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Abstract 

 The complexity of the forest floor in the pacific coastal forest is largely 

dependent on coarse woody debris and light transmitting though the forest canopy for 

promoting understory plant growth and diversity. The purpose of my study was to test the 

importance of coarse woody debris (CWD) and canopy light transmission to habitat 

quality for Keen’s mouse (Peromyscus keeni keeni) in young riparian forest stands (60-70 

years) one year following the creation of small canopy gap openings (.03ha). Abundance, 

demography (age and sex), and body condition (weight) of the Keen’s mouse were 

studied by mark-recapture live-trapping over a 2-year period – one year pre- and one year 

post-treatment.  Two watersheds – Powrivco and Sandy Creeks - were selected for this 

study on Lyell Island in Gwaii Haanas National Park Reserve.    

At the scale of the home range (~1 ha) Keen’s mice showed no short-term 

response to small canopy gap treatments which did produce increases in CWD volume 

and piece length, significantly so at sites in Sandy Creek (p=<0.05).   Canopy light 

transmission did not change after treatment, even in Sandy Creek where restoration 

treatments significantly reduced stem density (p=0.001). Keen’s mice were more 

abundant and larger in the second growth riparian forest of the Powrivco watershed than 

Sandy Creek, likely due to higher structural complexity and a large deciduous canopy 

component. 
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Introduction 

Background 

Riparian forests are among the most species rich, productive, and dynamic 

ecosystems, and are recognized for their uniqueness and intrinsic value as wildlife habitat 

(Pollock, Beechie, Chan, & Bilby, 2005).  In valley bottoms, pacific coastal streams are 

often shaped by large conifer trees and coarse woody debris (CWD) near the channel and 

can influence stream morphology and surface substrate (Hogan, 1986). Due to their size 

and slow decay rates, CWD can be part of the ecological network for decades and even 

hundreds of years (Daniels, Dobry, Klinka, & Feller, 1997). Woody structures, such as 

stumps and logs, are key structural elements used by a multitude of organisms and 

contribute to soil nutrient cycling (Maser, Anderson, Cromack, Williams, & Martin, 

1979). They provide important habitat for a variety of plant and wildlife species, improve 

water quality, and reduce soil erosion. The varying decay stages and sizes of downed 

wood are considered important for providing a continual source of nesting sites, food, and 

cover for a variety of insects (Mosley, Holmes, & Nol, 2006), birds (Mosley et al., 2006), 

and small mammals (Doyle, 1990; Darveau, Labbé, Beauchesne, Bélanger, & Huot, 

2001). 

Since the beginning of large-scale industrial logging in the 1950’s, many coastal 

riparian forests that used to cycle through asynchronous regeneration stages have been 

converted to extensive even-aged stands of young seral forest that compromise the future 

recruitment of CWD. Over time, as these large woody features disappear, several species 

dependent on them are prone to decline, thus seriously affecting vital natural processes 

and the ecological function of small coastal streams that are highly dependent on channel 
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complexity created by CWD. 

For the past three decades an increasing amount of research on maintaining or 

restoring ecosystem functions has highlighted the importance of studying population 

processes and habitat in order to gain insights into the needs of a species or population.  

Habitat selection related to resource or species conditions that enhance their fitness 

remains a poorly understood ecological process in pacific coastal forests.  Although a 

relatively modest percentage of the entire forest of Haida Gwaii, an island archipelago off 

the northwest coast of British Columbia, has been harvested, cumulative disturbance from 

clear-cut and variable retention logging has modified a significant proportion of the range 

of small mammals native to Haida Gwaii.  The challenges of managing forest resources is 

particularly intensified for insular species sensitive to disturbance and vulnerable to 

higher rates of extinction.  In Haida Gwaii, with only two endemic species of small 

mammals, there is no research available that can provide insight into habitat selection 

related to resources, and their adaptation following forest harvesting, ground preparation 

for plantations following harvesting, and introductions of invasive species.  

             In nearby Southeast Alaska, there is strong evidence that vegetative ground cover 

is important for providing shelter and food for populations of Sitka mouse (Peromyscus 

keeni sitkensis Merriam) (Hanley & Barnard, 1999a; Smith & Nichols, 2004). Despite the 

minimal ground vegetative cover usually found in young 40 to 80 year old coastal 

riparian forest, shrubs generally still persisted within the landscape in that study.  It is, 

however, not the case in Haida Gwaii, where lack of vegetative ground cover is due to the 

presence of dense populations of introduced Sitka Black-Tailed deer (Odocoileus 

hemionus columbianus  Richardson), and the absence of natural predation on deer 
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(Stockton, Allombert, Gaston & Martin, 2005).  Consequently, the absence of shrubs as 

an essential element of Keen’s mouse diet (particularly during the breeding season) and 

cover, may suggest a shift instead to other sources of food (such as arthropods, seeds and 

fungi) and cover, making the availability of downed wood even more important.  

The examination of small mammal response to restoration of previously logged 

riparian habitat can be particularly helpful for understanding the short- and long-term 

effects of managed riparian or upland forests (Carey & Johnson, 1995, Manning and 

Edge, 2004). Their high reproductive rate, relatively small home range size 

(approximately 1 ha), demographic plasticity and survivorship have made them an ideal 

group to study demography and population dynamics at different scales. Moreover, small 

mammals are known to be strongly associated with downed wood and to help sustain 

ecological processes (e.g., via dispersal of seeds and mycorrhizal fungi spores, the 

maintenance of healthy predator populations, and control of potentially harmful 

invertebrate populations).  

My study, led by Gwaii Haanas, National Park Reserve, Marine Conservation 

Reserve, and Haida Heritage Site (Gwaii Haanas), is part of a riparian restorative 

treatment and long-term monitoring program, called “Yahgudan: a Respectful Act.  

Restoring the Land and Honoring the History of Tllga Kun Gwaayaay (Lyell Island)”. 

Their main objective is to promote the story of Gwaii Haanas through conservation, 

restoration, and long-term monitoring of these affected areas of Lyell Island.  Two main 

riparian restoration activities were proposed to help facilitate the reestablishment of the 

natural structure and functions for Lyell Island watersheds: 1) improving the physical 

structure and complexity of the stream for fish habitat through strategic placement of 
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CWD in stream channels and banks, and; 2) increasing diameter growth of conifers and 

vegetative communities through a well-planned silvicultural treatments such as small 

canopy openings creation (1- to 5-tree gaps). An ecological monitoring program was 

implemented prior to and following restoration activities, and key indicators were 

selected to measure ecological changes for aquatic and terrestrial species adjacent to 

riparian zones  

Project Objectives 

My overall objectives for this study were to: 1) determine and compare the 

relative abundance of Keen’s mice (Peromyscus keeni keeni Rhoades) in young second 

growth riparian forests in two representative watersheds on Lyell Island (Gwaii Hanaans 

National Park Reserve and Haida Heritage Site); and 2) determine whether any changes 

in the population characteristics of deer mice in riparian zones are linked to changes in 

habitat quality (i.e. structural and compositional attributes such as the addition of CWD 

and canopy thinning) resulting from riparian restoration treatments. 

I investigated the effects of CWD and % light transmission under the forest 

canopy by comparing small mammal abundance between managed stands and 

undisturbed stands (controls) with a spatially and temporally structured trapping system. I 

first hypothesized that the abundance of Keen’s mouse is linked to the amount and piece 

length of CWD in managed stands.  I expected that an increase of CWD volume and 

piece length would increase habitat quality for small mammals and help compensate for 

the lack of vegetative cover from previous harvesting and introduced ungulate browsing 

in Lyell Island. Secondly, I predicted that the increase of light under the forest canopy 

would have no significant effect to Keen’s mice following low impact harvest regimes 
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(small gap openings of ≤ .3ha) in a young second growth riparian forest (60-70 years.) in 

Lyell Island.  The use of small gaps (1-5 trees) in a 60-70 years old coastal canopy forest 

may not provide sufficient light through the forest canopy to change understory 

conditions (temperature; moisture condition) one year post-treatment.  The vegetative 

cover that Keen’s mouse is known to use (for cover, travel and food) in other similar 

coastal regions will likely not recover sufficiently one year post-treatment to enhance 

habitat quality for Keen’s mice.  The pressure exerted to vegetative communities from 

unchecked ungulates on Lyell Island will also drastically limit any growth they would 

otherwise experience under natural settings found in other coastal regions.  

To test these hypotheses, I examined: 1) current stand characteristics of the 

riparian forest of Powrivco and Sandy Creeks; 2) the relative abundance, mean animal 

weight, and sex ratios of deer mice populations in response to stand manipulation in these 

two representative watersheds; 3) relationships between deer mice abundance and 

specific habitat attributes, including % light transmission through the forest canopy, as 

well as CWD abundance. 

Study Area 

The study was conducted in Gwaii Haanas National Park Reserve, Marine 

Conservation Area Reserve, and Haida Heritage Sites (Gwaii Haanas) 65 km south of the 

village of Queen Charlotte, Haida Gwaii (Figure 1).  Tllga Kun Gwaay.yaay (Lyell 

Island) is one of the largest islands of Gwaii Haanas, located on the Skidegate Plateau.  

Lyell Island was the center of a conflict between the Haida Nation, forest companies and 

the provincial government of the day over the logging practices that led to the end of 

logging in 1985 and to the creation of the Gwaii Haanas in 1987. In 1993 an agreement 
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between the Haida Nation and the Canadian government was signed and the Archipelago 

Management Board was created to co-manage the Gwaii Haanas National Park Reserve, 

and Haida Heritage Site (Gwaii Haanas). Since then, numerous projects to protect the 

ecological integrity and to preserve Haida cultural sites have been conducted. 

“Yahgudan: a Respectful Act” is part of the “Action-on-The-Ground” program that was 

announced in 2008 (Gwaii Haanas, 2008) largely funded by Parks Canada, and supported 

by other partners such as the Ministry of Forest, Lands and Natural Resources Operations 

(FLNRO), Haida Fisheries, Department of Fisheries and Oceans and the Hecate Strait 

Stream Keepers. 

 

Figure 1.  Lyell Island (Gwaii Haanas National Park Reserve, Marine Conservation Area 

Reserve, and Haida Heritage Site).  Sandy and Powrivco watersheds are located in 

Powrivco Bay.   
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Figure 2.  Sampling units in Powrivco and Sandy watersheds (Lyell Island). Sampling 

units in black are the treated sites and yellow are control sites.  Sampling units are 

respectively numbered in each watershed. 

 

Two watersheds located in the north central part of Lyell Island were chosen for 

this study: Sandy and Powrivco creeks (Figure 1 & 2).  Both are relatively small coastal 

watersheds and highly dependent on channel complexity created by CWD in order to 

sustain fish habitat. Sandy and Powrivco basins are approximately 580 ha and 412 ha in 

area, respectively (Ray & Vigneault, 2010; Pearson, 2011).  Both watersheds flow east to 

northeast with relatively gentle slopes (24 °) and rising to approximately 500 m elevation.  

My study sites were located on floodplain zones.  All candidates for treatment and 

control sites were defined within the provincial Biogeoclimatic Ecosystem Classification 
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(BEC) system as Coastal Western Hemlock Wet Hypermaritime Submontane variant 

(CWHwh1), site series 07 (high bench) and 08 (mid bench) (Green and Klinka 1994). 

Watersheds were accessible by air and water only from the ocean foreshore, and study 

sites were accessed by hiking up the main streams.  Both watersheds were chosen for 

restoration work, primarily based on their fisheries values and the relative probability of 

success in restoring them, as well as for their similar characteristics, and relative ease of 

access.  Both riparian systems were logged in the 1940’s, they are naturally regenerated, 

have similar watershed size and orientation, similar weather influences, and are also 

known to support salmon.  

Climate. 

Lyell Island is an area with generally cool summers and very wet, mild winters 

(Misty Economic Development Society, 2011). 70 to 80% of precipitation falls between 

October and April (Ray & Vigneault, 2010).  The island’s temperature, precipitation, 

sunshine, frost-free periods, and wind speed are all affected by marine water temperature, 

ocean currents, and wind patterns. El Niño and La Niña events can vary temperature by 5 

ºC and precipitation by 500 mm per year (Pridoehl, 2010).  According to the Environment 

Canada Archive (Mieds, 2011) the mean summer (May-September) and winter 

temperatures (October-April) observed between 1974 and 2007 in Sewell Inlet (close to 

Lyell Island, with a similar climate) are 12.6 and 4.9 ºC, respectively, while the mean 

summer and winter precipitation values per month are 79.1 and 151.0 mm, respectively.  
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Stand Structure. 

Old-Growth Forest Characterization. 

Large-scale natural forest disturbance is rare in the coastal temperate forests of 

British Columbia (250 to 350 y mean fire return interval) (Lertzman, Sutherland, 

Inselberg, & Saunders, 1996).  Pacific coastal forests are known to have generally cool 

summers and warm, wet winters protecting them from large-scale natural catastrophic 

events, such as fire or insect infestation.  Instead, small-scale disturbances such as wind 

throw, landslides, endemic tree disease and tree mortality shape the development of 

forest structure (Lertzman et al., 1996; Kramer, Hanse, Taper, & Kissinger, 2001)  

Consequently these natural disturbance regimes (gaps) create across the landscape a 

spatial arrangement of forest stands with multi-layered canopy (horizontal and vertical), 

while ensuring at all times sufficient light on the forest floor for smaller trees and other 

vegetation to flourish (Lertzman et al., 1996).  

Decaying wood of all sizes spatially distributed across the landscape is another 

critical natural feature found in coastal old growth forest and is a key substrate for a 

multitude of organisms.  In a study on the West Coast of Vancouver Island, canopy gaps 

were created by three mechanisms: stem-break (42.6 %); snags (33 %); and uprooting 

(24.6 %) (Lertzman et al.,1996). Stem break and uprooting generally add CWD instantly 

to the forest floor  (67 % of tree mortality).  The remaining 33% goes through a wildlife 

tree (snag) stage before falling in some state of decay, to the forest floor.  All these 

different stages of dying and decay found in snags, stumps, branches and logs provide the 

necessary nutrients for fungi (Carey & Johnson, 1995), mosses (Rambo and Muir, 1998), 
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lichens (Botting and DeLong, 2009) and other organisms to grow.  They also provide 

food, humidity, nesting sites, and cover for a variety animal species.   

Prior to logging, the stand structure and composition of Powrivco and Sandy 

watersheds were very different then what they are today.  Since none of the invasive 

species known to inhabit Lyell Island today were present then, species richness and 

structural composition would have been much more complex.  Both watersheds would 

have had a diversity of tree sizes in diameter and height, a very complex vegetative 

community, the presence of large and small snags, and a steady state of CWD input into 

the forest floor (decay rate = input rate) of different size, length and decay stage.  

Based on a 1937 air photo interpretation of both watersheds the old growth forest 

was composed of Western hemlock (Tsuga heterophylla Sarg) Sitka spruce (Picea 

sitkensis Carr) and Western Red cedar (Thuja plicata Donn). Tree height ranged from 40 

to 65 m and the average canopy gap was 30.5 %. Red alder (Alnus rubra Bong) was only 

a minor component of the old-growth stands in both watersheds (Pearson, 2011).  An 

abundant layer of shrubs and herbs would also have dominated the forest floor. 

Second Growth Forest Characteristics in Powrivco and Sandy Watersheds. 

In British Columbia clearcut harvesting was the predominant management regime 

until the Forest Practices Code (FPC) was enacted in the mid-1990’s.  Prior to the FPC, 

Crown forests were managed literally as a “tree farm” with a main objective of 

maximizing the growth and harvesting of trees.  Because of their productive sites, bottom 

valleys and riparian zones were the targeted management areas where today large 

extensive even-aged, and homogeneous stands are found.  
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This type of management was far different from the natural stand replacement 

found in Pacific coastal old growth forest.  The young dense conifer regenerating stands, 

which generally persist up to 80 years, are structurally simple and have negative 

consequences for the biological communities found on the forest floor (Deal, 2007).  

Shrubs, ferns and vertebrate species are particularly affected by the long- lasting phase of 

high stand canopy closure, (Carey & Johnson, 1995; Butts & McComb. 2000). 

