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1.0 INTRODUCTION AND BACKGROUND 
 
The central interior of British Columbia is experiencing the largest recorded mountain pine 
beetle (MPB; Dendroctonus ponderosae Hopkins) outbreak in history. Contrary to endemic 
beetle populations that thin stands from above by selecting and killing the largest and generally 
more mature trees, epidemic populations attack and kill a larger range of diameter classes and 
significantly impact a stand’s composition and structure (Safranyik et al. 1974).  On June 1, 
2002, the allowable annual cut (AAC) for the Prince George Timber Supply Area (TSA) was 
increased by 30% to help suppress the spread of mountain pine beetle. In 2004, due to limited 
knowledge on the shelf life (decay rates) of MPB-killed trees, an additional increase of 22% was 
allowed for the salvage of pine forests in order to mitigate timber losses (Eng 2004). While 
harvesting all infested timber would not be possible or feasible, large-scale clearcutting is 
typically used to deal with large outbreaks.  
 
This colossal MPB outbreak, along with large-scale salvage operations, will undoubtedly have a 
significant impact on the shape and composition of landscapes, and biodiversity in general. 
Unfortunately, there is limited information on the effects of beetle outbreaks on wildlife habitats 
and populations. Past research focused mainly on beetle physiology, and pest/host interaction 
(Reid 1963; Cole and Amman 1969; Amman 1972; Safranyik 1978). 
 
Approximately 160 vertebrate species inhabit Prince George forestlands (Proulx 2000a,b,c).  
Eight of these species, which are all associated with late-successional stands, are considered at 
risk (Proulx et al. 2004, 2005a). Because mountain pine beetles prefer large diameter trees 
(Safranik 2004), stand structural changes due to infestations undoubtedly impact species at risk 
and an array of animal and plant species living in mature and old-growth stands (Smith et al. 
2000; Paige 2003; Proulx et al. 2005a,b).  Conversely, MPB infestations benefit insectivorous 
species such as Picoides woodpecker species (Koplin 1969, 1972; Bergvinson and Borden 1992).     
 
Regardless of the choice of harvest strategies, forest managers must conscientiously continue to 
conserve all forest values, namely biodiversity.  However, managers often speculate about the 
“quality and quantity” of biological diversity inhabiting lodgepole pine stands, particularly when 
the majority of stems have been killed by mountain pine beetles.  They also have questions about 
the soundness of conservation measures such as the retention of wildlife tree patches (WTPs) of 
various size and composition in MPB-killed lodgepole pine landscapes (K. Deschamps, Canfor, 
pers. comm.).  A lot of recent scientific literature has focused on the concept of ‘extinction debt’. 
Essentially what has been determined is that certain species can only maintain themselves in 
smaller patches of habitat for a limited length of time. This concept has particular application to 
wildlife tree patches which often are < 5ha in size. 
 
This work plan is aimed to answer forest managers’ questions about what role unsalvaged MPB 
impacted lodgepole pine stands play in maintaining habitat for organisms that may be 
significantly impacted by the increased harvested rates on the landscape. For certain 
‘representative’ organism groups it is designed to determine important habitat features and 
associated wildlife species that occur in lodgepole pine stands that vary in patch age and size, 
species composition, and for small patches, time since isolation (i.e., time since the mature forest 
was removed around them).  
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2.0 NATURE, PURPOSE AND STUDY AREA OF THE PROJECT 
 
The purpose of this project is to evaluate the biological significance and/or importance of MPB-
killed stands. In order to meet this purpose, the project must adequately characterize biodiversity 
within a diversity of lodgepole pine stands, i.e., small vs. large, pure vs. mixed, and so on.  
Knowing about biodiversity within such stands will reduce uncertainties about land management.  
As with any project of this complexity (see Ruggiero 1991), in order to reach this level of 
knowledge, the research program needs to be a very ambitious, highly integrated, cooperative 
research effort among experienced field professionals. Such a program encompasses many 
interrelated phases overlapping different seasons and years in order to secure significant datasets. 
Also, the research program is organism-centered and spatially explicit. The landscape matrix 
provides interrelated conditions in which discrete habitats occur. It consists of a mix of land-use 
types that surround the individual habitats.  Simply evaluating characteristics and conditions 
within a habitat tract cannot alone determine habitat quality and quantity (Harris and Kangas 
1988, Bowman et al. 1999).  Animals move and genetic continuity occurs throughout a 
landscape. If species’ habitat use and individual movements throughout the landscape matrix are 
not considered along with the structural characteristics within a patch, the biodiversity evaluation 
is incomplete. 
 
