as summer 2022, while
Wheatley populations have not been monitored in recent years (Kaija pers. comm.
2022).

There are several potential recent Carolina Mantleslug observations on iNaturalist
(iNaturalist 2022), however, due to its similar morphology to other species of
Philomycus and Megapallifera, these records are difficult to verify without dissections or
the use of genetic data (Nicolai pers. obs.). Some of these iNaturalist records might
indicate that Carolina Mantleslug is extant in new sites (i.e., Clear Creek, Harrow) within
its current range, but species verification is needed before these new sites can be
confirmed. The size of the Canadian population of Carolina Mantleslug is unknown and
data collected so far are insufficient to determine trends and fluctuations (COSEWIC
2019).

Migration between extant subpopulations is not likely because of distance and
unsuitable land (agriculture, roads, urban areas, water bodies, etc.) between them.
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Figure 2. Extant and historical occurrence sites of Carolina Mantleslug in Ontario.
“‘Extant” means live individuals were found within the last 20 years. “Historical” refers to
locations where the species was previously observed, and that provide habitat that is
suitable for Carolina Mantleslug (evaluated from recent photographs, aerial photographs
and surrounding visits) but have not been recently surveyed (e.g., private land).

1.4 Habitat needs

In Canada, Carolina Mantleslug mostly lives in low wet forests and riparian areas along
the Lake Erie shore (Grimm 1996). In the US, Hubricht (1985) described Carolina
Mantleslug habitat as floodplains, but also mountains up to 2,000 feet (610 m) in
elevation. Specific microhabitat conditions for Carolina Mantleslug are not known,
though general assumptions can be made that, like most slug species, it can be found
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under decaying logs, in leaf litter and require moisture. During surveys carried out by
Nicolai from 2013 to 2019 the species was found in riparian wet forest and on the floor
of older-growth deciduous forest growing on sandy or rocky soil, with abundant, well-
decayed wood (COSEWIC 2019). On Pelee Island, Carolina Mantleslug is found in
forests consisting of oak (Quercus species), maple (Acer species), mulberry (Morus
species), ash (Fraxinus species) and hickory (Carya species) (COSEWIC 2019). The
forest composition in its Wheatley Provincial Park habitat is composed of chestnut
(Castanea dentata), Sassafras (Sassafras albidum), Black Gum (Nyssa sylvatica) and
Pin Oak (Quercus palustris) (COSEWIC 2019). In Rondeau Provincial Park, the
deciduous forest is mainly American Beech (Fagus grandifolia) and Sugar Maple (Acer
saccharum) and smaller populations of basswood (Tilia species), tulip tree (Liriodendron
tulipifera), White Ash (Fraxinus americana) and Green Ash (Fraxinus pennsylvanica)
(Dobbyn and Pasma 2012). The Rondeau Provincial Park forest habitat grows on sandy
ridges that form sloughs which may be flooded for most of the year (COSEWIC 2019).
Sinclair's Bush is a deciduous forest and includes species of conservation concern,
including Pawpaw Tree (Asimina triloba) and tulip tree (COSEWIC 2019).

Some species use different habitat patches in different seasons. For example, the
Roman snail (Helix pomatia), uses nettle patches for reproduction, shrub patches for
feeding, and forest soils for overwintering (Nietzke 1970). This behaviour is unknown in
Carolina Mantleslug and requires further investigation. Since Carolina Mantleslug
seems to be primarily a fungivore (organism that consumes fungi), the presence of a
diverse mushroom and lichen community is an important habitat requirement and are
present in all known occupied sites (COSEWIC 2019). It has been recorded feeding on
Honey Fungus (Armillaria mellea), Gilled Bolete (Phylloporus boletinoides), Lurid Bolete
(Boletus luridiceps) and Olivespore Bolete (Boletus oliveisporus) (White-McLean 2012).
This is not an exhaustive list of fungi consumed by Carolina Mantleslug as information
regarding its diet is lacking.

1.5 Limiting factors

In Ontario, Carolina Mantleslug is near the northern limits of its distribution and further
expansion north is likely limited by harsh winters, human-caused habitat fragmentation
and loss (Gibson et al. 2009), and physical barriers, such as large bodies of water
(COSEWIC 2019). Low dispersal ability restricts gene flow among subpopulations
(COSEWIC 2019), and may result in limited genetic and phenotypic differentiation,
potentially reducing the fitness of a subpopulation (Fitzpatrick and Reid 2019).
Population growth at the microhabitat scale is likely limited by the availability of moist
refuges that buffer environmental fluctuations (Burch and Pearce 1990).

