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Standard 9: Conduct an analysis of the severity and geographic scope of threats 
to conservation targets/biodiversity elements, and analyze the root causes of 
priority threats.     [PLAN] 

 
 
Rationale 
The type, source, severity, and scope of threats drive portfolio design, strategy development and 
conservation actions. Threat prevention and abatement are keys to securing biodiversity. 
Updated analyses of threats are critical to evaluate the dynamic landscape to better inform 
conservation actions and opportunities, and offer a critical indicator of the degree of success of 
our conservation actions. 
 
Recommended Products 
 List of dominant threats to each conservation target or to groups of targets.  
 Analysis (including maps and database) of the severity (degree of impact to target viability) 

and the geographic scope (distribution) of the threat to targets. 
 Descriptive narrative or schematic diagram of the root causes, or driving forces to priority 

threats across the ecoregion.   
 
INTRODUCTION 
 
A threat is an anthropogenic source and/or action that decreases the potential for biodiversity to 
persist. Threats are generally partitioned as sources (direct threat, proximate pressures), stresses, 
and underlying causes (root causes).  Understanding patterns and trends of threats to biodiversity 
are necessary to define viability, portfolios/biodiversity visions, strategies and geographic 
priorities for implementing them, and assessing conservation success.    
 
Ecoregional assessments cannot pragmatically define every source, stress and root cause of 
threats to every occurrence of biodiversity targets/features.  More in-depth information on threats 
should be collected and analyzed when working on specific conservation projects.  However, 
experiences over the past decade have taught us that better threats assessment strengthens our 
ability to evaluate biodiversity status and inform conservation actions.  The level of 
sophistication in threats assessments will vary greatly depending on available information, time 
and resources.  In most cases, ecoregional assessments will focus on the source of threat since 
this information is the most readily available.  For instance, land use/cover data indicate patterns 
of agriculture, roads and urban areas.  However, it is difficult to quantify the stresses (how much 
sediment and nutrients are coming off of the agricultural lands, how much are roads affecting 
stream hydrology and fish passage, etc) from these data.  Ecoregional assessments are therefore 
an initial evaluation of the threats to biodiversity, not the ultimate one.  
 
Historically, threats assessments at the scale of the ecoregion, have focused on informing 
strategies and priorities for conservation actions (see Groves 2003).  In addition to this, we 
should consider threats during the development of the portfolio itself because threats affect the 
viability of a target occurrence. In ecoregions where there are multiple options for places to 
"capture" the same quality of occurrences of targets, the ones with the lower threats are more 
viable, as they have higher potential to exist for longer periods of time without preemptive 
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actions. One way to incorporate threats in portfolio design is to include them as a cost factor in 
optimization software for developing portfolios.  
 
Assessing threats over time is necessary to assess the impact and progress of conservation 
actions.  This informs adaptive management, allowing us to change and improve strategies, and 
the geographic priorities of strategies. It also provides a solid measure of conservation progress 
in abating threats.  (See Measures standard).   
 
To evaluate the scope and severity of threats and understand their causes, we need to: 
 
• Organize information on threats 
• Use multiple sources of threats Information 
• Describe or diagram the source (root cause) and stress of threats 
 
 
Organize information on threats 
 
We use information on threats to inform target occurrence viability, portfolio design/biodiversity 
vision, strategies, priorities for actions, and assess the effectiveness of conservation actions.  
Information on threats should be organized by conservation targets, conservation target 
occurrences, spatial units being used for portfolio design, and areas of biodiversity significance.  
 
Conservation Targets 
In order to determine whether something is a threat, we need to establish that it affects 
conservation targets and the key ecological factors necessary for their persistence.  This 
precludes focusing on things that are not threats.  This also allows the sorting of the types of 
threats by conservation target to provide clarity when assessing the spatial patterns of threats to 
target occurrences and areas of biodiversity significance.  Since all taxa are not responsive to the 
same types of threats, we need to understand which threats are affecting which targets where, 
and why. 
 
Depending on the number of conservation targets, we can evaluate targets individually, or by 
groups that have the same or similar key ecological factors necessary for persistence.  Grouping 
species targets by taxa and guild (e.g. wading birds, diving birds, migratory freshwater fishes, 
gravel spawning freshwater fishes etc.) is a good way of organizing biodiversity and threats, and 
provides a fairly simple way to identify key ecological processes affected by threats. 
Communities and ecological systems can be grouped by key ecological processes that sustain 
them, such as those that depend on regular fire, annual flooding, salinity gradients, etc. 
 