The potential for serious socio-economic and ecological impacts has resulted in a plethora of 
research and literature on mountain pine beetle. Past research has to a large extent focused on 
beetle physiology, and pest/host interaction (Reid 1963; Cole and Amman 1969; Amman 1972; 
and Safranyik 1978), while more recent research has focused on such topics as stand and 
landscape level dynamics, modelling exercises, and dispersal mechanisms (Cole and Amman 
1980; Shore and Safranyik 1992; Fall et al. 2004 and Hawkes et al. 2004). There is limited 
information however on the effects (positive or negative) of beetle outbreaks on wildlife habitats 
and populations.  This proposal is unique in its approach as it is an extensive, ecological study 
focused on animal and plant biodiversity in a variety of lodgepole pine stands.   
 
This project will be carried out in the Prince George Forest District of the Prince George Timber 
Supply Area (TSA) (mainly within the Moist Interior and Macgregor Plateau Natural 
Disturbance Units (NDU)) with the objective to determine for a selected number of animal and 
plant species associated with lodgepole pine stands: 

1. Habitat use and species richness, particularly in late-successional stands; 
2. The potential impact of MPB infestations on habitat use and species richness; and 
3. The impact of retention of pine stands of various sizes and compositions on habitat use 

and species richness. 
The implementation of this project corresponds to a series of phases integrating seasonal 
inventories across a variety of pine stands: 

1. Selection of study sites 
2. Summer inventories (non vascular plants, small mammals and arthropods) 
3. Management recommendations based on summer inventories 
4. Spring-early summer inventories (avifauna) 
5. Management recommendations  
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2.1 STUDY AREA 
  
The Prince George TSA covers approximately 7.5 million ha – one of the largest management 
units in British Columbia - and includes the Prince George, Vanderhoof and Fort St. James 
Forest Districts (Pedersen 2004). The ecology of this unit ranges from the Interior Cedar 
Hemlock (ICH) zone in the east, through the Sub-Boreal Spruce (SBS) zone in the central 
interior with areas of the Engelmann Spruce – Subalpine Fir (ESSF) zone at higher elevations 
and finally to the southwest are pockets of the Sub-Boreal Pine-Spruce (SBPS) zone (Meidinger 
and Pojar 1991).  For the purpose of this project, study areas will correspond to lodgepole pine 
stands within the dry warm (dw) and moist cool (mk) subzones of the SBS Biogeoclimatic Zone, 
within Prince George Forest District.  
 
The selected Biogeoclimatic Subzones are located within the Moist Interior and Macgregor – 
Plateau Natural Disturbance Units (NDU; Delong, 2002). These NDUs have an extensive fire 
history, with an estimated 67 – 83% of the stands under 140 years of age, resulting in extensive 
areas of seral lodgepole pine stands (Meidinger and Pojar, 1991; DeLong, 2002). 
 
The SBSdw subzone is one of the largest subzones in the Prince George TSA. There are two 
variants of this subzone (SBSdw2 and SBSdw3) found in the southwest portions of the Prince 
George TSA. The SBSdw extends from Inzana Lake in the north, south to Canim Lake in the 
Quesnel TSA (Delong et al, 1993, Steen and Coupe, 1997). SBSdw stands are some the most 
diverse forests in the region, with lodgepole pine, Douglas-fir and hybrid white spruce making 
up the bulk of the coniferous component of these forests (Delong et al, 1993). Black spruce can 
be found in wetlands and poor sites while subalpine-fir can be found occasionally at higher 
elevation (DeLong et al. 1993).  
 
The SBSmk has less Douglas-fir that neighboring subzones and a typical moist climate. Found 
primarily northwest of Prince George, it extends northwest to the Nation Lakes and Northeast to 
the Williston Reservoir (Meidinger and Pojar, 1991). A short fire-return interval in this subzone 
has resulted in vast mid- seral forests of lodgepole pine and trembling aspen (Delong et al, 1993).  
 
