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Components of EA Studies 

  Fisheries 

  Other aquatic life  

  Geology 

  Hydrology 

  Hydrogeology 

  Water Quality 

  Climate 

  Air Quality 

  Etc. 

Baseline studies 
Impact Assessment  

 



Components of Fisheries Studies 

  Species diversity 

  Abundance 

  Species at risk 

  Life history strategies 

  Distribution 

  Population dynamics 

  Habitat quality & quantity 

  Instream Flow Needs (IFN) 

  Etc.                   



Guidelines 

There are numerous provincial and federal guidelines 
that are used in British Columbia to guide fisheries 
studies related to EIAs 

Impose specific criteria  

Increase scientific rigor 

Standardize methodology and 
results for comparison purposes  

Why are guidelines needed? 



Federal Guidelines 



Provincial Guidelines 



The “Perception” of Guidelines 
  Viewed as status quo  

Site Name Trap No. 
Date Set 

(dd/mm/yy) 

Time Set 

(HH:MM) 

Date Lifted 

(dd/mm/yy) 

Time Lifted 

(HH:MM) 

Water depth 

(m) 
Latitude Longitude Sample # Species TL (mm) Weight (g) 

Sacrificed 

(Y/N) 

Rive1 1 07/31/2011 14:30 2011/08/01 15:15 0.80 15 W 572791 7392766 1 Slimy Sculpin 102 9.1 N 

Rive1 1 07/31/2011 14:30 2011/08/01 15:15 0.80 15 W 572791 7392766 2 Slimy Sculpin 107 10.2 N 

Rive1 2 07/31/2011 14:30 2011/08/01 15:15 0.80 15 W 572791 7392766 3 Slimy Sculpin 105 8.8 N 

Rive1 2 07/31/2011 14:30 2011/08/01 15:15 0.80 15 W 572791 7392766 4 Slimy Sculpin 91 5.5 N 

Rive1 3 07/31/2011 14:30 2011/08/01 15:15 0.80 15 W 572791 7392766 5 Slimy Sculpin 67 2.1 N 

…. …. …. …. …. …. …. …. …. …. …. …. …. …. 

   Provide all the data necessary for approval 

   Best science available 



The “Reality” of Guidelines 

   Living documents (must be updated continually) 

Based on science that has inherent assumptions and  
limitations 

  May not address all data needs for all projects 

Should be flexible in their current state based on 
project footprint, study objectives, stakeholder 
issues, and environmental conditions 

  New ideas should be encouraged and embraced  

e.g. “Data collected to support a water license application should 
meet or exceed existing inventory  standards”  (Lewis et al. 2004) 
 



Use of Guidelines  

  Professional accountability 

 

 

   

   

   

  Consultants hired by proponents 

 

 

  Regulators reviewing the EIAs 
 

 

 

e.g. “Data collected to support a water license application…should 

be signed off by a fisheries biologist with a professional 
designation of R.P.Bio. and demonstrated experience with 
instream flow assessments” (Lewis et al. 2004) 

 



Risks associated with verbatim use or misuse of Guidelines 

  Insufficient baseline data 

  Unacceptable accuracy and precision of baseline data 

  Inappropriate or incomplete methodology 

  Errors with interpretation of baseline results 

  Misinterpretation of impact assessment findings 

  Stumbling blocks in receiving project permits 

  Increase in project timelines and cost 

 

 

 

 



“Going Beyond” the Guidelines 

Example 1 

Fish habitat models within provincial 
hydroelectric guidelines 

 

Example 2 

Genetic studies within provincial 
hydroelectric and mining guidelines 

 

 



Questions? 



