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Preface

This report forms the first of two types of products intended as a design of a prototype Bayesian Belief Network (BBN) for effectiveness evaluations of tailed frog WHAs that is suitable for guiding designs of field tests leading to subsequent refinements of the methodology. 

This report represents the first phase of a longer project to develop a protocol for evaluation of the “effectiveness” of wildlife habitat areas (WHAs) established to protect the habitats of tailed frogs in coastal B.C. The BBN is suitable for guiding designs of field tests leading to subsequent refinements of the response variables for monitoring and the monitoring/analysis protocols.

This report describes the background, design and initial testing of the prototype BBN designed for this purpose. The products of the second phase are intended to test the protocol on selected set(s) of candidate WHAs. 

Terminology concerning effectiveness monitoring is not always consistent among agencies or reports. Therefore, to assist the reader of this report with interpreting components of the prototype BBN and its usage in monitoring and evaluations we provide definitions of some key terms in Appendix C. Note that the definitions here do not necessarily represent those used by the partners in the FREP program.

The deliverables for this project are:

1. TF-WHA BBN Background Report (this report)

· Literature review of tailed frog ecology for selection of key indicators and relationships guiding the design of the effectiveness monitoring BBN;

· Description of the BBN and rationales for the weightings used at the two scales considered in this project (WHA-scale; sub-basin scale).
· Description of an initial set of scenarios for testing the BBN model.
2. Modelling Products
· The BBN models (implemented in Netica™ Version 3.14);

· A metadata description in Excel of the nodes in the BBNs. This is intended as an archive of the probability relationships for this version, and serves as a basis for future maintenance and refinement of the BBN. The metadata description follows the current (March 2008) Digital Delivery Standards being implemented by the B.C. Ministry of Environment.
Executive Summary
This report describes one of the monitoring tools developed as part of the British Columbia Ministry of Environment’s pilot program for developing monitoring and analysis tools for evaluating the effectiveness of their Wildlife Habitat Areas (WHAs). Developing a consistent framework for detecting deviations from design goals for WHAs, and specifying monitoring protocols for WHAs is a key motivation for the pilot program. 

Among the species for which WHAs have been approved are the two species of tailed frogs resident in British Columbia (Coastal tailed frog: Ascaphus truei; Rocky Mountain tailed frog: Ascpahus montanus). Tailed frogs exhibit a multi-year, multi-habitat type life history, and maintaining connectivity among streams and local populations may be important in sustaining populations over the long-term. Evaluation of different indicators of habitat characteristics, demographic trends, and potential stressors or threats at different spatial scales are required in order to draw an appropriate effectiveness conclusion formed the basis of the BBN design for these tailed frog WHAs.
We constructed two prototype BBN(s) for this purpose, and implemented them as alpha-level models. The first implements rules for evaluating WHA-level field data on aquatic and terrestrial habitat in the WHA together with occupancy and abundance estimates of larvae and adults. The effects of threats due to anthropogenic changes in and adjacent to the WHA are used to condition outcomes. This WHA-level BBN generates an effectiveness conclusion (i.e., whether the WHA is effective or not effective) together with a potential monitoring outcome based on this conclusion. Unknown states of ecological and/or threat variables are included in all input and intermediate nodes of the model and influence the confidence in each outcome. At this stage of development, this WHA-scale BBN is slightly more sensitive to the state of variables determining population condition than habitat condition, although this sensitivity difference is small. The field and GIS measurements required to populate this BBN are currently specified as part of on-going pilot studies on tailed frog effectiveness monitoring, and all but a few (e.g., stream temperature) have been tested in one or more pilot studies.
The second BBN estimates the effectiveness of the sub-basin context around WHAs, and thus is at a larger geographic scale than the first BBN. Based on a similar structure (i.e. it estimates effectiveness based on measured indicators of habitat condition, threats to that habitat, and population condition), this BBN is more provisional than the first and requires testing and refinement. AT its present stage of development, this BBN is marginally more sensitive to population condition than to habitat condition variables.
A protocol for refining and improving the BBNs is described that follows current guidelines for BBN (or any other) model review and improvement. This protocol specifies an iterative review of BBN model structure, weighting between factors, and study of the effects of unknowns on outcomes. We recommend that before the BBN approach be used to adjust management policy that this protocol be initiated  to improve confidence in the findings of the BBN models, and the precision of the monitoring inputs.
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1 Introduction

The Forest and Range Evaluation Program is a multi-year initiative co-ordinated among several resource management ministries in British Columbia
 to undertake resource stewardship monitoring and effectiveness evaluations in the context of British Columbia’s forest and range practices. Along with its co- partner ministries, the British Columbia Ministry of Environment has undertaken a pilot research and testing program for developing monitoring and analysis tools for evaluating the effectiveness of their Wildlife Habitat Areas (WHAs) in meeting their particular design goals, as established under the Identified Wildlife Strategy
. A Wildlife Habitat Area is a mapped area with specific habitat attributes, encompassing significant biological occurrences or features. Establishment of a WHA is intended to protect those aspects of habitat that are biologically most limiting to populations of a species of concern (see Glossary). Most WHA’s are not intended, on their own, to maintain species in their current range (Huggard and Kremsater 2006), although they are intended to contribute to that large-scale goal to a greater or lesser extent. 
Besides their habitat protection function, designation of an area as a WHA are also intended to trigger a warning flag whenever other resource agencies outside Ministry of Environment are faced with development proposals which may directly or indirectly encroach upon a WHA. This in turn impacts the referral process between government agencies. However, there are many limitations from a legal standpoint on the capability to manage impacts within WHA’s (Baccante 2007). Currently, each such case is dealt with individually, often using adaptive management, mitigation and any other policy tool that is available, to try and avoid or minimize impacts. Developing a more consistent framework to support monitoring protocols for WHAs is a key motivation for the pilot program.
One component project in this pilot program is the development and testing of a Bayesian Belief Network for monitoring the effectiveness of WHAs established to protect Coastal (Ascaphus truei) and Rocky Mountain (Ascaphus montanus) tailed frogs in British Columbia. To date, 55 WHAs for these two species of tailed frogs have been approved (Table 1). Although specific monitoring objectives for each WHA have not necessarily been defined, each is intended to support the general IWMS management goal of protecting important tailed frog streams and suitable breeding habitat (IWMS 2004). Because this goal is general and therefore difficult to evaluate, one task of the prototype BBN is to refine the goal (or goals) for WHAs to enable a more quantitative evaluation of effectiveness.
We undertook development of this BBN in two phases: (1)  a review of recent monitoring pilot projects on both species of tailed frogs (Coastal Tailed Frog [Ascaphus truei], and Rocky Mountain Tailed Frog [Ascaphus montanus])) occurring in British Columbia with an emphasis on defining the key habitat and demographic ecological relationships for an initial BBN; (2) a design workshop with tailed frog and WHA experts
 from both the coast and Interior regions of British Columbia to refine the initial BBN into a prototype suitable for testing. A list of workshop participants is given in Table 1.

This report provides the background to, and results of the prototype BBN development to date.
Table 1. List of participants in the prototype BBN design workshop (September 20. 2007,Richmond, B.C.).