3.0 METHODOLOGY 
 
3.1 PHASE I – SELECTION OF STUDY SITES 
 
3.1.1 Number and Characteristics of Study Sites 
 
In order to properly assess biodiversity in lodgepole pine stands and based on available study 
sites, a total of 43 study sites have been identified within the dry warm and moist cool subzones 
of the Sub-boreal Spruce Zone (SBS) as per the sampling strategy depicted in Figure 1.  
Lodgepole pine stands that were circumesic (submesic to subhybric) in moisture regime were 
selected to represent a range of composition (i.e., % basal area pine) and size. Stands have been 
selected from contiguous forest (≥ 10ha) (19 sites), large wildlife tree patches (WTP’s) (≥ 2ha) 
(14 sites), and small WTP’s (< 2 ha) (10 sites) across the 2 subzones. Table 1 shows a 
breakdown of the sample in terms of size, composition, and time since WTP’s have been 
harvested around. In order to improve sampling efficiency all study sites have been located along 
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18 transects that link at least 2 samples together (generally a contiguous forest patch and WTP). 
Along each transect a sample will be also be conducted within a harvested portion of the transect 
so at least 18 samples will occur in harvested areas.  
 

Table 1 Breakdown of samples size by patch size, tree species composition, and stand age 
for all unharvested samples and for time since cutblock harvested for WTP’s. 

 
Size 
(ha) 

Composition Stand age Time since Harvest (yrs) N 

> 10  > 80% basal area pine > 120 years NA 6 
  60 – 120 years NA 4 
 51 – 80% basal area pine > 120 years NA 4 
  60 – 120 years NA 5 
2 – 10  > 50 % basal area pine > 60 years 0 – 5 5 
   6 – 10 6 
   > 10 3 
< 2    > 5 10 
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Figure 1 Schematic showing how sample sites will be distributed among stand types. 

Pure stands contain >80% basal area lodgepole pine and mixed contain 50-80% 
basal area.  
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3.2 PHASE III – SUMMER INVENTORIES 
 
Habitats occur in a landscape that provides their contextual setting.  “Context” refers to the mix 
of land-use types that occur in the landscape matrix surrounding the individual habitats.  The 
notion that habitat quality and quantity can be assessed simply by evaluating characteristics and 
conditions within a habitat tract is incomplete (Harris and Kangas 1988, Bowman et al. 1999).  
Animals move and genetic continuity occurs throughout a landscape. If animal movements 
throughout the landscape matrix are not considered along with the structural characteristics 
within the patch, the biodiversity evaluation is incomplete.  The inventory of small mammals at 
landscape level emphasizes the dynamics of mobile organisms in terrestrial ecosystems.  
Therefore, the effects of vegetation succession, natural disturbances and timber harvest on small 
mammal distribution and population structure must be considered at several spatial scales. On 
the other hand, the species distribution may be more irregular in some segments than in others.  
It is necessary to identify those habitat mosaics, which, at the landscape level, favor small 
mammal movements and the exchange of genetic biodiversity. 
 
Small mammals (i.e., mice, voles, shrews, etc.) contribute to both the density and functional 
diversity of species of North American temperate forests (Carey and Johnson 1995).  Several 
studies on the effects of habitat changes on small mammals have been reported in the past (Tevis 
1956, Cook 1959, Ahlgren 1966, Hooven and Black 1976, Scrivner and Smith 1984, and others).  
For example, red-backed voles prefer habitats with a developed understory vegetation that 
provides food and water (McManus 1974), and rotting logs and loose forest litter for cover and 
runways (Getz 1968, Hayes and Cross 1987, Nordyke and Buskirk 1991). Of course, with an 
increase of downed wood and micro-habitats suitable to small mammals, the number and 
diversity of shrews may also increase in stands infested with mountain pine beetle.  While habitat 
changes due to mountain pine beetle may be beneficial to voles and shrews, this has not been 
investigated in the past. 
 
Different ant species are found in different seral stages, some of them favoring old-growth and 
CWD, others preferring recently logged sites (Longino and Richart 2005). Ants are central to 
ecosystem function, and in many ecosystems they are keystone species, i.e., their removal from 
the ecosystem would significantly alter the functioning of that ecosystem, and many other 
organisms (e.g., pileated woodpecker) would be impacted negatively (Lindgren 2005).  Carabid 
beetle communities may also be used as bioindicators; carabid assemblages may change 
drastically from early- to late-successional stages (Niemelä et al. 1996, Paquin et al. 1999).  
 
