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Abstract 

Blaauw Eco Forest is a twenty-five acre habitat island surrounded by a gravel pit and agriculture. 

This refuge is important since it maintains biodiversity and provides habitat for native species 

including the blue-listed northern red-legged frog (Rana aurora) and pacific side band snail 

(Monadenia fidelis). By mapping their locations, and characterizing their surrounding habitat, the 

research revealed the distribution and dispersal of these species in the forest, their habitat 

tendencies and provided a goal for future restoration. M. fidelis was seen nine times in the drier 

parts of the forest while R. aurora was spotted seven times in wetter areas. R. aurora was often 

seen near large tree wells and leaf litter, with Polystichum munitum, Acer macrophyllum, and 

Rubus spectabilis being common vegetation. M. fidelis was also often seen near Acer 

macrophyllum and leaf litter, but seemed to also prefer woody debris and Alnus rubra as well. 

There were three confirmed egg masses seen in a pond. The water’s pH, dissolved oxygen, 

temperature, and turbidity were measured in ponds where various egg masses were spotted. The 

different pond measurements were compared with the pond containing the R. aurora egg masses 

having a temperature of 9.3 ˚C, pH of 6.9, dissolved oxygen level of 10.0 and turbidity of 1.4. 

Finally, a restoration plan was created for the forest. Invasive species were mapped, trails that 

encroached on critical habitat were noted, gravel pit effects were shown and garbage sites were 

plotted. This research will hopefully shed light on any further studies on these species, as well as 

give insight to future management decisions of the forest.  
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Introduction 

 With the need for conservation increasing, bio-inventories have become an asset to 

scientists (Goldstein 2004). Bio-inventories can include distribution and habitat assessments of 

species, allowing for more in-depth observations into their unique characteristics (Goldstein 

2004). In the summer of 2013, a fellow research student began a bio-inventory of Trinity 

Western University’s (TWU) newly acquired forest (Blaauw Eco Forest). During his research he 

came upon two blue listed species: Monadenia fidelis and Rana aurora (Abney 2013). With the 

area around the forest becoming progressively more developed, it has become one of the few 

biological corridors, increasing the importance for conservation effort. Corridors are important 

for maintaining biodiversity and providing habitat for local species. A part of conservation is 

habitat restoration: restoring a habitat to what it was before any human intervention (Foster et al. 

2003). This is an important focus area, because many times species at risk can be aided through 

giving them back their natural habitat (Foster et al. 2003). Mapping a species is another great 

conservation technique to see on a larger scale a species preferred habitat and range (Dobson et 

al. 1997). Not only that, but maps can be used to identify hotspots of species diversity, or to see 

geographical patterns of species at risk (Dobson et al. 1997, Engler et al. 2004). Conservation 

efforts can also be made more efficient by predicting population distributions through mapping 

methods (Engler et al. 2004).  

 Both of the species being studied are relatively small; however they are just as vulnerable 

to extinction as larger animals and play important roles in the forest ecosystem (Wilson 1987). 

The Species at Risk Act (SARA) recognizes that wildlife no matter how small has a value, and 

encourages the government and people of Canada to support conservation efforts (SARA 2013). 

With the SARA comes a rule that for any threatened species there needs to be a recovery strategy 

prepared (SARA 2013). It is important for habitats such as Blaauw’s Eco-forest to be 



Loubser, L  5 

 

investigated, so that the species present can be researched and future conservation efforts can be 

implemented. 

Research Site  

 The Township of Langley (TOL) sold five, five acre plots of forested properties in 

Langley, BC, now named Blaauw Eco Forest to Trinity Western University in 2013(Figure 

1)(Henderson and Ryder 2012). This forest is a biological corridor surrounded by agriculture 

development (Henderson and Ryder 2012). It is a mature second growth forest with large 

western red cedars, black cottonwood, Douglas fir, big-leaf maple and western hemlock 

(Henderson and Ryder 2012).  The largest cottonwood tree in the TOL is present in the forest 

(Figure 1). Lots 14 and 15 are generally dryer than lots 12, 13 and 16; however lot 14 and a 

portion of 12 are considered wetland characterized by skunk cabbage and Western Red cedar 

(Henderson and Ryder 2012).  The habitats that are present in the forest are Very Dry maritime, 

which is a red listed endangered habitat, and Wetland habitat, which is blue listed (Henderson 

and Ryder 2012).  