Conservation Target Occurrences 
We would like to know the threats to conservation targets everywhere they occur.  All 
occurrences of a specific target do not necessarily share the same suite or severity of threats.  
Comprehensive information on threats generally does not exist for every target occurrence.  
Some species targets, ecological community targets, and all ecological system targets are 
represented spatially, and many of the dominant threats can be assessed using spatial 
information.  However, there are some dominant threats that cannot be spatially represented, and 
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other sources of information should be used to characterize threats to occurrences when data are 
available and it is deemed necessary. 
 
Spatial Units being used in ecoregional portfolio design. 
Optimization programs require a consistent spatial unit to evaluate patterns of target occurrences 
and threats.  Hexagons and watersheds are the most common polygons that are used. The types 
and numbers of conservation targets, and threats are attributed to the polygons.  Because of the 
vast number of polygons used in optimization programs, these analyses are generally limited to 
spatial threats data.  While indirect and limited, it is a way of evaluating patterns of certain 
threats to target occurrences. 
 
Areas of Biodiversity Significance 
Once a portfolio/biodiversity vision has been generated, the types and severity of threats should 
be summarized by areas of biodiversity significance.  This summary should include all sources 
of information available.  Caution should be taken in limiting the analyses of spatial threats data 
to only the overlap with areas of biodiversity significance.  Threats may originate outside these 
areas, such as sedimentation from upstream that can affect downstream freshwater and marine 
targets.   
 
Time Frames 
Threats should be partitioned into current threats, and future threats. Current threats are already 
taking place, and are a component of condition analyses.  A future threat is any threat that is 
likely to begin or continue in the future, or is likely to intensify in scope and/or severity and 
could potentially result in the transformation of a target occurrence from viable to nonviable.  
While we have not had much experience at forecasting future threats, categorizing them by time 
frames that are informative and correspond to time frames for new data analyses or ecoregional 
assessment iterations is important.  For future threats, we suggest these as initial categories, 
while finer categories can be used as well: 

• 1-3 years in the future 
• 3-10 years in the future 
• >10 years in the future 

 
 
Use multiple sources of threats Information 
 
Information on the type and level of threat can be obtained through experts, existing databases 
and reports, and spatial data. Expert information on threats to targets and areas of biodiversity 
significance can be gathered during portfolio design by asking experts to list the top threats to the 
biodiversity targets and key ecological factors at each portfolio site as they are being suggested 
or reviewed for inclusion in the portfolio (see CTPE case study). This approach allows for 
analysis of types and scope of threat, with identification of the most severe threats to each area 
and target in the portfolio. 
 
Information on threats to targets, specific occurrences and areas can be gathered from literature, 
reports and databases.  IUCN, Natural Heritage Programs, NatureServe, Conservation Data 
Centers and government agency sources are good initial sources of information.  
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Spatial data used to assess threats often include land use/cover, roads, population densities, point 
sources of pollution, dams, and resource extractions. Spatial data on threats can be obtained from 
many sources (See Resources).  Such spatial data are used as part of the cost surface in 
developing a portfolio.  A method has been developed by WCS that combines many of these data 
and others, culminating in the "human footprint" (http://www.wcs.org/humanfootprint/).  While 
this product was developed from 1:1,000,000 scale data that may be outdated for some regions of 
the world, it is a useful method to develop a cost surface for portfolio development.   
 
Models of scenarios of dominant current threats as well as future threats are warranted. These 
models can inform ecoregional portfolio design as well as prioritization and strategies for actions 
once a portfolio is designed. Methods for using potential amount of environmental change from 
climate change are being developed and applied to create alternative future portfolio designs.  
Population growth and associated impacts to biodiversity have been modeled and applied to 
setting priorities and developing strategies for a portfolio (see Gorenflo 2002, Theobald 2003). 
Another approach to identifying future threats is to evaluate the spatial distribution of valuable 
natural resources that are not currently being tapped, although economic drivers and 
infrastructure development are making threats from resource extraction more likely.  Examples 
include mining, oil and gas extraction, grazing, logging, water diversions, dams, and wind 
energy development. .  Examples of threat forecasting within TNC can be viewed here.   
 
