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Executive Summary 
 

Manley Farm is a 100-ha rural property owned by the Northwest Wildlife Preservation Society 

(NWPS) in the community of Cobble Hill, B.C., about 50 km north of Victoria. NWPS is 

transforming the property into a bird and wildlife sanctuary while maintaining it as a working 

farm. The 2015 Manley Farm wetland restoration and habitat enhancement project involves the 

restoration of a 2.2-ha wetland that become overgrown with vegetation. The goals of the project 

are to increase wildlife habitat and biodiversity, and to inform and educate the public about 

wetland restoration.  

 

Project activities include excavating three ponds within the wetland area, preventing invasive 

plants from becoming established on disturbed soil, planting native wetland plants, installing 

coarse woody debris, nest boxes and perches, monitoring restoration outcomes, installing 

signage, conducting public information sessions, maintaining the online presence for the project 

on social media, and providing educational opportunities for school children. The project 

budget is $52,000. All of the work, with the exception of ongoing monitoring, outreach and 

management of invasive plants, will be conducted in the year funding is obtained.  

 

This project will create vital wetland and riparian habitat in an area that is under continuous 

development pressure. Species at risk that may benefit from this habitat include the blue-listed 

western toad (Anaxyrus boreas), the northern red-legged frog (Rana aurora) and the painted 

turtle (Chrysemys picta). 
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1. Introduction 
The 2015 Manley Farm wetland restoration and habitat enhancement project involves 

restoration of a 2.2-ha wetland area on the 100-hectare Manley Farm property in the Cowichan 

Valley community of Cobble Hill (Fig. 1) in the southeastern part of Vancouver Island. The 

former owner of Manley Farm, Cynthia Granfield, bequeathed the property to the Northwest 

Wildlife Preservation Society (NWPS), which holds the title to the property in trust with the 

legal requirement to transform it into a bird and wildlife sanctuary and maintain it as a working 

farm.  

 
Figure 1. Manley Farm (area within green line) and wetland area to be restored (area within white line) in 

Cobble Hill, B.C (inset). Manley Creek is indicated by the blue arrow (UTM coordinates: 10U 459562 
5393468). Cobble Hill in relation to southern Vancouver Island is shown in the inset. (Image adapted 
from Google Maps) 

Manley Farm is in the Coastal Douglas-fir moist maritime (CDFmm) biogeoclimatic zone 

(WorleyParsons, 2009), which contains the highest number of species and ecosystems at risk in 

B.C. (Flynn, 1999). The CDF as a whole has been under intense developmental pressure, putting 

the native ecosystem at risk (Cook, 2011). Wetlands in the CDF zone are important ecosystems 
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as the region has warm dry summers during which water can be a limiting resource for wildlife. 

Wetlands are havens of biodiversity and productivity, and act as buffers against flooding and 

drought (Mitsch and Gosselink, 2007). Wetland habitats in southwestern British Columbia have 

decreased substantially since European settlement due to agriculture and urbanization (Cox 

and Cullington, 2009). There are only approximately 1150 ha of wetlands in the Cowichan 

region, making them critical habitat in the area (McPhee et al., 2000).  

 

We visited Manley Farm on 14 November 2014 and observed that most of the 2.2-ha wetland 

area, which was open water several decades ago (NWPS, pers. comm.), is filled in with organic 

soil and overgrown with vegetation. There is standing water in the wetland throughout the 

winter, but the dense vegetation and thick layer of organic soil prevent it from being accessible 

to waterfowl or from providing habitat in which amphibians can breed. To improve its value for 

wildlife, areas of open water are needed.  

 

In 2013, a 1400-m2 area on the southeast edge of the wetland was excavated to assess the 

feasibility of restoring open water in the wetland using excavation (Fig. 2 and 3). The excavated 

depression has retained water since the excavation, including throughout the dry summer of 

2014, supporting the feasibility of restoring open water in the wetland through excavation. 

  

Figure 2. Pond created by excavation in 2013 at Manley Farm wetland restoration 
site (14 November 2014, A. Fisher photo). 
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Figure 3.  Aerial view of the 2.2 ha (22,000 m2) wetland restoration site at Manley 
Farm, with location of inflow and outflow streams. The darker area on 
the eastern edge of the wetland area indicates open water created by 
the 2013 excavation (1400 m2). (Image adapted from Google Maps) 

Wetlands provide essential habitat for amphibians and created or restored wetlands that are 

designed appropriately can support comparable species abundance and richness as natural 

wetlands (Brown et al., 2012). Amphibians have been in decline worldwide for several decades, 

and are particularly vulnerable to a variety of human activities because they require both 

aquatic and terrestrial habitat to complete their life cycles (Rannap, 2009). There are six species 

of salamanders and three species of frogs that are native to Vancouver Island (Matsuda et al., 

2006) that could benefit from the creation of wetland habitat, including three species at risk: 

the blue-listed western toad (Anaxyrus boreas), northern red-legged frog (Rana aurora) and 

painted turtle (Chrysemys picta). 

 

Throughout this document, the term ‘wetland area’ is used to refer to the area outlined in white 

in Figure 3 above. The existing pond within the wetland area that was excavated in 2013 is 

referred to as the ‘2013 pond’ or ‘wetland pond.’  For the purposes of this project, 
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pre-restoration refers to the period prior to excavation of multiple ponds planned for 

September 2015, and post-restoration refers to the period after excavation of those ponds is 

complete (no monitoring was performed prior to the 2013 excavation). 
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2. Site conditions 

2.1 Historical Conditions  

Cobble Hill is in the traditional lands of the Cowichan Tribes (Cowichan Tribes, 2015). 

European settlers first came to the Cowichan Valley in the late 1850’s. William Manley, the 

founder of the farm, arrived in the Cowichan Valley in the early-1860’s and described the area 

as prairie-like with springs on the western side and therefore originally named the farm 

Springvale. His description of the farm as “prairie-like” raises the possibility that the area was a 

Garry oak ecosystem when settlers arrived, and may have been maintained in that state by the 

Quw-utsun First Nation through practices such as burning.  

 

2.2 Current Conditions 

Land Use 

Manley Farm is a 100-ha agricultural farm that lies within the agricultural land reserve (ALR). 

Local farmers lease the land and are currently growing hay and corn. The wetland restoration 

site is located in the southeast corner of the farm (Fig. 1). Due to the farming activities, fields 

adjacent to the wetland are routinely fertilized with manure and may also be plowed, which 

would increase nutrient and sediment input to the wetland. Based on aerial imagery, 

approximately 80% of the 100 ha is actively farmed with the remaining land naturalized but 

bearing signs of human use such as refuse dumping. There are two residences on the property 

that are currently inhabited. There is currently no public access to Manley Farm, except in 

conjunction with outreach programs sponsored by NWPS (NWPS, pers. comm.). 

 

Surrounding the farm are rural residential areas, the Arbutus Ridge golf course, the gated 

subdivision of Arbutus Ridge (which is home to approximately 600 residents), and a Chevron 

oil terminal (Fig. 4). Manley Creek Park, operated by the Cowichan Valley Regional District, 

borders Manley Farm to the northeast. The extent of human development has greatly reduced 

wildlife habitat in the area. The transformation of Manley Farm into a refuge for wildlife would 

partially redress this loss of habitat and, with its connection to Manley Creek Park, would 

extend and expand the habitat corridor to the sea.   



2015 Manley Farm Wetland Restoration and Habitat Enhancement Plan   
   

26 April 2015  6 

 

Figure 4.  Extent of human development surrounding Manley Farm, including an oil terminal, golf course, 
residential subdivision, and rural residential area. 

Climate 

Cobble Hill has a warm and temperate climate (Climate-Data.Org, 2015). The highest average 

daily temperatures occur in July, at 15.8°C, with a maximum of 21.2°C. January has the coldest 

average daily temperatures at 3.0°C, with a minimum of 0.1°C. This mild climate offers a 

suitable environment for wildlife all year. 