1.6 Threats to survival and recovery
A threat assessment for Carolina Mantleslug was compiled in its 2019 COSEWIC report

and was based on knowledge of the extant subpopulations on Pelee Island, Rondeau
Provincial Park, Grape Fern Woods and Wheatley Provincial Park. The threats below
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are organized from their highest to lowest impact, according to the assessment in the
COSEWIC report (2019). A threat assessment for the Sinclair's Bush subpopulation has
not yet been conducted.

Climate change and severe weather

Foden et al. (2013) presented a systematic trait-based framework for assessing
species’ vulnerability to climate change, and within this framework, Carolina Mantleslug
can be considered highly vulnerable because it is exposed to climate change (spring
frosts, absence of snow cover, droughts), is sensitive to its specific microhabitat
conditions and it has a low adaptive capacity (low dispersal capabilities and it lives in
small, isolated patches of natural habitat) (COSEWIC 2019). However, since it is more
drought-tolerant than other gastropod species it may be able to persist at some level of
climate change (COSEWIC 2019). Climate change models suggest that southwestern
Ontario will experience an increase in extreme weather events, including droughts,
floods and temperature extremes (Varrin et al. 2007). In the Lake Erie basin, summer
precipitation is likely to decline while winter precipitation is likely to increase, according
to a study by McDermid et al. (2015). Snails may be vulnerable to increasing average
temperatures accompanied by increased incidences of drought (Pearce and Paustian
2013) and spring frost (Augspurger 2013), though there is no similar information
available on slugs. Since Carolina Mantleslug is found mainly in floodplains and higher
mountain areas, this suggests that it relies on moisture and lower temperatures in
summer (COSEWIC 2019).

Despite Carolina Mantleslug being a specialist of wet forest, unusually high floods in the
winter and spring can increase mortality when slugs are inactive (COSEWIC 2019).
Pelee Island and Grape Fern Woods are both seasonally flooded wet forest (MNR
2005; NCC 2008), and with increased precipitation due to climate change, flooding can
be expected over a larger area, especially in areas that are just barely above the lake
level (COSEWIC 2019). Pelee Island ranges from 175 to 183 metres above sea level,
with the lake level being 173 metres (Natural Resources Canada 2019).

The threat of habitat shifting and alteration also exists in known habitats of Carolina
Mantleslug. Fish Point Provincial Nature Reserve has a population of Carolina
Mantleslug that lives in the wet forest near the east shore, which could gradually erode
in the future (COSEWIC 2019). A substantial part of the forest on the southern tip of the
island was lost during the winter of 2018/2019; although this erosion is usually a slow
process, the high lake level combined with heavier storms in the future could accelerate
this habitat loss (COSEWIC 2019). Rondeau Provincial Park experiences similar
erosion to its marshland, which may affect water levels in the forest habitat (COSEWIC
2019). It is unknown how these changes may impact gastropod communities in the
future, but this type of habitat loss should be monitored as a possible threat or barrier to
recovery (COSEWIC 2019).

Prescribed fire
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Prescribed burns are an important management tool for prairie and forest conservation
(Williams 2000), and are used to limit the invasion of exotic species (Brooks and Lusk
2008) and to promote growth and reproduction of native prairie species (Towne and
Owensby 1984). Burning directly and indirectly affects survival of ground dwelling
animals, including snails and other gastropods (Nekola 2002), by reducing and
modifying organic substrates used as shelters, increasing soil evaporation and
destroying the upper part of the soil and leaf litter habitat, which are important for the
survival of litter-soil organisms (Bellido 1987; Knapp et al. 2009). Following prescribed
burns in Oregon, Duncan (2005) found that slugs were not found at over a quarter of the
sites that supported them during pre-fire surveys, and suggested that at sites where
slugs persisted, they survived fires in deep fissures in coarse rock substrate or other
underground refuges. Duncan (2005) also suggested that the distribution of
microhabitats that allow for vertical movements during fires is important for the long-
term viability of slug populations within the landscape. It is unknown if similar refuges
exist within Carolina Mantleslug habitat in Ontario (COSEWIC 2019). Decaying logs are
an important microhabitat of Carolina Mantleslug (COSEWIC 2019) and a summary
report by the Department of Sustainability and Environment (2003) found that during
and after fires, small, unburnt patches (as small as 1 m?) act as significant habitat for
invertebrates and other animals, with fallen logs being the most important association
with unburnt patches. This suggests that low-intensity burns may leave fallen logs
intact, which may provide a refuge for Carolina Mantleslug.

