
PART ONE:PART ONE:

ECOLOGICALECOLOGICAL
INDICATORSINDICATORS



SCG Recommendations on Ecological SCG Recommendations on Ecological 
Indicators from January meetingIndicators from January meeting

Merge Technical and Policy criteria listsMerge Technical and Policy criteria lists
Change term Change term ““criteriacriteria”” to to ““guidelinesguidelines””
Merge Merge ““policy criteriapolicy criteria”” 4,3,5 & 6 into companion 4,3,5 & 6 into companion 
““technical criteriatechnical criteria”” 1,2,4 & 5 respectively1,2,4 & 5 respectively
Use the term Use the term ““Vital SignVital Sign”” to recognize a higher to recognize a higher 
level of ecosystem indicatorlevel of ecosystem indicator
Divide guidelines into two parts a) to determine Divide guidelines into two parts a) to determine 
an indicator b) to determine if an indicator is a an indicator b) to determine if an indicator is a 
““vital signvital sign””
Possible Possible ““vital signvital sign”” categories (Hydrologic categories (Hydrologic 
restoration, Native Plants and Animals, Exotic restoration, Native Plants and Animals, Exotic 
Species Control, Water Quality, Secure and Species Control, Water Quality, Secure and 
Protect Natural Areas)Protect Natural Areas)



Ecology RefresherEcology Refresher
Environmental Drivers control Process
Function = Process (very hard to 
measure)
Process drives Pattern (i.e. Pattern 
follows Process = Structure follows 
Function)
Structure = Pattern (much easier to 
measure, that’s why we usually 
measure Pattern instead of Process)



DRIVERS

PROCESSES

PATTERNS

FLORIDA BAY CEM



Rainfall
Water management

Water levels
Dry-downs

SPOONBILL
Nesting success

Fish biomass

Environmental
drivers

Process/
function

Pattern/
Structure

What we usually measure

What we want to measure

NEED “TIGHT” CORRELATIONS

NEED “TIGHT” CORRELATIONS



Nutrients

WATER 
QUALITY

SPOONBILL Nesting success
Fish biomass



SummarySummary
The “farther” your indicator (i.e. measure of 
pattern) is from the Drivers and Processes the 
longer it may take to notice change – some 
indicators might not show change until after 
other irreversible ecological effects occur
The best indicators are ones that can be closely 
linked (correlated) to the Drivers or Processes
The more Drivers or Processes an indicator is 
correlated to the better and broader the 
indicator
Make sure the suite of indicators reflects the 
critical parameters (e.g. water levels, water 
distribution, water quality, soil formation, etc.)



VITAL VITAL 
SIGNSSIGNS

THE HEARTBEAT OF THE EVERGLADES





SCG Process to Identify SystemSCG Process to Identify System--wide Indicators and wide Indicators and 
Establish Goals and TargetsEstablish Goals and Targets

1. Identify sources for selection of indicators

2. Establish guidelines to select set of indicators

4.  Create list of “Vital Sign” indicators

5.  Review draft list with TF

6.  Identify data/publications on selected “Vital Signs”

8. Set Restoration Goals for each Indicator

9.  Independent Scientific Review of Indicators and Goals

7.  Review of Vital Signs and supporting research/documentation

10.  Final set of system-wide indicators & goals

3. Apply criteria to candidate indicators
as “Vital Signs”

PINK CURLEW & PERIPHYTON
AS EXAMPLE VITAL SIGNS



SOURCES of POSSIBLESOURCES of POSSIBLE
INDICATORS as VITAL SIGNSINDICATORS as VITAL SIGNS

CERP CONCEPTUAL ECOLOGICAL MODELSCERP CONCEPTUAL ECOLOGICAL MODELS
NONNON--CERP CONCEPTUAL ECOLOGICAL CERP CONCEPTUAL ECOLOGICAL 
MODELSMODELS
RECOVER/CERP INDICATORSRECOVER/CERP INDICATORS
RECOVER INTERIM GOALS AND TARGETSRECOVER INTERIM GOALS AND TARGETS
CERP MAPCERP MAP



SCG GUIDELINES FOR EVALUATING & 
SELECTING INDICATORS

1. IS THE INDICATOR RELEVANT TO THE ECOSYSTEM?
2. IS THE INDICATOR FEASIBLE TO IMPLEMENT (IS 

SOMEONE COLLECTING DATA ALREADY)?
3. IS THE INDICATOR SENSITIVE TO SYSTEM DRIVERS 

(STRESSORS)?
4. IS THE INDICATOR INTERPRETABLE IN A COMMON 

LANGUAGE?
5. ARE THERE SITUATIONS WHERE EVEN AN 

“OPTIMISTIC” TREND WITH REGARD TO THE 
INDICATOR MIGHT SUGGEST A “PESSIMISTIC”
RESTORATION TREND?