 

The average annual precipitation is 1163 mm (Climate Data.Org, 2015). Most of the 

precipitation falls in the winter months, with December receiving the largest amount with an 

average of 199 mm. Summers are dry with July only averaging 22 mm of precipitation, 

highlighting the important role played by wetlands in providing water to wildlife in this season.  
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Topography 

Manley Farm is relatively flat, with an overall elevation change of 20 m (Fig. 5). It lies 80 m 

above sea level and gradually decreases to 60 m in the northeast direction (Natural Resources 

Canada, 2015). This flat terrain provides the ideal topography for a wetland. The property 

meets the Salish Sea in the northeast corner, where the elevation drops dramatically from 60 m 

to sea level.  

 

 
Figure 5. Topographic map of Manley Farm. (Image adapted from Natural Resources Canada, 2015) 

Soil Profile 

The soil underlying the Manley Farm wetland is a hydric organic soil as shown by a preliminary 

soil profile dug on 7 February 2015. We encountered clay at a depth of approximately 75 cm 

when installing a groundwater monitoring well in the northwest corner of the wetland area, 

along the original stream bank of Manley Creek. This could suggest that at least part of the 

wetland is underlain by clay which may promote water retention. However, no clay was 

encountered on the eastern side of the wetland area where the 2013 pond was dug to a depth of 

1.5 m.  
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Hydrology 

The Manley Farm wetland lies within the approximately 3000-ha Cowichan watershed 

(WorleyParsons, 2009). Manley Creek runs north through the farm property, then passes 

through Manley Creek Park northeast of the property before flowing into the Salish Sea. There 

is a weir on the creek within the park that would prevent fish passage into Manley Farm from 

the ocean. The origin, purpose and present effectiveness of this weir are not known. 

 

The wetland area lies in a natural low point in the farm’s topography. An overgrown ditch 

(formerly part of Manley Creek) flows into the wetland area from the south. Manley Creek flows 

out of the wetland area northward along a degraded riparian area (Fig. 3). Another ditch flows 

into Manley Creek just north of the wetland. It is not known whether drain tiles were installed 

in the surrounding fields to direct water from the fields toward the ditch, wetland and creek to 

drain the land to facilitate farming. It is unlikely that there are drainage tiles within the wetland 

area itself because the 2013 pond holds water and no drainage tiles were encountered during 

its excavation. In addition, surface water from the surrounding fields drains into the wetland 

during and after heavy rainfall events (Fig. 6). Natural springs may form part of the water 

supply to the wetland and to Manley Creek (Dougan, 1973). 

 

 

Figure 6. Surface water run-off into the 2013 pond on the eastern side of wetland 
area after a period of heavy rainfall (7 February 2015, A. Fisher photo). 
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Fauna 

The wetland area already provides habitat for wildlife including several mammal and bird 

species (Table 1). We observed an animal trail running along the edge of the woods on the east 

side of the creek and along the eastern edge of the wetland, suggesting habitual use by wildlife 

and supporting the viability of the area as a wildlife refuge. 

 

Table 1. Animal species observed by visitors to the wetland over the past 3 years (NWPS, pers.com.). 

Common Name Scientific Name 
Black-tailed deer Odocoileus hemionus columbianus 
Raccoon Procyon lotor 
River otter Lontra canadensis 
Black bear Ursus americanus 
Muskrat Ondatra zibethicus 
Belted kingfisher Megaceryle alcyon 
Red-tailed hawk Buteo jamaicensis 
Coopers hawk Accipiter cooperii 
Bald eagle Haliaeetus leucocephalus  
Osprey Pandion haliaetus 
American robin Turdus migratorius  
Black-capped chickadee Poecile atricapillus 
Bushtit Psaltriparus minimus 
Cedar waxwing Bombycilla cedrorum 
Snow goose Chen caerulescens  
Marsh wren Cistothorus palustris 
Red-winged blackbird Agelaius phoeniceus 
Canada goose Branta canadensis 
 

Flora 

The predominant vegetation in the wetland area includes cattails (Typha spp.), hardhack 

(Spiraea douglasii) and reed canary grass (Phalaris arundinaceae).  

 

We observed the following plants either within the wetland area or the riparian zone of the 

inflow and outflow creeks within 10 m of the wetland. 
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Table 2. Plants observed within the wetland area or nearby riparian zone in November 2014. 

Native/Invasive Common Name Scientific Name 
Native Bracken fern Pteridium aquilinum 
 Cattail Typha latifolia 
 Douglas-fir Pseudotsuga menziesii 
 Hardhack Spiraea douglasii 
 Horsetail Equisetum arvense 
 Nootka rose Rosa nutkana 
 Red alder Alnus rubra 
 Red osier dogwood Cornus stonifera 
 Rushes Juncus spp 
 Salal Gaultheria shallon 
 Snowberry Symphoricarpos albus 
 Sword fern Polystichum munitum 
 Trailing blackberry Rubus ursinus 
 Western red cedar Thuja plicata 
 Willow Salix spp 

Invasive Canadian thistle Cirsium arvense 
 Himalayan blackberry Rubus discolor 
 Reed canary grass Phalaris arundinaceae 
 Scotch broom Cytisus scoparius 
 

2.3 Consultation with Stakeholders 

On 12 February 2015, we met with members of NWPS to discuss the wetland restoration 

project and how it relates to the larger plan for Manley Farm. The NWPS team included Ann 

Peters, Executive Director; Kristine Krynitzki, Executive Assistant; and Connell Bradwell, 

Vancouver Island Educator. The meeting discussion provided valuable background information 

and clarification of roles and responsibilities for the wetland restoration project. 

 

In British Columbia, the Water Act states that ownership of water is vested in the Crown. Any 

modification to the nature of a stream including the land, vegetation, natural environment or 

flow of water within the stream requires written approval from the Resource Stewardship 

Division of the B.C. Ministry of Forests, Lands and Natural Resource Operations (B.C. MFLNRO, 

2015).  
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The Manley Farm wetland restoration project does not include work within Manley Creek, but 

does require Section 9 approval because the wetland drains directly into the creek. The 

provincial ministry will consult with other jurisdictions as necessary as part of the review of the 

Section 9 application. These consultations may include the federal Ministry of Environment, 

Department of Fisheries and Oceans, First Nations, and regional and local governments.   

 

Requirements of the Section 9 approval obtained for 2015 and 2016 include installation of 

groundwater monitoring wells at the wetland restoration site, prohibition of dredging on the 

west side of the wetland area, preparation of a restoration and invasive species management 

plan by a registered professional biologist, and supervision of the work by a qualified 

environmental professional.  
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3. Site Stressors 
Site stressors include overgrowth of vegetation due to excessive nutrient input to the wetland, 

invasive plants (particularly reed canary grass), and over-browsing by deer and Canada geese.  

 

3.1 Overgrowth of Vegetation Due to Excess Nutrient Input 

The wetland area was once entirely open water, but is now densely vegetated. This vegetation 

overgrowth is presumed to have occurred due to nutrient and sediment input from farming 

activity over the past 150 years. Surplus nutrient input from the nearby golf course may also be 

contributing to vegetation overgrowth. The lack of open-water habitat within the wetland 

decreases its value for wildlife, since it cannot be used by waterfowl or breeding amphibians.   

 

We have not measured nutrient levels in the wetland, and it is likely they fluctuate in response 

to fertilization events. Amphibians are sensitive to levels of nitrate, nitrite and ammonia, with 

15-day LC50s lower than 2 mg N-NO3/L (Marco et al., 1999), and a 96-hour LC50 of  

13.6-39.3 mg/L N-NO3; these levels are commonly exceeded in agricultural areas (Hecnar, 

1995). Nutrient input to wetlands also has a deleterious effect on plant communities, and 

favours the growth of invasive plants such as reed canary grass. Community diversity and 

evenness of native sedge-meadow plants decrease with increased nitrate input (Green and 

Galatowitsch, 2002).  Monitoring of nitrogen and phosphorus will be initiated prior to 

excavation.   

