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Ecologically-Based Conservation Planning 
Requires

• Ecologically-defined Planning Regions and Assessment 
Units

• Specific conservation targets (biotic, abiotic, processes)
• Understanding of the spatial distribution of targets within 

Planning Regions
• Establish conservation goals for the Planning Region

– Define what constitutes a conservation gap
• Review existing conservation areas (Gap Analysis)
• Establishing conservation priorities to fill gaps

– Relative comparison of Assessment Units based on:
• Importance, costs, threats, condition, and 

opportunity



General Approach
Classify riverine ecosystems at multiple 
spatial scales

Predict biological potential of each valley 
segment

Generate public ownership statistics for each 
Valley Segment

Generate human stressor data for each AES

Assess representation of VST’s within AES’s 

Assess representation of AES-Types within 
EDU’s

Assess representation of EDU’s within 
Aquatic Subregions
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Step 7

The Missouri Aquatic GAP
Pilot Project



Step 1: Hierarchical Classification
of Riverine Ecosystems
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Purpose
•Provide ecological context
•Provide planning/assessment units
•Provide abiotic targets
•Assist with species modeling



Predicted Species

Step 2: Predicting Biological 
Potential of each Valley Segment

Purpose:
1) Define biotic targets
2) Provide spatially explicit

information on targets



Step 3:  Generating Ownership/Stewardship 
Statistics

Conservation Lands

Purpose:
1) Assess representation of targets

2) Assess achievement of conservation
goals

Status 1
Status 2

Status 3
Status 4



Assessing Local Ownership
(segments flowing through conservation lands)
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Important Points

Included Conservation Lands 
from Surrounding States

Clipped out Water
From Public Lands Surrounding Reservoirs



Generating Watershed and Upstream Riparian 
Ownership Statistics for Each Stream Segment
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Assessing % of Watershed in Conservation Lands
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Comparing Watershed and Upstream Riparian
Ownership

Upstream Riparian
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Overall Watershed
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Combining Local and Watershed 
Ownership Data



Step 4: Accounting For Human Stressors



Step 4: Accounting For Human Stressors

Percent Urban Riparian ForestPercent Cropland Lead Mine Density

Purpose:
1) Assess representation of targets
2) Assess achievement of conservation goals



Variables Used in 
Human Stressor Index

• % Urban
• % Agriculture
• Density of Road/Stream crossings
• Population change
• Degree of fragmentation/hydrologic alteration
• Density of small impoundments
• Density of coal mines
• Density of lead mines
• Density of industrial discharges
• Density of Confined Animal Feeding Operations
• Number of Exotic Species



111 - 220

221 - 319

320 - 326

327 - 419

420 - 423

424 - 430

Human Stressor Index

First number reflects:
Highest magnitude of 
individual stressor

Last two numbers reflect:
Degree of cumulative impacts



So How Do We Use All of this Information 
to Identify Conservation Gaps?

• Must first identify Planning/Assessment Units
– Planning: Aquatic Subregions, EDU’s, and AES’s
– Assessment: EDU’s, AES’s, and VST’s

• Then identify conservation targets
– Abiotic

• Aquatic Ecological System Types
• Valley Segment Types

– Biotic
• Endemics
• Species of Special concern
• Characteristic species

– Ecologically important species (top predators, major prey species)
– Geographically distinct populations

• Finally must define what constitutes a “Gap”



What Defines a Gap?
• Aquatic Subregion Level

– All EDU’s are ecologically 
distinct enough to warrant 
conservation

– Islands in the landscape
– Until all EDU’s within a 

Subregion are effectively 
being conserved there will 
be a conservation gap



What Defines a Gap?
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• Endemics
• Species of special concern
• Characteristic species Number of Target Species

• EDU Level (biotic)
• Representation of all

Target Species



What Defines a Gap?

• EDU Level (abiotic)
• Representation of all 

AES-Types

Distinct types:
Each one warrants 
conservation

Redundant types:
One individual AES warrants 
conservation

Pieces of a Puzzle



Dominant Valley Segment Types by Size Class
For Huzzah River AES

What Defines a Gap?

• AES Level
• Representation of dominant 

VST’s (by stream size)
• Within a single AES
• Should address issue of 

connectivity

Headwater

Creek

Small River

Stream Size Classes



Assessing Gaps in Abiotic Targets
(AES Level)

Individual AES’s with all 
dominant VST’s represented 
in conservation lands



Using More Stringent Criteria to 
Assess Gaps

All dominant VST’s represented locally
with > 50% of their watershed 

in public ownership

Those remaining after assessment of
Human stressors
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Assessing Gaps in Abiotic Targets
(EDU Level)

Percent of AES-Types 
Represented in Public Land
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Assessing Gaps in Biotic Targets
(EDU Level)

Number of Target Species
Not Captured in Public Lands 

Richness Plot of
Target Species Not Captured

In Public Lands

Number of Species



Assessing Representation by Length of Stream 

Ozark/Meramec EDU

Gap 1 Stream Segments
Gap 2 Stream Segments

Gap 3 Stream Segments

Total Range
Other Meramec EDU
Stream Segments

AES Boundaries

Smallmouth Bass
(Micropterus dolomieu)



Assessing Representation by the
Number of Distinct Spatial Occurrences

Ozark/Meramec EDU

Gap 1 Distinct Occurrence

Gap 2 Distinct Occurrences

AES Boundaries

Longear Sunfish
(Lepomis megalotis)



So Where are the Gaps? Everywhere!!
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• None of the Aquatic Subregions are adequately
represented  

• Likely never will be

• None of the EDU’s are adequately represented 
based on abiotic targets

• Only one EDU is adequately represented based
on biotic targets

• Only a handful of individual AES’s and 
AES-Types are represented based on the 
least restrictive criteria (i.e., local ownership)



Assessing Gaps is “Easy”
Setting Priorities is Difficult
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Different Taxa
Provide Different Results

(Ranks based on Endemism)

Crayfish Mussels Fish

All 3 Taxa Combined



“Comprehensive”Biodiversity 
Conservation Plan

• Identify conservation gaps 
for each EDU

• Develop priorities for AES-Types and 
VST’s not represented

AES-Types 
Not Adequately
Represented



Targets Species
not captured

Importance

Opportunity

Ability

Cost

Valley Segment Types
Not captured

% Watershed
in public land

Human Stressor Index

Addressing the Critical Questions



Final Portfolio of Target Valley Segments 
Ranked by Various Factors

Highest
Priority

Lowest

For every EDU



Lessons Learned and Recommendations
• Assessing conservation gaps in riverine ecosystems is not a 

straightforward task
• Must consider watershed and upstream riparian ownership
• Must also consider human stressors since many 

“represented” targets exist in relatively degraded state
• Missouri is full of gaps
• In many places, like Missouri, protected areas alone will not 

protect freshwater biodiversity
• Identifying gaps is easy, the difficult part is establishing 

priorities to fill gaps
– Must assess importance, costs, condition, threats, and opportunities
– Must develop decision support systems and systematic 

conservation planning algorithms suited to riverine ecosystems
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