Sections of the Stone Road Alvar on Pelee Island were burned by Ontario Nature and
Essex Regional Conservation Authority in 1993, 1997, 1999 and 2005 (NCC 2008), as
well as in 2019 accompanied by an impact study implemented by Ontario Nature,
including snail monitoring done by A. Nicolai. Although Carolina Mantleslug has only
been found in the wooded part of Stone Road Alvar, the threat from fire should be
considered given the risk of fire reaching forested habitat (COSEWIC 2019). During
these studies it was found that fire resulted in some gastropod mortality and that
because of the patchiness of the fire, and the fact that the highest density of snails was
observed in a small area that was burned (surrounded by unburned habitat),
recolonization was fast and pre-burn densities were reached three years post-burn
(Nicolai, unpublished data). These findings do not directly apply to Carolina Mantleslug,
as it is found in wooded habitat. Direct impacts from fire on slug populations are
reduced when available habitat is widespread and recolonization from nearby areas is
possible. However, when habitat areas are small, large fires are considered detrimental
to subpopulations. Small, patchy fires that are restricted to some parts of the area may
be less harmful (Driscoll et al. 2021).

Invasive species

Several highly invasive plant species in southern Ontario, including Garlic Mustard
(Alliaria petiolata), are found on Pelee Island in Carolina Mantleslug habitat. Garlic
Mustard is known to displace native vegetation and alter soil nutrient cycles, which
slows restoration of native plant species such as spring ephemeral wildflowers (Catling
et al. 2015). Stoll et al. (2012) found that invasive knotweed (Fallopia species) in
Switzerland caused a significant reduction in large and long-lived snail species, but not

9



Recovery Strategy for the Carolina Mantleslug in Ontario

in slugs or small, short-lived snails, while Ruckli et al. (2013) found that gastropod
abundance and richness increased in forests invaded by the invasive plant Himalayan
Balsam (Impatiens glandulifera). European Common Reed (Phragmities australis) is a
highly invasive plant with wide-reaching ecological impacts, which may be a threat in
parts of Carolina Mantleslug’s range, such as in Rondeau Provincial Park (MNRF 2019).
Further research is needed to determine how invasive plants and the ecosystem
modifications they generate impact Carolina Mantleslug and gastropods in general.

Introduced non-native earthworms have become established in Canada and have
altered forest floor habitats by reducing or eliminating the natural leaf litter layer, and by
digging up and mixing the mineral soil with the organic surface layer (CABI 2016).
Through these habitat alterations, invasive earthworms may indirectly alter terrestrial
snail communities (Forsyth et al. 2016). Invasive earthworms are present on the north
shore of Lake Erie (Evers et al. 2012), Pelee Island (Reynolds 2011) and elsewhere in
Ontario (Reynolds 2014). The Asian genus Amynthas has been introduced to Essex
County (Reynolds 2014) and is known to quickly reduce surface leaf litter where
gastropods live (Qiu and Turner 2017). Other indirect effects could result from
earthworms feeding on forest plant seeds (Cassin and Kotanen 2016) or by altering
plant-fungi mutualisms (Paudel et al. 2016), thereby affecting understory vegetation
composition (Drouin et al. 2016) and potentially reducing available fungi.

Exotic terrestrial gastropods are also a potential threat (Whitson 2005; Grimm et al.
2010) to Carolina Mantleslug. Several species of exotic gastropods are widespread in
southern Ontario, and more specifically on Lake Erie islands and the mainland of
southwestern Ontario (the carnivorous Draparnaud’s Glass Snail (Oxychilus
draparnaudi) and Cellar Glass Snail (Oxychilus cellarius)). These non-native gastropods
may directly affect native species (COSEWIC 2019; Mahlfeld 2000) through aggression
(Kimura and Chiba 2010), density effects, food competition (Baur and Baur 1990) and
competition for shelter (COSEWIC 2019).