 

3.2 Invasive Vegetation 

Four invasive plant species have been identified within the wetland area: reed canary grass, 

Himalayan blackberry, Scotch broom and Canada thistle. The latter three species are not 

abundant at the wetland and are at an early stage of invasion where manual removal could 

prevent them from becoming established.  

 

The most abundant invasive plant in the wetland area is reed canary grass. Reed canary grass is 

a rhizomatous, cool-season, sod-forming perennial grass that is widely distributed in northern 

temperate regions (Hovick and Reinartz, 2007; Lavergne and Molovsky, 2004). Reed canary 

grass grows well in moist soil, is tolerant of flooding, is a prolific seed producer, and also 

spreads through its rhizomes. This makes it a common invasive in wetlands where it can 
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quickly form dense monocultures that will last for decades (Paveglio and Kilbride, 2000). The 

soil disturbance that occurs at wetland restoration sites makes them particularly vulnerable to 

invasion by reed canary grass (Kettenring and Adams, 2011). 

 

There is debate over whether reed canary grass is native to North America (Maurer and Zedler, 

2002; Hovick and Reinartz, 2007), but paleoecological evidence shows that it was not present 

on Vancouver Island prior to European settlement (Townsend and Hebda, 2013).  

 

Native wetland plants such as sedge (Carex spp.) are generally not able to outcompete reed 

canary grass (Budelsky and Galatowitsch, 2000). Native wetland plants are adapted to low 

nutrient levels (Zedler, 2000), but many wetland systems have high nutrient input from nearby 

agricultural fields. Suppression of native sedge meadow species by reed canary grass is greatest 

under high nitrate loading (48 g/m2/year; Green and Galatowitsch, 2002). Maintaining 

inorganic nitrogen at less than 30 mg/kg in the soil may allow sedge meadow communities to 

suppress invasion by reed canary grass (Perry et al., 2004). 

 

While reed canary grass is undesirable because it decreases the species richness and structural 

complexity of the plant community (Lavergne and Molofsky, 2004), its effects on animal 

communities are mixed. A study in Illinois that compared many wetland sites with varying 

degrees of reed canary grass invasion found that reed canary grass decreased the diversity and 

abundance of Homopteran insects and altered the species composition but not the diversity or 

abundance of small mammals. The diversity and abundance of birds and of arthropods overall 

was not affected by the presence of reed canary grass (Spyreas et al., 2010).  

 

3.3 Over-browsing of Vegetation by Deer and Canada Geese 

We observed Canada geese (Branta canadensis) every time we visited Manley Farm from 

November 2014 through April 2015, indicating that this is a resident rather than migratory 

population. They have been present in large numbers in the fields adjacent to the wetland (up 

to approximately 500 individuals) as well as in the wetland pond (up to approximately 

50 individuals). In March and April 2015, the grass in the area immediately east of the 2013 

pond was grazed down almost to the ground (Fig. 7) and erosion was occurring where the 

geese enter the pond (Fig. 8). On Vancouver Island, Canada goose grubbing and grazing 

behaviour has been associated with the decrease of wetland vegetation (Dawe et al., 2004). 
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Figure 7. Heavy grazing by Canada geese in field immediately east of the 2013 pond 
(C. Acuna photo). 

Figure 8. Soil erosion where Canada geese enter the 2013 pond (C. Acuna photo). 
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Black-tailed deer can also have negative effects on native plants around the wetland, as they are 

capable of consuming 5 kg of vegetation a day and are overabundant on Vancouver Island 

(Webber et al., 2012). 
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4. Project Goals and Objectives 
The goals, objectives, and activities for the Manley Farm wetland restoration project are 

outlined below. 

Goal 1: Increase wildlife habitat and biodiversity 

Objective 1.1 Create open-water habitat 

 • Establish a complex of 3 ponds in the wetland area 

Objective 1.2 Manage invasive vegetation  

 • Prevent invasive plants from establishing on disturbed soil after 
wetland excavation through manual removal, covering with 
geotextile and shading. 

Objective 1.3 Establish native plants 

 • Plant 200 native wetland plants in the wetland area over the 
next 5 years.  

o Plant rushes and sedges immediately after excavation. 

o Plant shrubs after removal of reed canary in 3 years. 

Objective 1.4 Provide habitat enhancements  

 • Provide habitat enhancements for amphibian and bird species, 
including 50 pieces of woody debris and 15 nest boxes, 
immediately after excavation. 

 • Develop and initiate a monitoring program for flora and fauna in 
the wetland area and reference site to assess the success of 
habitat enhancements the following spring after excavation. 

  Goal 2: Inform and educate the public about wetland restoration 

Objective 2.1 Increase public awareness about wetland restoration  

 • Install on-site signage within view of the wetland area to 
describe the restoration project before excavation. 

 • Conduct two public information sessions about the wetland 
project in the spring and summer of 2015 prior to excavation 
work.  

 • Maintain the online presence for the project on the NWPS 
website and social media 

Objective 2.2 Provide educational opportunities for schoolchildren  

 • Through the existing NWPS educational program, have at least 3 
school groups visiting the site in the 2015-16 school year. 
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5. Implementation  

5.1 Create Open-water Habitat 

We propose excavation of small areas within the wetland to create open-water habitat to 

increase the habitat diversity in the wetland. Based on the success of excavation in creating the 

2013 pond, it is reasonable to expect that further excavations will hold water.  

 

The original plan for the wetland restoration was to transform the wetland area into a large 

pond with an island in the middle. Excavated material would have been piled in the center of 

the wetland to create the raised island. However, this plan was proven to be unfeasible during 

the 2013 excavation because the excavator had problems staying afloat above the wet ground, 

even when supported by logs. Digging was slow and complicated, with only 1400 m2 of open 

water created over the course of three days. In addition to the logistical constraints of 

conducting a large excavation, the 2015 Section 9 approval only allows for an area of 2000 m2 

to be excavated. 

 

Therefore, we propose that open-water habitat be created with a small complex of 

interconnected ponds (Fig. 9). Smaller ponds will be easier for the excavator to create than a 

large pond given the soft ground. Although there will be a smaller total area of open water than 

the original plan, a complex of ponds spaced around the wetland area with differing depths, 

hydroperiods and littoral zones will provide amphibian breeding habitat in both wet and dry 

years (Semlitsch, 2002; Rannap, 2009). Such habitat diversity has been shown to benefit the 

persistence of amphibian populations (Petranka et al., 2007). Smaller ponds will also prevent 

destructive Canada geese from using the wetland area because they need longer distances for 

taking off and landing. Small canals will join the ponds together to provide habitat connectivity 

and improve water flow within the wetland. 

 

The site will be surveyed and marked with flags to indicate the location and approximate 

dimensions of each of the ponds. An excavator will be used to dig depressions that will fill with 

groundwater to create open-water wetland ponds. The excavation will occur in the late summer 

when drier ground will allow the excavator better access to the site. Two sets of swamp pads 

will be used to support the excavator on the soft ground and prevent it from sinking.  
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Figure 9. Proposed location of ponds and interconnecting canals within the restored 

Manley Farm wetland. (Image adapted from Google Maps) 

 

Ponds 1 and 2 in the interior of the wetland will be excavated first. While the excavator is 

working here, the western edge of the 2013 pond will also be gradually sloped to match the 

eastern shore where feasible. This activity was not completed in 2013 as the excavator had 

difficulty accessing that area of the wetland.  

 

The bottom topography of the ponds will be varied with a gentle shoreline slope of about 10% 

(Biebighauser, 2011). The 2013 pond was dug to a maximum depth of 1.5 m and retained water 

to a depth of about 0.5 m during the dry summer of 2014. The depths of the new ponds will be 

above the late summer water line so that the ponds will be ephemeral. These depths will be 

determined using the data obtained from groundwater monitoring. The canals connecting the 

ponds together will be 0.5 m wide and 0.25 m deep. Table 3 details the size of each pond 

relative to the 2013 pond. 
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Table 3. Size of ponds to be created. 