6. ARE THERE SITUATIONS WHERE A “PESSIMISTIC”
TREND WITH REGARD TO THE INDICATOR MAY HAVE 
NO RELATION TO RESTORATION?

7. IS THE INDICATOR SCIENTIFICALLY DEFENSIBLE?
8. IS THE INDICATOR REASONABLE TO REVIEW AND 

REPORT BIENNIALLY?



SCG GUIDELINES FOR 
EVALUATING & SELECTING 

“VITAL SIGNS”
1. Does the vital sign respond to variability at a 

scale that makes it relevant to the entire 
system or a large or important portion of it?

2. Is the vital sign closely linked to other 
drivers and processes?

3. Is the vital sign integrative - does it 
integrate more than one measure (e.g. 
water depth, salinity, etc), or, is it likely to 
be indicative of other “unmeasured”
conditions, or, is it closely linked to more 
than one driver or process)?

4. Is the indicator useful to guide further 
science and provide assistance in making 
management decisions?



PINK 
CURLEW



PINK CURLEWPINK CURLEW
akaaka Roseate Spoonbill; Flame Bird; Pink ChickenRoseate Spoonbill; Flame Bird; Pink Chicken

MANGROVE ESTUARINE TRANSITION CEM
DRIVERS 

WATER MANAGEMENT
RAINFALL

PROCESSES
WATER DEPTH & DURATION
DRY DOWNS
PREY PRODUCTION

PATTERN
NUMBER OF BIRDS
FORAGE DISTANCE
NESTING SUCCESS
FISH BIOMASS



INDICATOR GUIDELINESINDICATOR GUIDELINES



1. IS THE INDICATOR RELEVANT 
TO THE ECOSYSTEM?

Tropical, tactileTropical, tactile--feeding wading bird typical of feeding wading bird typical of 
Everglades habitatEverglades habitat
Characteristic of a critical region Characteristic of a critical region -- Eastern Eastern 
Florida Bay and the downstream end of Taylor Florida Bay and the downstream end of Taylor 
Slough and CSlough and C--111 Basin111 Basin
Characteristic of estuarine environmentCharacteristic of estuarine environment
Research indicates Florida Bay population is Research indicates Florida Bay population is 
distinctdistinct



2.  IS THE INDICATOR FEASIBLE TO 
IMPLEMENT (IS SOMEONE 

COLLECTING DATA ALREADY)?

Existing Audubon research programExisting Audubon research program
20 years of data20 years of data
Habitat suitability model developedHabitat suitability model developed
Numerous peer reviewed publicationsNumerous peer reviewed publications
Part of larger CERP FoodPart of larger CERP Food--web Monitoring web Monitoring 
Component, incorporating Periphyton Component, incorporating Periphyton 
(community composition, nutrient content, (community composition, nutrient content, 
productivity and fish production & fish biomass)productivity and fish production & fish biomass)



3.  IS THE INDICATOR SENSITIVE TO 
SYSTEM DRIVERS OR PROCESSES?

Key environmental Key environmental DriversDrivers (Rainfall & Water (Rainfall & Water 
Management) and Management) and Processes Processes (Water Level & (Water Level & 
DryDry--down) are statistically correlated to species down) are statistically correlated to species 
success or declinesuccess or decline

Feeding tied closely to upstream water depth, Feeding tied closely to upstream water depth, 
duration, dryduration, dry--down and timingdown and timing
Nesting tied directly to prior season water Nesting tied directly to prior season water 
management and production of sufficient fish biomass management and production of sufficient fish biomass 
for breedingfor breeding
Breeding success tied directly to dryBreeding success tied directly to dry--down timing and down timing and 
duration upstream for prey availability and forage duration upstream for prey availability and forage 
distancedistance
Prey abundance and availability tied directly to Prey abundance and availability tied directly to 
upstream water management and flows affecting upstream water management and flows affecting 
salinity in Estuaries and wetland water depths related salinity in Estuaries and wetland water depths related 
to feedingto feeding



