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Abstract

An identified lack of data regarding extant terrestrial mollusk populations in the area of
Portland, Oregon prompted a survey of the terrestrial mollusks (Gastropoda, Pulmonata) of
Upper Macleay Park (21.16ha). Twenty-six sample sites, each with radius 5m, were established
using a proportionally stratified random sampling technique. Average distances fromthe
sample sites to the nearest paved road (117m), residential home (224m) and recreational trail
(27m) were found using ArcMap 9.0. Sample sites were hand searched for terrestrial
gastropods. Cover object sampling was also employed. One 3.5L litter/soil sample was
removed from each site and searched for microsnails. Hand searching yielded 664 specimens
comprised of 9 species of terrestrial macro-gastropods. Litter sampling yielded 340 microsnails
of 7 different species and 12 juvenile specimens of macro-gastropods. Average density for
microsnails and macro-gastropods combined was 387.14 individual 'n?’ (standard deviation was
464.34.) The Shannon Diversity index was calculated for macro-gastropods (H =1.301),
microsnails (H =1.387) and for all specimens collected (H =1.964). Megomphix hemphilli, a
possibly threatened species, was found at the sample site and Cryptomastix germana germana
was found for the first timein the Portland area. Only one specimen (Arion rufus) collected was
non-native to the Pacific Northwest.

These findings suggest that Upper Macleay Park is capable of maintaining a robust
population of native gastropods. The near complete absence of non-native taxa from the park
was surprising given the close proximity of urbanized features and the high usage of trails within
the park. These results help validate the need to maintain patches of forest in urban settings of
at least the size and characteristic of the research area in order to maintain native populations
of terrestrial mollusks.

I ntroduction

Terrestrial mollusks are perhaps one of the least understood and most imperiled groups of
organisms on the planet. Lydeard et al (2004) provided a sobering analysis of the status of non-
marine mollusks on a global scale. The paper pointed out that the [IUCN Red List of Threatened
Soecies included 1222 terrestrial mollusk species, yet fewer than 2% of those taxa have had their
conservation status properly assessed. There are approximately 24,000 validly described species
of terrestrial mollusks yet there remains an estimated 11,000 to 40,000 species that have yet to be
comprehensively identified. The poorly studied nature of the group means, as with many
invertebrate groups, that there is the distinct possibility that some mollusk species will go extinct

before they can be discovered. The effectiveness of conservation strategies for terrestrial



mollusks are difficult to assess due to alack of basic ecological and distributional datafor al but
a few of the most common taxa. In addition, the threatened extinction of a terrestrial mollusk
rarely attracts significant public attention. Kellert (1993), in a random survey of the Connecticut
public, found that feelings of revulsion and annoyance towards invertebrates, including mollusks,
were common in all societal groups including scientists and members of conservation societies.
There is aso a substantial literature, both popular and scientific, on the effective eradication of
terrestrial mollusks from agricultural fields and gardens (Shirley 2001, Cowie 2002, Schuder
2003). While some mollusk species can be ecologically and economically damaging (Forsyth
1999, Robinson 1999) native taxa rarely pose a threat to human enterprise (Frest 2002).
Ironically, nearly al crop damage or economic loss due to terrestrial mollusks is the result of
humans having introduced non-native taxainto an area (Robinson 1999).

In their native environment, terrestrial mollusks provide significant beneficial ecosystem
services. They are a maor consumer of detritus and hence influence the rate of litter
decomposition and the cycling of nutrients within an ecosystem. They have direct and indirect
effects on the composition of vegetation through preferential feeding behaviors. Gervais (1998)
found that the slug Ariolimax columbianus is key to seed and spore distribution. Slugs and snails
provide a significant source of nutrients for some birds and small mammals (Frest 1993, Dunk et
al 2004). Graveland et al (1994) found that a decline in snail populations due to acid deposition
led to poor eggshell formation and limited reproductive success in the predatory bird Parus
major. The birds relied on snail shells as a primary source of calcium in the production of viable
eggshells. The role that the gastropod community as a whole plays in Pacific Northwest forests
is not well understood and, as with most aspects of their ecology, more research is required.

It has also been suggested that terrestrial gastropods could be an ideal indicator organism
(Shimek 1930, Moritz 2001, Frest 2002, Lydeard 2004). While certain taxa are eurytopic (able to
adapt to a wide range of environmental conditions), most of the native species in the Pacific
Northwest region are highly susceptible to various kinds of disturbance and pollution (Frest
1993, Frest 2002). Due to their sessile nature they lack the ability of more rapidly dispersing
arthropods to emigrate from areas that are undergoing severe environmental change. This
attribute makes them particularly suited to long-term site-specific studies. Moritz (2001) found
that, in a tropical rainforest in Queensland, snails were a strong predictor of conservation
priorities for vertebrates, but not vice versa. More generaly, Moritz found that “the highly
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valug] than the less diverse and more broadly distributed vertebrates.” In the Pacific Northwest
overall mollusk diversity tends to correlate well with that found for other groups of organisms
(Frest 1993) and mollusk abundance tends to peak in areas of high diversity (Bengtsson 1994,
Barker 1999). Land snails also tend to readily bioaccumulate heavy metals in their tissue (Beeby
1987), and have been used as indicators of soil pollution at some sites (Viard 2004). Their
durable shell is often preserved in the fossil or subfossil record and can be used to correlate
changes in the mollusk assemblage with changing environmental conditions. Lydeard et al
(2004) stated “molluscan diversity is valuable... as an indicator of conditions that may affect
other species, including our own.” These characteristics all make terrestrial mollusks a possible
indicator organism, yet little work has been done to determine basic ecological relationships and
environmental limitations for this group. Further studies should be conducted to determine the
ability of land snails and slugs to function as indicators of overall ecosystem health.

The Pacific Northwest harbors some of the most diverse and abundant mollusk faunain
the United States and approximately 50% of the species in this region have yet to be described
(Frest 2002). The slugs aone account for approximately 24 species and the shelled snails
account for approximately 130 more (Frest 1993). Roth (1993) pointed out that due to the
historical methods by which most taxa native to this region were originaly described, existing
records “tend to underestimate specific diversity and overestimate the ranges of individua taxa.”
Frest (1993) outlined several regions of the Pacific Northwest that are particularly rich in
endemic species. One of the regions he suggested was the Columbia Gorge, both in Washington
and Oregon, including the area of Portland near the conjunction of the Willamette and Columbia
Rivers. Based on the Pilsbry (1939-1948), Frest (1993), Roth (1993), Burke (1999), and Oregon
Natural Heritage Endangered Invertebrate Program (2001), there were 7 locally endemic
terrestrial mollusk species identified with specific historical collection records within the
Portland area (see Appendix A). In addition to these species of special concern, there are a
significant number of terrestrial gastropods whose ranges may include the Portland area. Despite
the possibility that the region may contain a robust and diverse mollusk community, little has
been done to assess the current status of these animals in the Portland area. The need to do so,
however, is made more urgent by increasing urban growth and subsequent loss of native habitat.