Pond Relative size to 2013 pond 

1 25% 
2 25% 
3 75% 

 

The locations and orientations of the three ponds will allow for future excavator access. 

Excavated material will be piled to provide a raised access route for an excavator in case further 

excavation is needed because of future infilling (Fig. 10). 

Figure 10. Location of piled excavated material to provide access route for excavator. 

 

Small mounds will be created with excavated material to create habitat diversity within the 

larger wetland area. The hummocky terrain created by these mounds should also deter Canada 

geese, which prefer long sight and flight lines.  

 



2015 Manley Farm Wetland Restoration and Habitat Enhancement Plan   
   

26 April 2015  20 

After excavation is completed, a quick growing fall rye seed mix will be sown to impede invasive 

plant growth and reduce erosion. Exposed soil will then be covered with straw to further 

prevent erosion. 

 

The fields adjacent to the wetland are spread with manure for farming purposes. This may 

result in excess nutrients entering the wetland and stimulating plant growth, which could 

eventually result in the excavated ponds filling in again. Jeff Shatford from the Ministry of 

Forest, Lands and Natural Resources recommended the establishment of a vegetation buffer 

zone (manure-free zone) between the farmed fields and the wetland ponds, stating that “the 

vegetation and (good) bacteria they support in the soil act as a natural filter to protect the 

water from all the bacteria in the manure.” The buffer zone will also decrease nutrient input to 

the ponds. Amphibians will benefit from the buffer zone too, as they require terrestrial habitat 

during their non-breeding seasons. By placing the new ponds further into the interior of the 

wetland area, the existing wetland vegetation will provide a buffer zone between the new ponds 

and the farmed field. 

 

5.2 Manage Invasive Vegetation  

Reed canary grass is by far the most abundant invasive plant species in the wetland, covering 

about 50% of the area according to a visual inspection. In some areas the reed canary grass is 

growing as a monoculture and in others it is growing interspersed with native vegetation. It is 

not possible to remove reed canary grass from where it is intermixed with native vegetation 

without damaging the native species and causing soil disturbance that could result in an 

increase in invasive vegetation. For these reasons, reed canary grass will not be removed from 

the wetland area as a whole. However, it is possible to treat monocultures of reed canary grass. 

 

Techniques to remove reed canary grass include flooding, manual removal, tarping, removal 

and replacement of topsoil, cultivating, mowing, reverse fertilization, controlled burns and 

application of herbicides (Annen et al., 2005). Control of reed canary grass requires a multi-

season management strategy, and the success of removal techniques depends on site factors 

such as the size of the seed bank, local hydrology, the frequency and severity of disturbance 

regimes and the potential for recolonization (Adams and Galatowitsch, 2006).  
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The most successful method of reed canary grass control which has been tested in the American 

Midwest and the Pacific Northwest is a combination of herbicide (typically glyphosate) and 

plowing or discing (Adams and Galatowitsch, 2006; Hovick and Reinartz, 2007; Kilbride and 

Paveglio, 1999). However, this treatment did not consistently allow re-establishment of native 

plants and there was often no improvement in native plant cover, density or biomass (Paveglio 

and Kilbride, 2000; Kettenring and Adams, 2011). Use of herbicide is not an option at the 

Manley Farm wetland because glyphosate cannot be used in B.C. within 1 m of a watercourse. 

Herbicides also have negative effects on native plants (Kettenring and Adams, 2011), and may 

cause water toxicity, modify water chemistry, pH and nutrient status, and modify bacterial 

populations (Lavergne and Molofsky, 2006). Glyphosate has been shown to have toxic effects on 

non-target organisms in the aquatic environment and may act as an endocrine disrupter in 

mammals (Webster et al., 2014).   

 

The use of annual cover crops on freshly bare soil to deter invasion of reed canary grass has had 

varying success, but the method is not considered a promising restoration technique because 

any species vigorous enough to outcompete reed canary grass will typically also prevent the 

establishment and growth of desired native wetland plants (Perry and Galatowitsch, 2003).  

 

Reed canary grass is not tolerant of shade and can be discouraged by establishing taller woody 

plants. A study in Wisconsin found that there was a 14% survival rate of woody plants planted 

into an untreated stand of reed canary grass, but the survival rate increased to 85% when the 

reed canary grass was treated with fall herbicide then spring plowing (Hovick and Reinartz, 

2007). Live-staking with willow at sites in the Pacific Northwest that had been mowed and 

treated with Roundup®, decreased the biomass of reed canary grass by 68% relative to 

controls in the second year of willow growth (Kim et al., 2006). 

 

Reed canary grass can be killed by covering it with a dark, light-proof, geotextile fabric, which 

deprives the plants of sunlight and prevents germination of reed canary grass seeds (Lindig-

Cisneros and Zedler, 2001). However, the covering must remain in place for at least 3 years, 

because 2 years is not long enough to completely kill seeds and rhizomes Molofsky, 2006).  

 

Willow staking and geotextile fabric can be used in tandem. Willow branches can be staked into 

the ground in slits in the geotextile fabric at 60-cm intervals where they will take root and grow 
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through cloning (Polster, 2014). When they eventually grow to full size, the shade created by 

the willow will create conditions adverse to reed canary grass growth. 

 

In the Manley Farm wetland area, monocultures of reed canary grass have become established 

where soil excavated from the 2013 pond was deposited (Fig. 11, sites 1 and 2). For these areas, 

we will use a combination treatment of mowing to remove all above-ground vegetation, 

covering with a light-proof geotextile for several years to deter regrowth, and planting riparian 

shrubs that will eventually shade out the reed canary grass.  

 

Figure 11. Management of reed canary grass will include mowing, covering with geotextile 
fabric, and native riparian shrub planting at sites 1 and 2; and mowing, covering with 
geotextile fabric and willow staking at site 3. (Image adapted from Google Maps) 

On the eastern edge of the 2013 pond (Fig. 11, site 3) reed canary grass will be mowed then 

covered with geotextile mats. Branches will be cut from the willow trees in the south end of the 



2015 Manley Farm Wetland Restoration and Habitat Enhancement Plan   
   

26 April 2015  23 

wetland and staked through small slits cut in the mats. The fully grown willows will provide 

shade to deter the growth of reed canary grass. The woody shrubs will also provide a barrier 

against geese entering the pond as well as screening cover for wildlife from pedestrian and 

vehicular traffic on the road bordering Manley Farm to the east. The willow cuttings will be 

surrounded with high fencing until the plants are well established to prevent overgrazing by 

deer. 

 

Pond excavation will create additional exposed soil that will be at risk of colonization by 

invasive plants from within the seed bank, transport of seed from surrounding areas and 

spreading reed canary grass rhizomes. To prevent colonization by invasives, geotextile fabric 

will be laid on exposed soil and native plants and/or willow stakes will be inserted into slits in 

the fabric.  

 

Scotch broom, Canada thistle, Himalayan blackberry and any other invasive plant species will 

be manually removed whenever they are encountered.  

 

5.3 Establish Native Plants 

Shoreline and submerged vegetation provides refuge zones for amphibians (Brown et al., 2012). 

Ponds with greater vegetation complexity have been shown to have more amphibian egg 

masses (Egan and Patton, 2004). Because water levels fluctuate over the year, different plants 

are adapted to different zones depending on their water tolerance. Planting a variety of native 

species along the elevation gradient from upland area into the continually submerged wetland 

will ensure adequate cover for amphibians.    

 

Native wetland or riparian plants will be planted after excavation along the shoreline of the 

excavated ponds and in other areas of the wetland. Species to be planted will include those 

listed in Table 4. 
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Table 4. Species to be planted for wetland restoration. 