Describe or diagram the source (root cause) and stress of threats 
 
Strategies to abate threats should address their root causes.  We often address the stresses 
associated with threats and not the root causes.  This is like addressing the symptoms of an 
illness and not the underlying cause.  Root Cause Analysis is an analytical method employed to 
determine: 1) what are the underlying policies, institutional dynamics, market forces and human 
actions driving the direct causes which lead to biodiversity loss 2) how are these direct and root 
causes interlinked 3) which factors are key at local levels, which at regional levels, and which at 
national or international levels (WWF 2001).  WWF has developed the Analytical Approach to 
identify root causes of biodiversity loss (see tools and resources). Creating a model of the 
stresses and underlying sources of stresses provides necessary insight or conservation planners to 
identify the appropriate foci of strategies.   
 
Key Steps: 
 
• Conduct a search of information on the types and general patterns of threats to conservation 

targets in the ecoregion.  Summarize threats by targets and/or groups of targets with similar 
key ecological factors.   

 
• Identify the most severe current and future threats. Identify the sources and formats of 

information that are readily available for these threats and identify gaps that can be filled 
through surveying experts or derivation from existing information.  Identify information 
needs to develop models of future threat scenarios. 
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• Identify the type, relative severity, scope and time frame of threats to targets, target 
occurrences and spatial units being used for analyses in the ecoregion.  Use information on 
existing threats and models of future threats.  Since it is difficult to define meaningful 
quantified thresholds for threats, qualify general categories from expert information, or 
quartiles/quintiles of densities of spatial attributes to provide relative level of impact.  

 
• Define the type of threat using the following taxonomy (A taxonomy of threats in a given 

ecoregional assessment might be more detailed than the one presented here, but at a 
minimum a crosswalk to the categories presented should be conducted.  This taxonomy is 
being used to describe threats to biodiversity at the project level as well. Using a consistent 
taxonomy among projects and ecoregional assessments will enhance rolling up information 
on threats from projects to ecoregions to major habitat types. 

 
(This taxonomy is meant to be comprehensive in terms of the numbered categories and lettered classes.  It only provides some examples of 
specific threat type in each class in italic text.) 
 
1) Habitat Conversion & Degradation – Complete loss of or damage to natural habitats. 

a) Housing & Urban Development – Expansion of human cities, towns, and settlements including non-housing development typically 
integrated with housing (urban areas, suburbs, villages, ranchettes, vacation homes, shopping areas, offices, schools, hospitals) 

b) Commercial & Industrial Development – Factories and other commercial centers (factories, stand-alone shopping centers, office 
parks, train yards, docks, ship yards, airports, landfills) 

c) Farms & Plantations – Agricultural operations (commercial farms, household swidden plots, industrial plantations, feed lots, 
aquaculture) 

d) Recreation Areas – Recreation sites with a substantial footprint (ski areas, golf courses, resorts, cricket fields, county parks, afghan 
goat polo fields) 

e) Military Activities – Actions by formal or paramilitary forces (military bases, defoliation, munitions testing)  
f) Natural System Modifications – Actions that convert or degrade habitat in service of “managing” natural systems to improve human 

welfare (flooding from dam construction, land reclamation projects, wetland filling for mosquito control, rip-rap along shoreline, 
levees and dikes) 

g) Altered Fire Regime – Suppression or increase in fire frequency and/or intensity outside of its natural range of variation (fire 
suppression, inappropriate fire management, escaped agricultural fires, arson, discarded cigarettes, campfires, fires for hunting) 

h) Altered Hydrologic Regime – Changing water flow patterns outside their natural range of variation (surface water diversion, 
groundwater pumping, dam operations, desalination of seawater) 

 
2) Transportation Infrastructure – Long narrow corridors and the vehicles that use them that potentially alter, fragment, and disturb natural 

habitat and species. 
a) Roads – Surface transport on roadways (highways, primary roads, secondary roads, primitive roads, logging roads, trails, roadkill) 
b) Railroads – Surface transport on dedicated tracks (freight/passenger lines, mining lines)  
c) Utility Lines – Transport of energy & resources (electrical and phone wires, aqueducts, oil & gas pipelines) 
d) Shipping Lanes – Transport on and in freshwater and ocean waterways (dredging, canals, shipping lanes, ships running into whales, 

anchor damage) 
e) Flight Paths – Air and space transport (flight paths, jets impacting birds) 
f) Energy & Mining – Production of non-biological resources. 
g) Oil & Gas Drilling – Exploring, developing, and producing petroleum and other liquid hydrocarbons (oil wells, gas wells) 
h) Mining – Exploring, developing, and producing minerals (coal strip mines, alluvial gold panning, diamond mines, rock quarries, sand 

and salt mines, coral, deep sea nodules) 
i) Renewable Energy – Exploring, developing, and producing renewable energy (geothermal, solar farms, wind farms, tidal farms) 
 