Example 1 

Isabelle Girard, M.Sc., R.P.Bio., CFP* 

Fish Habitat Models within the 

Provincial Hydroelectric Guidelines 

* Certified Fisheries Professional, American Fisheries Society 



Professional Experience 

  B.Sc. and M.Sc., Concordia University, Qc 

Master’s thesis: Fish habitat modeling of Atlantic Salmon 
in a New Brunswick stream 

Numerous studies related to fish habitat modeling and 
IFN 

1999 2003 2005 2007 2010 2012 

  

Eastmain-1-A and 
Rupert River 

Hydro-Quebec 

IFNTTG 
Government                 

of Alberta 

McLymont Creek  
AltaGas 

Marmot Cluster 
BluEarth 

Romaine River 
Hydro-Quebec 

Master Thesis 
Concordia University 



Instream Flow Needs (IFN) 

“Amount of water needed in a stream/river to adequately provide for 
downstream uses occurring within the stream channel (e.g., aquatic 
resources, navigation, human consumption)” 

Penstock 

Powerhouse 

Diversion Reach 

Headpond 

Tailrace 

Typical run-of-river hydroelectric project 



IFN Assessments 

Standard-Setting Methods 

  e.g., Tennant, Wetted Perimeter 

  Simpler  

  Requires little data 

  Desktop 

Fish Production 

Habitat Quality  Flow 

Assumptions 

  Instream Flow Incremental Methodology (IFIM) 

  e.g., PHABSIM, MESOHABSIM 

  More complex 

  Data intensive (e.g., hydrology and fish habitat data)  

  Field and Desktop  

 

 

Incremental Methods  



    IFN Assessments in BC – Current Guidelines 

Standard-Setting Method             

Based on Historic Flows 

Instream Flow Thresholds 
(Minimum flow in diversion section at all times of year) 

Submit Application  

Incremental Method                                

BC Instream Flow Methodology 

No Expected Impacts to Fish 

Instream Flow Requirements (IFR) 
(Minimum flow in diversion section at different times of year) 

No Expected Impacts to Fish  

or  

Proposed Compensation 

Accept 

Reject Incremental Method                                

BC Instream Flow Methodology 



BC Instream Flow Methodology 

Biological  Physical 

Identify Sensitive Fish Species 

Identify Sensitive Biological Periods 

Select Sample Sites  

Conduct Physical Sampling 

Quantify Physical Habitat 

Uncertainty Analysis 

Habitat–Flow Simulations 

Compare Baseline and Post-Project Results 

Recommend IFRs 

Habitat Models Habitat Models 

Uncertainty Analysis 



What is a Habitat Model? 

A mathematical equation that allows scientists to “represent animal habitat 
quality in relation to animal presence or reproductive success” (USGS, 2012) 

Lamoureux et al. 1998 



Habitat Models – Current Guidelines 

Primarily endorse the use of existing Habitat Suitability 
Index (HSI) models 

Positives 

Simpler mathematics 

Used for decades 

No collection of biological data 

Negatives  

Assume that HSI models are correct in their predictions of fish 
distribution in the streams under study 

Assume that models can be used indiscriminately among 
streams in BC 



57 HSI models developed by the U.S. Fish and Wildlife 
Service in the early 1980s 

Available on the National Wetlands Research Center  
(NWRC) of the U.S. Geological Survey (USGS) Website 

Models for some species have been refined for BC 
(available through MoE) 

 

 

 

 

 

 

Habitat Models – Current Guildelines 



What is an HSI Model? 

1.0 

0.5 

0 

Current Velocity (V) 

In
d
ic

e
 

1.0 

0.5 

0 

1.0 

0.5 

0 

Water Depth (D) Substrate (S) 

HSI = IV
a *  ID

b * IS
c 



“Going Beyond” the Guidelines 

Our Recommendations 

Use existing HSI fish habitat models 

Develop new site-specific fish habitat models 

Explore the use of other types of habitat models 
(e.g., HPI) 