Common Name Scientific Name 
Inflated sedge Carex exsiccata 
Slough sedge Carex obnupta 
Tufted hairgrass Deschamsia cespitosa 
Common spikerush Eleocharis palustris 
Common rush Juncus effusus 
Twinberry Lonicera involucrata 
Douglas’ aster Symphytotrichum subspicatum 
Willow Salix spp 
 

Most of the plants in the wetland are bull rushes, hardhack, willow and other shrub species. 

Creating shallow slopes on the shores of the ponds will create habitat for plants that prefer 

wetter conditions. These plants, such as rushes and sedges, will be planted close to the summer 

water line (<1 m), and so may be underwater in the fall and winter (Fig. 12). This area close to 

the water line is mostly free of invasive reed canary grass, suggesting reed canary grass does 

not grow well in the wetter areas of the Manley Farm wetland. The native plants will be planted 

immediately after excavation to decrease the risk of being outcompeted by invasive species and 

to suppress invasive growth. 

 

 
Figure 12. Planting diagram where rushes and sedges will be located in reference to summer and fall/winter 

water lines. 
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Shrubs that prefer drier sites will be planted further upslope from the water. After the 2013 

excavation, drier areas away from the water line became overgrown with reed canary grass 

within a year, thus native plants have a higher risk of being outcompeted by invasive species in 

upslope areas. These areas will be mowed to remove standing reed canary grass then covered 

with a light-proof geotextile fabric for at least 3 years. Holes will be cut in the fabric where 

shrubs can be planted so they can start to establish themselves while the reed canary grass seed 

and rhizomes are killed underneath the fabric. Further planting of shrubs will occur after 

removal of the geotextile fabric. 

 

In 2013, approximately 70 native plants, including inflated sedge, common rush, twinberry and 

Douglas’ aster were planted along the eastern edge of the 2013 pond. Almost all of these plants, 

except for the rushes near the water line, were dead by the spring of 2014, presumably due to 

herbivory by deer and geese. Any future plantings will need to be surrounded with fencing to 

prevent browsing by both deer and geese until the plants are established enough to withstand 

browsing. To be cost effective, fencing should surround groups of plants rather than individual 

plants. However, fenced areas must also be small enough to prevent geese from landing in them, 

and fencing must be high enough to prevent deer from reaching the plants. 

 

Amphibians require terrestrial habitat in the non-breeding season that is within dispersing 

distance of their breeding ponds. California red-legged frogs travel a median distance of 150 m 

from their breeding pond to non-breeding habitat, with a maximum distance travelled of 1.4 km 

(Fellers and Kleeman, 2007). Apart from the narrow forested riparian zone along Manley Creek, 

most of the land within 150 m of the Manley Farm wetland consists of fields used for 

agriculture. Establishment of a vegetation buffer zone between the fields and the wetland area 

would improve the habitat around the wetland for amphibians while also acting to filter 

nutrients from reaching the wetland. A meta-analysis showed that wetlands with forest cover 

had greater amphibian species richness (Hamer and McDonnell, 2008), and canopy cover and 

extensive shrub cover positively influences the annual breeding effort of salamanders (Egan 

and Patton, 2004).   

 

5.4 Provide Habitat Enhancements 

Woody debris will be installed at the site, both within the water and on the edges of the pond. 

Snags with branches and stumps with roots attached will add habitat complexity, provide 
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attachment points for amphibian egg masses, and offer hiding spots for prey organisms. Logs 

will be placed horizontally near the water’s edge or emerging from the water at shallow angles 

to provide haul-outs for amphibians and reptiles wanting to bask in sunlight. Logs installed 

vertically in the open-water areas will provide perches for birds above the water. 

 

Fifteen next boxes suitable for tree swallows (Tachycineta bicolor) will be installed on the 

perimeter of the wetland site where ground is drier and more stable. Additional bird habitat 

enhancements may be performed once baseline bird surveys have shown which bird species 

frequent the site.  

 

5.5 Increase Public Awareness about Wetland Restoration and Provide Educational 

Opportunities for Schoolchildren 

The NWPS has a mission ‘to encourage respect for and preservation of wildlife and wildlife 

spaces,’ with a mandate to introduce school children and people of all ages to the wonders of 

the natural world to inspire environmental stewardship. The public is encouraged to become 

informed and participate in the restoration of the Manley Farm wetland.  

 

Educational signage describing the Manley Farm wetland restoration will be installed at the 

edge of the property along the road on its eastern border (Ratcliffe Road). Manley Farm is 

private property and not accessible to the general public, but the wetland area is visible from 

the road. The sign will explain the importance of wetlands, describe the wetland restoration, the 

wetland’s role in the wildlife sanctuary, describe how the project will benefit local residents, 

and acknowledge funding partners.  

 

We will engage local conservation groups and non-governmental organizations whose insight 

and knowledge of local plants and wildlife will be invaluable to a successful restoration project. 

In the winter of 2015, a presentation was given to members of the Victoria Natural History 

Society to inform people of the restoration efforts and to recruit volunteers to aid in biological 

surveys on the farm. The Victoria Natural History Society and Cowichan Valley Naturalists have 

been asked to participate in the biological monitoring of the wetland.  
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A public information session was held in Cobble Hill in the summer of 2013 to inform the 

neighborhood of the plans for Manley Farm and to seek public input. Another presentation is 

planned for the Cowichan Valley area to inform local residents and other interested parties 

about the wetland project.  A press release will be sent out to local community newspapers 

informing the public about the restoration activities. 

 

Information describing the restoration project and its benefits to the local ecology and 

community will be posted on the NWPS website and on social media outlets. This information 

will be updated as the project develops. 

 

The Manley Farm wildlife sanctuary provides an opportunity for hands-on learning experiences 

for school children through field trips and habitat enhancement activities. Site-specific content 

about the importance of wetlands and wetland restoration and activities suitable for school 

children will be developed. Potential activities could include conducting simple water quality 

tests, removing invasive plants and planting native species. Local schools will be informed of 

the opportunity to visit Manley Farm to participate in these activities.  

 

5.6 Project Timing and Budget 

The timing of project implementation depends on funding, with approximately $52,000 

required to complete the project. A schedule of project activities is provided in Table 5 and 

detailed project budget is provided in Appendix A. 
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Table 5. Schedule of activities. 

Start Date (2015) Activity Time to Complete 
January 29 Build of groundwater monitoring wells 1 day 
February 7 Field visit for monitoring of water quality and hydrology, 

assessment of soil profile 
1 day 

February 10 Presentation of restoration plan to Victoria Natural History 
Society 

1 day 

February 12 Consultation with stakeholders 1 day 
March 7 Field visit for installation of groundwater monitoring wells, 

monitoring of hydrology and water quality, amphibian 
survey  

1 day 

April 8 Field visit for monitoring of hydrology and water quality 1 day 
April 16 Project presentation for BCIT 1 day 
April 26 Final restoration plan completed 4 months 
April  Perform bird monitoring 1 day 
May Continue monthly monitoring visits to assess hydrology and 

water quality in the pond and inflow/outflow streams  
Monthly 

May Maintain the online presence of the wetland restoration 
project on the NWPS website and social media on an 
ongoing basis 

Ongoing 

May  Develop and install on-site signage within view of the 
wetland area to describe the restoration project  

1 month 

May  Mow existing areas of dense reed canary grass and apply 
geotextile fabric  

1 week 

June  Perform bird monitoring 1 day 
Summer Hold a public information session in Cowichan Valley prior 

to excavation work 
1 day 

September  Create open-water habitat in the wetland through 
excavation of 3 ponds 

1 week 

September  Plant native plants and install fencing to protect the plants 
from browsing by deer and geese 

1 week 

September  Install 50 pieces of coarse woody debris, 15 nest boxes 1 week 
September Perform bird monitoring 1 day 
September 2015 
– June 2016 

Provide educational opportunities for schoolchildren, 
through the existing NWPS educational program 

Ongoing 

December  Perform bird monitoring 1 day 
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6. Monitoring  

6.1 Indicator Variables for Restoration Objectives 

Following are the indicator variables that will be monitored for this project. These variables 

were chosen based on relevance to improved ecosystem condition and ease of measurement. 