Competition for food with other sympatric slugs in Ontario, such as Changeable
Mantleslug (Megapallifera mutabilis), or exotic species, is a possibility for Carolina
Mantleslug in southwestern Ontario (COSEWIC 2019). Aggressive behaviour of
Leopard Slug (Limax maximus) has been shown to considerably reduce reproductive
success of two Arion species in British Columbia (Rollo 1983). Leopard slug is
introduced in Ontario and has been observed in areas close to Carolina Mantleslug,
including near Rondeau and Wheatley Provincial Park, and on Pelee Island (iNaturalist
2022). Introduced exotic gastropods in Ontario, such as Grove Snail (Cepaea
nemoralis) and various species of slugs, mainly Grey Fieldslug (Deroceras reticulatum)
or Dusky Arion (Arion fuscus/subfuscus), likely share a similar diet to Carolina
Mantleslug and therefore might be in direct competition for food sources, especially in
habitats where these species distributions overlap (COSEWIC 2019).

Birds introduced to some parts of Ontario for recreational hunting, such as Wild Turkeys
(Meleagris gallopavo) (native to mainland Ontario but introduced to Pelee Island) and
Ring-necked Pheasants (Phasianus colchicus) may pose a threat to Carolina
Mantleslug because both species are omnivorous and feed on gastropods (Sandilands
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2005). These bird species have recently been identified as ongoing threats to other
threatened or endangered gastropods (COSEWIC 2017; 2018). Their impacts on
Carolina Mantleslug are unknown, but may be reduced relative to other species, as
Carolina Mantleslug typically stays under logs, making it less accessible to birds
(COSEWIC 2019).

Human disturbance

Gastropod populations may be fragmented by paved roads or tracks as narrow as three
metres (Wirth et al. 1999) because snails tend not to cross roads (Baur and Baur 1990).
These barriers likely also affect Carolina Mantleslug because of its low dispersal
capabilities and reliance on moist conditions. Reck and van der Reer (2015) cite a study
by Martin and Roweck (1988) who documented local extinctions in a population of
Rotund Disc (Discus rotundatus) in Germany after its original habitat became
unsuitable. Roads acted as a barrier to movement and mating possibilities, thus
reducing gene flow. This conclusion could also be applicable to slugs with low dispersal
abilities (COSEWIC 2019; Kaija pers. comm. 2022). Road mortality has been
recognized as a threat for wildlife in protected areas, such as Point Pelee National Park
(Parks Canada 2007), but since Carolina Mantleslug rarely moves away from under
logs, it is not likely to be affected by road mortality (COSEWIC 2019).

The historical decline of this species is likely a result of habitat loss and degradation.
According to the Essex Region Conservation Authority (ERCA) (2002), most of the
forest cover in the historical range of this species was cleared for agriculture use during
the 1800s. Roughly 5 percent of the original forest cover remains in southwestern
Ontario, much of which remains in parks and conservation authority lands, with smaller
privately owned fragments often less than 10 ha in size (ERCA 2002).

Mushroom picking may be a potential threat to Carolina Mantleslug (COSEWIC 2019)
since it is known to consume mushrooms, which are an important habitat requirement
for the species. While there is no data indicating how mushroom picking may affect
Carolina Mantleslug, four edible mushrooms in Ontario used by humans (Northern
Bushcraft 2018) may also be consumed by Carolina Mantleslug, especially Golden
Chanterelle (Cantharellus cibarius) (White-McLean 2012). However, mushroom picking
is not a common activity in any of the areas containing Carolina Mantleslug, and is
therefore not considered to be a major threat.

Trampling is a negligible threat to this species because they live under logs and rocks,
but displacement of these habitats and leaf litter may alter the microhabitat conditions
(COSEWIC 2019). While there is a short loop trail, large parts of Stone Road Alvar are
not accessible due to high vegetation density and absence of trails (COSEWIC 2019).

Pollution

Heavy metals and road salt are a threat to gastropods (Viard et al. 2004) because they
decrease food consumption, growth and fecundity (Laskowski and Hopkin 1996) as a
result of accumulation in the soil and food plants (Notten et al. 2005). These are
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particularly a threat where the species habitat is within close proximity to roads. Road
density is low on Pelee Island, but Rondeau and Wheatley Provincial Parks have more
roadways, some of which undergo winter maintenance, including salt application (Kaija
pers. comm. 2022).