 
Figure 1 : Aerial view 

of the NWD Plan 1560 

five acre plots showing 

the two wetland  

portions (W1 and W2) 

and a large black 

cottonwood (T)(Photo 

by: TOL 2012) 
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Species Description 

The Pacific Side Band Snail (Monadenia fidelis) is a large snail with a mature shell being 

22.1 to 36.5mm in width (Forsyth 2004).  The shell has around 5 to 6 whorls with a pointed apex 

and a periostracum that is matted on the apical side and a thin varnish on the base (Figure 2) 

(Forsyth 2004). The shells are generally a chestnut brown with a uniformly dark brown base and 

a thinner band above (Henderson 1929).  The banding on M. fidelis varies in size, however the 

features that set it apart is its depressed-heliciform shell, banding pattern and deep umbilicus 

(Forsyth 2004).  The umbilicus is deep and seems to reach the apex (Stillman 1927). The body of 

the snail is a rosy brown and the mantle is a rust color (Figure 3)(Forsyth 2004).  The mantle has 

a double groove, is secretory and covered with flaps of clear epithelial cells giving a pebbly 

appearance (Jones 1938). 

Figure 2: Dorsal, Side and Ventral view of the Monadenia fidelis shell. (Photo by Forsyth 2009) 

Figure 3: picture 

displaying the rust colored 

mantle (Photo by Loubser 

2014) 
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 The Northern Red-legged Frog (Rana aurora) is a medium sized frog with male adults 

having a snout length of 50 to 70 mm and the much larger females reaching up to around 100mm 

(COSEWIC 2004).  The Females reach about 10cm long, while the males only reach 7cm 

(SARA 2012). The skin is mostly smooth with some slight wrinkles. Two defining features are 

the two dorsolateral folds extending 

from the eye to the groin on each 

side, and their long legs (COSEWIC 

2004). The dorsal side of R. aurora 

is brownish with black flecks, with a 

black mask around the eye to jaw 

and a cream colored band below 

(Figure 4) (COSEWIC 2004).   

Figure 4: Dorsal view of Rana aurora (Photo by Abney 2013)  

The ventral side of the throat is white with black flecking and the legs have a reddish color. 

Juveniles may have a yellow tint instead of red, or no color at all (COSEWIC 2004).  R. aurora 

is an aquatic breeding frog with egg-laying occurring when water temperatures are at least 6 to 7 

degrees Celsius (Licht 1971).  In British Columbia (BC) this is typically from February to April. 

A unique characteristic of the males is that they call underwater for females (Licht 1971). Their 

calls are series of low volume chucking notes (Leonard et al. 1997). Females reproduce every 

year with egg masses having up to 1300 eggs (COSEWIC 2004). 

Taxonomy 

 The Pacific Sideband snail is in the Phylum Mollusca, Class Gastropoda, Order 

Stylommatophora, Family Bradybaenidae, Genus Monadenia and Species fidelis (IT IS 2013). 



Loubser, L  8 

 

 The Northern Red-legged Frog is in the Phylum Chordata, Subphylum Vertebrata, 

Superclass Tetrapoda, Class Amphibia, Order Anura, Family Ranidae, Genus Rana and Species 

aurora (IT IS 2013).  There are two subspecies of Rana aurora that are divided geographically 

(COSEWIC 2004).  Rana aurora aurora ranges from southern British Columbia to northern 

California, while Rana aurora draytonii ranges from northern California to Baja California, 

Mexico. These species differ in their morphology, behaviour and genetics (COSEWIC 2004). 

Range and Endangered Status 

 The M. fidelis can be found along the Pacific coast of North America from southeastern 

Alaska to northwestern California (Forsyth 2004, NatureServe 2013). Within B.C., M. fidelis 

ranges from the northern Central Coast Regional District (CCRD) to the eastern Fraser Valley 

Regional District (FVRD) and has been found on Vancouver Island (Figure 5) (B.C. 