3) Biological Resource Harvesting – Consumptive use of biological resources.1 
a) Hunting, Trapping & Fishing – Harvesting wild animals for commercial, recreation, subsistence, research, or management purposes 

(commercial hunting, trophy hunting, trawling, blast fishing, spear fishing, shellfish harvesting, fur trapping, whaling, butterfly 
collecting, predator “control”) 

b) Gathering – Harvesting plants, fungi, and other non-timber/non-animal products for commercial, recreation, or subsistence purposes 
(wild honey & beeswax, seaweed, forage for stall fed animals, fuelwood collection) 

                                                 
1 Threats in this category include both the impacts on target species (harvest of desired trees or fish species) as well 
as "collateral damage" (trees damaged by felling or bycatch). 
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c) Logging – Harvesting timber (clear cutting, selective commercial logging, high grading) 
d) Grazing & Ranching – Using natural habitats to support domestic or semi-domesticated animals that are allowed to roam in the wild 

(livestock, hatchery salmon) 
 
4) Recreation & Research – Non-consumptive uses of biological resources. 

a) Motor-Powered Recreation – Vehicles and boats traveling outside of established transport corridors (off-road vehicles, ATVs, 
motorboats, motorcycles, jet-skis, snowmobiles, ultralight planes, dive boats) 

b) Human-Powered Recreation – People spending time in nature (mountain bikes, hikers, cross-country skiers, hangliders, 
birdwatchers, scuba divers) 

c) Scientific Research – Ecological and other forms of research (ecosystem manipulations, primate studies) 
 
5) Pollution – Introduction of exotic and/or excess materials from point and non-point sources. 

a) Chemicals & Toxins – Industrial chemicals and toxins in the air, land, and water (mercury from goldmines, heavy metals, PCBs, acid 
rain, smog, ozone depleters, oil from cars, chemical dumping, oil spills, agricultural pesticides, lead bullets, endocrine disrupters, 
caffeine in sewage) 

b) Nutrient Loads – Excess nutrients (nitrogen from farms or municipal sewage phosphates from detergents) 
c) Solid Waste – Garbage and other materials (garbage, litter, flotsam & jetsam) 
d) Waste & Residual Materials – Large-scale byproducts of development or resource use  activities (dredge spoil, water treatment 

residuals, logging slash, mine tailings, excess sediment loads) 
e) Greenhouse Gasses – Gasses that alter atmospheric composition (CO2, methane) 
f) Radioactive Materials – Radioactive materials (bomb test fallout, nuclear power waste, medical waste) 
g) Salt – Excess salt (snow removal chemicals, residue from irrigation, replacement of freshwater with seawater) 
h) Sonic Pollution – Excess noise (noise from highways, airplanes, sonar) 
i) Thermal Pollution – Excess heat (heat from power plants) 
j) Light Pollution – Artificial light that disturbs animals and disrupts migration patterns (urban areas, lamps attracting insects) 

 
6) Invasive & Other Problematic Species & Genes – Non-native and native species or genetic materials that have or are predicted to have 

harmful effects on biodiversity following their introduction, spread and/or increase in abundance.  
a)     Invasive Species – Harmful non-native species not originally found within the ecosystem(s) in question and directly or indirectly 

introduced and spread into it by human activities (plants, animals, pathogens and other microbes) 
b)     Problematic Native Species – Harmful species that are originally found within the ecosystem(s) in question, but have become “out-

of-balance” or “released” directly or indirectly due to human activities (superabundant herbivores or predators, superabundant 
plants, native species that affect stressed ecosystems) 

c)     Introduced Genetic Material – Human-altered or created organisms and genes (pesticide resistant crops, genetically modified 
insects, genetically modified trees, genetically modified salmon) 

d)     Species Hybridization – Human-caused species hybridization (plants, birds) 
 
7) Climate Change – Long-term changes linked to global warming and other climate issues. 

a) Habitat Shifting & Alteration – Major changes in habitat composition and location (sea-level rise, desertification, tundra thawing, 
coral bleaching)    

b) Climate Variability – Intensification and/or alteration of normal weather patterns (droughts, hurricanes/cyclones/typhoons, 
monsoons) 

 

• Analyze severity of threats to spatial units (if being used for portfolio design) across the 
ecoregion for developing portfolios.  An ecoregional-wide assessment of all units is used to 
help select areas that have the lowest levels of threats (when there are options) to be included 
into a portfolio.   

