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Sustainable Development/Management

• ‘Sustainable Development’ (SD): the paradox between 
environmental protection and economic development 
while insuring adequate resources and quality of life for 
future generations.

• ‘Sustainable Management’ (SM): the range of human 
strategies for achieving SD.



Sustainable Development
• Must benefit everyone;

• Must persist into foreseeable future; 

• Can occur if:

• Society redefines it; or

• Societal behavior is altered to achieve it; or

• Technology is altered to achieve it; or

• A combination is used to achieve it; or 

• For many natural resources, a minimum partial recovery is achieved while 
simultaneously continuing on-going conservation practices. 



Problem Statements

• Human constructs of socio-political and economic systems devised 
over the ages are collectively treated by societies as immutable 
reality (ontology).

• Consequently societies often knowingly and sometimes unknowingly 
allow the constructs to control us rather than the other way around. 

• This is OK if they are working as intended, but if one or more breaks, 
we should never feel compelled to allow their failures to harm us. 



The First Erroneous Assumption 

“Currency used in economic transactions is separate from 
environmental capital.”

SD/SM will not be completely achievable until this assumption is 
collectively abandoned worldwide.  Simply put, currency has no 
meaning outside the context of the foundational existence of the 
natural resources it represents. 



The Second Erroneous Assumption 

“Evolutionary-Darwinism” inherently justifies 

a paradigm of social-Darwinism.”

Is used to justify winners and losers in natural resource 
allocations and permeates out of our tribal ancestry, which 
basically facilitates a human condition that is predilected toward 
each human demographic feeling they are superior to every other 
human demographic and therefore “more entitled.” Entitlement 
seems to be a hard-coded human attribute. 



The Third Erroneous Assumption 

“As our knowledge and technologies improve, our efficiencies and overall 
abilities to develop more environmentally compatible economies will also 
improve.”

• Legacy interests resist innovation and transition;

• Knowledge and technology are not evenly distributed;

• Environmental concerns are not universally shared;

• Legacy beneficiaries may only transition after decimating the resources they now 
want others to conserve; 

• Expectations of new knowledge and technical innovations may be unrealistic; 

• Sustainability thresholds are not universally agreed upon; and

• New technical innovation is often followed by its own unforeseen direct and 
indirect environmental impacts.



Developing A Conceptual Framework 
Analysis (CFA) For SD/SM 

Traditionally markets treated natural resources as ‘externalities.’



Traditional Paradigm



Developing A Conceptual Framework 
Analysis (CFA) For SD/SM 

Reformed markets internalize ‘externaties.’



Reforming View



Macro CFA Entity Framework



Get a Handle on Entitlement

Find ways to democratically reign in the greed factor.

Remind citizens we share a commons of natural capital and that we 
need to collectively avoid those classic ‘commons’ tragedies inherent in 
incidents of over exceedance by individuals and/or corporations.



Judge Homeostasis Relative To Human 
Needs While Protecting The Environment 

• Do you have food and freshwater?

• Do you have adequate shelter?

• Do you have adequate healthcare?

• Do you have access to an education?

• Do you have a job or advocation?

• Are you safe and free from discrimination or harassment of any 
kind?



Judge Homeostasis Relative To Human 
Needs While Protecting The Environment 

• Do you feel free to practice and express your non-violent religious 
and / or social beliefs without fear of discrimination or reprisal?

• Do you have adequate clothing to meet your personal and 
professional needs?

• Do you have access to adequate transportation to get you to the 
places where you need to be in a reasonable amount of time?

• Are you able to manage your debt and still have enough financial 
resources remaining to meet your basic needs?



Judge Homeostasis Relative To Human 
Needs While Protecting The Environment 

• Do you have family and/or community support?

• Do you feel your natural resources are being properly managed and 
protected?

• Has the best available science been used to establish sustainable 
development benchmarks in your local area and surrounding region?

• Has the best available science been used to monitor and ensure these 
benchmarks are being met?

• Are your basic freedoms (freedom of speech, freedom of religion, etc.) 
intact?

• Do you have access to a political process that allows your concerns, views, 
and ideas to be heard and given a fair chance for enactment?



Macro-Micro Linkage to 
Case-Study SD / SM

Micro (Case-study) CFA inherits the entities, 
relationships, and methods of  the Macro (Umbrella) SD / 
SM CFA and in a sense can be considered an 
instantiation of the larger CFA.  In this stage of the case-
study characterization, the CFA might be best considered 
an ecological socio-political aspect and an intermediate 
phase of a more optimistic view of the ‘micro-macro’ 
linkage problem as compared to Coulter 2001.



Case-Study Problem Ontology/ 
GIS-Ontology

Significant portions of intertidal habitat in the Puget 
Sound are dedicated to oyster aquaculture operations 
under the premise that they are biologically and 
ecologically compatible with undisturbed estuarine and 
marine structure and function.  However, history informs 
us that aquaculture is a type of agriculture that can have 
serious direct and indirect adverse impacts on native 
species and the natural habitats they depend on. 