The correlation between urbanization and loss of snail populations was first noted by
Boycott (1934) when he proposed that the urban areas in England had lost significant numbers of
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mollusks make them especially susceptible to environmental characteristics often associated with
urbanization. These characteristics include habitat disturbance (Niemela 1998, Clark 2004,
Hylander 2004, Severns 2005), an average increase in temperature (Baur 1993, Kempster 2003),
lack of moisture (Asami 1993, Martin 2004), vegetative simplification or shift (Frest 1993,
Magnin 1995, Bahl 1996), and habitat fragmentation (Strayer 1986, Baur 1992, Pfenninger
1996). Frest (1993) stated, “in general, any modification of habitat that decreases available
moisture or increases insolation is very strongly detrimental to land mollusks.” Moreover,
studies have found that roads and buildings can function as effective barriers to the dispersal of
snails (Baur 1989, Baur 1992, Sverlova 2002) and that the rate of passive dispersal (via birds,
wildlife, or humans) in snail communities is most likely uncommon (Cain 1986, Baur 1987,
Pfenninger 1996). These observations would suggest that, once a population of mollusks has
been extirpated from habitats in urban areas, it is very difficult for them to overcome the
anthropogenic barriers and environmental difficulties to recolonize available habitat. Randolph
(2973) found land snails that were adapted to a stable environment with little variability were
unable to tolerate transplantation into a more variable habitat. Sverlova (1997) who studied
terrestrial mollusks in an urban area of the Ukraine, found that taxa “with closely-defined habitat
preferences seem to be vanishing gradually as a result of urbanization.” This is not to say,
however, that the persistence of native snails in urban areas is completely improbable. Roth
(1993) and Frest (1993) both agreed that if the right conditions were available a site would only
have to be a few hundred sgquare feet in area to successfully support a viable colony of native
mollusks. Such sites currently exist in the urban context of the Portland area, yet no mollusk
surveys have been recently conducted to determine the status of these animals.

It is important to note that the above discussion of urbanization’s detrimental effects on
gastropods applies aimost exclusively to the native snails and slugs of a region. Invasive
mollusk taxa tend to be synanthropic and are common in urbanized and anthropogenically
disturbed areas (Selander 1975, Mylonas 1984, Shikov 1984, Forsyth 2004). Most of the crop
damage attributed to terrestrial gastropods and their subsequent reputation as pests is nearly
entirely the result of these invasive species (Robinson 1999), especially in the Pacific Northwest.

Based on this review of the literature there are four primary reasons why a survey of
terrestrial mollusks in the urbanized region of Portland would contribute to the state of

knowledge concerning terrestrial mollusks:



1) On aglobal scale non-marine mollusks are under significant pressure from anthropogenic
activities and urbanization, yet few studies have focused explicitly on the status of
mollusk communities in urban areas.

2) The Pacific Northwest has a rich native mollusk fauna, and historically the Portland area
has been home to 7 regional endemics with uncertain conservation status.

3) The study of urban ecosystems as a whole would benefit from a more comprehensive
understanding of the mechanisms that contribute to the extirpation, or alternatively the
maintenance, of native mollusk species. These animals, moreover, may be effective
indicators of overall ecosystem viability and function.

4) No systematic mollusk survey of the Portland area has ever been conducted and without
basic distributiona knowledge of extant taxa it is impossible to make informed
management decisions.

This study was an initial attempt to provide a small portion of the basic ecological and
distributional data needed for the native terrestrial mollusks of the Pacific Northwest. The goal
of this study was to assess the terrestria gastropods of an urban wild area within the city of
Portland. This survey determined whether aforested patch, such as the sample area, was capable
of maintaining a population of native gastropods. Given the proximity of anthropogenic features
it was expected that a significant portion of specimens collected would be non-native species of

gastropods.



Methods

The research area was Upper Macleay Park (45.53°N, 122.72°W) a 21.16 hectare (52.28 acre)
urban wild area within Portland, Oregon (see Fig 1). Upper Macleay Park is the southern-most
portion of the contiguous series of greenspaces that constitute Forest Park, one of the largest
urban wild areas in the country. Forest Park is approximately 1980ha in size and extends along
Portland’s West Hills for approximately 11.3km. Portland receives on average 95.22cm of
precipitation per year with approximately 73% of that precipitation occurring October through
March. The average annual maximum temperature is 16.9° C and the average annua minimum
temperature is 7° C. All climate data are from the Western Regional Climate Center (2005) and
are based on data collected from the Portland airport from 11/1/1941 to 12/31/2005. Johnson
(1987), however, noted that Forest Park is slightly wetter and cooler than the airport.

Upper Macleay Park was donated to the city of Portland in 1897. Significant
anthropogenic disturbances since that time include the widening and paving of adjacent roads,
salvage logging after a storm in 1962 (Broshot 1999), buildup of recreational trails within the
park, and continued development of adjacent residential neighborhoods. During sampling | aso
witnessed a crew of individuals removing English Holly from the park, such actions necessarily
result in the disturbance of adjacent leaf litter.

. Portland Metro #rea

|
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i

Figure 1. Geographical Context of the Study Site within Oregon and the Portland Area.



Broshot (1999) noted that as forested areas adjacent to Forest Park are cleared for new
development the “once continuous forested landscape of Portland’s West Hills is becoming a
patchwork of small forest fragments surrounded by cleared and developed (nonforest)
landscape.” This assessment is appropriate for Upper Macleay Park which is bordered to the
north by Cornell Rd., a busy two-lane highway. To the east and the south it is surrounded by
neighborhoods of urban residential single-family housing. To the west it is adjacent to the
Adams Community Garden and the Audubon Founders Sanctuary nature reserve. These features
serve to define the limits of the research area. Steep north-facing slopes and a series of seven
small drainages separated by ridges characterize the general topography of the research area.

Based on persona qualitative observation and the Portland Parks and Recreation
Vegetation Survey project (Portland Parks and Recreation 2005), Douglas Fir and Big Leaf
Maple dominate the canopy of the park, while Western Hemlock, Red Alder, and Western Red
Cedar are also common trees. The understory is composed primarily of Vine Maple, Indian
Plum, and Red Huckleberry. Sword Fern and Oregon Grape are the most common speciesin the
shrub layer. A number of plant species considered invasive in the Portland area are also
common in the park, particularly English Holly, English Ivy, and English Laurel (see Appendix
B for a full treatment of plant taxa observed at sample sites and scientific names of plants
mentioned in the text).

The park is innervated with a system of highly trafficked footpaths (see Fig 2). While
Baur and Baur (1989) found little evidence that footpaths constituted a serious barrier to
terrestrial mollusk dispersal, persona observation suggested that crossing the trails in the park
posed at least some risk of mortality for the mollusk species present. In the research area there
was some evidence (abandoned campsites, primitive trails, and litter) that humans had
sporadically used locations off the main trails.

The sampling period was during June, 2005. Due to a particularly wet late spring in the
Portland area gastropod activity remained high and was aided by severa rain events that
occurred during sampling.

Sample Sites
Twenty-six sample sites were selected within the research area.  Using ArcMap 9.0 and the

Metro Regional Council of Portland; Regional Land Information System (RLIS) topographical



data layers, the park was initialy divided into areas characterized as either being cove or ridge
habitat based on the topographic maps and then checked with field observation. The total
amount of area for each of the two habitat categories was then determined using ArcMap and a
proportional number of sample sites were established in those areas. This process resulted in 17
sample sites being established in ridge areas and 9 sites in cove areas. This method insured that
the ratio of cove to ridge habitat sampled was the same as the ratio of cove to ridge habitat

present in the entire park (see Fig 2).

Figure 2. Map of Study Site. Sample sites are labeled A-Z. Dark green areas represent cove habitat, light
green isridge habitat. Thetrailsareorange.

As the purpose of this study was not only to describe the terrestrial mollusk species
present but also the relative population numbers of those species, it was important to avoid
oversampling a particular habitat. In this study the cove and ridge designations were used as
surrogates for general patterns of an array of environmental variables that were assumed to be

microgeographically distributed throughout the research area. These variables included soil



moisture, substrate, vegetation, temperature, wind, and soil chemical composition. This method
of proportional habitat sampling by using surrogate cove/ridge categories effectively avoided the
biased representation of mollusk species associated with a specific set of environmental
conditions.