Stand description data including a detailed description of snags, CWD, and the shrub community 
will be conducted in the summer following full leaf out. Such an inventory should be carried out 
in parallel with an inventory of non-vascular plants, i.e. mosses, liverworts, lichens and fungi. 
While stand age is a critical factor in determining lichen and/or bryophyte diversity (Söderström 
1988, Selva 1994), non-vascular species are largely confined to tree bases and CWD, where litter 
does not prevent growth (Longton 1992, Berg et al. 1994).  The inventory of selected arthropods 
and non-vascular plants may be useful for the rapid assessment of biodiversity (Oliver and 
Beattie 1993). 
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3.2.1 Objectives 
 
Objectives specific to this phase are to: 
1. Determine the relationship between patch age and size, and time since isolation, and small 

mammal, ant, and carabid beetle species composition and abundance; and 
2. Determine the relationship between patch age and size and time since isolation, and non-

vascular plant species composition and abundance. 
 

3.2.2 Hypotheses 
 
1. The number and diversity of small mammal species will change with size of mature forest 

patch and time since patch was isolated (in case of WTP’s). Red-backed voles 
(Chletrionomys gapperi) and other rodents and insectivores with similar needs will be more 
abundant in stands with structurally complex grounds, and their distribution will match that 
of marten. Colonizing species such as Peromyscus maniculatus and Microtus pennsylvanicus 
will be more abundant in clearcut areas. 

2. The number and diversity of ant and beetle species will vary according to size of patch and 
time since patch was isolated and be different from that found in clearcut areas. 

3. The size and quality (e.g., softness, height, etc.) of CWD will be superior in late-successional 
patches to that in the clearcut areas. 

4. The abundance and diversity of non-vascular species will vary according to age of stand, size 
of patch, time since death of pine in stand, and time since harvest for larger WTP’s. 
 

3.2.3 Inventory of CWD, Snags, Non-vascular Plants, Small Mammals and Arthropods  
 
The size of the study sites within selected stands will be approximately one hectare in order to 
obtain data that are representative of stand conditions, and to accommodate small mammal 
inventories. 

 
Where possible study sites will be located ≥100 m from the border of stands (Figure 2). This will 
not be possible in WTP’s less than about 4ha. For these the study site will be located near the 
centre of the patch. Metal bars, pushed below ground, will mark plot centre. Each installation 
will be 100m x 100m and will be subdivided into four quarters, the edges of which will be 
marked with ribbon to assist with the location of vegetation plots and animal trapping grids. 
Location of the plot should occur near the predetermined transect. If for some reason this is 
unacceptable, any modifications to the provisional transect need to be documented and a new 
GPS track submitted at the end of the phase. If a transect is rejected (not all transects have been 
confirmed in the field) the reasons for rejection need to be clearly documented.  Testing of 
methods indicates that it takes 1 day for a crew of 2 to complete the site and soil, CWD, 
snag and vascular plant inventories. 
 
CWD Inventory Methodology 
All 43 sites will be included in the CWD inventory.  In the centre of each 1 ha installation a 
CWD sampling triangle will be established (Figure 2). Each edge of the triangle will be 50m and 
serve as a transect for collection of CWD and non-vascular plant data.  
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The following CWD attributes will be measured and recorded on a modified Resources 
Information Standards Committee (RISC) coarse woody debris form: 
· Plot number; 
· Date sample collected; 
· BEC zone and subzone, and site series; 
· CWD tree species (where discernable); 
· CWD diameter (cm) at base and point of intersection with transect; 
· CWD length (m); 
· CWD tilt angle (degrees); 
· Decay class of whole log; and 
· Keisker functional type (Keisker 2000). 