The riparian stands observed in my Sandy Creek study sites were generally 

homogenous. Some sparse old growth T. heterophylla (Western Hemlock) was observed 

in one sample unit on the north side of Sandy Creek (SU #1). Tree density was relatively 

high (>500 stems /ha) P. sitchensis (Sitka Spruce) and T. heterophylla were found all 

sampling units (SUs), and A. rubra (Red Alder) was only found in SU #1 (closest to the 

ocean). 

Powrivco was a more complex system, likely as a result of a significant logging 

related landslide to the south side of the creek resulting in higher portion of A. rubra 

overstory in two of the three sampling units (SU #2 & #3), which also had codominant 

stands of P. sitchensis and T. heterophylla.  All SUs showed good overstory structure and 

tree density, with codominant stands of P. sitchensis and T. heterophylla (Muise, 2011; 

Appendix A).   

The natural understory vegetation assemblage and structure in both watersheds 

were in a depauperate state. Saplings, herbs and shrub species found on the forest floor 

were generally in a persistent browsed state.  Any vegetative refuges from persistent 

browsing were generally found on stumps and uprooted trees too high for deer to access.  
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Most saplings found on the forest floor were T. heterophylla, while Lanky moss 

(Rhytidiadelphus loreus Warnst) and Step moss (Hylocomium splendens) were the two 

predominant mosses. Herbs and shrubs persisting in my study sites were Red huckleberry 

(Vaccinium parvifolium Smith), Oval-leafed blueberry (Vaccinium ovalifolium Smith), 

Salmonberry (Rubus spectabilis Pursh), Deer fern (Blechnum spicant Smith), Foam 

flower (Tiarella trifoliata L.), Siberian miner’s lettuce (Claytonia siberica L.), Sweet-

scented bedstraw (Galium triflorum Michx), Sword fern (Polystichum munitum 

Kaulfuss), Single delight (Moneses uniflora L.), and Twayblade (Listera spp. L.). 

Anthropogenic Disturbances 

Logging. 

Lyell Island was subject to the early logging that took place during the Second 

World War, when the old growth Sitka spruce was considered the best material to use to 

construct Mosquito war planes.  Watersheds in Atli Bay and Powrivco Creek on Lyell 

Island not only provided some of the largest and best Sitka spruce for construction of war 

planes on Haida Gwaii, they were ideal sites to harvest them because of their sheltered 

bays and protected mooring sites.  

Later in the 20th century, Lyell Island became part of Timber License 27 where 

harvesting reached its apex in the mid-1980’s (Gowgaia Institute, 2007).  Substantial 

colluvial deposits in both Sandy and Powrivco Creeks were caused by uphill logging 

activity conducted between 1976 and 1986 (Davis, 1998).  These logging practices have 

resulted in extensive slope destabilization and the degradation of riparian and fish 

habitats (Pearson, 2011; Haida Fishery, 2011).  Based on watershed assessment 
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conducted between 2004-2009 (Katinic, 2007; Pearson, 2011) Powrivco Creek was one 

the most impacted systems, with substantial colluvial deposits in the lower reach of the 

fluvial system; this contributed to a stronger alder presence in this watershed. 

Introduced Species. 

Deer. 

Another important ecological shift that has compromised the forest structure and 

diversity of riparian zones in Powrivco and Sandy Creeks is associated with the 

introduction of Sitka black-tailed deer.  First introduced at the north end of Haida Gwaii 

in 1878 as a meat supply for local populations (Golumbia, Bland, Moore, & Bartier, 

2008), these unchecked ungulates have progressively established themselves across the 

archipelago’s landscape where today, only a few very remote islands are spared from 

their presence (Golumbia et al., 2008).  

Despite localized predation by humans (mostly through accessible logging roads 

only) and opportunistic predation by the endemic Haida Gwaii black bears (Ursus 

americanus carlottaea Osgood), this invasive species has managed to negatively affect 

the ecosystems of Haida Gwaii.  In Gwaii Haanas, where hunting pressure is practically 

non-existent, the deer have had an even greater impact on vegetative communities.  

It is believed through the reconstruction of browsing history on Haida Gwaii that 

Sitka black-tailed deer may have colonized Lyell Island in the 1950’s or 60’s (Vila, 

Torre, Guibal, Martin, 2004).  The severe browsing pressure exerted has not only directly 

reduced or even eliminated understory plant species but has had top-down trophic effects 

on a host of other taxa (Martin, Stockton, Allombert & Gaston, 2010).  They have been 
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found specifically to affect plant diversity, vegetation composition and structure, soil 

properties, bird assemblages, other vertebrate and invertebrate populations (Vila et al., 

2003, 2004; Allombert et al., 2005).  Their density for this region has been estimated at 

between 13 and 30 deer km-2 (Vila et al, 2003; Allombert et al., 2005).   

Both study watersheds are mainly characterized by a low percentage of ferns, 

forbs and shrub species that exist in a persistently browsed state.  It is evident that the 

presence of the Sitka black-tailed deer has had an important effect in the vegetative 

structure and affected the forest ecosystem dynamics of both riparian sites.  Stumps 

created by historical logging have predominantly been the only structures to provide 

refuge for some understory vegetation to persist over time (White, 2014).   Peromyscus 

species which are known to forage in the summer on seeds and berries (Hanley, 1996) are 

inevitably affected by deer presence on Lyell Island and likely across the Archipelago.  

Rats. 

Rats have long been associated with humans, being transported along trade routes 

from India to Europe as far back as 3000 before the common era (Harris, 2009).  Black 

rats (Rattus rattus L.) were first introduced during the European expansion to the New 

World (Harris, 2009); while Norway rats (Rattus norvegicus Berkenhout) were 

introduced later in the 19th and 20th centuries, when trade was increasing across nations 

and commercial shipping was expanding (Harris, 2009).   

Rats are very successful colonizers and exploit a wide variety of flora and fauna. 

They are voracious predators, and also feed on fruits and seeds (Drever, 2002; Harris; 

2009).  The Norway rat is the larger and more aggressive, and known to be an excellent 
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swimmer and burrower (Harris, 2009).  Based on the Committee on Recently Extinct 

Organisms database, rats have been officially alleged to cause the extinction of at least 

seven insular small mammals (Harris, 2009).  In Haida Gwaii, 18 islands have so far been 

colonized by the Norway rat and Black rat (Golumbia, 1999), Lyell Island included.  

They have been shown to prey intensively on seabird colonies nesting in burrows 

(Gaston, Golumbia, Martin, & Sharp, 2008; Drever, 1997) and to compete with other 

small mammals that use similar resources.  Research conducted on Langara Island (Haida 

Gwaii) to study the role of rats in the serious decline of seabird colonies found that 

coastal habitat, where rich protein food is readily available, had three times the density of 

rats compared to inland forest (Drever, 1997).  The analysis of stomach contents from 

rats captured in interior forest showed a high volume of Salal berries (Gaultheria shallon 

Pursh), P. sitkensis seeds, and invertebrates (Drever, 2002). 

It is unclear as to when and where rats were introduced in Haida Gwaii. It is 

believed that both were absent or in very low numbers before Osgood (1901) conducted 

his investigation on the fauna of Haida Gwaii in 1900.  In his five weeks of trapping at 

different locations along the coast and inland, Osgood (1901) did not appear to have had 

rat specimens in his collection. His report, however, mentions the presence of Norway 

rats only.  He states, “A few have escaped from ships occasionally, but in most cases each 

individual was detected and hunted down immediately, so the pest has not yet obtained a 

foothold on the islands.” (Osgood, 1901; p.32).  Black rats were first noted in 1908, when 

some escaped from a ship beached for repair (Harrison, 1925). 

 At the time Foster (1965) conducted his study on the evolution of small mammals 

of the Queen Charlotte Islands, as they were known at the time, Black and Norway rats 
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were well established and had already taken a significant toll on the fauna. Out of 45 

islands sampled in 1960-61, those that had populations of rats and that were smaller than 

Kunghit and Lyell Island had no populations of Keen’s mice.  In 1961 Foster mentioned 

that he was unable to trap the endemic P.k. prevostensis specimens on Kunghit island.  

It is also very probable that the introduced invasive Muskrat (Ondatra zibethicus 

L.), which underwent rapid population growth in the 1930’s and is now in decline 

(Gaston, Golumbia, Martin, & Sharp, 2008), may be also associated with predation by the 

more aggressive Norway rat on the islands later in the first part of the 20th Century.   

Both Norway and Black rats were observed on Lyell Island (Morin, 2010; 

unpublished; L. Wein, peronnal communication, October 31, 2014).  Similar to Drever’s 

study on Langara Island (Drever, 1997), rats were noticeably more abundant along the 

coastline than inland. Few rats were observed inland during my trapping sessions (see 

under Results section), though they were observed as far as 1.5 km inland. 

Red Squirrel. 

The red squirrel (Tamiasciurus hudsonicus Erxleben) also made its niche on Lyell 

Island and in many other parts of the Archipelago.  Five specimens were apparently first 

introduced in 1950 in Queen Charlotte City and other specimens were later released in 

other areas for silvicultural purposes (facilitating the collection of spruce cones) and as a 

source or prey for American marten (Martes americana Turton) populations (Gaston et 

al., 2008).  

Red squirrels are known to be territorial and very skilled predators. Studies 

conducted on remote islands just north of Lyell Island demonstrated that squirrel were 
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very successful in predating songbird nests (Gaston et al., 2008).  Their strong preference 

for P. sitchensis seeds increases their presence in mature conifer stands and most 

particularly in coastal riparian areas where healthy P. sitchensis is generally found.  It is 

unknown what influence red squirrels have on Keen’s mice in my two study areas and if 

interspecific interaction play an important role in Keen’s mice demography in Lyell 

island. 

Literature Review 

Population Status and Distribution 

Keen’s Mouse. 

Small mammals represent a heterogeneous group from a taxonomic point of view, 

as they include species in the Orders Insectivora and Rodentia. In the Pacific coastal 

region, P. keeni is found predominantly from Washington north to Southeast Alaska, 

while the deer mouse, Peromyscus maniculatus (Wagner), has the most extensive range 

of any North American rodent, overlapping with P. keeni on Vancouver Island and in the 

mid- and south-coasts of BC.  The range of P. maniculatus continues south along the 

Pacific Coast to the Baja Peninsula (Nagorsen, 2002).  The difference between them can 

generally be identified in the field by the tail length and the ratio of tail to head + body 

(Zheng, et al., 2003): P. keeni is larger than P. maniculatus (Hogan et al. 1993).  In most 

cases, P. keeni has a much longer tail (>100 mm) than P. maniculatus (<100 mm), which 

may be an adaptation for improving their agility under different forest conditions (Hogan 

et al, 1993; Zheng et al., 2003).  In areas where the two taxa overlap (e.g., Vancouver 

Island), P. keeni tends to use moister and more mature forests than P. maniculatus (Zheng 
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et al., 2003). 

In Haida Gwaii, the Keen’s mouse (Peromyscus keeni keeni & Peromyscus Keeni 

prevostensis Merriam) is the only native rodent, while the Dusky Shrew (Sorex 

monticolus Merriam) is the only native insectivore (Osgood, 1901; Foster, 1965).  Much 

of the local knowledge regarding distribution of Keen’s mice and Dusky shrew came 

from collections by expeditions in the early and mid-20th century (Osgood, 1901; Foster, 

1965). Until recently, their taxonomy was solely developed from morphological analysis. 

In his paper on the Natural History of the Queen Charlotte Islands, Osgood (1901) was 

the first to identify two morphologically different subspecies of mice occurring on Haida 

Gwaii, one as subspecies (P. keeni keeni) and the other as a locally distributed endemic 

subspecies known as the Kunghit Island mouse (Peromyscus keeni prevostensis).  The 

two Peromyscus subspecies were later distinguished in a Karyotipic study conducted by 

Thomas (1973) and through a combination of chromosome, allozyme, and mitochondrial 

DNA analyses by Hogan et al. (1993).  Both were recognized as distinct subspecies and 

were identified as P. keeni keeni (Keen’s Mouse) and P. keeni prevostensis (Kunghit 

Mouse) (Hogan et al. 1993).   

Species Composition, Abundance, and Habitat Association 

Species of the genera Peromyscus generally exhibit an extreme ability to adapt to 

a variety of habitat conditions including a broad range of forest seral stages (Hanley, 

1996; Taylor, 1999).  On the Olympic Peninsula (Oregon), P. keeni (including the Sitka 

mouse (Peromyscus keeni sitkensis)) are found in young forests (35-75 yrs.) (Carey and 

Johnson, 1995; Carey, 2000; Carey and Wilson; 2001), but seem to show a significant 

preference for contiguous old growth forest (1.5 to 2 times more abundant) (Songer, 
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Lomolino, & Perault, 1997; Taylor 1999).  Similar to Songer et al. (1997) and Taylor 

(1999), Carey and Johnson (1995) and Carey and Harrington (2000) found a higher 

population density of Keen’s mice in old growth forest, but more particularly in 

contiguous T. heterophylla- dominated forest stands, and generally on moister sites.  

In Southeast Alaska, some studies indicated a similar trend but found stronger 

evidence of P. keeni associated with young unthinned second growth stands, where the 

highest numbers of adults and highest minimum survival rates were observed (23-25-

year-old) (Van Horne, 1982; Smith & Nichols, 2004).  In contrast, other studies 

conducted in Alaska reveal no specific habitat preferences; P. keeni densities were similar 

in old growth and second growth forest (Hanley, 1996; Hanley and Barnard, 1999a).  The 

difference of habitat preference between these two regions suggest that without its sister 

species (P. maniculatus) P. keeni may have become more of a habitat generalist in 

Southeast Alaska, whereas in the Olympic Peninsula P. keeni populations may have had 

to become habitat specialists in sympatry with P. maniculatus (Smith and Nichols, 2004).  

Peromyscus spp. densities differ among habitats and years, and differences in 

food quality and availability have been proposed as major factors regulating population 

levels (Maser et al., 1979;Boutin 1990). Peromyscus spp. are omnivorous and strongly 

associated with biomass (Carey & Harrington, 2000; Craig, Klenner, Feller & Sullivan, 

2006).  High energy, readily digestible foods such as seeds, fruits, mycorrhizal fungi and 

arthropods appear to be consistently preferred by P. keeni in Southeast Alaska (Hanley & 

Barnard, 1999b). 
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Studies conducted on Sitka mouse foraging in Southeast Alaska within similar 

ecological habitat to Haida Gwaii confirmed a diet typically comprised of seeds, fruits 

and insects, which are strongly associated with downed wood (Van Horn, 1982; Hanley 

and Barnard, 1999b; Carey et al., 1999).  Salmonberry and Stink Currant (Ribes 

bracteosum Dougl. ex Hook.) appeared to be the preferred diet for their high protein, 

while tree seeds and leaves ranked second.  Arthropods appeared to be less favored by P. 

keeni than P. maniculatus while fungi is reported to be eaten frequently by P.keeni but 

relatively in low quantities (Hanley, 1999b). 

Small Mammal Habitat Quality. 

Association with Downed Wood. 

Downed wood has long been recognized as providing many processes of energy 

flow and nutrient cycling (Harmond et al. 1986).  In the Pacific Northwest (PNW), it is 

considered by many as one of the most important forest substrates, providing ground 

structural diversity (shelter, nesting, and runway), and increased food resources for 

vertebrates (Carey & Johnson, 1995; Carey & Harrington, 2001; Manning & Edge, 

2004).  

Results are still inconclusive as to the importance of CWD over vegetative cover 

as the most important habitat component for Peromyscus sp.  Both downed wood and 

vegetation are important habitat components for deer mice in forested habitat at different 

temporal and spatial scales or among individual animals of the same species (Carey & 

Johnson, 1995; Butts & McComb, 2000; Carey & Harington, 2000).  

In Haida Gwaii, characteristics of CWD, such as abundance, diameter, decay, 
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length and height above the ground are factors that may prove to be more important 

considering the lack of vegetative cover due to extensive deer browse.  Recent undecayed 

fallen trees are particularly used by deer mice and other small mammals for travel and 

predator avoidance (Carey & Johnson, 1995; Bunnell, Kremsater, & Wind, 1999; Wilson 

& Carey, 2000; Greenberg, 2002).  As decay progresses and bark starts peeling off the 

wood, a new niche is then available for them that provides thermal cover and security.  

When the wood advances to a later stage of decay, usually when rot has dominated the 

surface and interior of the wood, hosts of new species of insects and plants are then part 

of the substrate and used as food by small mammals (Bunnell & Houde, 2011).  