Case Study CFA



Natural Capital 
(Native Eelgrass)

Currency: Credits / Debits



Natural Capital 
(Native Eelgrass)

Currency: Credits / Debits



Natural Capital 
(Native Eelgrass)

Currency: Credits / Debits



Extent

Since the focus of the 
problem addresses oyster 
culture direct and indirect 
impacts to native eelgrass 
and the species with life-
cycle requirements 
dependent on eelgrass, the 
geographic extent of 
hypothetical indirect 
impacts by oyster plats was 
adopted to delimit the 
extent of the AOC .



Geodatabase



Model Builder



Trial 1a and 1b



Trial 2a and 2b



Trial 3a and 3b



Regulation Constraints





Concerns • There are no criteria by which to measure 
eelgrass performance;

• There are no criteria by which to measure 
oyster-culture stresses on eelgrass 
performance; 

• There are no thresholds that can be used to 
objectively determine if eelgrass 
performance has been substantially 
compromised; and

• There are no data collected at the oyster-
plat level that can be tested in the context 
of a criteria / threshold based decision 
framework. 



Inheriting Actors 
from Umbrella CFA

Native Eelgrass Habitat Value

• Habitat Production 

• Habitat Cover 

• Habitat Forage 

Native Eelgrass Stressors

• Direct Oyster-Culture Stressors

• Indirect Oyster-Culture Stressors



Populate Each 
Category With 
Relevant Key Species 

Native Eelgrass Habitat Value

Habitat Production Beneficiary 
• Pacific herring - Clupea pallasii

Habitat Cover Beneficiary
• Dungeness crab - Metacarcinus magister

• Tube-snout - Aulorhynchus flavidus

• Bay pipefish - Syngnathus leptorhyncus

• Shiner perch - Cymatogaster aggregate

• Saddleback Gunnel – Pholis ornate

• Chinook - Oncorhynchus tshawytscha

• Coho salmon - Oncorhynchus kisutch

• Bull trout - Salvelinus confluentus



Populate Each 
Category With 
Relevant Key Species 

Native Eelgrass Habitat Value

• Habitat Forage Beneficiary
• American wigeon - Mareca Americana 

(Primary consumer native eelgrass)

• Black brant - Branta bernicula (Primary 
consumer native eelgrass)

• Marbled murrelet - Brachyramphus 
marmoratus (Secondary consumer Pacific 
herring)

• Important Forage Prey Species 
• Ghost shrimp - Neotrypaea spp.

• Mud shrimp - Upogebia pugettensis



Populate Each 
Category With 
Eelgrass Stressors

Native Eelgrass Stressors

• Direct Oyster-Culture Stressors
• Bottom Culture
• Rack Culture
• Stake Culture
• Rack and Stake Culture
• Long-line Culture
• Nursery Shell Bags

• Indirect Oyster-Culture Stressors
• Boat Traffic
• Foot Traffic
• Raking Oysters
• Neurotoxin Applications
• Predator Nets



Preliminary Key Geodatabase 
Schema Designs

A theory for natural currency (credits/debits) at the plat level 
scale is needed.  The logic being the data needed to inform 
the methods used to apply the theory strongly dictate the 
fields required to contain that data. Based on the nature of 
the research problem ontology, it was determined the theory 
should:



Preliminary Key Geodatabase 
Schema Designs

• be spatially and temporally explicit;

• reflect the relationships between native eelgrass and native 
eelgrass interdependent species; and

• reflect the effects oyster-culture related stressors have on 
native eelgrass and eelgrass interdependent species values.



Preliminary Key Geodatabase 
Schema Designs

Each species receives a calculated credit score based on: 
1. their relative abundance or habitat suitability ;

2. their importance or focal weight; and 

3. the amount of undisturbed focal habitat (native eelgrass) available 
to them.  

The credit scores for each species are summed to derive a total credit 
score for the portion of the management unit (reference site or oyster 
plat) containing native eelgrass.



Species x:  [Credit1] = [Abundance] x [Focal Weight] x [Acres]

Species y:  [Credit2] = [Abundance] x [Focal Weight] x [Acres]

Species z:  [Credit3] = [Abundance] x [Focal Weight] x [Acres]

Total Credit = Credit1 + Credit2 + Credit3

Calculations



Example 1

Undisturbed 
Reference 
Site



Example 1

Undisturbed 
Reference 
Site Credit 
Score



Example 2

Undisturbed 
Oyster Plat 
Site



Example 2

Relatively 
Undisturbed 
Oyster Plat 
Site Credit 
Score



Example 3

Disturbed 
Oyster Plat 
Site



Example 3

Disturbed 
Oyster Plat 
Site Credit 
Score



• Making better and more defensible decisions based on reliable data is 
a cornerstone of sustainable development. 

• Regulatory agencies stand to gain an increased confidence in their 
minimal individual and cumulative impacts findings and the regulated 
public has potential for a higher certainty their operational side-bars 
are bright lines and not foggy mazes subject to multiple 
interpretations.  

• Also, by treating native eelgrass as natural capital, another important 
cornerstone of sustainable development, new regulatory tools 
become further enabled to help insure continued operational capacity 
of the oyster industry while providing additional means to help 
protect and recover vital Puget Sound natural resources.

Conclusion
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