  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Characteristics of the study sites and CWD inventory transects   
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Methodology for inventory of non-vascular plants 
Along the length of the CWD inventory transects, mosses, lichens, liverworts, and fungi present 
will be recorded along with the substrate on which they are occurring (i.e., dead wood, organic 
material, mineral soil, or rock) using a line-intercept method. In addition to the line survey, non-
vascular plants occurring on logs will be counted within a 30 cm-long marked (5 x 5 cm) grid 
draped over the highest point of the log above the ground, with one side of the grid parallel to the 
longitudinal axis of the log (Lee et al. 1995). The width of the grid will vary with circumference 
of log.  Sampling will occur on as much of the circumference as possible above ground surface. 
Along transects, the organic layer will be recorded at every 10 m.  Depth will be measured from 
the top of the organic mat (dead moss) to the top of the soil mineral layer (modified from Lee et 
al.  1995). 
 
Methodology for inventory of vascular plants and soils 
One 11.29m radius plot will be established within the centre of each quadrant of the 1ha 
installation. All tree, shrub, herb, and moss species occurring on humus substrate within the plot 
will be recorded and an ocular estimate of percent ground cover will be estimated for each. For 
tree species, cover estimates will be recorded by layer (veterans, dominant, main canopy, 
subcanopy, tall shrub (2 –10m height) and low shrub (<2m height)). For each shrub species an 
average height will be recorded. Non-plant cover (rock and mineral soil) will be also be 
recorded. Site (aspect, slope gradient and slope position) and soil conditions (soil texture, coarse 
fragment content, presence of restricting layers) will also be collected in order to classify the site.   
 
For each snag within the plot the following data will be recorded: 
 
· Species; 
· Height (m); 
· DBH (cm);  
· Wildlife tree classification; 
· Keisker functional type; and 
· Branch order (relates to time since death) 
 
Small mammal inventory 
Small mammal trapping will only occur at 25 sites, including 5 old and 5 mature contiguous 
forest stands, 5 -  ≥2ha patches >5 years since harvest, 5 <2ha patches, and 5 clearcut sites. Small 
mammals will be sampled with pitfall traps and live-traps set in a 1-ha matrix with 49 (7 x 7) 
stations set at 14.3-m intervals (49 traps and pitfalls per grid). One trap and one pitfall will be 
installed at each station to obtain density estimates per hectare (Sullivan 1997).  Traps and 
pitfalls will be baited with a mixture of rolled oats, peanut butter and rendered bacon (Martell 
1983), set ≤ 1 m from the grid point.  Traps will be staked down.  Traps will be opened for four 
consecutive nights, for two consecutive weeks, and checked twice daily to reduce risk of death 
through hypothermia, stress, or predation.  Captured animals will be handled using wire mesh 
cones; we will mark, sex, and weigh them before release. If rainfall causes the release of trap 
mechanisms, trapping effort may be extended for as many nights as it rained (Nordyke and 
Buskirk 1991).  All trapping activities will follow high animal-welfare standards (Powell and 
Proulx 2003). Two inventories (i.e., spring of 2006 and 2007) will best capture the species 
composition and diversity; previously selected sites can be revisited the following summer.  
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Arthropod inventory 
Surface-active ant assemblages and beetles will be sampled using pitfall traps set in a grid 
similar to that of small mammals.  Traps will be left operational throughout day and night, and 
emptied at the end of each small mammal trapping session. 
 
Sampling will occur at the same sites as the small mammal trapping. Pitfall traps will be filled 
with 50 % diluted propylene glycol, which preserves arthropods that fall into traps, does not 
evaporate, and does not freeze.  The preservative does not impact on other animals and has a 
reduced toxicity if ingested by larger vertebrates (Mochida and Gomyoda 1987).  The use of 
propylene glycol reduces the effectiveness of traps for collecting micro-Diptera and micro-
Hymenoptera, but has no apparent, negative effect on ants.  Traps will be covered with a 23 cm 
square piece of 0.5 cm or 2.5 cm opaque grey plastic set on 2.5 cm square aluminum strips.  The 
cover is to prevent flooding in the trap as well as minimizes the number of insects from aerial 
fall-out (G. Scudder, pers. comm.).   
 
All worker ants (ants that forage outside of the nest, for nest building materials or food) will be 
taxonomically identified to species.  Winged ants will not be identified, tallied, nor included; 
their point of origin is unknown (i.e., winged ants could have potentially originated outside of the 
site).  All adult beetles will be identified.  Immature beetles will be identified as close to the 
species as possible (some immature forms of beetles are extremely difficult to identify). 
 