Conservation Data Centre 2013).  M.  fidelis is blue-listed in BC meaning at a vulnerable status, 

however globally its population is secure (B.C. Conservation Data Centre 2013, NatureServe 

2013).  

Figure 5: range of Monadenia 

fidelis in B.C. showing the 

separate regional Districts. The 

snails have been found at certain 

points within each district (B.C. 

Conservation Data Centre 2013). 
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The R. aurora can be found along the west coast of North America from southwestern B.C. 

down to northern Baja California (Kiesecker and Blaustein 1998, SARA 2012, COSEWIC 

2004). In B.C., the species can be found on Vancouver Island Queen Charlotte Islands, Gulf 

Islands, and throughout the Fraser Valley to Hope (Figure 6) (Maxcy 2004, SARA 2012, 

COSEWIC 2004). R. aurora is blue-listed in BC, meaning vulnerable, federally listed as special 

concern and globally seen as apparently secure (COSEWIC 2004). 

 

Figure 6: B.C. provincial range of 

Rana aurora aurora (Maxcy 

2004). 

 

 

 

 

 

 

 

 

Habitat 

 A study done by Brown and Durand in the lower Fraser Valley found that the habitat 

preferred by M. fidelis is forested areas (2007). The snail seemed to prefer drier deciduous 

forests particularly near red alder, big-leaf maple and western red cedar trees with salmonberry 

being a common shrub. They were found on a variety of substrates including leaf litter and 

woody debris (Brown and Durand 2007). Although M. fidelis prefers forested areas, there have 

been accounts of them  in open woods and grassy areas such as in a Garry Oak meadow (Forsyth 

2004).  Gastropods have been found to depend largely on habitat climates, with their activity and 
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survival rates increasing with rain in tropical regions (Kralka 1986).  Snails generally retreat into 

forest substrate during dry spells (Kralka 1986). M. fidelis prefers lower coastal elevations and 

the species has been found as high as 6.7m off the ground showing that it is not limited to the 

ground (Forsyth 2004).  McDade and Maguire did research on gastropod capture techniques, and 

found that for M. fidelis, pitfalls traps and cover boards did not work; only ground searches 

showed results (2005). The biggest reason M. fidelis populations have become vulnerable is 

habitat disappearance and fragmentation from development, forestry, and agriculture (B.C. 

Conservation Data Centre 2013). To protect this species from disappearing, its habitat needs to 

be kept safe from development on the coast of BC (B.C. Conservation Data Centre 2013). 

 R. aurora lives in moist wetlands and, low elevation forests, and is both terrestrial and 

aquatic (Maxcy 2004, COSEWIC 2004). Breeding occurs in slow moving water where 

vegetation is abundant, allowing for migration for foraging in the forest (COSEWIC 2004). After 

breeding the frogs are mostly terrestrial; however, they escape predators via water (Gregory 

1979, Kiesecker and Blaustein 1998, Bulger et al. 2002). R. aurora species prefer mature forests 

with substrates such as leaf litter and woody debris (SARA 2012).  Habitat changes pose several 

dilemmas for amphibian health with wetlands at risk due to forestry, agriculture and 

fragmentation (Beebee and Griffiths 2005, COSEWIC 2004, SARA 2012). R. aurora is also 

being forced out of its habitat due to invasive amphibian introduction, such as the species Rana 

catesbeiana,and Rana clamitans (SARA 2012, Kiesecker and Blaustein 1997, Adams 1999, 

Cook and Jennings 2007). Researchers have also found that the invasive largemouth bass 

(Micropterus salmoides) fish is able to eat tadpoles and eggs, furthering the decline of amphibian 

populations (SARA 2012, Kiesecker and Blaustein 1998). One other risk that has recently come 

out is the increase in UV-B rays with global climate change and their negative impacts on egg 

masses (Crump et al. 2000).  
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Importance 

 Although snails are small, and are seen by some as pests, they play large roles in 

ecosystems (Barker 2001). Terrestrial gastropods have been found to be indicator species in 

microclimate and soil changes (Prezio et al. 1999, Waggoner et al. 2006). Researchers have 

found that after disturbances in forests there have been decreases in snail species richness (Prezio 

et al. 1999).   An important role for gastropods in an ecosystem is their ability to cycle nutrients 

(Barker 2001). This is accomplished by leaving behind fragments from eating to decompose 

while producing faeces and mucus promoting microbial decomposition (Barker 2001). 