4.  IS THE INDICATOR INTERPRETABLE 
IN A COMMON LANGUAGE?

Numbers of birds (spatially & temporally)Numbers of birds (spatially & temporally)
Numbers of fledglingsNumbers of fledglings
Maps show locations & densities of Maps show locations & densities of 
colonies and temporal changescolonies and temporal changes
Trends in overall population numbersTrends in overall population numbers



5.  ARE THERE SITUATIONS WHERE EVEN 
AN “OPTIMISTIC” TREND WITH REGARD TO 

THE INDICATOR MIGHT SUGGEST A 
“PESSIMISTIC” RESTORATION TREND?

Species becomes reliant on an entirely Species becomes reliant on an entirely 
exotic prey base (this could be especially exotic prey base (this could be especially 
serious if exotic prey base species serious if exotic prey base species 
ultimately demonstrates an Sultimately demonstrates an S--shaped shaped 
growth curve)growth curve)



6.  ARE THERE SITUATIONS WHERE A 
“PESSIMISTIC” TREND WITH REGARD TO THE 

INDICATOR MAY HAVE NO RELATION TO 
RESTORATION?

PoachingPoaching
NonNon--exotic disease epidemicexotic disease epidemic
Localized chemical or other toxic spill Localized chemical or other toxic spill 
affecting direct upstream condition or affecting direct upstream condition or 
population directly (e.g. Monroe Co. population directly (e.g. Monroe Co. 
Mosquito squadron)Mosquito squadron)
Hurricane Andrew moved southHurricane Andrew moved south
An Air France Airbus A300 crashes into An Air France Airbus A300 crashes into 
Tern Key at night during nesting seasonTern Key at night during nesting season



7.  IS THE INDICATOR 
SCIENTIFICALLY DEFENSIBLE?

20 year data base20 year data base
Numerous peer reviewed scientific Numerous peer reviewed scientific 
publicationspublications
Peer reviewed, published Habitat Peer reviewed, published Habitat 
Suitability model developed for speciesSuitability model developed for species
Pattern metrics are statistically correlated Pattern metrics are statistically correlated 
to Processes and Driversto Processes and Drivers



8.  IS THE INDICATOR REASONABLE 
TO REVIEW AND REPORT 

BIENNIALLY?
Data collection and reports can be developed Data collection and reports can be developed 
bienniallybiennially
Historical data may allow for review of Historical data may allow for review of 
population trends and predictions on a short population trends and predictions on a short 
term basis (biennial) term basis (biennial) 
This guideline is probably the least important in This guideline is probably the least important in 
picking vital signs and should not preempt the picking vital signs and should not preempt the 
use of a scientifically justified indicatoruse of a scientifically justified indicator



VITAL SIGN GUIDELINESVITAL SIGN GUIDELINES



1.  DOES THE INDICATOR RESPOND TO 
VARIABILITY AT A SCALE THAT MAKES IT 
RELEVANT TO THE ENTIRE SYSTEM OR A 
LARGE OR IMPORTANT PORTION OF IT?

Spoonbill is dependent on critical estuarine Spoonbill is dependent on critical estuarine 
habitat of eastern Florida Bay habitat of eastern Florida Bay ––
downstream end of Taylor Slough & Cdownstream end of Taylor Slough & C--111 111 
Basin (Intensely managed region)Basin (Intensely managed region)
Extremely responsive to upstream water Extremely responsive to upstream water 
management (i.e. water levels & drymanagement (i.e. water levels & dry--
down) affecting prey abundance and down) affecting prey abundance and 
availabilityavailability