	Name
	Affiliation
	Contact Information

	Kathy Paige
	Ecosystem Biologist, B.C. Ministry of Environment, Victoria, B.C.
	Kathy.Paige@gov.bc.ca

	Pierre Friele
	Geologist, Cordilleran Geosciences Ltd., Squamish, B.C.
	friele@telus.net

	John S. Richardson
	Professor, Centre for Conservation Research, Faculty of Forestry, University of British Columbia, Vancouver, B.C.
	John.Richardson@ubc.ca

	Melissa Todd
	Research Wildlife Habitat Ecologist, Ministry of Forests and Range, Coast Forest Region, Nanaimo, B.C.
	Melissa.Todd@gov.bc.ca

	Louise Waterhouse
	Research Wildlife Habitat Ecologist, Ministry of Forests and Range, Coast Forest Region, Nanaimo, B.C.
	Louise.Waterhouse@gov.bc.ca

	Ted Antifeau
	Rare & Endangered Species Biologist, B.C. Ministry of Environment, Nelson, B.C.
	Ted.Antifeau@gov.bc.ca

	Les Gyug
	Biologist, Okanagan Wildlife Consulting,Westbank, B.C.
	

	Glenn Sutherland
	Ecologist & Modeller, Cortex Consultants Inc.
	gsutherland@cortex.ca


1.1 Background

The purpose of a developing a prototype BBN for Tailed Frog WHA effectiveness monitoring is to structure and implement a quantitative monitoring protocol that can be applied to Wildlife Habitat Areas (WHAs) for Tailed Frogs. Because of the background of information provided by recent pilot studies on effectiveness monitoring for tailed frogs and other species (Gyug 2005; 2007, Yao 2007; see also Baccante 2007), and because of the particular life history and habitat requirements of these two tailed frog species, they and their WHAs make good candidates for developing an EM protocol. The resulting BBN can be linked to GIS data for pilot areas and can be tested for its ability to evaluate the effectiveness of those WHAs. In particular, the BBNs are designed to detect deviations from the original goal(s) of the WHA establishment, and to help focus further monitoring and/or remedial actions for the affected WHAs. 

Tailed frogs of both species (Coastal tailed frog: Ascaphus truei; Rocky Mountain tailed frog: Ascaphus montanus are considered vulnerable to degradation of their aquatic habitat (primarily in small, permanent headwater streams) and adjacent riparian vegetation. Some characteristics of their life history create some challenges for effectiveness monitoring. Both species exhibit a multi-year in-stream (aquatic) larval stage, and one or usually multiple breeding seasons as adults following metamorphosis that involves both aquatic and terrestrial habitats (B.C. Ministry of Environment 2004). Larval numbers can vary considerably among years, adults are usually difficult to detect and census accurately, and dispersal distances and rates are very difficult to estimate. Adults demonstrate relatively high site fidelity, yet local populations apparently depend on some connectivity among streams within a sub-basin, and local dispersal events by any of the life stages may be important in maintaining local populations. Yet, most WHAs are relatively small and are primarily focused at the site (local population) level. As a consequence, the twin tasks of detecting deviations from a target population level and ascertaining causes for the deviation such that appropriate management responses can be designed.
These issues of habitat characteristics, demography, and spatial scale at which changes in different indicators need to be evaluated in order to draw an appropriate effectiveness conclusion formed the basis for the BBN design.
1.1.1 Overview of Characteristics of Current Tailed Frog WHAs
There are currently 12 WHAs for Coastal tailed frog streams in the Skeena Region (Yao 2007), and 15 approved tailed frog WHAs in the Thompson and Okanagan Region (Gyug 2005). WHAs in the coastal area range in size from approximately 10 to 20 ha with size depending on the number and length of streams included in the WHA, while the WHAs in the Thompson and Okanagan Regions ranging in size from 8 ha to 58.5 ha. At least two streams are recommended for inclusion in each WHA.
Rocky Mountain tailed frog WHAs are larger, ranging from 50 to 150 ha, again depending on the number and length of streams included; several streams are recommended for inclusion in Rocky Mountain tailed frog WHAs.  For both species, WHAs include a core area extending 30 m to either side of the stream’s edge and a 20 m management zone extending from the core area. 
1.1.2 Scope of Effectiveness Monitoring

In principle, the goal of “effectiveness monitoring” (EM) is to evaluate how well the management goals of the target area or areas (WHAs) are being met. More specifically, the fundamental evaluation question for WHAs as set by the FREP program is “Do wildlife habitat areas (WHAs) maintain the habitats, structures and functions necessary to meet the goal(s) of the WHA, and is the amount, quality and distribution of WHAs contributing effectively with the surrounding land base (including protected areas and managed land base) to ensure the survival of the species now and over time?” Inherently, obtaining a full answer to this question involves: (1) habitat and population objectives; and (2) monitoring not only the WHA itself, but its ecological and management context.
In this project, the guiding definition of an “effective” tailed frog WHA is one that meets its establishment goals for habitat quality and has a persistent population of tailed frogs. In other words, both habitat and population criteria are embedded within the concept of “effective”. Determining if a WHA is functioning is accomplished by periodic examination of a set of habitat and population criteria at several relevant scales (site, sub-basin, and watershed).  Note that at this stage of prototype BBN development, we include population response as a monitoring variable. It may or may not be possible in future to use population data as a periodic validation of inferred effectiveness based on habitat and other variables. 
Generally, the usual approach to monitoring is to undertake periodic re-measurements of key variables that relate to the goals of the WHA, and determine if the current conditions of the WHA are remaining consistent with its original goals. If not, then the task is to determine what are the likely cause(s) of deviation, and decide required alterations in management factors in and around the WHA as a result of the evaluation. This iterative nature of effectiveness monitoring (measure-evaluate-modify) requires that a model for integrating the indicators, potential monitoring outcomes and management responses to the outcomes be used to design the program.
To prevent the EM process as defined above from becoming a primarily retrospective exercise (i.e., identifying significant deviations from a target condition after the deviations occur), we chose to include ecological cause-effect relationships into the monitoring protocol such that possible impacts may be anticipated as much as possible. To do so assumes that relationships between species’ population dynamics, habitat, climate and disturbances are sufficiently well known that linkages between environmental stressors or changes can be related to indicators of WHA condition.  The tailed frog was chosen as a case study species because (1) at least some of these linkages are known from research studies; and (2) there are pilot monitoring studies underway with the species that can help develop a generalized EM methodology. 
In this study, reports from the Ministry of Environment’s pilot program for monitoring program design and feasibility testing was reviewed to determine: 

· a “short-list” of design specifications of the BBN (e.g., key space and time scales for evaluation

·  its main functional and ecological components 
· prospective indicators obtained from either field measurements or analysis of GIS and/or remotely-sensed data. 
A synopsis of the relevant findings of this review is presented below. 
1.1.3 Key Ecological Factors for Tailed Frogs

Tailed frogs (Ascaphus spp.) are long-lived, stream-dwelling amphibians adapted to cool, fast-flowing, permanent mountain streams in the coastal mountains of B.C. and the Pacific Northwest states, and the more continental Kootenay mountains. Tailed frogs generally do not reach sexual maturity until 7 or 8 years of age (Daugherty and Sheldon 1982). After metamorphosis, adults may live in and around streams for several years, and their maximum life span is not known. Mating occurs in the fall with females laying eggs the following spring.  Clutch sizes are relatively small with 30-70 eggs produced annually or biannually (Daugherty and Sheldon 1982; Brown 1990a, b). Eggs hatch in the late summer and in-stream larval development takes one to four years, depending on latitude, elevation, climate, and stream productivity (Bury and Adams 1999; Sutherland 2000). 
Limited information is currently available on terrestrial movements or specific habitat requirements of either juvenile or adult tailed frogs. Juvenile tailed frogs are assumed to be the dispersing life stage and adults have been assumed to be highly philopatric (Daugherty and Sheldon 1982; but see Wahbe 2003).  Both juveniles and adults are physiologically restricted to cool, moist microclimates typically found in closed canopy forest (Bury and Corn 1988; Aubry and Hall 1991; Ascaphus Consulting 2002; but see Matsuda 2001; Wahbe 2003). Clearly, there is variation across the range in terms of how important habitat structures are to facilitating movements in and along streams and hence connectivity between sub-populations.
The life history exhibited by this species is complex. Their dependence on cool, fast-flowing montane streams as well as their terrestrial association with cool, moist microclimatic conditions necessitates the use of aquatic and terrestrial indicators within the WHA. In addition, larger spatial scales must be considered for two reasons.  First, tailed frog abundance can be strongly related to landscape-level variables such as underlying parent geology (Diller and Wallace 1999; Sutherland 2000; Wilkens and Peterson 2000; Sutherland et al. 2001; Adams and Bury 2002), climate (particularly temperature and precipitation), and hydrological regime of the watershed or sub-basin of the watershed in which the population occurs (Dupuis and Friele 2006).  Second, hydrological, geomorphological, and biological processes occurring in the headwaters are strongly linked to downstream systems (Naiman et al. 2000; Gomi et al. 2002). As a result, disturbances occurring in the headwaters can also have cumulative impacts downstream.  The development of an effectiveness monitoring protocol for tailed frog WHAs must, therefore, consider indicators at multiple spatial scales, and not just within the WHA itself. 