Large Formica and Camponotus species ant nests will also be mapped.  These nests typically are 
large mounds, and likely provide a significant food source for bears and shrews.  Ant nest 
mapping will be completed using hand-held GPS units, and a specimen from each mapped nest 
will be taken and preserved in ethanol for future identification.  The dimensions of the nest will 
be noted (height, length, width) and estimates of size will be extrapolated from the literature and 
known information of the species. 
 
As with small mammals above, two inventories (i.e., spring of 2006 and 2007) should be used to 
adequately collect the species composition and diversity data. Again, previously selected sites 
can be revisited the following summer. 
 
3.3 PHASE III–POST-SUMMER MANAGEMENT RECOMMENDATIONS  
 
The management recommendations should be based on a literature update, and comparisons with 
contemporary studies in boreal and sub-boreal environments for the organism groups examined 
to date. Management recommendations should also take into consideration current conservation 
and socio-economic constraints. 
 
3.4 PHASE IV - SPRING-EARLY SUMMER INVENTORIES 
 
The avifauna is the most visible component of the vertebrate community. As a result, it 
frequently is used to define and thus indicate the total faunal support capacity of any given 
environment (Graber and Graber 1976) even though bird surveys usually show species 
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distribution trends (e.g., Schieck and Nietfeld 1995; Seip and Parker 1997) rather than definite 
habitat-bird associations.  For many birds, old growth is considered an optimum habitat rather 
than essential to their survival; these species may occur in other successional stages but may be 
at lower densities or with reduced levels of survival and reproduction (Forsman 1975, Meslow 
and Wight 1975).  It is generally accepted that breeding forest birds select and use habitat based 
on its structure (MacArthur et al. 1962, 1966), but some authors disagree (Wilson 1974). 
Little is known about how bird communities will react to the current MPB outbreak. The purpose 
of this study is to provide foresters and biologists with the information needed to implement 
stand- and landscape- level plans that address avian biodiversity. 
 
3.4.1 Objectives 
 
Objectives specific to this phase are to: 
1. Survey the composition of breeding bird communities found in various lodgepole pine stands 

impacted by MPB (Figure 1); and 
2. Determine the habitat relationships of these species. 

 
3.4.2 Expectations 
 
1. The composition of songbird communities will change among pine stands of various 

composition, structure and size; 
2. The proportion of early-seral species will be greater in pine dominated stands than ones with 

a higher component of other live species; 
3. There will not be a significant difference in songbird communities between large (>2 ha) 

WTPs and contiguous forests at least over the short term but differences may occur with 
time.  

4. There will be a greater number of cavity-nesting birds in late-successional stands, 
particularly those that have been infested by mountain pine beetle. 
 

3.4.3 Detection by Observation or Hearing 
 
Simple counts will be used at stand level to gather information about species presence, richness, 
and total bird counts (Reynolds et al. 1980, Verner 1985, Verner and Ritter 1985, Buford and 
Capen 1999). The methodology will be largely based on Seip and Parker (1997). Sampling will 
occur along the 18 previously selected transects. Two permanent census points will be located ≥ 
200 m apart in each contiguous patch along established transects (Manuwal and Carey 1991)  
For WTP’s there will only be one census point located near the center of the patch. Because birds 
can travel over long distances in a short time period, census points will be located in vegetation 
sampling plots that are generally ≥ 100m from stand edges (RIC 1997). In WTP’s less than about 
4ha the census point cannot be located ≥ 100m from the stand edge thus the census radius 
(approx. 75m) may encompass a portion of the surrounding clearcut. 
 