2. IS THE VITAL SIGN CLOSELY LINKED 
TO OTHER DRIVERS OR PROCESSES?

Species survival and breeding success are directly linked Species survival and breeding success are directly linked 
to two or more ecosystem conditions (Drivers and to two or more ecosystem conditions (Drivers and 
Processes) of a large upstream region and species Processes) of a large upstream region and species 
habitat areashabitat areas
Patterns (e.g. nesting success, forage distance) are Patterns (e.g. nesting success, forage distance) are 
tightly correlated to Processes (e.g. hydroperiod, drytightly correlated to Processes (e.g. hydroperiod, dry--
down, prey abundance, prey availability and salinity) down, prey abundance, prey availability and salinity) 
that are directly linked to upstream hydrological that are directly linked to upstream hydrological 
conditions (Drivers)conditions (Drivers)
Unmeasured conditions (e.g. water quality) are critical to Unmeasured conditions (e.g. water quality) are critical to 
success of prey abundance affecting population success success of prey abundance affecting population success 
and of population health regarding contaminants and and of population health regarding contaminants and 
toxins toxins –– although not yet closely linkedalthough not yet closely linked
Tactile feeding wading bird and may be integrated with Tactile feeding wading bird and may be integrated with 
or representative of similar species (ibis, wood stork)or representative of similar species (ibis, wood stork)



3. Is the vital sign integrative - does it 
integrate more than one measure (e.g. 

water depth, salinity, etc), or, is it likely to 
be indicative of other “unmeasured”

conditions, or, is it closely linked to more 
than one driver or process)?

Spoonbill response is closely correlated to Spoonbill response is closely correlated to 
Hydrological Drivers and Processes Hydrological Drivers and Processes 
(salinity in Florida Bay; (salinity in Florida Bay; 
depth/duration/timing of upstream depth/duration/timing of upstream 
freshwater flows & dryfreshwater flows & dry--downs)downs)
Part of CERP FoodPart of CERP Food--web Monitoring web Monitoring 
ComponentComponent



4.  IS THE INDICATOR USEFULL TO 
GUIDE FURTHER SCIENCE AND 

PROVIDE ASSISTANCE IN MAKING 
MANAGEMENT DECISIONS?

Species success has a tight statistical link to upstream Species success has a tight statistical link to upstream 
water management practices (Drivers) and water depth water management practices (Drivers) and water depth 
and prey availability (Processes) that are correlated to and prey availability (Processes) that are correlated to 
the production of sufficient fish biomass (prey)the production of sufficient fish biomass (prey)
Provides an indicator that integrates numerous Provides an indicator that integrates numerous 
environmental variables and may help to guide further environmental variables and may help to guide further 
research and monitoring on additional parameters for research and monitoring on additional parameters for 
study and monitoring (CERP Foodstudy and monitoring (CERP Food--web Monitoring web Monitoring 
Component)Component)
Additional identified monitoring/research may help link Additional identified monitoring/research may help link 
other Environmental Drivers and Processes to the other Environmental Drivers and Processes to the 
condition of the Vital Sign (CERP Foodcondition of the Vital Sign (CERP Food--web Monitoring web Monitoring 
Component)Component)



PERIPHYTON



PERIPHYTONPERIPHYTON
MARL PRAIRIE-ROCKY GLADES CEM
RIDGE & SLOUGH CEM
DRIVERS 

WATER MANAGEMENT
RAINFALL
NUTRIENTS

PROCESSES
WATER DEPTH & DURATION
DRY DOWNS
WATER QUALITY

PATTERNS
NUTRIENT CONTENT
SPECIES COMPOSITION
PRODUCTIVITY



INDICATOR GUIDELINESINDICATOR GUIDELINES



1. IS THE INDICATOR RELEVANT 
TO THE ECOSYSTEM?

Ubiquitous in the EvergladesUbiquitous in the Everglades
Covers 70% of surface of freshwater sloughsCovers 70% of surface of freshwater sloughs
Grows on Grows on seagrassesseagrasses in Florida bayin Florida bay
Grows in thick mats in mangrove estuariesGrows in thick mats in mangrove estuaries

Produces marl soilsProduces marl soils
Oxygenates the water columnOxygenates the water column
Is the base of the foodIs the base of the food--web across the web across the 
systemsystem
Dominates primary production of marl Dominates primary production of marl 
prairiesprairies



2.  IS THE INDICATOR FEASIBLE TO 
IMPLEMENT (IS SOMEONE 

COLLECTING DATA ALREADY)?