Compare the results of IFN between existing HSI 
models and new models 



BC Instream Flow Methodology 

Biological  Physical 

Identify Sensitive Fish Species 

Identify Sensitive Biological Periods 

Select Sample Sites  

Conduct Physical Sampling 

Quantify Physical Habitat 

Uncertainty Analysis 

Habitat–Flow Simulations 

Compare Baseline and Post-Project Results 

Recommend IFRs 

Habitat Models Habitat Models 



Improved BC Instream Flow Methodology 
Biological  Physical 

Identify Sensitive Fish Species 

Identify Sensitive Biological Periods 

Select Sample Sites  

Physical Sampling 

Quantify Physical Habitat 

Habitat–Flow Simulations 

Compare Baseline and Post-Project Results 

Recommend IFRs 

Biological Sampling 

Existing HSI Models 

New Habitat Models 

Uncertainty Analysis 



Why? 

1. Several habitat modeling methods are available 



Fish Habitat Models – Other Possibilities 

Model 
Origin? 

Number of 
Variables? 

Model 
Scale? 

Model 
Variables? 

New 

Existing 

Univariate 

Multivariate 

Microhabitat 

Mesohabitat 

Macrohabitat 

Physical 

Energetic 



Fish Habitat Models – Other Possibilities 

Habitat Suitability Index (HSI) Model 

Habitat Probabilistic Index (HPI) Model 

Energetic HSI Model 

Foraging Model 

Bioenergetics Model  

Discrete Choice Model  

Artificial Neural Network (ANN) Model 

Fuzzy Model  

Generalized Linear Model  

Multiple Regression Model 

Abundance Exchange Model  

Isodar Model 

Classification Tree (CT) Model 

Individual-Based Model (IBM)  

Principal Component Analysis (PCA) Model  

Discriminant Function Analysis Model  

 Some are official names for a modeling method 

Others are tools or statistical methods used to create 
habitat models 

 

 

 

 

 



Why? 

2. Other habitat models have increased in popularity 



Habitat Models in Literature 

What models are use predominantly in literature? 

Literature review of 84 published and/or professional 
documents 

North 
America 

56% 

S. America 
1% 

Asia 
7% 

Europe 
30% 

Australia 
6% 



Habitat Models in Literature 

  Only 29% of studies used exclusively HSI 

  Decrease in exclusive use of HSI models 

  Potential explanations:  

Increase in mathematical abilities among biologists  

 HSI model performance issues 

Time 

Period  

HSI        

(%)  

Other       

(%) 

1991-2002 35 65 

2003-2012 26 74 

HSI 
29% 

Other 
71% 



Why? 

3. New habitat models are more prevalent 



Existing Versus New Habitat Models 

  Only 15% of studies used existing models 

Potential explanations: 

Existing models may not transfer well from one geographical 
location to another   

New 
85% 

Existing  
15% 



Why? 

4. Other habitat models can outperform HSI models 



Example – Guay et al. 2000 

Developed new habitat models (HSI and HPI) for 
juvenile Atlantic Salmon 

Sainte-Marguerite River, Quebec 

HPI = 1/ (1+ e-) 
 

 =  (-3.067 + 8.461*D + 2.86*V + 0.093*S – 6.203*D2) 

HSI = IV
0.38 *  ID

0.30 * IS
0.32 

HSI Model 

HPI Model 



HPI Outperformed the HSI Model  



Improved BC Instream Flow Methodology 
Biological  Physical 

Identify Sensitive Fish Species 

Identify Sensitive Biological Periods 

Select Sample Sites  

Physical Sampling 

Quantify Physical Habitat 

Habitat–Flow Simulations 

Compare Baseline and Post-Project Results 

Recommend IFRs 

Biological Sampling 

Existing HSI Models 

New Habitat Models 

Uncertainty Analysis Uncertainty Analysis 



Uncertainty Analysis – Current Guidelines 

Accuracy and precision of habitat models                          
are not addressed 

Impacts of habitat modeling uncertainty on                   
instream flow needs are not estimated 

Positives 

Less intensive analysis 

No collection of biological data 

Negatives  

Assume that HSI models are correct in their predictions of 
fish distribution in the streams under study 