Gastropods also contain non-essential trace elements, which have been connected to their 

storages of calcium. These elements are cycled in the ecosystems by the snails. Snails are also 

important in the food chain since they provide certain nutrients and serve as prey and hosts 

(Barker 2001).  Declines in gastropods are linked to decreases in populations of forest passerines 

(Graveland and Vanderwal 1996), as the calcium that is stored in the snails is important for 

eggshell development (Graveland and Vanderwal 1996). 

 Similar to snails, R. aurora plays an important role in the food chain (SARA 2012).  

They prey on small arthropods and other invertebrates, while they, in turn, are preyed on by 

reptiles, amphibians, leeches and other species (SARA 2012, Hayes and Tennant 1985). The 

Garter snake particularly has been found to rely on Red Legged frog populations for food 

(Preston and Johnson 2012). Amphibians have been found to be good indicators of an 

ecosystem’s health, due to their sensitivity to climate, chemical and habitat changes (COSEWIC 

2004, Beebee and Griffiths 2005, Welsh and Olliver 1998). R. aurora is an especially good 

indicator since it is both largely terrestrial and aquatic (Beebee and Griffiths 2005).   
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Research Objectives 

This study had three objectives: first, to discover the dispersal and distribution of Monadenia 

fidelis and  Rana aurora  populations in Blaauw Eco Forest, Langley, B.C., second, to 

characterize the habitat of both species, and thirdly to develop ideas for future habitat restoration. 

Methods 

GIS Species Dispersal Map  

When either M. fidelis or R. aurora species were found, their location in the forest was marked 

with a GPS (Garmin 76). With the software: ArcMap10 at Trinity Western University, a GIS 

map was made to display the dispersal and distribution of the two species. Township of 

Langley’s orthophotos were used to create a base map, and preliminary data from the township 

of Langley was used. With the help of Curtis Abney, the rest of the data was collected, and the 

township’s data was confirmed. The map displayed the locations of the species with waypoints, 

and included features of the forest such as tree wells and ponds.  

Egg Mass Counts 

The property was searched for R. aurora egg masses beginning in March 15 2014. An expert in 

egg mass identification (Stan Olson) was consulted beforehand to ensure accuracy in the counts. 

Water quality equipment from TWU was borrowed to measure the four ponds where masses 

were found: the pH meter (Hach Senion 1), dissolved oxygen meter (YSI model 55I), turbidity 

meter (Hach model 2100P), and thermometer. For each pond three measurements of each type 

were made in random locations. Hip waders were used for accessibility into deeper water, and a 

net was used to get a closer look at some of the egg masses found.   

Habitat Characterization 

Whenever a frog or snail was found, the surrounding areas were noted in detail. This included 

the various plants above and beside the location, and the substrate that they were found on or in.  
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GIS Habitat Restoration Map 

This map was made similar to the first, however plans for future habitat restoration was 

highlighted. The ideas came from researching different strategies, and talking to experts. 

Common invasive species that occurred in the forest were mapped, trails that went through 

critical habitat for the species were noted, and any problem areas in the forest and surrounding 

land were marked.  

Results 

Distribution and Dispersal 

 A map was made showing the distribution of both the snail and the frog within the forest  

 (Figure 7). In total, there were 7 frogs and 9 snails found on the property. 

 
Figure 7: Map of Blaauw Eco Forest, highlighting the key features of the forest habitat and where the two species 

were found. Numbers 1-5 indicate the five acre land parcels, and W1 and W2 represent the wetlands. The letters A-

D represent the ponds where egg masses were found. 
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Egg Mass Counts 

Several egg masses for the northwestern salamander (Ambystoma gracile) and the pacific tree 

frog (Pseudacris regilla) were found in four of the water bodies beginning on March 15
th

 2014. 

In pond C, R. aurora egg masses were found on April 5
th

 2014. The egg masses appeared ragged 

and broken up and were found floating on the surface of the water (Figure 8). There were three 

egg masses observed up close and confirmed, while four were not reachable but tentatively 

confirmed using binoculars. The egg masses were surrounded by algae and the larvae appeared 

to have a tail. 