Large logs and stumps in coastal forest affect species richness (Carey & 

Harrington, 2001; Bunnell & Houde, 2011).  In the PNW some large conifer species can 

remain on the forest floor for long periods (Daniels et al.,, 1997) and provide many 

advantages.  Their larger surface area can retain more moisture and provide a more stable 

internal microenvironment for insects, fungi, bryophytes, and vascular plants to colonize 

(Maser et al., 1979; Wilson & Carey, 2000). These large substrates and those in the later 

stages of decay seem to be preferred and mostly used by small mammals (Bowman, 

Sleep, Forbes, & Edwards, 2000; Carey & Harrington, 2001; Manning & Edge, 2004; 

Kaminski, Davis, & Kelly, 2007; Fauteux, Imbeau, Drapeau, & Mazerolle, 2012; 

Fauteux, Mazerolle, Imbeau, & Drapeau, 2013) and can be particularly critical for deer 

mice in dry summer periods in natural openings following natural disturbances or 

harvesting. In their study in the PNW, Wilson and Carey (2000) found a strong positive 

relationship between large old growth stumps and Keen’s mice den sites.  

Small pieces of woody debris (branches, twigs and fine woody debris) and leaf 
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litter can also provide important functions for some insects and fungi, and can also 

provide food and/or cover for some small mammal species, such as shrews (Craig, 1995; 

Butts & McComb, 2000).  Therefore, the absence of suitable leaf/fine woody debris litter 

can potentially affect small mammal habitat suitability.  

Although these findings provide valuable insights on habitat association of small 

mammals there is limited information on insular coastal species and their responses to 

alternative silviculture practices in the PNW.  Most research has been carried out in 

Douglas-fir (Pseudotsuga menziesii Franco) forests (Sullivan, Sullivan & Lindgren, 2001; 

Suzuki & Hayes, 2003; Manning & Edge, 2004; Garman, 2005) and interior BC forests 

(Sullivan et al., 2001; Craig et al., 2006).  Variable density thinning conducted in a 

similar climatic zone in the PNW (Washington and Oregon) demonstrated an increased 

population of small mammals associated with understory vegetation and downed wood 

(Doyle, 1990; Carey, 1995; Carey & Harrington, 2001; Craig et al., 2006). However, 

critical issues for management, such as whether species have minimum requirements and 

whether other resources are substitutable for understory vegetation and downed wood 

remain unresolved.  

Relationship with Light Environment and Small Gap Retention. 

The maintenance and function of Old Growth forest structure in the PNW is 

largely influenced by small canopy gaps resulting from the mortality of one or more 

dominant trees (Lertzman et al., 1996).  Gaps provide different light intensity levels 

across the landscape, thus affecting spatial composition of vegetative structure and 

development, soil temperature and moisture levels, distribution of coarse woody debris, 

stream structure and function, species diversity, and critical habitat for wildlife (Alaback 
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1982; Lertzman et al., 1996; Franklin et al., 2002).  

 Research on the influence of forest structure on the amount of photosynthetically 

active radiation (PAR; λ = 400 to 700 nm) and the spectral quality of that light 

transmitted through different seral forest stage, shows that the amount of diffuse light 

through a midstory canopy can affect both PAR and the quality of light on the forest floor 

(Lee, Baskaran, Mansor, Mohamad, & Kheong, 1996).  Variables such as average crown 

ratio, height of the canopy, and the presence of midstory canopy can influence the 

amount and quality of diffuse light under the forest canopy and affect species 

composition accordingly.  The heterogeneity of light reaching the forest floor and the 

time-lag differences in tree and vegetation species responses to light is essentially what 

drives differences in the composition of the understory and species diversity (Lertzman et 

al. 1996; Franklin et al., 2002; Hanley, 2005).  

Small mammal species such as deer mice, that require thick vegetation and large 

woody debris, may do better in old growth stands that provide a complex vertical and 

horizontal forest structure, than in young homogenous regenerating stands (Carey, 1995; 

Carey et al., 1999; Hanley & Barnard, 1999).  By promoting the development of younger 

forest understory, herbs and shrubs through alternative harvesting systems it is possible 

for forest managers to improve the light environment under the forest canopy and to 

create diverse habitat conditions for a wider range of vertebrate species (Wilson & Carey 

2000, Sullivan et al. 2001; Hanley, 2005).  Researchers have proposed thinning at 

variable densities as an appropriate measure to provide diverse habitat conditions for 

small vertebrates (Bailey &Tappeiner, 1998, Sullivan et al., 2001; Bauhus, Puettmann & 

Messier, 2009).  
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In the context of this project, the small gap openings (≤0.03 ha) created along the 

riparian zones on Lyell Island would be expected to increase light levels and, over time, 

contribute to system productivity, diversity, function and resilience for these affected 

watersheds through the development of understories, midstories, and compositional 

heterogeneity in vegetation structures, and enhance CWD if felled trees are left in situ 

(Lertzman et al., 1996; Pearson, 2011; Curzon & Keeton, 2010).  Small gap openings 

have the potential to create diverse habitat conditions for a wide range of vertebrate 

species while maintaining attributes of mature forest habitat characteristics (Carey, 1995; 

Carey & Harrington, 2000; Carey & Wilson, 2001; Bauhus et al., 2009). 

The utilization of hemispherical canopy photos to examine forest structure 

variables (tree height, crown depth, height to the base of the live crown, estimated 

aboveground biomass) and light environment variables (leaf area index, percent full sun, 

and effective leaf area) can help elucidate how restorative treatments affect PAR 

transmittance and the biological community response over time.  

Methodology 

Sampling Procedures 

This study followed a before-after control-impact (BACI) design protocol 

(Schwarz, 2011).  Two watersheds were selected for this study and were used as a 

blocking factor where biological and environmental variables were measured in 

replicated silvicultural treatments and control sites within each block (Sandy and 

Powrivco watersheds)(Table 1).  Both riparian streams were sampled at the same time of 

the year (mid-June in Powrivco and early July in Sandy), before (2012) and after (2013) 
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the treatment occurred.  

A total of four replicates in Sandy (two controls, two treatments) and three in 

Powrivco (one control, two treatments) were established.  The number of possible spatial 

replicates was constrained by the limited availability of floodplain habitat, the required 

sampling unit (SU) size (~1 ha, average home range of Keen’s mice), and SU spacing for 

independence. SUs were located at a minimum of 200 m away of the ocean shoreline 

(Figure 2).  Replicates were selected within terrace floodplain zones (mid and high bench 

sites), of which two per watershed had restoration treatments applied and the remaining 

was used as controls (untreated) (Figure 2).  SUs consisted of a core rectangular trapping 

grid set parallel to the stream (45 m x 200 m; 0.9 ha) with a treatment buffer.  To promote 

independence of samples, all replicates were either spaced at a minimum distance of 300 

m apart, or on opposites sides of the main tributaries, which were assumed to act a barrier 

for deer mice.  A minimum of 50 m distance from any logging roads was also 

established.  

The remote locations of my study sites (by water or air), logistical constraints, 

watershed size, sampling unit size, and criteria to ensure independence of samples, 

limited the number and spatial replication of sampling units (n=7).  Logistical constraints 

also prevented temporal replication necessary to provide statistical power in a BACI 

design. Only one pre- and one post-harvest sampling session were possible (Table 2).   

The multiple research projects simultaneously conducted in both watersheds also 

created other challenges with regards to my experimental design.  The riparian restoration 

silvicultural prescriptions proposed by FLNRO and Parks Canada were assigned 
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independently after my sampling units were- established.  To evaluate influences of 

silvicultural treatments on small mammals, I a priori randomly selected replicates as 

treated and control for each block.  Sampling unit (SU) #1 in Powrivco was randomly 

selected as a treatment site but became a control since that area was assessed as a mature 

conifer stand with no treatment required (RVT5) (Figure 2). SU#2 became a treatment 

site.  The random allocation of treatments in Sandy remained intact because the whole 

watershed was overstocked canopy dominated by conifer (RVT2) and proposed for 

thinning (Appendix A).  

Table 1   

Experimental design at Lyell Island.  Paired BACI randomized block design 

 Treatment 
Control Restoration Treatment 

Watershed 

Block 

Sandy Before (n=2) After (n=2) Before (n=2) After (n=2) 

Powrivco Before (n=1) After (n=1) Before (n=2) After (n=2) 

 

Table 2 

Experimental design at Lyell Island: biogeoclimatic site series classification (CWHwh1 
variant), treatment type (see Appendix A), and sampling frequency by sampling unit in 
each watershed (Green & Klinka, 1994) 

 SUs Site Series Treatment Control RVT type 

Powrico 1 
Mid Bench 08 

High bench 07 
  Before After RVT 5 

 2 High bench 07 Before After   RVT 2 

 3 High bench 07 Before After   RVT 3 

Sandy 1 High bench 07   Before After RVT 2 
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 2 Mid bench 08 Before After   RVT 2 

 3 Mid bench 08 Before After   RVT 2 

 4 High bench 07   Before After RVT 2 

 

Restoration Treatments 

Riparian restoration encompasses a set of activities that help improve the 

ecological health of a river and its zone of influence.  The main objectives of riparian 

restoration are to enhance habitat diversity for species (e.g., fish, bear, aquatic insects, 

etc.), improve water quality (via bank stabilization, reduction of sediments and increase 

in dissolved oxygen levels) and achieve functional stream flow that does not require 

periodic human intervention (Ruiz-Jaen & Aide, 2005).  Rehabilitation of riparian 

structure and function through the placement of instream habitat structure and low impact 

silviculture treatments that encourage conifer release and understory re-establishment was 

proposed in Powrivco and Sandy Creeks and their adjacent riparian zones.  Based on the 

FREP framework, light riparian forest thinning treatments were established by FLNRO to 

mimic natural patterns generally found in old growth coastal riparian forests and to 

maintain important stand landscape level attributes over space and time.  

The silvicultural prescriptions differed slightly between the two watersheds.  The 

target density proposed for both watersheds is 400-500 stems per ha using small canopy 

gap (≤0.3ha) creation.  However, the target tree species felled and left in situ differed 

between watersheds.  Sandy was assessed as a homogenous stand, with an overstocked 

canopy dominated by conifers of approximately 700 stems ha and was recommended for 

small gap thinning throughout the system (Treatment 1 for RVT2 Overstocked Conifer, 
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Appendix A).  The priority sequence in selecting trees for removal for Sandy watershed 

was T. heterophylla and A. rubra before P. sitkensis, and codominants before dominants 

(Muise, 2011; Appendix A).  The Powrivco watershed assessment showed a more 

complex stand structure due to some windthrow and a landslide in the upper portion of 

the watershed, resulting in a more active floodplain zone and a higher proportion of A. 

rubra overstory with P. sitkensis and T. heterophylla as co-dominants.  Out of three 

vegetation types identified in Powrivco (RVT2, RVT3, and RVT5) two required 

restorative action similar to Sandy watershed (RVT2 and RVT3), while the third (RVT5) 

showed a more mature stand condition and did not require further treatment (Table 3; 

Muise, 2011; Appendix A).  In the sivilcutural prescription, A. rubra was the main target 

species for removal.  

The riparian forest treatments for both Sandy and Powrivco were applied to 

sampling units in 2012. Each SU receiving treatments had exactly 102 trees felled, 

distributed as best as possible to ensure that the dimensions of the treatment areas were 

consistent.  This included an extension of the treatment 20 m beyond both ends and 15 m 

beyond each side of the SU, to address the zone influenced by solar radiation reaching the 

forest floor across the entire grid, making the average overall dimensions of treatment 

units 75m x 240 m (1.8 ha).   

According to the FLNRO silvicultural prescription, a minimum 10 m buffer was 

required to protect the edge of the active flood plain, which subsequently led to some 

inconsistency in the dimension of the SUs treated in Sandy, where the mid-bench SUs 

were located relatively close to the stream.  SU #2 required a buffer of trees left between 

the 1st trap line and the creek and to the north end of the grid where a fish-bearing creek 
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was present. SU #3 also required a buffer area between the 1st trap line and the creek.  In 

Powrivco, treatments were successfully applied on both ends of the SUs and between the 

1st trap line and the creek, except on the east end of SU #3 where the SU came up against 

a tributary to Powrivco Creek (Figure 2).  

Small Mammal Sampling 

I conducted mark-recapture trapping to determine small mammal relative 

abundance and quantify Keen’s mouse population characteristics for all SUs before and 

after restoration treatments.  Based on most small mammal study designs for evaluating 

response to forest management, a 1-ha grid size consisting of 49 live traps spaced 14.4 m 

apart in a 7 x 7 array is generally used (Richie & Sullivan, 1989).  The 1-ha grid size is 

comparable to the average home range of deer mice and therefore suitable for this study. 

Due to the morphological characteristics of these narrow flood plain zones, one elongated 

trap grid (3 x 11 stations) consisting of 33 stations (2 traps per station; 66 traps per grid) 

was established in each SU (control and replicates), with the long axis of the grid parallel 

to the stream (Figure 3).  SUs were essentially three parallel 200 m-long transects of 11 

stations placed at a minimum of 15 m from the stream edge.  Trap stations were spaced 

20 m apart along the transect lines, while parallel transects were spaced 15 m apart with 

the first transect line 20 m from the stream edge, and extending away from the stream for 

65 m, resulting in an internal grid size of 45m x 200 m (0.9 ha).  SUs were assumed, for 

density estimates, to have a grid area of influence extending 20 m beyond their edges, for 

an effective trap area of 1.8 ha.   

For a complete understanding of treatment effects on Keen’s mice population 2-4 

trapping sessions through the growing season would be appropriate.  However, as noted 
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earlier, the remote nature of my study sites and logistical constraints limited replication in 

both space and time.  For these reasons, I attempted to conduct the trapping during the 

early summer to capture species reproductive core  (adult male and female) and before 

juvenile dispersal.  Therefore, only one trapping session was conducted during the 

summer for one pre-treatment (Powrivco: June 21-27; Sandy: June 28, July 4, 2012) and 

one post-treatment year (Powrivco: June 12-18; Sandy: July 2-7, 2013).  Two Longworth 

traps were set within 2 m of each of the 33 trap stations per sampling unit to address 

location effects and trap saturation at stations.  Traps were set near the largest piece of 

woody debris available to optimize capture probability at a trap location.  When 

necessary a wooden cover was applied to traps to prevent rain from entering and to 

provide shade from direct sun.  Traps were baited with apple, a mix of peanut butter and 

oats, and supplied with sufficient raw brown cotton batting at the back of the trap for 

insulation and bedding.  In order to reduce shrew mortality, 6 g of mealworm were also 

added to each trap (Stromgren, 2008 ).   

Traps were open for 8-hour periods each night for 6 nights.  To further minimize 

shrew mortality, Parks Canada required traps to be closed during the day, as shrews are 

day active while Keen’s mice are primary night active.  Traps were first set at 21:00 pm 

on Day 1, inspected at 5:00 am, locked open during the day and reset at 21:00 pm on 

Days 2 to 6.  Traps were cleaned, rebaited and had their sensitivity checked as needed.  

All trap-grids within a watershed were sampled simultaneously with an equal effort 

applied within each sampling unit and trap period.  The exception was 2012 when strong 

swells made it impossible to access Sandy Creek for 6 consecutive trap nights; only 4 trap 

nights were sampled in Sandy Creek grids that year.  Although a 3-4 night period during 
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which traps are baited and locked open is recommended to reduce potential avoidance of 

the traps before each trapping session (Otis, Burnham, , White, & Anderson 1978), 

logistical constraints did not allow for this in my study.  

Given the short-term duration of the study, live-trapped mice were marked in 

order to identify new captures but were not given long-lasting individual marks or tags.  

A pair of surgical scissors was used to clip a small (0.5 cm2) area of guard hair on the 

back, shoulders or hind legs. This allowed for determination of new individuals captured 

and to estimate relative abundance.  Deer mice received one or more small clips in unique 

patterns to facilitate identification of individuals for mark-recapture density estimates 

(i.e., facilitate identification of recaptures within each annual trap session) before being 

released in close proximity to where they were captured.  Marks were kept sufficiently 

small to reduce any chance of influencing thermoregulatory capabilities.  