Assume that models can be used indiscriminately among 
streams in BC 



Accuracy  

“Validation” of habitat models  

Determine the success of models in predicting fish 
distribution 

Should be a crucial element of all modeling work 

Model Prediction  Reality 

 “Degree of closeness of measurements of a quantity to that quantity’s 

actual true value” (NDT, 2011)  

 



Precision 

Also called “Repeatability” 

Different ways to estimate precision 

E.g., Sensitivity analysis 

 Reshuffling original dataset into numerous new datasets 

  Rerun analyses on new datasets 

Compare results of original dataset with results of new 
datasets 

 “Degree to which repeated measurements under changed conditions 

(e.g., observer, settings) show the same results” (NDT, 2011)”  

 



Accuracy & Precision  



“Going Beyond” the Guidelines 

Determine the accuracy and precision of all habitat 
models used within the BC IFN methodology 

Determine the impact of habitat modeling uncertainty 
on instream flow needs 

 

 

Our Recommendations 



Improved BC Instream Flow Methodology 
Biological  Physical 

Identify Sensitive Fish Species 

Identify Sensitive Biological Periods 

Select Sample Sites  

Physical Sampling 

Quantify Physical Habitat 

Habitat–Flow Simulations 

Compare Baseline and Post-Project Results 

Recommend IFRs 

Biological Sampling 

Existing HSI Models 

New Habitat Models 

Uncertainty Analysis 



Our Recommendation 
Biological  Physical 

Identify Sensitive Fish Species 

Identify Sensitive Biological Periods 

Select Sample Sites  

Physical Sampling 

Quantify Physical Habitat 

Habitat–Flow Simulations 

Compare Baseline and Post-Project Results 

Recommend IFRs 

Biological Sampling 

Existing HSI Models 

New Habitat Models 

Uncertainty Analysis 

Uncertainty Analysis 



Why? 

1. To adhere to good mathematical practices  



Good mathematical practices 

When interpreting data and drawing conclusions, one 
should always provide measures of the uncertainty 
associated with the data 

 

 

Goal is to obtain high precision                                        
and accuracy of results 

 

 e.g. “The greatest single constraint to the proper implementation of IFN 
analysis is the use of accurately derived habitat models. Use of models that do 
not accurately characterize the utilized or preferred habitat for a species can 
cause significant error” in predictions (Hudson et al. 2003)”  

 



Why? 

2. Accuracy estimates are prevalent in numerous fish 
habitat modeling studies 



Accuracy of Habitat Models in Literature 

Accurate 
55% 

Not 
accurate 

45% Validation 
55% 

No 
validation 

45% 

Over 55% of studies conducted a validation of fish 
habitat models  
Around 45% of models do not validate (are not accurate 
in predicting fish distribution) 

  Potential explanations:  
Other variables may be responsible for habitat selection 



Why? 

2. Precision estimates, although rare, are increasing in 
popularity 



Precision of Habitat Models in Literature 

Only 13% of studies estimated the precision of fish habitat models  

Potential explanations:  

Complex mathematics involved 

Timing and budget constraint 

Slight increase in reporting of precision for fish habitat modeling 
studies 

Precision 
13% 

No 
precision 

87% 

Time 

Period  

Precision          

(%)  

No Precision        

(%) 

1991-2002 10 90 

2003-2012 15 85 



Why? 