The effects of pesticides, other than molluscicides, on terrestrial gastropods are poorly
known. Laboratory studies have shown that some herbicides increase mortality of
aquatic snails that are infected with parasites (Koprivnikar and Walker 2011) and could
affect reproduction in terrestrial snails (Druart et al. 2011), while other studies have
found that terrestrial gastropods were not impacted by herbicides in agricultural (Roy et
al. 2003) or forested (Hawkins et al. 1997) landscapes. The increasingly used
neonicotinoid insecticides were found not to be harmful to Grey Fieldslug (Douglas and
Tooker 2015). The effects of pesticides on Carolina Mantleslug are unknown, however
agricultural land is adjacent to wooded areas on Pelee Island and in Grape Fern
Woods, which may expose slugs to pesticide drift (COSEWIC 2019).

1.7 Knowledge gaps
Distribution and population sizes

Most of the known extant and historical occurrence sites in Ontario of Carolina
Mantleslug were surveyed from 2013 to 2019, but some known occurrence sites on
private property were not accessed leaving the potential for the species to have small
subpopulations remaining (COSEWIC 2019). It is unknown if populations still persist in
other habitat types where historical surveys were less common. Because current
distribution data are incomplete, population trends and dynamics in Ontario are
unknown, and threats to any extant populations are either site-specific (e.g., prescribed
burns) or global (e.g., climate change). Minimum viable population size is also unknown
for this species, and is important when determining potential for recovery of
subpopulations.

Species ecology

The likelihood of ongoing decline is difficult to predict because of the limited biological
knowledge available for the species. Basic biological knowledge, such as diet,
predators/parasites, habitat requirements, dispersal strategies and the impact of
pollutants and invasive species would provide better insight into the factors that are
most important for the survival or decline of this species, as well as provide important
insights into recovery viability. Continuing to monitor the effects of climate change and
how it impacts the biology of Carolina Mantleslug will also help understand this threat
and determine recovery viability.
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1.8 Recovery actions completed or underway

To date, no species-specific recovery actions have been implemented for Carolina
Mantleslug.

A study of prescribed burn impacts on species at risk on Stone Road Alvar implemented
by Ontario Nature will include targeted surveys in 2022 and 2023. The same study
included gastropod surveys from 2017-2020 implemented by A. Nicolai, but Carolina
Mantleslug was not found in the burn area. On Nature Conservancy of Canada land on
Pelee Island where the slug occurs, gastropod-focused habitat enhancement, public
outreach for awareness, and surveys are conducted by trained staff (Croswaithe pers.
comm. 2019).
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2.0 Recovery

2.1 Recommended recovery goal

The recommended recovery goal for Carolina Mantleslug is to ensure the long-term
persistence of extant subpopulations.

2.2 Recommended protection and recovery objectives

The recovery goal for this species is focused on mitigating threats and enhancing
habitat to allow for long-term population persistence and expansion in Ontario. To
achieve this goal, recommended recovery objectives are identified below.

1. Engage the scientific community, government land managers, land trusts,
conservation organizations and private landowners in surveying suitable habitats
to determine the current range extent in southwestern Ontario.

2. Assess and mitigate threats at all known extant and historical occurrence sites in
Ontario.

3. Conduct and/or support research that fills knowledge gaps related to biology,
population size, and habitat requirements that inform recovery efforts.

4. Enhance and/or create habitat, where feasible and necessary, to increase habitat
availability for extant subpopulations.
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2.3 Recommended approaches to recovery

Table 1. Recommended approaches to recovery of the Carolina Mantleslug in Ontario.

Objective 1: Engage the scientific community, government land managers, land trusts,
conservation organizations and private landowners in surveying suitable habitats to
determine the current range extent in southwestern Ontario.

Relative | Relative
priority |timeframe

Recovery theme

Approach to recovery

Threats or
knowledge gaps
addressed

Critical Short-term

Research

1.1 Engage the scientific
community in genetic
analyses, like barcoding, to
reliably distinguish species
across the currently known
range and its vicinity

e Confirm existing barcodes
for the similar looking
genera Philomycus,
Pallifera and
Megapallifera.

¢ Verify species distribution
using genetic information.

e Develop a reliable
environmental DNA
assessment method to
determine species
presence.

e Based on the results,
clarify/correct databases
(iNaturalist, NatureServe,
NHIC), including range
extension information.