Morphometric measurements (total length, tail length, left hind foot, left ear), sex, 

age/breeding condition, and weight were recorded for each individual (Doyle, 1995).  A 

Pesola spring scale was used in order to maintain a 0.05 g precision in my estimates. I 

classified Keen’s mice as either adult or juvenile based on weight and pelage.  The mice 

were classified as juveniles if they were <16 g and, adults if they were >16 g (Sullivan, 

1977).  Recaptured individuals were noted but not re-measured. Females were classified 

as reproductively active based on nipple size and condition.  Male breeding condition was 

not used for the analysis because of inconsistencies of properly identifying testes between 

both crews in the field. 

All trapping and handling of small mammals followed the Canadian Council on 

Animal Care Guideline (2003), the Live Animal Capture and Handling Guidelines for 
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Wild Mammals, Birds, Amphibians & Reptiles (1998) and conformed to a protocol 

approved by the UBC Animal Care and Use Committee and through Parks Canada 

Research Permit Approval (Permit #7163).  

Dusky shrews were the only bycatch species found during the trapping sessions. 

They have an extremely high metabolic rate and cannot generally withstand long periods 

of capture or handling.  To avoid any further stress, trapped individuals were recorded 

only and released immediately.  A freezer was also available on site to preserve integrity 

of all dead specimens handled in the field, and later returned to Parks Canada for future 

analysis.   

Black and Norway rats have been previously observed on Lyell Island (Golumbia, 

2004; Wein, L., personal. communication, October 30th, 2014.).  Some local studies have 

shown them to prey on avian and small mammal populations particularly during breeding 

seasons when mothers and young are vulnerable (Foster, 1965; Drever, 1997).  However, 

very little is known on their abundance inland.  For the purpose of my study I was 

interested in assessing the presence/absence in my study sites in order to find out their 

potential influence on small mammals along riparian zones.  After each trapping session I 

placed a food-based scented bait on a piece of flat wood and installed it next to a Reconix 

PC 900 Hyperfire Professional IR wildlife camera in the center of each sampling unit 

(Station 17) for a minimum of 4 days.  The camera was set so that a succession of three 

rapid infrared pictures were taken when an animal was circulating in front of the camera 

frame.  Each species was then later identified with the date and time they were observed. 
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Figure 3.  Schematic view of a sample unit and trapping design in Powrivco and Sandy 
riparian zones on Lyell Island 

Habitat Data 

Habitat characteristics were recorded before the trapping session in each SU (control 

and restoration) during both pre-and post-treatment years (2012-2013) (Table 3).  I 

measured microhabitat attributes (trap level) in a nested 2.82 m (25 m2) radius plot 

centered in 11 stations randomly selected in each SU (treated and control).  Slope, aspect 

and elevation were assessed at each plot center.  The sampling circle was divided into 

four quadrants along the four cardinal directions and visual estimates were made for each 

variable in each quadrant, and then averaged to a total percentage for analysis.  Percent 

cover was estimated for grass, forbs, moss, ferns, shrubs and trees species (<100 cm and 

>100 cm tall, respectively), litter (leaves and twigs <5 mm diameter), fine woody debris 

(twigs and branches <7.5 cm tip diameter), (cm), rock, and bare ground Leaf litter depth 

(cm) and percentage was measured at three randomly location (Kaminski et al., 2007).  

CWD (non-self-supporting downed wood >7.5 cm tip diameter) was also counted 

measured within the 2.82 m circular plot species, diameter at both ends, decay class, 

length, and angle of the piece (in °) were recorded.  Plot values were averaged to provide 

mean microhabitat attribute values for each sampling unit. 
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Macrohabitat (stand level) attributes were collected at the same 11 stations of 

each sampling unit using fixed area plots (100 m2 or 0.01ha).  Within 5.64 m from the 

plot center, live trees, snags (self-supporting standing dead >1.3 .m and ≥ than 12.5 cm), 

and stumps (self-supporting standing dead <1.3 m and ≥ than 12.5 cm) were counted.  

For each tree, snag, and stump, the following data were collected:  species (if possible to 

determine), height, diameter at breast height (1.3 m), and decomposition stage following 

the provincial wildlife tree classification system (MOFR, 2010;).  Macrohabitat 

measurements obtained were averaged to get an estimated mean per sampling unit.  For 

stem density (stems per ha) in a sampling unit, I averaged the number of live trees found 

in the 0.01 ha fixed area plots at 11stations within a sampling unit, and multiplied by 100.   

For each sampling unit I also randomly used three stations to conduct line-

intercept surveys (LIS) to estimate the volume (m3/ha) of downed wood and pieces per ha 

at the macrohabitat level.  All logs greater than 1 m in length and 7.5 cm in diameter 

crossing the intercept line were tallied, measured (length, diameter and tilt angle), and 

assigned a decay class (MOFR, 2010).  

Two equations were used to convert the line intercept and fixed plot area data into 

CWD volume estimates per unit area. A third equation was used to estimate the number 

of CWD pieces per hectare from line intercept data. 

1. Fixed area plot (microhabitat) volume (MoFLNRO, 2011) 

π
8

(dled2 + dsed2)l 

Where dled = piece large-end diameter; dsed = piece small-end diameter; l = piece length 
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2. Line intercept (macrohabitat) volume (Marshall et al., 2000) 

π2
8

L∑�
d2

cos ⋋
� 

Where L = Line length; d = diameter; ⋋= tilt angle. 

3. Line intercept (macrohabitat) pieces per ha (Marshall et al., 2000) 

 π10000
2∗L

Σ � 1
L∗cos⋋

� 

Where L = Line length; l = piece length; l = tilt angle 

 

A range of light variables was quantified through the use of hemispherical canopy 

photography (HCP).  The same 11 stations per sampling unit were used to estimate 

percent canopy openness and understory light transmission per sampling unit.  All photos 

were consistently taken at 150 cm (+/-2 cm) from the ground using a Sigma 8 mm F 3.5 

fisheye lens and a Canon 5D digital SLR (Giesbrecht, 2010; White, 2014).  Mean percent 

light transmission difference between sampling units was estimated before and after 

treatment using Gap Light Analyzer Version 2 (GLA) (Frazer, Canham, & Lertzman, 

1999; Frazer et al. 2000b).  Specific monthly variables such as elevation, latitude, 

longitude, spectral fraction, beam fraction, cloudiness index, local climate and growing 

seasons were used in GLA to provide light transmission estimates (White, 2014).   

Two different people were involved in the processing and interpretation of the 

canopy photos, one before and the other after the silvicultural treatment, but a 

methodology already established by Roburn (2003) and Giesbrecht (2010) was followed 

to maintain consistency in analyzing the data (White, 2014).  The field assistant involved 

in processing the data following the treatment year was also able to compare and calibrate 
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the processing and interpretation of the photos with the other field assistant involved the 

previous year.  

Table 3  

Habitat variables measured to characterize small mammal habitat quality on Lyell Island 

Macrohabitat variables Microhabitat variables 

Tree species (>12 cm diam.) % Cover ferns 
Tree height (m) % Cover forbs 
Tree diameter at breast height (cm) % Cover shrubs and trees (<1 m) 
Tree density (#/ha) % Cover shrubs and trees (>1 m) 
Snag species % Cover Moss 
Wildlife tree class (1-9) % Cover Grass 
Snag height (m) % Cover Litter 
Snag diameter at breast height (cm) % Cover FWD 
Snag density (#/ha) % Cover rock and bare ground 
Stump species Leaf litter % 
Stump diameter (cm) Leaf litter depth (cm) 
Stump height (m) CWD pieces (#) 
Stump density (ha) CWD species 
Stump species CWD decay class (1-5) 
CWD species  CWD diameter at both ends (> 7.5 cm) 
CWD diameter (cm) CWD length (m) 
CWD length (m) CWD volume (m3/ha) 
CWD density (pieces/ha) Hemispherical canopy photo 
CWD volume (m3/ha)  
Hemispherical canopy photo  
 

Statistical Analysis 

The statistical analyses focused on investigating the relationship between the 

habitat structure and the small mammal responses one year after restoration treatments.  I 

examined at a population level whether Keen’s mice exhibited a numeric or demographic 

change concurrent with changes in particular habitat features following the creation of 
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small gap openings in a young naturally regenerated stand.  Logistical constraints resulted 

in an unbalanced design; therefore each watershed was analyzed independently using a 

repeated measures two-way analysis of variance (ANOVA) to test for post-treatment 

differences among treatment and year.  The year term in the ANOVAs simply equated to 

before and after thinning treatment.  A significant treatment by year interaction indicated 

a treatment effect.  

Although two-way repeated measured analysis of variance was carried out on the 

data from each watershed, it was not possible to treat both datasets in identical fashion, 

due to the fact that Powrivco had only one control SU, whereas there were two at Sandy.  

Therefore, while a repeated measures analyses of variance was possible using a balanced 

design model for the Sandy data, analysis of the Powrivco data necessitated the use of a 

general linear model.  As a result of the use of the general linear model, values for 

standard error of the mean were not generated for every combination of factors at 

Powrivco. 

Statistical analyses were performed using SigmaPlot V.12.0 (Systat Software Inc., 

San Jose) and the statistical significance for all tests was p < .05 unless otherwise 

specified.  All data were tested for normality using the Shapiro-Wilk test, and equality of 

variance using Levene's test.  The assumption for normality was met for most variables 

examined, but the assumption of equality of variance failed in most cases.  In such case, 

the Friedman’s non-parametric test would have been used but it was decided instead to 

use the ANOVA for the following reasons:  

1. The structure of the data for Powrivco (only 1 control plot) constituted an 
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unbalanced design, which did not meet the criteria for a randomized complete 

block design required by Friedman's test; and 

2. Nonparametric tests increase likelihood of a type II error (i.e., a false 

negative). Given the very low replicate numbers and consequent low power of 

the tests to begin with, it was again decided not to use Friedman's test. For the 

same reason, it was decided not to run a repeated-measures ANOVA on 

ranked data. 

Given the low power of the tests due to small sample size, and consequent danger of 

Type II error, it was also decided not to apply a Bonferroni correction to account for the 

number of individual tests being carried out.  Two authors provide arguments that 

confirm the validity of this approach (Moran, 2003; Nakagawa, 2004). 

Habitat Variables 

Changes between pre-and post-treatment were evaluated by comparing mean 

value in each experimental unit for 7 variables of interest: Stem density; CWD volume 

(m3 ha); CWD pieces/ha; CWD length; % full sun; % cover litter; and % fine woody 

debris (FWD).  Out of the proposed variables measured (see Table 4), my main interest 

was to first investigate if CWD macrohabitat variables would provide any Keen’s mice 

population response (home range) one year post-treatment.  Therefore all CWD analyzed 

had three Line Intercept transects conducted (LIS) in each SU. The % cover litter,  % 

FWD and % Full sun were collected at trap level (N=11) and transformed at a home 

range level for the analysis. A set of additional summary tables for macro and 

microhabitat are also available in appendix C. 
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Biological Variables 

Trap grids are the primary sampling units and my response variable was the 

change in relative abundance, density estimate, mean body mass, and sex ratio after 

treatment.  Data for this analysis consisted of new individuals caught during a trap 

session.  I calculated relative abundance standardized to number captured per 100 trap 

nights for each treatment site ((number of captures/number of trap nights) x 100) and 

square-root transformed for ANOVA.  Differences among means were compared using 

least squares means tests. Population estimates were converted to density estimate 

(number of deer mice/ ha) by estimating the minimum number alive divided by effective 

trapped area (Van Home, 1982) calculated before and after treatment.  I compared density 

of deer mice for each year to reflect population dynamics at the watershed level.  Males 

and females were combined for all statistical analyses except those comparing the sexes. 

Results 

A total of 107 individual mice were captured in 4829 trap nights.  Keen’s mice 

were present in all seven sampling units representing 54% of the total small mammal 

captures during the two-year study (2012-13).  S. monticolus accounted for 46% of the 

remaining traps captures  (Appendix B).  Total captures varied between watershed and 

within watershed. Habitat changes were observed mostly in Sandy watershed following 

the treatment (Table 4).  However there was no consistent pattern of response to 

restoration treatments by Keen’s mouse in either watershed.  Sandy captures consistently 

went down, while trends in Powrivco watershed were variable.  
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Important habitat variables for small mammals, such as % herbs, forbs, shrubs and 

moss cover were collected for both years, but because of the short time frame of this 

project (one year after treatment) and the browsing pressure exerted by deer, none of 

these variables were analyzed for this thesis.   

Sandy 

Habitat Conditions. 

The initial stand conditions at the Sandy sites were structurally simpler than 

Powrivco, and dominated by Sitka spruce (�̅�𝑥 = 76.9%, SD=14.3; Appendix C4).  Analysis 

indicates a significant treatment by year interaction for three environmental variables 

(Stem density, p =.001 CWD volume, p =.026; and CWD length, p =.001) (Table 4). 

CWD pieces per ha. (p =.065) was close to having an effect and would have possibly 

followed a similar trend to that found for CWD volume (p <.026) if more replicates had 

been available.  A year effect was also found for fine woody debris (FWD, p =.043) 

where 3 out of 4 SUs demonstrated a sufficient change in 2013 (Table 4).  Again, the 

very small sample size has likely play a factor in the marginal difference observed one 

year post-treatment for this variable. 

Stem density (stems / ha) also showed a significant year effect (2012: 543.2; 

2013: 477.3; p <.001), but this was driven by the annual differences in treatment sites 

(Table 4).  It is worth noting however, that the light environment (% full sun) in Sandy 

did not follow a similar trend, in spite of the strong treatment by year effect found in stem 

density; there was no significant treatment by year effect for % full sun (p =.0392) 

(Tables 5; figure 6).  
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Table 4   

Repeated measure analysis of variance of 7 habitat variables in Sandy watershed.  Five 
marcohabitat (Stem density, CWD volume, piece/ha, length, and % full sun), and 2 
microhabitat variables (% litter and % full sun) were selected for the analysis.  Variables 
with a P value <.005 are in bold.  In the analysis, “C” represent Control and “T” 
Treatment sites. 

Habitat 
Variables 

Effect DF Mean Std. Error P F 

Stem 
Density 

Treatment 1 C (545.50) 
T (474.98) 

 
86.98 .624 0.329 

 
Year 

 
1 2012 (543.20) 

2013 (477.28) 
 

61.52 .001 839.7 

 

Treatment 
* Year 

1 C-2012 (545.50) 
C-2013 (545.50) 
T-2012 (540.90) 
T-2013 (409.05) 

 

87.00 .001 839.7 

CWD 
Volume 
(m3/ha) 

Treatment 1 
C (142.90) 
T (223.87) 

37.56 .393 1.164 

 Year 
 

1 2012 (173.78) 
2013 (192.98) 

 
37.56 .026 37.0 

 
 

Treatment 
* Year 

1 C-2012 (142.90) 
C-2013 (142.90) 
T-2012 (204.67) 
T-2013 (243.07) 

 

53.12 .026 37.0 

CWD 
Pieces/ha 

Treatment 1 C (113.25) 
T (148.90) 

14.02 .214 3.235 

  
Year 

 

1 
2012 (125.48) 
2013 (148.90) 

10.02 .065 13.9 

 
 
 
 

Treatment 
* Year 

1 C-2012 (113.25) 
C-2013 (113.25) 
T-2012 (137.70) 
T-2013 (160.10) 

14.18 .065 13.9 
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CWD 
Length 
(m) 

Treatment 1 
C (6.60) 
T (7.13) 

0.70 .647 0.284 

 Year 
 
 

1 
2012 (5.70) 
2013 (8.03) 

0.49 .001 961.0 

 Treatment 
* Year 

1 C-2012 (7.60) 
C-2013 (7.60) 
T-2012 (5.35) 
T-2013 (10.00) 

0.50 
 

0.35 
.001 961.0 

% Full 
Sun 

Treatment 
 
 

1 
C (15.87) 
T (14.93) 

0.99 .573 0.445 

 Year 
 
 

1 
2012 (15.27) 
2013 (15.53) 

0.713 .392 1.172 

 Treatment
* Year 

1 C-2012 (15.87) 
C-2013 (15.87) 
T-2012 (14.67) 
T-2013 (15.20) 

 

1.008 .392 1.172 

% Litter  Treatment 1 C (13.48) 
T (16.39) 

 
5.44 .742 0.143 

 Year 
 

1 2012 (14.25) 
2013 (15.61) 

 
3.89 .363 1.367 

  
Treatment
* Year 

1 C-2012 (13.50) 
C-2013 (13.46) 
T-2012 (15.00) 
T-2013 (17.77) 

 

5.50 .351 1.459 

% FWD Treatment 1 C (13.25) 
T (11.73) 

 
2.14 .664 0.254 

 Year 
 

1 2012 (11.25) 
2013 (13.37) 

 
1.54 .043 0.208 

 Treatment 1 C-2012 (12.50) 2.17 .842 0.064 
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* Year C-2013 (14.01) 
T-2012 (10.00) 
T-2013 (13.46) 

 
 

Biological Conditions 

Although a treatment by year effect was detected for many of the habitat variables 

indicating that restoration treatments did modify habitat structure significantly in the 

Sandy Creek watershed sites, none of the biological variables were significantly affected 

one year post-treatment.  The average body weight was analysed for adult males only 

since some of the sampling units had no females captured in 2012 and 2013 (Table 5).  