4. Precision and accuracy can show which habitat models 
should be used for IFN assessments 



Example – Uncertainty of Habitat Models in an EIA  

  James Bay, Quebec 

918 MW hydroelectric Project on                                                                                     
the Rupert River 

IFN used to determine ecological                                                                                      
minimal flows downstream of the dam 

Developed new HSI and HPI habitat models for numerous 
fish species 

  Conducted a validation on all habitat models  

Estimated the Precision of all habitat models and the 
impact of that uncertainty on the Instream Flow Needs  



New HSI Models 

Velocity (V) 
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n = 163 

HSI = IV
0,35 *  ID

0,29 * IS
0,36 



New HPI Models 

Variable HPI 

Depth (D) + 

Depth2  (D2)  – 

Velocity (V) – 

Velocity2 N/A 

% Boulder N/A 

% Cobble – 

% Pebble N/A 

% Gravel  + 

% Sand  N/A 

% Silt N/A 

Froude (F) + 

Precision of predictions (%)  66.4 

HPI = 1/ (1+ e-) 
 

 =  (-2,30 + 2,24*D – 0,30*D2 – 3,82*V + 15,46*F – 0,02*%Cobble + 0,02*%Gravel) 



Accuracy of Fish Habitat Models 
HSI 

HPI 

Regression Type HSI HPI 

r2 P r2 P 

Linear 0.33 0.13 0.77 0.002 

Quadratic 0.36 0.33 0.85 0.004 

Exponential 0.43 0.08 0.67 0.007 

Habitat Quality Indice 

C
P

U
E

  

HPI models 
outperformed all the 
HSI models 

HPI models were 
retained for all fish 
species within the IFN 



Precision of Retained Fish Habitat Models  

Bootstrap Technique: Random resampling of 80% of the data to 
create 15 new datasets 
Create 15 HPI sub models  

Sub Model HPIλ = 1 / (1+e) where λ is equal to 



Sub Model 
Absence 

(Nb.) 

Presence 

(Nb.) 

Precision of 

predictions 

Erroneous prediction 



Estimate the variance among sub-models using a Coefficient of 
Variation (CV) on the variables of the sub models   

100
x

CV




xσ is the Standard Deviation and        is the average 

Sub Model 
D  

Depth 

D 2   

Depth  

V  

Velocity 

F  

Froude 

% 

 Cobble  

% 

 Gravel Constant 

Average 

Standard Deviation 

Precision of Fish Habitat Models  



Impact of Uncertainty of Habitat Models on IFN 

W
U

A
 (

m
2
) 

Discharge (m3/s) 

Good!  



W
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A
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m
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Impact of Uncertainty of Habitat Models on IFN 

Discharge (m3/s) 

Excellent!  



W
U

A
 (

m
2
) 

Impact of Uncertainty of Habitat Models on IFN 

Discharge (m3/s) 

Unacceptable!  



Impact of Uncertainty of Habitat Models on IFN 



Questions? 



Example 2 

Cory Bettles, M.Sc., R.P.Bio., CFP* 

Role of Genetic Studies within Provincial 

Hydroelectric and Mining Guidelines 

* Certified Fisheries Professional, American Fisheries Society 



Genetic Diversity 

“Range of heritable differences of a trait or set of traits among individuals 
of a species, within populations and among different populations” (Bagely 
et al. 2002) 

Essentially synonymous with 'genetic variation' or 'genetic 
variance‘ 

Genetic diversity is considered a trait of populations and 
species, not of individuals 



Professional Experience 

  B.Sc. (UNBC) and M.Sc. (GLIER, UWindsor) 

Master’s thesis: Hybridization b/t Sympatric CTT and 
RBT/STD Trout on Van. Island 

Numerous studies specific to fish population structure 

2000 2002 2004 2007 2010 2012 

Oil & Gas 

BC MOE 

Master’s 
Thesis 

U. Windsor 

GD Studies   

WDFW  

U. Lillooet Basin 

Innergex/Ecofish 

Marmot Cluster 

BluEarth 

Kwalsa/U. Stave 
Clusters  

Cloudworks 

McLymont 
Creek  

AltaGas 

 

Galore Cr EA 

NovaGold 



“Going Beyond” the Guidelines 

Genetic  Diversity studies are not discussed or 
included 

 

 

 

Current Guidelines 



“Going Beyond” the Guidelines 

Our Recommendations 

Inclusion of genetic diversity studies in EA when:                               

Species-at-risk (including specifically designated 
stocks) are present within the study area 

Species are present that have complex life 
history strategies (e.g. BT, DV, CTT) 

Watershed-scale projects where stream 
networks are potentially affected 



Why? 