Knowledge gaps:
e Distribution and
population sizes
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Critical

Short-term

Communication,
Education and
Outreach

1.2 Develop standardized
survey protocols and
identification material to aid
in accurate recognition of
this species based on
morphology, distribution
(from research results) and
ecology

e Develop an identification
tool (i.e., pamphlet, key,
guide) to illustrate
differences between
Carolina Mantleslug and
similar looking species.

e Distribute identification
information to land
managers, naturalist
groups, bioblitzes or other
citizen science initiatives,
and on social media
platforms.

Knowledge gaps:
¢ Distribution and
population sizes

Critical

Short-term

Inventory,
Monitoring and
Assessment

1.3 Engage volunteers
(e.g., local naturalists, land
stewards, experts) to
undertake surveys in the
search for the species to
determine potential new
occurrence sites

e Compile positive search
effort data and organize
genetic verification for
new sites.

e Compile search effort
data for surveys that were
negative to refine
distribution mapping.

Knowledge gaps:
e Distribution and
population sizes
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Objective 2: Assess and mitigate threats at all known extant and historical occurrence
sites in Ontario.

plans that identify threats
and threat mitigation actions

Assess extant
subpopulations to
identify/evaluate threats to
the species and its
habitat, including flooding
impacts and habitat loss
through erosion.

Include considerations for
ongoing management
strategies for other
species that may also
affect Carolina Mantleslug
(e.g., pesticide
application, prescribed
fire, trail installations).

Relative | Relative Threats or
L . Recovery theme Approach to recovery knowledge gaps
priority |timeframe
addressed
Critical Short-term | Management 2.1 Develop and implement | Threats:
site-specific management e All
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Relative
priority

Relative
timeframe

Recovery theme

Approach to recovery

Threats or
knowledge gaps
addressed

Critical

Short-term

Management

2.2 Assess and mitigate,
when necessary, threats of
invasive species and
problematic native species
that may threaten Carolina
Mantleslug, especially
exotic slugs, invasive plants,
Wild Turkey and Ring-
necked Pheasant and non-
native earthworms

e Assess and implement
actions needed to protect
the species from direct
competition and habitat
degradation and loss as a
result of ecosystem
modifications associated
with invasive species.

e Assess and implement
actions needed to mitigate
the effects of invasive
plant species, such as
Garlic Mustard and
European Common Reed.

e Assess and implement
actions needed to protect
the species from
predation by Wild Turkey
and Ring-necked
Pheasant.

Threats:
¢ Invasive species

Knowledge gaps:
e Species ecology

Critical

Long-term

Monitoring and
Assessment

2.3 Observe the impacts of

climate change and severe

weather on the species and

its habitat

e Monitor Carolina
Mantleslug performance
(e.g., reproduction,
feeding, dispersal,
mortality rates) in relation
to microclimatic variations
within the habitat.

Threats:

e Climate change
and severe
weather

Knowledge gaps:
e Species ecology
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Objective 3: Conduct and/or support research that fills knowledge gaps related to
biology, population size, and habitat requirements that inform recovery efforts.

Relative
priority

Relative
timeframe

Recovery theme

Approach to recovery

Threats or
knowledge gaps
addressed

Critical

Short-term

Research

3.1 Engage the scientific
community to participate in
researching knowledge
gaps such as:

e Minimum viable
population size.

e Unknown life history traits
and their fluctuations (i.e.,
whether the species has a
periodical high mortality
followed by a population
increase, repeating in a
specific time interval).

o Genetic diversity.

o Management techniques
to address impediments to
natural dynamics (e.g.,
loss of connectivity among
microhabitats or loss of
dispersal agents).

¢ Critical food resources.

e Home range territory size.

Knowledge gaps:
e Species ecology

Beneficial

Long-term

Management,
Protection

3.2 Investigate feasibility
and outcomes of population
augmentation measures
(e.g., captive breeding,
assisted reproduction, head-
starting)

Knowledge gaps:
e Species ecology
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Relative
priority

Relative
timeframe

Recovery theme

Approach to recovery

Threats or
knowledge gaps
addressed

Critical

Short-term

Research

3.3 Conduct research on the
impacts of invasive species
and problematic native
species that may threaten
Carolina Mantleslug,
especially exotic slugs,
invasive plants, Wild Turkey
and Ring-necked Pheasant
and non-native earthworms
e Quantify impacts
associated with different
invasive and problematic
native species such as
competition for food and
shelter, predation rates
and habitat destruction.

e Investigate feasibility of
reducing or controlling
non-native species,
problematic native
species and introduced
predators.