 
Analyze the relative severity of threats among areas of biodiversity significance in the 
portfolio/biodiversity vision. This step is separate from the previous one because these areas are 
often different spatial polygons than the initial ones used to assess the broader patterns of threats 
across an ecoregion.  Areas of biodiversity significance are generally places that are affected the 
least by threats within the ecoregion.  Understanding the relative ranking of threats among these 
areas informs strategy development and priorities for actions.   
 

Suggested categories for severity include: 
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VERY HIGH (Impact from threat will cause destruction of the target, or represents 
highest quartile) 
HIGH (Impact from threat will cause significant degradation of the target, or represents 
second quartile) 
MODERATE (Impact from threat will cause some or uncertain degradation of target, or 
represents third quartile) 
LOW (Impact from threat will have a slight impact on targets, or represents fourth 
quartile) 
 

• Evaluate the scope (distribution and abundance) of threats and their severity to the target 
occurrences and areas comprise the portfolio/biodiversity vision.  Scope of threats should be 
summarized spatially and in tabular format.   

 
Suggested categories for scope include: 

 
 WIDE SPREAD (>50% of the occurrences or areas of biodiversity significance are 

affected by the threat) 
 COMMON (10-50% of the occurrences or areas of biodiversity significance are affected 

by the threat) 
 LIMITED (<10% of the occurrences areas of biodiversity significance are affected by the 

threat) 
 
 
• Evaluate the time frame of threats.  This is a component of urgency, although the urgency of 

threats can be further informed by their likelihood and potential impact.   
Suggested categories for time frame include: 

 
CURRENT (exisiting to 1 year in the future 
FUTURE: 1- 3 years in the future 
FUTURE 3-10 years in the future 
FUTURE >10 years in the future 

 
• Develop scenarios of important future threats and evaluate their potential scope and severity 

to inform portfolio design and priorities for conservation actions among them.  Describe the 
level of confidence in the models or variability in model outcomes.  (Do we have guidance 
on this?) 

 
• Describe or develop schematic models of the root causes of the most widespread and severe 

threats.  (see Ratsifandrihamanana article in resource section). 
 
• Conduct iterative assessments of threats when new data are available and there are 

indications that significant changes in patterns of threats have occurred, or it is determined by 
a programmatic need. 

 
OPPORTUNITIES FOR INNOVATION 
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Evaluations of threats in ecoregional assessment have focused primarily on informing priorities 
for actions.  Threats are also used to define viability, as a cost surface in designing portfolios, 
inform strategies and evaluate conservation success. Further descriptions of the relationships of 
threat sources, stresses and root causes would greatly enhance the understanding of the nature of 
threats, better inform the development of strategies and monitoring the effects of conservation 
actions.  The link between threats to an area of biodiversity significance, and conservation target 
occurrences needs to be evaluated.  The relationships between spatial data and threats should be 
scrutinized.  Are we measuring what we think we are?  We are limited in our ability to quantify 
the severity of threats to categories based on the relative density of threats. The thresholds of 
categories are not based on biological responses to threats, as this information is generally not 
known.  Thresholds may or may not exist, and biological responses to threats may or may not be 
linear.  Research on biological responses to threats needs to continue to better characterize the 
severity of threats, and to better inform programmatic goals for threat abatement. 
 
CASE STUDIES 
 

 Assessment of threats to the marine biodiversity of the Caribbean using expert 
workshops. The assessment of threats to biodiversity priority areas in the Caribbean was 
determined by experts in a workshop setting.  Experts were asked to rank current threats, the 
persistence of threats to specific seascape and integrity features and future threats.  Results 
were summarized in a web-based report and interactive map and were used to inform priority 
actions. 

 
 The Use of Experts to Assess Threats to Aquatic Targets in the Central Tallgrass 

Prairie. Threats to coarse and fine filter targets were identified by experts at a workshop.  
Experts provided a rank order of major stresses and sources of stress as well as an urgency 
rating and suggestions for management.  A worksheet is provided to assist experts in the 
process. 

