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OVERVIEW

 Workshop

 Presenta tion/ Labs (Group  Partic ipa tion)

 Modeling  Basic s

 Conc eptua liza tion + (Lab  1)

 Quantific a tion + (Lab  2)

 Eva lua tion/ App lic a tion 

 Communic a tion/ Monitoring  Plan + (Lab  3)

 Presenta tion

 Ec olog ic a l Restora tion

 Measuring  Ec olog ic a l Outc omes



SWAN ISLAND ECOSYSTEM 

RESTORATION

Ec osystem Restoration: the assisted  rec overy of ec osystem 

struc ture, func tion or p roc ess tha t had  been degraded , 

damaged  or destroyed

Monitoring and Adaptive Management: delibera te 

c ollec tion of da ta  in order to understand  impac t of ac tions 

(restora tion) to system of interest, to make informed  

management dec isions and  to app ly understand ing to 

future p rojec ts.



MONITORING REQUIRES UNDERSTANDING 
OF SYSTEM DYNAMICS



ECOLOGICAL SYSTEMS

An ec osystem is g rea ter than 

the sum of its pa rts.

-Eugene P. Odum
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ECOSYSTEM STRUCTURE 

AND FUNCTION/ PROCESS

Struc ture : “ refers to both the c omposition of 
the ec osystem (i.e., its va rious parts) and  the 
physic a l and  b iolog ic a l organiza tion defining 
how those parts a re organized”

Func tion/ Proc ess: “ desc ribes a  p roc ess tha t 
takes p lac e in an ec osystem as a  result of the 
interac tions of p lants, anima ls, and  other 
organisms in the ec osystem with eac h other or 
their environment”

 Comprised  of numerous ongoing  p roc esses

Dune 

Vegeta tion

Sed iment 

Deposition



COMPONENTS OF ECOSYSTEMS

Component Desc ription Examples

Hydrogeomorphology Physical processes governing geolog ic  
setting, c lima te, hyd rolog ic  c yc ling, and  

wa tershed  land  use with imp lic a tions for 

c hannel morphology, sed iment reg imes, 

c hannel hyd raulic s, and  hydrolog ic  

c onnec tivity

Sed iment Transport

Biogeoc hemistry Chemical processes driving the 
c onc entra tion, fa te, and  transport of 

nutrients, c ontaminants, and  other 

c onstituents

Sa linity

Biolog ic a l Systems Reproduc tion, survival, and movement of 
living c omponents of an ec osystem

Vegeta tion

Soc io-ec onomic s Instrumental va lue of ec osystems to humans Storm Protec tion

Cultura l-persona l va lues Intrinsic  value of ec osystems to humans and  
resulting influenc e of humans on ec osystems

Loss of Bay Islands



TEMPORAL VARIABILITY

What na tura l d isturbanc es govern ec osystem 
struc ture and  func tion?  

 Pulses: d isc rete events (e.g ., Storms)

 Presses: slowly esc a la ting events (e.g ., Boat Wake, 

Rec reation)

 Ramps: slowly c hanging c ond itions (e.g ., Sea Level 

Rise) 

What is the d isturbanc e reg ime?

i.e., magnitude, frequenc y, dura tion, timing, and  ra te of 

c hange (sensu, Poff et a l. 1997)

Is the system “ sta tionary” ?  Are d isturbanc e 
reg imes c hanging?



SPATIAL CONSIDERATIONS

• Composition
• Configura tion

• Connec tivity 
• Loc a tion



RESILIENCE

What is ec olog ic a l resilienc e? 

Ab ility to resist/ absorb  d isturbanc e, no c hange

Ab ility to rec over from a  d isturbanc e, how fast

Ab ility to adap t to d isturbanc e



ECOSYSTEM RESTORATION PLANNING 

PROCESS



WHY MODELS?

Ec osystems a re c omp lex, 
self-organizing , interac ting  
systems

Modeling  p rovides 
mec hanism to c ap ture 
c urrent knowledge of the 

system, identify important 
p roc ess/ interac tions, 
fac ilita te c ommunic a tion, 
and  inc rease transparenc y



HOW ARE CONCEPTUAL MODELS USED IN 

ENVIRONMENTAL MONITORING?

Communic a te the “ p roc ess”

Synthesize understand ing of system 
func tion

Understand  and  d iagnose underlying  
stressors

Develop  a  c ommon “ menta l p ic ture”

 Identify metric s for p rojec t p lanning, 
monitoring , and  adap tive 
management

 Guide numeric al model development

 Guide and  p lan restora tion 
a lterna tives

 Identify R&D needs



MEASURING ECOLOGICAL 

OUTCOMES

1. Review projec t goa ls and  ob jec tives

2. Identify important c omponents/ d rivers/ stressors of 

the system

3. Determine measurab le metric s to c ollec t da ta

4. Forec ast/ p red ic t c hange in metric s over time



MEASURING ECOLOGICAL 

OUTCOMES

Example

1. Objec tive: Inc rease marsh vegeta tion c overage

2. System Components: substra te, hyd rology, herb ivory, storms, stem 
density

3. Metric s: 

1. a) stem density: number of stems per p lot 

2. b) dep th: average dep th of p lot a t low tide

4. Pred ic tions:

1. Stem density will inc rease over time (Years 1-5) to 
reac h a  maximum of 50 stems (over p redefined  a rea )

2. Depth will be ma inta ined  a t an average of 0.05 meters 
a fter sed iment p lac ement (Years 1-5)



MEASURING ECOLOGICAL 

OUTCOMES

Monitoring  Ec osystem Restora tion Considera tions:

1. What is restora tion “ suc c ess” ?

2. Compare monitoring  results to referenc e c ond itions?

3. Will you use monitoring  da ta  to determine when suc c ess has been met?



MEASURING ECOLOGICAL 

OUTCOMES

Conc ep tua l model 

used  as temp la te for 

quantita tive model 

development, whic h 

better identifies 

metric s for monitoring  

(i.e., don’ t c ollec t 

unnec essary da ta )



TAKE HOME POINTS

 Environmenta l restora tion p rojec ts a re c omplex and  identifying metric s 

for monitoring  benefits is c ruc ia l

 Ec olog ic a l modeling  p rovides tool to c onc ep tua lize system in an 

adap tive framework

 Models a re developed  for a  spec ific  purpose. Consider how 

monitoring da ta  will be used  before c ollec ting it. 

 Clearly doc umenting  eac h step  of the p roc ess inc reases transparenc y 

and  sc ientific  defensib ility
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