1.1.4 Key Spatial Scales for Effectiveness Monitoring in Tailed Frog WHAs

Direct factors that govern population fecundity, rates of growth and survival include stream temperature, water quality, algal growth, frequency of debris flows, and these in turn are mediated by larger scale factors, such as aspect, elevation, latitude, climate and underlying geology (Dupuis and Friele 2006). This implicit hierarchy of ecological relationships creates challenges for designing conservation and habitat protection areas for tailed frogs, as there is no single spatial scale at which effectiveness monitoring can be assessed. 
Maxcy and Richardson (2004) suggest that there are three landscape scales that are important when considering ecological interactions for tailed frogs:
Stand (or WHA-scale) – the area enclosed by the WHA itself, plus its immediate context. This is the smallest spatial scale, and the objectives of the WHA are generally focussed on maintaining the breeding condition of a local population within the WHA itself. Larval densities are highest in streams dominated by boulders and cobbles, and lowest or absent in stream channels dominated by final sand and gravels (Dupuis and Friele 1996, Adams and Bury 2000; Stoddard 2002). The key unmanaged and managed aquatic and terrestrial habitats that contribute to sustaining breeding are included within the WHA. Note that the specific goals of each WHA do not have to be identical.
Sub-basin scale – this is an area surrounding the WHA, and incorporates upstream components of the landscape which may connect to the focal population of the WHA. There likely are tailed frogs also in these upstream components although specific goals for their maintenance are not usually included in the design criteria for the WHA. Characteristics of disturbances in streams are known to be important to population dynamics in tailed frogs, and these characteristics are linked to both site-and sub-basin factors such as aspect, and position of the WHA in relation to top and bottom of the watershed
, and the extent of recent disturbances in the forested areas near to the stream. Thus identifying the bounds of this scale in terms of estimating effectiveness is particularly difficult.
Watershed scale – this is defined by the height-of-land surrounding the WHA, and could potential involve multiple WHAs and their inter-connected stream network. Moderately steep to very steep watersheds
 mobilize sediments more readily than shallow basins (depending on the underlying geology) providing important coarse boulder and cobble substrates for tadpole refuge and food sources. At this scale, goals are less well-defined, are usually less assessable), and may include functional goals such as “maintaining connectivity” for the local population.
Unquestionably, these three scales overlap and the ecological interactions between processes operating at them cross scales. While acknowledging this, participants at the design workshop believed that the characteristics at the watershed scale functioned as context-variables, and that policy or management decisions contingent on an effectiveness evaluation could only be implemented at finer-scales. Therefore, this prototype focused on the site (WHA) - and the sub-basin scales.
1.1.5 Indicators for Effectiveness Monitoring in Tailed Frog WHAs
In their recent review of the literature for tailed frogs, Maxcy (2004) suggested a number of monitoring indicators for tailed frogs, along with an assigned ranking value in informing effectiveness monitoring protocols for this species (Table 2). These indicators tend to emphasize habitat structure and potential for disturbance, as considerable research has demonstrated associations between a number of these variables and the abundance, and dynamics of different life stages of both tailed frog species (see Table 1 in Maxcy (2004) and references cited therein). Many of the most easily measured variables focus on the various aspects of larval habitat condition (e.g., pool:riffle ratios, substrate size and composition), an important element of breeding habitat quality. Other variables focus on aspects of the terrestrial and riparian habitat used by metamorphosed juveniles and breeding adults.
A preliminary study to determine how many of  the context-level indicators listed in Table 2 can be obtained from GIS analyses of Coastal tailed frog WHAs found that most of the “fixed” indicators were extractable from standard inventory GIS datasets using simple queries (Table 3; Yao 2007). In addition, updatable (trend)  GIS-origin indicators can also be extracted from these datasets (Table 4; see Yao 2007). This is encouraging, although map accuracy (in particular that of TRIM II data) limited the ability to interpret the stream network and its connectivity.
While identifying trends in populations was recognized by Maxcy (2004) as an important monitoring element, the number of population-level indicators listed in that study was limited to simple larval abundance estimates as these are the easiest to monitor. However, other reviewers of monitoring protocols have re-emphasized the need for additional population-level indicators, including those identifying trends over time (Gyug 2005; Huggard and Kremsater 2006). Ultimately, ensuring the sustainability of the local population remains the primary goal of WHA creation and management. 
Other ecological and policy issues influence (directly or indirectly) the choice of indicators for effectiveness monitoring in WHAs for these species. First, the specific goal(s) for the establishment of the WHA (if known) necessarily affects the choice of indicators to monitor in order to assess whether those specific goals are being met. Most commonly, WHAs for tailed frogs are intended to protect known breeding areas (Huggard and Kremsater 2006) and the indicators of quality of both aquatic and terrestrial habitats are relevant to this goal. A second and related issue, is to identify the appropriate spatial scale to which specific monitoring questions apply. For example, direct assessment of breeding sites (a frequent goal of WHAs across many species) typically occurs at a finer spatial and temporal scale than does assessment of population trends or the effects of threats due to management policy. Third is identifying informative time frames over which effectiveness evaluations are to include. In the case of tailed frogs, estimates of larval abundance can vary widely between years (Sutherland 2000, Maxcy 2004). Yet, small populations have limited ability to absorb negative trends. Defining one or more time frames over which trends are assessed must attempt to trade-off accuracy in identifying the trend with the ability to respond effectively to a negative trend. Resolving this trade-off is a significant monitoring design problem.
These concerns were taken into account when designing the prototype BBN.

Table 2. Possible indicators for tailed frog effectiveness monitoring. Adapted from Maxcy and Richardson (2004) with additions from Gyug (2005) and Huggard and Kremsater (2006). 

	Scale
	Rank
	Indicator
	Indicator type
	Monitoring Goal

	Regional-Provincial
	
	Functional status
	WHA/habitat
	Species recovery and/or jurisdictional delisting of these species.

	Watershed
	
	None defined
	
	Maintain self-sustaining population

	Sub-basin
	3
	sub-basin forest disturbance
	threat
	Assess potential for water quality and temperature degradation

	Sub-basin
	5
	road density within 100 m of streams
	threat
	Assess potential for water quality degradation

	Sub-basin
	7
	riparian forest disturbance
	threat
	Assess structure and microclimate effects on stream and juv/adult habitat 

	Sub-basin
	8
	stream crossing density
	threat
	Assess potential for degradation of water quality 

	Sub-basin
	9
	unstable slopes
	threat
	Assess potential for degradation of streams due to debris flows.