1. To adhere to the Provincial Mandate  



 BC MoE Service Plan 

“Improve the status of biodiversity by safeguarding  
ecosystems, species and genetic diversity” (p.21) 

“Fisheries data collected to support a water license 
application should meet or exceed existing inventory 
standards” Lewis et al. 2004 



Why? 

2. To insure the maintenance of biodiversity of 
fish species  



Importance of Biodiversity 

Ecosystem  

Species 

BIODIVERSITY 

Ecosystem Diversity driven 
from Species Diversity 

Species Diversity driven 
from Genetic Diversity 

Genes 
Credit: M. Bagley  

   Fundamental organization unit of biodiversity 

Any goal to monitor/maintain biodiversity is incomplete 

if only considers species & ecosystem component 



Importance of Biodiversity 

The level of development in B.C. has consequences on 
environmental resources such as fish and wildlife and their habitats, 
ecosystems and water quality 

Certain species and ecosystems are designated as at risk 

Nature’s Pulse (2008), an assessment of the state of British 
Columbia’s biodiversity, states that: 

“British Columbia’s biodiversity is globally significant because of its variety and 
integrity but without immediate action, it is vulnerable to rapid deterioration, 
especially in light of climate change... Expanding human settlement and 
development are the most obvious but not the only threats to biodiversity in 
B.C. today” (Austin et al. 2008) 



Importance of Biodiversity 

Major Findings on threats to Biodiversity: 

“The cumulative impacts of human activities in British Columbia are 
increasing and are resulting in the loss of ecosystem resilience. B.C. today” 
(Nature’s Pulse 2008) 

“Connectivity of ecosystems in British Columbia is being lost and, among other 
impacts, this will limit the ability of species to shift their distributions in 
response to climate change” (Nature’s Pulse 2008) 



Why? 

3. Genetic studies provide invaluable information 
for EIA 



Traditional View 



Genetic Diversity Studies 

Majority of indicators: inform little about the 
biological connectivity of geographic areas 

Will individuals of a species from a given region 
replace  extirpated populations of another? 

 How much evolutionary 
history of a species will be lost 
if the habitat of one distinct 
population is lost/altered 
through development? 



Genetic Diversity Studies 

To understand long-term effects of environmental change on populations, 
need to: 

 

Fundamental Aim: 

Ensure sufficient diversity is retained to maintain short-term fitness & long-
term sustainability  

Protect populations highly distinct or key evolutionary lineages 

 (-)   Decrease in genetic diversity 

(+)   Increase in genetic diversity 
Bagely et al. (2002) 



Importance of Genetic Data in EIAs  

 

 
 

  Define Population Boundaries of VCs 

Characterize the natural genetic structure of populations within ecosystems 

Essential population attributes diagnosed only with genetic data 
(connectivity, Ne) 

 Analyze Hierarchical Structure 

Fish : basic units of measure are populations residing in different stretches of 
stream/river, which are nested within watersheds, nested within regions etc. 

 Measure of Cumulative Effects 

Current genetic diversity of a population = consequence of effects over many 
previous generations  

       dynamics of populations: how will they be altered with ongoing 
environmental change? 