Once the number of sites necessary in each habitat type was determined, the 26 sample
sites were established in the research area, or approximately 1 site for every 0.8ha. All work
done in the park was carried out with permission of Portland Parks and Recreation under permit
#05-09. The sample sites were randomly chosen within each of the cove/ridge sub-regions of the
research area. Starting from atrail, a sample site was designated as being either in the upslope or
downslope direction depending on the first digit in a string of random numbers generated using a
Texas Instruments TI1-83 Plus calculator. The number of steps taken perpendicular to the trall
was determined by the second number generated. Once the allotted number of steps had been
taken a sample site was established at that point. See Figure 3 for an example of atypical site.

Figure 3. Sample Site E. Shown isatypical representation of the habitat and vegetation in the resear ch area.
Stake designates the center of the sample site which extends 5 metersfrom the stake, parallel to the ground.

This method of proportionally stratified random sampling accomplished two objectives:
1) the primary habitat types within the research area were evenly sampled and 2) operator bias
was avoided in the selection of the sample sites. Similar sample site selection methods have
been employed in Bengtsson (1994), Hotopp (2002), and Dunk (2004).

At each of the sample sites a wooden stake was placed upright. Each stake was labeled
with the sample site letter (A-Z) and the permit number. The sample site was considered to be a
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circle with a radius of 5m extending out from the stake paralléel to the surface of the ground.
During sampling, both the air and soil temperature were recorded, and the three most abundant
plant species, based on qualitative observation, in three primary height classifications were
recorded (see Appendix B for a summary of al environmental data collected). Using ArcMap
9.0 and the Metro RLIS data layers distance from each of the sample sites to the nearest paved
road, nearest residence, and nearest trail was determined. All distances found by geographical
information system (GIS) methods were straight line measurements and did not account for
topographical effects, which in the sample area can be significant due to steep slopes. Figure 4

shows an aerial photograph of the study areain which nearby anthropogenic features are visible.

Figure 4. Aerial Photograph of Study Area. To the east and south residential homes ar e seen, while Cornéell
road bordersthe study area to thenorth. Trailsarein orange. The small clearing to the west of sample site P
isa community garden.

10



After areview of the literature three different sampling methods were used at each of the
sample sites to insure that all size and life stages of gastropods were collected. The three

techniques used were hand searching, litter samples, and cover object sampling.

Hand Searching

Hand searching is a common technique for sampling gastropods and has been used in many
studies (Cain 1968, Grime 1969, Baur 1987, Barker 1999, Forsyth 1999, Hotopp 2002). Itisaso
the primary method used under the Survey and Manage terrestrial mollusk survey protocol
(2003) published by BLM (Bureau of Land Management). Ward-Booth (2001) found that hand
searching was an effective way of describing populations of terrestrial gastropods, athough
microsnails (shells <3mm in diameter) were underrepresented. Unlike some studies that use
timed hand searches to insure equal sampling between sample sites, there was no limit placed on
the time spent searching. Instead the entire sample site was thoroughly searched including the
leaf litter and up to a 2m height on all tree trunks. The search was conducted starting at the outer
perimeter of the sample site and then spiraded into the center to avoid disturbing litter and
vegetation prior to searching. During hand searching leaf litter was thoroughly turned over and
examined, cover objects such as rotten logs or falen limbs were searched, and al standing
vegetation was thoroughly checked for specimens on the leaves, stems and around the base.
When a specimen was found, it was removed and placed in a temporary holding container until
the entire site had been searched. The collected specimens were then sorted in the field
according to obvious shell similarities, and examined closely for distinguishing characteristics.
If a specimen was readily identifiable to the species level it was recorded and released. All
identification was done using Forsyth (2004), the Field Guide to Survey and Manage Terrestrial
Mollusk Species published by BLM for the Survey and Manage portion of the Northwest Forest
Plan (1999), portions of Pilsbry (1936), and Henderson (1929). Later analysis of specimens was
conducted using the online key developed by Pearce et al (2004). If there was some uncertainty
over the identity of the specimen, it was saved for further analysis. At each of the sample sitesa
specimen of each species collected was also saved. Representatives of the species collected were
sent to Nancy Duncan with BLM for definitive identification. This method of sampling, while
time consuming (average search time for each sample site was 140 minutes), insured accurate

sampling and made it possible to estimate relative popul ation relationships for the research area.
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Litter Removal

The remova and searching of litter for microsnails has been used in severa studies (Kralka
1986, Barker 1999, Martin 2004) and has been found to be an effective way of sampling
microsnails. Since thisis a category of gastropod that both cover object and hand searching tend
to underestimate, a limited litter removal technique was employed. Some studies rely on
complete removal of the litter and upper soil horizon from the sample site to yield quantitative
population data. Given that the research area in this study was a public park and litter removal
on that scale would be a significant disturbance, litter removal was limited to 3.5 liters of leaf
litter and upper soil layer. Litter collection was conducted in October of 2005 during a prolonged
rain event. Samples were taken to a depth of 10cm. The samples were then removed from the
site and dried in the oven at 528 C for 5 hours. The dried litter sample was then sifted through a
5mm mesh screen. The resulting product was then meticulously examined for the presence of
microsnails. Representative specimens were sent to Nancy Duncan with BLM who identified

them to a species level.

Cover object sampling

The method of cover object sampling has been widely employed in mollusk surveys (Lankester
1968, Kearney 1978, Strayer 1986, Ovaska 2003) and is effective due to the tendency of
terrestrial gastropods to seek out moist shelter sites on the forest floor where the risks of
predation and evaporation can be minimized (Ovaska 2003). Boag (1982, 1990) and Hawkins
(1998), concluded that cardboard sheets were an effective way to sample terrestrial gastropods,
although limited in their ability to sample some species and life stages. Hawkins also found that
there was no mean difference in sampling effectiveness of cardboard sheeting allowed to weather
for a year and cardboard sheets in place for 1 month. Based on these studies, three plain
unbleached and unwaxed cardboard sheets (38cm x 38cm) were randomly placed within each
sample site. The sheets were alowed to remain in place for 1 month during which time the
sample site was not disturbed. The cardboard sheets were then checked for specimens at the

same time as the hand searching was conducted.
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Results

Due to the significant differences in microsnail and macro-gastropod distribution, density, and

sampling techniques, the results for each size class will be presented separately. The only

combined rubric calculated was the Shannon Diversity Index, or H whereH =

-P(InP,) and P;

is the number of speciesi divided by the total number of specimens found. In this survey (1016

specimens, 16 species) H was calculated to be 1.956.

M acr o-gastr opods

From the 26 sample sites 664 macro terrestrial gastropods representing 9 different species were

collected (Table 1). Only one of the specimens collected was non-native to the region. One of

the species collected had not been reported from the Portland area prior to this study.

Table 1. Summary of Data for the M acro-gastropod Species. Total number of specimens collected was 664.

Number

Number of

Previously

S Collias | SleSies | Natbe | Joounfan
Haplotrema 373 26 Y Y
vancouverensce

Vespericola columbiana 129 25 Y Y
Ariolimax columbianus 93 23 Y Y
Monadenia fidelis fidelis 35 14 Y Y
Prophysaon foliatum 15 8 Y Y
Prophysaon ander sonii 9 5 Y Y
Cryptomastix germana 5 Y N
germana

Megomphix hemphilli 4 4 Y Y
Arion rufus 1 1 N Y

Figure 5 shows the number of macro-gastropods found at each site. For the complete data set see

Appendix C.
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Figure 5. Macro Gastropods Found by Site. Shown is a map of the research area with the number of macro-
gastropods found at each site. Sites are labeled A-Z with the number of specimens collected below the site
letter. The site symbols are scaled proportionally based on the number of specimensfound at the site.