Threats:
¢ Invasive species

Knowledge gaps:
e Species ecology

Critical

Long-term

Research

3.4 Conduct research on the

implications of climate

change and severe weather

on the species and its

habitat

e Research the extent of
the known adaptive
strategies of Carolina
Mantleslug to climate
variation and determine
the species’ capacity to
face climate change
through laboratory
experiments using
individuals from the field.

Threats:

o Climate change
and severe
weather

Knowledge gaps:
e Species ecology
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Relative | Relative Threats or
L . Recovery theme Approach to recovery knowledge gaps
priority |timeframe addressed
Critical Short-term | Research 3.5 Determine the optimal Threats:
manner of creating/ e Climate change
enhanCing microhabitat and severe
e Research the optimal weather
density/configuration and
e Human

species of logs, leaf litter
and fungal species.

disturbance

Knowledge gaps:
e Species ecology

Objective 4. Enhance and/or create habitat, where feasible and necessary, to increase
habitat availability for extant subpopulations.

Relative | Relative Threats or
- . Recovery theme | Approach to recovery knowledge gaps
priority |timeframe addressed
Critical Ongoing Management, 4.1 Identify, protect and/or | Threats:
Protection, create suitable microhabitat |e Climate change
Stewardship e Explore options such as and severe
increasing the abundance weather
and diversity (species and | ¢ Human

size) of native advanced
stage decaying logs, leaf
litter with pieces of wood
(branches and bark) and
fungi in the habitat.

disturbance
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Relative | Relative Threats or
. . Recovery theme Approach to recovery knowledge gaps
priority |timeframe addressed
Beneficial | Long-term | Management, 4.2 |Identify habitat Threats:
Protection restoration opportunities e Human

that encourage connectivity disturbance
between occupied habitats | e Invasive
within the natural area to species
allow dispersal (new e Climate change
wooded areas, patches of and severe
suitable micro-habitat). weather
¢ Planting hedgerows, wild

grass strips and poly-

cultures [multiple plant

species] should be

considered to increase the

probability of long-term

dispersal and population

expansion of the species,

like in Elona quimperiana

(500 min 50 years,

Lebourcqg 2020).
e These areas must be free

of chemical inputs.

Beneficial | Long-term | Monitoring and 4.3 Monitor and evaluate Threats:
Assessment success of recovery e All

activities and adjust actions
if needed
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2.4 Area for consideration in developing a habitat regulation

Under the ESA, a recovery strategy must include a recommendation to the Minister of
the Environment, Conservation and Parks on the area that should be considered if a
habitat regulation is developed. A habitat regulation is a legal instrument that prescribes
an area that will be protected as the habitat of the species. The recommendation
provided below by the author will be one of many sources considered by the Minister,
including information that may become newly available following the completion of the
recovery strategy should a habitat regulation be developed for this species.

Information on the spatial limits of habitat used and dispersal by Carolina Mantleslug is
lacking. When information on home range size, dispersal ability and key habitat features
critical for supporting the species lifecycle becomes available, the area prescribed as
habitat could be described more precisely and should be revisited. Based on the best
information available, it is recommended that the regulated area should be defined
using a contiguous ecological area encompassing all occupied ecosites and any
suitable unoccupied ecosites immediately adjacent to occupied ecosites. Ecosites
represent the recurring plant species patterns in a given habitat that are maintained by a
variety of environmental factors, and defined by geology, soils and vegetation (Lee et al.
1998).

It is important to protect entire ecosites occupied by extant subpopulations because
given the rarity of the species, it may be present throughout the habitat but not detected
everywhere. Protecting adjacent suitable but unoccupied ecosites is also
recommended. Like other slug and snail species, Carolina Mantleslug may use habitat
patches within different ecosites in different seasons for various biological functions
such as feeding and aestivation/hibernation (Burch and Pearce 1990). Including
unoccupied suitable ecosites adjacent to occupied ecosites increases the probability
that all habitat elements necessary for foraging, mating, nesting, aestivating and
hibernating for several generations are included. Including adjacent suitable ecosites
also supports natural expansion and recolonization of areas that were historically
occupied, that may only be currently unoccupied due a combination of historical
disturbance, ongoing restoration processes and slow recolonization speed. Suitable
ecosites are those that provide forested and/or wooded habitat and have substantial
leaf litter and decaying logs/plant material, all of which provide moist microhabitat sites
for hibernation, aestivation and egg-laying. As more research and monitoring is
completed to address knowledge gaps, these ecosite types and features may be further
refined.