Juvenile and sub-adult body condition was also not considered due to the limited number 

of samples and their potential weight differences between years as the young mice age.  

Overall, despite, a significant increase in CWD volume and piece length, as well as stem 

density, neither body weight nor sex and ratios were influenced by the treatments in 

Sandy Creek (Tables 6).   

Statistically, there were clearly not enough individual captures in this watershed (C-

2012 n=11; T-2012 n=9; C-2013 n=7; T-2013=7) to allow any conclusions to be drawn 

concerning the effect of treatment on relative abundance.  Less than 5 adult mice per trap 

session were captured per sampling unit and an average of <1.0 captures per trap night 

was observed following the treatment in this watershed.  This represented a 50% 

reduction in capture rate from the pre-treatment year across treatment and control sites 

combined.  Capture numbers dropped in both the treatments and control sites in the 

second year (Table 5).   
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A higher proportion of adults were captured in treated (T) and control (C) sites in 

2012  (C- 2012= �̅�𝑥 = 75.0; T-2012: �̅�𝑥 = 91.5) and that trend seemed to increase in 3 out of 

4 SUs in 2013 (C: = 100; T: =83.35); however, no significant differences due to treatment 

were observed (Table 5).  Percent male increased in both control sites (SU #1 & 4) while 

one treatment unit increased (SU # 2) and the other decreased (SU #3) post-treatment 

(Table 9). Again, no differences due to treatment were observed. 

Table 5 

Repeated measure analysis of variance of 4 biological variables in Sandy watershed 

Biological
Variables 

Effect DF Mean Std. Error P F 

Captures/
100 trap 

night 

Treatment 1 
C (1.55) 
T (1.34) 

0.40 .749 0.135 

 
Year 

 
1 2012 (1.98) 

2013 (0.92) 
 

0.58 .214 3.236 

 

Treatment 
* Year 

1 C-2012 (2.20) 
C-2013 (0.90) 
T-2012 (1.75) 
T-2013 (0.94) 

 

0.58 .720 0.170 

% Male Treatment 1 C (67.71) 
T (72.92) 

 
13.28 .808 0.077 

 Year 
 

1 2012 (63.54) 
2013 (77.08) 

 
11.90 .452 0.858 

 Treatment 
* Year 

1 C-2012 (52.08) 
C-2013 (83.33) 
T-2012 (75.00) 
T-2013 (70.83) 

 

16.80 .350 1.467 

% Adult Treatment 1 C (75.00) 10.92 .758 0.124 
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Arcsine T (60.56) 
 

 Year 
 

1 2012 (71.66) 
2013 (77.23) 

 
27.33 .698 0.201 

 Treatment 
* Year 

1 C-2012 (60.00) 
C-2013 (90.00) 
T-2012 (73.20) 
T-2013 (65.92) 

20.99 .539 0.541 

Adult 
Male BW 

Treatment 1 C (32.58) 
T (35.45) 

 
0.87 .143 5.527 

 Year 
 

1 2012 (34.03) 
2013 (35.45) 

 
0.929 .987 

0.000
3 

 Treatment
* Year 

1 C-2012 (32.00) 
C-2013 (33.15) 
T-2012 (36.05) 
T-2013 (34.85) 

1.31 .489 0.705 

 

Powrivco 

Habitat conditions 

The initial stand condition in Powrivco was structurally more complex than in 

Sandy.  All study sites were affected either from natural (e.g., periodic floods, wind 

throw) or anthropogenic disturbance (landslide) resulting in a higher proportion of A. 

rubra and T. heterophylla making up the overstory in Powrivco (26.1%, SD=16.4 and 

33.0%, SD=5.5, respectively) than in Sandy (2.8%, SD=0 and 2.8%, SD=0, respectively 

(Appendix C5).  The mean amount of CWD volume and density was slightly higher in 

Sandy, and both watersheds have an under representation of CWD decay classes, where 

most of them were found in class 3 and 4 (Table 8; Appendix C2).  
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Despite similar treatment intensity exerted in both watersheds (102 trees 

harvested per sampling unit) the analysis conducted on habitat variables indicates no 

significant effect of treatment other than % cover litter at the treatment level in Powrivco 

watershed (p <.014; Table 8).  When comparing mean values, CWD piece length and 

volume followed a very similar shift of similar magnitude to that found in Sandy (longer 

pieces and higher volumes after treatment, Table 8), but the differences were not 

significant in Powrivco (piece length :p=.293; CWD volume: p=0.129; Table 6) likely 

due to reduced statistical power (only one control treatment). Similar to Sandy watershed, 

the gaps created in Powrivco (1-5 trees per gap) did not affect the % full sun reaching the 

forest floor (p=.754), even though stem densities did decrease due to treatment (Table 8), 

though not significantly (p=.213; again, likely due to the low power of the statistical test).  

 

Table 6 

Repeated measure analysis of variance of 7 habitat variables in Powrivco watershed. 
Five macrohabitat (stem density, CWD volume, pieces/ha, length, and % full sun) and 2 
microhabitat variables (% litter and % FWD) were selected for the analysis.  Values in 
bold are variables with a P value < .005.  

Habitat 
Variables 

Effect DF Mean Std. Error P F 

Stem 
Density 

Treatment 1 C (536.40) 
T (461.38) 

 

35.39 
25.03 .334 2.996 

 
Year 

 
1 2012 (515.93) 

2013 (515.93) 
 

22.46 .213 8.309 

 

Treatment 
* Year 

1 C-2012 (536.4) 
C-2013 (536.4) 
T-2012 (495.45) 
T-2013 (427.30) 

36.68 
 

25.94 
.213 8.309 
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CWD 
Volume 
(m3/ha) 

Treatment 1 C (92.343) 
T (162.809) 

 

25.66 
18.14 

.267 5.030 

 Year 
 

1 2012 (117.933) 
2013 (137.219) 

16.421 .293 4.070 

 Treatment 
* Year 

1 C-2012 (92.343) 
C-2013 (92.343) 
T-2012 (143.523) 
T-2013 (182.096) 

 

36.68 
 

25.939 
.293 4.070 

CWD 
Pieces/ha 

Treatment 1 C (109.5) 
T (159.3) 

 

39.53 
27.95 

.491 1.058 

 Year 
 

1 2012 (126.0) 
2013 (142.8) 

 
24.24 .101 39.16 

 Treatment 
* Year 

1 C-2012 (109.5) 
C-2013 (109.5) 
T-2012 (142.5) 
T-2013 (176.1) 

 

39.59 
 

27.99 
.101 39.16 

CWD 
Length 
(m) 

Treatment 1 C (7.60) 
T (7.68) 

 

.32 

.23 
.879 0.037 

 Year 
 

1 2012 (6.48) 
2013 (8.80) 

 
0.31 .129 23.83 

 Treatment 
* Year 

1 C-2012 (7.60) 
C-2013 (7.60) 
T-2012 (5.35) 
T-2013 (10.00) 

 

0.50 
 

0.35 
.129 23.83 

% Full 
Sun 

Treatment 1 C (15.64) 
T (15.62) 

 

1.29 
0.92 

.991 0.000 

 Year 
 

1 2012 (15.58) 
2013 (15.69) 

 
0.805 .754 0.17 

 Treatment 1 C-2012 (15.64) 1.32 .754 0.17 
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* Year C-2013 (15.64) 
T-2012 (15.51) 
T-2013 (15.75) 

 

 
0.93 

% Litter  Treatment 1 C (14.0) 
T (12.25) 

 

0.03 
0.02 

.014 2022 

 Year 
 

1 2012 (13.07) 
2013 (13.18) 

0.099 .667 0.33 

  
 
Treatment
* Year 

1 C-2012 (14.0) 
 

C-2013 (14.0) 
T-2012 (12.14) 
T-2013 (12.36) 

 

          0.16 
0.12 

.667 0.33 

% FWD Treatment 1 C (7.09) 
T (8.03) 

 

0.42 
0.30 

.318 3.35 

 Year 
 

1 2012 (7.43) 
2013 (7.68) 

 
0.291 .533 0.814 

 Treatment 
* Year 

1 C-2012 (7.0) 
C-2013 (7.18) 
T-2012 (7.87) 
T-2013 (8.19) 

0.48 
 

0.34 
.842 0.064 

 

Biological variables. 

Some of the biological variables were different at the initial pre-treatment stage 

and also responded differently than at Sandy following the silvicultural treatment (Table 

9).  Keen’s mouse density/ha was considerably higher at Powrivco than at Sandy (�̅�𝑥 =8.5, 

SD=3.3; �̅�𝑥 =3.5, SD=1.7, respectively) and over 200 % more captures were found in both 

years (Table 9).  Mean captures per 100 trap nights varied from 1.9 to 4.9 in Powrivco, 

vs. 0.8 to 2.3 in Sandy.  Furthermore, prior to the treatment Powrivco mice were 15 % 

heavier than those found at Sandy (�̅�𝑥 = 39.6, SD = 1; �̅�𝑥 = 34.4, D = 2.3, respectively).  
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Essentially, there appears to be environmental conditions present in Powrivco that 

provide more food and perhaps additional cover.  One variable of interest is Alnus rubra. 

The data suggest that the larger the presence of Alnus rubra, the larger the capture rates in 

this watershed (Table 9).  A regression analysis conducted between Alnus rubra and 

capture rate seems to provide this strong correlation (R= .86; p = .0028).  In Sandy, where 

only SU #1 had Alnus rubra, the capture rate is also larger.  

The year, or treatment x year, effects on % adult, % male and relative abundance 

(i.e., capture rate) were inconclusive.  Relative abundance remained stable between years, 

with no clear trends (Table 7).  There was a slight capture increase in sampling unit #1 

(C-2012: 1.9 trap night; C-2013: 2.7 trap night.) and #3 (T-2012: 4.1 trap night; T-2013: 

4.9 trap night) and a decrease in sampling unit #2 (T-2012: 3.7 trap nigh; T-2013: �̅�𝑥 =2.3 

trap night).  Percent adult underwent a substantial increase in one of the treatment SU 

(#2) between years (2012: 28; 2013: 100) and a decrease in the other treatment SU (#3) 

(2012: 100; 2013: 63), while the only control site remained stable (2012: 100; 2013: 100).  

The male capture percentage increased after treatment in the two treatment SUs, and 

decreased in the control from 2012 to 2013 (Table 7; Table 9), however the trend was not 

significant (p=.313, Table 7). 

In my statistical analyses I was able to include both genders for body weight since 

females were detected in all sampling units. Body weight responded to year.  However 

since our trapping occurred during the breeding season body weight of adult females 

could not be serve as accurate indicators of adult body mass.  Both males (2012: �̅�𝑥 =39.6, 

SD=1.2; 2013: �̅�𝑥 =32.3, SD=0.9; p =.026) and females (2012: �̅�𝑥 =39.5, SD=0.9; 2013: 

�̅�𝑥 =33.45, SD=1.6; p =.014) exhibited a decrease in weight of over 20 % in all three 
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sampling units from 2012 to 2013 (Table 7; Table10).  This decrease is very significant 

considering that the captures were during the breeding period.  We cannot, however, 

conclusively assume that the treatment had a direct influence on body weight since the 

control site experienced a similar trend (Male C-2012: �̅�𝑥 =39.2, SD=4.2, N=5; Male C-

2013: �̅�𝑥 =31.9, SD=5, N=6; Female C-2012: �̅�𝑥 =39.0, SD=1.4, N=2; Female C-2013: 

�̅�𝑥 =32.3, SD=6.2, N=4).  No significant change in body weight between years was 

observed for males in the Sandy Creek watershed (p=.489; Table 7).  

My expectation that Keen’s mice would respond positively to an increase in CWD 

volume and length following small gap opening was not confirmed one-year post 

treatment.  Capture rates, body weight, percent adult and % male showed no measurable 

responses to the treatments.  As noted earlier, no significant light response to treatment 

was detected in either Powrivco or Sandy Creek sampling units. 

Introduced rats and squirrels. 

My research investigated presence/absence using tomahawk traps in each four corners 

of the SUs during a preliminary research in 2010 and a wildlife camera placed in the 

center of each SU in 2013.  Therefore I cannot provide any causal relationships between 

the effect of predation to Keen’s mice relative abundance within or between watersheds 

but these observations may help assist any future research.  

Out of 72 trap nights conducted in Powrivco there were no rats captured in 2010 

but three detections were observed in SU #1 and #2 using wildlife camera in 2013 

(Appendix C, Table C7).  In 2010, 3 rats out of 64 trap nights were captured in Sandy 

watershed and another 3 out of 16 camera nights in 2013.  In 2010 rats were detected as 
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far as 1.5 km from the ocean (SU #4).  None of the red squirrels were trapped in both 

watersheds in 2010 and only one was detected in Sandy SU #2 in 2013.  

Table 7  

Repeated measure analysis of variance of biological variables in Powrivco watershed.  
Values in bold are variables with a P value < .005 

Biological 
Variables 

Effect DF Mean Std. Error P F 

Captures/
100 trap 
night 

Treatment 1 
C (2.30) 
T (3.75) 

1.06 
0.75 

.465 1.246 

 
Year 

 
1 2012 (2.90) 

2013 (3.15) 
 

0.805 .837 0.069 

 

Treatment 
* Year 

1 C-2012 (1.90) 
C-2013 (2.70) 
T-2012 (3.90) 
T-2013 (3.60) 

 

1.31 
 

0.93 
.667 0.333 

% Male Treatment 1 C (65.71) 
T (55.57) 

 

6.71 
4.75 .434 1.522 

 Year 
 

1 2012 (57.37) 
2013 (63.92) 

 
6.09 .599 0.530 

 Treatment 
* Year 

1 C-2012 (71.43) 
C-2013 (60.00) 
T-2012 (43.30) 
T-2013 (67.84) 

 

 9.95 
 

7.04 
.295 3.995 

% Adult Treatment 1 C (100.00) 
T (72.95) 

 

12.33 
8.65 .322 3.260 

 Year 
 

1 2012 (82.15) 
2013 (90.80) 

 
24.60 .884 0.034 

 Treatment 1 C-2012 (100.00)  40.16 .884 0.034 
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* Year C-2013 (100.00) 
T-2012 (64.30) 
T-2013 (81.60) 

 

  
28.40 

% Adult 
Arcsine 

Treatment 1 C (90.00) 
T (58.95) 

 

7.98 
5.65 

.194 10.08 

 Year 
 

1 2012 (71.66) 
2013 (77.23) 

 
27.33 .933 0.011 

 Treatment 
* Year 

1 C-2012 (90.00) 
C-2013 (90.00) 
T-2012 (53.31) 
T-2013 (64.60) 

 

 44.63 
 

 31.56 
.933 0.011 

Adult 
Male BW  

Treatment 1 C (35.55) 
T (36.13) 

 

1.45 
1.03 

.801 0.105 

 Year 
 

1 2012 (39.50) 
2013 (32.18) 

 
0.901 .026 584.0 

 Treatment
* Year 

1 C-2012 (39.20) 
C-2013 (31.90) 
T-2012 (39.80) 
T-2013 (32.45) 

 1.47 
 

 1.04 
.948 0.007 

Adult 
Female 
BW 

Treatment 1 
C (35.65) 
T (37.18) 

1.17 
0.83 

.479 1.139 

 Year 
 

1 2012 (39.38) 
2013 (33.45) 

 
0.717 .014 2080 
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Table 8  

Mean values for the habitat variables measured in Powrivco (P) and Sandy (S) watersheds (Table 4 & 6).  Values in brackets are 
standard deviations and the trend for each variable is presented to the right of each column 