The most abundant and widely distributed species was Haplotrema vancouverensce (1.
Lea, 1839) with atotal of 373 specimens (for photographs, see Appendix D). H. vancouverensce
was found in all 26 sample sites and 150 specimens were collected from cove areas and 223 were
collected from ridge areas, giving an average of 16.7 specimens per cove site and 13.1 specimens
per ridge site.  H. vancouverensce is a native species with a large distribution from southeast
Alaska to northwestern California. This snail is known to be omnivorous (Forsyth 2004), and
was often observed feeding on other gastropods including members of its own species. Found
primarily in the leaf litter or under logs, H. vancouverensce was only observed to be active on
exposed surfaces during extremely wet conditions.

Vespericola columbiana (I. Lea, 1839) (see Appendix D) was the second most abundant
species found. There were a total of 129 specimens from 25 sample sites collected. Forty-six

specimens were collected from cove areas and 83 from the ridge sites giving an average of 5.1
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specimens per cove site and 4.9 specimens per ridge site. The range of this snail extends from
Alaska to Oregon. V. columbiana is often found on the underside of dead leaves and on low
vegetation such as Sword Ferns.

Ninety-three specimens of Ariolimax columbianus (Gould in A. Binney, 1851) were
found (see Appendix D) in 23 sites. Of the 93 collected, 30 came from cove sites and 63 came
from ridges sites giving an average of 3.3 specimens per cove site and 3.7 specimens per ridge
site. A. columbianus was the only species collected from beneath or on top of the cardboard
sheeting cover objects. A. columbianus, also known as the Banana Slug is the largest gastropod
found in the research area and is a well known native of the region. Its range extends north to
Alaska and south into southern California. The species has several different color morphs and 71
of the specimens found were the spotted morph with a single, centrally placed black spot on the
mantle. All other specimens had solid coloration of a greenish tan. A. columbianus can often be
found on vegetation, including tree trunks, or on the forest floor.

Monadenia fidelis fidelis (J.E. Gray, 1834) (see Appendix D) constituted 35 of the
specimens collected and was found in 14 of the sample sites. Thirteen of the specimens were
from cove sites, and 22 were from ridge sites giving 1.4 specimens per cove site and 1.3
specimens per ridge site. M. fidelis exists from Sitka, Alaska to Cape Mendocino, California and
can be found on the ground or on vegetation, including trees where they have been known to
climb as high as 6.7m (Forsyth 2004).

Fifteen specimens of Prophysaon foliatum (Gould in A. Binney, 1851) were found at 8
sample sites (see Appendix D). This native slug species is commonly found from Alaska to
Cdlifornia and can be quite dense in some areas. Active primarily during moist periods they can
be seen crawling on the trunks of large Bigleaf Maple trees and on the leaves of Oregon Grape or
Sword Ferns. Of the 15 specimens found, 8 came from cove areas, 7 from ridges.

Prophysaon andersoni (J.G. Cooper, 1872) was found at 5 sites with a total of 9
specimens. This species has a wide range from Alaska to California and possibly further east
into Idaho. The two species of Prophysaon found in the sample site are capable of tail autotomy.

Notably, 5 specimens of Cryptomastix germana germana (Gould in A. Binney, 1851)
(see Appendix D) were found from 4 sample sites. This species had not been recorded for the
Portland area prior to this study (N. Duncan, pers. communication). This species was found in
both ridge and cove sites. C. germana germana is most often found in leaf litter or attached to

the underside of Sword Ferns and ranges from British Columbia to southern Oregon.
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Four specimens of Megomphix hemphilli (W.G. Binney 1879) were collected (see
Appendix D). All four specimens were found in cove sites. M. hemphilli has a limited range and
extends into Washington up to Olympia and down to southwest Oregon. The Oregon Natural
Heritage Program lists M. hemphilli as “rare, threatened, or uncommon” throughout its range. It
is also one of the 7 gastropod species of specia concern known to exist in the Portland area
based on historical records.

Only one specimen of Arion rufus (Linnaeus, 1758) was found. A. rufusis an invasive
species, common as a garden pest. It can grow quite large (up to 180mm) and it is the only
specimen found during the survey that is a non-native. The specimen found had a unique
coloration (see Appendix E for a description).

Density for macro-gastropods in the research area was found to be 0.323 + 0.11 S.D.
individuals per m%.  In the cove sites, density was 0.369 + 0.12 S.D. individuals'm?, whereas in
the ridge sites it was slightly lower a 0.302 + 0.10 S.D. individuas/m®. See Appendix F for
density data. Diversity was computed for macro-gastropods using the Shannon Diversity Index
and H was found to be 1.301. Table 2 summarizes the diversity data. Litter sampling for
microsnails yielded 12 specimens of juvenile macro-gastropods; these specimens were not
included in the diversity calculation due to the difference in sampling methods and their status as

juveniles.

Table 2. Shannon Diversity Valuesfor all M acro-gastropods. The 12 juvenile specimens of macr o-gastr opods
found in thelitter sampleswere not included in thisdata set.

Species Number of [Shannon Diversity
Specimens [-Pi(InP3)]
H. vancouverensce 373 0.320
V. columbiana 129 0.323
A. columbianus 93 0.275
M. fidelis fidelis 35 0.155
P. foliatum 15 0.086
M. hemphilli 4 0.037
P. andersoni 9 0.058
C. germana germana 5 0.037
A. rufus 1 0.010
Total = 664 H' =1.294
Microsnails

From the 26 litter samples taken, 340 microsnails were found as well as 12 specimens of juvenile

macro-gastropods (see Appendix G for site-specific species composition). Shannon diversity
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was calculated for the microsnails found in the survey to be H = 1.387. Table 3 summarizes

these results.

Table 3. Shannon Diversity Data for Microsnails.

Species Number of |Shannon Diversity
Specimens [-Pi(InPy)]

P. langsingi 176 0.341
C. occidentalis 78 0.338
C. edentula 34 0.230
P. randolphi 21 0.172
V. modesta 18 0.156
P. johnsonii 8 0.088
Z. nutidus 5 0.062
Total = 340 H' =1.387

The average number of snails per 3.5L litter sample was 13.5. The maximum number found in
any one sample was 81 (site I), the minimum was O (sites L and K). Average density was 3.7
specimens/L of litter. Assuming a soil depth of 10cm, average number of microsnails per square
meter in the research area was 386.8 + 464.3 S.D. Figure 6 shows the number of microsnails

collected at each of the sample sites.
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Figure 6. Microsnails by Site. Shown is a map of the research area with the number of microsnails found at
each site. Sitesarelabeled A-Z with the number of specimens collected below the site letter. Site symbolsare
scaled proportionally based on the number of specimensfound at the site.

The following section gives a brief description of the microsnails found in the research
area. All specimens are known to be native to the Pacific Northwest. The species descriptions
are from Forsyth (2005) and Pearce et al (2004). Due to their remarkably small size, photographs
of these organisms are very difficult to obtain, but Pearce et al (2004) contains photographic
examples of nearly all of the specimens found in this survey.

Pristiloma langsingi (Bland 1875) was the most abundant microsnail found. In total 176
specimens were collected from 24 sites. P. langsingi is common in leaf litter and beneath dead
wood from British Columbiato northern California

A total of 78 specimens of Carychium occidentalis (Pilsbry 1891) were found at 9 sites.
At site |, 54 specimens of this species occurred giving the highest density for any species found
in thissurvey. C. occidentalis ranges from British Columbiato Mendocino County in California.