Successfully being used to indicate ecological Successfully being used to indicate ecological 
responses in water quantity and quality in responses in water quantity and quality in 
sloughs, marl prairies, mangroves, Florida & sloughs, marl prairies, mangroves, Florida & 
Biscayne Bays (FIU/NPS; SFWMD/FLDEP)Biscayne Bays (FIU/NPS; SFWMD/FLDEP)
Part of existing large research programs Part of existing large research programs 
(Florida Coastal Everglades LTER; USEPA (Florida Coastal Everglades LTER; USEPA 
REMAP; CERP & RECOVER MAP; CERP FoodREMAP; CERP & RECOVER MAP; CERP Food--
web Monitoring Componentweb Monitoring Component
Habitat suitability models developedHabitat suitability models developed
Over 40 peer reviewed publicationsOver 40 peer reviewed publications



3.  IS THE INDICATOR SENSITIVE TO 
SYSTEM DRIVERS OR PROCESSES?

Responds rapidly and predictably to Water Responds rapidly and predictably to Water 
Management (quantity, distribution & timing)Management (quantity, distribution & timing)

Species composition and production are statistically Species composition and production are statistically 
correlated to water depth and durationcorrelated to water depth and duration
Short and long hydroShort and long hydro--period communities are period communities are 
compositionally distinctcompositionally distinct

Responds rapidly and predictably to NutrientsResponds rapidly and predictably to Nutrients
Species composition, production and nutrient content Species composition, production and nutrient content 
are statistically correlatedare statistically correlated
Rates of respiration are documented and increase and Rates of respiration are documented and increase and 
exceed photosynthesis as enrichment increasesexceed photosynthesis as enrichment increases
Changes in periphyton nutrient content are Changes in periphyton nutrient content are 
measurable before changes are measurable in water measurable before changes are measurable in water 
columncolumn

Effects are repeatable and predictable Effects are repeatable and predictable 
throughout entire ecosystemthroughout entire ecosystem



4.  IS THE INDICATOR INTERPRETABLE 
IN A COMMON LANGUAGE?

Periphyton nutrient content expressed in Periphyton nutrient content expressed in 
same units as water concentrations (ppb)same units as water concentrations (ppb)
Species compositions can be expressed in Species compositions can be expressed in 
higher levels of organization (e.g. higher levels of organization (e.g. 
proportions of blueproportions of blue--green algae, green green algae, green 
algae, diatoms)algae, diatoms)
Aerial images & maps show extent and Aerial images & maps show extent and 
changes of periphyton coverchanges of periphyton cover



5.  ARE THERE SITUATIONS WHERE EVEN 
AN “OPTIMISTIC” TREND WITH REGARD TO 

THE INDICATOR MIGHT SUGGEST A 
“PESSIMISTIC” RESTORATION TREND?

Biomass of floating periphyton may Biomass of floating periphyton may 
increase where shortincrease where short--hydroperiod areas hydroperiod areas 
are flooded for longer periodsare flooded for longer periods
Productivity is initially enhanced by Productivity is initially enhanced by 
nutrient enrichment possibly stimulating nutrient enrichment possibly stimulating 
unnaturally high production of aquatic unnaturally high production of aquatic 
consumersconsumers



6.  ARE THERE SITUATIONS WHERE A 
“PESSIMISTIC” TREND WITH REGARD TO THE 

INDICATOR MAY HAVE NO RELATION TO 
RESTORATION?

Years of low biomass could result from Years of low biomass could result from 
natural phenomenon as populations natural phenomenon as populations 
exhibit natural variations depending on exhibit natural variations depending on 
water availability (i.e. climate)water availability (i.e. climate)



7.  IS THE INDICATOR 
SCIENTIFICALLY DEFENSIBLE?

Over 40 peer reviewed scientific publicationsOver 40 peer reviewed scientific publications
Existing models are being used for applications Existing models are being used for applications 
in monitoringin monitoring
Similar models have been used nationally in Similar models have been used nationally in 
water quality monitoring for over 30 yearswater quality monitoring for over 30 years
Periphyton is a fundamental unit of measure in Periphyton is a fundamental unit of measure in 
the National Water Quality Assessment Program the National Water Quality Assessment Program 
under USGS and Part of USEPA protocol for under USGS and Part of USEPA protocol for 
water quality assessmentwater quality assessment
Part of the CERP FoodPart of the CERP Food--web Monitoring web Monitoring 
ComponentComponent



8.  IS THE INDICATOR REASONABLE 
TO REVIEW AND REPORT 

BIENNIALLY?