	Sub-basin
	10
	riparian buffer
	habitat
	Assess mortality and movement effects on juv./adults 

	Sub-basin
	11
	WHA buffer
	threat
	Assess that area & structure of terrestrial habitat in WHA relative to original design

	Sub-basin
	
	headwater connectivity
	threat
	Assess recolonization potential (population dynamics)

	Sub-basin
	
	soil disturbance
	threat
	Assess potential for degradation of water quality

	Stand - aquatic
	1
	tadpole relative abundance1 
	population
	Assess trends in ability of of WHA to support breeding

	Stand - aquatic
	2
	adult presence/absence 
	population
	Assess trend in reproductive life stages of population

	Stand - aquatic
	2
	substrate composition
	habitat structure
	Assess trend in aquatic habitat quality (cover & food)

	Stand - aquatic
	4
	channel morphology (pool:riffle ratio, gradient, wetted width, bankful width
	habitat structure
	Assess trend in water quality (growth and productivity)

	Stand - aquatic
	12
	water temperature
	habitat structure
	Assess trend in aquatic habitat 

	Stand - terrestrial
	6
	canopy closure
	habitat structure
	Assess trend in terrestrial and habitat (microclimate)

	Stand – terrestrial
	13
	% cover of vegetation layers
	habitat structure
	Assess trend in terrestrial and habitat (microclimate)

	Stand – terrestrial
	14
	CWD volume
	habitat structure
	Assess trend in aquatic habitat quality (structure) and terrestrial habitat quality (movements)


Table 3: ‘Fixed’ indicators obtained by GIS analyses for tailed frog effectiveness monitoring.


Source: Yao (2007)

	Measure
	Description
	Method and/or spatial layers used

	Location/Status
	MFR Forest District
	FADM_DISTRICT

	
	20K Mapsheet
	BCGS_20K_GRID attribute

	Bedrock Geology
	Bedrock types and subtypes
	GEOL_BEDROCK_UNIT_POLY_SVW attribute

	BEC
	Eco-Province
	ERC_ECOPROVINCES_SP attribute

	
	Eco-section
	ECR_ECOSECTIONS_SP attribute

	WHA size (A)
	Area of WHA (core and buffer) in Km2
	GIS statistics calculation.

	Relief (H)
	Height above downstream end of WHA
	Convert TRIM DEM to grid points using ArcToolbox.  GIS query of elevation using DEM and Waterlines by location. H90 is the height of divide (m), defined as the hypsometric elevation below which 90% of the basin area (H90) lays. This is done by knocking off the top 10% of the dots along the mainstream. Minus this elevation by the downstream end.

	Ruggedness (Melton's R)
	Overall basin slope (%)
	R=H/A05, where A is WHA area (m2). Lower R means stream is less prone to debris flows or flash floods.

	Aspect
	Degrees or general aspect
	Approximation using TRIM contour lines.

	Drainage pattern
	Long-profile of stream and WHA
	Query DEM dots along the TRIM waterline layer. Export selected points to excel spreadsheet and plot on graph.

	
	Degree of branching
	Count up the number of stream ending nodes.

	
	stream order of WHA
	Manually designated orders into the TRIM Waterline layer. Orders at the top of the stream were numbered as 1st order. Where streams converged, stream orders increased.

	
	Stream length by stream order
	GIS query of the TRIM Waterline layer that have been ordered.

	Elevation/Slope
	Stream length of WHA
	GIS query of TRIM.

	
	Stream gradient of WHA
	Slope of stream in % = vertical drop/horizontal length x 100.

	
	
	


Table 4: Updatable indicators obtained by GIS analyses for tailed frog effectiveness monitoring.


Source: Yao (2007)

	Measure
	Description
	Method

	Disturbances
	Road length
	GIS query on compiled road layer

	 
	Stream Crossings
	Manually locating points where road layer and TRIM stream cross.

	 
	Road + stream density
	Density = road length (km)/ Basin Area (km2)

	WHA Status Indicator
	% WHA in forest <30 yr + non-forest
	VEG_COMP_LYR_R1_POLY clipped to WHA polygons. A GIS query was then done on the new layer to select out areas that had forest <30 yr old or were non-forested. Using GIS statistics tool, these areas were compared to the overall WHA area.

	 
	% WHA adjacent to forest <30 yr
	WHA polygon converted to polyline. This was then clipped to a "forest <30 yr old" polygon layer. Length of polyline calculated by GIS statistics tool.

	 
	% stream <30 yr
	TRIM waterline layer was clipped to a "forest <30 yr old" polygon layer. GIS statistics calculated the total length of streams in these age class stands.

	Dispersal
	N Passable Headwater Linkage Nodes
	Points plotted at each stream's headwaters. Passability was determined by looking at orthophotos, contour lines, distance between streams, and forest age. Locations that were barren or had alpine features were considered impassable. No connectivity was assumed where streams were >300m apart.


1.1.6 Threats

In the present EM terminology, the term ‘threats’ is broadly used to refer to a spectrum of ecological and/or management factors that condition the risk that the goals of the WHA might not be met (see also Baccante 2007). Stated this broadly, threats can arise from both natural and anthropogenic sources, and can be characterized at different spatial and temporal scales. Threats might affect the local population of the WHA directly, might compromise the integrity of the WHA such that its capability to sustain its population might decline over time, or they might indirectly affect the dynamics of the local population by reducing its connectivity with other habitats or populations.
For the prototype BBN, the following considerations were applied to define and categorize threats:

1. Threats in the TF BBN are primarily associated with disturbances to aquatic or terrestrial habitats. As such they are (generally) of three types:

 changes in water quality and flow (aquatic threat)

 changes in cover and disturbances in riparian and upslope vegetation (terrestrial threat)

 changes in population status and trend (population threat via other factors not covered by the first two types)

2. Threats in the TF BBN are primarily expressed as causing changes to biological correlates of habitat and/or population quality. 

3. Threats in the TF BBN are not generally “development type” oriented – for example, presence of IPPs, mineral developments, etc. and are not generally “potential” – that is expressed as “if such-and-such” happens, then the risk to functioning of the WHA is likely to change. 

4. Threats are presently intended to be quantified by GIS analyses of key variables (e.g., area by seral stage, road density by location), canopy closure)

5. Threats are not themselves expressed directly as risk factors – e.g. they are not scaled and used as Baccante does. Instead they “condition” risk of the WHA functioning/not functioning

Because threats might arise from either anthropogenic or natural causes, we attempted to separate these causes in the BBN using different colours (see below).
1.1.7 Monitoring Actions

What are the possible monitoring responses to a conclusion that a WHA is ineffective? Pragmatically, at the smallest scale of analysis (the WHA itself), there are three possible decisions, depending on cause(s) for that outcome:
· Undertake a full, intensive monitoring of the WHA and its context to obtain quantitative data and/or qualitative observations to determine the habitat or population effects causing the ineffective condition, and in turn enable formulation of appropriate management actions. An intensive field evaluation may be required if a WHA is reckoned ineffective or only partially effective. Intensive monitoring focuses on determining the causes of  the ineffectiveness, including the relationship between measures of terrestrial and aquatic habitat condition and abundance, measures of reproductive success, adult survival, and/or the likelihood that meta-population dynamics (gene flow) can be sustained through connectivity between populations.
· Review goals of the WHA. It is possible that external factors (e.g. effects operating at the sub-basin or larger scale, climate change, etc.) are now causing the WHA to be unable to meet its original design goals. Review of the status and capability of the WHA is therefore a prerequisite to further decisions.
· No other action. It is possible that an ineffective conclusion is reached because of uncertain  or variable trends in population or habitat status. Further monitoring data following the protocol may be required.
In principle, there are also some potential management responses that can be undertaken in response to an ineffectiveness conclusion. Because of the provisional nature of these management actions at the present time, we do not include them in the BBN itself. However, we list them here for further discussion and development.
· Alter the management activities in areas around WHAs, to alter habitat or population effects causing the ineffective condition. In practice, this may not be a possible course of action, because the conditions leading up to the problem may not be easily nor quickly reversible (e.g., loss of overstory trees in the riparian management zone).
· Increase or extend the buffer width (size and location of enclosed protected habitat) around the WHA. This in turn will likely alter the management of the surrounding area, which may or may not require additional monitoring effort and possibly cause other changes in indicators.