This snail iscommon in the leaf litter of low elevation forests dominated by Bigleaf Maple.
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There were 34 specimens of Columella edentula (Draparnaud 1805) collected from 12
sites. C. edentula is very widespread and can be found in Europe, Asia, and nearly all of northern
North America. It is not, however, thought to be an anthropogenically introduced species.
During wet times of the year this snail can be found active above ground on vegetation as well as
in the leaf litter.

A total of 21 specimens of Punctum randolphii (Dall 1895) were collected from 11 sites.
This snail is common from central Alaska into northern California and east into Idaho in both
coniferous, deciduous, and mixed forests.

There were 18 specimens of Vertigo modesta (Say 1824) found at 12 sites. This speciesis
also widespread in Canada, New England and all of the Pacific Northwest. Found under stones,
dead wood, and in leaf litter.

A total of 8 specimens of Pristiloma johnsoni (Dall 1895) were found at 7 sites. This
species has a more limited range that extends from southern British Columbia to Oregon and is
rarely found in large numbers. P. johnsoni lives in the leaf litter of deciduous, coniferous, or
mixed-wood forests from sea-level to 1300m.

The least common microsnail found was Zonitoides nutidus (Muller 1774) (Forsyth
Zonitoides nitidus). In total, 5 specimens were found at 2 sites. Z. nutidus is native to Europe,
North Africa, northern Asia, Iceland, and most of North America. Typicaly found in the
margins of rivers, lakes, and ponds the research area must have sufficient moisture to allow for a
population. Z. nutidus is omnivorous and will feed on the eggs of other gastropods.

In addition to the true microsnails found using the litter sieving technique, a total of 12
specimens of juvenile macro-gastropods were found. From the 26 litter samples there were 6 H.
vancouverensce, 5 C. germana germana, and 1 M. hemphilli collected, although positive
identification of juvenilesis often very difficult.

Distanceto Urban Features

Digital distance measurements using ArcMap 9.0 and the RLIS found that the average distance
from the sample sites to a paved road was 117m (x5m based on map accuracy). Maximum
distance to a paved road was from sample site H (240m); minimum distance was from site R
(27m). Average distance to a residence structure for all sample sites was 224m (£5m).
Maximum distance to aresidence was from site E (412m) and minimum distance was from site L

(119m). Average distance to a non-paved recreational trail was 27m (x5m). Maximum distance
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to a trail was from site E (48m) and minimum distance was from site L (10m).

summari zes these results.

Table 4. Distance from Sample SitestoAnthropogenic Features.

Site Distance to | Distance to Distance
Road (m) Residence (m) | to Trail (m)
A 102 119 20
B 150 150 13
C 74 214 22
D 104 168 44
E 63 182 48
F 124 412 44
G 27 320 28
H 103 147 29
I 98 246 25
J 164 350 21
K 76 206 22
L 120 120 10
M 154 180 36
N 111 167 38
@) 155 173 18
P 173 327 14
Q 153 223 22
R 200 271 37
S 33 240 26
T 96 203 30
U 77 135 32
\% 157 224 23
W 36 266 20
X 240 240 21
Y 35 332 28
Z 214 214 23
Average 117 224 27

Table 4
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Discussion of Method

The use of cardboard sheets as a sampling technique was largely ineffective. Out of all 664
specimens collected, only 5, al of them A. columbianus, were recovered from beneath or on top
of the cardboard cover objects. This lack of sheet colonization could be the result of an
abundance of other shelter sitesin the research area. The sample sites consistently had thick |eaf
litter, fallen logs, large Sword Fern masses, and thick ground vegetation that possibly made the
cardboard sheets less likely to attract specimens. These results would indicate that the use of
cardboard sheets as a sampling technique is ineffective for mollusk surveys in Portland area
forests where moisture and shelter is abundant. If cardboard sheets are used the sheet should be
larger and left in place for a greater length of time to increase the likelihood of colonization.

The primary drawback of conducting hand searches for this study was that the process
inherently involved the disturbance of the habitat being sampled. This study focused on
organisms whose distributions may vary over relatively short distances and/or whose geographic
ranges may be highly limited. This characteristic prompted some hesitation towards conducting
further, more widespread surveys that involve hand searching. Yet if accurate measures of
relative population density are going to be obtained, then the sampling is required to be unbiased
towards habitat. [If the purpose of the survey is to determine presence/absence of a particular
species, then a more concentrated search of likely habitat should be conducted and general
searches avoided. Measures can be employed, however, to mitigate the effect of sampling on the
native habitat. These measures include: Careful movement to and from the site to avoid
unnecessary disturbance of adjacent habitat, careful handling of collected specimens during
sampling, and releasing of collected specimens into nearby undisturbed areas after identification.
In this study, 2042.03m?, or nearly 1% of the total area, was actively hand searched.

One of the shortcomings of the sampling method employed in this survey was the lack of
distinction during macro-gastropod sampling between juvenile and adult specimens. Severa
Pacific Northwest taxa such as H. vancouverensce, Ancotrema sportella, and M. hemphilli have
very similar morphological characteristics and can often be difficult to differentiate during the
juvenile phase. In this study, this bias would tend to overestimate the number of H.
vancouverensce reported and underestimate the number of M. hemphilli. Further studies should
sort all collected specimens into juvenile and adult categories for more precise identification.

The sampling period in mid-June of 2005 was perhaps too late in the season to yield
accurate population estimates for some of the species collected. Frest (1993), Roth (1993), and
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Burke (1999) all recommend conducting searches at severa different times throughout the year
as some species activity levels are strongly correlated with seasonality. Future surveys should be
conducted as a series of searches over the course of a year, using sample sites of 2.5m? to
achieve evenly distributed sampling across both temporal and spatial scales, while limiting the
area of habitat disturbed.

Discussion of Results

Given the close proximity of the research area to urbanized features such as residential homes
(avg. dist. = 224m), paved roads (avg. dist. = 117m) and recreational trails (avg. dist = 27m),
there was an expectation that a significant number of the specimens collected would be non-
native species. But out of the 1016 specimens found in this survey only 1 was not native to the
region. Robinson (1999), Frest (2002), and Forsyth (2004) have al remarked that native species
are uncommon in urbanized areas whereas non-native species seem to thrive on the
environmental conditions specific to urban habitats. Harry (1964) suggested that one of the
criteria helpful in identifying invasive taxa is that when introduced they remain in
anthropogenically atered areas and do not have the ability to invade the native habitat.
Robinson (1999), however, cited severa examples where non-native gastropods have readily
invaded native habitat, often due to lack of predators or parasites to keep the populations in
check. An example of the risks that alien species pose to native taxa is seen in the Hawaiian
islands where carnivorous snails have been introduced in a misguided attempt to control another
invasive, the African snail Achatina fulica (Cowie 1998). The carnivorous snails, however, only
succeeded in decimating the native snail populations. The capability of non-natives to interact
with the native taxa is aso found in the Pacific Northwest. Branson (1984) during a mollusk
survey of 125 non-urbanized sites in Oregon found four non-native species at 12 localities. At
two collection sites Arion ater was observed at densities of “thousands per hectare” (Branson
1984). This result suggests that some invasive species are capable of infiltrating native habitats
where they presumably compete for resources with the native taxa. This survey of Upper
Macleay Park, however, indicates that in the research area the native gastropod community is
relatively intact with few invading species present. This finding is surprising and encouraging
given the urban context of the park and raises several questions:
1) Arethere significant populations of non-native species in the residential areas that border
the park?
22



2) If there are, what are the factors that inhibit more widespread colonization of Upper

Macleay Park by non-native species?