Variables Year P 1     
Control  P 2       

Treatment  P 3   
Treatment  S 1    

Control  S 2  
Treatment  S 3 

Treatment  S 4 
Control  

Stem 
density 2012 536.4 

= 

463.6 

 

527.3 

 

654.6 

= 

600.0 

 

481.8 

 

436.4 

= 
Stem 
density 2013 536.4 409.1 445.5 654.6 463.6 354.5 436.4 

                

CWD       
Volume 2012 92.3 

(23.6) 
= 

119.9 
(23.2) 

 

167.2 
(105.2) 

 

127.9 
(82.5) 

= 

281.4 
(218.2) 

 

128.0 
(23.2) 

 

157.9 
(53.9) 

= 
CWD       
Volume 2013 92.3 

(23.6) 
169.5 
(26.1) 

194.7 
(100.8) 

127.9 
(82.5) 

313.5 
(194.4) 

172.7 
(37.8) 

157.9 
(53.9) 

                

CWD        
Piece/ha 2012 109.5 

(9.2) 
= 

172.0 
(67.1) 

 

113.0   
(8.4) 

 

107.6 
(15.8) 

= 

121.7 
(42.1) 

 

153.7 
(51.8) 

 

118.9 
(41.7) 

= 
CWD        
Piece/ha 2013 109.5 

(9.2) 
202.5 
69.0) 

149.7 
(26.3) 

107.6 
(15.8) 

108.1 
(86.5) 

182.1 
(52.4) 

118.9 
(41.7) 
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CWD             
Piece 
length 

2012 7.6   
(2.2) 

= 

5.3      
(0.7) 

 

5.4       
(1.5) 

 

7.4     
(2.6) 

= 

5.3       
(1.4) 

 

4.3      
(0.4) 

 

5.8     
(2.1) 

= 
CWD             
Piece 
length 

2013 7.6   
(2.2) 

10.5    
(1.5) 

9.5       
(1.6) 

7.4     
(2.6) 

10.1     
(2.4) 

8.8      
(1.3) 

5.8     
(2.1) 

                

% full sun 2012 15.6 
(2.4) 

= 

14.4    
(2.3) 

 

16.6    
(2.6) 

 

17.0 
(5.4) 

= 

15.7    
(1.7) 

 = 

13.7    
(1.5) 

  

15.0 
(2.2) 

= 
% full sun 2013 15.6 

(2.4) 
15.0    
(2.3) 

16.5    
(3.5) 

17.0 
(5.4) 

15.7    
(2.3) 

14.5    
(1.4) 

15.0 
(2.2) 

                

% Litter 2012 14.0 
(15.9) 

= 

12.3  
(14.8) 

= 

12.0    
(6.3) 

 

18.0  
(12.3) 

 

10.0    
(6.3) 

 

20.0  
(13.7) 

 

9.0    
(7.0) 

 

% Litter 2013 14.0 
(15.9) 

12.3  
(16.3) 

12.5    
(6.9) 

18.22 
(12.3) 

10.5    
(6.1) 

25.1  
(16.3) 

8.7    
(7.0) 

                

% FWD 2012 7.0    
(6.0) 

 

7.7      
(7.7) 

= 

8.0      
(7.4) 

 

15.0  
(12.1) 

 

10.0    
(8.2) 

 

10.0    
(7.0) 

 

10.0  
(8.7) 

 

% FWD 2013 7.2    
(6.0) 

7.7      
(7.7) 

8.6      
(8.6) 

17.6   
(13.5) 

13.6    
(7.8) 

13.3    
(6.3) 

10.5  
(8.2) 
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Table 9 

Capture summary of Keen's mice.  Total captures and density per hectare were not part of the analysis.  In brackets is the number of 
individuals found for each sampling unit 

SUs Year Trap 
night  

Total 
capt. 

Indiv. 
capt. 

Indiv. 
Capt./100 

T.N 

 % 
Adult 
(N) 

 % 
Male 
(N) 

 Density 
/ha 

Male 
body 
mass           
(N) 

 Male 
body 
Mass 
SD 

Female 
body 
mass            
(N) 

 Female 
body 
mass            
SD 

P1 2012 371 38 7 1.9 
 

100   
(7) 

= 

71.4 
(5) 

 
4.8 39.2             

(5) 
 

4.2   39.0            
(2) 

 
1.4 

P1 2013 375 27 10 2.7 100 
(10) 

60.0 
(6) 6.9 31.9              

(5) 4.5 32.3              
(4) 6.2 

                  

P2 2012 376 33 14 3.7 
 

28.6  
(4) 

 

42.9 
(6) 

 
9.7 41.0             

(2) 
 

0.7 40.5              
(2) 

 
0.7 

P2 2013 384 30 9 2.3 100   
(9) 

77.8 
(7) 6.2 33.3               

(7)   (.0 35.5              
(2) 3.5 

                  

P3 2012 388 49 16 4.1 
 

100 
(16) 

 

43.8 
(7) 

 
11 38.6                

(7) 
 

 3.4 39.0              
(7) 

 
2.3 

P3 2013 387 61 19 4.9 63.2 
(12) 

57.9 
(11) 13.1 31.6             

(5) 10.6 33.7              
(6) 3.9 
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S1 2012 253 23 8 3.2 
 

50.0  
(4) 

 

37.5 
(3) 

 
5.5 32.0             

(3) 
 

0.5 32.0               
(1) 

= 
− 

S1 2013 384 9 3 0.8 100   
(3) 

66.7 
(2) 2.1 31.3              

(2) 3.2 32.0              
(1) − 

                  

S2 2012 256 14 6 2.3 
 

83.3  
(5) 

 

50.0 
(3) 

 
4.1 35.8              

(3) 
 

4.3 37.0               
(2) 

 
1.4 

S2 2013 374 10 4 1.07 100   
(4) 

75.0 
(3) 2.8 36.7             

(3) 6.1 35.0              
(1) − 

                  

S3 2012 260 6 3 1.2 
 

100   
(3) 

 

100  
(3) 

 
2.1 36.3             

(3) 
 

3.8 0.0                
(0) 

 
− 

S3 2013 378 10 3 0.8 66.7  
(2) 

66.7 
(2) 2.1 33.0              

(1)   − 38.0              
(1) − 

                  

S4 2012 257 14 3 1.2 
 

100   
(3) 

= 

66.7 
(2) 

 
2.1 32.0              

(2) 
 

1.4 36.0              
(1) 

 
− 

S4 2013 386 13 4 1.0 100   
(4) 

100  
(4) 2.8 35.0              

(4) 4.5 0.0                
(0)   − 
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Discussion 

My results for relative abundance, sex and age ratio and weight did not indicate that 

small gap treatments in young, second growth riparian floodplain forest changed the 

quality of habitat for Keen’s mice, at least at the habitat scale that I studied. These 

findings make intuitive sense when compared to other short-term studies on the 

relationship of known habitat variables important to small mammals and with Keen’s 

mice response to small gap openings (Gitzen & West, 2002; Smith & Nichols, 2004). 

Several factors may be influencing the response or lack of response from the treatment.  

Sampling Limitations 

In my design, both control and treated sites for each watershed were sampled at 

the same time of year before and after the treatment took place.  However, from an 

experimental design perspective, Sandy had one more control site than Powrivco, thus 

creating an imbalance in the original randomized block design.  My sample size and 

sampling effort was also inadequate to address fully the environmental and biological 

responses to the treatments.  Logistical constraints required a before-after control-impact 

design since spatial replication was limited. I could only sample one year before, and one 

year after, and was only able to run one trap session each year.  Due to potential high 

shrew mortality and difficulties to access the study sites at all times, I was only allowed 

to trap for 16 hours out of every 24 hour day.  These constraints limit the statistical and 

inferential power of my results. 

In a BACI design, when several control sites are monitored, such as at Sandy, 

there is generally less of a concern of the potential effect from unknown factors (e.g., 
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variables not measured in the study design). There is also less of a concern about the lack 

of randomization because more information on those unknown factors is available 

(Schwarz, 2011). In my situation it would have been beneficial to have either increased 

the number of replicates (and controls) in my study design or included both watersheds 

and strengthen the power of my statistical analysis.  Unfortunately, the different 

constraints explained earlier (watershed size, financial, personnel, etc.) made the first 

option unavailable. Combining the watersheds together for analysis was confounded by 

the lack of replicate controls in Powrivco, given my two-way repeated measures analysis 

of variance.  

The mixed conifer-deciduous stand observed in Powrivco demonstrated an overall 

more complex, heterogeneous structure with a larger and healthier Keen’s mice 

population than the structurally simpler, conifer-dominated stand found at Sandy, which 

further suggested that pooling across watersheds might be inappropriate.  For these 

reasons, I was only able to analyze both watersheds independently, thus limiting the 

capability to detect environmental or biological effects from the treatment in my analysis 

(especially in Powrivco).  Therefore, broad application of my results should be 

considered cautiously. 

Lag Time After Treatment 

Small mammal response to silvicultural treatment may not be readily apparent 

immediately after the treatment.  Long-term studies investigating small mammal 

community responses to habitat alterations have shown that many species exhibit a time 

lag and cannot always be fully evaluated until two to five years after treatment.  In two 

small-scale disturbance studies conducted in the Olympic Peninsula, Gitzen and West  



KEEN’S MICE RESPONSE TO RIPARIAN RESTORATION 
   
 

68 

(2002) and Carey and Johnson (1995) found a minimum two-year lag in Keen’s mice 

responses following stand manipulation.  It is therefore very likely that my results may 

not be representative of a general population pattern only one year following small gap 

openings in young riparian stands in Haida Gwaii.   

Environmental Variability and Habitat Scale 

Generalist species such as Keen’s mice are capable of exploiting a wide range of 

environments and their habitat relationships can be highly variable and difficult to 

associate to specific habitat element or condition.  Social organization and spacing 

behaviour can play an important role in the population dynamics of small mammals in 

Haida Gwaii but they are poorly understood.  This type of complex interaction can often 

be difficult to measure, provide nonlinear responses to specific variables and often leads 

to confounding interpretation.  In spatially complex landscape, such as riparian forests, 

habitat selection affects the distribution of small mammals and some variables may affect 

species differently, both spatially and temporally (Orrock, Pagels, McShee, & Harper, 

2000).  Across the range of Keen’s mice, studies seem to indicate different responses to 

habitat heterogeneity in different seasons and an adaptation to food preference from a 

regional level to a microscale level (trap level).  Keen’s mice can also be subject to 

spatial segregation through interspecific competition for similar resources and predation. 

Such dynamics can affect spatial distribution over their home range and at a landscape 

level.  In suboptimal habitat where vegetative cover is almost nonexistent on Lyell Island, 

other resources such as large woody debris could play an important role during in critical 

breeding period, but also in other seasons (especially during important precipitation and 

flooding periods).   
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My trapping session took place during a critical period (breeding) only, when 

competition for high quality habitat is important and small mammals may aggregate in 

these patches (Bowman et al. 2001; Fauteux, Imbeau, Drapeua, & Mazerolle, 2012).  

Dusky shrews, Norway rats and Red squirrels are all species known to use and forage for 

similar resources and may have played a critical role in Keen’s mice local distribution.  

Recommendations. 

The scale at which habitat selection occurs is a difficult question and cannot be 

answered in this study.  Careful consideration of studying habitat utilization and 

preference at appropriate scales, and improving our understanding of interspecific 

competition to predict population responses is essential for understanding shifts in small 

mammal communities following silvicultural treatments.  Long term monitoring studies 

that can generate sufficient power over time using BACI designs can help to assess 

functional and numerical responses. 

A better understanding of small mammals relationships during and outside of the 

breeding season would help to explain population fluctuations and possible cycles in 

small mammal populations. Further research examining other important habitat features 

at multiple scales (trap, home range and landscape level) and understanding small 

mammal demographic population and changes in managed and unmanaged stands, and 

also between mixed deciduous-conifer and pure conifer stands would help increase our 

ability to manage for biodiversity in Haida Gwaii.  
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Treatment Responses 

My study investigate Keen’s mice demographic populations in two coastal second 

growth riparian stands, and to determine whether any changes in the population 

characteristics of deer mice are linked to specific riparian habitat features (i.e., structural 

and compositional attributes such as the addition of CWD and canopy thinning). 

I expected that an increase of CWD volume and piece length would increase 

habitat quality for small mammals and help compensate for the lack of vegetative cover 

from previous harvesting and introduced ungulate browsing in Lyell Island.  I also 

predicted that the increase of light under the forest canopy would have no significant 

effect to Keen’s mice following low impact harvest regimes (small gap openings of ≤ 

0.3ha). 

Light Environment 

Light is the most important environmental factor for allowing plant germination 

and understory establishment.  It is unclear if the treatment gaps of 1 to 5 trees (0.3 ha) in 

Powrivco and Sandy would have been sufficient to meet the restorative management and 

biodiversity objectives; i.e., to bring the riparian ecosystems back to their natural 

condition and restore ecological integrity.  The proposed target density of 400 to 500 

stems/ha was met in all SUs (Muise, 2011; Appendix A) but no significant effect was 

observed with regards to the amount of light transmission through the forest canopy.  It is 

unclear if the prescribed target density was sufficient and/or the type of treatment was 

inappropriate for this type of stand.  Despite the significant response of stem density and 

coarse woody debris following the treatment in Sandy, the results of the light 

environment analyses (% full sun) were far from being statistically conclusive (p =0.392).  
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The extremely tall homogeneous conifer stand under dense canopy, associated with low 

sun angle of 45 to 54 ° in our region, may have been responsible for this apparent lack of 

effect (Figure 6).  In Powrivco, the results of treatment on light environment had similar 

outcomes (P =0.754).  It is worth noting however that a much larger number of snags 

(mostly conifers) were present in Sandy watershed (Appendix C, Table12), and within 

five-to-ten years we should expect a measurable increase in downed wood and natural 

light reaching the forest floor.   

Very little is known about understory response in pure conifer versus mixed 

deciduous stands following thinning and how the light environment affects these young 

very wet cool seral stage forests in Haida Gwaii.  Other coastal studies investigating the 

effect of low intensity harvest (0.03 ha) on the development of vegetative cover and small 

mammal communities showed mixed responses. In the coastal forest of southeast Alaska, 

Alaback and Tappeiner (1991) found that small-scale forest disturbance inhibited the 

growth of important shrub layers over the aggressive responses by western hemlock.  In a 

lower latitude state (western Washington) ground vegetative cover increased following 

treatment, but no effect on tall shrubs was observed (Gitzen & West, 2001). In western 

Oregon, the influence of small gaps (0.01 and 0.04 ha) had very limited effect on 

understory plant establishment beyond the physical canopy opening (Fahey & Puettmann, 

2008).  

Timing of thinning treatments relative to stand development appears to be another 

important consideration for maintaining or reestablishing those vegetative species 

(Bunnell, Kremsater & Wind, 1999; Ares, Neil & Puettmann, 2010).  Light is the most 

important environmental factor influencing understory response and different plant taxa 
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respond to light intensity differently (Alaback & Tappeiner, 1991). Stands with closed 

canopy over long periods have lost many of the shrub components on the forest floor, and 

often appear to be unresponsive to most restorative treatments at a later stage (Bunnell, 

Kremsater & Wind, 1999).  Maintaining gaps throughout their developmental stages has 

shown better results in maintaining vegetative cover and wildlife species in forest stands 

(Gitzen & West, 2001; Cole, Hanley & Newton, 2010).  

Recommendations. 

A single canopy structure can effectively reduce the amount of light penetrating 

the forest floor.  Stand thinning at variable densities with the creation of larger canopy 

gaps (0.05 to 0.8 ha) has been considered an appropriate measure to promote the 

development of younger forest understory, herbs and shrubs and to create diverse habitat 

conditions for small mammals and a wider range of vertebrate species (Carey & Johnson, 

1995; Lertzman et al. 1996; Carey & Wilson, 2001; Sullivan et al., 2001; Franklin et al., 

2002). Exploring this management approach while ensuring sufficient CWD is well 

distributed across the forest floor may: 1) help reduce the browsing pressure from deer 

over time; 2) increase horizontal and vertical heterogeneity in vegetative structure where 

needed; and 3) provide the ecological conditions needed to enhance or maintain 

biological diversity. 