Figure 8: R. aurora egg mass 

found in Pond C (Photo by 

Loubser 2014) 

 

 

 

 

 

 

 

 

The water quality measurements were for the most part consistent throughout the four ponds 

(Table 1). The largest differences were within the dissolved oxygen and turbidity measurements. 

Pond D had a significantly lower dissolved oxygen average at 4.9 mg/L and pond B had the 

highest turbidity levels at 4.2. 
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Table 1:  Averages of water quality measurements measured in the four ponds where egg masses were found. The 

bolded row indicates the pond where R. aurora eggs were found. 

 
Temperature (˚C) pH Dissolved Oxygen (mg/L) Turbidity (NTU) 

Pond A 9.4 6.8 9.9 3.5 

Pond B 11.2 6.7 10.0 4.2 

Pond C 9.3 6.9 10.0 1.4 

Pond D 8.1 7.1 4.9 1.4 

 

Habitat Characterization  

 For M. fidelis the substrate that stood out was the Leaf Litter which had 89% occurrence 

(Table 1).  Most of the leaf litter consisted of Alnus rubra, and Acer macrophyllum leaves. 

Woody debris was also at a higher level with 67% of the snails being found on or very near to 

tree stumps, or fallen branches. R. aurora was also seen to use Leaf Litter, many times emerging 

from it, or jumping into it (Table 2). R. aurora was also seen near water 43% of the time, 

particularly in the Tree Wells.  

Table 2: The surrounding features that characterized the locations of the individual species. The percentage is the 

number of species that were found with the features.  

Monadenia fidelis Rana aurora 
Surrounding Features Surrounding Features 

Woody Debris 67% Leaf Litter 43% 

Leaf Litter 89% Tree Well 43% 

Bare Soil 11% Stream 29% 

 

 M. fidelis was found near or under a variety of plant species, including herbaceous plants, 

woody shrubs, as well as deciduous and coniferous trees (Table 3). The more common species 

were two deciduous trees: Alnus rubra, and Acer macrophyllum, which were found nearby 56% 

of the time. 
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Table 3: The different plant species that were found above or nearby Monadenia fidelis is shown. The percentage 

stands for the number of snails that were found with the plant species. 

Monadenia fidelis 
Plant Cover Species 

 

Herbaceous Plants 

sword fern (Polystichum munitum) 33% 

moss 33% 

oak fern (Gymnocarpium dryopteris) 11% 

Woody Shrubs 

salmon berry (Rubus spectabilis) 22% 

Himalayan blackberry (Rubus discolor) 11% 

indian plum (Oemleria cerasiformis) 33% 

Coniferous Trees 

western red cedar (Thuja plicata) 11% 

western hemlock (Tsuga heterophylla) 22% 

sitka spruce (Picea sitchensis) 11% 

Deciduous Trees 

black cottonwood (Populus balsamifera) 33% 

big leaf maple (Acer macrophyllum) 56% 

red alder (Alnus rubra) 56% 

vine maple (Acer circinatum) 11% 

 

 R. aurora was associated with fewer plants than M. fidelis (Table 4). The three plants that 

were the highest occurring were Acer macrophyllum, Rubus spectabilis, and Polystichum 

munitum at 57% occurrence. 

Table 4: The different plant species that were found above or nearby Rana aurora is shown. The percentage stands for 

the number of frogs that were found with the plant species. 

Rana aurora 

Plant Cover Species 
 

Herbaceous Plants 

sword fern (Polystichum munitum) 57% 

oak fern (Gymnocarpium dryopteris) 29% 
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Woody Shrubs salmon berry (Rubus spectabilis) 57% 

Coniferous Trees 

western red cedar (Thuja plicata) 29% 

hemlock (Tsuga heterophylla) 14% 

Deciduous Trees 

big leaf maple (Acer macrophyllum) 57% 

red alder (Alnus rubra) 14% 

vine maple (Acer circinatum) 14% 

 

GIS Habitat Restoration Map  

The map in Figure 7 highlights areas that could be improved on in the forest, as well as showing where 

the problem areas are in relation to the habitat features. 