Given the slow dispersal rates of terrestrial mollusks, it is feasible that non-native species have
not yet had sufficient time to colonize the park from surrounding source populations. The
accidental dispersal of juvenile gastropods or their eggs by humans or dogs using the footpaths
within the park is also a possible means of infiltration, but seems to have been largely avoided
thusfar. A systematic survey of both the adjacent neighborhood and the continued monitoring of
Upper Macleay Park is needed if these questions are to be answered.

The average density for both microsnails and macro-gastropods found in this study are
comparable to results found in other investigations that employed similar search techniques (i.e.
both some form of hand searching and litter sampling)(Figure 7). Hawkins (1998) reported total
snail density from soil cores to be 1607.1 + 272.3 individual¥m? in deciduous forests near
Thunder Bay, Ontario. Hotopp (2002) researching gastropods in the Appalachian Mountains of
Maryland found that densities ranged from 2 individuas/m® to 485 individuas/m® Vollan
(2003), while studying snails in Norwegian forests, found an average density of 648
individuals'm? (assuming a depth of 10cm).
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Figure 7. Comparison of Densities. Shown ar e the aver age densities from 3 published studiesthat utilized
similar search techniquesasthis. Thisstudy islabeled as Hodges.

There is little gastropod density data specifically for Pacific Northwest forests and none
known for forested areas within the Portland region. Roth (1986) monitored a population of
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Monadenia setosa, a more southern species related to M. fidelisfidelis, and found the population
density to be 0.11, or approximately ten times greater than found in this study. Roth’s study,
however, used capture-recapture methods to determine density and there is little evidence that
density for the two species is commensurate. Similarly, Richter (1979) while studying A.
Columbianus 65km southeast of Seattle, WA estimated population density to be 0.25
individuals'm? although this was not a quantitative measure. Burke, in the Field Guide to Survey
and Manage Terrestrial Mollusk Species (1999) remarks that Haplotrema and Vespericola are
often the most common large snails to inhabit western Washington forests, consistent with the
findings of this survey. Based on the literature reviewed it is plausible to conclude that the
number of specimens collected and the relative population density found in this survey are an
accurate representation of the terrestrial gastropod community currently extant in the area of
Upper Macleay Park.

The density estimates at the sample sites ranged from 0.23 individuas/m?® to 2314.5
individuals'm?. While the large majority of this range is attributable to the microsnails, the site
density for the macro-gastropods ranges from 0.14 individualsm? to 0.55 individuals'm? (see
Appendix F for complete density data). This result indicates that gastropods are unevenly
distributed across the research area. There may be habitat preferences or historical disturbance
regimes that influence density on a relatively small scale. Terrestrial gastropods in northwest
Oregon require a specific set of environmental conditions that are associated with the habitat
found in old-growth or late-successional riparian woodlands. Roth (1986) defined such habitat
as having “suitable microhabitat: physical shelter in which the animals can withstand seasonal
climatic fluctuations.” This description would necessitate the shading, temperature, and
humidity regulating qualities of woodland with dense understories, a shading upper canopy, and
adequate moisture (Roth 1993). Sufficient cover objects such as deadfalls or Sword Fern masses
and a well-developed stable leaf litter are aso integra components of suitable terrestrial
gastropod habitat. While all sample sites in this study qualitatively contained such habitat
features, the species sampled occurred in more or less populous aggregations. Roth (1993)
suggests that mollusk territoriality may play a key role in determining population distribution.
Historical disturbance such as invasive species removal, tree thinning, footpath construction, or
flood events could also play arole in density unevenness. Hotopp (2002) and Karlin (1961) both
suggested that available calcium could play a key role in the distribution and density of land snail
communities.  Snails require calcium for “reproduction, shell development, and other
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physiological needs’ (Hotopp 2002). In many areas of the Pacific Northwest there is a paucity
of available calcium due to alack of carbonaceous substrata such as limestone or dolomite. Itis
conceivable that differing calcium regimes in Upper Macleay Park may contribute to unevenly
distributed population density. Vegetation associations are also a possibility. Karlin (1961)
found that sites in Montana, Colorado, and New Mexico that were dominated by coniferous trees
rarely supported an abundant snail fauna. That paper suggested snail distribution should be
reported in terms of associated vegetation. Grime (1969) found distinct relationships between
vegetation and snails in Derbyshire, England, and advanced the possibility that these associations
are primarily the result of feeding preferences. A combination of some or al of these factors, as
well as previously unexplored causal relationships, may be influencing the distribution of slugs
and snails across short distances in Upper Macleay Park.

An adequate understanding of the microscale biogeography of terrestrial gastropods in
the Pacific Northwest is of key importance if significant and suitable mollusk habitat is to be
preserved. This need is perhaps more urgent in urban areas where patchy forest remnants are all
that remain to support native gastropod populations. These remnants should be managed in such
a way that explicitly alows for the continued persistence of the native mollusks. Roth (1993)
emphasized the importance of small remnants of native forest. He stated “even patches of afew
hundred square meters could support ‘reservoir’ populations if appropriate habitat structures
were maintained.” The capacity of urban forest remnants to provide suitable environs for rare or
endangered mollusk species is demonstrated by the presence of Megomphix hemphilli in the
research area. To adequately monitor and conserve these remnants, however, we must determine
the environmental variables that govern the distribution and density of the mollusk fauna.
Without a more robust body of ecological and biogeographical data, it is difficult to accurately
assign conservation value to mollusk habitat. What appear to be suitable environs may in fact be
inadequate to sustain a long-term and diverse population of mollusks. This study found that a
forested patch with the following characteristics was capable of maintaining a native mollusk
population. 1) Twenty-one hectares in size. 2) The physical habitat was varied. 3) There was a
significant component of native vegetation. 4) The average distance to anthropogenic features
was 117m for paved roads and 224m for residential homes. This does not mean, however, that
patches with different characteristics are incapable of harboring native mollusks.

This research represents a small fraction of the work that needs to be conducted in the

greater Portland area if the native gastropod fauna are to remain an integral part of our
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ecosystem. Ultimately, a comprehensive survey of the Portland area is required if the status of
the extant native taxa, including the regiona endemics historically known to exist in the Portland
area (such as M. hemphilli) are to be accurately assessed. The protocols and methods set forth in
this survey may provide a rough rubric on which further studies can be based. There are,
however, a host of environmental variables that would be beneficia to include in future studies.
Such data could include: Diameter at breast height of trees in the sample site, detailed analysis
of soil chemistry and composition, long-term moisture regimes, more precise distance to paths or
other anthropogenic features, detailed vegetation surveys of sample plots, analysis of the effect
that non-native vegetation may have on gastropods, common mollusk predators, and
investigation into the competition dynamics of native and non-native mollusk taxa. Data such as
this would provide a firm basis for delineating areas of high conservation value for mollusks.
The current lack of data concerning existing populations, however, should not be used as
justification to ignore the conservation priority of terrestrial gastropods in Portland area forests.
The native mollusk taxa are highly susceptible to disturbance and even small areas that currently
may contain suitable habitat should be protected. The results from this study indicate that wild
areas adjacent to urban features are capable of maintaining a population of native terrestrial
mollusks. Consequentially, conservation managers of Portland’s forests and parks should
develop specific mollusk protection strategies to maintain long-term habitat for native snails and

slugs.
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Appendix A

Seven species of special concern with historical localitiesin the Portland area. Thislist was compiled from
the Oregon Natural Heritage Endangered Invertebrate Program (2001), Frest (1993), Burke (1999), Roth
(1993), and Pilsbry (1939-1948).