· No other action. It is possible that an ineffective conclusion is reached because of uncertain data, and thus prescription of a management action is premature. 
2 Methods
Based on the background literature review of habitat and demographic ecological relationships for the two species of tailed frogs (Coastal Tailed Frog [Ascaphus truei], and Rocky Mountain Tailed Frog (Ascaphus montanus) summarized above, we undertook development of this BBN in two steps: (1) an initial prototype was designed at a workshop with tailed frog and WHA experts from both the coast and Interior regions of British Columbia (Table 1). (2) a prototype was refined and tested via a sensitivity analysis. 
Prototype BBN Design

Design Workshop

Participants at the design  workshop held September 20, 2007 (Table 1) proposed that in principle, there were three scales at which TF WHA EM could be conducted: WHA (or stand-scale); sub-basin scale, and landscale scale. These scales are substantially the same as those proposed by Maxcy and Richardson (2004). In addition, the consensus was that effectiveness was best characterized for both component goals of the EM program: (1) effectiveness of the WHAs at sustaining the population; and (2) effectiveness at sustaining habitat quality.


[image: image1]
Figure 1. Spatial scales considered in the design of the BBN for effectiveness monitoring of tailed frog WHAs (adapted from Macy 2004). 
Digits refer to stream order

Model Structure

WHA-scale

Conceptually, the BBN consists of a set of key ecological correlates, or factors that must be measured, status indicators at both the population level, and the habitat level, and a set of one or more effectiveness conclusions. Optionally, a set of management options in response to one of the effectiveness conclusions can also be included. Following this reasoning, a conceptual model for the BBN is shown in Figure 2. Note that the WHA-scale is the most practical scale for intensive field monitoring. 
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Figure 2. Conceptual structure of the BBNs for tailed frog WHAs for effectiveness monitoring. The above conceptual model was primarily designed for the scale of individual WHAs (WHA-scale), but it also applies as the sub-basin scale. Node types are classed and coloured according to the criteria listed in Appendix A. Blue indicates input nodes or ecological correlates that relate functionally to life requisites. Intermediate summary nodes are indicated with gray. .Green indicates result nodes that are either potentially monitorable, or provide outcomes from the evaluation. Results may in turn become inputs to other BBNs at different scales. Orange indicates management activities.
The current version of the prototype effectiveness monitoring BBN constructed at this scale is shown in Figure 3. Note that evaluating effectiveness at the WHA-level is the primary focus of intensive field monitoring. Trends over time in the sample measurements of population status (larval abundance and adult occupancy), and habitat condition (stream temperature, forest age structure in the WHA buffer,, etc.) are key inputs into the assessment of effectiveness. Therefore, the utility of this BBN approach increases as the number of sample periods increases. Note also that the evaluation of the state of the larger context (i.e. the sub-basin scale – see below), while also important on its own, also provides an input into this BBN via the “Sub-basin Threats Assessment” node.
[image: image3.png]
Figure 3. Structure and relationships of the BBN V 1.0a for tailed frog WHAs for effectiveness monitoring at the scale of individual WHAs.

The most probable effectiveness conclusion for each WHA is evaluated by (1) creating rules for determining the condition of the two types of habitat (aquatic and terrestrial) in the WHA for meeting the life requisites (food supply, cover, micro-climate, reproduction) of tailed frogs, as conditioned by activities and condition of the habitat area in the subbasin upstream and surrounding the WHA; and (2) creating rules for determining the trend in abundance of the population, including both larval and adult life stages.  By using species-dependent rules for weighting the magnitude of changes in both larval abundances and presence of  adults between inventory periods, combined with estimates of the connectedness of the population in the WHA with nearby populations, the ability of the WHA population to persist is evaluated. For each type of evaluation, the rules account for the effects of missing data by  including an “unknown” state for each input variable. 

For interpretive purposes, the habitat and population evaluations are done separately (although the input data for each may be measured during the same monitoring period), so that the results for each can be reviewed independently. Also, the evaluation results are intended to be relative and are not absolute scores of habitat quality or population status. For this prototype, the monitoring outcomes are provisional and may be refines or redefined depending on FREP policy.
For this version of the BBN, we fully populated the nodes, rules, and weights through expert review at the design workshop, with subsequent refinements determined by reviews of the literature and current monitoring pilot studies. A more complete description of the BBN is given in Table B-1. A separate Excel workbook containing the nodes and constituent parameter values and probability tables for the WHA-scale BBN model serves as a metadata description.
Sub-basin-scale

The BBN for effectiveness evaluations at the sub-basin scale follows the same basic structure as the BBN at the WHA scale. Because many of the potential management actions that could affect the effectiveness of the sub-basin to support populations of tailed frogs, and the focal population of  the WHA occur at the sub-basin scale, many of the actions and their effects are represented at this scale.  Note that the concept of including effectiveness evaluations at a larger geographic scale than a WHA-scale is relatively new within FREP. Therefore the weightings at this scale are more provisional than at the WHA-scale, and may be subject to considerable revision in the future.

[image: image4.wmf]The V1.0a BBN developed for effectiveness evaluations at this scale is shown in Figure 4. A description of the most important nodes and their weightings is given in Table B-2.
Figure 4. Structure and relationships of the BBN V 1.0a for tailed frog WHAs for effectiveness monitoring at the scale of the subbasin containing the WHA(s).

Regional-scale

[image: image5.png])



The geographic scale of a region (i.e. containing multiple watersheds up to the level of MoE regions) is not currently a practical scale for effectiveness monitoring. Nonetheless, for conceptual completeness in this project, a conceptual BBN was constructed at this scale for identifying future issues of how to assessing overall effectiveness and design of management actions at this large scale.

Figure 5. Conceptual structure of a BBN for tailed frog WHAs for effectiveness monitoring at the regional scale (multiple WHAs and watersheds).
Because this BBN is not implemented as a functioning model, its nodes remain uncoloured.
3 Tests and Future Refinements of the BBNs

3.1 Sensitivity Analyses

Sensitivity analysis can help verify initial model structure,  and is a first step in understanding the effects of weightings in the construction of a BBN model. Standard sensitivity analysis for BBNs containing discrete or categorical ststes for each node (as the BBNs here do) uses a measure of entropy reduction (ER). ER is the expected reduction in the mutual information of the selected node Q (measured in information bits) due to a finding at input node F, and so on (Marcot et al. 2006). The greater the reduction in entropy at node Q to findings at any node that is input to it (directly or indirectly through the network), the more sensitive Q is to that particular input.
Sensitivity analysis for the effectiveness evaluation node at the WHA-scale  suggests that in the V1.0a BBN, effectiveness is more sensitive to the population inputs than to the habitat inputs (Table 5).
Table 5: ‘Sensitivity analysis of the main output node at the WHA-scale: Effectiveness Evaluation, as measured by percentage of reduction in entropy by the given node.