 
Figure 9: Map of Blaauw Eco Forest, highlighting the problem areas for disturbance, Invasive Species, and general 

forest features. 
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Discussion 

Distribution and Dispersal 

 By making a GIS map with the locations of R. aurora and M. fidelis it was apparent that 

the land parcels 1, 2, and 3 were more used by the snail, while 4 and 5 were where the frog was 

more often seen. The tree wells, large ponds, and stream network appear to be clustered in the 

land parcels 4 and 5. This indicates that the sightings of R. aurora corresponded with literature 

which indicated that they prefer wetter forests (Maxcy 2004, COSEWIC 2004). M. fidelis tended 

to be in the dryer lots (1, 2, and 3) and were found instead in areas that were not as near to water, 

again corresponding with literature (Brown and Durand 2007). 

Habitat 

 The larger tree wells on the property would seem to be a good habitat for R. aurora since 

It is a pool of water that stays moist all year round and is surrounded by forest; not only that, but 

there is a stream nearby, allowing for a corridor through the forest(Maxcy 2004). The stream and 

tree wells seemed to be what the frogs would jump into when approached. This is in accordance 

with many studies that have found water is a way for them to escape predators (Gregory 1979, 

Kiesecker and Blaustein 1998, Bulger et al. 2002). Another method of escaping predators may be 

hiding in leaf litter; 43% of the time R. aurora was seen burying itself in leaf litter when 

approached. One of the more common plants seen near R. aurora was Polystichum munitum. On 

one occasion R. aurora hid under leaves of P. munitum, indicating that it may be another method 

of predator avoidance. A. macrophyllum is a large deciduous tree with large leaves that 

contributes greatly to forest leaf litter. As indicated before, leaf litter may be important. R. 

aurora species were found in areas that did not have invasive plant species. This may indicate 

that the invasive species are not plants that R. aurora has adapted to, and are harmful additions to 

its habitat. Pond A and the surrounding forest seemed initially to be an area where R. aurora 
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would frequent, however, during my research I did not come upon it there. A reason for this may 

be due to the invasive plant species such as Rubus discolor and invasive frog species such as 

Rana catesbeiana and Rana clamitans. Research has shown that the invasive frogs cause a 

decline in R. aurora populations; however the effects of invasive plants do not seem to be known 

(Kiesecker and Blaustein 1997). One of the male frogs found was missing a foot, which may be 

an indication of predation, possibly from the invasive frogs. R. aurora was frequently found in 

the smaller bodies of water, possibly revealing a method to escape the larger invasive species 

that tend to reside in deeper water. The frogs were also rarely found on a trail, or by the gravel 

pits, perhaps indicating that they prefer non disturbed habitats.  

 This study seemed to have similar results to Brown and Durand’s when characterizing the 

habitat for Monadenia fidelis (2007). M. fidelis tended to be found near deciduous trees rather 

than coniferous. This may be due to the resulting leaf litter. Only two of the snails were found on 

bare soil, indicating that leaf litter may be important. Further testing should be done to determine 

if this is significant, or if when surveying, the leaf litter covered most of the forest. The two 

preferred trees for M. fidelis were also similar to what was found by Brown and Durand (2007). 

There are no grassy meadows within the Eco Forest, so further research would have to be done to 

determine whether or not M. fidelis could reside in that sort of habitat. M. fidelis was often found 

alongside the trails, possibly indicating that they do not mind disturbance. However, they were 

not commonly found near invasive plants, or the gravel pit. A carnivorous snail species called 

the beaded lancetooth (Ancotrema sportella) was commonly seen in the forest. Although the 

situation was never encountered, this species could prey on M. fidelis.   