Species Name Common Name Portland arealocalities

Deroceras hesperium evening fieldslug Lake Oswego (the town),
Clackamas Co. small island
in Lake Oswego, Portland,
Multnomah Co. 11 mi E of
Portland. (Pilsbry 1948).

Hemphillia glandulosa warty jumping-slug Portland, Multnomah Co.
(Pilsbry 1948).
Hemphillia malonei malone jumping-slug Multnomah Co. (Pilsbry

1948). Larch Mt,
Multnomah Co. (Frest 1993).

Pristiloma pilsbryi crowned tightcoil Portland, Multnomah Co.
OR (Pilsbry 1948).

Prophysaon coeruleum blue-grey tail-dropper Portland, Multnomah Co.
Lake Oswego (the town),
Clackamas Co. (Pilsbry
1948).

Cryptomastix devia Puget Oregonian Multnomah Co. (Oregon
2001).

Megomphix hemphilli Oregon Megomphix Multnomah Co. (Oregon
2001).




Appendix B

Table 1. Summary of environmental data collected at each of the sample sitesin Upper M acleay Park.

Site [Time Weather Air Soil ([Trees Understory Shrubs
Temp [Temp
C C
A 8:000vercast | 12.3 11.2ACMA,TSHE VAPA,SARA,ILAQ POMU,HEHE,PTAQ,HYTE
B 9:300vercast 13 11.2ACMA ILAQ,ACCI,CONU POMU,HYTE,HEHE
C |12:00Sunny 14.3 11.1PSME, TSHE,ACMA|ILAQ,SARA POMU,PTAQ,HEHE,RUUR
D |13:000vercast | 15.8 11.3PSME,TSHE ILAQ POMU,MANE
E |14:200vercast | 15.6) 10.8ACMA,TSHE VAPA RUPA POMU,MANE
F 8:000vercast | 11.1] 10.7ACMA, TSHE TSHE, RUPA POMU,PTAQ,HYTE,
G |11:00Scattered| 11.4 10.7ACMA, TSHE VAPA OECE, POMU, PTAQ,HYTE,
Clouds ACCI,RUPA TOME
H |14:000vercast | 12.8 10.7PSME, ACMA ILAQ POMU, TEGR
I 12:150Overcast | 12.1] 10.6ACMA SARA, RUPA PTAQ, POMU, HEHE,
TOME
J |15:100vercast | 12.3] 10.1ACMA, PSME ILAQ POMU, MANE, HEHE
K |16:350vercast | 12.1] 10.6ACMA, PSME ILAQ, ACCI, POMU, MANE
TSHE
L |17:450vercast | 12.21 10.8ACMA SARA POMU, HYTE, PTAQ,
HEHE
M |15:45Sunny 16.2 11.6ACMA, PSME SARA POMU, MANE
N 9:300vercast 111 11.1TSHE, ACMA OECE, VAPA, POMU, MANE, SMRA,
SARA PTAQ
O |11:000vercast | 13.6| 11.1PSME, ACMA, VAPA, ILAQ HEHE, POMU
TSHE
P 7:00Clear 12.5 10.8PSME, ACMA IACCI, OECE, POMU, HYTE, PTAQ,
VAPA, ILAQ RUUR
Q 9:150verast 12.9 10.8ACMA, TSHE ILAQ, SARA, HYTE, PTAQ, POMU,
OECE TOME
R |13:450vercast | 14.9) 10.8PSME, TSHE ILAQ, VAPA, POMU, MANE
ACCI
S |17:150Overcast | 15.8 11.4ACMA, TSHE VAPA, COCO POMU, HEHE, MANE,
SMRA
T |12:30Scattered| 13.2] 10.7ACMA, PSME, ILAQ, COCO POMU, MANE, SMRA,
Clouds TSHE RUUR
U |11:000vercast | 12.7) 10.8ACMA, PSME, HODI, VAPA RUUR, POMU, SMRA,
ALRU TROV
V  |15:150vercast | 13.90 10.8ACMA, TSHE, VAPA POMU
THPL
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Site [Time Weather Air Soil ([Trees Understory Shrubs
Temp [Temp
C C
W 9:000vercast | 11.1) 9.8PSME, TSHE, SARA, PRLA, POMU, MANE, HYTE
ACMA OECE
X 7:450vercast | 11.4  9.9ACMA, TSHE SARA, VAPA POMU, PTAQ, HYTE,
Y [12:200vercast | 13.7| 10.9TSHE, ACMA OECE, SARA, HEHE, POMU, TOME
COC, VAPA
Z |11:000vercast | 13.1 11.2TSHE, PSME, OECE, SARA, POMU, MANE, HYTE
ACMA PRLA

Table 2: Guideto plant abbreviations and common namesfor all resear ch sitesin Upper M acleay Park.

Plant Name Scientific Name Abbreviation
Canopy [Bigleaf Maple Acer macrophyllum ACMA
Douglas Fir Pseudotsuga menziesii PSME
Red Alder Alnus rubra ALRU
\Western Hemlock [Tsuga heterophylla TSHE
Western Red Cedar [Thuja plucata THPL
English Laurel Prunus laurocerasus PRLA
Pacific Dogwood Cornus nuttallii CONU
Understory  |Vine Maple Acer circinatum ACCI
Indian Plum Oemleria cerasiformis OECE
Red Huckleberry Vaccinium parvifolium VAPA
English Holly llex aquafolium ILAQ
Elderberry Sambucus racemosa ssp. pubens [SARA
Thimbleberry Rubus parviflorus RUPA
Beaked Hazlenut Corylus cornuta var. californica  |[COCO
Oceanspray Holodiscus discolor HODI
Shrub Bracken Fern Pteridium aquilinum PTAQ
Sword Fern Polystichum munitum POMU
Trailing Blackberry  |Rubus ursinus RUUR
Piggyback Plant [Tolmiea menziesii TOME
English vy Hedera helix HEHE
Oregon Grape Mahonia nervosa MANE
Pacific Waterleaf Hydrophyllum tenuipes HYTE
False Solomon's Seal |[Smilacina racemosa SMRA
\WesternTrillium Trillium ovatum TROV
Fringecup Tellima grandiflora TEGR




Appendix C

Summary of data for macro-gastr opods collected in Upper Macleay Park.

Site [Cove/ [Haplotrema \Vespericola [Monadenia |Ariolimax Prophysaon |Prophysaon [Megomphix [Cryptomastix lArion [Total |Density
Ridge |vancouverenscelcolumbiana [fidelis fidelis |columbianus [foliatum andersoni hemphilli germana germana Jrufus (individuals/m?)
A C 12 10 28 0.357
B C 13 4 3 6 27 0.344
C C 14 15 4 39 0.497
D R 8 6 4 18 0.229
E R 15 11 4 36 0.458
F C 36 2 43 0.547
G R 11 3 2 17 0.216
H C 10 1 16 0.204
| C 21 4 32 0.407
J R 14 2 1 1 19 0.242
K R 2 2 11 0.140
L C 3 2 14 0.178
M R 6 4 16 0.204
N R 10 3 4 17 0.216
O R 16 4 20 0.255
P R 20 4 4 7 35 0.446
Q R 19 7 1 3 32 0.407
R R 15 2 2 3 22 0.280
S R 11 5 2 4 22 0.280
T R 19 5 24 0.306
u R 11 1 1 23 0.293
\ R 10 1 4 23 0.293
W R 22 4 8 42 0.535
X C 21 4 3 1 31 0.395
Y C 14 3 7 31 0.395
Y4 R 15 4 7 26 0.331
[Total [Total =
[Total = 373 [Total =129  [Total =35 [Total = 93 [Total = 15 [Total =9 [Total = 4 [Total =5 = 664 |AVG = 0.323
Cove 150 46 13 30 1| 664 0.369
Ridge| 223 83 22 63 0.302
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Appendix D

Figure 1. Four adultsof Haplotrema vancouverensce collected from the resear ch area.