In Haida Gwaii, extensive stand thinning and pruning management was conducted 

in young regenerated stands (20-30 yrs.) during the 1980’s and 90’s to reduce the forest 

density, and improve the quality of growth of the remaining trees and produce a sealable 

product. Many of these managed sites created a natural barrier, preventing Sitka black-

tailed deer from free ranging in these areas, and consequently stimulating understory 
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development (personal observations).  Further studies investigating the effectiveness of 

these past management systems in promoting species diversity, while implementing over 

the lifespan of the stand the proposed variable density thinning may provide valuable 

information for maintaining and restoring important ecological functions along riparian 

zones or other critical habitat. Integrating hemispherical photography in restoration 

treatments and monitoring programs can be an effective tool to document changes in 

understory light conditions and improve the science behind ecological restorations.  

 

Figure 4 The recently felled trees in Sandy watershed allow an increase in coarse woody 
debris and available light on the forest floor.  Note the lack of vegetation and direct 
sunlight on the forest floor. 

 

Coarse Woody Debris. 

 Contrary to my hypothesis, Keen’s mouse showed no apparent response to 

restoration treatments that produced measurable and sometimes significant changes in 

habitat attributes studied at the home range scale. Only in Sandy CWD volume and length 

showed a significant statistical difference that could influence Keen’s mouse responses 
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following the riparian treatment. However, no short-term response to treatment was 

detected.  

It is probable other variables such as diameter and decay class would play a larger 

role than volume and piece length.  As explained by Maser et al. (1979) and other 

research (Bowman et al., 2000; Carey & Harrington, 2001; Manning & Edge, 2004; 

Kaminski et al., 2007; Fauteux et al., 2012) large stumps and well decayed CWD (Class 3 

& 4) can retain more moisture and provide internal microenvironment favorable for food, 

cover and security for deer mice during critical periods (nesting; dry summer periods, 

openings). During both years I observed many captures in proximity to both large well-

decayed logs and stumps.  Because habitats were not analyzed at a finer scale (trap level), 

it is unclear whether Keen’s mouse selected these specific habitat features.  

The initial forest floor condition had very limited amount of downed wood of early 

decay (decay Class 1 & 2) and later decay stage in both watersheds (Decay class 5) 

(Appendix C2).  CWD decay class 4 and 5 were found mostly from previous logging 

(early 1930’s), while class 2 and 3 (and some Class 4) came from the stem exclusion 

phase following the early harvesting (1930’s). The small gaps created in 2012 provided 

an equal amount of downed wood distributed across the treated sites (102 trees/ SU).  

However both watersheds had different forest conditions (mostly stand structure and 

composition) and the different species targeted for removal between Powrivco and Sandy 

was also different.  In Powrivco A. rubra was the primary target specie and T. 

heterophylla and P. sitkensis in Sandy.  Due to the existing age of the stand (60 to 70 

years) a large amount of the CWD found on the forest floor in Powrico was also A. rubra. 

Therefore, since this specie is known to not only die, but decay faster than conifer 
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species, I would expect a lag time difference between watersheds in terms of providing 

important functions for Keen’s mouse (such as increased moisture levels, colonization of 

insects and fungal colonization).  

Recommendations. 

 In Haida Gwaii managed forest, specific guidelines are prescribed for the 

retention of CWD but it is unclear if the supply of CWD in volume, length, size, decay 

and distribution in old growth and second growth harvested landscapes meets the 

requirements for Keen’s mice and other vertebrate species over time. Silvicultural 

practices such as site preparation for plantations generally reduces the natural distribution 

and availability of downed wood at different spatial scale and can potentially impact 

some vertebrate species over others.  

Although the existing provincial guidelines for the management of CWD are a 

starting point we don’t know if they meet the long-term requirements for small mammals 

and other vertebrates in Haida Gwaii. A profitable next step would be to 

1) Conduct a multi-year, multi-season mark-recapture experiment to further 

investigate at a multi scale level (landscape, home range and trap level) 

Keen’s mouse habitat selection; 

2) Quantify downed wood recruitment in young managed and unmanaged stands 

to provide a better understanding of CWD volume, size and decay and the 

effect these changes may have on small mammals demography over time; 

3) Examine changes site preparation for planting has on small mammal 

demography and habitat quality.  
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Population Response  

Low capture rates and low statistical power hinder conclusions about gap effects 

on Keen’s mouse relative abundance.  Despite between-year differences in body weight 

in Powrivco watershed, Keen’s mice responses to the treatment within habitat were 

inconclusive for both watersheds.  

Population demography. 

This is the first attempt to study demographic population of Keen’s mice in Haida 

Gwaii.  Much of the local knowledge regarding distribution of Keen’s mice and Dusky 

shrew came from collections by expeditions in the early and mid-20th century (Osgood, 

1901; Foster, 1965). There is no information available of their density in upland second 

growth and old growth stands and their response to logging in Haida Gwaii. The results 

of my study prove that Keen’s mice occur in both watersheds but their density in Sandy 

watershed is lower. In Southeast Alaska, some studies found stronger evidence of P. 

keeni associated with closed canopy, young unthinned second growth stands, where the 

highest number of adults and highest minimum survival rates were observed (23-25-year-

old) (Van Horne, 1982; Smith & Nichols, 2004). However other studies conducted reveal 

no specific habitat preferences between old and second growth (Hanley, 1996; Hanley & 

Barnard, 1999a).  

Patterns of population demography are strongly associated to the amount, 

diversity, quality and availability of food resources. In southeast Alaska Hanley and 

Barnard (1999b) and Van Horne (1982) found that fruits (mostly Salmon berries and 

Stink currant) are the preferred diet of the Sitka mice (Peromyscus keeni sitkensis ) 

during the trapping season, followed by Picea sitkensis (Sitka spruce) seeds.  In both 
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watersheds I studied, most shrubs were browsed heavily from the introduced Sitka black-

tailed deer, except on old remaining stumps from early logging, and very few were found 

at a mature stage to produce fruits. Therefore it is very likely that fruits were an important 

diet component and played a key role in Keen’s mice demography before or after one 

year from the silvicultural treatment.  Keen’s mice population demography seems to 

show a stronger association to the forest conditions found in Powrivco watershed despite 

a larger presence of Sitka spruce in Sandy watershed (Sandy: �̅�𝑥 =79.5%, SD=12.1; 

Powrivco: �̅�𝑥 =40.9%, SD=14.3). Other important variables other than P. Sitkensis seeds and 

fruits from shrubs are influencing Keen’s mice demography; at both the home range and 

watershed level Powrivco appears to provide superior environmental conditions 

compared to Sandy.  Relative abundance was significantly higher, a larger number of 

young were found, and adult males were 15% larger, especially at pre- treatment level 

(Table 9).  

Small mammal population demography and their response to silvicultural 

treatment can be affected by one or two elements, but more often by a complex set of 

environmental and/or biological variables.  Keen’s mice are known to be habitat 

generalists and more likely to be subject to the complex environmental and biological 

variables found in my study area. Stand composition and structure varied in Powrivco 

where Sandy stand was more homogeneous (predominantly P. sitkensis) (Appendix C4).  

A. rubra was found in all SUs in Powrivco and ranged from 10 to 43 percent; while 

Sandy had only one unit (SU #1) with 11 percent.  T. heterophylla was also well 

distributed across the SUs in Powrivco, ranging from 28 to 33 %; while 11 to 28 % were 

found in Sandy watershed (Appendix C4).  
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My findings on Keen’s mice demography seems to relate with other research 

studies conducted in southeast Alaska, where mice density was larger in second growth 

stands with the presence of A. rubra.  Hanley and Barnard (1999b) and Deal (1997) were 

able to demonstrate that a mix of A. rubra-conifer stands provide a more complex forest 

structure than those found in pure conifer stands. The fixing of atmospheric nitrogen by 

A. rubra is known to enhance both bacterial and fungal activities in the soil and provide 

additional high-energy, readily digestible food for deer mice (Hanley & Barnard, 1999b).  

Another strong positive correlation they found in mixed A rubra-conifer stands is the 

increase amount of herbaceous biomass and its association to small mammals for food 

and cover.  These findings are also consistent with other studies on small mammals; that 

generally forest-floor mammal’s abundance and diversity increases in complex, natural 

forest than in simplified forest (Carey & Johnson, 1995; Wilson & Carey, 2000).  

In another study conducted in southeast Olympia (Washington) Carey & 

Harrington (2001) were able to demonstrate that T. heterophylla decay properties and 

seeds may be providing advantages to Keen’s mouse, in the form of cover and food. T. 

heterophylla was again more present and better distributed across my SUs in Powrivco 

than Sandy watershed (Table 8).  This causal relationship was not tested in my study but 

it is possible that the increased presence of A. rubra and T. heterophylla in Powrivco not 

only added to the complexity of the riparian system but may also be an important 

determinant of the higher abundance of Keen’s mice in this watershed.   

Interspecific competition. 

Interspecific competition is another important element affecting small mammal 

relative abundance and distribution across their home range.  The introduced rats and 
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squirrels on Lyell Island can influence the response from native small mammals and 

consequently shifting species composition, relative abundance and species density in the 

watersheds I studied.  The introduced rats have been credited with extirpating or 

drastically reducing local mice populations in Haida Gwaii (Golumbia et al., 2008). The 

role of structural elements, such as coarse woody debris, large stumps, and rock outcrops 

can help facilitate partition food and space and reduce aggressive interactions between 

species (Carey & Harrington, 2001).  Habitat structures such as large CWD and stumps 

found primarily from early logging are some elements that may provide some advantages 

for Keen’s mice for food, cover and to improve their coexistence with the introduced rats 

and red squirrels. The larger stump diameter (�̅�𝑥 =128.6, SD=18.8; �̅�𝑥 =107.9, SD=8.1, 

respectively) and the very large decayed logs, found mainly in Powrivco watershed, may 

play an important role in providing a more secure environment for Keen’s mice to nest 

and forage.  

Timing of trapping. 

The slight difference in timing of trapping between both watersheds (late June in 

Powrivco and early July in Sandy) and the breeding conditions may also be a factor in the 

number of females or young trapped.  Breeding females can be constrained close to their 

dens and from moving at great length within and between these patches.  However, the 

data indicated that adult females were already in breeding condition when first captured 

(mid-June in Powrivco) and were still in breeding condition when last captured (early-

July in Sandy).   

Recommendations. 

Further research examining these important habitat features at multiple scales 
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between mixed deciduous-conifer and pure conifer stands, second and old growth forest 

throughout the growing season, and over several years would help increase our 

understanding of Keen’s mouse habitat preferences in and their responses to silvicultural 

systems in Haida Gwaii.  Running a full use-availability study and to develop resource 

selection functions at multiple scales would also help determine some of the habitat 

features important to Keen’s mice in Haida Gwaii . 

Species Not Investigated on Lyell Island 

The Dusky shrew (S. monticolus) is the only other native small mammal on Lyell 

Island. The Dusky shrew was a non-target specie in my study and I have provided in 

Appendix B a summary of my findings.  Over 45 % of the total small mammal captures 

over the two-year study was comprised of shrews, and their response to treatment was 

different between watersheds.  Limited results suggest that S. monticolus demographic 

response to treatment differs between conifer and mixed-conifer stands following the 

riparian treatment. (See Appendix B for further information on S. monticolus.) 

The introduced Sitka black-tailed deer is an important inhibitor to any silvicultural 

management systems that may be implemented to promote the maintenance and 

development of complex understory and mid-story vegetation.  Without specific 

management objectives and management plans to reduce their numbers (such as culling), 

or long-term monitoring, any hope of recovering ecosystems will be severely 

compromised. 

Norway and Black rats have affected endemic small mammals and other 

vertebrate species in small and medium islands in Haida Gwaii (Drever, 1997).  Most 
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studies were conducted within a few hundred meters of the ocean and on remote islands 

in Haida Gwaii; very little is known about their abundance and distribution inland.  Very 

few were observed, but evidence of their existence was seen as far as 1.5 km from the 

ocean (Morin, 2010) and may have an important effect on Keen’s mice relative 

abundance and demography.  

Red squirrels were also detected in my study area.  Their strong preference for P. 

sitkensis seeds as a food source would suggest that their density would be higher in Sandy 

watershed.  The Tomahawk traps and cameras utilized in 2010 and 2013 identified the 

presence and absence of rats in the study area by using a rat food based with scented bait. 

Therefore it is possible that my detection for red squirrels may be affected by using this 

type of bait only.  More research on their abundance, distribution and impact on small 

mammals and other vertebrate communities would help improve management objectives 

for Haida Gwaii. 

A small percentage (<10 %) of Keen’s mice captured had ticks that were usually 

found either around their neck, ears or eyes.  Some carried up to five ticks and this 

seemed to affect their behavior (they were more agitated during handling).  It is unclear 

how ticks, or other parasites, affect small mammals on Haida Gwaii, if parasite loads 

differ on the island archipelago versus the BC mainland, or how infection rates differ 

between riparian and upland sites.  
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Conclusion 

Although I was unable to confirm specific habitat features preferred by Keen’s mice, 

my study reveals some insightful findings and conclusions about the status of small 

mammals in Haida Gwaii riparian forests, including: 

• Little is known about the habitat relations or population ecology of Keen’s mice 

and particularly the effects of fragmentation on small mammals in Haida Gwaii.  

• Both Keen’s mice and dusky shrews occur in young seral stage forest and riparian 

forests of Haida Gwaii. However population density found in upland or old 

growth forests is unknown.   

• Mixed coniferous-deciduous riparian forests appear to provide a higher habitat 

quality and support denser populations of Keen’s mice than conifer leading 

forests;  

• The treatment did not, in the short-term, appear to elicit a numeric or functional 

response in mouse populations.  

• The prescribed thinning treatment of 1-5 trees (0.03 ha) may be too small to 

significantly improve the forest floor conditions in young regenerated stands in 

Haida Gwaii; 

• A longer monitoring program with a more robust temporal and spatial sampling 

design at different forest development stages is necessary in order to understand 

small mammal specific habitat preferences and their responses to silvicultural 

treatment in Haida Gwaii riparian and upland forests; 

• The introduced Sitka-blacked tail deer, both species of rats, and the Red squirrel 

may be an important contributor to the low population and demography of Keen’s 
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mice and other vertebrate species in Lyell Island; 

• Young riparian forests have a depauperate vegetative communities state in Haida 

Gwaii (Golumbia, 1999; Vila et al., 2003; Gaston et al., 2008) and without an 

active management of second growth forests in the harvested land base, most 

vegetative structure will be permanently absent from the forest floor; thus 

reducing stand heterogeneity and species persistence. 

Ecological integrity is an integral part of the Haida Gwaii forest management and new 

strategies are explored to balance the long-term social and economic benefits without 

compromising ecosystem function and processes. Small mammals contribute to forest 

regeneration by dispersing seeds and mycorrhizal fungal spores (Ure & Maser 1982, 

Hayes, Cross, & McIntire, 1986). Changes in abundances and demography of small 

mammals as a result of human alteration of habitat may alter some ecosystem processes 

and lead to changes in stand productivity and biodiversity.  

In the PNW, silvicultural practices that focus primarily on wood production 

(harvesting cycles of 45-100 years) cover 10-40 % of the potential stand development 

that is found in old forests (>250 years), consequently affecting the development of many 

structural attributes (Bauhs, 2009). As second growth becomes an increasing portion of 

the Timber Harvesting Land Base in Haida Gwaii (Moore, 2013) further development of 

scientifically sound information on the current status and long term population trends of 

small mammal population, particularly in the harvesting land base, will help determine 

how well current management practices are sustaining those ecosystems and guide forest 

managers to meet the long-term integrity of these resources. 
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Appendices 

Appendix A. An excerpt from Riparian Forest Assessment and Stand Structure 

Restoration for Identified Creeks. (Sean Muise, RPF, Ministry of Forests. Lands, 

and Natural Resource Operations) 
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Appendix B.  Dusky Shrew population status on Lyell Island and initial findings. 

The Dusky Shrew (Sorex monticolus), is a member of the long-tailed shrew genus 

Sorex (Family Soricidae).  Also known as the montane shrew, this very small mammal 

ranges from northern Alaska to northern Mexico, and extends from the Pacific Ocean to 

the Rocky Mountains (Smith & Belk, 1996). 