Existing data can be developed bienniallyExisting data can be developed biennially
Because of short environmental response Because of short environmental response 
times (weeks to months) periphyton can times (weeks to months) periphyton can 
be used to report annual and interbe used to report annual and inter--annual annual 
variation and trends on an interim basis variation and trends on an interim basis 
(e.g. CERP interim goals and targets)(e.g. CERP interim goals and targets)



VITAL SIGN GUIDELINESVITAL SIGN GUIDELINES



1.  DOES THE INDICATOR RESPOND TO 
VARIABILITY AT A SCALE THAT MAKES IT 
RELEVANT TO THE ENTIRE SYSTEM OR A 
LARGE OR IMPORTANT PORTION OF IT?

Rapidly responds to changes in water quality occurring Rapidly responds to changes in water quality occurring 
several kilometers upstreamseveral kilometers upstream
Florida Bay periphyton responds to hydrologic changes Florida Bay periphyton responds to hydrologic changes 
occurring at head of Everglades watershed through occurring at head of Everglades watershed through 
upstream impacts on FB salinity and nutrientsupstream impacts on FB salinity and nutrients
Periphyton components are preserved in sediments & Periphyton components are preserved in sediments & 
can be used to track longcan be used to track long--term environmental changes term environmental changes 
and establish baselinesand establish baselines
Changes in periphyton biomass are observable on Changes in periphyton biomass are observable on 
landscapelandscape--level spatial scaleslevel spatial scales
One of the most sensitive predictors of future community One of the most sensitive predictors of future community 
composition at landscape scalescomposition at landscape scales



2. IS THE VITAL SIGN CLOSELY LINKED 
TO OTHER DRIVERS OR PROCESSES?

Periphyton is at the base of the foodPeriphyton is at the base of the food--web and web and 
fundamentally linked to all other ecosystem fundamentally linked to all other ecosystem 
componentscomponents
Periphyton community composition has been Periphyton community composition has been 
linked to consumer (fish, snails, amphipods and linked to consumer (fish, snails, amphipods and 
grass shrimp) biomass and productivity which is grass shrimp) biomass and productivity which is 
a documented indicator of wading bird a documented indicator of wading bird 
productionproduction
Periphyton nutrient content, community Periphyton nutrient content, community 
composition and production (Pattern) are composition and production (Pattern) are 
statistically correlated to, water quality, quantity, statistically correlated to, water quality, quantity, 
timing & distribution (Processes) and nutrients, timing & distribution (Processes) and nutrients, 
water management & rainfall (Drivers)water management & rainfall (Drivers)



3. Is the vital sign integrative - does it 
integrate more than one measure (e.g. 

water depth, salinity, etc), or, is it likely to 
be indicative of other “unmeasured”

conditions, or, is it closely linked to more 
than one driver or process)?

Periphyton nutrient content, community composition and Periphyton nutrient content, community composition and 
production (Patterns) are correlated to, water quality, production (Patterns) are correlated to, water quality, 
quantity, timing & distribution (Processes) and nutrients, quantity, timing & distribution (Processes) and nutrients, 
water management & rainfall (Drivers)water management & rainfall (Drivers)
Periphyton attributes often change in advance of Periphyton attributes often change in advance of 
measurable changes in water quality because the algae measurable changes in water quality because the algae 
rapidly sequester polluting substances in the water rapidly sequester polluting substances in the water 
columncolumn
Periphyton production is linked to consumer biomass Periphyton production is linked to consumer biomass 
which is linked to wading bird productionwhich is linked to wading bird production
Periphyton may be an excellent indicator for other Periphyton may be an excellent indicator for other 
known contaminants & known contaminants & EPOCsEPOCs



4.  IS THE INDICATOR USEFULL TO 
GUIDE FURTHER SCIENCE AND 

PROVIDE ASSISTANCE IN MAKING 
MANAGEMENT DECISIONS?