It is further recommended that a buffer of 90 metres be added to the defined ELC
ecosite polygons (inclusive of both occupied ecosites and adjacent suitable unoccupied
ecosites). Harper et al. (2005) reviewed 44 published studies on direct and indirect
forest edge effects to determine the mean distance of influence on forest structure,
processes, and biodiversity. While depth of influence varied greatly across measures
and regions, based on this analysis, it is believed that a buffer distance of 90 metres is
necessary to maintain important microhabitat properties and to reduce edge effects.
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The buffer may include habitat unsuitable for long-term occupancy, but should exclude
habitat known to be unsuitable for maintaining microhabitat, such as human-modified
landscapes, existing infrastructure and waterbodies (e.g., roads, farmland, urban areas,
gardens, parks on the mainland and lakes). While the primary intent of the 90-metre
buffer is to maintain suitable microhabitat, this buffer also accounts for temporary use of
unsuitable neighbouring habitat based on the longest short-term dispersal distance
measured in Polygyridae (32 m) (Edworthy et al. 2012).

A visual depiction of the area for consideration in developing a habitat regulation is
shown in Figure 3. This recommendation, including the buffer, takes into account the
current and historical range of Carolina Mantleslug to directly protect the species, to

allow natural expansion and recolonization, and to connect ecosites that are spread
over the former range of the species within Ontario.
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Figure 3. Schematic application of the habitat regulation recommendation for Carolina

Mantleslug. For the purposes of this schematic, areas without an ecosite border should
be assumed to be unsuitable.
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Glossary

Committee on the Status of Endangered Wildlife in Canada (COSEWIC): The
committee established under section 14 of the Species at Risk Act that is
responsible for assessing and classifying species at risk in Canada.

Conservation status rank: A rank assigned to a species or ecological community that
primarily conveys the degree of rarity of the species or community at the global
(G), national (N) or subnational (S) level. These ranks, termed G-rank, N-rank
and S-rank, are not legal designations. Ranks are determined by NatureServe
and, in the case of Ontario’s S-rank, by Ontario’s Natural Heritage Information
Centre. The conservation status of a species or ecosystem is designated by a
number from 1 to 5, preceded by the letter G, N or S reflecting the appropriate
geographic scale of the assessment. The numbers mean the following:

1 = critically imperiled
2 = imperiled

3 = vulnerable

4 = apparently secure
5 = secure

NR = not yet ranked

Dart: A calcium carbonate spike located in a sac to aid in reproduction.

Ecosite: A mappable, landscape unit integrating a consistent set of environmental
factors and vegetation characteristics.

ELC: Ecological Land Classification.

Endangered Species Act, 2007 (ESA): The provincial legislation that provides protection
to species at risk in Ontario.

Mantle: The dorsal (back/upper side) body wall which covers the visceral mass (softer
tissue, containing most of the internal organs).

Molluscicides: Pesticides for use against molluscs.

Phenotypic differentiation: variation in observable characteristics of an individual
resulting from the interaction of its genes with the environment.

Species at Risk Act (SARA): The federal legislation that provides protection to species
at risk in Canada. This Act establishes Schedule 1 as the legal list of wildlife
species at risk. Schedules 2 and 3 contain lists of species that at the time the Act
came into force needed to be reassessed. After species on Schedule 2 and 3 are
reassessed and found to be at risk, they undergo the SARA listing process to be
included in Schedule 1.
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Species at Risk in Ontario (SARO) List: The regulation made under section 7 of the
Endangered Species Act, 2007 that provides the official status classification of
species at risk in Ontario. This list was first published in 2004 as a policy and
became a regulation in 2008 (Ontario Regulation 230/08).

Sympatric: two or more species that exist in the same geographic area.

List of abbreviations

BOLDsystems: Barcode of Life Data System

CLEF: Conference and Labs of the Evaluation Forum

COSEWIC: Committee on the Status of Endangered Wildlife in Canada
DNA: Deoxyribonucleic acid

ESA: Ontario’s Endangered Species Act, 2007

ISBN: International Standard Book Number

SARA: Canada’s Species at Risk Act

SARO List: Species at Risk in Ontario List
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