Shown are the top 10 nodes that the output node is most sensitive to. 
	Node Name
	Percent Reduction in Entropy

	Population Condition
	9.8

	Habitat Evaluation
	8.5

	Functional Population
	4.9

	Change in Larval Abundance
	1.7

	Life Requisite Habitat Condition
	1.6

	Sub-basin Threat Status
	1.1

	Larval Abundance (previous sample)
	1

	Aquatic Habitat Condition
	0.5

	Status of  Adult Occupancy
	0.4

	Species Status Isolation
	0.3


Sensitivity analysis for the effectiveness evaluation node at the subbasin-scale  also suggests that in the V1.0a BBN, effectiveness is more sensitive to the population inputs than to the habitat inputs (Table 6), followed by the metapopulation (connectivity between headwaters).
Table 6: ‘Sensitivity analysis of the main output node at the sub-basin-scale: Effectiveness Evaluation, as measured by percentage of reduction in entropy by the given node.

Shown are the top 10 nodes that the output node is most sensitive to. 

	Node Name
	Percent Reduction in Entropy

	Population Condition
	8.0

	Habitat Evaluation
	7.7

	Metapopulation Status
	1.9

	TF Occupancy in WHAs
	1.9

	Sub-basin Threat Assessment
	0.6

	Stream Stability
	0.3

	Stream Sedimentation Status
	0.2

	Stream Morphology
	0.1

	Forest Disturbance
	0.1

	Flow Regime
	0.1


3.2 Data Inputs to the BBNs

Currently, all of the inputs required for the BBNs are available from on-going or planned monitoring studies. The GIS inputs (Tables 3 and 4), combined with site-level sampling (stream temperatures, larval and adult surveys) should be monitored each year the WHA and it context are sampled. 

3.3 Protocols for Implementing Beta- and Gamma-level BBNs
Recently, Marcot et al. (2006) outlined a protocol for developing, testing and improving BBNs constructed for ecological analyses. This protocol involves three successive stages in creating, testing, calibrating, and updating BBN models (alpha, beta, gamma
). The BBNS described in this report are at the alpha-level (initial stage) of development. Below we outline the protocol suggested by Marcot et al. (2006) to move from an alpha-level BBN model to beta-level and beyond.

Implementing a Beta-level (peer-reviewed) BBN Model

The alpha-level BBN model undergoes formal peer review from at least one other independent subject-matter domain expert(s). By consulting with this (or these) other species experts  (ideally one who have not been involved in creating the alpha model) , the modeller reviews and potentially revises the BBN model structure and the CPT values.  The documentation created in the alpha modeling step will be useful for informing the reviewer on model structure. In conjunction with the modeler, the peer reviewer also reviews the model structure and CPT values and will either suggest edits or confirm the model’s construction. If alternative model relationships become evident at this stage, a separate model can be constructed and thereafter treated as a competing model for later validation testing.
Following the peer review, the original domain expert(s) are shown the reviewer’s comments and, where appropriate, any revised model forms. Reconciliation with the review is conducted by documenting the original expert’s accepted changes or other responses. Preferably, the modelers should conduct this peer review and subsequent reconciliation as a formal process – as it is essential to ensuring that the model is developed rigorously according to strict standards and is thus credible. 
The result of this protocol is what can be termed a beta-level model, which can be initially named version 1.0b. As with the alpha-level model, each version of the beta-level model should be saved as a record of changes made, along with documentation as to how and why changes were done.  This form of “version control” creates checkpoints and plateaus of model development to refer to if needed for later assessment of changes.

At this point, case data (empirical data) can be used to test the accuracy of the beta-level model.  One of the simpler but more useful outcomes is a confusion matrix (Kohavi and Provost 1998; Table 3 in Marcot et al.) which compares predicted with actual outcomes. In the case of EM, this type of comparison may be difficult to do directly, as no independent estimates of effectiveness may be available.
Beyond Beta-level - Towards Implementing Gamma-level (empirically tested) Models
The iterative process of testing, calibrating, validating, and updating BBN models is essential to good-model-building practice, and also leads to deeper understanding about the problem being modelled. Complete BBN models (or sub-nets extracted from BBNs) that are built solely from expert judgment, even with peer review, that have not been tested against field data represent unconfirmed belief structures or representations of existing theories (Marcot et al. 2006). Such models, while useful have unknown reliability and accuracy.  Testing and updating models from field data may be critical to evaluating and eliminating competing models suggested from the previous peer review step.

We do not discuss gamma-level BBNs for EM further in this document, as the field protocols needed to build suitable datasets are still in the design stages.
3.4 Suggestions for Refining the BBNs

The alpha-level BBNs are designed to be compatible with currently defined pilot monitoring protocols for tailed frog WHAs. In addition, the GIS data requirements are consistent with available datasets and known habitat models for tailed frogs. Current research is underway within FREP to refine the monitoring protocols. Consistent with the migration path of the BBNs from alpha- to beta-level and beyond outlined in the previous section, we make the following suggestions for updating and refining the BBNs:

1. undertake a peer review of the alpha-level BBNs by biologists familiar with tailed frog ecology and management;
2. assemble field and GIS data for a sample of WHAs for both Coastal (A. truei) and Rocky Mountain (A. montanus) tailed frogs. Ideally, at least 3 WHAs for each species should be chosen, each with a full set of monitoring measurements available;
3. in a small workshop with field experts and modellers, test and evaluate the results using the reviewed rules for the selected WHAs. Scenarios that involve selective removals of data from the samples to test the relative effects of unknowns should be conducted. 
4. after the final revisions to the rules for the BBN at each scale are made post-workshop, and the documentation updated, the beta-level BBNs can be released.

5. empirical testing of the individual ecological correlates of effectiveness (e.g., stream temperatures, rates of forest disturbance) can be combined with development of the gamma-level BBNs.

Steps 1-5 can be undertaken in 2008. Step 5 will require at least 1 complete monitoring cycle to be completed.
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Appendix A -BBN Conventions and Design Standards
The BBN(s) constructed for this project were developed according to the following conventions.

BBN Model Structure
BBNs consists of “nodes” (boxes) and “linkages” (arrows) between nodes that together comprise a cause-effect model for assessing effectiveness of WHAs and their contexts at particular scales. Nodes (variables) represent environmental correlates, disturbance factors, population factors, response indicators (habitat or population) and the states of each (see Marcot et al. 2006 for descriptions of terms and components of BBNs). All nodes in a BBN are linked by probabilities. Input nodes (e.g., topographic, environmental, and population variables) contain marginal (“prior”) probabilities of their states as determined from measurements of existing conditions; intermediate nodes (e.g., describing attributes of habitat) contain tables of conditional probabilities based on empirical studies and/or expert judgment; and the most likely states of output nodes (effectiveness evaluations) are calculated as posterior probabilities. 

In the BBNs constructed here for EM for tailed frogs, input nodes representing anthropogenic actions and/or threats represent environmental correlates that are responsive to resource management policies either directly (e.g., forest harvesting rates adjacent to WHA buffers) or mediated through unmanaged or managed disturbance (e.g., sedimentation of streams following road construction). In principle, effects of these inputs can be tested based on scenario simulations to estimate future management effects on effectiveness evaluations.

We distinguished several logical types of nodes in the BBNs constructed for this project. These classes are as follows:
Context Nodes (uncoloured usually appearing white or beige):

These variables identify the context (Identification, location, etc.) of the site(s) being evaluated. They may also serve as scope selection variables.
Input Nodes:
Environmental Correlates (blue) and Threats or Management Inputs (orange):
· AI (analytical input) – e.g., GIS analysis for “distance to”

· RI (regular input) -  direct from a measured data source but may still need stratification of data into the expected discrete categories
· II (interpreted input) – e.g.,  threats assessments
· UI (user input) - usually a selection of a particular condition
Subnet inputs(brown)
· SI (input from another BBN) - usually a summary node calculated at a different scale

Summary Nodes (grey):

These are typically intermediate nodes and may or may not need to be reported. They are useful for sensitivity analysis and for conceptual understanding of the BBN model.
Result Nodes (green) 
These occur for response indicators that are either (1) potentially measured directly for monitoring, or (2) are used to help interpret assessment decisions. 
Effectiveness Evaluation Nodes (pink) 
These response nodes are the “goal” outcomes  from the BBNs indicating the effectiveness decision. 