Periphyton can provide an early warning of impending Periphyton can provide an early warning of impending 
ecological change in all Everglades ecoecological change in all Everglades eco--regions, when regions, when 
measurable change in higher trophic indicators would measurable change in higher trophic indicators would 
only be evident after other irreversible changes occuronly be evident after other irreversible changes occur
Research has shown that periphyton communities Research has shown that periphyton communities 
previously altered by nutrient enrichment can be previously altered by nutrient enrichment can be 
returned to their returned to their unenrichedunenriched state through abatement of state through abatement of 
enrichment as long as other ecosystem components enrichment as long as other ecosystem components 
((macrophytesmacrophytes, soils, consumers, etc.) have not yet , soils, consumers, etc.) have not yet 
responded to the changeresponded to the change
Changes in periphyton due to hydrologic alterations are Changes in periphyton due to hydrologic alterations are 
similarly reversiblesimilarly reversible



Total System CEMTotal System CEM
Drivers Drivers (expressed as stressors)(expressed as stressors)

Nutrient inputNutrient input
Altered hydroAltered hydro--patternpattern
Loss of connectivityLoss of connectivity
Altered geomorphologyAltered geomorphology
Altered fire patternsAltered fire patterns
Loss of spatial extentLoss of spatial extent
Spread of exoticsSpread of exotics

ATTRIBUTESATTRIBUTES
Healthy dynamically Healthy dynamically 
sustainable estuariessustainable estuaries
Oligotrophic freshwater Oligotrophic freshwater 
wetlandswetlands
Dynamic Landscape Dynamic Landscape 
interactionsinteractions
Abundant large aquatic Abundant large aquatic 
vertebratesvertebrates
Animals with large Animals with large 
spatial scalesspatial scales

MANGROVE ESTUARINE TRANSITION CEM - SEA LEVEL RISESEA LEVEL RISE
Marl Prairie/Rocky Glades cem – agag/urban development/urban development

Ridge & slough cem – Agricultural practicesAgricultural practices



Linking Vital SignsLinking Vital Signs
Roseate spoonbill 

METRICS

Foraging flight distance

Relative water depth (Prey 
Availability)

Prey abundance

Dryness index

Salinity index

Fish biomass

Nesting success (Annual & Trends)

Total system cem
drivers

Nutrient input

Altered hydro-pattern

Loss of connectivity

Altered geomorphology

Altered fire regime

Loss of spatial extent

Spread of exotics



Foraging flight distanceForaging flight distance

Relative water depthRelative water depth
(prey avail.)(prey avail.)

Prey abundancePrey abundance

Dryness indexDryness index

Salinity indexSalinity index

Fish biomassFish biomass

Nesting success (Annual & Nesting success (Annual & 
Trends)Trends)

Hydro-pattern (DEPTH/DURATION)

Salinity in Florida Bay

System-wide bird nesting patternS
(LOCATION & NESTS #)

UNMEASURED INDICATORS ?

Estuary Nursery function

Short/long hydro-period
interactions

Total P 

Surface nutrients 

Florida Bay algal blooms 

Contaminants 

Extraordinary events 

Land use 

SPOONBILL METRICS RECOVER CERP ECOLOGICAL 
INDICATORS



Foraging flight distance

Relative water depth

Prey abundance

Dryness index

Salinity index

Fish biomass

Nesting success (Annual & Trends)

Hydro-pattern (DEPTH/DURATION)

Salinity in Florida Bay

System-wide bird nesting
patternS (LOCATION & NESTS #)

UNMEASURED INDICATORS ?

Estuary Nursery function

Short/long hydro-period
interactions

Total P 

Surface nutrients 

Florida Bay algal blooms 

Contaminants 

Extraordinary events 

Land use

Coastal gradient flow, salinity, 
nutrients

Vegetation mosaic (?)

Tidal creeks (?)

Aquatic fauna regional 
populations

Aquatic fauna seasonal 
concentrations

Wading birds foraging 
distribution

Wading birds nesting colonies

Wood stork and roseate 
spoonbill

CERP MAP



WHAT ABOUT GOAL 3?WHAT ABOUT GOAL 3?
(that (that otherother stuff)stuff)



PART 2:PART 2:

Indicators for the Built Indicators for the Built 
EnvironmentEnvironment



CERP INTERIM TARGET CERP INTERIM TARGET 
INDICATORSINDICATORS

WATER VOLUME
AMOUNT OF WATER CAPTURED AND STORED

WATER SUPPLY LOWER EAST COAST
FREQUENCY/LENGTH OF WATER RESTRICTIONS

WATER SUPPLY LAKE O.
FREQUENCY/LENGTH OF WATER RESTRICTIONS

BISCAYNE AQUIFER SALT INTRUSION
COASTAL CANAL STAGES

FLOOD CONTROL
CANAL STAGES



Install water 
reuse system.
Expand central 
sewer in Cape 
Coral

# Times on 
restrictions

# Times demands 
are not met

Increase in 
demands met

Area has the two 
largest wetland 
areas (Webb, 
Charlotte Harbor 
Flatwoods) which 
hold water longer