Egg Masses 

R. aurora egg masses are initially laid under water attached to vegetation, however, close to the 

time that they are ready to hatch, the oxygen produced in the algae encased eggs cause the mass 
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to float to the surface (Storm 1960). This situation is most likely what happened to the masses 

when they were seen in the Eco Forest.  Pond C where the egg masses were found is very deep 

and was not able to be examined thoroughly, so in the future it would be wise to use a raft for 

egg mass counts. It could be hypothesized that the reason the egg masses were not seen earlier 

on, was that they were too deep to be reached and were only noticed in their final days when they 

are known to float to the surface. By examining the R. aurora egg masses closely, it was 

observed that the larvae appeared elongated with a tail. This would mean that the larvae were in 

stages 17-20 of the Gosner larvae identification guide, which matches up with the previous 

hypothesis of them being close to hatching since they hatch at stage 21 (Gosner 1960, Licht 

1971).  The temperature in pond C suited the needs for R. aurora as described in the literature 

(Licht 1971). The higher levels of dissolved oxygen (DO) in pond C may indicate a reason for 

the egg masses found there. It has been noted that R. aurora egg masses need a steady supply of 

DO in the water hence why they also prefer the more shaded locations (Licht 1971). This may 

indicate why there were none found in Pond D or B, since pond D had very low DO levels and 

pond B had no shade. The pH levels were very similar in all four of the ponds, indicating that pH 

may not be a large factor in where egg masses are laid. Literature has shown that tadpoles 

develop much faster in waters with less turbidity (Brown 1975). The turbidity in pond C was 

lower than that of pond A or B, showing again, a reason for R. aurora choosing pond C. In the 

future it would be good to do water quality tests around each egg mass to confirm these findings. 

In these tests, the vegetation that the eggs are attached to, and the phosphate and nitrate levels 

should also be collected to gain a more thorough understanding of possible water quality 

requirements.  
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Restoration 

 There are several noticeable areas that could be improved in regard to restoring the blue-

listed species habitats. For the most part, the forest is clean from garbage, however occasionally 

nearer to the Gravel pit there is some garbage. There is also one major source of waste near the 

center of the forest. By looking at satellite maps going back before the gravel pit opened, there 

may have been a way to drive to this area. The public may have taken advantage of this and 

dumped their refuse. In the spring of 2014, a Trinity Western University Biology class went in 

and removed the larger pieces of the waste. However, it was soon realized that the garbage was 

in layers underground and the surface waste was just the start of what could be removed. In the 

future it would be good to clean up this zone and consider replanting so that weeds don’t flourish 

in the disturbed ground. Material dumped into the gravel pit may flow into a stream along the 

edge of the property; a 30m buffer zone with surrounding land is advised in order to prevent 

contaminating nearby forest and water bodies (Alberta Environment, 2004).In the map a 30m 

buffer is shown around the liquid dumping zone revealing that it is likely contaminating pond A, 

as well as some of the forest. Future efforts should be made to remove the dumping zone and 

provide more of a buffer between the pit and the forest. Neither R. aurora nor M. fidelis seemed 

to be found near invasive plant species. When Invasive plants are introduced into an environment 

they out compete the native plants and destroy biodiversity in an ecosystem (U.S. Fish and 

Wildlife Service 2002). Since the habitats for the two blue listed species are still relatively 

unknown, it is important that native plants are protected, since some may be crucial to the 

species survival. In the future, the invasive species as shown on the map should be removed to 

try and restore the habitat to a more natural state. Lastly, throughout the forest there is a trail 

system, and concern rises from human disturbance in a species’ critical habitat. On the map, 

trails that are not necessary and go through areas that are predicted habitats for R. aurora are 
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marked as trails that should be closed and rerouted to stop degradation of the aquatic systems 

(U.S. Fish and Wildlife Service 2002). The trails should also be more clearly marked so that 

people know to stay on them and not disrupt the surrounding habitat (Hawkes et al. 2008). Since 

the snails did not seem to mind the present trails as they were found near them, it does not seem 

to be large concern for them. 

Conclusion 

Nine M. fidelis and seven R. aurora species were found in the Blaauw Eco Forest. R. aurora was 

seen on the wetter land parcels (4 and 5), and M. fidelis was seen on the drier parcels (1, 2, and 

3). Both species were often seen on leaf litter and near A. macrophyllm. There were three 

confirmed egg masses and four tentatively confirmed that belonged R. aurora found in pond C. 

It seemed that the temperature, DO and turbidity in the pond matched R. aurora’s requirements. 

There were several areas of concern in the forest where habitat restoration could occur. These 

areas are outline in the map (Figure 9). 
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