For within-node definitions in these BBNs we followed these rules

· If the data are continuous, use real numbers in the node definition. 

· If the data are categorical (the usual case), output begins with 0 as top state and increases by 1 for each additional state. States may be labelled for interpretation when viewed as belief bars.
· Each node should contain a state for “unknown” as not all measures are guaranteed to be made in each monitoring season.
Conventions for the BBN Format
· Style for nodes is Labelled Box with Name and Title

· Descriptive Title  appearing to the user in the BBN diagram is a brief, easily interpreted title.begins with node type (see next bullet), 
· Node Title (internal to the node Definition) includes the 2-letter node type (see below) followed by variable description with first letters capitalized and ends with the scale in brackets

· Node types are

· Inputs (blue unless stated otherwise)

· AI (analytical input – e.g., gis analysis for “distance to”)

· MI (modeled input – e.g., canopy closure)

· RI (regular input direct from a data source – e.g. population abundance measures) 

· SI (simulated input – e.g., landscape connectivity from projection model run)

· II (interpreted input – e.g., stand structural stage based on BEC. We do not use these in the present BBN.
· UI (user input , usually a management node) is orange

· NI (net input, from another BBN net) is brown

· Name is an abbreviated form of the Descriptive Title  appearing in the BBN.
· Description – contains a short description of the node variable, including any sources of input.

· States are measureable (units stated) with the top node state having enough blanks to insure the full name and title is visible.
· States occur from best to worst moving from the top down unless the variable is continuous or ordinal; unknown (if used) is always specified as the bottom-most state.
· Font style is 8 arial

Appendix B – Description of the BBN Models

In the tables below, the main states and probabilities used in the WHA-scale and sub-basin scale are described. For clarity in presentation here, not all nodes or conditional probability values are described in detail. For additional details on these components of the BBNs, see the corresponding metadata tables.
WHA-scale

Table B-1. Main nodes and their weightings for evaluating habitat and population condition in the V1.0a BBN used in for EM effectiveness evaluations at the WHA scale.
Input nodes (ecological correlates measured in the field) are not described. Node names in this table refer to the names shown in Figure 3. For ease of presentation only the most important nodes, and are described in detail in this table.
	Type
	Node
	Explanation and  relative weightings

	Effectiveness Evaluations
	Monitoring Management Action
	A node specifying the options for monitoring given the effectiveness evaluation. Options are: conduct a full monitoring of the WHA, review goals for the WHA, or undertake no action. States are equally weighted among the outcomes of the effectiveness evaluation and the threats assessment nodes

	
	Effectiveness Evaluation
	The three outcomes of the effectiveness evaluation based on the habitat and population condition nodes: effective, not effective or unknown. The two input nodes (habitat and population) are equally weighted in the evaluation.

	Management Action
	Rapid Assessment
	This node flags potential or visible signs of disturbance in the WHA obtained by incidental observations, and uses this to condition a future monitoring action. There are 3 states: visible disturbance near or in the WHA, potential disturbance (known future disturbance), no disturbance.

	
	Sub-basin Threat Assessment
	This node is calculated by the sub-basin EM BBN and brings information about the state of the habitat context in the sub-basin to condition the effectiveness evaluation. There are four outcome states for sub-basin threat: high, moderate, low, unknown.

	Results
	Habitat Evaluation
	The outcome of the combination of the sub-basin threats assessment and the life requisite habitat condition assessment. There are only two states: “at risk”, and “not at risk”, equally weighted between the two input nodes.

	
	Population Condition
	This node summarized the likely state of the population in the WHA based on the functional population status combined with species isolation. The outcomes are expressed as increasing or stable, declining, unknown, weighted equally between the two input nodes.

	Summary
	Life Requisite Habitat Condition
	This node combines the outcomes of the aquatic and terrestrial habitat evaluation into an estimate of the ability of the WHA to support the annual life history of the species. The relative weight of the aquatic habitat condition is twice a great as the terrestrial habitat condition. 

	
	Aquatic Habitat Condition
	The state of the aquatic (larval)  habitat as a function of the state of stream temperature and the state of embeddedness of the substrate in the stream (i.e. life requisite conditions for growth and cover/attachment for larvae). In V1.0a these two factors are weighted equally.

	
	Terrestrial Habitat Condition
	The state of the terrestrial (juvenile and adult) habitat as a function of the trend in the seral stage distribution in the WHA buffer, and  the degree of disturbance in the forest in the riparian zone along the stream (i.e. affecting life requisite conditions for mortality, productivity and reproduction for recruits and breeding adults). In V1.0a these two factors are weighted equally.

	
	WHA Seral Trend
	This node distinguishes between the changes in age of the forest along the perimeter of the WHA, and the buffer itself. Presently, the states are “no significant decline” (in forest age), significant decline”, and “unknown”. Presently, the relative weights between the input factors is equal.

	
	WHA Buffer Trend
	This node establishes whether there has been a significant change in the amount of the WHA buffer that is in forest < 30 years old. The changes are classed as “no significant decline”, “significant decline” and “unknown”. The trend is calculated as the difference between the previous monitoring interval and the current monitoring period .The weights are equal between the two monitoring intervals.

	
	Functional Population
	The status (persisting, declining, or unknown) of the breeding population in the WHA. Adult status (trend between previous and current monitoring interval) weights higher than larval trend, because of the relative reproductive value of adults. Also, the status of adults in the Leeward mountain ranges (i.e. A. montanus) weights higher than does adult status for Coastal tailed frogs (A. truei).

	
	Species Status Isolation
	This node estimates the likelihood that the population in the WHA is isolated from nearby populations. The calculation is based on the distance to the nearest population that could exchange individuals with the WHA. The relative weight of distance (in V1.0a) is twice as great for A. montanus than for A. truei.

	
	[other trend nodes]
	See description for WHA Buffer Trend for the general principles defining each trend node.


Subbasin-scale

Table B-2. Main nodes and their weightings for evaluating quality in the V1.0a BBN used in for EM effectiveness evaluations at the sub-basin scale. Input nodes (ecological correlates measured in the field) are not described.
Node names in this table refer to the names shown in Figure 3. For ease of presentation only the most important nodes, and are described in detail in this table.
	Type
	Node
	Explanation and  relative weightings

	Effectiveness Evaluations
	Monitoring Management Action
	A node specifying the options for monitoring given the effectiveness evaluation. Options are: conduct a full monitoring review of the sub-basin, review management goals for the sub-basin, or undertake no action. States are equally weighted among the outcomes of the effectiveness evaluation and the threats assessment nodes

	
	Effectiveness Evaluation
	The three outcomes of the effectiveness evaluation based on the habitat and population condition nodes: effective, not effective or unknown. The two input nodes (habitat and population) are equally weighted in the evaluation.

	Management Action
	Rapid Assessment
	This node flags potential or visible signs of disturbance in the sub-basin obtained by incidental observations, and uses this to condition the decision about future monitoring actions. There are 3 states: visible disturbance in the sub-basin, potential disturbance (i.e. known future disturbances that are planned), or no disturbance.

	
	Sub-basin Threat Assessment
	This node assesses information about the disturbance potential in the aquatic and terrestrial habitats in the sub-basin context for embedded WHAs that condition the effectiveness evaluation of the habitat. Results from this node can also be saved in a case file and passed to the WHA-scale BBN. 

There are four outcome states for sub-basin threat: high, moderate, low, unknown. In V1.0a, the influence of each input (Stream Sedimentation Status; Forest Disturbance) are weighted equal in determining the outcome of this node.