 

Table 6. Indicator variables for restoration objectives. 

Category Indicator variable 
Water quality Temperature, dissolved oxygen, pH, and turbidity in inlet stream, ponds 

and outlet stream 
Hydrology Groundwater depth 
Vegetation Number of native plant species present in the wetland area 
Vertebrates Bird density 

Simpson’s diversity index (1-D) for birds in the wetland area 
Frog call index 
Number of frog species 

 

6.2 Reference Site 

Reference sites are used to determine the target conditions of a successful restoration and 

whether changes to the restoration site are the result of treatment efforts or other factors such 

as climate. 

 

The reference site selected for bird and amphibian surveys is Hutchinson Lake (Fig. 13), a 

wetland within the Merilees Nature Reserve, since it reflects local natural conditions and is 

close to Manley Farm (1.5 km) (Fig. 14).  
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Figure 13. Hutchison Lake reference site on 14 November 2014 (A.Fisher, photo).   

 

Figure 14. Location of reference site relative to the Manley Farm wetland restoration site in 
Cobble Hill, B.C. (Image adapted from Google Maps) 
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6.3 Monitoring Methods 

6.3.1. Hydrology and Water Quality 

Groundwater monitoring will be conducted to determine groundwater depths throughout the 

year, especially the high water line in the fall and winter and the low water line in the late 

summer. These measurements will determine what excavation depth is required to create 

ephemeral pools. 

 

Groundwater monitoring wells were installed in the wetland on 7 March 2015 as a condition of 

Section 9 approval. These wells were made from 6 inch wide PVC pipe cut into 1.5 m lengths. 

Nine holes were drilled on the bottom end of each pipe then covered with landscaping fabric to 

prevent soil and debris from entering the pipe. A cap was securely glued to the bottom of the 

pipe to prevent groundwater from entering the pipe from the bottom and to provide a firm base 

for measuring groundwater depths. A removable cap was placed on the top of the pipe to 

prevent rainwater from entering. 

 

The groundwater monitoring wells were placed along a gradient of decreasing elevation from 

south to north and on either side of the wetland area where they can be accessed easily 

(Fig. 15). A benchmark was placed on the eastern shore of the 2013 pond by a large log that is 

unlikely to move. The base elevations of the wells in relation to the benchmark were measured 

using an engineering level (Table 7). A paste that changes color when it touches water was 

applied to a 2-m long tape and inserted into the well to determine the height of the 

groundwater. 
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Figure 15. Locations of groundwater monitoring wells. (Image adapted from Google 
maps) 

 

Table 7. Base elevations of groundwater monitoring wells in relation to benchmark. 

Groundwater monitoring well Elevation in relation to benchmark 
Northeast -0.94 m 
Southeast -0.97 m 
West -1.04 m 
Northwest -0.88 m 

 

Water quality is measured to determine how water quality changes over time (both over the 

year and pre- and post-restoration) and as it moves through the wetland area from inflow to 

outflow. Water quality data will be used to assess the suitability of the aquatic habitat for 

wildlife. 
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Water quality criteria have not been established for amphibians. Amphibians have a wide range 

of tolerance for the large changes in temperature and dissolved oxygen that are typically found 

in wetlands (Mitsch and Gosselink, 2007), and have developed adaptations that allow them to 

withstand extremes (Bickler and Buck, 2007). Characteristics of eutrophic systems such as 

elevated pH, elevated water temperature and un-ionized ammonia have been associated with 

frog embryo mortality or malformations (Boyer and Grue, 1995). Tolerance also varies between 

species. For example, a study on the dissolved oxygen requirements for hatching success in two 

ambystomatid salamanders found that one species required dissolved oxygen above 4 mg/L for 

successful hatching while the other could hatch successfully in anoxic conditions (Sacerdote 

and King, 2009). Frogs have been shown to prefer neutral pH over mildly acidic conditions, will 

die after several days of exposure to pH 5.5, and have greater susceptibility to acidic conditions 

when emerging from hibernation (Vatnick et al., 1999). 

 

Water quality (dissolved oxygen, temperature, turbidity, pH and conductivity) is measured 

using a multiparameter meter (Hanna Instruments Model HI 9828) in the 2013 pond and in the 

inflow and outflow streams of the Manley Farm wetland restoration site (Fig. 16). Data from 

these measurements will provide information on how water quality changes as water moves 

through the wetland area. At the Hutchinson Lake reference site, water quality is measured on 

the northern shore of the lake (Fig. 17).  For pH and conductivity, the meter is calibrated prior 

to each field visit. For dissolved oxygen, the meter is field calibrated at the sampling site 

according to manufacturer protocol. Sampling begins at the Manley Creek outflow and proceeds 

upstream at each pond and finishes at the inflow ditch. Two replicate measures for each water 

quality variable are recorded at each sampling location. If one set of measurements is off, a third 

replicate is taken and the two closest measurements are used. The two measurements are then 

used to calculate the average measurement for each sampling point. 

 

Turbidity is measured using a turbidity meter (LaMotte 2020we). Before each sample is 

measured, the turbidity meter is calibrated with a zero NTU control. Again, two replicate 

samples are taken at each site. If one set of measurements is off, a third replicate is taken and 

the two closest measurements are used. The two measurements are then used to calculate the 

average measurement for each sampling point.  
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Figure 16. Locations of Manley Farm restoration site water quality monitoring sites. 
(Image adapted from Google Maps) 

 

Figure 17. Location of Hutchinson Lake reference site water quality monitoring station. 
(Image adapted from Google Maps) 
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Hydrology and water quality is monitored monthly. Rainfall in the preceding 14 days at the 

Victoria International Airport is obtained to determine the extent to which hydrology 

(groundwater levels and water quality) fluctuates in response to rainfall and to inform 

comparisons of water quality results between different sampling dates. 

 

6.3.2. Vegetation 

Vegetation survey methods using RISC standards such as circular plots and transect lines were 

attempted in the spring of 2015. However, due to the soft wet ground in the wetland, we were 

unable to sample at randomly selected points or walk in straight lines without sinking into the 

wetland, making these kinds of surveys impossible to conduct.  

 

Therefore, photo monitoring is used to assess changes in vegetation at the wetland. The 

locations of the seven photo monitoring locations are shown in Figure 18. Vertical standing 

logs, large shrubs and trees are used at reference points at the edges of photos in order to keep 

the views of photos consistent over time. Only the east side of the wetland is being monitored, 

as that is the only side where vegetation treatments are planned. The stations are located on the 

edge of the wetland for accessibility. Photo monitoring for vegetation in the interior of the 

wetland using aerial photography will be investigated in the future.  
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Figure 18. Locations of vegetation photo monitoring stations. 
 

6.3.3. Birds 

Bird surveys are conducted to determine the avian fauna using the wetland. This data will aid in 

determining what habitat enhancements should be installed in the wetland area to benefit these 

species. 

 

Bird surveys are conducted at the restoration site and reference site four times per year using 

an encounter transect along the perimeter of the wetland area (RISC, 1999) (Figs. 19 and 20). 

They are conducted in April and September of each year to document migrating birds using the 

wetland as a stopover. June bird surveys are conducted to determine what species use the 

wetland to breed and raise their young. Bird surveys are conducted in December to find out 

which species use the wetland over the winter.  
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Figure 19. Transects for bird survey at wetland restoration site. (Image adapted from 
Google Maps) 

 
Figure 20. Transect for bird survey at Hutchinson Lake reference site. (Image adapted 

from Google Maps) 
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Surveyors slowly walk around the wetland at a rate of 0.5-2 km/h, stopping when appropriate 

to record data and identify birds by sight or sound. Bird species and number of individuals of 

each species are recorded. The survey is limited to birds within the wetland area. 