 
 Tennessee/Cumberland Freshwater Ecoregion Threats to areas of biodiversity 

significance were documented to inform site based and regional strategy development.  
Information was summarized by area of biodiversity significance, ecoregion and region (all 
four ecoregions).  The World Wildlife Fund, US and TNC conducted additional spatial 
analyses to display patterns of sources of stress to the areas of biodiversity significance to 
inform strategy development. 

 
 Pacific Northwest Threats Surface-  A seamless “threat surface” was developed for the 

Pacific Northwest Coast Ecoregion that allows for an objective assessment of four major 
threats to the biodiversity of the ecoregion.  ((Written by Dave Rolph, Michael Schindel, and 
Zach Ferdana- this chapter is in draft form))   

 
 Examples of threat forecasting from The Nature Conservancy- one page document 

summarizing three examples of forecasting future threats for Ecoregional Assessements. 
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 Root Cause Analysis of Threats.  Provides an overview of root cause analysis as employed 
by WWF during the ecoregion conservation process to help understand threats to biodiversity 
conservation and the root cause of those threats.  

 
 Analysis of critical threats in the Valdivian Temperate Rainforest. An ecoregion 

conservation team conducted a detailed analysis of pervasive threats in the Vildivian 
Temperate Rainforest.  The five top threats to biodiversity in this region are: conversion to 
plantations, extraction of firewood, extraction for timber, anthropogenic fire and overgrazing. 

 
 
TOOLS 
 
General/terrestrial 
 
Socio-Economic Buffer Analysis ArcView Extension is a ArcView 3.x script designed to 
examine the socioeconomic factors affecting a particular target. 
 
A population simulation model written in BASIC language and used to measure the threat posed 
to small populations by environmental variability and infrequent catastrophes. Model text can be 
found in Appendix 4 of Cox et al 1994. 
 
Conventions for Defining, Naming, Measuring, Combining, and Mapping Threats in 
Conservation: An Initial Proposal for a Standard System. Salafsky et al (2003). Foundations of 
Success at www.fosonline.org 
 
Proposed Taxonomy of Direct Threats by the Conservation Measures Partnership. Draft Version:  
01 March 2005 
 
Users Guide to Assessing the Socio-Economic Root Causes of Biodiversity Loss by WWF’s 
Macroeconomics office is a guidance document describing an approach to Root Cause Analysis.  
Training is also available through WWF.   
 
Freshwater 
 
Guide to information for assessing quality of and threats to biodiversity of freshwater systems. 
DePhilip, M. (1999). Chicago, IL, The Nature Conservancy. 
 
Marine 
 
Reefs at Risk:  Bryant, D., L. Burke, et al. (1998). Reefs at Risk: A map-based indicator of 
potential threats to the world's coral reefs, World Resources Institute: 56.  
 
 
RESOURCES 
 
Websites 
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Sustainable Waters Program has information on freshwater threats and assessment tools at 
www.freshwaters.org  
 
NatureServe’s central information on habitats and ecological needs is posted species by species 
on the North American web site at http://www.natureserve.org/explorer/  
 
Nonindigenous Aquatic Species information resource website serves as a repository for accurate 
and spatially referenced biogeographic accounts of nonindigenous aquatic species. 
http://nas.er.usgs.gov/ 
 
GIS data on the Human Footprint.  www.ciesin.columbia.edu/wild_areas/ 
 
Root Cause Analysis is a method for identifying threats developed by WWF.  Provided here is a 
case study by Ratsifandrihamanana from Madagascar.  Also see fig.1 and fig 2.   
 
Fishbase is a web-based database with extensive information on ecological needs of fishes.  Visit 
www.fishbase.org. 
 
 
Publications 
 
Abell, R. M., M. Thieme, et al. (2002). A sourcebook for conducting biological assessments and 
developing biodiversity visions for ecoregion conservation.  Volume II: Freshwater ecoregions. 
Washington, DC, USA, World Wildlife Fund. 
 
Araujo, M., P. H. Williams, et al. (2002). “A sequential approach to minimize threats within 
selected conservation areas.” Biodiversity and Conservation 11: 1011-1024.  
 
Belausteguigoitia, Juan Carlos Causal Chain Analysis and Root Causes: The GIWA Approach 
AMBIO: A Journal of the Human Environment 2004 33: 7-12 
 
Bunn, S. E. and A. H. Arthington (2002). “Basic principles and ecological consequences of 
altered flow regimes for aquatic biodiversity.” Environmental Management 30(4): 492-507. 
 