As a result of their small size (weight: 5.5 to 7 g; length: 86 to 142 mm (Smith & 

Belk, 1996)), shrews rapidly lose body heat and must make up for this by eating 

frequently. Typically they must eat up to 80 - 125 % of their body weight every day and 

will not survive if deprived of food for more than three hours (Churchfield, 1990). Little 

is known on their food habits or habitat requirements on Haida Gwaii. Some biophysical 

inventories conducted in Gwaii Haanas in the mid 1990’s had limited trapping success 

and managed to find them in only 6 of 11 habitats sampled (Burles, Edie & Bartier, 

2004).  From studies done elsewhere, S. monticolus is found in both riparian and upland 

forest but is more associated with riparian areas (Doyle, 1990). They generally feed on 

terrestrial invertebrates such as beetles, millipedes and spiders and have been known to 

consume conifer seeds, fungi, lichens (Nargosen, 1996; Churchfield, 1990).    

Both shrews and mice are often preyed upon many avian and mammalian 

predators.  The northern saw- whet owl (Aegolius acadicus) is the only owl native to 

Haida Gwaii and likely the main avian predator of both small mammal species.  

Additionally, the Sharp-shinned hawk (Accipiter striatus), Short-eared owl (Asio 

flammeus), Merlin (Flaco columbarius), and Northern Goshawk (Accipiter gentilis) may 

predate on both species opportunistically (Burles, Edie & Bartier, 2004). The endemic 

Haida Gwaii Marten (Martes americana nesopohila) and Ermine (Mustela ermine 
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haidarum), and both introduced black and Norway rats are the local mammalians 

potentially predating on shrews.  

Results 

Due to this species’ high metabolism and incessant need to search for food, it was 

logistically impossible to visit every all trapping sites in these remote watersheds at 

sufficiently frequent intervals to avoid mortality.  For this reason, traps remained closed 

during the day, as shrews continue to be day active while Keen’s mice are primarily 

nocturnal. Nonetheless, shrews are an integral part of the riparian ecosystem in both 

watersheds and are utilizing similar resources (food, cover and travel ways) to mice, thus 

potentially affecting the abundance and distribution of Keen’s mouse. One interesting 

finding is the numbers of total shrew captures detected between years and watershed 

(Table B1). In 2012, average total captures were five times lower at Sandy than at 

Powrivco (Sandy: �̅�𝑥 =6.8, SD=3.3; Powrivco: �̅�𝑥 =36.7, SD=10.2). In 2013, both control 

and treated sites experienced substantial increases in total captures at Sandy 

(from �̅�𝑥 =6.8 to �̅�𝑥 =28.8, SD=9.2), while Powrivco showed large decreases in the treated 

sites only (2012: 𝑥𝑥� =33, SD=11.3; 2013: �̅�𝑥 =5.5; SD=0.7).  Interestingly, there was only 

a minor decrease in total shrew captures at the control site in Powrivco  (44 in 2012 vs. 

31 in 2013). This may suggest that the treatment may have affected this species in 

Powrivco.  The treatment may have had an impact on this species in Powrivco but further 

detailed researches are required to confirm any correlations. 
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Table B1  

Sorex monticolus total captures pre and post-treatment in Powrivco and Sandy 
watersheds 

Watershed Treatment 2012 2013 
Sandy 1 Control 10 23 
Sandy 2 Treated 3 22 
Sandy 3 Treated 9 28 
Sandy 4 Control 5 42 
Powrivco 1 Control 44 31 
Powrivco 2 Treated 41 5 
Powrivco 3 Treated 25 6 

 

Appendix C. Additional habitat characteristics measured in Powrivco and Sandy 

watersheds.  

Table C1  

Snags (≥ 11.5 cm) and stump characteristics assessed before treatment 

      Snag characteristics Stump characteristics 

SUs Treatment # ha DBH (cm) Height (m) # ha Diameter (cm) 

P 1  Control 136.4 24.9 15 90.9 147.5 

P 2 Treated 136.4 18.3 8.9 18.2 110.0 

P 3 Treated 190.9 21.1 11.9 45.5 128.4 

S 1 Control 218.2 17.8 13.8 90.9 104.5 

S 2 Treated 463.6 18.3 8.9 118.2 98.4 

S 3 Treated 418.2 21.1 11.9 136.4 111.4 

S 4 Control 218.2 24.5 15.5 36.4 117.1 
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Table C2  

Mean values for CWD volume per sampling unit and per decay class presented in both 
Powrivco (P) and Sandy (S) watersheds pre and post-treatment using line intercept 
method (N=3).  Decay class percentile is presented in brackets 

  2012 2013 

Decay 

Class 
1 2 3 4 5 1 2 3 4 5 

P 1 0.7 
(0.7) 

4.0 
(3.9) 

68.9 
(68.0) 

22.0 
(21.7) 

5.7 
(5.6) 

0.7 
(0.7) 

4.0 
(3.9) 

68.9 
(68.0) 

22.0 
(21.7) 

5.7 
(5.6) 

           

P 2 0.6 
(0.5) 

0.6 
(0.5) 

110.7 
(83.4) 

20.5 
(15.4) 

0.3 
(0.2) 

49.7 
(26.7) 

1.0 
(0.5) 

114.4 
(61.5) 

20.5 
(11.0) 

0.3 
(0.2) 

           
P 3 0.1 

(0.1) 
4.9 

(2.8) 
147.2 
(82.7) 

25.8 
(14.5) 

0  
(0) 

27.1 
(13.2) 

5.4 
(2.6) 

147.2 
(71.6) 

25.8 
(12.6) 

0  
(0) 

           

S 1 2.8 
(1.8) 

9.2 
(6.1) 

67.1 
(44.3) 

71.9 
(47.5) 

0.4 
(0.3) 

2.8 
(1.8) 

9.2 
(6.1) 

67.1 
(44.3) 

71.9 
(47.5) 

0.4 
(0.3) 

           

S 2 0  
(0) 

1.9 
(0.7) 

217.6 
(76.9) 

57.4 
(20.3) 

6 
(2.1) 

32.1 
(10.2) 

1.9 
(0.6) 

217.6 
(69.1) 

57.4 
(18.3) 

6 
(1.9) 

           

S 3 0  
(0) 

5.4 
(3.9) 

103.9 
(75.3) 

24 
(17.4) 

4.6 
(3.3) 

44.7 
(24.5) 

5.4 
(3.0) 

103.9 
(56.9) 

24 
(13.1) 

4.6 
(2.5) 

           

S 4 1.5 
(0.3) 

56.4 
(11.5) 

204.7 
(41.8) 

167.2 
(34.1) 

60 
(12.2) 

1.5 
(0.3) 

56.4 
(11.5) 

204.7 
(41.8) 

167.2 
(34.1) 

61 
(12.2) 
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Table C3  

Mean values for CWD diameter in Powrivco (P) and Sandy (S) watersheds (N=3).  
Values in brackets are standard deviations 

Variables Year P 1 
Control 

P 2       
Treated 

P 3   
Treated 

S 1  
Control 

S 2  
Treated 

S 3 
Treated 

S 4 
Control 

CWD    
Diameter 
(cm) 

2012 23.4 
(4.8) 

24.9   
(2.1) 

 

26.8     
(5.8) 

31.4   
(7.1) 

30.8     
(5.1) 

23.5   
(8.1) 

40.9   
(2.1) 

CWD     
Diameter 
(cm) 

2013 23.4 
(4.8) 

23.5 
(2.7) 

19.8     
(1.7) 

31.4   
(7.1) 

21.8     
(2.7) 

22.9   
(1.0) 

40.9   
(2.1) 

 

Table C4  

Summary of stand condition presented for each sampling unit in Powrivco (S) and Sandy 
(S) watersheds pre and post-treatment (N=11).  Number of trees (N) and standard 
deviation (SD) are provided in bracket for each respective variable 

Variables Year P 1    
Control 

P 2       
Treated 

P 3   
Treated 

S 1 
Control 

S 2  
Treated 

S 3 
Treated 

S 4 
Control 

Stems/ha 2012 536.4 463.6 527.3 654.6 600.0 481.8 436.4 

Stems/ha 2013 536.4 409.1 445.5 654.6 463.6 354.5 436.4 

         

% Ss       
(N) 2012 56.9 

(33) 
36.5 
(19) 

29.3 
(17) 

60.3 
(44) 

81.3    
(52) 

88.9 
(48) 

77.1 
(37) 

% Ss      
(N) 2013 56.9 

(33) 
37.0 
(17) 

34.7 
(17) 

60.3 
(44) 

88.0    
(44) 

92.5 
(37) 

77.1 
(37) 

         

Ss Diam.   
(SD) 2012 56.7 

(23.2) 
54.6 

(33.2) 
39.5 

(21.7) 
37.1 

(20.4) 
41.5 

(14.1) 
51.3 

(18.6) 
46.0 

(16.2) 

SS Diam. 
(SD) 2013 56.7 

(23.2) 
59.0 

(32.2) 
39.5 

(21.7) 
38.5 

(20.2) 
42.0 

(14.2) 
54.8 

(18.8) 
46.0 

(16.2) 

         

SS height 
2012 

37.4 31.0 26.8 28.4 34.0   37.2 33.7 
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(SD) (9.5) (12.9) (10.4) (8.8) (5.3) (7.8) (6.3) 

SS height 
(SD) 2013 37.4 

(9.5) 
32.8 

(12.4) 
26.8 

(10.4) 
28.1 
(8.5) 

34.2   
(5.5) 

38.8 
(7.7) 

33.7 
(6.3) 

         

% Hw       
(N) 2012 32.8 

(19) 
38.5 
(20) 

27.6 
(16) 

28.8 
(21) 

18.8    
(12) 

11.1  
(6) 

22.9  
(11) 

% Hw       
(N) 2013 32.8 

(19) 
43.5  
(20) 

30.6 
(15) 

28.8 
(21) 

12.0      
(6) 

7.5    
(3) 

22.9  
(11) 

         

Hw 
Diam. 
(SD) 

2012 30.5 
(13.6) 

30.4 
(22.3) 

25.4 
(12.2) 

29.5 
(19.2) 

25.7 
(13.9) 

30.7 
(23.0) 

22.9 
(11.3) 

Hw 
Diam. 
(SD) 

2013 30.5 
(13.6) 

30.4 
(19.4) 

26.1 
(12.4) 

29.5 
(9.1) 

21.5 
(7.7) 

38.1 
(33.3) 

22.9 
(11.3) 

         

Hw 
height  
(SD) 

2012 22.6 
(8.9) 

18.1 
(9.5) 

17.3 
(8.2) 

24.0 
(7.8) 

22.3 
(5.5) 

26.8 
(9.6) 

23.4 
(9.9) 

Hw 
height 
(SD) 

2013 22.6 
(8.9) 

18.1 
(9.7) 

17.6 
(8.2) 

24.0 
(6.1) 

21.2 
(5.4) 

26.9 
(14.4) 

23.4 
(9.9) 

         

% Dr      
(N) 2012 10.3  

(6) 
25.0 
(13) 

43.1 
(25) 

11.0  
(8) 0.0 0.0 0.0 

% Dr       
(N) 2013 10.3  

(6) 
20.5  
(9) 

34.7 
(17) 

2.9    
(2) 0.0 0.0 0.0 

         

Dr Diam. 
(SD) 2012 36.0 

(9.0) 
36.1 
(6.7) 

42.5 
(6.5) 

22.5 
(13.7) 0.0 0.0 0.0 

Dr Diam. 
(SD) 2013 37  

(9.0) 
36.6 
(5.7) 

43.1 
(6.8) 

22.5 
(13.7) 0.0 0.0 0.0 
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Dr height 
(SD) 2012 33.8 

(3.6) 
29.9 
(3.2) 

31.5 
(3.3) 

17.7 
(6.3) 0.0 0.0 0.0 

Dr height 
(SD) 2013 33.8 

(3.6) 
29.9 
(3.2) 

31.5 
(3.3) 

17.7 
(6.3) 0.0 0.0 0.0 

 

Table C5  

Stand structure summary per watershed.  Mean average for Sitka spruce (Ss), Western 
hemlock (Hw) and Red alder (Dr) were measured for both watersheds.  Number of trees 
(N) and standard deviation (SD) are displayed in brackets.  Trends are shown for each 
variable 

 2012  2013  

Variables Powrivco Sandy Powrivco  Sandy  

% Ss                
(N) 

40.9                       
(69) 

76.9 
(162) 

42.9       
(67) 

 79.5 
(162) 

 

% Ss SD 14.3 14.3 12.2  14.3  

Ss diameter (cm) 
(SD) 

50.3                     
(9.4) 

44.0  
(6.1) 

51.7    
(10.7) 

 45.3  
(7.0) 

 

Ss height (m) 
(SD) 

31.7                      
(5.3) 

33.3  
(3.6) 

32.3      
(5.3) 

 33.7  
(4.4) 

 

% Hw              
(N) 

33.0                       
(55) 

20.4   
(50) 

35.6       
(54) 

 17.8   
(41) 

 

% Hw (SD) 5.5 7.4  6.9  9.8  

Hw diameter (cm)               
(SD) 

28.8                      
(2.9) 

27.2  
(3.6) 

29.0      
(2.5) 

 28.0  
(7.6) 

 

Hw height (m) 
(SD) 

19.3                      
(2.9) 

24.1  
(1.9) 

19.4      
(2.8) 

 23.9  
(2.3) 

 

% Dr                
(N) 

26.1                       
(44) 

2.8       
(8) 

21.5       
(32) 

 2.8       
(8) 

= 

% Dr SD 16.4 / 12.3  /  

Dr diameter (cm) 
(SD) 

38.2                     
(3.7) 

22.5      
(/) 

38.6      
(3.9) 

 22.5      
(/) 

= 

Dr height (m) 32.2                     17.7      32.2      
= 

17.7      
= 
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(SD) (1.4) (/) (1.4) (/) 

 

Table C6  

Morphometric measurement of juvenile mice in Powrivco and Sandy watersheds pre and 
post-treatment.  N value and standard deviation (in brackets) are presented to the right 
for each biological variable 

 

 

 

 

 

SU’s Year Male body mass (N)     SD  Female body mass (N) SD 

P 1 2012 0.0 − 0.0 − 

P 1 2013 0.0 − 0.0 − 

P 2 2012 11.2 (4) 2.5 10.0 (6) 1.6  

P 2 2013 0.0 − 0.0 − 

P 3 2012 0.0 − 0.0 − 

P 3 2013 15.6 (5) 2.6 14.8 (2) 1.1 

S 1 2012 0.0 − 8.4 (4) 0.5 

S 1 2013 0.0 − 0.0 − 

S 2 2012 0.0 − 12.5 (1) − 

S 2 2013 0.0 − 0.0 − 

S 3 2012 0.0 − 0.0 − 

S 3 2013 16.5 (1) − 0.0 − 

S 4 2012 0.0 − 0.0 − 

S 4 2013 0.0 − 0.0 − 
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Table C7   

Rat presence using Tomahawk traps in each corner of the sampling units in 2010 and 
Reconix Hypefire wildlife camera in the center of each sampling unit in 2013 

 

Table C8  

Coordinates (UTM's) of each sampling unit corners (≤3m accuracy) 

 

SUs 
2011 
trap 

night 
Captures Ind. Capt./100 

Trap Night 

2013 
camera 
night 

Captures Ind. Capt./100 
Camera Night 

P 1 24 0 0 4 2 50 

P 2 24 0 0 4 1 25 

P 3 24 0 0 4 0 0 

S 1 16 2 12.5 4 2 50 

S 2 16 0 0 4 1 25 

S 3 16 0 0 4 0 0 

S 4 16 1 6.3 4 0 0 

SU’s Station 1 Station 11 Station 23 Station 33 

P 1 09/326294/5839682 09/326101/5839633 09/326282/5839716 09/326091/5839654 

P 2 09/326021/5839594 09/325833/5839551 09/326015/5839561 09/325832/5839535 

P 3 09/325740/5839551 09/325579/5839438 09/325732/5839584 09/325574/5839469 

S 1 09/325332/5842101 09/325182/5841974 09/325307/5842119 09/325154/5842004 

S 2 09/324474/5841608 09/324299/5841470 09/324678/5841803 09/324513/5841687 

S 3 09/324474/5841608 09/324299/5841470 09/324495/5841575 09/324327/5841457 

S 4 09/324244/5841461 09/324196/5841279 09/324216/5841467 09/324177/5841295 
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