 

Bird density is calculated using the number of individuals encountered divided by the transect 

distance. Simpson’s diversity index (1-D) is calculated for each survey. 

 

6.3.4. Amphibians 

Amphibian surveys are conducted to show which species are present in the wetland area. 

Surveys are conducted once per year in the spring when male frogs are calling during the 

mating season and when egg masses are present in the water.  

 

The presence of calling male frogs is determined using an auditory survey at a single station 

(due to the small area), with species differentiated by their calls (RISC, 1998).  The single audio 

survey station at the Manley Farm restoration site is located at the groundwater monitoring 

well elevation benchmark. At the Hutchinson Lake reference site, the station is on the raised 

viewing platform on the north shore of the lake. Surveys begin no earlier than 30 minutes after 

sunset. A random start time is selected using a random number from 1 to 10. The survey is 

started at the randomly selected number of minutes after arriving at the station.  Observers 

listen to frog calls for 3 minutes and categorize them according to Table 8.  

 

Table 8. Frog call index descriptions. 

Frog Call Index Description 
0 Nothing. 
1 Individuals can be counted (no overlapping calls). 
2 Calls of individuals are distinguishable, but some calls overlap. 
3 Full chorus, or continuous calls, where individuals cannot be distinguished. 

 

Surveyors also walk along the shoreline of each pond and record the number and species of egg 

masses. If possible, surveyors will walk transects through the water of each pond to survey for 

egg masses or amphibian larvae. 
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6.4. Monitoring Materials 

The required materials for monitoring are listed in Table 9. 

 

Table 9. Monitoring materials. 

Monitoring Type Materials 
Hydrology PVC pipe (to make groundwater monitoring well) 

Metre stick  
Water indicator paste 

Water quality Multiparameter meter (Hanna Instruments HI9828) 
Turbidity meter (LaMotte 2020we) 

Bird survey Binoculars  
Bird identification guide 

Amphibian survey Flashlights 
Amphibian identification guide 
Auditory recording device for call playback 

 

6.5 Monitoring Schedule 

Monitoring began in November 2014. The assessment of habitat enhancements (coarse woody 

debris, nest boxes, perches) will be performed after wetland excavation is completed and 

habitat enhancements have been installed. Monitoring will continue after restoration to 

determine progress and the effectiveness of the restoration treatments. The annual monitoring 

schedule is presented in Table 10. 
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Table 10. Annual schedule for monitoring hydrology, water quality, and fauna at the Manley Farm 
wetland restoration site in Cobble Hill, B.C. 

 Hydrology and Water Quality Birds Amphibians 
January X   
February X   
March X  X 
April X X  
May X   
June X X  
July X   
August X   
September X   
October X X  
November  X   
December X X  
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7. Monitoring Results 

7.1. Rainfall  

Rainfall, especially heavy events, can impact the water quality and hydrology found in Manley 

Farm for up to two weeks. Figures 21 to 26 illustrate the daily rainfall at Victoria International 

Airport from November 2014 to April 2015. 

 

Figure 21. Daily rainfall at Victoria International Airport during November 2014. (Environment 
Canada, 2015) 
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Figure 22. Daily rainfall at Victoria International Airport during December 2014. (Environment 
Canada, 2015) 

 

Figure 23. Daily rainfall at Victoria International Airport during January 2015. (Environment 
Canada, 2015) 
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Figure 24. Daily rainfall at Victoria International Airport during February 2015. (Environment 
Canada, 2015)  

 
Figure 25. Daily rainfall at Victoria International Airport during March 2015. (Environment 

Canada, 2015) 
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Figure 26. Daily rainfall at Victoria International Airport during April 2015. (Environment 
Canada, 2015) 

 

Heavy rainfall occurred in the days before the January and February monitoring visits to 

Manley Farm. Water quality and hydrology data (next section) may have been affected by this 

precipitation. 

 

7.2. Hydrology and Water Quality  

Monitoring of groundwater depth began in March 2015 when the monitoring wells were 

installed. In March, groundwater depth appeared to follow the contours of the terrain, dropping 

in elevation from south to north (Fig. 27). There was a 30-cm difference in water depth from the 

highest well to the lowest well. In April 2015, the water table leveled out with only a 5-cm 

difference between depths. The depths recorded in March may not have been true values as 

water level within the wells may not yet have equilibrated to the surrounding water.  
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Figure 27. Groundwater depth (in metres) at the Manley Farm wetland in relation to benchmark in 
groundwater monitoring wells. 

 

Groundwater monitoring will continue monthly to capture seasonal fluctuations and determine 

high and low levels. The lowest water level obtained in late summer 2015 will be used to 

determine the depths to which the proposed ponds will be excavated, while the highest levels 

will be used to determine the slope of the pond banks. The BC River Forecast Centre has 

reported that snowpack levels on Vancouver Island are 15% of normal as of early April 2015 

(CBC News 2015). Snowpack levels at Jump Creek, the nearest drainage to Manley Farm that 

has an automated snow pillow gauge monitored by the River Forecast Centre, are at the lowest 

level on record (since 1995). Because of the record low snowpack, groundwater monitoring in 

the summer of 2015 will provide critical information on the depth to which the wetland will 

recede during drought conditions. 

 

Water quality monitoring was conducted at the wetland restoration site in November 2014, and 

January, February, March and April 2015. Water quality monitoring at the Hutchinson Lake 

reference site occurred in February, March and April 2015. 
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All temperatures recorded throughout monitoring at both the restoration and reference sites 

were within tolerance range for amphibians (Fig. 28). Temperatures in the wetland restoration 

site from inflow to pond to outflow remained fairly similar to each other in November, January 

and February. The wetland pond at the March and April visits was much warmer than the 

inflow and the outflow monitoring sites. These visits occurred on clear days when the pond was 

considerably warmed by the sun while the inflow and outflow were shaded. Like the 

restoration site pond, the reference site pond was warmed by the sun during the March and 

April visits.  

 

 

Figure 28. Water temperature in ºC at the Manley Farm wetland and Hutchinson Lake. The higher 
temperatures recorded in the 2013 wetland pond at Manley Farm and at Hutchinson Lake in March 
and April resulted from solar heating as the site visits were both performed on sunny days. 

 



2015 Manley Farm Wetland Restoration and Habitat Enhancement Plan   
   

26 April 2015  47 

Due to mechanical problems with the multiparameter meter, dissolved oxygen measurements 

were only obtained from February 2015 onwards. Over the course of monitoring, the Manley 

Farm wetland pond had higher levels of dissolved oxygen than Hutchinson Lake (Fig. 29). The 

pond also had higher dissolved oxygen readings than the inflow to and outflow from the 

wetland area.  

 

 

Figure 29. Dissolved oxygen in parts per million at the Manley Farm wetland and Hutchinson Lake. 

 

These higher oxygen levels are most likely due to atmospheric exchange of oxygen over the 

large water surface of the pond compared to the small, sheltered locations at the inflow and 

outflow sites. The Hutchinson Lake sampling location is also located at a site sheltered with 

overhanging shrubs and woody debris. It is not possible to access a more open location from 

the shore of the lake. 
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The pH levels at both the wetland restoration site and the reference site were neutral (around 

7.0) throughout most of the monitoring period (Fig. 30). The pH was slightly more acidic at the 

Hutchinson Lake reference site than in the Manley Farm wetland pond. One large difference 

occurred on the March visit when the inflow to the wetland area had a more basic pH level of 8, 

but this is likely still within acceptable limits for amphibians considering their tolerances 

(Mitsch and Gosselink, 2007).  

 

 

Figure 30. pH levels at the Manley Farm wetland and Hutchinson Lake. 

 

Turbidity varied widely at the Manley Farm restoration site between the inflow, pond and 

outflow sites (Fig. 31). Turbidity at the Hutchinson Lake reference site was lower than Manley 

Farm for the duration of monitoring as well. Turbidity was not assessed in April 2015. 
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Figure 31. Turbidity levels in nephelometric turbidity units at the Manley Farm wetland and Hutchinson Lake. 