Brooks, T. M., S. Pimm, et al. (1999). “Threat from deforestation to montane and lowland birds 
and mammals in insular South-east Asia.” Journal of Animal Ecology 68: 1061-1078. 
 
Cox, J. A., R. S. Kautz, et al. (1994). Closing the gaps in Florida's wildlife habitat conservation 
system. Tallahassee, Florida, Florida Game and Fresh Water Fish Commission: 246. 
 
Dale, V. H., L. A. Joyce, et al. (2001). “Climate Change and Forest Disturbances.” Bioscience 
51(9): 723-734. 
 



Alpha test 

Dinerstein, E., G. Powell, et al. (2000). A workbook for conducting biological assessments and 
developing biodiversity visions for ecoregion-based conservation. Washington, D.C., USA, 
Conservation Science Program, World Wildlife Fund. 
 
Ervin, J. and J. Parrish (2005). “Toward a framework for conducting ecoregional threats 
assessments.”. (need full citation when available) 
 
Feirer, S., C. Smith, et al. (unknown). Integration of environmental change information with 
Alaska-Yukon Arctic Ecoregion assessment: Report of results on using change classes as a 
component of the cost suitability index. Alaska, The Nature Conservancy. 
 
Goldburg, R. J., M. S. Elliott, et al. (2001). Marine Aquaculture in the United States, Pew 
Oceans Commission. 
 
Gorenflo, L. J. 2002. Modeling Threats to Biodiversity in the Caribbean. The Nature 
Conservancy Caribbean Ecoregional Planning Team. 
 
Gorenflo, L. J. 2002.  Evaluating Human Population in Conservation Planning An Example from 
the Sonoran Desert Ecoregion.  The Nature Conservancy. 
 
Jones, A., S. Chown, et al. (2003). “Review of conservation threats on Gough Island: a case 
study for terrestrial conservation in the Southern Oceans.” Biological Conservation 113(1): 75-
87. 
 
Kerr, J. and M. Ostrovsky (2003). “From space to species: ecological applications for remote 
sensing.” Trends in Ecology and Evolution 18(6): 299-305.  
 
Matos, D. and M. Bovi (2002). “Understanding the threats to biological diversity in southeastern 
Brazil.” Biodiversity and Conservation 11(10): 1747-1758.  
 
Menon, S., R. G. Pontius, et al. (2001). “Identifying Conservation-Priority Areas in the Tropics: 
a Land-Use Change Modeling Approach.” Conservation Biology 15(2): 501-512. 
 
Richter, B. D., D. Braun, et al. (1997). “Threats to imperiled freshwater fauna.” Conservation 
Biology 11(5): 1081-1093.  
 
Sanderson EW, Jaiteh M, Levy MA, Redford KH, Wannebo AV, and Woolmer G.  2002. The 
Human Footprint and the Last of the Wild. Bioscience 52 (10).891-904. 
 
Thomas, C. D., A. Cameron, et al. (2004). “Extinction risk from climate change.” Nature 427: 
145-148. 
 
Todd, C. and M. Burgman (1998). “Assessment of threat and conservation priorities under 
realistic levels of uncertainty and reliability.” Conservation Biology 12(5): 966-974. 
 



Alpha test 

Theobald, D. M. 2003. Targeting conservation action through assessment of protection and 
exurban threats. Conservation Biology 17(6):1624-1637. 
 
Wear, D., J. Pye, and K. Riitters. 2004. Defining conservation priorities using fragmentation 
forecasts. Ecology and Society 9(5): 4. [online] URL: 
http://www.ecologyandsociety.org/vol9/iss5/art4/  
 
Whited, D., J. Galatowitsch, et al. (2000). “The importance of local and regional factors in 
predicting effective conservation. Planning strategies for wetland bird communities in 
agricultural and urban landscapes.” Landscape and Urban Planning 49: 49-65.  
 
WWF (2004). Situation Analysis- Experiences and lessons learned in the ICD Programme. 
Issues in Natural Resource Management. Improving Conservation and Development in 
Ecoregions Programme, World Wildlife Fund. Issue 2. 
 
WWF (2001).  The Root Causes of Biodiversity Loss in the Eastern African Marine Ecoregion 
(EAME) Macroeconomics Program Office, WWF. 
 
 
 