Water demands 
from Seasonal 
tourist impacts.  
Competing 
demands for water 
usage (agricultural 
vs. urban), 
especially during 
the dry season 
(winter).
Mining in the area 
uses pumps to 
drop groundwater 
table

Opportunity for the 
use of wastewater or 
stormwater for 
irrigation, especially 
in Cape Coral.
Opportunity for 
extending Cape 
Coral central sewer. 
There is some reuse 
associated with 
newer 
developments.  
There could be 
opportunities in the 
future for additional 
reuse for resource 
management

Driest area in the study 
area – barrier islands in 
particular. Is a problem 
because of greater 
demands on a more 
limited resource.
There are limitations on 
groundwater use due to 
saltwater intrusion and 
potential wetland 
impacts.
The coastal  (mostly 
urban) portion of the 
basin experiences some 
irrigation shortages even 
during average rainfall 
years
Limitation on use of the 
Water Table aquifer as a 
potable water source in 
the San Carlos area due 
to septic system 
leachate.
There is now more of a 
demand for reuse water 
than is available

2.3 – Drought

CHARLOTTE HARBOR ISSUES MATRIX

Management
Measure

Performance 
Measure

Inventory
& 

Forecast 
Resources

ConstraintOpportunityProblemIssues



Orig
inal 
#
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VER

Total 
CEM New 10K 

Islands
Big 

Cypress
Immok

olee
Coastal 

Bays
Caloosah

atchee
Estero 
Matrix CH Matrix

1 Volume - Quantity and Distribution X
a. duration of uninterrupted inundation X
b. Number of dry events X
c. Hydroperiods X X
d. Duration of water level deviation X
e. Seasonal amplitude and interannual 
variability of water levels X

f. Water levels and timing X X
g. Aquifer water levels X X
h. Potentiometric surface X
i. Current/historic sub-basin differences X X
j. Tributary/River discharge into estuaries X X
j. Maintaining base flow X
k. Flows mimicking natural delay between 
rainfall and runoff X X

2 Sheet Flow in the Greater Everglades' 
Wetlands X

a. Permeability of roads related to sheetflow X X

b. Fill within floodplains X X
c. Number of water control structures X
d. Acres of land that hold water in the wet 
season X X

3 Hydropattern in the Greater Everglades' 
Wetlands X



NEXT STEPS FOR INDICATORSNEXT STEPS FOR INDICATORS

System-wide Indicators
Select SCG Indicators sub-team members & leads (one 
for ecological indicators & one for built environment 
indicators)
Schedule SCG indicators sub-team meetings
Select suite of possible system-wide indicators for SCG 
review
Collect, collate, & summarize; publications, reports, and 
information on potential indicators 
Evaluate indicators using SCG guidelines (are these 
guidelines appropriate for built system indicators?)
Set goals for indicators 
Recommend final list of indicators & goals to SCG & TF
Prepare both sets of indicators & goals for Independent 
Scientific Review



INDEPENDENT INDEPENDENT 
SCIENTIFIC SCIENTIFIC 

REVIEWREVIEW



Independent Scientific ReviewIndependent Scientific Review

SCG needs to select an approach and SCG needs to select an approach and 
begin implementation planning for the begin implementation planning for the 
Independent Scientific Review of:Independent Scientific Review of:

Phase I of the Plan to Coordinate SciencePhase I of the Plan to Coordinate Science
SystemSystem--wide Indicators (Ecological & Built wide Indicators (Ecological & Built 
System)System)



Which Approach?Which Approach?

SFWMD Model - using their reviewer resources 
to draw from (with or without SCG involvement)
University Model - assigning a lead scientist to 
select panel members (with or without SCG 
involvement)
Center Model - working with a center (e.g. 
Southeast Environmental Research Center, FAU 
Center, Sustainable Ecosystems Initiative SEI, 
etc., to select a review panel (with or without 
SCG involvement) 

Individual Anonymous reviews
synergistic panel reviews