Birds will be inventoried during 5 replicate counts at each census point (Mannan and Meslow 
1984, Manuwal and Carey 1991).  Replicate counts will be distributed throughout the breeding 
season, i.e., from 21 May to 26 June (Seip and Parker 1997).  All counts will be conducted 
between 0500 hrs and 0830 hrs.  Counts will begin 3 min after arrival at each station to allow for 
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return of bird activity (Schieck and Nietfeld 1995).  All birds seen or heard within 75 m of each 
census point during an 8-min period will be recorded by experienced bird researchers.  Manuwal 
and Carey (1991) reported that the number of species detected does not differ between 8-min and 
longer counts.  Dettmers et al. (1999) also concluded that short-duration point counts may 
provide data for developing bird-habitat models for forest songbirds that perform as well as 
models developed from longer counts.  Researchers should avoid counting the same birds more 
than once.  Researchers will alternate the replicate counts for each census point to reduce any 
observer bias, and also alternate the order of sampling each morning to reduce any bias 
associated with time of day.  Birds recorded between census points should be noted for a more 
complete species list (Manuwal and Carey 1991). The number of study sites that will be 
inventoried will depend on the travel distance between sites and environmental conditions.  Two 
inventories (i.e., spring of 2006 and 2007) will be needed to inventory the majority of the 
selected sites. Sites that will be inventoried will be distributed among categories presented in 
Figure 1. 
 
Poor weather such as high winds, rain, and fog can inhibit both bird behavior and observer 
ability (see RIC 1997). Species-specific detection, and decline in detection due to distance from 
observer or weather, are the principal sources of difficulty in accurately estimating relative 
density.  Some species or groups of species are particularly difficult to identify. For example, 
hummingbirds are small, active birds that are detectable only at short distances by an observer.  
Call notes and the sound of wing flapping are usually the only indications of the presence of a 
hummingbird (Manuwal and Carey 1991).  Woodpeckers too, are difficult to detect because they 
have large home ranges in which they call relatively infrequently.  Auditory communication is 
by calls or mechanical sounds such as drumming and ritual tapping (Short 1979).  Seip and 
Parker (1997) pooled woodpeckers together (except northern Flickers) due to low detection rates 
and difficulty in distinguishing species by sound alone.  Manuwal and Carey (1991) considered 
flycatchers the most difficult to detect.  The only sure way to identify these birds is to hear them 
sing.  Jays present special detection problems.  Both species call infrequently and may mimic the 
sounds of other birds.  Several authors have documented changes in bird species detection and 
should be consulted prior to field work (e.g., Best 1981, Best and Peterson 1982, Kessler and 
Milne 1982, Ralph 1981, Robbins 1981, Skirvin 1981, Manuwal and Carey 1991). 
 
3.4.4 Personnel & Data  
 
RIC (1997) points out that the most essential component for the collection of accurate data is a 
competent observer.  Indeed, proficient bird observers obtain species estimates within 90% and 
abundance estimates within 80% accuracy (Ralph et al. 1993). To maintain a high skill level, the 
project leader should assess all potential workers and provide guidance where needed.  Field 
training sessions should be held prior to data collection to increase observer expertise and to 
evaluate and correct for differences between observers (e.g., Kepler and Scott 1981).  Time 
should also be invested in helping personnel estimate the distance from themselves to singing 
birds within different habitats.   
Field training should be done early in the morning. People differ in the speed at which they learn 
bird identification.  Tape recordings of bird songs and calls are important aides that can speed the 
learning process (RIC 1997).  An inexperienced person may need 2-4 weeks with the assistance 
of an experienced birder to become competent in identifying birds by song and call (Manuwal 
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and Carey 1991). It is therefore important to hire experienced field biologists and to maximize 
field time early in the season to allow mastery of the indigenous bird species in a short time. 
Field workers must be proficient at identifying species by their songs and calls.  Periodic testing 
may be appropriate.   
 
Field personnel should be given hearing tests.  Emlen and DeJong (1981) found that observers 
with slight hearing losses in the high-frequency ranges detected some species at only 25-90% of 
the distances at which observers with normal hearing detected them.  Ramsey and Scott (1981) 
found that hearing thresholds of people over 40 years of age usually did not meet the minimum 
required to hear frequencies typical of the songs of many passerine birds.  Other important 
observer attributes include alertness, field experience, knowledge of ornithology, and good 
physical condition. Observers should be systematically rotated among the stands being sampled 
to compensate for any between-observer bias in ability to detect birds among the stands 
(Manuwal and Carey 1991).  Data should be collected on sheets that have been “fine-tuned” in 
the field. Once a data sheet has been finalized, it should be used by all subsequent researchers. 
 
3.5 PHASE V – MANAGEMENT RECOMMENDATIONS  
 
The management recommendations from Phase 3 should be updated to include the avifauna and 
an overall set of set of management strategies proposed that would integrate management of all 
species examined in the study.  
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