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managing under uncertainty

* coastal ecosystems are complex

e our understanding is good but imperfect
* perfect understanding is unlikely

* doing nothing has consequences

learning by doing is essential
adaptive management




adaptive management

framework

1. articulate program goals

2. develop system level model

3. assess current management

N o Unos

efforts

develop management strategy
develop monitoring program
assess performance

manage adaptively




conceptual model of system
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Terrestrial Ecosystem Model (TEM)

The Ecosystems Center, Marine Biological Laboratory (Woods Hole, Massachusetts)
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adaptive management

*Articulate goals, desired outcomes,
and indicators

#Settargets & decisionthresholdsfor
ecosystemn outcome indicators

#Dierive management actions &

objectivesbased on system-wide

modzl

+Implement management actions
*Secure adequatefundingfar all
cycle phases plus research
*Fropose future management
options

+ldentify success/failure of
meeting ecosystemtargets

*Evaluate performance of system-
wide model

*Forecast changein ecosystem

services based onplausible

management scenarios

+ Implement monitaring strategy |
network

+Store datain accessibleformats

*Fropose future network
improvemerts
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adaptive management

monitoring must

1. document conditions
e status and trends

2. document interventions

 track implementation of
management strategies

3. reduce uncertainty

 validate assumptions about
system behavior
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apnep outcomes

Candidate Indicator

| Goal Ecosystem COutcome CCMP Supporting Actions
) Al11,12, 23,33, B1.2 C1.1,1.2. 1.4, Beach action daysiclosings by water body type [sounds,
B D1.1.12, 232133 E1.1, 1.2.21, 2.2 freshwiater ruer, lake, brackish river]
1:H PErE— -
Communities | 1b: Designated surface and ground water supplies | A11,12,2.3,33; B1.2 C1.1,1.2, 1.4; -
A region are safe for human consumgtion. D11.12 233133E1.1,12,21,22 Drinking water standard violations [aguifers)
where human = : : - - :
communities e Surface hmlﬁﬁmgﬁg“gn;% sustain regulated A11,12 é|2121323;1|]2122 23 3% Severity and frequency of droughts
ane 5,;“;"”‘-"’ 1d: Fish and game are safe for human A11,12.23 33;B12:C11.12D 1.1, Fish consumption adwisories
fun-:t:'lcuﬂ — consumphion. 12233133 E11,12,21,22 Shellfich ar=a closures
ECOSystem 1e: Opportunities for recreation and aceess to R I T Total distance of land and padde trails
public lands and waters are protected and Bt 122123 T ] ]
enhanced. -l g sl VWater access points: number & location
DQyster bed extent
A11,12 2231, 34:813,21,23.24 River herring abundance
2 Native Za T:DZE::T:'IEEW f:“mﬂmzﬂﬁ of 25 33013 14 2232 33 41,42, King rail. Swanson's warbler population ioccurences
- = Aquate, ' 43, 44:D11,12, 14, 21,22 31,33;E i
sp“j_es communities are protected, restored, or enhanced. 11122122 Box Turtle pn!:uulatu:-n .fm
A region Longleaf Pine extent, location
thﬁe 3;4“3::: Firefly population
"‘E*UETE";; A11,1223 31,32 34B811,1.2,1.3
- 2b: The extent and quality of upland, freshwater, 14.15,22,23,24,25,268 31,3233 :
20tats | octuarine and near-shore manne habitats fuly | C 1.3, 1.4,15.21.22,3.1,3.2,33. 4.1 AV extent and composition
i support bicdiversity and ecosystem function. 42,43,44,61,52,53012,14.22 Quality & extent of anadromous fish spawnng/nursery
L 31,33 EBE11,12,.21,22 STEES

native species

2c: Non-native invasive species do not significantly
impair native species” viability or function, nor
mmipair habitat quality, quantity, and the processes
that form and miaintain habitats.

A12,21,23B26C31;D012,13,22,

33 E11,12,21,22

Hydrilla population status/occumences

Phragmites ausiralis extent (commaon reed)

Kudzu populaton siatusioccumences

3 Water 3a: Appropriate hydrobogic regimes suppart A12,21,23;B26,C31;D012,1.3,22, Dissolved oxygen concentration
m;_m:h; ecological integrity. 33 E11.12,21,22 e
Guality 3b: Mutrients and do not h j A11.12.23:81213.14.15C 12 Amount and extent of impaired waters
B : mtdfﬂ‘ﬁﬁe'iﬁma"““&““ 21,23,24;:D11,12, 14,2122, 33, =
where water pe : Ei.1,12,21,22 Chiorophyll-a concentration
quﬂlﬂ‘lfﬂ"d 3c: Toxics in waters and sediments donotham | A1.1,1.2 23,24 B1.1;C 1.2 D 1.2 31, Amount and extent of impaired waters
mﬁgn species that depend on the waters. 33 E11,12, 21,22 Dissolved metals concentrations
ecclogical 3d: Sediments do not ham species that depend on g;,?: : 23 ?35 g : 32:: 1 1153 3%21&2 %11 Amount and extent of impaired waters
=gty the waters. 3:3;E11|22122 T T Average secchi disk depth




conceptual model of outcome 1a

Waters are safe for
personal conduct
Manage pathogens

..,

Manage System

Manage Behavior

Overfertilization

Pet clean up Septic
Overfertilization WW treatment

Knowledge HAB [Eutrophication]
' Pathogens

\

" Protect " Restore " Engage
Minimize Pathogens Establish contaminant Improve public advisory
strategy understanding
Implement contaminant Improve decision-maker
Identify strategy advisory understanding Monitor
WTS unregulated

discharge



expected response

action: implement contaminant strategy

contaminant levels

time —mm>



uncertainty and decision thresholds

action: implement contaminant strategy

contaminant levels

time —mm>



potential adaptations

goal: waters are safe for personal contact

action: implement contaminant strategy

 strengthen enforcement

* increase discharge limitations
* improve public outreach

* change WQ standards




real
adaptive management

every iteration of the
adaptive management
cycle should improve

the conceptual model
of system behavior