	Results
	Habitat Condition
	The outcome of the combination of the sub-basin threats assessment and the Stream Stability node. There are three states: “at risk”, “not at risk”, “unknown”, equally weighted between the two input nodes.

	
	Population Condition
	This node summarized the likely state of the tailed frog  meta-population in the sub-basin based on the functional population status combined with species isolation. The outcomes are expressed as increasing or stable, declining, unknown, weighted equally between the two input nodes.

	Summary
	Meta-Population connectivity
	This node combines the outcomes of two nodes: Status of TF Occupancy Outside WHA Buffers, and Headwater Connectivity into an estimate of the ability of the sub-basin to support the movement and exchange of individuals (larvae and dispersing life stages) within the sub-basin and between sub-basins. The relative weights of the two input nodes are equal in V1.0a. 

	
	Status of TF Occupancy Outside WHA Buffers
	Occupancy of areas outside the WHA(s) in the sub-basin is an important determinant of the overall population dynamics supporting the focal population. This status is determined by assessment of the presence of tailed frogs in two types of areas: areas that have been affected by forest management (managed) and those that have not. In V1.0a these two factors are weighted equally, although a future refinement would be to area-weight these two factors.

	
	Stream Stability.
	Stability of the streams in the sub-basin potentially supporting tailed frogs condition is a function of likelihood of debris flows (Flow Regime), and channel morphology (Stream Morphology). Degree of disturbance in streams affects mortality and productivity, primarily for larval and juvenile  stages. In V1.0a these two input factors are weighted equally.

	
	Flow Regime
	Flow regimes that are stable are less likely to scour eggs and larvae. Sub-basins that are prone to flashy flows are poorer quality habitat for tailed frogs. Regime is determined by aspect and the species range type. Presently, the states are “stable”, “unstable_flashy”, and “unknown”. Presently, the relative weights between the input factors are equal.

	
	Stream Morphology
	In-channel morphology of streams in the subbasin is an important factor determining productivity and disturbance characteristics of streams in and around the WHA. The outcome state is a function of the ruggedness of the subbasin (SQRT(H/A) where H is the vertical elevation differential of the subbasin and A is the sub-basin area), and the dominant type of bedrock (intrusive, metamorphosed or sedimentary) in the sub-basin. The states are  “boulder_cobble”, “gravel_fines” and “unknown”. The weights are equal between the two input nodes.

	
	Stream Sedimentation Status
	The status  of potentially degrading levels of sedimentation into streams in the subbasin, thereby degrading theaquatic  habitat in and around the WHA. This is calaculated as a function of the density of stream crossings in the sub-basin, and density of roads within 100 m of the streams in the sub-basin. The states are: “not at risk”, “at risk”, and “unknown. The weights are equal between the two input nodes.


Appendix C - Glossary
Definitions and descriptions for the commonly used terms in this report (Table C-1). Where used in this report, corresponding acronyms are given as well. Note that these terms are not necessarily standardized within the provincial government ministries of British Columbia Ministries that are partners in the FREP program.

Table C-1. Definitions for the terms and applicable acronyms used in this report.

	Name
	Acronym
	
	Comments

	Biogeoclimatic ecosystem classification
	BEC
	
	A hierarchical system of ecosystem classification (Meidinger and Pojar 1991) widely used in B.C. Vegetation, soils, climate, and topography are related in a multi-scaled classification framework, ranging from regional vegetation complexes (BEC zones) covering millions of hectares, to site series covering several to hundreds of hectares.

	Bayesian belief network
	BBN
	
	A BBN is simply a way of representing the relationships of influences between variables. In a diagram of a BBN (commonly called an influence diagram), variables are represented as a network of nodes linked by arrows representing probabilities (Marcot et al. 2001). BBNs contain input (or predictor) nodes, response nodes, and an underlying probability structure representing the evidence or degrees of belief in each hypothesis about how the response variables are influenced by the predictor variables.

	Effectiveness Monitoring
	EM
	
	Effectiveness monitoring is the process of periodic measurement of selected biophysical indicators for a specified target area (e.g., one or more WHAs) over a prescribed time period. The objective of EM is to evaluate how well the management goals of the target area are being met. Evaluations may take several forms: e.g., pre-post comparisons (to detect if or if not the goals are being achieved), or trend assessments to detect alterations on system functioning.

	Forest and Range Evaluation Program
	FREP
	
	The multi-ministry program evaluating the effectiveness of forest and range practices (under the Forests and Range Practices Act) in achieving management objectives and sustainable resource management. The classes of resource values evaluated by FREP include: biodiversity, cultural heritage, soil,water, fish, forage & associated plant communities, timber, recreation, resource features, visual quality and wildlife. 

	Goals
	-
	
	Specific targets, thresholds, or trends that are used to define effectiveness at each scale of assessment.  An example of a specific goal for tailed frog WHAs might be to maintain stable or increasing tailed frog tadpole densities above a baseline level or year of measurement. Examples of goals at a regional or provincial scales are (1) the achievement of species recovery objectives; or (2) delisting the species.

	Indicators
	-
	
	Indicators are parameters that measure specific   quantitative and qualitative attributes of a system and contain information a process or a trend of interest. Each indicator contributes some information about the overall condition of the system being evaluated. In general, individual indicators do not reveal causality or direction. However, if a suite of indicators is defined that adequately represents the system’s functioning, and these are measured over time and space, statements about the condition of the system may be made.

	Timber harvesting landbase
	THLB
	
	Area of crown forest land within timber supply areas where timber harvesting is considered both acceptable and economically feasible, given objectives for all relevant forest values, existing timber quality, market values and applicable known technology.

	Tree farm licence
	TFL
	
	A type of forest tenure that provides rights to harvest timber and outlines responsibilities for forest management in a particular area.

	Timber supply area
	TSA
	
	An integrated resource management unit of land managed under a particular set of objectives.

	Wildlife Habitat Areas
	WHA
	
	Wildlife habitat areas are designated and mapped areas that conserve those habitats considered most limiting to a given Identified Wildlife element (e.g., population, species, or community). WHAs designate critical habitats in which activities are managed to limit their impact on the Identified Wildlife element for which the area was established. 
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� Ministry of Forests and Range (MoFR), Ministry of Environment, Ministry of Agriculture and Lands, Integrated Land Management Bureau (MAL–ILMB), and Ministry of Tourism, Sports and the Arts (MTSA).


� Identified Wildlife species are managed through the establishment of wildlife habitat areas (WHAs) and the implementation of general wildlife measures (GWMs) and wildlife habitat area objectives, or through other management practices specified in strategic or landscape level plans (http://www.env.gov.bc.ca/wld/frpa/iwms/index.html).


� A list of workshop participants in given in Table 1.


� For example, Dupuis and Friele (2003) found that the highest numbers and widest distribution of A. truei cohorts occurred on streams with low disturbance intervals. Tailed frogs in this region had the highest frequency of occurrence in the back-end of valleys. The disturbance regimes in valley heads in this region are too intense to support tailed frog populations (Dupuis and Friele 2003). In addition, in Coast and Mountains regions northerly aspects  provide more stable flow regimes than southerly aspects more prone to flashy flows which scour eggs and larvae (Metter 1968).I in Interior regions, southerly aspects provides a more stable thermal winter regime than northerly aspect which stresses the thermal tolerance of this species (Claussen 1973; Brown 1975).


� A useful indicator of watershed morphology for tailed frogs is watershed ruggedness = H/A1/2 with H = basin relief and A = basin area.


� Briefly, these designations are defined as: (i) alpha-level: initial working BBN built from data and expert opinion; (ii) beta-level: revised BBN based on peer review and tested with independent data; (iii) gamma-level: conditional probabilities have been estimated from empirical data.
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