 

In March 2015, turbidity was much higher in the 2013 pond than other sites due to the large 

presence of Canada geese stirring up sediment from the bottom of the pond. However, this 

degraded water quality did not affect Manley Creek downstream as there is no open water 

connection to the creek. 

 

7.3. Vegetation 

The following photomonitoring images (Figs. 32-37) were taken on 8 April 2015. They show the 

eastern edge of the wetland. These images will provide baseline pre-restoration condition for 

vegetation photo monitoring. 
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Figure 32.  Composite image of photographs taken from vegetation photo monitoring station 1. 

 

 

Figure 33.  Composite image of photographs taken from vegetation photo monitoring station 2. 

 

 

Figure 34.  Composite image of photographs taken from vegetation photo monitoring station 3. 
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Figure 35.  Composite image of photographs taken from vegetation photo monitoring station 4. 

 

 

Figure 36.  Composite image of photographs taken from vegetation photo monitoring station 5. 

 

 

Figure 37.  Composite image of photographs taken from vegetation photo monitoring station 6. 
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These photos show areas of reed canary grass monocultures where soil was disturbed in the 

2013 excavation. Closer to the water, rushes are present and seem to be outcompeting reed 

canary grass. The rest of wetland is a mix of bulrushes and hardhack interspersed with reed 

canary grass.  

 

These images will be compared to photos taken at the same spots with the same views after 

excavation of new ponds is complete and then after 5 years to determine if the invasive plant 

management plan is succeeding.  

 

7.4. Bird Surveys 

Bird surveys were conducted on 13 February 2015 at both the Manley Farm restoration site 

and the Hutchinson Lake reference site (Table 11). On this day, species observed, individuals 

observed, and Simpson’s diversity of index were all much higher at the restoration site than the 

reference site. This was unexpected since numerous birds had been observed on earlier 

non-monitoring visits to Hutchison Lake. Further monitoring will show whether this difference 

was an anomaly. 

 

Table 11. Bird survey summary from restoration and reference sites. 

Date Number of 
species observed 

Number of 
individuals observed 

Density (bird/m) Simpson’s Index 

Manley Farm Restoration Site (603 m transect) 
13 Feb 2015 8 51 0.085/m 0.70 
Hutchinson Lake Reference Site (480 m transect) 
13 Feb 2015 2 9 0.019/m 0.49 
 

This bird survey was conducted in February as pilot survey to determine the feasibility of the 

survey design. Future surveys will be conducted at the times stated in the monitoring schedule 

(Table 10). 

 

Bird surveys will continue into the future to determine if restoration treatments are affecting 

bird abundance and biodiversity. 
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7.5. Amphibian Survey 

A frog call survey was conducted on 7 March 2015 at both the restoration and reference sites. 

Only Pacific chorus frogs (Pseudacris regilla) were heard (Table 12). More frogs were heard at 

Manley Farm than at Hutchinson Lake. No amphibian egg masses were found in the spring of 

2015. 

 

Table 12. Frog call survey data. 

Date Number of species observed Call index* 
Manley Farm Restoration Site 
13 Feb 2015 Pacific chorus frog 2 
Hutchinson Lake Reference Site 
13 Feb 2015 Pacific chorus frog 1 

*  Call index descriptions are provided in Table 8. 

 

These surveys only uncovered one amphibian species. But many more amphibians are known 

to inhabit the region. More intensive amphibian surveys will be needed to determine the true 

diversity of amphibians in the wetland area. 
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8. Future Considerations 
Ongoing monitoring is needed after the excavation of ponds in the summer of 2015 to 

determine whether project objectives have been met and to assess project success.  If 

restoration objectives are not being met, advice will be sought from local wetland and 

restoration experts to determine alternative methods for achieving goals.  

 

More biological monitoring is needed to determine the abundance and diversity of organisms in 

the Manley Farm wetland, especially for vegetation, amphibians and invertebrates. NWPS may 

host a BioBlitz at Manley Farm, an intense 24-hour survey in which local expert volunteers 

attempt to identify all the species living within a specified area. 

 

With farming activities continuing, there is a danger of sediments and high levels of phosphorus 

and nitrogen entering the ponds, perpetuating the problem of vegetation overgrowth. Before 

the excavation of the new ponds, phosphorus and nitrogen sampling and analysis must be 

conducted to determine baseline nutrient levels. These surveys must be continued after 

restoration treatments and should be timed to assess changes in nitrogen and phosphorus 

levels in the wetland ponds in response to field and golf course fertilization events.  

 

Currently, the farm fields extend right to the wetland area. When the current farming lease 

expires, new agreements should be explored that move farming activities further away from the 

wetland. This would allow the creation of a 10 – 15 m riparian buffer zone that would serve a 

variety of purposes including intercepting nutrients and sediment from the farm fields, 

providing security cover for wildlife, providing terrestrial habitat for amphibians, and 

discouraging Canada geese from entering the wetland. 

 

American bullfrogs (Lithobates catesbeianus) are a voracious invasive species that prey on 

native amphibians. No American bullfrogs have been observed in the Manley Farm wetland area 

but they are present in the Cowichan Valley (Jancowski and Orchard, 2013) and could disperse 

to Manley Farm. The 2013 pond held about 0.5 m of water in the dry summer of 2014. This 

would provide breeding habitat for American bullfrogs, which require permanent pools (Gahl et 

al., 2009). Because native frogs do not require permanent pools, an earlier adaptive 

management plan for the Manley Farm wetland suggested installation of a dam at the north end 
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of the wetland with an outflow pipe into Manley Creek so that the wetland could be drained 

after the native amphibian breeding season was completed.  This would prevent bullfrogs from 

becoming established at the site. However, the 2015 Section 9 Water Act approval does not 

allow work to impact the main stream channel of Manley Creek. Local wetland and amphibian 

experts must be consulted to determine an alternative strategy to combat American bullfrogs if 

they do appear at the Manley Farm wetland.  
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Appendices 
Appendix A.  Project Budget for Restoration of Manley Farm Wetland 

Item Units Rate Quantity Cost 

     Pond Excavation     

Excavator hour $135 40 $5,400 

Transport of excavator to site   $135 2 $270 

Swamp pad/rig mat    $2,000 

Transport of swamp pad trip $1500 1 $1,500 

Registered professional biologist day $600 5 $3,000 

     Habitat Enhancements     

Mowing of weed canary grass hour $30 98 $2,940 

Large woody debris piece $100 15 $1,500 

Transport of large woody debris    $1,000 

Native wetland plants plant $12.50 ~200 $2,500 

Transport of plants    $500 

Wetland/riparian seed mix    $100 

Fencing to protect plants from deer metre $3 100 $300 

Straw bales bale $10 40 $400 

Bird and bat boxes box $30 15 $450 

Nesting platforms box $300 2 $600 

     Site Monitoring and Maintenance     

Groundwater monitoring wells well $50 6 $300 

Motion cameras  camera $150 3 $450 

Shovels and other tools tool $30 5 $150 

Water quality test kits kit $33.33 3 $100 

Binoculars for bird surveying piece $100 2 $200 

     Administrative     

Government permit applications application $300 1 $300 

Operational management support (NWPS) hour $18 400 $7,200 

Monitoring and site support  person-day $125 84 $10,500 

Restoration plan hour $20 50 $1,000 
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Item Units Rate Quantity Cost 

Ferry  return trip $180 12 $2,160 

Fuel costs (12 trips at 150 km per trip) km $0.53 1800 $954 

Accommodation night $100 12 $1,200 

Per diem day $51.50 12 $618 

     Public Outreach     

Signage/infographics    $3,000 

Volunteer snacks and drinks    $158 

Bus transportation for class  trip $500 3 $1,500 

     TOTAL    $52,150 

      

 

 