 



Genetic Assessment & Monitoring 

   Snapshot of population characteristics at a single point in time 

Genetic Assessment 

   Quantifying temporal changes in population genetic metrics 

Genetic Monitoring 



Population Parameters 

Schwartz et al. (2006) 

ID of management units (population structure) & knowledge of gene flow b/t 
populations detect changes in differentiation 

Low variation reduced fitness,  unable to cope with changes to environment 

Genetic Variation 

Population Structure/Gene Flow 

Mixed-stock analysis 

Population Mixtures 

Effective Population Size 

http://alaska.fws.gov/gem/Images/Stetz_Figure2.jpg


Genetic Diversity in EIAs 

Typical genetics studies used in EAs: Species ID 

Examples  

Galore Creek Mine EA (2005): Bull Trout/Dolly Varden Species ID 

Prosperity Mine EA (2011): Fish Lake & RBT 

Morrison Copper/Gold Mine EA (2012): Rejected by Minister Terry Lake 

 

 

 

 

 

BC Hydro Site C – Project Description (2011): “Ongoing work will provide 
further information regarding species genetic diversity, aquatic 
productivity…”  

 

“Morrison Lake is an important ecosystem, in that it supports genetically 
unique populations of sockeye salmon, which are one of the largest stocks 
of non-hatchery sockeye. These stocks are important for their genetic 
diversity, and cannot be replaced if they are lost” (EAO 2012) 



Bull Trout (Salvelinus confluentus) 

Priority sportfish species of conservation concern 

British Columbia 
Blue Listed, 

Provincial Management Plan 

CuFX Tool 

Alberta 
Special concern 

Provincial Management Plan 

Canada 
COSEWIC 

USA 
Threatened 

Endangered Species Act 1999 

Key Features 
Species very sensitive to habitat alterations/loss  

Life History Types (resident, fluvial, adfluvial) 

 
Behnke 2002 

Genetics in an EIA in BC 



Costello et al. (2003)   

High levels of population subdivision at basin level 

Above-barrier populations contain locally rare alleles 

Hagen & Decker (2011) 

Lillooet Core Area 

U. Lillooet, Ryan, Birkenhead  

High threat 

Status unknown 

Need for better understanding of population demographics 

Population structure 

Population size 

Level of inter-locality dispersal 

Connectivity 

Genetic assays  

Monitor long term persistence of populations 

 

Genetic Assessment of Upper Lillooet Bull Trout 



Characterize Bull Trout 
collections in terms of genetic 
diversity 
 

Determine genetic 
relationships among sample 
localities & infer levels  of 
interconnectedness amongst 
localities 
 
Integrate (1) and (2) into 
baseline data to assist in the 
assessment & monitoring of 
population structure over 
time 

BC MOE 2002 

MoE 2002 

Hagen & Decker 2011 

        Objectives 



Map Credit: Ecofish Research 



No knowledge of sample localities 

Knowledge of sample localities 

U. Lillooet River Boulder Creek North Creek           Results 

Boulder Creek 

U. Lillooet River 

North Creek 



Sample 

Locality 

ULR BC NC 

ULR 40 1 4 

BC 3 40 1 

NC - 4 41 

13 microsatellite DNA markers (Geneclass) 

Migrant/Immigrant Assessment 



NB: effective number of breeders: related statistic to Ne. 

 

 

 

 

Low NB: vulnerable to inbreeding (if gene flow low) 

 

Genetics in Population Viability Analysis (PVA) 

 “50/500” Rule 

 

Genetic monitoring 

Effective Population Size 



Essential tool for filling critical data gaps on Projects that are at a watershed-
scale (e.g. mining, hydroelectric) 

Population-level measure (of VC) rather than individual-level measure 

Measure of cumulative impact on population VCs 

May identify problems within species before species assemblage indicators 
become significant 

Well-defined relationships between genetic data and the size/connectivity of 
populations 

Highly complementary to species assemblage and landscape/ecosystem data 
typically collected for impact assessments 

Important indicator of population trends through temporal monitoring 

Data Value vs. Cost 

Value of Genetic Diversity Data in EA 



Conclusion 

Guidelines are not “Status Quo” 

Guidelines are living documents – Need continuous 
improvement 

Need to be open to enhancing guidelines  

Knowledge to ‘think outside the box’ with respect to other 
methodologies 

Consult experts 

Use of other habitat models, determining accuracy and 
precision of models used, and application of genetic diversity 
studies are just a few examples 



Questions? 