Figure 2. An adult specimen of H. vancouverensce active during a rain shower.
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Figure 3. Four adult specimens of Vespericola columbiana collected from the research area. Note
presence of dense setae asmost clearly seen on upper right shell. Possible subspeciesasV.
columbiana is described as having sparse setae. See Appendix E for further details.

Figure 4. Adult specimen of V. columbiana. Crawling over dead vegetation. Note dense setae.
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Figure5. Adult specimen of Ariolimax columbianus. On this spotted color morph, notice centrally
placed black dot on mantle.

Figure 6. Ariolimax columbianus. Note open pneumostome.
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Figure 7. Photogr aphic scans of Monadenia fidelisfidelis collected in the research area.

Figure 8. Adult specimen of M. fidelisfidelis. Crawling on thetrunk of alarge BigL eaf maple.
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Figure9. Prophysaon foliatum. Length of adult specimen is 40-45mm.
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Figure 10. Adult specimens of Cryptomastix germana germana collected in theresearch area. Note
single parietal denticle and spar se, long setae.

Figure 11. Cryptomastix germana germana. Setae very apparent.
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Figure 12. Particularly large adult specimen of M egomphix hemphilli



Appendix E

TO: Nathan Hodges

MEMORANDUM

FROM: Nancy Duncan, Roseburg Bureau of Land Management Office
DATE: July 1, 2005
RE: Identification of submitted samples, ID#HODO05-001 thru HOD05-007

Introduction

| have examined seven lots of specimens received, and identified them as per
the following table. | am retaining the live Monadenia and Vepsericola
specimens for the Roseburg collection. The Cryptomastix | am returning live for
release to original site. The other specimens have been relaxed and preserved
in 70% isopropyl alcohol.

Identifications

Tracking
Number

Identification

Remarks

HODO05-001

Arion rufus

Arion morphology (rough integument, heavy body, flared foot
fringe, pneumostome in 2" quarter of mantle). Coloris a
brownish-green unusual in this species, but may be a xanthic
(no melanin) expression. Black stripes on foot fringe typical for
this species. Photo vouchers taken of live animal.

HODO05-002

Prophysaon
obscurum

Elongated slug, Prophysaon morphology (pneumostome in 2
quarter of mantle), dark grey ground color, with lighter v-shaped
dorsal patch, dark blackish-grey sole, head and tentacles.

HODO05-003

Vespericola
columbiana

(spp? depressa)

Vespericola morphology (reflected, flared lip, globose shape,
setae), with 6 ¥ whorls in 16 mm diameter. Dark brown adult.
Dense, short, straight setae. Aperture basal lip flattened,
straight, brownish color. Umbillicus completely covered by
reflected lip. No denticles. A similar form has been
documented from Chanticleer Cr. Multnomah County, OR.
Nominal V. columbiana has sparse setae. V.c. pilosa not known
to reach this diameter (max = 14.7mm), but recorded from
Tillamook, Clatsop and Benton Co. V.c. depressa described as
having umbillicus % covered by lip.

HODO05-004

Vespericola
columbiana

(spp? pilosa)

Vespericola morphology (reflected, flared lip, globose shape,
setae), with 6 ¥ whorls in 16.4 mm diameter. Greenish-brown
adult. Dense, short, straight setae. Aperture basal lip rounded,
light-colored, umbillicus % covered but distinct. No denticles. A
similar form has been documented from Chanticleer Cr.
Multhomah County, OR. Nominal V. columbiana has sparse
setae. V.c. pilosa not known to reach this diameter (max =
14.7mm), but recorded from Tillamook, Clatsop and Benton Co.
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Tracking

Number Identification Remarks
HODO05-005 Haplotrema Large diameter, longitudinal (spiral) incised lines very fine, even
vancouverensce on penultimate whorls, none in umbillicus. Upper aperture lip
sinuous.
HODO05-006 Haplotrema Large diameter, longitudinal (spiral) incised lines very fine, even
vancouverensce on penultimate whorls, none in umbillicus. Upper aperture lip
sinuous.
HODO05-007 Cryptomastix Two adult specimens. 5 whorls in 7.4 mm diameter. Wide,
germana germana |reflected lip. Single parietal denticle with slight thickening of
basal lip. Sparse, long setae.
HODO05-008 Monadenia fidelis  |Typical adult specimen, pink tubercles on body w/dorsal line.

fidelis

Height 23 mm, diam. 34 mm., 6 ¥ whorls. Black base, reddish-
brown spire with alternate darker patches confined to single
whorls. Very thin peripheral yellow band.
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Appendix F

Summary of density data for microsnails, macr o-gastr opods, and combined density.

Site Microsnail Macro-gastropod Total density
density density individuals/m?
individuals/m®* [individuals/m?

A 114.29 0.357 114.64

B 200.00 0.344 200.34

C 200.00 0.497 200.50

D 142.86 0.229 143.09

F 85.71 0.458 86.17

E 657.14 0.547 657.69

G 257.14 0.216 257.36

H 314.29 0.204 314.49

| 2314.29 0.407 2314.69

K 0.00 0.242 0.24

J 685.71 0.140 685.85

L 0.00 0.178 0.18

M 285.71 0.204 285.92

N 314.29 0.216 314.50

0 342.86 0.255 343.11

P 857.14 0.446 857.59

Q 200.00 0.407 200.41

R 28.57 0.280 28.85

S 57.14 0.280 57.42

T 485.71 0.306 486.02

U 542.86 0.293 543.15

W 85.71 0.293 86.01

\V 142.86 0.535 143.39

X 657.14 0.395 657.54

Z 342.86 0.395 343.25

Y 742.86 0.331 743.19

Average 386.81 0.323 387.14

Standard

Deviation 464.31 0.112 464.34




Appendix G

Summary of data for microsnails collected in Upper Macleay Park.

Site [Cove/|Pristiloma [Pristiloma [Columella |Carychium [Punctum |Vertigo [Zonitoides [Haplotrema Cryptomastix Megomphix [Total [Density
Ridgellangsingi [ohnsonii |edentula |occidentalis [randolphi |modesta |nutidus lvancouverensce [germanagermana hemphilli
A C 3 1 4 114.29
B C 4 1 1 7| 200.00
C C 2 1 2 6| 171.43
D R 4 1 5 142.86)
E R 16 2 3 1 1 23 657.14
F C 1 3 85.71]
G R 1 9| 257.14
H C 1 1 11| 314.29
| C 13 11 54 81| 2314.29
J R 16 1 2 1 1 24 685.71
K R 0.00
L C 0.00
M R 1 2 2 257.14
N R 11 314.29
O R 11 12 342.86
P R 20 1 6 1 30| 857.14
Q R 1 200.00
R R 28.57
S R 57.14
T R 11 2 17 485.71]
U R 9 3 1| 19| 542.86
\Y R 1 142.86
W R 3 85.71]
X C 11 5 3 25 714.29
Y C 1 11 26 742.86
z R 1 5 12| 342.86
Total=
[Total =176 [Total =8 [Total=34  [Total=78 [Total=21  [Total=18 [Total=5 [Total=6 [Total=5 [Total=1 352 386.81]
Cove 60 2 15 59 7 5 1 149 | 473.02
Ridge 116 19 19 14 13 203 | 341.18
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